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Abstract. Alternative Communication Boards (ACB) are tools used to compen-
sate for the difficulties faced by people with complex communication needs.
These boards facilitate the construction of telegraphic phrases through visual
cues, using colors and pictograms to represent the grammatical class and the
meaning of the words, respectively. In this paper, we present the combination
of three essential materials to construct a semantic ACB. In this context, a Se-
mantic ACB is a communication board that uses a semantic script to guide the
message authoring. The proposal was evaluated using the Technology Accep-
tance Model (TAM) as a basis. The results demonstrate that caregivers are more
interested in a semantic ACB that is useful than in one that is easy to use.

1. Introduction

Alternative Communication Boards (ACB) are high-tech Augmentative and Alternative
Communication (AAC) systems [ASHA 2021] that try to compensate the difficulties
faced by people with complex communication needs (CCN). Generally, these tools are
based on cards (a.k.a. pictograms) composed of figures with captions, which configure a
sentence when arranged in sequence (cf. Figure 1). Usually, the sentences constructed in
the ACBs follow a telegraphic structure, that is, only with keywords (i.e., nouns, verbs,
adjectives, and adverbs) and without connecting words (i.e., prepositions, articles, and
conjunctions) or verbal conjugations. To facilitate the construction of messages, ACBs
such as those illustrated in Figure 1, use visual cues based on colors and pictograms,
which give clues about the grammatical class and the meaning of the words, respectively.
However, clues that explore the semantic roles of words in sentences tend to be more sig-
nificant [Bryan 1997, Bolderson et al. 2011]. The work of [Herndndez et al. 2014] pro-
poses an approach based on a user-centered recommendation model that guides sentence
construction through questions and answers. However, this approach is not based on pic-
tograms and uses long questions, such as “What activity did you do?”, “Where did you
do it?”, and “When did you do it?”. Thus, this approach requires skills that people with
CCN generally do not retain.

[Bryan 1997] proposed a therapeutic tool called Colourful Semantics (CS), that
combines colors and questions like Who?, What Doing? and What? to guide user in
sentence construction. CS has the aim of helping children with CCN to understand
and compose well-structured and meaningful sentences in natural language. Numer-
ous studies demonstrate the effectiveness of using CS in the treatment of children with
speech difficulties. In the first application made by [Bryan 1997], for example, after
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Figure 1. Example of Assistive Communication Board. The board contains a
content area (large rectangle at the bottom) with the available cards for selection.

The phrase area (blue rectangle at the top) presents the selected cards arranged
to form the sentence.
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eight weeks of treatment, the child was able to identify and use semantic roles in the
construction of phrases during the telling of a story. After a few months, it was also pos-
sible to notice an advance in constructing more complex sentences than those initially
taught. [Bolderson et al. 2011] and [Christopoulou et al. 2021] also noticed increasing
in the communication performance of participants. Despite this, there are no records of
AAC systems that implement CS for communication.

In [Pereira et al. 2020], we proposed a Semantic Grammar (SG) based on the CS
grammatical structure. This SG can be used as a basis by ACBs to help users in the mes-
sage composition, allowing visual clues and a semantic script to assist users in finding
the more adequate cards to compose telegraphic sentences. This study evaluates the ac-
ceptance of professionals who care for children with CCN about using a semantic ACB
as a therapeutic and educational tool. In this context, a Semantic ACB is a communi-
cation board that uses a semantic script to guide the message authoring. To accomplish
this objective, we developed a prototype of a semantic ACB that combines: 1) Colourful
Semantics [Bryan 1997] structure; 2) the Language Acquisition Through Motor Planning
(LAMP) approach [Halloran and Halloran 2006]; and 3) the semantic grammar proposed
in [Pereira et al. 2020]. The procedure for constructing sentences using the ACB was
presented to health and education professionals that were asked to answer a questionnaire
based on the Technology Acceptance Model (TAM) [Davis et al. 1989]. We aim to eval-
uate which of the TAM’s essential factors (i.e., perceived usefulness and perceived ease
of use) influences the acceptance of the proposed technology. The results suggest that
caregivers are more interested in the usefulness of such a tool than its ease of use.

2. Materials and Methods

This section presents the material used for building the semantic ACB, the theory related
to them, and how we propose combining them. Besides, we cover the Technology Accep-
tance Model (TAM) and how we used it for evaluating ACB acceptance.
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Figure 2. Colourful Semantics

2.1. Colourful Semantic

The Colourful Semantics’ (CS) [Bryan 1997] initial aim was to serve as a therapeu-
tic tool to help children with CCN to understand and construct sentences through a
semantic script that refers to syntactic structures. It can be helpful to support chil-
dren with a limited vocabulary to organize the grammatical content of their sentences
[Christopoulou et al. 2021]. CS’s semantic script consists of a system of colors associ-
ated with questions (e.g., Who?, What Doing?, What?) that help children understand the
semantic role of each sentence’s element. According to [Bolderson et al. 2011], the main
advantage of CS is identifying the semantic roles of each constituent of a sentence. That
is, identifying the function performed by a word concerning the predicate it modifies. For
example, in the utterance “The boy eats popcorn”, the word “boy” is the agent of the
verbal predicate “eats”, while “popcorn” is the theme.

Figure 2 illustrates the four basic semantic roles of CS: Agent, Verb, Theme, and
Location. These roles are associated with colors in order to: (i) make visual discrimination
between each semantic role; (ii) further establish the relationship between the question
and the semantic role; (iii) associate each type of phrase with a visual sequence of colors;
and (iv) alert the child when he omits a semantic role [Bryan 1997]. Colors act as a
visual aid to indicate the grammatical structure of a sentence, and questions help to link
this structure (syntactic) to its meaning (semantics) [Law et al. 2012]. Semantic roles are
more significant for individuals with CCN than syntactic functions (i.e., subject, verb, and
object) [Bryan 1997]. Its usage is what differentiates CS from other color-coding systems
in which the colors refer to grammatical classes (e.g., nouns, verbs, or adjectives).

2.2. Language Acquisition Through Motor Planning

Language Acquisition Through Motor Planning (LAMP) [Halloran and Halloran 2006] is
based on principles of neurological and motor learning. Its objective is to promote the in-
dependence of people with CCN for expressing themselves in any setting. LAMP contains
five teaching elements that provide people with CCN the language skills necessary to learn
effective communication. These elements are (1) readiness to learn; (2) joint attention and
shared focus; (3) natural consequence; (4) auditory signals; (5) consistent and unique mo-
tor patterns [Halloran and Halloran 2006]. According to [Bedwani et al. 2015], the most
particular aspect of LAMP is the importance of consistent motor patterns. One can de-
scribe these patterns as a hand memory similar to typing or playing the piano. The keys
stay in the exact location, and the user’s fingers automatically know where to go after a
period of practice.

Motor planning can be divided into three phases: cognitive, associative, and auto-
matic learning [Dijksterhuis et al. 2000, Salmoni et al. 1984]. In the cognitive stage, the
user learns the target behavior (i.e., communication using the ACB) [Koegel et al. 1999].
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Figure 3. Semantic Grammar Excerpt

In the associative stage, the user practices the learned behavior to move between active
thinking and automatic implementation [Ganz et al. 2014, Ganz and Hong 2014]. In the
automatic stage, the user no longer needs to think about making the behavior as he/she
retained it in his/her memory [Koegel et al. 2003]. This way, by using LAMP, finding a
card in an ACB may become automatic behavior after a period of practice.

2.3. Semantic Grammars

A Semantic Grammar (SG) [Burton 1976] is a knowledge base in which lexical-semantic
properties of hierarchy and predicate-argument connect the concepts evoked by the words
of a controlled vocabulary. Hierarchy properties define a semantic structure based on
the relationships of hyperonymy and hyponymy between concepts (e.g., the mammal is
hyperonym for cat and is hyponym for animal). In comparison, predicate-argument prop-
erties define the grammatical structure with the arguments (e.g., agent, theme, attribute)
that each word with predicate characteristics (i.e., verbs and nouns) can have. For ex-
ample, in the sentence “The cat drinks milk” the verbal predicate “drinks” has two argu-
ments: “The cat”, as an agent, and “milk™, as the theme, which make up the structure
agent + verb 4+ theme.

In an SG, the arguments of the grammatical structure are filled in by the semantic
structure elements (i.e., concepts), creating relationships like the one illustrated in Fig-
ure 3 (eat.v.01 hasAgent person.n.01). This allows the lexical-semantic knowledge
of hierarchy (e.g., the cat is an animal) to be used in the process of parsing or gener-
ating texts in natural language, avoiding the ambiguity that can exist when using only
grammatical classes (e.g., noun) [Burton 1976]. Figure 3 presents an excerpt of the SG
proposed in [Pereira et al. 2020], in which each word in the controlled vocabulary evokes
a lexical concept, which carries its meaning. Lexical concepts are organized into two
taxonomies: one for verbs and one for nouns. Verb taxonomy nodes (e.g., eat.v.01) con-
tain predicate-argument properties (e.g., hasAgent) that point to noun taxonomy nodes
(e.g., person.n.01). The predicate-argument properties are based on the CS semantic
roles (cf. Section 2.1), and the relationships between concepts (e.g., eat.v.01 hasAgent
person.n.01) were automaticly extracted from text samples.
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Figure 4. Sentence Construction Procedure.

2.4. Semantic Assistive Communication Board

We present a semantic ACB as a communication board that guides sentence construc-
tion employing a semantic script. It considers that message authoring is the essen-
tial task in augmentative and alternative communication using ACBs. Besides, people
with CCN may require as much support as is available for facilitating communication
[Franco et al. 2018]. In this context, the semantic script used is the Colourful Seman-
tics (CS) therapeutic tool [Bryan 1997], which was used as a basis for constructing the
semantic grammar (SG) we proposed in [Pereira et al. 2020]. This way, the SG acts as
a computational resource that makes possible the implementation of the CS script in an
ACB. The LAMP framework acts as an additional strategy to facilitate card searching
during sentence construction. This section explains how these materials act in the ACB
by illustrating the procedure for message authoring.

Figure 4 illustrates one of the possible ways for constructing sentences in the
semantic ACB. Each frame represents an interaction between the user and the board, and
the arrows indicate the system’s flow to construct a sentence with all the CS semantic
roles. As shown in Figure 4-A, the user can begin the sentence construction from Who?,
or What doing?, and What? and Where? are not available on the first interaction. The
flow illustrated in Figure 4 exemplifies the sentence construction beginning from the verb
(i.e., What Doing?). In this initial interaction, the ACB show to the user all the verbs in
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