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Background and aims: Although there are several published systematic reviews and meta-analyses of the effectiveness of the Picture Exchange Communication System (PECS) protocol, no previous review has focused on factors affecting its implementation. The present review attempted to identify potential barriers and facilitators in implementing PECS, as well as examining authors’ and stakeholders’ views and experiences in terms of implementation.

Methods and procedures: A total of 49 studies were identified through a systematic review search process and were included in the data extraction phase. A Content Analysis of previous researchers’ comments was also carried out.

Outcome and results: During the data extraction and synthesis phase, it became evident that important features of PECS interventions are not systematically reported in published literature. Thus, our primary research question remained partially unanswered. A Content Analysis of previous researchers’ comments revealed four potential implementation factors, including Contextual & Environmental Factors, PECS Training/Consultation, Supervision and Implementation Fidelity and Adherence to the Protocol.

Conclusions and implications: The identification of potential barriers or facilitators affecting the implementation of PECS is not currently possible. The present review’s identified implementation factors were extracted from qualitative analysis of previous researchers’ anecdotal remarks or from the social validity measures. Implications in terms of previous PECS literature findings are discussed.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018099767.
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1 Introduction

The Picture Exchange Communication System (PECS; Bondy and Frost, 1994) is an extensively researched communication program, widely used in intervention programs for individuals with autism spectrum disorders (ASD) and/or intellectual/developmental disabilities (IDD) when speech development is delayed or does not develop (Preston and Carter, 2009; Ganz et al., 2012). PECS is a picture-based system consisting of pictorial images or symbols that may serve as an alternative or augmentative communication system or tool for non-verbal individuals (Bondy and Frost, 1994).

The PECS user is taught how to approach another person (communicative partner) to exchange a picture card for a desired item, and to receive the item depicted on the card. PECS teaching and error-correction procedures are outlined in a detailed protocol (Bondy and Frost, 2002). The protocol details six distinct phases ranging from teaching the user to request a single item through to being able to construct sentences, include adjectives as part of requests, answer basic questions and comment about their environment. The protocol specifies the materials to use, instructional, prompting levels, and mastery criteria for each phase (Bondy and Frost, 2001, 2002).

The PECS protocol combines procedures that promote motivation and initiation, including choice and preference (Dyer, 1989). A preference assessment (assessing potential motivating items for the individual) is a critical step prior to intervention (Frost and Bondy, 2002). The protocol also encompasses teaching strategies derived from behaviour analysis including differential reinforcement, incidental teaching, environmental arrangement and time delay as well as generalisation strategies (Schwartz et al., 1998; Stoner et al., 2006). The protocol recommends that PECS is conducted throughout the day, in a range of environments and with different people. Ideally, a PECS instructor contrives frequent learning opportunities during each teaching period by arranging contingent access to preferred items (at least 30–40 opportunities per day or per session; Frost and Bondy, 2002).

The PECS protocol has been found to be simple to teach and implement (Stoner et al., 2006), and requires minimal prerequisite behaviours (e.g., eye contact, joint attention, or initiation; Bondy and Frost, 1998, 2002). PECS materials (e.g., book, pictures, etc.) are low cost or can be alternatively created by staff (Schwartz et al., 1998). No electronic equipment needs to be purchased or maintained, making PECS an attractive system for use in contexts including those where access to computer technology may be limited.

A substantial number of studies have evaluated the effectiveness of PECS, demonstrating that the protocol can be acquired rapidly (Bock et al., 2005; Beck et al., 2008; Carre et al., 2009; Cummings et al., 2012; Gilroy et al., 2017) and result in increases in social-communicative behaviours, as well as decreases in disruptive problem behaviours (Charlop-Christy et al., 2002; Ganz and Simpson, 2004; Anderson et al., 2007; Hart and Banda, 2009). PECS has also been shown to be effective in the development of spontaneous speech (Magiati and Howlin, 2003) with gains usually occurring over a relatively short time period (between 6 to 14 months; Schwartz et al., 1998; Webb, 2000). There is also some evidence to suggest that PECS is effective in teaching functional communication skills to adults (Chambers and Rehfeldt, 2003; Rehfeldt and Root, 2005; Stoner et al., 2006; Ziomek and Rehfeldt, 2008; Rosales et al., 2009; Conklin and Mayer, 2010).

In a review of the literature, Lancioni et al. (2007) noted that only three from 173 PECS users failed to develop functional communication skills. Similarly, Sulzer-Azaroff et al. (2009) synthesised data from 34 peer-reviewed studies to conclude that PECS is effective in increasing functional communication for individuals with impaired or no speech. Preston and Carter (2009) suggested that PECS is effective in providing a means of communication for individuals with little or no speech. Schlosser and Wendt (2008) further concluded that PECS was highly effective for teaching requesting to children with ASD.

Although these reviews suggest that PECS is effective at establishing a functional communication repertoire in individuals with ASD/IDD, they included studies conducted in ideal training environments, such as highly structured settings such as University clinics with ample staff support, supervision in terms of implementation fidelity etc. Reviews of PECS studies conducted in real world settings though have highlighted problems with its implementation and generalisation. Flippin et al. (2010) for example, concluded that PECS is a promising but not yet established evidence-based intervention for facilitating communication in children with ASD, as they found small to moderate gains in communication and small to negative gains in speech. They also raised concerns about its maintenance and generalisation effects to real world settings and conditions that closely resemble the everyday environments in which the intervention was intended to be implemented (e.g., special education settings).

To more fully evaluate effectiveness, both the intervention and its implementation need to be considered, to fully understand outcomes and impacts (Kelly and Perkins, 2012). A possible factor affecting PECS implementation for example, might be staff training and supervision. Although implementers attend PECS training and receive typical levels of support (provision of PECS books, materials and reinforcers, continuous emphasis on alternative communication systems etc.), some earlier studies suggested that there is minimal implementation of the intervention (Ganz et al., 2013a). Magiati and Howlin (2003) for example, suggested that PECS implemented by untrained staff may be unsystematic and inconsistent. Similarly, Tincani and Devis (2011, p. 211) noted that PECS requires proper and thorough training if it is to be implemented correctly, arguing that “it is a complex system requiring myriad teaching procedures, including most-to-least prompting, least-to-most prompting, shaping, chaining, and error correction.” On a similar note, Howlin et al. (2007) found that teachers had difficulty maintaining communicative gains (rates of initiations and use of PECS symbols) achieved with PECS when classroom consultation visits ended, perhaps in part because expert consultation did not fully establish complex teaching repertoires necessary to implement PECS without external support. These concerns are consistent with the findings of a recent study by May et al. (2024) who reported that the use of PECS by educators with minimal training was often sub-optimal, and that formal training in PECS was associated better implementation practices.

Existing PECS reviews and meta-analyses have also raised a number of concerns regarding the outlined experimental designs, reliability measures, procedural integrity, and behavioural change outcomes (Sulzer-Azaroff et al., 2009; Flippin et al., 2010; Tincani and Devis, 2011; Ganz et al., 2012). Several directions for future PECS research have been identified, particularly the need for further research into social validity and procedural integrity of the intervention as used in practice.

A key factor to the implementation of any intervention, is the application of the intervention’s core components, which are its essential aspects without which the intervention will fail to be sustainable or effective (Fixsen et al., 2005). Thus, procedural integrity is an important factor when implementing PECS. Adherence to the training protocol is hypothesised as being essential in establishing positive behavioural and communication gains, as well as promoting the user’s spontaneous and independent communication (Magiati and Howlin, 2003). Inconsistent implementation of the protocol may result in prompt dependency, in which PECS is used only when assisted by the implementer (Bondy, 2012). It is thus critical for implementers and researchers to demonstrate implementation fidelity, to validate the PECS protocol as well as to attribute intervention outcomes to its full implementation. It might well be the case that a higher implementation of the protocol leads to greater participant outcomes. Yet the extent to which fidelity measures are reported in published PECS studies varies, due to researchers using different procedures to calculate implementation fidelity or not reporting quantitative [fidelity] data (Preston and Carter, 2009; Flippin et al., 2010; Tincani and Devis, 2011). Thus, our understanding of the impact of implementation fidelity on PECS remains weak. There also seems to be a variability in the outcomes reported in different systematic reviews and meta-analyses.

Overall, previous systematic review concentrated on the effectiveness of PECS in teaching functional communication skills, increasing social-communicative behaviours, decreasing problem behaviours, and developing spontaneous speech. Some studies though have suggested that there are different factors that may affect the protocol’s implementation. There has been no systematic review to date, that examines the potential facilitators or barriers relating to PECS implementation. The present review thus revisits the published studies on PECS, to identify how the intervention has been implemented. The literature was screened to identify potential barriers or facilitators, including staff training, implementation support and supervision, protocol adherence, setting characteristics, PECS specific problem-solving procedures, and staff training (Review Question 1; RQ1). The views and experiences of staff and/or other stakeholders, as well as researchers’ comments in published papers were also examined in terms of identifying potential factors affecting implementation (RQ2).



2 Article types


2.1 Research protocol

The systematic review protocol was registered with PROSPERO (available from corresponding author on request). The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher et al., 2009) guidelines for reporting systematic reviews were used in reporting the systematic review.



2.2 Inclusion and exclusion criteria

Published literature was included in the systematic review based on the criteria as shown in Table 1. There was no criterion regarding the studies’ setting(s) or participants’ age. The review included only participants with a primary diagnosis of ASD or IDD as previous studies have shown that PECS is an effective means of improving outcomes specifically for this population. Studies with mixed samples of participants with other diagnoses were included, as long as data for those with ASD/IDD were reported separately. Studies that involved participants with visual or hearing impairments were excluded, as this would involve an adaptation of the PECS protocol to meet their needs, and this on its own could be a barrier to the protocol’s implementation. Studies involving interventions that used variations or adaptations of the PECS protocol or examined different deviations in terms of its training procedures were excluded.



TABLE 1 Exclusion and inclusion criteria.
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2.3 Search strategy

Six electronic databases (ERIC, PubMed, PSYCHINFO, ASSIA, SSCI and SCOPUS) were searched in September 2018. Initial search terms were piloted and refined after sequential testing to ensure that the search captured all relevant keywords. The final search string can be seen in Table 2. After the initial search, the included studies were forward and backward searched to identify further articles and to make sure all studies included in earlier reviews were included. Backward searching involved the assessment and screening of all records cited within the reference lists of all review’s cited articles, whereas forward searching involved the identification of articles that have cited the review’s cited articles. A brief “grey literature” search was also conducted, revealing two thesis manuscripts, one of them being a systematic review and the other being published and already identified. The authors of any articles that were not available through the university library database, were contacted directly for a copy of the manuscript. The search was repeated on three further consecutive times (April 2019, December 2022 and November 2023) to check for any newly published studies, with three (n = 3) more studies being identified for inclusion.



TABLE 2 Search terms employed across databases.
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2.4 Study selection

The study selection process is summarised in Figure 1. Overall, a total of 2,862 records were identified through initial database searches and a further six through backward and forward reference searches. Six hundred and forty nine internal and external duplicates were removed. The first author carried out the initial screening of titles and abstracts against inclusion criteria of all returned results and a further 2,108 records were excluded after an initial screening of titles, abstracts and keywords. The fifth author (MA) independently verified inclusion/exclusion for 20% (n = 364) of randomly selected records.

[image: Figure 1]

FIGURE 1
 Flow diagram illustrating study selection process (adapted from PRISMA Diagram —Moher et al., 2009).


A total of 116 studies (full texts) were assessed for inclusion eligibility, of which 68 (58.6%) were excluded (reasons for exclusion for each study are summarised in Figure 1). Similarly, the fifth author (MA) verified inclusion/exclusion for 22.4% (n = 26) of the studies. A total of 49 studies were included in the data extraction phase (Supplementary material).



2.5 Data extraction and synthesis

Data extraction was based on a customized tool and included study, setting and participant characteristics as well as contextual factors (frequency and duration of PECS sessions, number of reinforcers used etc.; Supplementary Tables S1, S2). The first author (AP) completed the data extraction for all included articles, whereas the fifth author (MA) independently completed extraction for 20.8% (n = 10) of randomly selected articles, with no disagreements. Included studies were summarised using a narrative synthesis. The fifth author (MA) had experience of systematic reviewing and was trained by AP in the inclusion/exclusion criteria for the current study.



2.6 Data extraction and synthesis—qualitative analysis

All reviewed studies were scanned for authors’, parents’ or implementers’ comments in order to identify potential factors that could act as barriers or facilitators (Supplementary Table S3; qualitative comments). A Qualitative Content Analysis (QCA; Erlingsson and Brysiewicz, 2017) was used to analyse the identified data. The QCA can be described as “the systematic reduction of content, analysed with special attention to the context in which it was created, to identify themes and extract meaningful interpretations” (Roller and Lavrakas, 2015, p. 232). The procedure involves the author: (a) familiarising oneself with the data, (b) dividing up text into smaller parts (meaning units), (c) condensing the identified meaning units, (d) labelling condensed meaning units by formulating codes, (e) grouping these codes into categories, and (f) grouping these categories into themes (Hsieh and Shannon, 2005). The first author conducted the content analysis and categorised the content in themes. The first author conducted the content analysis and categorised the content into themes. Reliability was confirmed by a second rater (LD; second author) and also further refined and discussed within the research team.




3 Results


3.1 Research characteristics


3.1.1 General characteristics

All included studies were published between 2001 and 2019. Approximately half of the studies were published before 2010, with 23 (46.9%) being published between 2001 and 2010 and 26 (53.1%) being published between 2010 (including) and 2022. All studies included data on PECS implementation. Table 3 present a summary of included studies.



TABLE 3 Summary of extracted factors of studies in RQ1 (n = 49).
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3.1.2 Participant characteristics

A total of 577 participants participated in the studies, including 256 (44.4%) males and 48 (8.3%) females. Eleven studies (22.4%) did not report participants’ gender. Age was reported in the majority of the studies (n = 46; 93.9%) and ranged from 16 months to 52 years of age, with 18 participants (3.1%) being above 18. In terms of participants’ race and ethnicity, 36 studies (73.5%) did not report this.



3.1.3 Study design

Our systematic review focused on the identification of potential barriers and facilitators to implementation of PECS in published literature on PECS. We thus made no distinction in terms of the design or purpose of an individual research study but rather drew on all published PECS evaluation studies as the source of “data” to answer this review questions.

Overall, single-case designs were employed for the majority of the studies (n = 36; 73.5% versus n = 13; 26.5% for group studies), with multiple baseline designs (MBD) across participants or settings (n = 18; 37.1%) being the most common. Overall, a total of seven (14.3%) studies employed an alternating treatments design (ATD), whereas six (12.2%) used a changing criterion design (CCD), three (6.1%) used a mixed single case design (ATD with MBD) and two (4.1%) employed a reversal design (RED). In terms of group design studies, a randomised control trial design was utilized in nine (18.4%) studies, whereas two studies (4.1%) compared the intervention effects between groups and only two (4.1%) included within-group comparisons.



3.1.4 Dependent variables

Twenty two studies (44.9%) included PECS specific dependent variables, such as number of phase specific exchanges, average number of trials to reach phase criterion, percentage of accuracy exchanges etc., whereas 27 (55.1%) studies included or concentrated on concomitant non-PECS specific measures, including speech production, mean length of utterance, frequency of spoken words etc. Finally, seven studies (14.3%) targeted staff, teachers or parents training on implementing the protocol (number of correct responses according to protocol, percentage of correct steps on task analyses within PECS phases etc.), whereas the rest (n = 41; 83.7%) targeted PECS recipients.



3.1.5 Intervention setting

Ten (20.4%) studies were carried out in a special education setting, whereas only six (12.2%) were carried out in a general education school. Eighteen (36.7%) studies were carried out in a clinical setting (University or private clinic), whereas nine (18.4%) were carried out in the participants’ home. The remaining studies were carried out in an adult day program (n = 3; 6.1%) and in a summer school (n = 1; 2%).




3.2 Review question 1—data synthesis

In terms of RQ1 and the identification of potential (and contextual) barriers or facilitators to PECS implementation, a customized tool including twelve different factors was used to extract data from the reviewed studies (see Supplementary Tables S1, S2 for a summary).


3.2.1 Format of PECS delivery

Out of 49 included studies, 26 (53.1%) explicitly reported the format (implementer to recipient ratio) for the delivery of PECS, out of which 21 (80.1% of reported studies) employed a 1:1 (implementer to receiver) format, whereas seven (26.9%) studies employed more than one member of staff per recipient throughout the intervention. In one study (Santos et al., 2021) a family member was also present in the sessions. In five studies (19.2%), intervention was delivered to a group of recipients. The duration of PECS intervention was reported in most studies (n = 42; 85.7%), whereas less than half of the studies (n = 23; 46.9%) reported the individual session duration. It must be noted though that a number of studies did not explicitly report this, and data were extracted from the graphs. Intervention and session duration were reported either in terms of time, or the total number of sessions or trials within a session, thus range was not possible to be calculated.



3.2.2 Intervention fidelity

In terms of intervention fidelity, 25 studies (51%) reported employing a measure for this. Although some studies did mention intervention fidelity, the data or assessment method/procedure were not consistently reported across them. Around half of the studies (n = 28; 57.1%) presented or reported data on the individual PECS phases.



3.2.3 Preference assessment and reinforcer variability

The use of individualised reinforcements identified through preference assessments is pivotal for the implementation of PECS. Despite this, not all studies mentioned or described a preference assessment being implemented prior to the intervention (n = 33; 67.3%). Twenty five (51%) studies explicitly reported how many different reinforcers were identified and employed for every participant. Studies’ preference assessment procedures and the number of reinforcers identified and utilized for PECS, were not consistently described or reported in studies.



3.2.4 PECS phases targeted

Most studies (n = 45; 91.8%) explicitly stated the PECS phases that were employed in the study. However, the rationale behind this choice, thus linking the intervention with the study’s specific aim(s) with the dependent variables, was not consistently provided (see also Supplementary material).

Out of the 45 studies that did report the targeted PECS phases, eight studies (17.7%) targeted PECS phases 1 to 4, two studies (4.4%) targeted Phases 1 to 3A, four studies (8.8%) included Phase 3B, ten studies (22.2%) targeted Phases 1 to 3, five studies (11.1%) included Phase 3A only, one study (2.2%) included Phases 2, 3A and 4, whereas four studies (8.8%) targeted Phase 6. Furthermore, one study (2.2%) included Phases 1 & 3, one study (2.2%) included Phases 3B and 4, four (8.8%) targeted Phase 4, one (2.2%) included Phases 1 and 2, one study (2.2%) targeted Phases 2 and 4, whereas only two (4.4%) targeted all PECS Phases (1 to 6) (see also Supplementary material). One study (2.2%) reported on the average of the PECS phases they targeted (average phase = 4.6). Four studies (8.8%) did not report what PECS Phases they targeted.



3.2.5 Staff training in PECS, supervision and support

Only 17 studies (34.7%) reported the specific PECS training the study’s implementers received, or the type/duration of it. Out of these studies, only ten studies indicated the employment of the official Pyramid PECS training. Furthermore, only 14 studies (28.6%) mentioned that PECS consultation was offered to implementers for troubleshooting of any problems.



3.2.6 Generalisation of intervention

Less than half of the studies (n = 20; 40.8%) explicitly described a generalisation phase or generalisations strategies being incorporated in the intervention. From these, 11 (55%) included a generalisation-across-settings phase, three (15%) included a generalisation-across-PECS implementers phase and five (25%) included both. Only one study (5%) included a generalisation across-settings, participants and stimuli component.




3.3 Review question 1—qualitative synthesis

Qualitative authors’ comments were extracted from 35 reviewed studies (Supplementary Table S3), with 14 studies not including any important content. These were analysed using Content Analysis to identify recurring themes regarding the implementation of PECS. After applying initial coding, 123 meaning units were identified, that were later sorted into 21 first order codes, by collating similar meaning units together. These codes include various elements that can serves as both potential barriers and facilitators in the different reviewed studies. It is thus best to view these as implementation factors that can either promote or hinder the implementation of PECS. The process of collating data together was carried over in creating eight categories that were then grouped into four higher order themes (Figure 2). The final four higher order themes included: Contextual and Environmental Factors, PECS Training, Supervision and Implementation Fidelity and Adherence to the PECS protocol (Figure 2).

[image: Figure 2]

FIGURE 2
 Barriers and facilitators to PECS implementation.



3.3.1 Contextual and environmental factors

Different organisational factors that may act as barriers to implementation of PECS emerged during the analysis. Some authors explain how constraints in resources affect implementation: “on several occasions, the PECS picture cards had to be re-created due to excessive wear and tear” (Boesch et al., 2013, p. 489) or “access to an electronic software program that is capable of producing pictorial icons is necessary, otherwise the production of numerous icons is cumbersome” (Stoner et al., 2006, p. 164). Overall, factors like availability of PECS books, lack of symbols, or access to software to create these, seem to impact PECS implementation.

Other authors mentioned time constraints in terms of implementing PECS protocol as a potential barrier: “the [intervention] was time-limited because the clinic’s semester was ending and there would be a 2-month break” (Ganz et al., 2013b, p. 85) or “lack of time in everyday routines” (Jurgens et al., 2018, p. 340). It seems that in terms of clinic settings, holiday breaks and limited weekly intervention time are significant barriers to implementation.

Another recurring emerging organisational factor affecting implementation involves staff constraints. Some authors comment that “PECS requires a large amount of adult facilitation, particularly in the first two phases of training” (Ganz et al., 2008, p. 168) and that “for the first and second phase of PECS, two teachers were assigned; one as prompter and the other as communicator” (Odluyurt et al., 2016, p. 154). This though, can be difficult to achieve because of “frequent staff changes and substitutions and a classroom schedule which varied considerably from day to day” (Tincani, 2004, p. 162) or “due to staff and budget cuts” (Barnes et al., 2011, p. 1579).

The financial costs of running the PECS protocol have also been identified as a recurring factor affecting implementation. There seems to be different opinions regarding the financial costs of PECS. For some, the protocol seems to be cost-effective in terms of materials needed in comparison to other communication systems, resulting from the view that PECS “is a relatively cost-effective and easily portable approach that can be implemented in a variety of settings making it appealing to both families and professionals” (Carson et al., 2012, p. 184) and due to its “low cost, ease of maintenance, and portability” (Boesch et al., 2013, p. 489). For others, it seems that the financial implications of training staff (“brief instructions, manuals, and training videos may be preferable because of their low cost and time requirement”; Barnes et al., 2011, p. 1578) and running the protocol in terms of personnel and supervisors (“significant restrictions on financial resources and personnel”; Howlin et al., 2007, p. 476) are an actual barrier to implementation. Similarly, in natural environment settings, the financial cost of having staff implementing the protocols, as a “facilitator to address [student’s] unique individual PECS needs in the classroom” (Travis and Geiger, 2010, p. 58) was also identified as a barrier.


3.3.1.1 Environmental characteristics and adaptations

This category includes the most common recurring themes that affect PECS implementation. The Clinical Settings category refers to identified comments that suggest that PECS is widely used in clinical settings and consequently its application to real-world environments is limited or not that widely researched: “data was collected either in early intervention centres, clinics, or integrated preschools” (Anderson et al., 2007, p. 174). Overall, one can say that PECS effectiveness stems from several studies, but these have predominantly been carried out in highly structured/clinical environments such as University clinics or highly structured home programs. It thus becomes evident that researchers need to concentrate on examining the effectiveness of the protocol in real-world settings and further aim to establish its ecological validity by implementing it with high fidelity in these settings.

The incorporation of PECS and rigidity category refers to the ease of incorporating PECS into the daily routines of each individual setting, Implementers in educational settings seem to struggle to find “ways in which PECS was actually implemented in the classroom” (Magiati and Howlin, 2003, p. 315). Similarly, it seems that PECS is typically implemented during snacks times; “four schools were teaching PECS during group sessions (including snack time)” (Magiati and Howlin, 2003, p. 312). This may be because sessions “are time limited (typically around 15 min) and are typically structured to encourage requesting” (Howlin et al., 2007, p. 476). On the contrary, some schools are incorporating PECS “in the classroom’s activities throughout the day as well as providing teaching in individual sessions” (Magiati and Howlin, 2003, p. 312). It seems that school staff find it easier to include individual PECS “sessions in the daily class programme for the learners to communicate” (Travis and Geiger, 2010, p. 58). This also applies to clinical settings, like clinics and care homes as well as home programs, with PECS being implemented during “leisure and snack time in participant’s home and play periods with peers during journal (writing/coloring in notebooks followed by play) and center activities (free play)” (Kravits et al., 2002, p. 226).

An emerging theme from the PECS Opportunities category suggests that the “number of communication opportunities offered within training sessions” varies (Tincani, 2004, p. 162). This was also evident through the quantitative analysis. Nevertheless, authors suggest that it is vital that “opportunities must be provided to use PECS across settings and with many communication partners” (Thiemann-Bourque et al., 2016, p. 1144).

Environment adaptations also seem to constitute an important barrier in terms of PECS implementation. Some authors discuss how the learner’s natural environment must be restructured in order to “create many communicative opportunities throughout a day for the child to practice and develop fluent communication skills” (Jurgens et al., 2018, p. 338) and suggest that failing to do so may cause learners to have “free access to their preferred items and, therefore, did not need to request the items.” This further suggests that “preferred items [must be] isolated and put into a large plastic container out of the […] reach” (Greenberg et al., 2012, pp. 554, 546).

Stakeholder perceptions about PECS seems to be a recurring barrier to the protocol’s implementation, that is if staff or therapists are not in agreement with the protocol’s framework or goals then it is less likely that it will be implemented correctly. Similarly, it seems that implementers believe that PECS primarily targets learner’s requesting for items, and it seems that they typically structure or choose sessions that “encourage requesting” (Howlin et al., 2007, p. 476).

The second emerging theme within this category is Proximity and Availability of PECS book & materials. This refers to staff perceptions that the PECS book should only be presented during a fixed “PECS” session: “all [learners] had PECS communication books in their cubbies (classroom storage units)” (Ganz et al., 2013a, p. 219).” This contingent access to the PECS book seems to create issues for some students: “continued using aggressive behaviour as a means of communication when the PECS book was not present” (Hu and Lee, 2019, p. 224). As some authors explain, the PECS book must “always be present, on a table or chair in the room” (Greenberg et al., 2012, p. 546) and staff must make sure that the “[it is] always available” (Jurgens et al., 2018, p. 340).




3.3.2 PECS training and consultation

The need for implementers’ PECS training as well as the mode of training were two emerging themes that seem to affect the implementation of the protocol. In terms of implementer training, it is widely argued that “formal training in PECS is vital to ensure appropriate intervention [and] protocol should be followed” (Howlin et al., 2007, p. 476) and that because of the complexity of its error-correction procedures, it “requires thorough training to implement with high fidelity” (Ganz et al., 2008, p. 168). The need for extensive training in specific steps was also identified, as “certain steps may require more intensive training [for staff] to attain mastery” (Barnes et al., 2011, p. 1578). Overall, there is an agreement between researchers that the “lack of attention in the literature to the training issues associated with PECS implementation by school staff and parents is a gap that, hinders evaluation of PECS’ effectiveness in real life contexts” (Ganz et al., 2013a, p. 211).

In terms of the mode of PECS training, the widely used two-day workshop format appears to be ineffective, as staff seem to “typically make errors on steps that were not covered in detail in the video or the verbal instructions” and while “brief instructions, manuals, and training videos may be preferable because of their low cost and time requirement, they may not be effective in teaching more complex skills, training staff in complex skills might require modelling and corrective feedback” (Barnes et al., 2011, p. 1578). It is thus likely that the typical “one-shot, workshop-training model is insufficient to support maintenance and generalization” (Ganz et al., 2013a, p. 219).

Follow-up and Consultation where “consultants recommend and demonstrate strategies for advancing children’s use of PECS, monitor teachers’ progress and provide systematic feedback on their implementation” seems to lead “to improved communication in children” (Howlin et al., 2007, pp. 475, 480). It also seems to facilitate the “(a) the provision of opportunities to use pictures to communicate, (b) the generalization of these skills to non-targeted contexts, and (c) the demonstration of basic treatment integrity” (Ganz et al., 2013a, p. 219). It seems that PECS consultation involving instructional coaching or behavioural skills training components like “instructions, modelling, rehearsal, and feedback” (Homlitas et al., 2014, p. 199) may be a facilitator to the protocol’s implementation. Similarly, follow-up training sessions can help implementers “practice all responses” and facilitate “brushing-up” on their skills (Homlitas et al., 2014, p. 201).



3.3.3 Supervision and implementation fidelity

Staff supervision seems to be a facilitating factor as it “reduces variation” (Magiati and Howlin, 2003, p. 315) in terms of implementation, helps with on-the-spot training of staff who consistently miss “the same steps on the task analyses for each phase” (Barnes et al., 2011, p. 1579) and encourages implementers “to facilitate children’s use of PECS in various sessions” (Howlin et al., 2007, p. 475) across the day. Supervision of implementation may also include “written summaries, agreed action points and future goals” with implementers (Howlin et al., 2007, p. 475). Supervision can also ensure implementation fidelity and seems to be a facilitator to the correct implementation of PECS, so that “any deviation from the procedures is immediately noted and corrected” (Stoner et al., 2006, p. 158). Finally, during supervision, data-based decision making can be promoted for troubleshooting potential implementation barriers. It is very common for some learners to have “some difficulty with training and, require procedural modifications” (Cummings et al., 2012, p. 44) or “have characteristics that require modifications to the standard PECS protocol in order to be successful” (Ganz et al., 2008, p. 167). During supervision, a trained professional with “expertise in troubleshooting stimulus control problems” (Cummings et al., 2012, p. 44) could help and train staff accordingly. Correct implementation of the protocol’s teaching procedures also seems to facilitate implementation. Because PECS involves several “technical teaching procedures” (Jurgens et al., 2018, p. 338), it is vital for the training protocol to be followed precisely in order to meet the set targets.



3.3.4 Adherence to the PECS protocol

Reinforcer Assessment and Effectiveness was another important theme. During the initial phases of PECS, the protocol specifies “the use of highly preferred, individually motivating items” (Jurgens et al., 2009, p. 78) in order to reinforce requesting. Despite this, staff seem to mainly use “food items as reinforcing stimuli due to their motivating value” (Boesch et al., 2013, p. 483) or overuse the same items thus resulting in a “loss of potency” (Adkins and Axelrod, 2002, p. 265). It may well be the case that reinforcer effectiveness is a barrier to implementation as “free access to […] preferred items” (Greenberg et al., 2012, p. 554) as well as “poor reinforcer strength” (Tincani, 2004, p. 161) may weaken learners’ acquisition of picture exchanges. Furthermore, the protocol suggests preference assessments should be carried out in order to identify individual reinforcing stimuli. Despite this, it seems that staff are not trained “to conduct a full preference assessment prior to PECS training to determine preferred, non-preferred and neutral items” (Barnes et al., 2011, p. 1588). Repeated preference assessments throughout the intervention “‘ensures that [learners are] interested in the items being presented during PECS training” (Greenberg et al., 2012, p. 544).

A number of factors seem to affect generalisation planning when implementing PECS, such as running the intervention “in natural school settings” (Ganz and Simpson, 2004, p. 398) or having “different implementers and different settings [and implanting] PECS in all the settings in which the [learner] is present” (Odluyurt et al., 2016, p. 160). Furthermore, the PECS protocol “is embedding generalization strategies within the teaching phases,” that is, learners are taught to request different items with different communication partners across multiple settings (Thiemann-Bourque et al., 2016, p. 1144). Thus, following the protocol’s [generalisation] progression and mastery criteria is an important factor that seems to be often bypassed during implementation.




3.4 Review question 2; stakeholders’ views and experiences about PECS

RQ2 targeted stakeholders’ views and experiences of implementing PECS and potential obstacles/barriers they faced. Overall, no published qualitative studies exploring PECS implementers’ or users’ experiences were identified by the search. Thirteen (28.3%) studies included a social validity measure, with all investigating parental views about PECS whereas five (10.9%) also included teachers or educational setting/clinic staff. Most parents reported positive experiences with PECS and subsequently viewed the protocol as feasible, acceptable, easy to implement and important in terms of improvement in communication (Jurgens et al., 2009; Boesch et al., 2013; Hu and Lee, 2019). Furthermore, some reported that PECS is an inexpensive intervention and that the time needed to prepare resources as minimal (Carson et al., 2012). Some parents reported difficulties in implementing the protocol at home while two of them reported the occasional lack of PECS symbols as a barrier to implementation (Greenberg et al., 2012).

Similarly, teachers reported positive experiences with PECS and incorporated the protocol in their classroom. Some teachers specifically reported that it had positive effect in terms of challenging behaviour within their classroom (Magiati and Howlin, 2003; Carre et al., 2009). No studies reported on the recipients’ views or experiences about the intervention. The most common barriers to implementation included time restrictions in preparing resources and difficulties in accommodating different needs and PECS levels within the same classroom.




4 Discussion


4.1 Lack of homogeneity in reporting

The present review aimed to identify the potential facilitators and barriers to implementing PECS and how these affect the protocol’s implementation and fidelity (RQ1). In addition, we sought to explore stakeholders’ views and experiences of the protocol and what factors influence implementation (RQ2). During the data extraction and synthesis phase, it became evident that important features of PECS interventions are not systematically reported in the published literature. Because of this lack of homogeneity in the published literature, common factors affecting the implementation of PECS could not be systematically identified. Furthermore, key features of the protocol (reinforcer assessment, criteria for moving across phases, second prompter supporting Phases I-II, etc.) that inadvertently influence efficacy and replicability, were missing or poorly described.

Our systematic review’s findings are in accordance with previous research about evidence-based practices, which suggested that most intervention studies fail to adequately report important implementation aspects and this in turn created an important blind spot in understanding “true” intervention effects (Mihalic, 2004; Durlak and DuPre, 2008; Glasziou et al., 2008). Hasson (2010) further argues that the failure to understand aspects related to implementation, introduces the risk of “implementation failure,” which includes a potential failure to implement an intervention as intended. Thus, the present review’s findings have significant implications in terms of PECS’ true intervention effects and identification of implementation barriers and facilitators. This comes in accordance with Kelly and Perkins (2012) suggestion that to fully evaluate effectiveness, both PECS as an intervention and its implementation need to be fully considered and examined. PECS published studies for example could be reviewed using a customized checklist examining different quality indicators in terms of the protocol’s important components and whether these have been reported or not.



4.2 Synthesised extracted data

Synthesised extracted data showed that most PECS interventions include a 1:1 (therapist to learner) ratio, with a second implementer being employed for PECS Phases I and II, as suggested by the manual. This may be regarded both as a facilitator and a barrier to implementation, as on the one hand, this mode of intervention delivery ensures a high implementation fidelity but on the other hand it may be impractical in real-world settings.

Preference assessments conducted prior to PECS training is another potential factor affecting PECS implementation. Undertaking preference assessments ensures that the learner is motivated, and saturation effects are avoided. This practice seems to facilitate implementation of the protocol, as evident from most of the studies reporting preference assessments prior to interventions. Despite this, only half of the studies explicitly reported how many different reinforcements were identified and employed for every participant.

Most reviewed studies only targeted specific PECS phases. Only six studies completed the training throughout all six phases. This makes drawing conclusions about barriers and facilitators to implementation difficult, as there seems to be minimal research in trainers completing all recommended phases. This issue, coupled with the fact that only half of the studies reported an intervention fidelity measure and some not reporting data, raises further questions. For example, what is the effect on learner outcomes of failure to adhere to the protocol, or implement all PECS phases? Perhaps this is the reason that few studies have attempted to study the protocol’s implementation across all PECS phases. This reinforces previous suggestions by Flippin et al. (2010), Preston and Carter (2009), and Tincani and Devis (2011) who argued that the interpretation of PECS results remains inconclusive, due to quantitative integrity data not being consistency reported.

The duration of the PECS intervention was reported in most studies and less than half reported the individual session duration or data was extracted from their graphs. Intervention and session duration were reported either in terms of time, or the total number of sessions or trials within a session, thus range was not possible to be calculated. Thus, the attempt to synthesise data in terms of intervention or session duration being a potential barrier or facilitator to PECS implementation was not feasible. The same applies for staff training in PECS and the amount of supervision they received throughout the intervention. For example, only ten studies indicated that their implementers received the official Pyramid PECS training. It therefore remains unclear how staff training and supervision affects the implementation of the protocol. This supports Magiati and Howlin’s (2003) suggestion that PECS is implemented by untrained staff and may often be unsystematic and consistent.

Lastly, although the PECS protocol specifically targets generalisation, almost half of the reviewed studies have explicitly described a generalisation phase or components being incorporated in the intervention, either in terms of settings, participants or stimuli. Similarly, very few studies have programmed for PECS to be implemented in a way for generalisation to occur beyond a specific event (e.g., snack time, designated PECS session) or across environments or implementers. Greenberg et al. (2012), for example, suggest that true PECS efficacy also requires a robust assessment of the protocol’s generalisation and several studies have included such procedures, including generalisation across time of day (Adkins and Axelrod, 2002), across people (Tincani, 2004; Tincani et al., 2006), across settings (Chambers and Rehfeldt, 2003), and across stimuli (Marckel et al., 2006).

Furthermore, Frost and Bondy’s (2002) PECS training procedures, do include guidelines and suggestions for the implementation and generalisation of the protocol, as they further argue that to promote generalisation of the learned communicative exchange using the PECS system, instruction should take place in a variety of natural environments (e.g., home, school, community) and should occur during natural events and activities that take place throughout the course of a typical day (e.g., meals, snacks, play time, teaching time, playground opportunities). Thus, the findings of the present review and the associated identified lack of generalisation procedures, provide further support to Flippin et al.’s (2010) argument that published studies involving PECS interventions are lacking in terms of maintenance and generalisation. The identified lack of including a generalisation phase or components in the reviewed studies does raise a concern, as one could argue that while individuals may show improvement in communication within the structured PECS environment, the skills acquired might not transfer well to real-life communication situations. This raises concerns about the long-term effectiveness of PECS.



4.3 Low quality of reporting as a barrier to research questions

Overall, based on the low quality of reporting in terms of the aforementioned factors, it might be the case that these variables are actual barriers of PECS implementation in terms of time constraints and the response effort needed to tackle all the essential of the (relatively complex) PECS manual. This may be the reason for not being consistently reported.

Nevertheless, RQ1 has been partially answered, as no previous research has been conducted so far in terms of PECS implementation factors. No quantitative studies have manipulated potential factors to examine their implementation effects either acting as barriers or facilitators. The present review has identified some potential implementation factors through its data extraction procedure, but these have not been consistently reported in the included studies. This is a clear gap in PECS literature. Future meta-analyses on PECS must investigate the implementation dimensions within their sub-group analyses.



4.4 Barriers and facilitators arising from qualitative author comments

Different organisational factors seem to act as barriers to PECS implementation, including constraints in resources, time and staff constraints and financial costs for training and supervision. Similarly, potential environmental barriers include the type of setting, strategies for generalisation, incorporation of PECS into daily routines, number of PECS opportunities offered and required environmental adaptations. Effective staff training in PECS, follow-up and supervision are also identified as affecting implementation. Because of the complexity of the protocol’s error-correction procedures, the mode of training, PECS consultation frequency, and follow-up training were also identified. Implementers training also inter-correlates with adherence to the protocol, implementation fidelity, reinforcer assessments and applying the generalisation procedures. It must be noted though that these factors were qualitatively extracted from previous authors comments and suggestions and should thus be interpreted with caution.

The identified categories seem to be in accordance with the suggested Implementation Components Framework (Fixsen et al., 2009), which offers a conceptual model targeting fundamental aspects necessary for implementation. The model suggests key competence drivers -the mechanisms that underpin and therefore facilitate implementation. These include the selection of implementers for the intervention, pre-intervention training, consultation and coaching, staff performance evaluation, decision support data systems and facilitative administrative support. Future research is thus needed to validate the findings and their alignment to Fixsen et al. (2009) suggested key competency drives.



4.5 PECS stakeholder views and experiences

In terms of stakeholders’ views and experiences of implementing PECS (RQ2), once more, these factors are not consistently reported. Overall, no published qualitative studies explored PECS users’ experiences. At present, we do not have any tools to collect non-verbal participants’ views about interventions. The fact that they are not verbal does not mitigate the fact that they have the right to be involved in research and express their views in another way. Studies that did include a social validity measure, suggest that parents have positive perceptions and experiences with PECS, although no qualitative studies have explicitly explored stakeholders’ experiences of PECS. Overall, the present review’s findings align with previous research that identified PECS as feasible, acceptable, easy to implement and important in terms of improving communication (Magiati and Howlin, 2003; Preston and Carter, 2009). The latter suggests that PECS is practical and achievable in real-world settings and that the protocol’s implementation is not overly complex. Furthermore, PECS is well-received by different stakeholders and there is a positive perception of PECS as a significant approach to fostering communication skills. Lastly describing PECS as “easy to implement” implies that the system is user-friendly and can be put into practice without significant obstacles.

According to parents, potential barriers may include difficulties in implementing the protocol at home and the occasional lack of PECS symbols as a barrier to implementation. Educational staff report similar themes, including positive experiences with PECS and positive effect in terms of challenging behaviour within their classroom, in accordance with previous literature (Ganz and Simpson, 2004; Anderson et al., 2007; Jurgens et al., 2009). According to teachers, most common barriers to implementation, include time restrictions in preparing resources and difficulties in accommodating different PECS needs and levels within the same classroom. These are consistent with the content analysis findings.



4.6 Low quality reporting affects replication and clinical application

Partial reporting and description of PECS interventions inadvertently results in difficulties in replication to natural environment and real-world settings. This inconsistency in reporting, hinders a review of the barriers or facilitators to the implementation of PECS. The inconsistency in reporting the individual session duration for example, obstructs an attempt to assess whether contextual factors such as time available for the intervention is an actual facilitator or barrier to the PECS implementation.

Past research has already emphasised the importance of outlining the “core components” of interventions as part of implementation guidelines (Michie et al., 2009; Gearing et al., 2011). However, even in clinical practice, appropriate and sufficient reporting on intervention components remains an issue (Maggin and Johnson, 2015) and this was also evident through the present systematic review. While efforts are being made to improve the reporting of interventions, for example through the TIDieR checklist (Hoffmann et al., 2014), this is a fairly recent development. As the present systematic review found, many studies on PECS did not include sufficient descriptions of the intervention and how this was provided or implemented.



4.7 Limitations

The review findings must be considered with respect to the methodological limitations of the included studies. Although the inclusion criteria encompassed studies employing single-case design methodologies, there was a limited discourse on the fidelity of the intervention across them and a further notable inconsistency in the inclusion of all phases of PECS. There were thus potential limitations in identifying generic factors that may affect the protocol’s implementation. Conclusions should thus be made with caution due to the limited number of RCT studies included in the review. A possible inclusion criterion of strictly including RCT studies would exclude a large literature base, from which valuable conclusions regarding potential implementations factors could be drawn. Finally, in most reviewed studies, the examination of potential barriers or facilitators that may affect the protocol’s implementation was not the focus of the original study, which resulted in the need to make subjective judgments regarding possible implementation factors.




5 Conclusion

The present review aimed to identify how PECS has been implemented in previous scientific literature. During the review’s data extraction and synthesis phase, it became evident that important features of PECS interventions are not systematically reported in the published literature. The identified implementation factors presented in the present study, were extracted from qualitative analysis (RQ1) of previous researchers’ anecdotal remarks or from the social validity measures (RQ2). The identification of potential barriers or facilitators affecting the implementation of PECS is thus not currently possible.

The lack of consistent reporting of the implementation of PECS interventions in the research literature, is surprising. This review has shown that previous PECS literature has not been based on a consistent and inclusive framework that has clearly reported the independent variable (implementation of the PECS intervention). Subsequently, this brings into question the validity of some of the research findings as they cannot be compared and synthesised.

One can argue that if PECS researchers encountered any barriers to implementation, then they most likely had poor procedural integrity and therefore an unpublished manuscript. Therefore, the current research questions cannot be answered by reviewing the published literature through a systematic review and therefore another type of research is needed. Overall, the published literature on evaluations of PECS is not going to comprehensively reveal any implementation barriers and facilitators.

Further research could employ a qualitative approach to examine implementers’ views and experiences and potentially provide further exploration or support for the identified implementation factors. Future research could also focus on developing standardised reporting guidelines specifically tailored to studies evaluating the effectiveness of PECS. This could involve collaborating with experts in field and the employment of research methodology to create a comprehensive checklist or framework for researchers to follow when designing, conducting, and reporting PECS studies. By promoting consistency and transparency in reporting, such guidelines could enhance the comparability and reproducibility of research findings, ultimately advancing our understanding of the effectiveness and implementation of PECS interventions.

Future research must thus clearly concentrate on potential PECS implementation factors from a different perspective and research design. These factors will have important positive impact on the implementation of PECS in different settings and potentially increase the protocol’s suggested outcomes as previous reviewed have shown. Prior to that, as researchers, we must increase the quality of reporting of PECS interventions’ procedures.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

All authors contributed to the conception and design of the review, supported the interpretation of the data and provided final approval. AP and MA participated in the article search, study selection and data extraction phases. AP drafted the manuscript.



Acknowledgments

Thanks to all authors for their contributions.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2024.1206410/full#supplementary-material



References

 Studies included in the data extraction phase are marked with asterisk.


 Adkins, T., and Axelrod, S. (2002). Topography versus selection-based responding: comparison of mand acquisition in each modality. Behav. Anal. Today 2, 259–266. doi: 10.1037/h0099941


 *Anderson, A., Moore, D., and Bourne, T. (2007). Functional communication and other concomitant behaviour change following PECS training: a case study. Behav. Chang. 24, 173–181. doi: 10.1375/bech.24.3.173


 *Angermeier, K., Schlosser, R. W., Luiselli, J. K., Harrington, C., and Carter, B. (2008). Effects of iconicity on requesting with the picture exchange communication system in children with autism spectrum disorder. Res. Autism Spectr. Disord. 2, 430–446. doi: 10.1016/j.rasd.2007.09.004


 *Barnes, C. S., Dunning, J. L., and Rehfeldt, R. A. (2011). An evaluation of strategies for training staff to implement the picture exchange communication system. Res. Autism Spectr. Disord. 5, 1574–1583. doi: 10.1016/j.rasd.2011.03.003


 *Beck, A. R., Stoner, J. B., Bock, S. J., and Parton, T. (2008). Comparison of PECS and the use of VOCA: a replication. Educ. Train. Dev. Disabil. 43, 198–216.


 Bock, S. J., Stoner, J. B., Beck, A. R., Hanley, L., and Prochnow, J. (2005). Increasing functional communication in non-speaking preschool children: comparison of PECS and VOCA. Educ. Train. Dev. Disabil. 40, 264–278.


 *Boesch, M., Wendt, O., Subramanian, A., and Hsu, N. (2013). Comparative efficacy of the picture exchange communication system (PECS) versus a speech-generating device: effects on requesting. Res. Autism Spectr. Disord. 7, 480–493. doi: 10.1016/j.rasd.2012.12.002


 Bondy, A. S. (2012). The unusual suspects: myths and misconceptions associated with PECS. Psychol. Rec. 62, 789–816. doi: 10.1007/BF03395836


 Bondy, A. S., and Frost, L. A. (1994). The picture exchange communication system. Focus Autistic Behav. 9, 1–19. doi: 10.1177/108835769400900301


 Bondy, A., and Frost, L. (1998). The picture exchange communication system. Semin. Speech Lang. 19, 373–389. doi: 10.1055/s-2008-1064055


 Bondy, A. S., and Frost, L. A. (2001). The picture exchange communication system. Behav. Modif. 25, 725–744. doi: 10.1177/0145445501255004


 Bondy, A. S., and Frost, L. A. (2002). A picture’s worth: PECS and other visual communication strategies in autism. Bethesda, MD: Woodbine House.


 *Carr, D., and Felce, J. (2007a). Brief report: increase in production of spoken words in some children with autism after PECS training to phase III. J. Autism Dev. Disord. 37, 780–787. doi: 10.1007/s10803-006-0204-0 

 *Carr, D., and Felce, J. (2007b). The effects of PECS teaching to phase III on the communicative interactions between children with autism and their teachers. J. Autism Dev. Disord. 37, 724–737. doi: 10.1007/s10803-006-0203-1 

 *Carre, A., Le Grice, B., Blampied, N., and Walker, D. (2009). Picture exchange communication (PECS) training for young children: does training transfer to school and to home? Behav. Chang. 26, 54–65. doi: 10.1375/bech.26.1.54


 *Carson, L., Moosa, T., Theruer, J., and Cardy, J. O. (2012). The collateral effects of PECS training on speech development in children with autism. Can. J. Speech-Lang. Pathol. Audiol. 36, 182–195.


 *Chambers, M., and Rehfeldt, R. A. (2003). Assessing the acquisition and generalization of two mand forms with adults with severe developmental disabilities. Res. Dev. Disabil. 24, 265–280. doi: 10.1016/S0891-4222(03)00042-8 

 Charlop-Christy, M. H., Carpenter, M., Le, L., LeBlanc, L. A., and Kellet, K. (2002). Using the picture exchange system with children with autism: assessment of PECS acquisition, speech, social-communicative behaviors, and problem behavior. J. Appl. Behav. Anal. 35, 213–231. doi: 10.1901/jaba.2002.35-213 

 Conklin, C., and Mayer, G. R. (2010). Effects of implementing the picture exchange communication system (PECS) with adults with developmental disabilities and severe communication deficits. Remedial Spec. Educ. 32, 155–166. doi: 10.1177/0741932510361268


 *Cummings, A., Carr, J., and LeBlanc, L. (2012). Experimental evaluation of the training structure of the picture exchange communication system (PECS). Res. Autism Spectr. Disord. 6, 32–45. doi: 10.1016/j.rasd.2011.08.006


 Durlak, J. A., and DuPre, E. P. (2008). Implementation matters: a review of research on the influence of implementation on program outcomes and the factors affecting implementation. Am. J. Community Psychol. 41, 327–350. doi: 10.1007/s10464-008-9165-0 

 Dyer, K. (1989). The effects of preference on spontaneous verbal requests in individuals with autism. J. Assoc. Pers. Sev. Handicaps. 14, 184–189.


 Erlingsson, C., and Brysiewicz, P. (2017). A hands-on guide to doing content analysis. Afr. J. Emerg. Med. 7, 93–99. doi: 10.1016/j.afjem.2017.08.001 

 Fixsen, D., Blase, K. A., Naoom, S. F., and Wallace, F. (2009). Core implementation components. Res. Soc. Work. Pract. 19, 531–540. doi: 10.1177/1049731509335549


 Fixsen, D. L., Naoom, S. F., Blase, K. A., Friedman, R. M., and Wallace, F. (2005). Implementation research: A synthesis of the literature. Tampa, FL: University of South Florida, Louis de la Parte Florida Mental Health Institute, The National Implementation Research Network (FMHI Publication #231).


 Flippin, M., Reszka, S., and Watson, L. R. (2010). Effectiveness of picture exchange communication system (PECS) on communication and speech for children with autism spectrum disorders: a meta-analysis. Am. J. Speech Lang. Pathol. 19, 178–195. doi: 10.1044/1058-0360(2010/09-0022) 

 *Frea, W. D., Arnold, C. L., and Vittimberga, G. L. (2001). A demonstration of the effects of augmentative communication on the extreme aggressive behavior of a child with autism within an integrated preschool setting. J. Posit. Behav. Interv. 3, 194–198. doi: 10.1177/109830070100300401


 Frost, L. A., and Bondy, A. S. (2002). The picture exchange communication system training manual (2nd ed.). Newark, DE: Pyramid Educational Products.


 *Ganz, J. B., Cook, K. E., Corbin-Newsome, J., Bourgeois, B., and Flores, M. (2005). Variations on the use of a pictorial alternative communication system with a child with autism and developmental delays. Teach. Except. Child. Plus 1:Article 3.


 Ganz, J. B., Davis, J. L., Lund, E. M., Goodwyn, F. D., and Simpson, R. L. (2012). Meta-analysis of PECS with individuals with ASD: investigation of targeted versus non-targeted outcomes, participant characteristics, and implementation phase. Res. Dev. Disabil. 33, 406–418. doi: 10.1016/j.ridd.2011.09.023 

 *Ganz, J., Goodwyn, F., Boles, M., Hong, E., Rispoli, M., Lund, E., et al. (2013a). Impacts of a PECS instructional coaching intervention on practitioners and children with autism. Augment. Altern. Commun. 29, 210–221. doi: 10.3109/07434618.2013.818058 

 *Ganz, J., Hong, E., and Goodwyn, F. (2013b). Effectiveness of the PECS phase III app and choice between the app and traditional PECS among preschoolers with ASD. Res. Autism Spectr. Disord. 7, 973–983. doi: 10.1016/j.rasd.2013.04.003


 *Ganz, J., Rea Hong, E., Goodwyn, F., Kite, E., and Gilliland, W. (2015). Impact of PECS tablet computer app on receptive identification of pictures given a verbal stimulus. Dev. Neurorehabil. 18, 82–87. doi: 10.3109/17518423.2013.821539 

 *Ganz, J. B., and Simpson, R. L. (2004). Effects of communicative requesting and speech development of the picture exchange communication system in children with characteristics of autism. J. Autism Dev. Disord. 34, 395–409. doi: 10.1023/B:JADD.0000037416.59095.d7 

 *Ganz, J., Simpson, R. L., and Corbin-Newsome, J. (2008). The impact of the picture exchange communication system on requesting and speech development in preschoolers with autism spectrum disorders and similar characteristics. Res. Autism Spectr. Disord. 2, 157–169. doi: 10.1016/j.rasd.2007.04.005


 Gearing, R. E., El-Bassel, N., Ghesquiere, A., Baldwin, S., Gillies, J., and Ngeow, E. (2011). Major ingredients of fidelity: a review and scientific guide to improving quality of intervention research implementation. Clin. Psychol. Rev. 31, 79–88. doi: 10.1016/j.cpr.2010.09.007 

 *Gilroy, S., McCleery, J., and Leader, G. (2017). Systematic review of methods for teaching social and communicative behavior with high-tech augmentative and alternative communication modalities. Rev. J. Autism Dev. Disord. 4, 307–320. doi: 10.1007/s40489-017-0115-3


 Glasziou, P., Meats, E., Heneghan, C., and Shepperd, S. (2008). What is missing from descriptions of treatment in trials and reviews? Br. Med. J. 336, 1472–1474. doi: 10.1136/bmj.39590.732037.47 

 *Gordon, K., Pasco, G., McElduff, F., Wade, A., Howlin, P., and Charman, T. (2011). A communication-based intervention for nonverbal children with autism: what changes? Who benefits? J. Consult. Clin. Psychol. 79, 447–457. doi: 10.1037/a0024379 

 *Greenberg, A. L., Tomaino, M. A. E., and Charlop, M. H. (2012). Assessing generalization of the picture exchange communication system in children with autism. J. Dev. Phys. Disabil. 24, 539–558. doi: 10.1007/s10882-012-9288-y


 *Greenberg, A. L., Tomaino, M. E., and Charlop, M. H. (2014). Adapting the picture exchange communication system to elicit vocalizations in children with autism. J. Dev. Phys. Disabil. 26, 35–51. doi: 10.1007/s10882-013-9344-2


 Hart, S., and Banda, D. (2009). Picture exchange communication system with individuals with developmental disabilities: a meta-analysis of single subject studies. Remedial Spec. Educ. 31, 476–488. doi: 10.1177/0741932509338354


 Hasson, H. (2010). Systematic evaluation of implementation fidelity of complex interventions in health and social care. Implement. Sci. 5:67. doi: 10.1186/1748-5908-5-67 

 *Hill, D., and Flores, M. (2014). Comparing the picture exchange communication system and the iPad™ for communication of students with autism spectrum disorder and developmental delay. TechTrends 58, 45–53. doi: 10.1007/s11528-014-0751-8


 Hoffmann, T. C., Glasziou, P. P., Boutron, I., Milne, R., Perera, R., Moher, D., et al. (2014). Better reporting of interventions: template for intervention description and replication (TIDieR) checklist and guide. Br. Med. J. (Clin. Res. Ed.) 348:g1687. doi: 10.1136/bmj.g1687 

 Homlitas, C., Rosales, R., and Candel, L. (2014). A further evaluation of behavioral skills training for implementation of the picture exchange communication system. J. Appl. Behav. Anal. 47, 198–203. doi: 10.1002/jaba.99 

 *Howlin, P., Gordon, R. K., Pasco, G., Wade, A., and Charman, T. (2007). The effectiveness of picture exchange communication system (PECS) training for teachers of children with autism: a pragmatic, group randomised controlled trial. J. Child Psychol. Psychiatry 48, 473–481. doi: 10.1111/j.1469-7610.2006.01707.x 

 Hsieh, H.-F., and Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qual. Health Res. 15, 1277–1288. doi: 10.1177/1049732305276687


 *Hu, X., and Lee, G. (2019). Effects of PECS on the emergence of vocal mands and the reduction of aggressive behavior across settings for a child with autism. Behav. Disord. 44, 215–226. doi: 10.1177/0198742918806925


 *Jurgens, A., Anderson, A., and Moore, D. W. (2009). The effect of teaching PECS to a child with autism on verbal behaviour, play, and social functioning. Behav. Chang. 26, 66–81. doi: 10.1375/bech.26.1.66


 *Jurgens, A., Anderson, A., and Moore, D. W. (2018). Maintenance and generalization of skills acquired through picture exchange communication system (PECS) training: a long-term follow-up. J. Dev. Neurorehabilit. 22, 338–347. doi: 10.1080/17518423.2018.1503619 

 Kelly, B., and Perkins, D. F. (2012). Handbook of implementation science for psychology in education. Cambridge: Cambridge University Press


 *Kravits, T. R., Kamps, D. M., Kemmerer, K., and Potucek, J. (2002). Brief report: increasing communication skills for an elementary-aged student with autism using the picture exchange communication system. J. Autism Dev. Disord. 32, 225–230. doi: 10.1023/A:1015457931788 

 Lancioni, G. E., O’Reilly, M. F., Cuvo, A. J., Singh, N. N., Sigafoos, J., and Didden, R. (2007). PECS and VOCAs to enable students with developmental disabilities to make requests: an overview of the literature. Res. Dev. Disabil. 28, 468–488. doi: 10.1016/j.ridd.2006.06.003


 *Lerna, A., Esposito, D., Conson, M., Russo, L., and Massagli, A. (2012). Social–communicative effects of the picture exchange communication system (PECS) in autism Spectrum disorders. Int. J. Lang. Commun. Disord. 47, 609–617. doi: 10.1111/j.1460-6984.2012.00172.x 

 *Lerna, A., Esposito, D., Conson, M., Russo, L., and Massagli, A. (2014). Long-term effects of PECS on social–communicative skills of children with autism spectrum disorders: a follow-up study. Int. J. Lang. Commun. Disord. 49, 478–485. doi: 10.1111/1460-6984.12079 

 Maggin, D. M., and Johnson, A. H. (2015). The reporting of core program components: an overlooked barrier for moving research into practice. Prev. Sch. Fail. Altern. Educ. Child. Youth 59, 73–82. doi: 10.1080/1045988X.2013.837812


 *Magiati, I., and Howlin, P. (2003). A pilot evaluation study of the picture exchange communication system (PECS) for children with autistic spectrum disorders. Autism 7, 297–320. doi: 10.1177/13623613030073006 

 Marckel, J., Neef, N., and Ferreri, S. (2006). A preliminary analysis of teaching improvisation with the picture exchange communication system to children with autism. J. Appl. Behav. Anal. 39, 109–15. doi: 10.1901/jaba.2006.131-04


 May, R. J., Salman, H., O'Neill, S. J., Denne, L., Grindle, C., Cross, R., et al. (2024). Exploring the use of the picture exchange communication system (PECS) in special education settings. J. Autism Dev. Disord. doi: 10.1007/s10803-023-06194-1 

 Michie, S., Fixsen, D., Grimshaw, J. M., and Eccles, M. P. (2009). Specifying and reporting complex behaviour change interventions: the need for a scientific method. Implement. Sci. 4:40. doi: 10.1186/1748-5908-4-40 

 Mihalic, S. F. (2004). The importance of implementation fidelity. J. Emot. Behav. Disord. 4, 83–105. doi: 10.1017/CBO9781107415324.004


 Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G., PRISMA Group (2009). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6, e1000097–e1000096. doi: 10.1371/journal.pmed.1000097 

 *Odluyurt, S., Aldemir, O., and Kapan, A. (2016). An investigation on the effects of PECS and observational learning in initiating and maintenance of communication among children with autism. Int. J. Early Child. Spec. Educ. 8, 151–164. doi: 10.20489/intjecse.284658


 *Park, J.H., Alber-Morgan, S., and Cannella-Malone, H., (2011). Effects of mother-implemented picture exchange communication system (PECS) training on independent communicative behaviors of young children with autism spectrum disorders. Top. Early Child. Spec. Educ. 31, 37–47. doi: 10.1177/0271121410393750


 Preston, D., and Carter, M. (2009). A review of the efficacy of the picture exchange communication system intervention. J. Autism Dev. Disord. 39, 1471–1486. doi: 10.1007/s10803-009-0763-y 

 Rehfeldt, R., and Root, S. (2005). Establishing derived requesting skills in adults with severe developmental disabilities. J. Appl. Behav. Anal. 38, 101–105. doi: 10.1901/jaba.2005.106-03 

 Roller, M. R., and Lavrakas, P. J. (2015). Applied qualitative research design: a total quality framework approach. New York, NY: Guilford Press.


 Rosales, R., Stone, K., and Rehfeldt, R. A. (2009). The effects of behavioral skills training on implementation of the picture exchange communication system. J. Appl. Behav. Anal. 42, 541–549. doi: 10.1901/jaba.2009.42-541 

 Santos, P. A., Bordini, D., Scattolin, M., Asevedo, G. R. D. C., Caetano, S. C., Paula, C. S., et al. (2021). The Impact of the Implementation of the Picture Exchange Communication System - PECS on Understanding Instructions in Children with Autism Spectrum Disorders. CoDAS 33. doi: 10.1590/2317-1782/20202020041


 Schlosser, R. W., and Wendt, O. (2008). Effects of augmentative and alternative communication intervention on speech production in children with autism: a systematic review. Am. J. Speech Lang. Pathol. 17, 212–230. doi: 10.1044/1058-0360(2008/021) 

 *Schreibman, L., and Stahmer, A. (2014). A randomized trial comparison of the effects of verbal and pictorial naturalistic communication strategies on spoken language for young children with autism. J. Autism Dev. Disord. 44, 1244–1251. doi: 10.1007/s10803-013-1972-y 

 Schwartz, I. S., Garfinkle, A. N., and Bauer, J. (1998). The picture exchange communication system: communicative outcomes for young children with disabilities. Top. Early Child. Spec. Educ. 18, 144–159. doi: 10.1177/027112149801800305


 *Stasolla, F., Pace, C., Damiani, R., Leone, A., Albano, V., and Perilli, V. (2014). Comparing PECS and VOCA to promote communication opportunities and to reduce stereotyped behaviours by three girls with Rett syndrome. Res. Autism Spectr. Disord. 8, 1269–1278. doi: 10.1016/j.rasd.2014.06.009


 *Stoner, J. B., Beck, A. R., Bock, S. J., Hickey, K., Kosuwan, K., and Thompson, J. R. (2006). The effectiveness of the picture exchange communication system with nonspeaking adults. Remedial Spec. Educ. 27, 154–165. doi: 10.1177/07419325060270030401


 Sulzer-Azaroff, B., Hoffman, A. O., Horton, C. B., Bondy, A., and Frost, L. (2009). The picture exchange communication system (PECS): what do the data say? Focus Autism Other Dev. Disabil. 24, 89–103. doi: 10.1177/1088357609332743


 *Thiemann-Bourque, K., Brady, N., McGuff, S., Stump, K., and Naylor, A. (2016). Picture exchange communication system and pals: a peer-mediated augmentative and alternative communication intervention for minimally verbal preschoolers with autism. J. Speech Lang. Hear. Res. 59, 1133–1145. doi: 10.1044/2016_JSLHR-L-15-0313 

 *Tincani, M. (2004). Comparing the picture exchange communication system and sign language training for children with autism. Focus Autism Other Dev. Disabil. 19, 152–163. doi: 10.1177/10883576040190030301


 *Tincani, M., Crozier, S., and Alazetta, L. (2006). The picture exchange communication system: effects on manding and speech development for school-aged children with autism. Educ. Train. Dev. Disabil. 41, 177–184.


 Tincani, M., and Devis, K. (2011). Quantitative synthesis and component analysis of single-participant studies on the picture exchange communication system. Remedial Spec. Educ. 32, 458–470. doi: 10.1177/0741932510362494


 *Travis, J., and Geiger, M. (2010). The effectiveness of the picture exchange communication system (PECS) for children with autism spectrum disorder (ASD): a South African pilot study. Child Lang. Teach. Ther. 26, 39–59. doi: 10.1177/0265659009349971


 Webb, T. (2000). Can children with autism be taught to communicate using PECS? Good Autism Pract. 1, 29–43.


 *Yoder, P., and Lieberman, R. (2010). Brief report: randomized test of the efficacy of picture exchange communication system on highly generalized picture exchanges in children with ASD. J. Autism Dev. Disord. 40, 629–632. doi: 10.1007/s10803-009-0897-y 

 *Yoder, P., and Stone, W. L. (2006a). A randomized comparison of the effect of two prelinguistic communication interventions on the acquisition of spoken communication in preschoolers, with ASD. J. Speech Lang. Hear. Res. 49, 698–711. doi: 10.1044/1092-4388(2006/051) 

 *Yoder, P., and Stone, W. L. (2006b). Randomized comparison of two communication interventions for preschoolers with autism spectrum disorders. J. Consult. Clin. Psychol. 74, 426–435. doi: 10.1037/0022-006X.74.3.426 

 *Ziomek, M. M., and Rehfeldt, R. A. (2008). Investigating the acquisition, generalization, and emergence of untrained verbal operants for mands acquired using the picture exchange communication system in adults with severe developmental disabilities. Anal. Verbal Behav. 24, 15–30. doi: 10.1007/BF03393054 


Copyright
 © 2024 Paris, Denne, Grindle, May, Apanasionok and Hastings. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/feduc-09-1206410-t003.jpg
Potential barrier/facilitator Study (N) entage of studies

Delivery format

Reported 26 531
Individual format 21 429
Group format 5 102
Not reported 23 46.9

Intervention fidelity
Reported (May not include data) 25 51
Not Reported 2 489
Intervention duration or total number of sessions
Reported (or derived from graphs) 2 857
Not reported 7 143
Individual session duration
Reported 2% 49
Not reported 2 51
Number of reinforcers used in intervention
Reported 25 51
Not reported 2% 489
Preference Assessment carried out
Reported (or mentioned) 32 653
Not reported 17 347

Explicit Mention of specific PECS phase(s) employed

Reported (may not include rationale for choice) 45 918

Not reported 4 82
PECS staff training

Reported 18 367

Not reported 31 663

PECS supervision and support
Reported 14 286
Not reported 35 714
PECS phase data presented/reported
Presented/reported 2 57.1
Not presented/reported 21 429
Generalisation
Presented/reported 2 408

Not presented/reported 2 592





OPS/images/feduc-09-1206410-t001.jpg
Study it

‘Type of research

Publication requirements

Date
Language

Participants

Setting
Informants

Methodology/
study design

Findings/ outcome variables

Inclusion criteria

Original/primary research.

Published in a peer-reviewed journal.

Any year.
English and Greek language.

Individuals with an IDD and/or ASD diagnosis, regardless of age
and setting. At least 70% of reported participants with IDD and/or
ASD diagnosis or subgroup results are separate

Any setting (school, college, university, clinic, day centre etc.)
Parents, carers, therapists, support staff and teachers,

Quantitative, qualitative, and mixed methods studies (controlled
trials, RCTS, single group pre-post design, single case experimental
design, qualitative studies reporting staf experiences or opinions)

Studics reporting findings specifically on facilitators and barriers

to the PECS implementation or staff experiences.

Exclusion criteria

Secondary research, e.g., discussions, review articles, conference
presentations, and blogs.

Published in a book, case reports, non-peer-reviewed work, and
unpublished work, ¢.g, dissertations.

N/A.

Any language other than English/Greek.

Individuals with any other disability other than IDD or ASD. Less
than 70% of reported participants with primary diagnosis of ID
and/or ASD for whom results are not reported separately

N/A.

N/A.

Studies not reporting any data, insufficient methodological
information, case studies not involving a single-case experimental
design, A-B case studies o studies that do not include a target
question specifc to the PECS protocol

Papers that do not include any findings specific to the PECS

protocol or staff experiences.





OPS/images/feduc-09-1206410-t002.jpg
Search terms Database Results

Search Line 1: Autis*, “ASD;” “Autism Spectrum Disorder®,” “Intellectual Disabilit*” ID, “Mental Retardation,” “Developmental |~ ERIC 214

Disabilit®” “Down Syndrome; Pervasive, PDD, Asperger*, “Learning Disabilit*;” “Learning Difficult®” “Learning PSYCHINFO 1716
Impairment*;” “Intellectual Deficien®? “Developmental Impairment*? Handicap® PUBMED 110
Search Line 2: “Picture Exchange Communication System®)” PECS, “Communication System*” ‘Augmentative and Alternative | ASSIA 87
Communication System*;” “Selection-based communication system*” $5CI1 600
SCOPUS 135

Search line 1 — Terms from List 1 separated with OR.
Search line 2 - Terms from List 2 separated with OR.
Both search lines combined with AND. All terms scanned against titles, key words and abstracts.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Facilitators and barriers to the implementation of the picture exchange communication system (PECS): a systematic review



		1 Introduction



		2 Article types



		2.1 Research protocol



		2.2 Inclusion and exclusion criteria



		2.3 Search strategy



		2.4 Study selection



		2.5 Data extraction and synthesis



		2.6 Data extraction and synthesis—qualitative analysis









		3 Results



		3.1 Research characteristics



		3.1.1 General characteristics



		3.1.2 Participant characteristics



		3.1.3 Study design



		3.1.4 Dependent variables



		3.1.5 Intervention setting









		3.2 Review question 1—data synthesis



		3.2.1 Format of PECS delivery



		3.2.2 Intervention fidelity



		3.2.3 Preference assessment and reinforcer variability



		3.2.4 PECS phases targeted



		3.2.5 Staff training in PECS, supervision and support



		3.2.6 Generalisation of intervention









		3.3 Review question 1—qualitative synthesis



		3.3.1 Contextual and environmental factors



		3.3.1.1 Environmental characteristics and adaptations









		3.3.2 PECS training and consultation



		3.3.3 Supervision and implementation fidelity



		3.3.4 Adherence to the PECS protocol









		3.4 Review question 2; stakeholders’ views and experiences about PECS









		4 Discussion



		4.1 Lack of homogeneity in reporting



		4.2 Synthesised extracted data



		4.3 Low quality of reporting as a barrier to research questions



		4.4 Barriers and facilitators arising from qualitative author comments



		4.5 PECS stakeholder views and experiences



		4.6 Low quality reporting affects replication and clinical application



		4.7 Limitations









		5 Conclusion



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/feduc-09-1206410-g001.jpg
Eligibility Screening ’ ‘ Identification

Included

Records identified through database searching
(n=2,862)
(ERIC=214; Psychinfo=1716; Pubmed=110,

Additional records identified through

other sources

ASSIA=87, SSCI=600; SCOPUS=135) (=6)
Total records identified S Duplicates
(n=2,868) (n=649)
3

Records screened
(n=2219)

Records excluded
(n=2108)

Full-text not obtained

Full-text articles
assessed for eligibility
(n=116)

Full-text articles
excluded, with reasons

/'
/ @=1)
g

(n=66)
1. Diagnosis criteria
not met
(Visual/hearing
impairment) = 6

Studies included
(n=49)

2. No data reported =
1

3. Different focus than
PECS protocol = 50
4. Design criteria not

met=3

5. Publication criteria
not met (language,
publication type) = 6






OPS/images/feduc-09-1206410-g002.jpg
BARRIERS AND FACILITATORS TO PECS
IMPLEMENTATION
L

r T T

1
Supervision & R
B g 3 Implementation Chdi s
Fidelty S Pro
llow-Up & ILEY
PECS Training s Superison
ol Effectivene:

essment and

Perceptions i Need for PECS PECS Treatment Reinforcer Generalisation
Resources about PECS Clinical Settings Training Consultation Integrity Effectiveness Constraints
Proximity &
S Avatabityof || mcorporationof || ke o raining Follow-Up Protocol Preference Protocol
el PECS & Rigidity Training Procedures Assessment framework

Environmental Decision-making|

Time constraints| Adaptations

&
Troubleshooting|

PECS

Financial Costs Opportunities






OPS/images/cover.jpg
& frontiers | Frontiers in Education

Facilitators and barriers to the
implementation of the picture
exchange communication system
(PECS): a systematic review












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Education






