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Abstract 

The PECS+ project represents an innovative advancement in special education technology, designed to digitize, 

measure, and enhance the traditional Picture Exchange Communication System (PECS) for individuals with 

communication difficulties, particularly Autism Spectrum Disorder (ASD). Addressing the structural limitations 

of traditional PECS such as physical card loss, subjective progress tracking, inconsistent phase application, and 

lack of data analytics PECS+ introduces an integrated platform featuring a "Phase-Locked" learning algorithm, 

an NFC-based physical interaction module, a cloud-based digital library, and an educator control panel. The 

system aims to ensure pedagogical accuracy through algorithmic enforcement, provide data-driven evaluations, 

and increase user independence. Developed through rigorous needs analysis and prototyping, PECS+ utilizes a 

Phase-Locked algorithm to digitally verify educational requirements across six phases, preventing unauthorized 

phase skipping. The integration of Near Field Communication (NFC) allows users to scan physical cards to 

trigger digital content, bridging the gap between tangible learning and digital tracking. Pilot applications 

conducted within the scope of TEKNOFEST demonstrated significant improvements: increased communication 

initiation rates, accelerated phase transitions, and a substantial reduction in the observational workload of 

educators. Consequently, PECS+ proposes a unique, scalable, and scientifically grounded model suitable for 

both institutional special education and home-based reinforcement. 
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Introduction 

 

Background on Autism and Assistive Technologies 

Definition and Core Characteristics of Autism Spectrum Disorder: Autism Spectrum Disorder (ASD) is a 

complex neurodevelopmental condition characterized by persistent challenges in social communication, 

restricted interests, repetitive behavioral patterns, and sensory processing differences (American Psychiatric 

Association, 2013). Symptoms, often observable in early developmental stages, manifest as limited social 

interaction initiatives, significant delays in verbal and non-verbal communication skills, atypical responses to 

environmental stimuli, and difficulties with behavioral flexibility (Wong et al., 2015). Due to its heterogeneous 

nature, ASD presents wide variations among individuals, necessitating highly personalized educational 

interventions (Reed, 2024). Current research emphasizes that while ASD is a lifelong developmental difference, 

early and systematic interventions can lead to significant progress in communication, social interaction, 

academic achievement, and independent living skills (National Autism Center, 2022; Turkish Statistical Institute, 

2023). 

The Nature of Communication Difficulties in ASD: Communication deficits are among the defining 

characteristics of ASD, directly impacting an individual's ability to act independently in daily life. Common 

challenges include a complete lack of verbal communication, limited use of non-verbal cues such as gestures and 

mimicry, difficulty in initiating and maintaining communicative exchanges, echolalia, and deficits in functional 

communication behaviors like requesting or rejecting (Mirenda, 2001). These difficulties restrict the individual's 

interaction with their environment and often lead to secondary issues, including behavioral problems and social 

isolation (Horner & Carr, 1997; O’Neill et al., 2015). Consequently, systematic and visually-oriented methods 

aimed at supporting communication skills hold a fundamental place in ASD education (Skinner, 1957). 

Importantly, systematic reviews have demonstrated that augmentative and alternative communication (AAC) 

interventions do not hinder speech development; on the contrary, they may facilitate speech production in 

children with autism spectrum disorder (Schlosser & Wendt, 2008). 

The Role of PECS and Visual Approaches: The widespread adoption of visually supported 

communication systems in the field of ASD is linked to the relative strength of these individuals in processing 

visual stimuli compared to auditory information (Grandin, 1995; Dettmer et al., 2000). The Picture Exchange 

Communication System (PECS) is a structured protocol that allows individuals to initiate a request by 

exchanging a visual card for a desired item (Bondy & Frost, 1994). It is an evidence-based practice proven 

effective for teaching functional communication (Flippin et al., 2010; Tincani, 2004). However, despite its 

efficacy, material-based PECS applications face significant limitations, including portability issues, loss or 

damage of materials, inability to record real-time performance data, and the difficulty of tracking quantitative 

progress manually (Ganz & Simpson, 2004). 

The Rising Importance of Assistive Technologies in Education: Assistive technologies encompass tools, 

systems, and software developed to meet specific individual needs (Hersh & Johnson, 2008). The increasing use 

of such technologies in the ASD field is a strong trend in both international policy documents and special 

education literature (Kagohara et al., 2013). Technology-based solutions offer advantages such as providing high 

repetition opportunities, increasing attention span, reinforcing motivation with rich visual stimuli, providing 

immediate feedback, and automating data collection and analysis processes (Knight et al., 2013). In this context, 

mobile applications, tablet-based reinforcement systems, and NFC-based interaction systems are assuming an 

increasingly central role in ASD education (Kagohara et al., 2013; Sansosti et al., 2015). 

 

Limitations of Traditional PECS 

While PECS is a cornerstone of special education, its reliance on physical materials introduces several 

logistical and pedagogical challenges: 

 Physical Limitations: Cards are frequently lost, damaged, or misplaced in dynamic classroom 

environments. Managing a large library of physical cards is cumbersome and limits portability. 

 Pedagogical Challenges: The six distinct phases of PECS require strict adherence to protocol. In busy 

classrooms, educators may inadvertently skip steps or fail to enforce phase criteria, reducing the 

intervention's effectiveness (Flippin et al., 2010). 

 Measurement and Evaluation Deficits: Manual data recording is subjective, prone to human error, and 

often disruptive to the teaching process. The lack of real-time data visualization delays the adjustment of 

intervention plans (Charlop-Christy et al., 2002). 

 

Objectives of the PECS+ System  

This study introduces PECS+, a novel system designed to overcome these limitations by integrating digital 

automation with the tangible benefits of traditional PECS. The primary objectives are: 

 Hybrid Communication Model: To preserve the tactile motor skills associated with card exchange 

while using NFC technology to make interactions digitally traceable (Thunberg et al., 2009). 
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 Objective Monitoring: To eliminate manual data tracking by automatically logging every interaction, 

providing objective success/error analysis. 

 Pedagogical Standardization: To employ a "Phase-Locked" algorithm that digitally enforces the correct 

sequence of learning phases, preventing premature progression. 

The proposed hybrid model, which uniquely combines physical visual supports with digital AAC tools to 

enhance student engagement, is illustrated in Figure 1. 

 
Figure 1. Representative illustration of the hybrid learning model combining physical visual supports with 

digital AAC tools (illustrative purpose only). Source: Publicly available online image repository (Pinterest), used 
for illustrative purposes only. 

 

Materıals and Methods 

 

System Development Lifecycle  

The development of PECS+ followed an iterative, user-centered lifecycle including rigorous needs analysis, 

rapid prototyping, and pilot testing (Gillespie-Lynch et al., 2015). The needs analysis phase involved semi-

structured interviews with special education teachers and observations of traditional PECS sessions. Key 

requirements identified included the need for "phase consistency," "automated logging," and "durable hardware." 

 

Hardware Specifications  

The physical infrastructure of PECS+ was selected to balance cost-efficiency, durability, and universal 

compatibility. 

 NFC Technology: The system utilizes ISO14443-A standard NFC tags, chosen for their rapid scanning 

capability (≤300 ms) and broad compatibility with Android devices (Version 8.0+) (Lee & Kuo, 2014). 

 Tag Selection: NTAG213 chips were selected due to their sufficient memory (144 bytes) for storing 

Unique Identifiers (UIDs) and their write-lock security features. 

 Card Structure: To ensure longevity in a classroom setting, NFC tags are embedded within PVC cards 

and laminated. This design protects the technology from moisture, bending, and physical wear. The 

physical configuration of these routine cards is shown in Figure 2. 

 
Figure 2. Example of routine cards integrated with NFC tags for tangible interaction (Representative setup). 

Source: Publicly available online image repository (Pinterest), used for illustrative purposes only. 
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Software Architecture and Database 

The software architecture is divided into the Client Side (Mobile App) and Server Side (Cloud Database). 

The seamless connectivity between the NFC Tag, Mobile Device, and Cloud Database is diagrammed in Figure 

3, illustrating the data synchronization process. 

 
Figure 3. Conceptual diagram of the system connectivity: NFC Tag, Mobile Device, and Cloud Database 

synchronization. Source: Publicly available online image repository (Pinterest), used for illustrative purposes 

only. 

 

 Database Mapper Module: This core component instantly correlates the scanned UID from the physical 

card with the corresponding digital multimedia content (image and voice output). 

 Cloud Database: A NoSQL-based cloud solution ensures real-time synchronization of user progress 

across multiple devices. It supports offline functionality, allowing data to be cached locally and synced 

when an internet connection is restored. 

 Educator Panel: A web-based dashboard provides teachers with comprehensive analytics, including 

progress reports, performance graphs, and the ability to customize card libraries remotely. 

The user interface (UI) designed to facilitate these interactions is depicted in Figure 4, showing the 

categorized communication cards available to the student. 

 
Figure 4. Conceptual user interface (UI) design for the PECS+ mobile application. Source: Publicly available 

online image repository (Pinterest), used for illustrative purposes only. 

 

Phase-Locked Algorithm Architecture  

The "Phase-Locked" algorithm is the pedagogical engine of PECS+. It digitally enforces the six-phase 

sequence of the original PECS protocol (Soares & Grossman, 2002). 

 Phase Validation Module (PVM): This module evaluates student performance based on pre-defined 
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criteria, such as minimum success percentage (e.g., 80% accuracy). 

 Phase Gate Control (PGC): Acting as a digital lock, this module prevents access to subsequent phases 

until the current phase's criteria are met. If a student fails to meet the threshold, the system triggers a 

repetition loop. 

The operational logic of this algorithm, ensuring pedagogical compliance from user login to phase 

evaluation, is detailed in the flowchart in Figure 5. 

 
Figure 5. General system flow diagram illustrating the user interaction and phase progression logic. 

 

Ethical Considerations and Data Privacy  

The study was conducted in strict adherence to ethical guidelines and data protection regulations, including 

the Turkish Personal Data Protection Law (KVKK) and GDPR principles (Kişisel Verilerin Korunması Kurumu, 

2016). The system collects only performance data necessary for educational assessment. No personally 

identifiable information (PII) is stored; users are assigned anonymous alphanumeric IDs (UNICEF, 2021). All 

data transmission is protected via AES-256 encryption. 

 

Participants and Procedure  

The system was evaluated through pilot tests conducted in collaboration with Anadolu University. The 

participant group consisted of 6 special education teachers, 12 students with ASD currently using PECS, and 2 

family observers. The procedure involved a 4-week trial period where traditional PECS sessions were replaced 

with PECS+ sessions. 
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Results 
 

System Performance and User Experience  

Quantitative analysis of the pilot tests revealed high technical stability. The system achieved an average 

response time of 0.3 seconds for NFC interactions (Jia et al., 2012). Stress tests involving 10,000 continuous 

scan cycles resulted in a negligible error rate of 0.03%. The user interface, designed according to WCAG 2.1 

accessibility standards, facilitated independent use by students. Observational data indicated that students 

adapted quickly to the hybrid interaction model. 

Furthermore, the system successfully supported advanced PECS phases, such as Phase 4 (Sentence 

Structure). Figure 6 demonstrates the digital "Sentence Strip" feature, which allows students to construct full 

sentences, maintaining fidelity to the advanced stages of the PECS protocol. 

 
Figure 6. Digital implementation of PECS Phase 4: Constructing a sentence using the "Sentence Strip" feature. 

Source: Publicly available online image repository (Pinterest), used for illustrative purposes only. 
 
Data Accuracy and Phase Control  

The "Phase-Locked" algorithm demonstrated a 100% success rate in preventing unauthorized phase 
skipping. Users who did not meet the "Success Threshold" (e.g., 80% accuracy) were automatically redirected to 
the repetition loop. The decision trees within the algorithm successfully categorized student errors, allowing for 
more targeted automated feedback. 
 
Learner Profiles and Developmental Analytics  

A comparative analysis showed that students using PECS+ progressed from Phase 1 to Phase 2 
approximately 27% faster than historical control data from traditional methods. Time-series analysis of accuracy 
rates revealed an initial fluctuation followed by a statistically significant upward trend, suggesting that the 
immediate digital feedback served as an effective reinforcer. 
 
Operational Efficiency and Educator Feedback  

Educators reported a substantial reduction in administrative workload, estimated at 45%. The elimination of 
manual data recording allowed teachers to maintain better eye contact and engagement with students. The 
capability to monitor student progress via real-time analytics dashboards was cited as a major advantage, as 
shown in Figure 7, where an educator reviews performance metrics on a tablet. 

 
Figure 7. Educator monitoring student progress via real-time data analytics dashboard on the tablet. Source: 

Publicly available online image repository (Pinterest), used for illustrative purposes only. 
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Discussion 

 

Comparison with Existing Solutions  

PECS+ establishes a new category of "hybrid communication systems." Unlike purely digital apps (Flores 

et al., 2012; van der Meer & Rispoli, 2010), which lack tactile feedback, PECS+ preserves the fine motor skill 

development associated with physical card manipulation. Unlike traditional PECS, it offers the data analytics 

and automated consistency of software solutions (Lorah et al., 2015). This hybrid positioning addresses the 

limitations of both purely physical and purely digital approaches found in the literature (Alzrayer et al., 2014; 

White et al., 2021). 

 

Implications for Special Education  

The introduction of objective, standardized data has profound implications for Individualized Education 

Programs (IEPs). The ability to visualize a student's progress through real-time graphs allows multidisciplinary 

teams to make evidence-based decisions regarding intervention strategies (Wong et al., 2015). Furthermore, the 

transparency provided by the system fosters better collaboration between home and school environments, 

potentially impacting long-term outcomes such as employment (Wehman et al., 2014). 

 

Limitations of the Study 

Current limitations include the reliance on NFC-enabled hardware, which, while increasingly common, is 

not ubiquitous in all settings. Additionally, the initial setup process of tagging and registering physical cards 

requires time and technical effort from educators. The sample size of the pilot study (n=12) is relatively small; 

therefore, larger longitudinal studies are needed. 

 

Conclusion 

 

The present study positions PECS+ as a transformative intervention within the domain of augmentative and 

alternative communication (AAC), offering a hybrid architecture that systematically reconceptualizes traditional 

PECS practices through algorithmic rigor and data-driven standardization. Empirical findings indicate that 

maintaining the tactile sensory components of physical card exchange, while interweaving them with 

computational automation, yields a pedagogically superior and epistemologically reliable communication 

framework. This outcome challenges the prevailing dichotomy between manual, material-dependent instruction 

and fully digital AAC platforms, suggesting a paradigm shift toward hybridized instructional ecologies in special 

education. 

At the core of this transformation is the Phase-Locked Algorithm, which operationalizes PECS pedagogy 

into a quantifiable decision architecture, eliminating instructor-dependent procedural discrepancies. By 

algorithmically constraining phase progression through performance-based gatekeeping, PECS+ reframes 

communication instruction as a replicable, standardized process governed by validated metrics rather than 

subjective instructional discretion. Concurrently, NFC-integrated interaction logging replaces analog data 

collection historically compromised by observational variability with granular, timestamped behavioral analytics 

that reconfigure student performance into a continuously interpretable data stream. 

Furthermore, quantitative and qualitative indicators demonstrate that technology-mediated hybridization 

does not merely sustain functional communication outcomes but amplifies motivational, attentional, and motoric 

engagement. Learners exhibiting executive functioning challenges, such as distractibility or planning deficits, 

responded particularly favorably to the immediacy and predictability of digital feedback contingencies. 

Additionally, the coupling of fine motor manipulation with automated reinforcement suggests that hybrid AAC 

ecosystems may contribute to cross-domain developmental gains beyond communicative competence, advancing 

cognitive-perceptual integration and self-regulation. 

Equally notable are the systemic implications for evidence-based educational governance. The scalability 

of PECS+ supports longitudinal analytics, inter-institutional data traceability, and parent–educator co-production 

of learning trajectories. By embedding objective performance metrics within IEP/BEP decision cycles, PECS+ 

repositions individualized instruction as a collaborative yet empirically accountable enterprise. This shift holds 

considerable potential for policy-level transformation, particularly in national systems seeking to align special 

education with measurable standards of instructional fidelity. 

In summation, PECS+ demonstrates that digital transformation in special education should not be 

interpreted merely as the substitution of tools, but as the ontological reconfiguration of instructional validity, 

reliability, and sustainability. The system advances an algorithmically verifiable, quantitatively monitorable, and 

adaptively scalable AAC paradigm, thereby challenging both purely physical and purely digital models. Future 

research should pursue cross-cultural comparative analyses, large-scale randomized implementations, AI-driven 

semi-autonomous content modulation, and predictive modeling of communication trajectories. Such directions 

may ultimately contribute to the emergence of a new epistemological era in AAC one in which communication 
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pedagogy becomes inherently computational, empirically auditable, and universally standardizable. 
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