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Abstract
Software functionalities are frequently distributed across hetero-
geneous development artifacts, such as textual requirements and
Visual Interface Artifacts (VIA). Although previous studies increas-
ingly automate Requirements Engineering, traceability, and Verifica-
tion and Validation (V&V) activities using textual artifacts, existing
approaches predominantly treat interfaces as operational targets
for GUI automation rather than as complementary semantic sources
for traceability and validation activities. In this context, this work
proposes a multimodal workflow for semantic traceability that inte-
grates textual requirements analysis and interface-aware validation
through VIA. The proposed approach combines semantic extraction
from User Stories using RoBERTa-based Named Entity Recognition
with Large Language Models capable of processing both textual
requirements and VIA screenshots extracted from implemented sys-
tems. Semantic correspondence between requirement-derived and
VIA-derived artifacts is investigated through cosine similarity using
the all-mpnet-base-v2 model. The workflow was evaluated through
an exploratory empirical study involving 15 software projects, 318
US, and 140 VIA screenshots. The results suggest that VIA-oriented
analysis may expand validation coverage by identifying interaction-
oriented validation scenarios not explicitly represented in textual
specifications. In several projects, VIA-aware analysis generated
validation artifacts even when textual requirements could not sup-
port automated test derivation due to structural inconsistencies or
insufficient semantic information. In addition, the multimodal trace-
ability analysis revealed potential semantic gaps, undocumented
functionalities, and inconsistencies between business specifications
and implemented interfaces. The findings provide initial evidence
that VIA may act as complementary semantic artifacts for multi-
modal traceability and interface-aware V&V activities, suggesting
the potential of integrating textual and visual perspectives in soft-
ware requirements engineering.
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1 Introduction
Software functionalities are rarely fully represented in a single
development artifact. In modern software projects, business rules,

interaction constraints, validation behaviors, and operational flows
are frequently distributed across multiple artifacts throughout the
software lifecycle [4]. While textual requirements describe business
goals and expected behaviors, relevant interaction details often
emerge through visual representations of the system interface. This
fragmentation is particularly critical in Requirements Engineering
(RE) and Verification and Validation (V&V), where incomplete or
ambiguous specifications may lead to inconsistencies, rework, and
increased development costs [8]. Ambiguity arising from communi-
cation issues and documentation inconsistencies can affect software
quality, project deadlines, and customer satisfaction [11, 16].

To address these challenges, previous studies have explored au-
tomation techniques for semantic extraction, traceability, and test
generation from textual artifacts using Natural Language Process-
ing (NLP) [10], Named Entity Recognition (NER) and Machine
Learning [6], and Large Language Models (LLMs) Wolf et al. [19].
In parallel, GUI-oriented testing approaches employ deep learning
and multimodal models to automate interface interaction through
Visual Interface Artifacts (VIA), such as screenshots and mockups
[9, 15, 17]. However, these approaches primarily treat VIA as oper-
ational targets for GUI automation rather than as semantic artifacts
capable of complementing textual requirements in traceability and
V&V activities.

This limitation is relevant because VIA often preserve validation
rules, interaction constraints, navigation flows, and operational
behaviors that are absent or only partially represented in textual
specifications [12]. Consequently, text-centered approaches may
overlook interface-level behaviors, undocumented functionalities,
and validation scenarios present in implemented systems [3]. De-
spite advances in requirements automation and GUI testing, em-
pirical evidence on combining textual requirements and VIA for
multimodal traceability remains limited.

This work investigates whether VIA provide complementary
functional semantics capable of supporting RE and V&V beyond
what is explicitly documented in textual requirements. We pro-
pose a multimodal workflow integrating semantic extraction from
User Stories (US) with interface-aware analysis to support semantic
traceability and validation. The empirical evaluation involved 15
real-world software projects, comprising 318 US and 140 VIA screen-
shots extracted from implemented systems. The results suggest that
interface-aware analysis expands validation coverage, particularly
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when textual requirements are incomplete or structurally inconsis-
tent, while revealing semantic gaps, undocumented functionalities,
and interface-level validation scenarios not captured by textual
artifacts alone.

The main contributions of this work are: (i) an exploratory per-
spective on VIA as complementary semantic artifacts for multi-
modal traceability and V&V activities; (ii) a multimodal workflow
integrating textual requirements and interface-aware analysis for
semantic traceability and automated validation; (iii) an empirical
investigation of how VIA complement text-centered approaches
by identifying validation scenarios, traceability gaps, and undoc-
umented functionalities; and (iv) initial evidence that multimodal
analysis reveals interface-level validation scenarios and semantic
inconsistencies not captured through textual artifacts alone.

2 Background and Related Work
Previous studies increasingly explore automation techniques to
support RE, traceability, and V&V activities from textual artifacts.
Khan et al. [10] discuss the use of Natural Language Processing
(NLP) techniques for semantic extraction and automated require-
ments analysis. Das et al. [6] employ Named Entity Recognition
(NER) and Machine Learning methods to identify actors, actions,
and contextual information from textual specifications. In addition,
Wolf et al. [19] investigate the application of Large Language Mod-
els (LLMs) for requirements validation, ambiguity detection, and
automated test generation from US.

Requirements traceability and automated test generation are sim-
ilarly explored through text-centered approaches. Mustafa et al. [14]
use Model-Driven Testing (MDT) techniques to derive test cases
from US and textual requirements. Antoniol et al. [2] investigate
traceability recovery and semantic alignment between software
artifacts. Luttmer et al. [13] analyze the impact of inconsistencies
and semantic noise on automated requirements extraction. Xu et al.
[20] propose techniques to improve the organization and refine-
ment of US before automated processing. Similarly, Behutiye et al.
[3] discuss quality requirements documentation practices to re-
duce communication failures and implementation inconsistencies.
Overall, these studies demonstrate that current automation and
traceability approaches remain predominantly centered on textual
artifacts as the primary semantic source for RE and V&V activities.

In parallel, GUI-oriented testing approaches increasingly employ
deep learning, computer vision, and multimodal models to auto-
mate interface interaction and graphical testing activities through
VIA. Khaliq et al. [9] propose a deep learning-based framework
for functional User Interface testing. Patel [17] discuss AI-driven
approaches for automated software quality engineering. In addition,
Nie et al. [15] highlight the growing adoption of graphical inter-
face analysis in mobile application testing through a systematic
mapping study. Other studies investigate interface exploration and
GUI-oriented validation workflows through automated interaction
analysis [5]. However, these approaches predominantly treat VIA
as operational targets for automation rather than as complementary
semantic sources for traceability and V&V activities.

This limitation becomes relevant because software functional-
ities are frequently distributed across multiple development arti-
facts [4]. While textual requirements describe business goals and

expected behaviors, Kolthoff et al. [12] argue that VIA often pre-
serve complementary operational semantics, including validation
rules, interaction constraints, navigation flows, and interface-level
workflows that are absent or only partially represented in textual
specifications. Consequently, approaches relying exclusively on tex-
tual artifacts may overlook interface-level behaviors and validation
scenarios present in implemented systems but absent from written
requirements [3].

Despite advances in automated requirements analysis and GUI
testing, limited empirical evidence exists regarding how VIA may
complement textual requirements in multimodal traceability and
interface-aware V&V activities. Unlike approaches that depend on
direct access to executable GUIs, VIA-based analysis can also be
applied when only screenshots, prototypes, mockups, or archived
interface documentation are available. This characteristic makes
the approach technology-independent and suitable for scenarios
in which executable interfaces or source code are inaccessible. In
particular, limited attention has been given to investigating how
combining textual specifications and VIA may contribute to iden-
tifying semantic inconsistencies, undocumented functionalities,
and validation scenarios not captured through text-centered ap-
proaches.

Unlike the studies discussed in this section, which independently
focus on textual requirements analysis or GUI-based testing, the
proposed workflow analyzes User Stories and Visual Interface Ar-
tifacts (VIA) as complementary sources of software requirements.
Rather than using VIA only for interface testing or textual arti-
facts only for requirements analysis, this study investigates how
combining these complementary artifacts may contribute to se-
mantic traceability and Requirements Engineering verification and
validation (V&V) activities.

3 Proposed Method
This work proposes a multimodal workflow for semantic traceabil-
ity by integrating textual requirements analysis and interface-aware
test generation. The methodological workflow illustrated in Fig-
ure 1 combines US and VIA as complementary semantic artifacts
to support V&V activities. In this study, VIA were instantiated as
screenshots extracted from systems already deployed in production
environments.

The approach is structured into two complementary analysis
flows: Flow A, focused on textual requirements, and Flow B, fo-
cused on VIA. Both flows converge into a semantic concordance
analysis stage responsible for identifying relationships between
requirements-derived and VIA-derived artifacts.

The workflow begins with a multimodal data collection stage
composed of US and VIA screenshots extracted from implemented
systems. These artifacts are independently processed to extract
complementary semantic perspectives associated with software
functionalities and interaction behaviors.

Flow A performs semantic extraction from US using Natural Lan-
guage Processing (NLP) techniques. Initially, textual artifacts un-
dergo normalization and noise reduction procedures. Subsequently,
a RoBERTa-based Named Entity Recognition (NER) approach Ab-
dullah et al. [1] identifies actors, actions, and contextual entities
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associated with software functionalities. Additional validation pro-
cedures verify the structural consistency of US and support the
identification of incomplete or duplicated requirements artifacts.

After semantic structuring, Large Language Models (LLMs) are
employed to generate requirement-oriented test scenarios derived
from business specifications. This stage focuses on transforming
textual requirements into validation artifacts aligned with user
intentions and described functionalities.

Flow B focuses on extracting interaction semantics directly from
VIA screenshots. The screenshots are processed to identify visual
components, interaction elements, validation constraints, and navi-
gation behaviors associated with implemented interfaces. Based on
these VIA, LLM-supported processing generates interface-oriented
test scenarios associated with visible interaction flows and opera-
tional constraints.

Figure 1: Methodological workflow

After the independent generation of textual and VIA-oriented
validation artifacts, both flows converge into a concordance analysis
stage. In this stage, semantic similarity computation is performed
using the all-mpnet-base-v2 model [7] to investigate alignment rela-
tionships between requirements-derived artifacts and VIA-derived
artifacts. The model was selected due to its strong performance
in semantic textual similarity tasks and widespread adoption in
sentence-level semantic embedding studies.

The similarity analysis supports the identification of semantic
correspondence, coverage gaps, and inconsistencies between tex-
tual specifications and interface-level behaviors represented in VIA.
Subsequently, an output coherence verification stage evaluates the
semantic consistency of the generated artifacts before consolidating
the final traceability results.

4 Experimental Evaluation
The evaluation was designed as an exploratory feasibility assess-
ment rather than a controlled effectiveness experiment. The objec-
tive was to investigate whether multimodal semantic traceability
could reveal complementary validation perspectives and semantic
relationships between textual requirements and Visual Interface
Artifacts (VIA). Therefore, the analysis focused on observing seman-
tic behavior patterns, traceability relationships, and multimodal
validation scenarios generated by the proposed workflow across
heterogeneous software artifacts.

4.1 Study Context and Dataset
The empirical evaluation was conducted using artifacts produced
in a Software Engineering course offered at a Brazilian higher ed-
ucation institution. The dataset comprises 15 software projects
containing 318 User Stories (US) and 140 VIA screenshots extracted
from systems deployed in production environments.

The projects spanned different application domains, including
education, household management, productivity, cultural preserva-
tion, tourism, healthcare, and career-oriented applications, provid-
ing heterogeneous software artifacts for the evaluation.

Throughout the course, students collaboratively develop real-
world software projects covering the complete software engineering
lifecycle, including requirements elicitation, analysis, implementa-
tion, testing, deployment, and maintenance activities. The course
emphasizes hands-on project execution in environments that simu-
late professional software development practices, requiring teams
to work with agile methods, version control systems, continuous
integration and delivery pipelines, cloud-based environments, and
collaborative project management tools.

Although the artifacts were produced in an academic context, the
projects represent operational software systems developed under
realistic software engineering practices. This setting enabled an
observational evaluation of the proposed multimodal workflow
in scenarios involving heterogeneous requirements artifacts, VIA
evolution, and iterative validation activities.

The User Stories and VIA screenshots analyzed in this study
were collected from these projects. The proposed workflow and all
experimental analyses were conducted exclusively by the authors.

The experimental workflow was implemented through Python
scripts executed in a Google Colab environment and investigated
semantic extraction, multimodal test generation, and traceability
analysis across textual artifacts and VIA.

4.2 Processing and Validation of User Stories
The textual analysis stage investigated semantic extraction from 318
US to support automated traceability and test generation activities.

Initially, textual artifacts underwent normalization and noise
reduction procedures using regular expressions to standardize input
data and remove semantic noise. Subsequently, a hybrid approach
combining RoBERTa-large Zhao et al. [21] and the spaCy library
(pt_core_news_sm) performed Named Entity Recognition (NER) and
morphological analysis to identify entities associated with systems,
modules, and software functionalities described in US.
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To refine entity identification, the workflow combined entities
extracted by RoBERTa with regular expression patterns and heuris-
tic validation procedures based on contextual filtering and stopword
analysis. Additional linguistic rules validated word size, structure,
and grammatical consistency. At the end of the extraction process,
identified entities received confidence scores according to extrac-
tion source and validation consistency.

In parallel, the workflow analyzed the structural consistency
of US by identifying Actors, Actions, and Benefits. Requirements
containing all mandatory elements were classified as compliant and
considered eligible for subsequent traceability and testing activities.

After semantic validation, textual similarity analysis was per-
formed to identify duplicated requirements and conflicting actions
associated with the same actor. Finally, the structured dataset was
exported in JSON format for subsequent processing stages.

4.3 Requirement-Oriented Test Generation
After semantic extraction and validation, compliant US were pro-
cessed to derive requirement-oriented test cases. For each eligible
requirement, the workflow identified associated entities and con-
textual information extracted during the semantic analysis stage.

Requirements associated with entities above the confidence
threshold (≥ 0.7) or satisfying default classification rules were
considered eligible for test generation. Based on these structured ar-
tifacts, GPT-4o-mini generated test cases containing Titles, Precon-
ditions, Steps, Inputs, and Expected Results aligned with business
requirements.

After generation, regex-based routines normalized the responses
and separated each generated test case into individual structured
artifacts.

4.4 VIA-Oriented Test Generation
The VIA analysis stage investigated the generation of validation
artifacts directly from interface semantics. A total of 140 VIA screen-
shots extracted from deployed systems were individually processed
to identify interaction-oriented testing information from visible
interface elements.

Before submission to the OpenAI GPT-4o-mini API, a preprocess-
ing stage filtered low-resolution images and converted valid VIA
screenshots into base64 format. Subsequently, the workflow em-
ployed LLM-based analysis to identify visible interface components,
including fields, buttons, interaction controls, icons, and navigation
elements.

The prompt instructed the model to objectively describe visible
interface structures and generate test scenarios containing iden-
tifiers, interaction types, target interface elements, descriptions,
and expected results. Based on these VIA, the model generated
structured validation scenarios associated with interaction flows,
validation behaviors, and expected interface responses.

To reduce output variation and preserve structural consistency
across generated artifacts, the model operated with deterministic
parameters: temperature = 0.0 and standardized JSON outputs.

4.5 Multimodal Traceability Mapping
The final stage integrates the textual andVIA-oriented flows through
multimodal traceability analysis. Semantic similarity computation

was performed using the sentence transformer model all-mpnet-
base-v2 to investigate alignment relationships between requirement-
derived artifacts and VIA-derived artifacts.

Before similarity computation, preprocessing routines removed
noisy terms from both the original US and the generated test cases
to reduce semantic bias during similarity analysis. The matching
process computes cosine similarity between user story actions and
generated validation artifacts.

Based on semantic similarity scores, the workflow classifies mul-
timodal traceability relationships into three semantic correspon-
dence categories: Validated (> 0.65), representing strong semantic
correspondence with aligned business-oriented and operational in-
tent; Potential (0.40 – 0.65), representing partial semantic overlap
involving vocabulary divergence, incomplete contextual alignment,
or operational variations; and No Match (< 0.40), representing
insufficient semantic evidence of correspondence between textual
and VIA-derived artifacts.

The classification thresholds were defined through exploratory
calibration cycles involving manual inspection of representative
artifact pairs to identify intervals capable of representing distinct
levels of semantic correspondence. Table 1 illustrates representative
examples of the three traceability relationship categories identified
by the workflow.

Table 1: Examples of multimodal traceability relationship
categories

Relationship Example

Validated “Create account”↔ “Register user form”
Potential “Submit request”↔ “Open ticket”
No Match “Reset password”↔ “Generate invoice”

Similarity thresholds were refined through exploratory evalu-
ation cycles and manual inspection of generated artifacts by two
researchers to identify intervals capable of representing meaningful
semantic correspondence relationships.

In addition to cosine similarity, representative artifact pairs were
manually inspected by the authors to verify whether the identified
semantic correspondences were consistent with the original User
Stories. This qualitative assessment was used to interpret represen-
tative traceability relationships and support the analysis presented
in the experimental evaluation.

Finally, the workflow consolidates a comparative matrix indicat-
ing whether each user demand was covered by the textual approach,
the VIA-oriented approach, or both.

5 Results and Discussion
The experimental results suggest that textual artifacts and Visual
Interface Artifacts (VIA) provide complementary semantic perspec-
tives for requirements traceability and Verification and Validation
(V&V) activities. While textual analysis preserves stronger align-
ment with business-oriented specifications, interface-aware analy-
sis expands validation coverage by identifying interaction elements
and operational behaviors not explicitly represented in User Stories
(US).
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From the 318 analyzed US, 205 satisfied the structural validation
criteria required for automated semantic extraction. These compli-
ant artifacts enabled the generation of 203 requirement-oriented
test cases aligned with business specifications. Table 2 summarizes
the results obtained from textual and VIA-oriented analysis across
the evaluated projects, including requirement compliance, gener-
ated validation artifacts, and multimodal traceability outcomes.

The multimodal traceability mapping stage computed seman-
tic similarity relationships between requirement-derived and VIA-
derived artifacts. From the final results, 54 relationships were clas-
sified as Validated, 159 as Potential, and 07 as No Match. The pre-
dominance of Potential relationships suggests that the workflow
frequently identified semantic correspondence between textual re-
quirements and VIA-derived validation artifacts despite vocabulary
divergence between business-oriented specifications and interface
implementation terminology.

The results also indicate that textual traceability strongly de-
pends on the structural quality and semantic consistency of US.
Requirements containing clear Actors, Actions, and Benefits were
more effectively transformed into validation artifacts, suggesting
that the quality of textual specifications directly influences auto-
mated traceability outcomes.

In contrast, the VIA-oriented analysis substantially expanded
validation coverage by generating interaction-oriented validation
scenarios directly from implemented interface elements. Across
the 140 analyzed VIA screenshots, the workflow generated 779
interface-oriented validation scenarios, averaging 5.56 scenarios per
VIA. The generated artifacts describe interaction paths, validation
elements, navigation behaviors, and interface constraints that are
frequently summarized or omitted in textual requirements.

This behavior becomes more evident when comparing the dis-
tribution of textual and VIA-oriented validation artifacts across
projects. Figure 2 illustrates the quantitative contrast between
requirement-oriented and interface-oriented validation scenarios
generated by the workflow.

Figure 2: Quantitative comparison between validation sce-
narios generated through textual and VIA-oriented analysis
per project.

Although the study was not designed to establish causal rela-
tionships through controlled experimentation, the observed results

suggest that VIA-aware analysis may reveal complementary se-
mantic information not explicitly represented in business-oriented
specifications.

A particularly relevant finding emerged in Projects 03, 07, and
11, where the US were not classified as compliant during the struc-
tural validation stage. Because these requirements did not contain
the mandatory semantic elements required by the workflow, no
requirement-oriented test cases were generated from the textual
artifacts. Nevertheless, the VIA-oriented workflow independently
generated validation scenarios directly from visible interaction
elements, enabling traceability and validation activities even in
scenarios with insufficient textual specification quality.

This behavior suggests that VIAmay preserve operational seman-
tics even when textual requirements are incomplete or insufficiently
structured for automated processing. In this context, VIA-aware
analysis demonstrated the potential to complement text-centered
approaches by exposing interaction semantics embedded in imple-
mented interfaces.

Qualitative inspection of the generated artifacts further rein-
forces this behavior. In Project 13, VIA-oriented analysis identified
operational interface elements such as the “Create Report” button
and search fields that did not present explicit correspondence with
textual requirements, revealing potential undocumented function-
alities and interface-level validation scenarios. Similarly, in Project
14, VIA-derived artifacts exposed operational interaction elements
such as filters, login fields, and spreadsheet export actions that were
represented only partially in textual specifications.

Artifacts classified as No Match reveal potential inconsistencies
between documented requirements and implemented interface ele-
ments, including orphan interface components and functionalities
without explicit traceability relationships. These findings reinforce
the potential of multimodal approaches to reduce semantic gaps
between requirements documentation and implemented systems,
particularly in scenarios involving incomplete or inconsistent tex-
tual specifications.

6 Threats to Validity
This section discusses potential threats to validity following the
perspectives proposed byWohlin et al. [18]. Internal validity.Vari-
ability in LLM-based semantic interpretation and inconsistencies in
User Stories (US) may influence semantic extraction and the gener-
ated validation artifacts. To mitigate these effects, all experiments
adopted deterministic configurations and a standardized prepro-
cessing pipeline. Construct validity. Semantic traceability relies
on embedding-based similarity and threshold calibration, which
may influence the classification of correspondence relationships.
Although thresholds were defined through exploratory calibration
and representative manual inspection, different embedding models
or similarity configurations may produce different mappings. Ex-
ternal validity. The evaluation was conducted on fifteen software
projects developed in a realistic educational environment. Although
the projects comprise operational software systems from different
domains, the findings should be interpreted as exploratory evidence.
Further studies in industrial environments are required to assess
the generalizability of the proposed workflow.
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Table 2: Detailed Results of Mapping and Traceability

Project User Story VIA Analysis Text
Gen.

Mapping

Total Conforming Non-Conforming VIA Cases Validated Potential No Match

Project 01 20 20 0 10 55 20 6 14 1
Project 02 25 23 2 22 121 23 19 6 0
Project 03 7 0 7 5 23 0 0 0 0
Project 04 13 13 0 2 15 13 1 11 1
Project 05 11 4 7 16 78 4 0 11 2
Project 06 14 14 0 9 50 13 2 12 0
Project 07 2 0 2 13 64 0 0 0 0
Project 08 13 13 0 4 29 13 5 8 0
Project 09 23 22 1 17 102 21 5 17 3
Project 10 28 28 0 5 24 28 2 26 0
Project 11 94 0 94 14 98 0 0 0 0
Project 12 51 51 0 10 53 51 8 43 0
Project 13 5 5 0 3 16 5 0 5 0
Project 14 4 4 0 3 14 4 2 2 0
Project 15 8 8 0 7 37 8 4 4 0

TOTAL: 318 205 113 140 779 203 54 159 07

The findings should be interpreted as exploratory evidence re-
garding the feasibility and potential of multimodal semantic trace-
ability approaches. Additional evaluations in industrial environ-
ments remain necessary to further investigate the applicability and
robustness of VIA-aware traceability and V&V workflows.

7 Conclusion and Future Work
This study investigated multimodal semantic traceability by com-
bining textual requirements analysis with interface-aware valida-
tion through Visual Interface Artifacts (VIA). The results suggest
that textual and visual artifacts provide complementary semantic
perspectives for Requirements Engineering (RE) and Verification
and Validation (V&V) activities. While textual requirements pre-
serve business-oriented intent, VIA frequently expose interaction
constraints, validation behaviors, navigation flows, and operational
semantics that are absent or only partially represented in written
specifications.

The findings indicate that approaches relying exclusively on
textual artifacts may overlook interface-level validation scenarios
embedded in implemented systems. In several evaluated projects,
VIA-oriented analysis generated validation artifacts even when
User Stories (US) could not support automated test derivation due
to structural inconsistencies or insufficient semantic information.
This behavior provides evidence that software interfaces should
not be interpreted solely as operational GUI elements, but also as
semantic artifacts capable of complementing textual specifications
in traceability and V&V activities.

The multimodal traceability analysis also revealed semantic gaps
between business-oriented requirements and implemented inter-
faces, including undocumented functionalities, orphan interface
elements, and vocabulary divergence between requirements and
operational behaviors. Examples observed during the evaluation
indicate that VIA-oriented analysis may expose interface elements
and operational actions without explicit correspondence in textual
requirements, reinforcing the existence of semantic gaps between
documented specifications and implemented systems. These find-
ings suggest that integrating textual and visual analysis may con-
tribute to expanding validation coverage and improving semantic
consistency assessment in software projects.

Although the study was designed as an exploratory feasibility
investigation rather than a controlled effectiveness experiment,
the results provide initial evidence regarding the potential of VIA-
aware traceability workflows in realistic software engineering sce-
narios. More broadly, the study suggests that functional semantics
in software projects are frequently distributed across heterogeneous
artifacts, requiring multimodal approaches capable of integrating
textual and interface-level perspectives during RE and V&V activi-
ties.

The exploratory evaluation also revealed opportunities to im-
prove the workflow, particularly regarding prompt refinement, the
integration of textual and visual reasoning, and the investigation
of semantic mismatches between requirements and implemented
interfaces.

As future work, the proposed workflow should be evaluated
in industrial environments involving larger-scale software ecosys-
tems and heterogeneous interface paradigms. Future investigations
may also explore multimodal embedding models, unified reason-
ing strategies integrating textual and visual artifacts into a single
inference process, and interface-aware approaches for automated
inconsistency detection, requirements evolution analysis, and se-
mantic coverage assessment.

Artifact Availability
Research artifacts are available at the following repositories: Figshare
and GitHub.
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