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Abstract
The Large Language Models (LLMs) are increasingly being employed across many fields, such as healthcare,
finance, and automotive, revolutionizing how humans carry out activities. In this research, the integration of
an LLM-based assistant in e-SpeechT, a web application that supports speech therapists in conducting, adminis-
tering, and monitoring therapies, is investigated. It is intended to integrate an LLM component that allows the
therapist to be supported in the generation of exercises to administer during the therapy, establishing a symbiotic
relationship between the two parties. This approach reflects the core ideas of End-User Development (EUD) by
enabling therapists to directly influence, customize and manage system behaviour without relying on advanced
programming knowledge. The system enables the therapist to share the created exercise, reinforcing the concept
of Cultures of Participation (CoP). Using Prompt Engineering principles and techniques, many prompts have
been defined and underwent a multi-stage evaluation pipeline to assess the quality of the generated outputs. The
obtained results show that a well-structured and clear prompt can generate consistent and reliable outputs that
align with the prompt instructions.
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1. Introduction

Speech Therapy is a discipline that focuses on the study and treatment of disorders affecting language,
communication, and cognitive disorders [1]. They affect both children and adults, manifesting in a
variety of forms whose triggering factors are often challenging to identify [2, 3]. The speech therapist’s
role is to address these disorders, leveraging re-education methods and personalized therapies. During
the treatment, the speech therapist must employ the most suitable methods and approach for each
individual case, taking into account the specific clinical status [4, 5].

Integrating Artificial Intelligence (AI) in healthcare has recently brought many benefits, such as
automatic transcription of medical reports and personalization of treatments reducing the amount
of time and human resources to carry on a therapy. Russell and Norvig define AI as “The study of
agents that receive percepts from the environment and perform actions” [6] and, among the different AI
techniques, LLMs have gained great attention in the past few years. Relevant examples include OpenAI’s
series, Google’s Gemini, and Anthropic’s models. They have demonstrated state-of-the-art performance
on various Natural Language Processing (NLP) benchmarks, demonstrating how LLMs can impact both
academia and industry [7, 8, 9]. LLMs, such as GPT and LLama, have further accelerated innovation,
allowing developers to automate generative tasks such as report generation and conversational agents
[10, 11].

This research investigates the integration of an LLM-based assistant in an already-existing system,
called “e-SpeechT”, to support speech therapists in their work by generating therapeutic material (i.e.,
exercises). During the creation process, the therapist can decide to share the exercise with all the
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therapists registered on eSpeechT or keep it private. This can improve their knowledge and ability to
adapt to new situations, prompting CoP, in which users actively collaborate, exchange knowledge, and
co-create resources [12][13]. The active role of the therapists is reinforced during the exercise-creation
process, reflecting the pillars of CoP, which is crucial in this research. In this phase, they can choose
to make the exercise private, accessible only to the creator, or public, allowing it to be viewed by any
therapist on the platform. The ability to share exercises promotes professional exchange and reuse,
encourages collective reflection on them, and ultimately strengthens the sense of belonging within
a CoP. However, this integration introduces several constraints that must be considered because in
high-risk domains, such as healthcare and medicine, it is essential that AI-based components are created
following a human-centred approach, ensuring that humans are supported rather than replaced. This
relationship is embodied in Symbiotic Artificial Intelligence (SAI), a specialization of Human-Centred
Artificial Intelligence (HCAI), which emphasizes continuous collaboration between humans and AI
[14]. The LLM-based component presented in this research was designed and integrated into e-SpeechT
following a “symbiosis-by-design-approach”. In this perspective, SAI ensures that humans remain
in-the-loop throughout the decision-making process, actively supervising and guiding the LLM at each
stage. This approach aligns with the pillars of EUD, which empower domain experts to actively shape,
adapt, and control system behaviour without requiring advanced programming skills [15, 16, 17]. By
integrating EUD practices within a SAI approach, speech therapists are not only passive users but they
actively modify and shape the system, being capable of refining outputs and steering system behavior
based on their expertise. Such functionalities have been integrated into e-SpeechT with respect to the
creation process of different exercises.

The article is structured as follows: Section 2 presents some applications of AI in speech therapy
together with a description of e-SpeechT; Section 3 explains the methodology of the conducted ex-
periment; Section 4 presents the generated exercises; Section 5 draws the conclusions and outlines
directions for future work.

2. Grounding e-SpeechT in the Literature

As AI is providing substantial advantages to the field of healthcare, it is also bringing limitations and
gaps that must be addressed: while the technological potential can be impactful, real-world adoption
depends not only on the model used but also on robust validation protocols to ensure a responsible
interaction process. This section also explores these topics and reports a description of e-SpeechT,
highlighting its main actors and its functionalities.

2.1. Related Work

The use of AI in speech therapy is still an emerging field, but it reflects broader trends in healthcare
innovation. Recent studies and surveys reveal that many researchers are exploring AI-based tools with
cautious interest. Initial integrations of AI in healthcare have focused on managerial support, such as
generating patient reports or streamlining documentation [18, 19].

Current literature lacks fully-implemented solutions in which LLMs directly supports therapists by
creating customized exercises or interactive materials. Nevertheless, some academics investigate the role
of LLM in speech therapy. For instance, Du and Juefei-Xu evaluated the potential of ChatGPT for clinical
utility. With the help of an American Speech-Language-Hearing Association (ASHA)-certified speech-
language therapist [21], they assessed overall performance on various speech therapy tasks by evaluating
ChatGPT’s ability to generate therapymaterials in the ASHA “Big 9” domains (e.g., articulation, cognitive
aspects). While the therapist’s assessment was mostly positive, the authors stressed the need for the
functionality that allows professionals to review to correct occasional inaccuracies [20]. Similarly, Cho
et al. investigate the effectiveness of LLMs in speech therapy with high-functioning autistic adolescents.
The study used an LLM assigned a specific persona, shaped by a set of instructions aided the LLM to
adopt an empathic and appropriate communication style. The author aims to develop an interaction
paradigm that is close to real-life situations allowing to conduct a complete assessment. The model was



evaluated by experts in the field through a scorecard developed by the authors. It emerged that the
LLM can offer benefits for adolescents with high-functioning autism [22]. Berrezueta-Guzman et al.
integrated ChatGPT-4o in a robotic assistant for Attention-Deficit/Hyperactivity Disorder (ADHD)
therapy. The models enable the robot to interact with the patient in real time, rather than serving as a
static therapy tool. It is able to adapt and deliver personalized therapeutic support, also based on the
robot’s emotion-recognition capabilities. By considering this additional data, the LLM can adapt to any
situation, keeping an appropriate communication style. Results show that integrating ChatGPT-4o into
the robotic assistant has great potential for ADHD therapy. Thus, authors underline that it is essential
to conduct real-world validation to unlock the full potential [23].

2.2. Overview of e-SpeechT

e-SpeechT is a web-based platform that supports speech therapists in diagnosing patients and creating
and managing therapies [24]. The target audience of the platform involves three actors, each playing a
meaningful role and entitled to different functionalities: speech therapist, caregiver, and patient. The
speech therapist can manage patients, assign a set of exercises, review the status of ongoing therapies,
and view the status of each assigned treatment. There are three categories of exercises: (1) Image
Denomination exercise, which is composed of an object and a list of hints (at most 3) and the patient
must recognize the depicted object and correctly name it; (2) Word Repetition, which has three different
words that the children need to repeat; (3) Minimal Pair composed of a pair of words that differ in
only one phonological element, thus having two very distinct meanings. The Patient is a child aged
between 4 and 8 years old; they carry out the exercises assigned by the speech therapist, accessing their
personal page by authenticating themselves through a personalized graphical password. The Caregiver
monitors the overall status of the treatment of the patient they are responsible for and manages the
child’s personal profile (e.g., changes the password and appearance of the system) [25][26].

3. Integrating LLM in e-SpeechT

After conducting an interview with a speech therapist who is already familiar with e-SpeechT, the
need for additional an AI-based assistance in creating therapeutic materials emerged. This need
translates into an assistant that can speed up the creation of exercises while ensuring they are as diverse
as possible compared to existing ones. Thus, an LLM-based component is designed to support the
speech therapist in creating personalized exercises for patients. Following the EUD approach, the new
functionalities aim to enable the speech therapist to interact with the LLM through mechanisms that
ensure direct manipulation of the outputs and customization. For example, through structured and
dynamic interfaces that guide therapists in modifying these artifacts (e.g., requests and outputs) based
on their expertise. The interaction mechanisms, and consequently the user interfaces, are designed
using a “symbiotic-by-design” approach that complies with the principles proposed by Calvano et al.
[14].

3.1. Methodology

The LLM-based component was created employing the principles of SAI (i.e., Automation Level, Fairness,
Protection, and Fairness) [14], ensuring that proper human-AI collaboration mechanisms are put in
place. Specifically, allowing the speech therapist to access the “Assisted Creation” functionality, enabling
the clinician to interact with the LLM actively, by remaining in-the-loop during the entire exercise
creation process. The Protection principle imposes constraints on the model’s technical deployment.
The LLM must run locally (on the same machine that’s running the system) rather than use remote
services (e.g., APIs), because the prompt may contain patients’ confidential data.

The experiments were conducted on a standard personal computer with average computational
performance. This has been intentionally done to reflect the server’s specification for where both the
model and system will run. The latter influenced the choice of the LLMs to select and test. Five of



Figure 1: Prompt Versioning with its related problems

them were chosen: LLaVA:7b, Gemma3:12b, Llama3.1:8b, Mistral:7b, and Phi4:14b. An additional model,
LLaMANtino-3-ANITA, was chosen for carrying an extra and final experimentation, focusing on the
generation of exercise in Italian. These models are not fine-tuned on the exercises that are intended to
be created with LLM. Thus, an extensive phase of Prompt Engineering will follow to assess the optimal
structure and parameters for generating the exercises.

3.2. Prompt Definition and Refinement

To instruct the models to generate the three exercise types, the best practices and techniques of prompt
engineering were employed; this discipline was defined by James Phoenix and it focuses on the design,
refinement, and optimization of prompts to effectively guide the outputs of LLMs and other Generative
Artificial Intelligence systems [27]. The techniques that employed are: Role Prompting, in which a
specific sentence that assigns a precise role to the LLM is written into the prompt (in this study ”You are
a speech therapist [...]”) [28]; Shot Prompting “family” (including zero-, single-, few shot prompting),
where examples of the final output are inserted into the prompt, respectively zero, one or more than one
examples [29, 30]. In addition, the experiments were run with different temperatures, which indicates
the level of randomness in the model’s output. Finally, a script for automatic prompting is created
to facilitate the generation and collection of the generated exercises. It iterated over the five selected
models, the temperature (from 0 to 1 with a step size of 0.1), role mode, and shot mode. In total, 330
outputs (66 per model) were obtained and stored in a file for further analysis and evaluation.

The generated exercises were evaluated through an ad hoc prompt evaluation pipeline involving
three researchers; this step was necessary as it allowed to assess and address potential issues arising
from poor LLMs performances or unclear specifications in the prompt. In the first iteration, the outputs
were reviewed by a single researcher: if issues were identified and could be addressed through prompt
revision (e.g., presence of special characters), the prompt was adjusted, and the generation process was
repeated. Once the initial researcher determined that most of the generated exercises complied with
the instructions specified in the prompt, it was considered “Stable”. At this stage, the second iteration
was carried out, and the two additional researchers proceeded with a further evaluation of the outputs.
A prompt was labeled as Stable when it is the final version for an exercise type, and it could be seen as
the stop criterion for our iterative refinement pipeline. There are two specific conditions in which the
prompt could be defined as such: the former is when the prompt has reached an acceptable level of
reliability (most of the exercises do not have major issues, e.g., hallucination); the latter is when the
problems are not fixable by adjusting the prompt, so a new approach is required to fix them (e.g., the
unconditional repetition of the same words).

The first exercise type addressed is the Image Denomination exercise, whose prompt underwent many
refinement iterations before being considered Stable. The third and final version (Image Denomination
v3) serves as the foundation for developing the prompts used to generate the remaining exercise types.
The diagram shown in Figure 1 lists the prompts, their respective versions, and the problems affecting
them.

The third version of the prompt (v3) solved most of the issues that were encountered during the
testing phases, and the integral version is reported in Section 3.2. The following major refinements



were applied, leading to the final version:

• In the prompt, tags were added: role and examples tags. The former is used to add the role for
the Role-Prompting technique; The latter is used for the zero-, single-, and few-shop prompting.
They will be removed or substituted accordingly through the script used to run the experiments.

• The prompt was written with a specific structure, listing: instructions, context, input data, and
output indicator [31].

• It’s important to highlight the presence of precise instructions (rows 7 and 9). They have been
shown to have a significant impact on the choice of objects, enabling the model to use more
unique words compared to the previous prompt versions.

Image Denomination Prompt v3

1 { r o l e }
2 Crea t e an e x e r c i s e f o r young c h i l d r e n with age between 4 and 8 . The e x e r c i s e i s c a l l e d ” denominat ing images ” and i t i s

composed o f an ob j e c t , h i n t s , and r a t i o n a l e .
3
4 Be fo r e choos ing the o b j e c t :
5 − Randomly s e l e c t a c a t e go ry from the f o l l ow i n g l i s t :
6 f u r n i t u r e , k i t chenware , c l o t h i n g , t o o l s , body pa r t s , na ture , mus i c a l i n s t rumen t s , s choo l s u p p l i e s .
7 − Based on the s e l e c t e d ca t egory , choose a r e a l , s imple , and r e c o g n i z a b l e o b j e c t t h a t a c h i l d cou ld i d e n t i f y .
8 − Avoid us ing the f o l l ow i n g overused o b j e c t s : car , dog , ca t , app le , banana , b a l l .
9 − Do not choose an o b j e c t t h a t i s among the top 10 most common in e a r l y ch i l dhood vocabu l a ry or l e a r n i n g ma t e r i a l s .

10 − Do not use a d j e c t i v e s when naming or d e s c r i b i n g the o b j e c t .
11
12 The h i n t s must :
13 − I n c l u d e 0 to 3 h i n t s
14 − Be s imple , shor t , and c l e a r
15 − De s c r i b e p h y s i c a l f e a t u r e s or t y p i c a l use ( e . g . , you can r i d e i t , you use i t t o wr i t e )
16 − Op t i o n a l l y d e s c r i b e f e a t u r e s o f the word ( e . g . , I t has 5 l e t t e r s , I t s t a r t s with Pe___ )
17 − Do not i n c l u d e sounds ( e . g . , I t meows , I t goes vroom ! )
18
19 The r a t i o n a l e must i n c l u d e :
20 − The r e a son ing behind the o b j e c t s e l e c t i o n
21 − Why the o b j e c t s uppo r t s l i n g u i s t i c , c o gn i t i v e , s o c i a l , or motor deve lopment
22 − Why the o b j e c t i s a p p r o p r i a t e f o r t h i s e x e r c i s e
23
24 Use the f o l l ow i n g format e x a c t l y :
25 Ob j e c t : <object_name >
26 Hin t s
27 − < h i n t 1>
28 − < h i n t 2>
29 − < h i n t 3>
30 Reasons :
31 <your rea son ing >
32
33 { examples }
34
35 Requ i rements ( mandatory ) :
36 − Use p l a i n t e x t . Do not use s p e c i a l f o rma t t i n g l i k e bo ld t e x t ( ∗ ∗ ) , i t a l i c s or und e r l i n e d t e x t .
37 − Crea t e on ly one e x e r c i s e
38 − You must s e l e c t a s imp l e s u b j e c t a p p r o p r i a t e f o r a c h i l d
39 − Do not g en e r a t e the image
40 − Do not use any o f the example o b j e c t s l i s t e d above
41 − J u s t w r i t e the o b j e c t and h i n t s
42 − Do not i n c l u d e any a d d i t i o n a l i n f o rma t i on o u t s i d e the r e q u i r e d format

4. Results

The multiple refinement steps were necessary to address relevant issues that were affecting the LLMs
output. Afterwards, each prompt was tailored to the exercise type, and the final output, in most cases,
aligned with the given instructions in the prompt, without any formatting mistakes or hallucinations.
Table 1 shows one good example for each exercise type, generated by the different models with the
corresponding Stable prompt. The generated exercises were similar to those created by speech therapists
in both form and style. For the Image Denomination exercise, a minor issue that still affects the output
generated with the last version of the prompt is poor word distribution (frequency of unique words).
This issue was observed since the early prompt versions, and various attempts were made to improve
the distribution. By taking Phi4:14b model as reference, in Image Denomination v2, the number of
unique words used in the exercises was only eight, while in the Image Denomination v3, the words
used were eighteen, which is ≈ 220% more in the total count with respect to v2. The other models
had a smaller increase in their use of unique words, on average ≈ 10%. To solve these issues, it was
determined that a different approach is needed.



Another problem affecting this type of exercise was the absence of explainability, often called
“Reasoning” in the context of LLMs. Together with the Objects and Hints, the prompt asks the model
to explain why these objects and hints are selected. This issue affected the output in version v0; it
was resolved in v1, but it reappeared in the last two versions, limited to LLaMA and LLaVA models.
Twenty-nine out of one hundred and thirty-two have no reasoning field. Since the problem affects only
two of five models, both with a low number of unique words, and there is a model that is performing
much better than them, the issue was not addressed.

Image Denomination Exercise Word Repetition Exercise Minimal Pair Exercise
Object: Words: Words:

- Tree - Table - Sack
- Pencil - Back

Hints: - Leaf
1. It begins with “Tr”
2. It has leaves
3. It has a trunk

Reason: Reason: Reason:
The spoon was selected from the

kitchenware category [...]
This exercise is designed to en-

hance linguistic [...]
The words sack and back form a

minimal pair that contrasts [...]

Table 1
Examples of Generated Exercises

For the Word Repetition exercises, the model with the best performance was Phi4:14b. Among the
five different models, it is the one that used the most variety in the words and it’s the most reliable
model, since almost all of the exercises generated by this model do not have formatting or hallucination
issues. It was determined that such issues are not fixable through prompt refinements, and for this
reason, the experimentation continued with the last exercise type.

For the Minimal Pair exercise, the best model is Mistral:7b. The main issue that was affecting the
other four models was the use of the same pair across many exercises. For instance, Phi4:14b was the
worst model for this type of exercise; of the 66 generated exercises, 34 of them had the Minimal Pair
“Cat, Hat”, and most of the remaining ones had the word “Hat” in the pair. For this final type, further
refinement was not feasible, since similar behaviour was observed in the other two exercise types.

Given the quality of the generated exercises, an additional experiment with LLaMANtino-3-ANITA
was conducted: it is an instruction-tuned version of Llama-3-8b-instruct [32]. The final prompts for
each exercise type were translated into Italian, and the same evaluation pipeline (used for the English
prompt) was applied to the Italian prompts. The generated exercises, like the English ones, respect both
the style and format details in the prompt. Two major problems affected them: the first concerns the
absence of reasoning in the generated output (as observed with LLaVA and Llama), in which fourteen
out of one hundred ninety-eight exercises lacked reasoning. The former regarded the type of words used
in the exercise. The model generated outputs that used words like “Fucile” (in English “Rifle”), and the
use of such words in this sensitive and high-risk domain must be avoided. A potential solution that may
solve the problems encountered across the different experiments could be achieved by implementing in
the prompt a specific “Aware” component, which is discussed in the next section (Section 5).

Integrating the LLM in e-SpeechT, the system enables therapists to intervene in the exercise-creation
process by modifying it (either manually or with the support of an LLM) when necessary. This design
reflects the core principles of EUD, as it allows therapists to influence, customise, and manage the
system’s behavior.

5. Conclusions

This research presents the results and a preliminary evaluation of an LLM-based component to integrate
in e-SpeechT, a web application to support speech therapy. The generated exercises were evaluated



using a multi-stage evaluation methodology involving three researchers who intervened at two separate
moments. To instruct the model to generate the three exercise types, the prompt structure was designed
in light of techniques and principles belonging to prompt engineering. The findings suggest that
through a well-structured and clear prompt, it is possible to generate reliable exercises that meet
the requirements specified, which compensates for the lack of transparency and non-determinism in
these LLMs. As it stands, the prompts can be viewed as a “System Prompt” that provides the model
with instructions, constraints, and goals for producing the output, which must always be revised and
confirmed by the Speech Therapist before creation.

Considering that the therapist must give additional insights concerning the LLM-generated exercise,
it is planned to investigate the integration of two independent components in the prompt: the first is
the “Dynamic Prompt Component”, in which the Speech Therapist provides additional information,
enabling the specific exercise to be tailored to the clinical case. The second, named “Prompt Aware
Component”, will enable the system to firstly, track the words used in the exercises by directly accessing
the database via Model Context Protocol (MCP) 1, secondly to avoid the use of “dangerous” words, if a
generated exercise contains one of such words, the Speech Therapist will be able to forbid them. This
could guarantee a more balanced word distribution across the different exercises and control over the
words used, ultimately driving the LLM towards context-appropriate word selection.
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