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ABSTRACT

In today’s digital society, personalization has become a crucial aspect of software applications,
significantly impacting user experience and engagement. A new wave of intelligent user interfaces,
such as Al-based conversational agents, has the potential to enable such personalization beyond
what other types of interfaces could offer in the past. Personalization requires the ability to specify
a complete user profile, covering as many dimensions as possible, such as potential accessibility
constraints, interaction preferences, and even hobbies. Yet, existing solutions for user modeling
mostly focus on individual aspects at a very coarse level, severely limiting the potential adaptations
for personalization. In this sense, this paper presents a unified user modeling language, aimed to
combine previous approaches, both from the modeling community and other user-centric fields, in a
single proposal. This language has been implemented on top of the open source BESSER low-code
platform. Additionally, a proof of concept leveraging user profiles modeled with our language to
automatically adapt a conversational agent has also been developed.

1 Introduction

Users are at the center of interactive applications [[1]. Yet, each user is different and has different needs and expectations
based on their specific profile (age, mood, personality, etc). Therefore, to provide an optimal user experience,
applications need to adapt to each specific profile, providing a personalized interaction. Failing to do so could even
lead to digital inequalities, as certain groups of users may not able to fully take advantage of an application due to their
specific limitations (e.g. accessibility issues or language skills) [2].

Moreover, the growth of Al has increased the possibilities of user profiling and personalizing user interactions. Examples
such as inferring the user’s fatigue level based on smartwatch data using machine learning (ML) models [3]] or predicting
a user’s behavior and attitudes based on an interview using Large Language Models (LLMs) [4]] have now become
possible. Furthermore, based on this profile data, Al also increases the degree of personalization options [S]], such as
automatically tuning text based on the language skills of the user [6] or performing user interface layout optimization
based on user data [7]].

To enable all these new opportunities, we need to be able to model such user profiles in a structured and machine-
readable manner, which is known as user modeling [8]. Nevertheless, there is not yet a general user modeling language
[9}110] that could be used as the de facto standard for the model-driven engineering (MDE) community and beyond.
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Conversely, there are myriad of partial and overlapping solutions that result in incomplete profiles and interoperability
issues.

This paper aims to provide such user modeling language by collecting and unifying previous proposals from the
modeling community, complemented with user profiling perspectives from other fields (sociology, psychology, etc.).
Additionally, to illustrate the benefits of our language for personalization purposes, we have implemented a proof of
concept that automatically adapts the behavior of an LLM agent based on a given user profile.

The rest of the paper is structured as follows: Section[2]describes the state of the art on user modeling languages and
current drawbacks. Section [3|presents the metamodel of the proposed unified user modeling language and discusses
a possible concrete syntax. The implemented proof of concept is described in Section[d]and the corresponding tool
support in Section[5] Finally, we present future work in Section [6]and conclude the paper in Section [7}

2 State of the art

We have conducted a systematic literature review (SLR) on user modeling in MDE [10]. The SLR comprised 30
papers that proposed at least some kind of abstract formalization of a user modeling language (such as a metamodel
or grammar) and investigated its integration into engineering pipelines. In what follows, we briefly discuss the most
relevant results.

As stated before, there is no unified user modeling language. Instead, most works rather attempted to create a new
proposal from scratch, ignoring existing results, and thus, leading to a fragmented community that proposes overlapping
user dimensions while, at the same time, missing others already proposed in previous works. Additionally, there is a
tendency to favor more static user aspects, while neglecting more complex dynamic ones (like mood or fatigue) and/or
present the dimensions at a very high level without giving enough details on the possible values that could be set for
each dimension. A possible explanation for these limitations is that, in most of such works, modeling the user is a
secondary concern rather than a first-class citizen, missing out on potential personalization opportunities.

Out of the reviewed papers, there were two exceptions that had a goal similar to ours. Kaklanis et al. [[11] aimed to
provide a standard of user models for the purpose of user simulation in virtual environments. They explicitly mention
that their focus was on an interoperable user model to describe able-bodied individuals and people with various kinds of
disabilities. Thus, the scope is rather narrow compared with ours. Similarly, Gaspar et al. [[12] created a unified user
model, this time specifically for dimensions that directly affect the user interface to be presented to the user. Again, our
target language aims to be more generic and enable all types of user adaptations. Even more importantly, the dimensions
defined by Gaspar et al. are not detailed and stay at a very generic level which hinders the reusability of this approach.

3 A unified user modeling language

To overcome the fragmented nature of user models and provide a more complete, while at the same time, fine-grained,
representation of users, we developed a new language that integrates insights from the SLR and user dimensions from
other fields. This section presents the abstract and concrete syntax of the unified user modeling language.

3.1 Abstract syntax: The unified user metamodel

We begin by defining the abstract syntax of the user modeling language, formalized as a metamodel and represented,
as usual, using the UML class diagram notation. As starting point for the metamodel, we took the results from the
conducted SLR [10] as it provided a list of user dimensions and a classification for these. We have then extended such
list of dimensions, e.g. by proposing the additional category "Culture", as it is regarded as another important source of
influence of the user [13|[1]], but was missing from the reviewed literature. In some cases, dimensions are shared by
multiple categories (e.g. age fits in both "Personal Information" and "Accessibility"), yet we present them as part of the
most fitting one for convenience.

Figure|l|depicts a high-level view of the metamodel, showcasing the main categories that characterize a user. Note
that all categories (and the dimensions within) are optional as users may decide not to disclose that information or, in
automatic profiling methods, we may not know them from the beginning.

Furthermore, as many dimensions include a range value, we introduce a new datatype with the same name to represent
integer numbers in the range of 0 to 100. In most cases, this datatype is used when a dimension represents a score, such
as the level of happiness a user is currently experiencing. Some dimensions instead compare two opposing concepts.
In those cases, the Range is used as a scale following the naming scheme "X_To_Y" to compare X to Y, such as
"bad_to_good" (Figure[7) that represents whether a user is leaning towards a bad (value leaning towards 0) or good
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<<enumeration>>
RelationshipQualityEnum

strongly negative
g ¥ neg Relationship
negative type: RelationshipTypeEnum[0..1]
slightly negative quality: RelationshipQualityEnum[0..1] <<enumeration>>
slightly positive E RelationshipTypeEnum
- [FR— relative
positive <<dataType>> i friend
strongly positive Range
P partner
+ value: int
context Range / colleague
inv: value>=0 and value <=100 other
| | | |
0.1 0.1 0.1 = 0.1
Personal Information Personality Culture Goal EmotionStatus
0.1 0.1 0.1 0.1
Accessibility Competence MoodStatus Preference

Figure 1: High-level view of unified user metamodel

(value leaning towards 100) mood. Range generally offers flexibility, as depending on the requirements, one could map
a predefined selection of choices to the values of Range (e.g. a binary selection of "No/Yes" could be mapped to the
values 0 and 100 of Range), simulating an enumeration without altering the metamodel.

In the following, we will go over the main concepts of the metamodel, including all categories and briefly discuss
their content. Due to size limitations, parts of the different metamodel are presented condensed. A complete version is
available online The online version contains the complete metamodel, detailed information on the user dimensions
and a mapping of reference to user dimension.

3.1.1 Relationship

Information on user relationships with other users is popular in research works that deal with user models for social
network platforms (e.g. [[14]). However, most models only provide information on the existence of a relationship but not
the type of relationship or any other relevant data. We propose the possibility to also capture the type of relationships
(relative, partner, colleague, etc.) and the quality of the relationship (Relationship class in Figure[T)). This information is
valuable in understanding the nuance of a relationship, as not every relationship is of positive nature and it may affect
processes such as content recommendation.

3.1.2 Personal information

Personal information (Figure[2) describes typical information a user would enter on a profile page when registering for
a new social application (e.g. a social network account). That includes information such as the full name, age, address
or gender of the user.

Regarding "Interest" and "Hobby", while both deal with engaging in topics via an activity, "Hobby" tackles a more
recurrent and dedicated engagement. Therefore, we model "Hobby" as a stronger version of "Interest" where we
indicate the number of weekly hours the user devotes to the hobby. The "Topic" class represents a non-exhaustive list of
topics, derived from an ontology provided in [[15]].

3.1.3 Competence

Competence (Figure [3) describes a user’s proficiency on a number of aspects such as education, language or a various
number of skills and expertises. Regarding languages, we propose the usage of the Common European Framework
of Reference for Languageﬂ (CEFR) as a standard description of a user’s language skills. Regarding "Skill" and

"https://github.com/BESSER-PEARL/User-Modeling-Language
“https://www.coe.int/en/web/common-european-framework-reference-languages/level-descriptions
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Film <<enumeration>>
- FilmGenreEnum
+ genres: FilmGenreEnum([0..”] -
Action
Adventure
Personal Information <<enumeration>> Music
<<enumeration>> - iti ! . : w
SexualityEnum + firstName: str[0..1] Polltlc;IEnum + genres: MusicGenreEnum(0..*] <<enumeration>>
+ lastName: str[0..1] Extremely Liberal MusicGenreEnum
Heterosexual + age: int[0..1] Liberal Blues
Homosexual + nationality_iso3166: str[0..”] Sligthly Liberal Sport Celtic
Bisexual + address: geolocation]0..1] Neutral || + disciplines: SportEnumjo..7]
Asexual + gender: GenderEnum(0..1] Sligthly Conservative
+ sexuality: SexualityEnum[0..1] <<enumeration>>
Pansexual i
+ politicalBelief: Poliicalenumyo..1] | | COnServaive VideoGames SportEnum
Other Extremely Conservative Atheltics
+ genres: GameGenreEnum([0.."] ) )
AutomobileRacing

<<enumeration>>

e

GenderEnum }_
Male \7Interest Topic J || Recreation <<enumeration>>
Female [f + types: RecreationEnum[0.."] GameGenreEnum
Other Adventure
Hobby Action

Environment

+ weeklyTime: int[0..1] —

+ topics: EnvironmentEnum(0.."]

{incomplete}

<<enumeration>>
RecreationEnum

Science Aguariums
+ fields: ScienceFieldEnum[0..”] ArtGalleries
<<enumeration>>
L Other EnvironmentEnum
AirPollution
+ name: str

BiologicalDiversity
+ description: str

<<enumeration>>
ScienceFieldEnum

Agriculture

Animals

Figure 2: Personal information

"Knowledge", the attribute "score" is used to describe the user’s ability to perform a skill or level of knowledge
respectively. For the latter, "Knowledge" relates to the topics contained in the previously presented "Topic" class.

3.1.4 Accessibility

Accessibility (Figure[d) refers to the accessibility needs of the user. The "Disability" class describes a concrete disability
a user might have, whereas the other classes ("Mobility", "Speech", "Hearing", etc.) describe the state of the different
senses, parts of the body and body functions. Of course, Disability and the other classes affect each other, as a
completely deaf person will have the lowest hearing values. While most of the classes are inspired by Kaklanis et
al. [[L1]], their metamodel did not contain any attribute types. Therefore, we completed the metamodel by providing
attribute types based on the used values from the results of common measurement methods for a bodily function. An
example would be the usage of decibels to measure a person’s hearing during an audiogram [[16], making the choice of
integers fitting.

3.1.5 Personality

Personality (Figure [5)) tackles the user’s personality traits, that is, the stable internal characteristics of the users.
Numerous personality models were developed by psychologists to explain the nature of humans and their differences.
For our purposes, we opted to cover personality traits from the most popular models (as proposed in [15]]), such as the
Big Five personality traits [[17]]. These personality traits, represented by the "Trait" class, describe people’s pattern of
thoughts, feelings and behaviors [[18]], while the "Characteristic" class describes observable and concrete feature of a
person implied by a trait. Both classes have a score to denote the extent to which a user fulfills a trait/characteristic.
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Competence
x * * x I*
| 1
Education Skill Language Knowledge Experience
+ degreeName: str[0..1] + name: str +1s0693_3: str + score: Range + roleName: str
+ providedBy: str{0_1] + score: Range + level: CEFR[0..1] + companyName: str{0._1]
+ degreeType: DegreeEnum + startDate: date[0..1]
+ fieldOfDegree: str <<enumeration>> <<enumeration>> knowledgeOn + endDate: date[0..1]
DegreeEnum CEFR
High-school diploma Al
Bachelor's degree A2 Topic
Master's degree B1
Doctorate's degree
9 B2
Certificate
c1
c2

Figure 3: Competence

Additional dimensions affected by, or linked to personality were included, such as Motivation and Attitude. The former
is based on a unified motivational model proposed by Forbes [[19] that explains the different motivational constructs a
person might lean towards to. The latter tackles a person’s opinion given a topic, be it of a negative or positive nature.
Bias in that sense is a stronger and more negative version of Attitude, often leading to an unfair treatment of a target.

3.1.6 Preference

Preferences (Figure[6) are used to represent a user’s personal preferences, that is, a preferred option in regards to a set
of choices. In the context of a software application, the choices are narrowed to preferences of the content itself (such
as preferring one topic over another or the preferred language), design preferences (such as a preferred color scheme)
and the preferred interaction modality (such as audio or textual interaction).

3.1.7 Culture

In general, culture (Figure is linked to the social behavior, institutions and norms found in human societies and is
often attributed to a specific region/location. To model the culture of a user, we followed Hofstede’s cultural dimensions
[20]. These consist of dimension pairs that are opposed to each other (e.g. Collectivism and Individualism), which is
why we used our Range datatype. Additionally, we added Religion as a dimension, as it is often linked to the culture of
regions/locations and influences expectations during user interaction with an application [21]].

3.1.8 Goals

Goals (Figure[7) focus on the objectives of a user, both while interacting with an application and outside. Optionally,
a goal can have a deadline. Essentially, goals provide a purpose behind the user’s actions and can be both static or
dynamic depending on the circumstances (a goal could appear based on an interaction that just took place).

3.1.9 Emotions and Moods

Similarly to personality, there are various models in psychology that attempt to quantify emotions and moods (Figure
[7). Regarding the concrete difference between emotions and moods, emotions tend to be associated with a specific
object or event and do not last long, while moods tend to last longer and have a less direct cause [22]]. For emotions,
we decided to showcase the list of emotions as presented in GUMO [23]]. For moods, we opted for the three pairs of
opposing moods as presented in [24].
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Phonation

+ voicePitch: float[0..1]
+ fundamentalFrequency: float[0..1]
+ syllableDuration: float[0..1]

+ hearingAt250Hz: int[0..1]
+ hearingAt500Hz: int[0..1]
+ hearingAt1kHz: int[0..1]
+ hearingAt2kHz: int[0..1]
+ hearingAtdkHz: int[0..1]
+ hearingAt8kHz: int[0..1]

o1

+ description: str[0..1]

+ longTermMemory. Range[0..1]

+ sensoryMemory: Range[0..1]

Prosody
+ vocalStress: float[0..1]
+ jawMovement: float[0..1] %
+ lipMovementCoordination: Range[0..1] ‘
T T D\ 1 T
left 0.1 right 0.1 | N Memory 0.1
Hearing Disability + workingMemory: Range[0..1]
+ name: str

0.1

+ affects: AspectsEnum[0..1]

left |0.1 rightt 0.1

0.‘.1

Motoric

Physioclogical State

Sight

+ heartbeat int[0..1]

+ visualAcuity: float[0..1]
+ nearVisualAcuity: float[0..1]

Cognitive

+ distorsion: Range[0..1]

+ bloodPressure: (int,int)
+ pupilsDilation: int[0..1]
+ respiration: int[0..1]

+ trailMakingTest: Range[0..1]

+ colorBlindness: ColorBlindnessEnum[0..1]

+ perspiration: int[0._1]

+ contactGrip: float[0..1]

+ fingerPrecision. Range[0..1]
+ handPrecision: Range[0..1]
+armPrecision: Range[0..1]
+ pinchGrip: float[0..1]

+ clenchGrip: float[0..1]

+ handEyeCoordination: Range[0..1]

+ neuroCognitivePerformanceTest. Range[0..1]
+ languageReception: Range[0..1]

+ languageProduction: Range[0..1]

+ understandingAbstractSigns: Range[0..1]
+ visuospatialAbilities: Rangel[0..1]

+ |CTAnxiousness: Range[0..1]

+ |CTLiteracy: Range[0..1]

+ contrastSensitivity. float[0..1]
+ glareSensitivity: float[0..1]

+ spectralSensitivity: float[0..1]
+ blindSpotCount: int[0..1]

+ blindSpotArea: float[0..1]

+ blindSpotSize: float[0..1]

+ blindSpotOpacity: Range[0..1]

+ temperature: float[0..1]
+ injury: bool[0..1]

+ fatigue: int[0..1]

+ arousal: bool[0..1]

+ nourishment: int[0_.1]

+ ProcessingSpeed: Range[0..1]

+ emotionallntelligence: Range[0..1]
+ valence: Range[0..1]

+ physiologicalArousal: Range[0..1]

<<enumeration>>
AspectsEnum

0.1

0.1

<<enumeration>>
ColorBlindnessEnum

Protanopia
Deuteranopia
Tritanopia
Achromatopsia

Rod Monochromacy
Protanomaly

Attention

Emotionalintelligence

Deuteranomaly

+ sustainingAttention: Range[0..1]
+ shiftingAttention: Range[0..1]
+ dividingAttention: Range[0..1]

+ selfAwareness: Range[0..1]
+ seliManagement: Range[0..1]
+ socialAwareness: Range[0..1]

Tritanomaly

+ sharingAttention: Range[0..1] + relationshipManagement: Range[0..1]

Sight

Mobility

Cognitive

Memory

Leamning

Speech

Hearing

Mental Health
Social Relationships

Figure 4: Accessibility

3.2 Concrete syntax

Based on the presented abstract syntax, we derived a textual concrete syntax to facilitate the creation of user models. In
particular, we have chosen a JSON-based notation due to its popularity and its human- and machine-readable nature,
which facilitates the use of user models in Al-driven personalization scenarios. Indeed, LLMs were already shown to be
able to understand [25]] as well as produce JSON [26]. Beyond LLMs, many tools work with JSON documents which
opens the door to numerous applications exploiting user models.

JSON additionally allows for the definition of a JSON schemeﬂ that enables data consistency and validity checks of
given JSON data based on predefined rules. In our case, the JSON Schema defines the concepts in the metamodel, and
user models are represented as JSON objects that conform to this schema. Figure [8a)shows an excerpt of the metamodel
in JSON schema format whereas Figure [8b|showcases the use of the concrete syntax to write user profile data that can
be validated using the defined schema.

*https://json-schema.org/
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Interpersonal (Social World)

+ belonginglmportance: Range <<enumeration>> <<enumeration>>
+ nurturancelmportance: Range CharacteristicsEnum TraitsEnum
+ esteemimportance: Range Talkative Introvert
Unfriendly Thinking
|___Personality | Loyal Judging
Reliable Resilient
: | %
= 1 - -
_ i * Characteristic
Wotl abonFromle ipti o Trait + name: CharacteristicsEnum
= description: str{0..1] + score: Range :
attitude Towards + negative_to_positive: Range + score: Range
Topic | [ |
| Big Five Traits ‘ | MyersBriggs Typelnventory OtherTrait

Intraphysic (Self) | Bias ‘T‘ g} + name:TraitsEnum

+ securitylmportance: Range
+ identitylmportance: Range ; ) ‘ ‘

+ masterylmportance: Range Openness | | | Agreeableness ExtraversionTolntroversion SensingTolntuition

Conscientio | 1 L ]
Extraversion Neuroticism ThinkingToFeeling JudgingToPerceiving

Instrumental (Material World)
+ empowerementimportance: Range
+ engagementimportance: Range
+ achievementimportance: Range

Figure 5: Personality

In Section[5] we demonstrate how JSON objects representing the user model can be automatically generated from a
form-based web application, further simplifying their creation.

4 Proof of concept: Automatic conversational agent personalization

To showcase the usefulness of the user modeling language, we have implemented a personalization pipeline that, given
an input user model, automatically personalizes the responses of a conversational agent to increase the user experience
and engagement.

Our pipeline supports two approaches to personalize conversational agents (depicted in Figure[9)), depending on the
capabilities and access we have to the target LLM powering the conversational agent:

* Direct personalization of LLM-agent: The information of the user model is directly embedded into the LLM
via fitting context prompts. As a result, the conversation responses generated by the LLM are inherently
personalized.

* Indirect personalization of the conversational agent: When we have an non-personalized message, whether it
comes from the LLM without user context or is pre-defined by a developer, we post-process it. We do this by
sending the original message and the user model to a secondary LLLM, which produces a personalized version.

In the following, we describe the first approach. The process of the second approach is similar, except that it involves a
separate request to an LLM with a slightly different prompt. We propose this second approach for two reasons: (1)
it allows using one LLLM optimized for text generation and another optimized for personalization, and (2) it supports
a closed conversational agent with pre-defined conversation paths, preventing the user from engaging in open-ended
dialogue.

Initially, a web application provides an interface for end-users to interact with a non-personalized LLM, with the option
to upload a user model for personalization. Once a user model that follows the JSON schema as described in Section
is uploaded, the following prompt context is automatically added to the conversation request "You adapt your
responses based on a given user profile, such as their native language, interests, and other provided attributes. Your goal
is to enhance the user’s experience by tailoring your responses to their profile. This is the user’s profile {JSON file
containing User Model}". As mentioned before, we take advantage of LLM’s capabilities to understand JSON and
therefore omit the transformation of the user model to a natural language form.
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Input Modality

Preference
| |
= 0,i1 0“'1
Interaction Modality | Design Content |
' + textSize: int[0..1] | '
+ contentContrast: Range[0..1] " 2,
+ brightness: Range[0..1] |
1 + police: str[0..1] Item PreferredLanguage
Output Modality + name: str +i50639_1: str[0..1]

+ value: InputEnum

+ value: OutputEnum

+ colorScheme: str[0..1]

+ preferenceScore: Range

+ style: StylesEnum[0..1]

+ collectivism_to_individualism: Range[0..1]
+ powerDistance: Range[0..1]

+ uncertaintyAvoidance: Range[0..1]

+ temporalOrientation- Range[0. 1]

+ restrain_to_indulgence: Range[0..1]

+ religion: ReligionEnum[0..1]

<<enumeration>>
ReligionEnum

Catholic
Eastern Orthodox
Muslim

+ fired to energetic: Range[0..1]
+ tense_to_relaxed: Range[0..1]

<<enumerations>> <<enumerations>> .
InputEnum OutputEnum <<enumeration>>
audio StylesEnum
voice text informal
text
; formal
click video
video image
image
Figure 6: Preference
Culture MoodStatus Goal EmotionStatus
+ feminity_to_masculinity: Range[0..1] + bad_to_good: Range[0..1] + name: str + happiness: Range[0..1]

+ description: str
+ deadline: date

+ anxiety: Range[0..1]

+ fear: Range[0..1]

+ joy: Range[0..1]

+ relief: Range[0..1]

+ love: Range[0..1]

+ hate: Range[0. 1]

+ pride: Range[0..1]

+ dread: Range[0..1]

+ excitement. Range[0..1]
+ shame: Range[0..1]

+ anger: Range[0..1]

+ disgust: Range[0..1]

+ worry: Range[0..1]

+ boredom: Range[0..1]
+ sadness: Range[0..1]

+ satisfaction. Range[0..1]
+ confusion: Range[0..1]

+ hope: Range[0..1]

Figure 7: Culture, Mood, Goal and Emotion

Once this sub-prompt is ready, it is automatically embedded into an LLM’s context information. In our case, we used

OpenAl’ SEI
API|

GPT-40-mini model due to its current reputation as one of the most performant LLM [27]. Using OpenAI’s
one can set context information at the system level, leading to an improved upholding of defined context rules.

Finally, the web application updates its layout to indicate that the user is now interacting with a personalized LLM.

As an example, Figure[I0]shows the initial web application and an example interaction with GPT-40-mini, whereas
Figures and[ITb|contain a comparison of the same question being asked with different user models stored in its

*https://openai.com/

>https://platform.openai.com/docs/overview
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"$schema™: "http://json-schema.org/draft-e7/schemag”
"title™: "Generated JSON Schema”
"type": "object”
"properties”
"User"
"type™: "object”
"properties”
"personalInformation”
"type": "object”
"properties™

"nationality”
"type”: "array”
"items”
"$ref": "#/definitions/NationalityEnum”
"User"
"age" "Personal Information"
"type": "integer” "age": 80
"nationality": ["Luxembourg"
"Accessibility”
"type": "object” "Accessibility"
"properties” "Disability"
"Disability”
"type”: "array” "name": "Paraplegic"
"items" "description”: "Unable to move legs™
"proeertifs" "affects™: "Mobility"
name
"type": "string”
"description™
"type": "string”
"affects” (b) Instantiation following concrete syntax
"$ref”: "#/definitions/AspectsEnum™
"definitions”
"AspectsEnum”
"type": "string”
"enum"”

"Mobility","sight"

"NationalityEnum”

(a) JSON schema

Figure 8: Example use of JSON syntax following the JSON schema

context. Specifically, we prompted the LLM to generate exercise recommendations for muscle gain, constrained to
three sentences, reflecting the use case of an Al coach providing beginner-friendly gym advice while considering the
user’s profile. We notice an adapted response based on the user’s age or disability, showcasing the LLM’s capabilities to
adapt its responses based on the given combination of prompt and user model. We argue that in this simple example, the
personalized messages improve the user experience for the given profiles. Naturally, a user study would be necessary to
confirm this. Such a study could consist of showing the default and personalized responses and letting participants
evaluate their preferred answer.

5 Tool support

The user modeling language and the proof of concept were implemented using existing and extended components from
the open-source BESSER"|low-code platform [28] and are both available onlineﬂ

Shttps://github.com/BESSER-PEARL/BESSER
"https://github. com/BESSER-PEARL/User-Modeling-Language
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End-user

Reset bot

Say something

Upload User Profile (JSON)

Drag and drop file here

Limit 200MB per file

Browse files
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Meta-
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| conforms >
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1

End-user
User |isembeddedinto Approach 1
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via context prompts Approach 2
JSON

personalizes

non-personalized End-user
messages

Figure 9: Implemented approaches to personalize conversational agent

Personalized GPT

Github

Hello, what kind of exercises would you recommend to me for muscle gain? (3 sentences)

For muscle gain, | recommend focusing on compound exercises like squats, deadlifts, and
bench presses, as they work multiple muscle groups at once. Incorporate progressive overload
by gradually increasing weights or repetitions to continually challenge your muscles. Don't
forget to allow sufficient rest and recovery time between workouts to maximize growth!

No user profile uploaded yet. Please

upload a JSON file following the user

model schema for a personalized

experience.

Enter User Profile Editor

Figure 10: Overview of chat interface and example conversation with LLM (GPT-40-mini) without personalization
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Hello, what kind of exercises would you recommend to me for muscle Hello, what kind of exercises would you recommend to me for muscle
gain? (3 sentences) gain? (3 sentences)

For muscle gain, focus on upper body exercises that can be performed Hello, John! For muscle gain at your age, consider focusing on light

while seated, such as seated dumbbell shoulder presses and rows. resistance training exercises such as bodyweight squats, seated leg raises,
Incorporating resistance bands can also be beneficial for a variety of and modified push-ups. Proper nutrition and hydration are also essential,
exercises targeting different muscle groups. It's essential to progressively so make sure to incorporate protein-rich foods into your meals. Always
increase the weights or resistance you use to continually challenge your consult with a doctor or a fitness professional before starting any new

muscles. exercise program to ensure it's safe and suitable for you.

(a) Profile of paraplegic male aged 30: We notice the omission (b) Profile of male aged 80: We notice a focus on light exercises,
of exercises involving the lower body and an increased focus on avoiding weighted exercises and recommendations to visit a doc-
upper body exercises tor to be safe due to the age

Figure 11: Interaction with personalized LLM (GPT-40-mini) using different user models

For the user modeling language, we first used BESSER’s existing modeling language called B-UML to model the
abstract syntax as a structural model following its textual syntax. We developed a new generator on top of the BESSER
generators that performs a model to text transformation, transforming an input structural model into the equivalent
JSON schema as defined in Section[3.2] The advantage of this generator is the possibility to easily update the abstract
syntax and immediately updating the JSON schema. This property enables future contributors to easily extend the user
modeling language.

To facilitate the usage of the concrete syntax, we developed a Streamlilﬁ web-based application that lets end-users create
a user model by simply filling a form, also available on the repository of the user modeling language. Following the
defined cardinalities, a user has the option to only fill out a part of the form and can leave some information out. Figure
[12] shows an excerpt of the personal information forms. Once filled out, the information is mapped to the concrete
syntax and stored as a JSON file.

The personalizable LLM was developed using BESSER’s agentic frameworkﬂ The framework contains wrappers for
different LLMs and allows for the definition of context information that will be provided to the LLMs as high-priority
context information. Additionally, BESSER proposes the previously shown frontend (Figure [T0) to interact with the
created personalized LLM-agents. Both the forms and conversational agents frontend are combined, such that one can
enter the forms page via the conversational agent frontend ("User Profile Editor" button in Figure[I0), enter the profile
information and start the conversation with the personalized agent, removing the need for the end-user to manually
import the user model.

6 Future work

6.0.1 Interleaving with existing application modeling languages to engineer Al systems

The proposed proof of concept does not allow to define which kind of adaptation takes place, but rather, acts non-
deterministically and performs automatic adaptation outside of our control. The defined user modeling language
should be combined with application modeling languages (e.g. IFMLIEI), specifying different kinds of behaviors based
on specific values. The resulting combined language should allow for specifying both automatic and pre-defined
adaptations, taking the best of both worlds. Existing attempts at combining user profile information and application
behavior, such as [29], could act as an inspiration and be extended, avoiding re-inventing the wheel. Correspondingly,
generators shall be implemented that ingest the models and produce the adaptive application, enabling a pipeline that
allows developers to both design and automatically produce (parts of) a user centered Al system.

Additionally, each language should be equipped with a graphical concrete syntax, increasing the user experience for the
developers, providing straightforward drag and drop components leading to an easy and fast development.

8https://streamlit.io/
“https://github.com/BESSER-PEARL/BESSER-Agentic-Framework
https://www.ifml.org/
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User Profile Editor

Personal Information -~

Personal Information

First Name

John

Last Name

Doe

Age

80 - +

Nationality

0

Address

Gender

Male v
Sexuality

Heterosexual hd
Political Belief

Slightly Liberal v

Figure 12: Forms frontend

6.0.2 Quality evaluation of user models

Performing quality evaluations of created user models using model-based testing, verification and validation approaches
is mostly unexplored [[10]. Existing approaches used for application models could be adapted to be applied for user
models. Techniques to check the user model’s consistency (e.g. a deaf user should not declare audio as a preferred
modality) or verifying that pre-defined rules are evaluated to true (e.g. the age of a user cannot be over 200) should be
included in the user modeling language.

6.0.3 Automatic profiling of user

Beyond static information to be provided by the end-user, we will explore how to support dynamic scenarios where
applications need to adapt to users for which there is no profile information available. For such users the idea would
be to discover a basic profile through the interactions with the systems to, slowly but steadily, adapt the interface to
their profile. Existing methods (e.g. emotion recognition using [29] computer vision) and emerging ones (e.g. inferring
the user’s behaviors and attitudes based on a conversation with an LLM-agent [4]) need to be explored to allow the
application to create an accurate model of the user via explicit and implicit methods.

6.0.4 Ethical and Privacy Considerations

The processing of personal data is governed by legal and ethical requirements, most notably the General Data Protection
Regulation (GDPR). Consequently, any personalization framework must be designed to ensure compliance with these
requirements. Key aspects include obtaining and managing user consent, minimizing the collection of unnecessary data,
limiting data retention to what is strictly required for processing, and pseudonymizing data when delegating processing
to third parties.
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7 Conclusion

In this paper, we have proposed a unified user modeling language that is the sum and adaptation of fragmented
solutions from the MDE community and beyond. First, the abstract syntax was formalized as a metamodel that covers
a wide range of clearly defined user dimensions, allowing for a complete representation of any user and increasing
the personalization potential. Secondly, the concrete syntax is based on a JSON schema that was derived from the
metamodel and enables the creation of user models that capture the users’ information. Compared with the reviewed
works [[10], our language is much more complete, as the maximum number of categories (respectively user dimensions)
covered by a solution in previous works was 5 (respectively 14), while our metamodel covers 10 categories and provides
more granular details on the proposed dimensions, clearly providing a more exhaustive palette to represent users.

Moreover, the proof of concept showcases the usefulness of the user modeling language by using the produced user
models to automatically personalize a conversational agent. We argue that the provided adaptation improves the quality
of the response for the given profile and, consequently, the overall user experience.

Implementing the points defined in future work will establish a pipeline to model, test and generate human centered Al
systems, speeding up their development while ensuring compliance with existing regulations.
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