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Abstract. Functional use of Augmentative and Alternative Communication
(AAC) by students with Autism Spectrum Disorder (ASD) remains a central chal-
lenge in Multifunctional Resource Rooms. This article presents a hybrid system
integrating the NAO robot as a pedagogical mediator into existing school AAC
practices. Built under the Design Science Research framework, the system ad-
dresses the technical heterogeneity among the AAC resources already in use by
students. Applied across ten sessions with three children with ASD, with teach-
ers co-planning all interactions, results showed progression in autonomous AAC
use, including generalization to natural contexts such as the school’s Science
Fair. This suggests integrating social robotics with existing practices is a pro-
ductive path toward inclusive participation.

1. Introduction

The inclusion of students with Autism Spectrum Disorder (ASD) in regular schools
demands more than physical access to educational spaces: it requires concrete condi-
tions for communicative participation, pedagogical engagement, and meaningful learning
[Moraes et al. 2023]]. To address this, Multifunctional Resource Rooms (MRRs) have
incorporated Augmentative and Alternative Communication (AAC) resources into their
pedagogical practices, including physical boards, picture albums, and digital applications,
as tools to support functional communication in students with absent or limited speech.

However, the availability of these resources does not, by itself, guarantee their
functional appropriation. Many students with ASD resist incorporating AAC into their
communicative routine, preferring idiosyncratic gestures or restricted forms of pointing
[NUNES et al. 2021]], representing a concrete challenge for MRR teachers who often lack
strategies capable of motivating consistent and spontaneous resource use in real school
contexts.

Social robotics has been identified as a promising complementary strategy for
communicative interventions with children with ASD, given that humanoid robots offer
predictable, repeatable, and less socially demanding interactions [Scassellati et al. 2012].
Despite this potential, existing studies predominantly treat robotic systems and AAC re-
sources as independent parallel modules, without technical or pedagogical integration
between them [dos Santos and Paradeda 2026, limiting the potential of both approaches.
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This work departs from a concrete situation encountered in an MRR: three chil-
dren with ASD who resisted the functional use of their respective AAC resources, none
of which were technically compatible with direct robotic integration. Rather than replac-
ing these resources or treating technological incompatibility as a peripheral obstacle, this
work treats it as the central design problem, and its resolution as a necessary condition
for social robotics to function as a genuine pedagogical mediator in inclusive educational
contexts.

This article describes the design, architecture, and preliminary educational appli-
cability of a hybrid system that integrates the NAO robot with the AAC resources already
in use by the participants, developed within the Design Science Research (DSR) frame-
work [Dresch et al. 2014]][[Hevner et al. 2004]]. The main contributions are threefold: (1)
a hybrid architecture that bridges heterogeneous AAC formats with robotic interaction
without replacing established pedagogical practices; (2) evidence that co-planned, per-
sonalized robotic mediation with active teacher participation supports the development of
autonomous AAC use; and (3) preliminary evidence of generalization of communicative
competence to natural school contexts, including autonomous participation in a Science
Fair. To our knowledge, this is the first work to treat format heterogeneity in school-
based AAC resources as an explicit design constraint for pedagogically integrated robot-
mediated communication systems.

2. Theoretical framework and Related Works

ASD is characterized by deficits in social communication and restricted behavioral pat-
terns [APA 2022], with communication barriers representing the primary obstacle to full
school inclusion [Moraes et al. 2023]]. Inclusion, in its substantive sense, demands com-
municative participation, the student’s effective capacity to initiate, maintain, and respond
to communicative exchanges in relevant situations [Light and McNaughton 2014]], which
cannot be dissociated from the mediating role of professionals involved.

AAC encompasses strategies and resources for individuals with absent or lim-
ited speech [Nunes and Walter 2020]. The Picture Exchange Communication Sys-
tem (PECS) [Bondy and Frost 1994] and its adapted version [Walter 2000], the ref-
erence methodology in the participating MRRs, have demonstrated gains in expres-
sive vocabulary and communicative initiative [Beukelman et al. 1998|]. Nevertheless,
students who communicate through gestures tend not to incorporate communication
boards spontaneously [NUNES et al. 2021]], requiring intentional mediating strategies
in which the teacher actively constructs situations where AAC use becomes pur-
poseful [Light and McNaughton 2014]]. ~ Social robotics has emerged as a comple-
mentary motivational strategy: its effectiveness derives not from the device’s in-
trinsic capabilities, but from the personalization of interactions based on individ-
ual stimuli [dos Santos and Paradeda 2026], consistent with mediated learning theory
[Feuerstein et al. 1981]].

Recent reviews [Bartl-Pokorny et al. 2021]][ldos Santos and Paradeda 2026|] iden-
tify the NAO as the dominant platform in interventions with autistic children, with re-
ported gains in social communication and imitation skills [Alnafjan et al. 2024]]. A criti-
cal gap across these studies is twofold: none address the role of the teacher in constructing
and sustaining personalization, and none treat the technical heterogeneity of AAC formats
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present in real school contexts as a design constraint. This work addresses precisely this
gap, proposing a model in which social robotics functions as a pedagogical mediator in-
tegrated into the AAC practices already established in the school context, with teacher
participation as a structural, not auxiliary, component.

3. Methodology

This research adopts a qualitative, exploratory, and applied approach grounded in the De-
sign Science Research (DSR) framework [Dresch et al. 2014)][Hevner et al. 2004], struc-
tured in iterative stages: problem identification, definition of objectives, design and devel-
opment, demonstration, evaluation, and communication [Peffers et al. 2007]]. The study
was approved by the Research Ethics Committee (opinion no.7,799,535), and the legal
guardians of all participants signed the Informed Consent Form.

3.1. Participants and context

Three children enrolled in the MRR of a private school were selected according to pre-
defined criteria: difficulty with verbal communication, resistance to functional AAC use,
and ability to remain in the environment for at least 15 minutes. Table (1| presents the
participant profiles.

Table 1. Participant profiles

Participant Age Diagnosis Gender Grade Communication mode
ID1 8 years ASD grade 2 / Apraxia of speech Female 3rd grade Speech
ID2 12 years ASD grade 3 Male  6th grade  Gestures and pointing
ID 3 14 years PDD / Dysphasia Male  8th grade Physical gestures

Profile analysis revealed a critical heterogeneity in the AAC resources in use. Par-
ticipant ID 1 used a physical board with printed pictograms. Participant ID 2 had a
tablet-based AAC application that was technically operational but effectively unusable:
pictogram categories did not reflect the student’s routine and images were displayed in
English, a language with no functional meaning for the participant. Participant ID 3 used
TD Snap on 10S, which provides no open API for external integration. This heterogeneity
motivated two architecturally distinct systems: a QR code recognition system for partici-
pants ID 1 and ID 2, and a digital auxiliary board for participant ID 3.

3.2. System design and architecture

3.2.1. QR code recognition system

QR code was selected over alternatives such as RFID and Al-based computer vision due
to its reliability, low cost, deterministic reading, and ease of modification by education
professionals without technical knowledge. Cards were constructed with pictograms from
ARASAA each associated with a keyword and QR code. Following preliminary tests,
reflective surfaces were eliminated: the final model adopted a matte front with pictogram
and word, and a QR code enlarged by 30% on the back (Figure [I). Cards for the robot
were laminated with magnetic fastening on arm supports, associating speech with visual
stimulus during interaction.

'Aragonese Centre of Augmentative and Alternative Communication. Available at: https://
arasaac.org. Accessed: March 1, 2026.
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Figure 1. Model of the cards made during the study. (A) model used for validation;
(B) model after being redesigned and used during the study by the children
and (C) model of the card used by the robot in the interactions.

Reading was implemented via the NAOqi ALBarcodeReader service, which con-
tinuously monitors the robot’s front camera and notifies when a code is detected. The
reading position was calibrated at an ideal distance of 12 to 15 centimeters, with the
robot’s head in a fixed position and maximum rigidity configured to prevent involuntary
movements. The system integrated nine NAOgqi services across five functional categories:
perception, handled by ALBarcodeReader for QR code reading and ALBasicAware-
ness for spatial awareness; communication, through ALTextToSpeech and ALMemory;
movement control, via ALMotion and ALRobotPosture; visual feedback, using ALLeds
and ALBackgroundMovement; and autonomous behavior management through ALAu-
tonomousLife.

To illustrate, a typical interaction unfolds as follows: the robot begins with a greet-
ing and contextualizes the activity (e.g., coloring, or cutting and pasting); the child then
holds up a card corresponding to the current activity toward the robot’s camera; upon suc-
cessful detection of the QR code, the robot hands over the requested item (if the context
involves an item request) and advances the dialogue to the next communicative stage.

If no valid code is detected or an unexpected card is presented, the robot does not
directly correct the child. Instead, it initiates a three-level structured support sequence:
first, a friendly non-verbal signal—via an LED expression—invites a retry; if this does
not resolve the situation, a category-related verbal hint narrows the scope of the expected
response; and, if necessary, the robot explicitly rephrases the question. Throughout this
sequence, the MRR teacher remains present to demonstrate card usage when needed,
ensuring the child is never left without support (Figure [2).

ADAPTIVE CHILD-ROBOT INTERACTION FLOW BASED ON CONTEXTUAL
QR CODE IDENTIFICATION AND PROGRESSIVE SCAFFOLDING

2. GREETINGS & 3. CHILD PRESENTS| ~ (4. QR CODE DETECTION 5A. POSITIVE REINFORCEMENT
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Figure 2. Child-Robot Interaction flow.
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3.2.2. Digital auxiliary board system

For participant ID 3, a modular client-server application was developed as an intermediate
solution, operated by the researcher to replicate communicative choices in real time and
transmit commands to the robot. The architecture comprised three layers: a web-based
presentation layer in HTML, CSS, and JavaScript; an application layer using a Python
ThreadedHTTPServer bridge with response time under 500ms; and an integration layer
translating commands into NAOqi API calls. The interface comprised five screens (Figure
B): home, participant selection, session and activity selection, QR code support, and inter-
action reports. A movement control panel available on all screens proved pedagogically
relevant when participants spontaneously requested unplanned robot movements.

Figure 3. Main screens of the virtual board. A) Interaction mode selection screen;
B) Participant selection screen; C) Interaction reports screen; D) Session
screen with pictograms; and E) QR code support screen.

3.3. Personalization of interactions and teacher participation

Prior to the sessions, profile characterization forms were applied with parents, guardians,
and MRR teachers, covering preferences, stimuli, communicative routines, and AAC his-
tory. This guided robot characterization, pictogram selection, and activity planning. Par-
ticipant ID 1’s affinity for the Kuromi character defined the robot’s visual characterization
and color palette. For ID 2, whose preferences were volatile, the robot’s physical move-
ments served as the primary engagement resource. For ID 3, social games such as playing
ball, hide-and-seek, and painting guided the interactions.

3.4. Data collection and analysis

Two structured instruments were applied simultaneously in each session. The SRM
Teacher Assessment Form covered the child’s behavioral state, engagement and affec-
tive reaction, perception of motivation and communication, personalization adequacy, and
post-session observations. The Researcher Evaluation Form documented initial reactions,
attention to instructions, resource handling, communicative attempts, and post-session re-
flections. Both instruments used open-ended questions. Data from both forms, combined
with video recordings, were analyzed in an integrated manner, guiding iterative adjust-
ments to the system and pedagogical strategies across sessions.
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3.5. Application in school context

The systems were applied from October 20th to November 12th, 2025, in ten ses-
sions: four with ID 1, two with ID 2, and four with ID 3. Before each session, a pre-
interaction moment established a shared communicative frame between the child, teacher,
and robotic system, a condition identified in the literature as central to mediated inter-
actions [Light and McNaughton 2014]. The NAO was positioned on the floor to allow
movement flexibility, with participants on a mat at 12 to 15 centimeters for QR code read-
ing (Figure ). Sessions were planned in advance based on individual stimuli (Section
3.3) and adjusted when necessary, reflecting the iterative character of the DSR approach.

(a) Pre interaction (b) Environment preparation and robot positioning in the MRR

Figure 4. Records of pre-interaction moments. (a) Child, teacher and researcher
before the interaction giving instructions for the study and (b) Preparation
of the MRR with cameras and the robot positioned in the space dedicated
to the interaction.

4. Results and discussion

The results are organized around three axes: acceptance of resources, development of
autonomous AAC use, and generalization to natural contexts, analyzed in an integrated
manner using video recordings and the two assessment forms applied simultaneously in
all sessions.

4.1. Acceptance of resources

All three participants accepted the robot-mediated AAC resources through trajectories
shaped by the personalization strategies co-planned with the MRR teachers. Participant
ID 1 demonstrated immediate acceptance, recognizing the robot as Kuromi, address-
ing the NAO by the character’s name, and spontaneously searching for the communi-
cation album without teacher intervention, consistent with the principle that motivation
for AAC use emerges when the resource is embedded in personally relevant contexts
[Light and McNaughton 2014]]. Participant ID 2 demonstrated progressive acceptance
mediated initially by the robot’s physical movements rather than communicative content;
the turning point occurred when the participant understood that the robot only responded
through the AAC resource, a deliberate strategy that created a functional context for use
without direct imposition, illustrating how the robot can function as a motivational scaf-
fold rather than a mere technological novelty [Chevalier et al. 2022]]. Participant ID 3’s
acceptance was more gradual, with teacher mediation progressively receding as the par-
ticipant internalized the communicative logic of the interaction, consistent with gradual
release of responsibility in mediated learning models [Feuerstein et al. 2015].
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4.2. Development of autonomous AAC use

All three participants demonstrated measurable progress in autonomous AAC use, with
trajectories reflecting both individual profiles and the quality of teacher mediation. Partici-
pant ID 1 evolved from teacher-prompted to fully spontaneous use, progressively expand-
ing her repertoire of figures, suggesting the beginning of communicative appropriation
[Vygotsky 1978]]: the resource, initially external and mediated, began to be internalized
as a personal communicative instrument. Participant ID 2 progressed across just two ses-
sions from continuously mediated use to independently conducting a complete activity
sequence involving a cardboard maze without requiring cues for each communicative at-
tempt. Participant ID 3 demonstrated the most remarkable trajectory: in the first session
gestures still preceded board use; by the third, the resource was used continuously to re-
quest materials and initiate social interactions; by the fourth, the participant directed the
sequence of participation of the teacher, researcher, and robot in a group game, exercising
an active and generalized communicative role. This shift from responsive to initiative-
taking behavior reflects the development of communicative competence beyond opera-
tional skills [Light and McNaughton 2014/, consistent with situated learning frameworks
that emphasize authentic, socially embedded practice [Lave and Wenger 1991].

4.3. Generalization of communicative competence to natural contexts

The most educationally significant finding was the generalization observed in participant
ID 3. After the second session, the regular classroom teacher, who had not participated in
the intervention and received no guidance from the research team, spontaneously reported
an increase in functional AAC use in the classroom and described adopting a strategy
analogous to that employed during the sessions. This constitutes evidence of pedagogical
replicability: the mediation model developed in the MRR was assimilated and reproduced
by another professional in a different context without explicit instruction. The most sig-
nificant record was a video provided by the school of participant ID 3’s presentation at
the Science Fair, in which the participant delivered a complete presentation using the
communication board consistently and autonomously, in front of the school community,
without the robot’s presence. What transferred was not the interaction with the technol-
ogy, but the communicative disposition and the appropriation of the AAC resource as a
personal tool, reinforcing that personalization functions as a pedagogical condition rather
than a motivational add-on [Carruthers et al. 2020][Schreibman et al. 2015]. For partici-
pants ID 1 and ID 2, informal MRR reports indicated initial signs of transfer, though the
short observation period did not allow for equivalent formal documentation.

5. Conclusion, limitations and future work

This paper presented a hybrid architecture that integrates the NAO V6 robot as a peda-
gogical mediator into pre-existing school AAC practices, addressing both the resistance
of students with ASD to functional AAC use and the technical incompatibility between
heterogeneous AAC formats and the robotic platform. Preliminary results from ten ses-
sions with three participants suggest feasibility across resource acceptance, development
of autonomous AAC use, and generalization to natural contexts.

The central argument reinforced by these results is that the effectiveness of social
robotics in inclusive settings does not derive from the device’s intrinsic capabilities, but
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from the quality of the pedagogical integration in which it is embedded. The teacher’s
role in co-planning, personalizing, and progressively withdrawing mediation was not a
secondary condition but a structural one, with direct implications for the design of future
robotic systems for education.

Among the limitations, the most significant are the small sample, the variation in
sessions per participant, and the short observation period, which limit generalizability and
prevent systematic assessment of skill maintenance.

Cost is another factor to consider regarding scalability: although the QR code
system was intentionally designed to be low-cost and modifiable by non-technical teams,
the NAO robot itself represents a significant acquisition cost for most public schools;
thus, large-scale adoption would likely require lower-cost robotic platforms or resource-
sharing models among the MRRs. Teacher training is also a prerequisite for autonomous
use of the system beyond this study: while teachers actively participated in collabora-
tive planning, they did not directly operate the technical components, meaning future
implementations would require a structured onboarding process to enable MRR teams to
independently manage both the QR-coded materials and the auxiliary digital dashboard.

Future work aims to expand the study to a larger and more diverse sample across
multiple MRRs, conduct longitudinal investigation of communicative gains, and develop
a version of the digital auxiliary board usable directly by students and teachers without
researcher support. We also plan to incorporate complementary quantitative metrics —
such as response latency, frequency of independent AAC initiations, and rate of general-
ization across contexts — to strengthen future assessments of intervention impact beyond
the qualitative and observational data collected in this study.
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