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Abstract: Verbal text and images constitute the principal semiotic modes interacting to produce
interpersonal meanings in multimodal science texts for young children. These meanings relate to
pedagogical perceptions about children’s learning. This study examined verbal text-image relations
regarding the interpersonal meaning dimensions of address (the way the reader is addressed),
social distance (the kind of the relationship between the reader and represented participants), and
involvement (the extent to which the reader is engaged with what is represented) in multimodal text
excerpts from science-related books for preschool children. The sample consisted of 300 randomly
selected units of analysis. For each unit, the verbal and the visual content was analyzed along
each dimension, and the relevant verbal text-image relation was determined. Results indicated
that regarding address and involvement, relations of convergence appeared significantly more
frequently than relations of complementarity and divergence. Concerning social distance, relations
of complementarity and divergence were observed more frequently than relations of convergence.
Results are discussed in the context of the Systemic Functional Grammar and the Grammar of Visual
Design, in the light of the socio-cognitive perspective on science teaching and learning. Implications
for the selection, design, and use of multimodal science texts for young children are also discussed.

Keywords: address; interpersonal meaning; involvement; multimodal texts; science; social distance;
socio-cognitive perspective; verbal text-image relations; young children

1. Introduction

‘Multimodality” has been widely used to denote the contribution of different semiotic
modes in the construction of meaning [1]. Teaching and learning in science are considered
as multimodal processes, where a multitude of semiotic modes (e.g., language, visual repre-
sentations, gestures, and body language) contribute to the presentation and communication
of scientific meanings, while inter-semiotic interaction produces new meanings during
instruction [2-10]. This multiplicity and complexity of meanings produced by the interplay
of various modes suggests that in the context of a “‘pedagogy of Multiliteracies’ [11] stu-
dents, from an early age [12,13], need to be able to analyze, interpret, critically understand,
and use different representational modes of meaning-making, as well as the ways these
modes interact [11,14-16].

Teaching materials play a key role in science learning [17,18]. More particularly, during
early childhood, children’s interaction with science-related texts is an integral part of their
first learning experiences. Among different kinds of such materials, informational books
are widely used by preschool teachers as instructional aides to introduce science concepts
and phenomena in the classroom [19,20]. Science teaching material for young children is
vastly multimodal, i.e., it involves the synergy of different modes of representation [21,22],
with verbal text and image being prevalent [23].
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Analyses of multimodal teaching materials often draw on two fundamental theoretical
schemes: The Systemic Functional Grammar and the Grammar of Visual Design. The
Systemic Functional Grammar [24] is a grammatical model that belongs in a broad social
semiotic approach to language (i.e., Systemic Functional Linguistics). According to this
model, language is a system, namely a set of available choices for making meaning, and
language functions (or “metafunctions”) relate to different levels of meanings [24]. The
Grammar of Visual Design [25] is a social semiotic approach to visual communication and
describes the visual resources available for constructing meaning through images. It was
based on the semiotic principles of Systemic Functional Grammar and supports that the
metafunctions of language apply also to images [25].

Therefore, according to the Systemic Functional Grammar [24] and the Grammar of
Visual Design [25] in every text the verbal and the visual mode can produce meaning in
three different levels: the representational (actions, participants involved in them, and over-
all context), the compositional (composition of verbal and visual elements on the page) and
interpersonal (relations between writer and reader, and reader-represented knowledge).

The interpersonal meaning is particularly significant pedagogically, since it relates
to a crucial interaction taking place in educational environments, namely the interac-
tion between the learner and the teaching material [26]. More specifically, the selections
made in the construction of teaching material regarding interpersonal meaning shape the
role assigned to the reader and how s/he is positioned vis-a-vis the presented knowl-
edge [3,27-29]. The interpersonal meaning promoted by an educational material delineates
the terms of the child’s interaction with it and her/his knowledge construction, while it
reflects the pedagogical positions that—deliberately or not—underly its design. Therefore,
the semiotic selections regarding the interpersonal meaning disclose specific views about
the child’s role in the learning process as well as the nature of knowledge and its con-
struction, consequently affecting the quality and effectiveness of the learning experience
resulting from the use of the material [30-35].

Furthermore, interpersonal meaning becomes even more important in the light of
the socio-cognitive perspective on science learning, according to which science teaching
materials are mediating tools and the young readers’ interaction with them determines the
learning process [36,37]. The interpersonal meaning is particularly significant for preschool
education, during which children acquire their first experiences with science topics, which
are largely based on interactions with multimodal materials [20].

The aim of the present study is to investigate verbal text-image relations regarding
the interpersonal meaning in excerpts from multimodal science-related books for preschool
children (2.5-6 years old). The study adopts a socio-cognitive perspective [36,37] on
teaching and learning science. More particularly, it draws upon key assumptions of the
socio-cognitive model for designing science teaching material. In the following sections
these assumptions and their association with the dimensions of interpersonal meaning will
be presented, followed by a presentation of the interpersonal meaning dimensions and the
relations between verbal text and image in regards to interpersonal meaning. Then, the
rationale, research question and hypotheses of the study are exposed.

2. Interpersonal Meaning and Key Socio-Cognitive Assumptions

The interpersonal meaning is a particularly significant aspect of science teaching and
learning in the socio-cognitive framework, according to which knowledge is constructed
and transformed by the child in the context of social and physical interaction with others
(e.g., peers, teachers) and culturally mediated tools and artifacts [37—40]. Science learning
occurs through children’s interactions with other members of the school community and
with teaching material [17,36,41-43]. These interactions determine children’s construction
of scientific knowledge [44]. In the context of the socio-cognitive perspective, then, the
terms of communication, the kinds and forms of the aforementioned interactions become
of critical importance for the learning process [45]. Moreover, particular emphasis is given
to the role of teaching materials as mediating tools and to the way they present knowledge.
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Within this framework, special attention is paid to the function of teaching materials
in shaping the role of the learner and her/his relation with the represented knowledge.
Therefore, an analysis of teaching materials’ interpersonal characteristics can shed light on
the pedagogical assumptions underlying their design [30,34,40,46].

According to the socio-cognitive framework [36,37], children do not acquire knowl-
edge passively. Instead, they are considered as active agents who construct knowledge
in the context of social interactions and teaching mediation, based on their previous
science-related experiences and conceptions [36,37,47-49]. Under the socio-cognitive lens,
knowledge is not seen as objective or independent of the learner, but closely related to
the child’s life, while knowledge construction, i.e., learning, presupposes her/his action,
participation, and active engagement [39,41,48,50].

Therefore, the design of science teaching material which aligns with the socio-cognitive
perspective (i) addresses young readers by assigning them an active role in their own
learning, (ii) promotes the development of an intimate social relationship between the
reader and the represented knowledge, and (iii) engages the reader with what is pre-
sented [32,33,51-53]. In the context of the present study, the degree to which these charac-
teristics are reflected in the verbal and visual semiotic selections of a text refers to address,
social distance, and involvement respectively, namely three fundamental dimensions of the
interpersonal meaning [24,25]. These dimensions are analyzed in the following paragraphs.

3. Interpersonal Meaning Dimensions in Verbal Text and Image

As already mentioned, interpersonal meaning is verbally and visually constructed and
promoted in multimodal science teaching material by means of three dimensions, namely
(a) address, (b) social distance, and (c) involvement (Figure 1). Power relations between reader
and represented participants constituting the fourth dimension of interpersonal meaning
and realized verbally by the use of evaluative language and visually by the vertical angle
of the image [25], was not examined in the present study. This selection derives from the
nature of the current study and the particular characteristics of the material. Specifically,
informational science books for preschool children typically involve a very short verbal text
consisting of simple clauses and evaluative words or vertical angles other than eye-level
shots are mostly absent. More particularly,

e  Address refers to the way a text addresses the reader. Address is verbally realized by
the type of clause used (i.e., imperative, for example “Show the planets’ motion around
the sun”, interrogative, e.g., “Have you ever seen a lightning?” or declarative, e.g., “We
have five senses: We can see, hear, smell, taste and touch”) and the person of the verb
in a clause [24]. Visually, address is articulated by means of the presence or absence of
the represented participants’ gaze towards the reader [25,54]. The term “represented
participants” refers to the verbally and visually represented living entities, people, or
animals, participating in the actions presented in the verbal text and images [25].

e  Social distance reflects the kind of social relationship between the reader and the
represented participants promoted by a text. Verbally, social distance is expressed
through the voice of the verb (active or passive) and the type of relationship between
clauses (parataxis/absence of subordinate clauses or hypotaxis) [24]. In the Greek
language there are four choices regarding the voice of the verb: active, i.e., the subject
of the verb performs an action (e.g., “The sun heats the earth”), passive, i.e., the subject
of the verb receives an action (e.g., “The earth is heated by the sun”), middle, i.e., the
subject of the verb both performs and receives an action, or neutral, i.e., the subject
of the verb neither performs nor receives an action, but is in a state (e.g., “In winter,
brown bears hibernate”). Regarding the type of relationship between clauses, the
choices are parataxis (e.g., “In autumn the leaves of some plants change color and
fall”), absence of subordinate clauses (e.g., “During hibernation bears do not need to
eat”), or hypotaxis (e.g., “When water droplets get too heavy in the cloud, they fall to
earth as rain”). In images, social distance is realized by the size of frame, referring to
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whether the participant’s body is depicted in full, or partly. In particular, size of frame
relates to three visual choice alternatives: close, medium, or long shot [25].

o  [nvolvement is associated with the degree to which the reader is invited to engage with
what is represented. Involvement is verbally articulated through the person of the
possessive pronouns (first, second or third) [24] and visually expressed by means of
the horizontal angle of the image (frontal or oblique) [25].

Address: Ways in which a text
addresses the reader

Interpersonal Social distance: Kind of
meaning — relationship promoted between
dimensions reader —represented participants

Involvement: Degree to which
the reader is invited to engage
with what is represented

Figure 1. Dimensions of interpersonal meaning [24,25].

4. Relation Between Verbal Text and Image Regarding Interpersonal Meaning

The overall interpersonal meaning conveyed by a multimodal text is not formed by
the distinct contribution of verbal text and image, but from their interrelation [55-57]. For
each dimension of interpersonal meaning (address, social distance, and involvement), the
verbal and the visual mode in a text can be characterized as [58]

1. Convergent, when they produce similar meanings (e.g., when both verbal text and
image denote low address, i.e., simply present information to the reader instead of
calling her/him to undertake some action);

2. Complementary, if one of the semiotic modes contributes additional meanings to those
promoted by the other (for instance, verbal text denoting familiarity with the reader,
i.e., signifying small social distance combined with an image signifying moderate
social distance between the reader and the represented entities); or

3. Divergent, when the two modes promote contradictory meanings (e.g., when the
verbal text promotes strong reader involvement with what is represented, while the
image discourages reader involvement).

Exploring the relations between verbal text and image in science-related multimodal
texts for children is important for science education, since it has been suggested that young
readers have a difficulty in appropriately associating verbally and visually conveyed infor-
mation during their early encounters with such texts, and this affects their understanding
of the presented knowledge [59-65]. Previous studies [66—-69] have indicated the signifi-
cance of prompting similar meanings through verbal text and image in multimodal texts
addressing children, since this similarity of meanings facilitates understanding. Meaning
convergence between the two modes facilitates the cognitive process of creating associa-
tions between verbal and visual representations, which is a requirement for comprehending
multimodal texts [70]. The convergence relation is considered to be the optimal for en-
hancing children’s understanding of various types of text, while more complex relations
between the verbal and the visual mode, like complementarity, may cause difficulties to
young readers [67,69]. In addition, divergence relations between word and image tend to
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pose further challenges to children and lead to confusion and misinterpretations of the
represented knowledge [71].

It is suggested that the interpersonal meanings promoted by verbal text and image
in multimodal science teaching materials should align with the socio-cognitive principles
on science learning. In particular, science teaching materials are expected to assign an
active role to the child in the process of knowledge construction, to promote an intimate
relation between the child and the represented knowledge, and to encourage the child
to engage with it [32,33,51-53]. Therefore, science teaching materials designed according
to the socio-cognitive perspective on learning, promote both verbally and visually (see
Figure 2):

e Highaddress, encouraging the reader to perform some action regarding the represented
knowledge, therefore acknowledging the readers’ active role in their own learning;

e Small social distance between the reader and what is represented, thus implying
intimacy and familiarity;

e  Strong involvement of young readers, by presenting knowledge as belonging in their
personal world and experiences and inviting them to engage with it.

Low (passive High (active
role of the role of the
reader) reader)
Address .
Verbal text
Image
Small Large (the reader
(knowledge is alienated from
familiar to the represented
reader) knowledge)

. Social distance

Verbal text

Image
Weak (the rcader Strong (the reader
is not engaged is invited to
with what is engage with what
represented) is represented)
Involvement .
Verbal text

Image
Figure 2. Verbal and visual semiotic selections and their correspondence to key socio-cognitive assumptions.

5. The Present Study

As already mentioned, the interpersonal meaning promoted by teaching materials is
significant for science education, since it reflects the pedagogical views about the learner’s
role in the construction of knowledge, thus affecting the quality and effectiveness of the
learning experience supported by the use of these materials. This meaning is particularly
important for the preschool years when children develop their first systematic science
learning experiences, which extensively rely on their interaction with multimodal texts.
This kind of materials largely involves informational books covering topics from biol-
ogy and physics [20,72]. Since meaning in these multimodal books is not constructed
through the distinct contribution of each mode, but through their synergy and interac-
tion [11,22,73-76], understanding how these two modes interrelate is a precondition for
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their comprehension [77,78]. Several studies [79-85] have focused on the interpersonal
meaning in children’s picture books. It is showed that verbal text and images promote low
address, serving the presentation of information to the young readers in such books [79-81].
Furthermore, some studies indicated that images in picture books promote an intimate
relationship between readers and represented participants [82,84] and invite readers to
engage with what is presented [82], while other studies found that a remote relationship is
promoted [79,80,85] and the reader is not engaged [79] visually. However, research on the
dimensions of interpersonal meaning promoted by verbal text and/or images in science
materials [27,29,33,51,52,86] and more particularly those addressing young children [53]
is limited.

Exploring the relation between the verbal and the visual mode in science teaching
materials is important, especially in the case of those addressed to young children. It has
been suggested that children find it difficult to appropriately coordinate verbal text and
image in such multimodal texts, which affects their comprehension of the presented knowl-
edge [62,64,68,87]. In fact, it has been indicated that different kinds of relation between
verbal text and image affect children’s comprehension in varying degrees [67,69]. However,
research on verbal text-image relations in multimodal science texts for children has mainly
explored the representational or the compositional meaning [88-93]. Furthermore, previ-
ous research on the interpersonal meaning in multimodal science texts has examined the
distinct contribution of the verbal and the visual mode in meaning construction instead of
their interrelation [27,29,33,51,52,86]. Studies on verbal text-image relations in terms of the
interpersonal meaning in science teaching material for preschool children are practically
absent from the international literature, despite the pedagogical impact of this meaning on
young children’s science learning.

In an attempt to fill this gap, the present study aims at addressing the following
research question: What are the relations between verbal text and image promoted by
multimodal texts about science in related books for preschool children regarding the
interpersonal meaning dimensions of address, social distance, and involvement?

Adopting the socio-cognitive perspective on science learning [36,37,39,41,47,48], it
was expected that the material under study, both verbally and visually, would ascribe
children with an active role as readers/learners, by instilling an intimate relation between
them and the presented knowledge, and by encouraging their engagement with what is
represented. More particularly, based on our hypotheses outlined below, it was expected
that the verbal and the visual mode in excerpts from multimodal science books for young
children would promote:

Hypothesis 1 (H1). Convergent interpersonal meanings instead of complementary or divergent ones.
Hypothesis 2 (H2). High address.

Hypothesis 3 (H3). Small social distance between the child and what is presented.

Hypothesis 4 (H4). Strong reader involvement with the presented knowledge.

It is noted that in the current study the verbal and the visual choices related to
interpersonal meaning are analyzed and discussed according to the Systemic Functional
Grammar [24] and the Grammar of Visual Design [25] and examined through the lens of
the socio-cognitive perspective. Therefore, the current study neither examines the book
creators’ intention regarding the semiotic choices analyzed, nor considers the semiotic
choices as a result of the intention of the books” creators.

6. Materials and Methods
6.1. Sample

Since there are no valid and official records of the constantly expanding publishing
production, the creation of a complete list of all population units from which the sample
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could be randomly selected was not feasible. For this reason, the following sampling
procedure was followed. Firstly, in order to determine the appropriate material for the aims
of the study, books related to science for preschool children available in the Greek market
and written or translated in Greek were systematically searched on the Internet using
book-selling websites. Search results were limited to those meeting the following criteria:

e Informational books, namely books aiming to familiarize young children with con-
cepts, phenomena, processes etc. [94]. Science-related books addressing preschool
children but belonging in other genres (such as activity books, fictional books) were
excluded for consistency, because of the different purposes, content type, and writing
style in these book categories.

e  Books published within the last decade from the sampling date (2018). This criterion was
applied in order for the sample to include recent books, therefore available for purchasing,
but also revealing the current trends and probably echoing contemporary pedagogical
perceptions on learning, and more particularly the socio-cognitive perspective.

This process has allowed the construction of a list of Greek publishing companies
which publish such books. A written request was sent to all these publishers to supply a
copy of their books that met the abovementioned criteria for our research purposes. Seven
Greek publishing companies responded to this request, offering a total of 55 books, from
which 30 fully complied with the criteria. According to the descriptions on their publishers’
catalogues, these specific books are aimed at preschool children, aged 2.5-6 years [95,96].
These 30 books were divided into units of analysis. Each unit of analysis consisted of
an image and the verbal text accompanying it. Since the estimation of address for the
visual mode is based on the direction of the participant’s gaze (towards the reader or
elsewhere) [25], units that did not include images of living entities as participants (i.e.,
people, animals, or anthropomorphic entities illustrated with eyes) were excluded from the
sampling process. Through this process, the 30 books were divided into a total of 670 units.
A list comprising all these units was created. A sequential number was assigned to each
unit in the list. Using simple random sampling, a total of 300 units of analysis were selected,
which formed the sample of this study. In specific, using the random number generator
of SPSS statistics program, 300 random numbers were selected from the 670 numbers of
the list. The units of analysis with sequential numbers corresponding to these randomly
selected numbers were included in the sample. The sample size of 300 units of analysis
was estimated as adequate considering the number of interpersonal meaning dimensions
examined in the study, the number of levels of each dimension and the number of verbal
text-image categories.

6.2. The Framework of Analysis

For the purposes of the present study a framework of analysis was constructed, includ-
ing the realization means of each dimension of interpersonal meaning, the different levels
of each dimension, and the specific choices indicating each level of dimension for the verbal
and the visual mode. This framework was based on the Systemic Functional Grammar [24]
and the Grammar of Visual Design [25] regarding the verbal text and images, respectively.
Furthermore, regarding verbal text-image relations the framework was based on the three
basic categories of relations: convergence, complementarity, and divergence [58]. For
each dimension of interpersonal meaning (i.e., address, social distance, and involvement)
and for each of the two semiotic modes (SM), the framework of analysis included: the
realization means, the levels of each dimension, and the rules for classifying the content
into each level. Furthermore, it included the categories of verbal text-image relation and
the classification rules for each category. For the construction of the analysis framework,
the criteria of exhaustiveness and mutual exclusiveness were taken into account, so that the
content of each unit of analysis could be classified into one of the levels of the dimension
and could not fall into more than one levels, respectively. The framework of analysis is
presented in Figure 3 and is described below in detail.
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Dimensions

Social Distance <

Involvement <

Declarative (low A}
Clause type { Interrogative (moderate A)

Imperative (high A)

Verbal
7~ text Third (low A)
Person of verb First (moderate A)
Second (high A)
Address _< Partici Absence (low A)
I _ articipant’s gaze )
(4) mage towards the reader Balance (moderate A)
Presence (high A)
Convergence (same level of A)
Verbal text — Complementarity (one SM low or high A

image relation and the other SM moderate A)
Divergence (one SM low A and the other high A)

Active (small 5D)
Voice of verb Middle [ neutral (moderate SD)
Verbal Passive (large 5D)
text Parataxis (small SD)
Clause relationship ~E Balance (moderate SD)
Hypotaxis (large SD)
Close shot (small SD)

Image — Size of frame —E Medium shot (moderate S5D)
Long shot (large SD)

(SD)

Convergence (same level of 5D)

\_Yerbal text - Complementarity (one SM small or large SD
image relation and the other SM moderate SD)

Divergence (one SM small SD and the other large 5D)

Third (weak I)
Verbal — Person of possessive pronoun First (moderate I)
( text Second (strong I)

Oblique angle (weak I)
Image — Horizontal angle of the image ~E Balance (moderate I)

D Frontal angle (strong I)

Convergence (same level of I)
Complementarity (one SM weak or strong I
and the other moderate I)

Divergence (one SM weak I and the other strong I)

\_Verbal text —
image relation

Figure 3. The framework of analysis.

6.3. Analysis Procedure

For each unit of analysis, the verbal and the visual content was classified with regard
to each dimension of interpersonal meaning (i.e., address, social distance, and involvement)
at one of the levels of each dimension according to the classification rules and then the
category of verbal text-image relation was defined. Consistency between two coders, who
coded independently 30 units of the total sample, was assessed using Cohen’s Kappa
which indicated high (x > 0.80) interrater reliability [97,98] for the dimension of address,
social distance, and involvement (x = 0.88, k = 0.84 and « = 0.89, respectively). Inconsis-
tencies between the two coders were resolved by a third coder as proposed by several
researchers [97-99].
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6.3.1. Classification of Verbal and Visual Content in Relation to Address

Regarding the verbal text, address was assessed based on the combination of clause
type and the person of the verb. For example, address was classified as “low” when there
was a combination of a declarative clause and third person (e.g., “Giraffes live in the
savannas of Africa” [100] p. 8), as “moderate” when an interrogative clause and a verb in
the first person were combined (e.g., “Do I have the same shape as my shadow?”), and as
“high” when an imperative clause and second person were combined (e.g., “Avoid looking
directly at the sun!” [101] p. 11).

Visually, address was determined by assessing the depicted participants” gaze. The
visual content was classified as “low address” when the participants did not gaze towards
the reader and as “high address” when the participants gazed towards the reader. The
content was categorized as “moderate address” when there was an equal number of
participants gazing and not gazing towards the reader, signifying balance between high
and low address.

Classification rules for the verbal (clause type, person of verb and their specific
combinations) and visual (participants’ gaze) realization means for address are summarized
in Table 1.

Table 1. Levels of address, realization means, and classification rules.

Verbal Text Image
Address Fors s
Clause Type Person of Verb Combination Participants” Gaze
Low Declarative Third L+L or Participant(s) not gazing towards the reader
(L) L+M
Moderate . . M+M or Equal number of participants gazing and not
M) Interrogative First H+L gazing towards the reader
High . H+H or - .
() Imperative Second HaM Participant(s) gazing towards the reader

For reasons of exhaustiveness, when a unit of analysis involved different types of clauses, address was classified as “low” when there was
an equal number of declarative and interrogative clauses, as “moderate” when there was an equal number of declarative and imperative
clauses, and as “high” when there was equal number of imperative and interrogative clauses. Similarly, concerning the person of the verb,
the content was classified as “low address” when there was equal number of verbs in the first and the third person, as “moderate” when
there was an equal number of verbs in the third and the second person, and as “high” when there was an equal number of verbs in the first
and the second person.

6.3.2. Classification of Verbal and Visual Content in Relation to Social Distance

Regarding the verbal text, social distance was estimated based on the combination
of the voice of the verb and the type of relationship between clauses. For example, social
distance was categorized as “small” when active voice of the verbs and parataxis were
combined (e.g., “Squirrels climb tree trunks and jump from tree to tree”), as “moderate”
when there was a combination of middle/neutral voice of the verbs and balance between
parataxis and hypotaxis (e.g., “When brown bears hibernate, they stay in their dens and
rest”), and as “large” when there was a combination of passive voice and hypotaxis (e.g.,
“If the earth was not heated by the sun, it would be frozen”).

Visually, social distance was determined by the size of frame and was estimated
as “small” when participants were depicted in a close shot (e.g., when the head and
the shoulders, or only the head of a participant was depicted). The visual content was
categorized as “moderate social distance” when participants were depicted in a medium
shot (i.e., when a participant’s body was ‘cut’ to the chest, waist, or knees, or the full
body was depicted occupying more than 50% of the image space), and as “large” when
participants were depicted in a long shot (the full body was depicted, occupying less than
50% of the image space).

Table 2 presents the classification rules of the verbal (voice of verb, relationship
between clauses and their combinations) and the visual (size of frame) content.
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Table 2. Levels of social distance, realization means, and classification rules.

S Verbal Text Image
octal Listanice Voice of Verb Clause Relationship Combination Size of Frame

Small Active Parataxis or absence of dependent clauses S+5 or Close shot

S) S+M
Moderate . Balance between parataxis or absence of M+M or .

M) Middle/neutral dependent clauses and hypotaxis S+L Medium shot

Large . . L+L or
L) Passive Hypotaxis L+M Long shot

For reasons of exhaustiveness, when a unit of analysis included more than one verbs of different voices, social distance was classified as
“small” when there was an equal number of verbs in active and middle/neutral voice, as “moderate” when there was an equal number of
verbs in active and passive voice, and as “large” when there was an equal number of verbs in passive and middle /neutral voice.

6.3.3. Classification of Verbal and Visual Content in Relation to Involvement

Regarding verbal text, involvement was estimated by the person of the possessive
pronouns used. Thus, the verbal content was classified as “weak involvement” when the
pronoun used was in the third person (e.g., “her”/” his”, as in the following sentence: “A
butterfly lays her eggs on a plant leaf” ([102] p. 31). The absence of possessive pronouns in
the verbal text also indicated “weak involvement”. The content was classified as “moderate
involvement” when the pronoun used was in the first person (e.g., “my/ our”, as in the
sentence: “The sun is at the center of our solar system” ([103] pp. 18-19) and as “strong
involvement” for the use of a second-person possessive pronoun (e.g., “your”, as in the
following sentence: “Your teeth cut the food into small pieces” [104] p. 20).

Visually, involvement was determined by the horizontal angle of the image. The
content was categorized as “weak involvement” when the participants were illustrated
in an oblique angle and as “strong involvement” when the participants were illustrated
in a frontal angle. The visual content was categorized as “moderate involvement” when
there was an equal number of participants in oblique and frontal angles, signifying balance
between weak and strong involvement (Table 3).

Table 3. Levels of involvement, realization means, and classification rules.

e ‘ Verbal Text Image
nvolvemen Person of a Possessive Pronoun Horizontal Angle of the Image
V(v‘f\?)k Third person Participant(s) depicted in an oblique angle
Moderate . . . .
M) First person Equal number of participants in an oblique and frontal angle
Strong Second person Participant(s) depicted in a frontal angle

©)

For reasons of exhaustiveness, when the verbal content in a unit of analysis involved more than one possessive pronouns, involvement was
classified as “weak” when there was an equal number of possessive pronouns in the first and the third person, as “moderate” when there
was an equal number of pronouns in the third and the second person, and as “strong” when there was an equal number of possessive
pronouns in the first and the second person.

6.3.4. Classification of Verbal Text-Image Relation for Each Dimension of
Interpersonal Meaning

7

The verbal text-image relation in a unit of analysis was categorized as “convergence”
when the two semiotic modes had been classified at the same level of the dimension.
Alternatively, when one of the modes had been classified at one of the extreme levels and
the other had been classified at the moderate level (e.g., a unit of analysis involving a
verbal text of high address and a visual image of moderate address) their relation was
characterized as “complementarity”. Last, relations of “divergence” between the two
semiotic modes appeared when the verbal and the visual part of a unit of analysis had



Educ. Sci. 2021, 11, 245

11 0f 20

been classified at the two opposite extreme levels (e.g., a unit of analysis with the verbal
text indicating small social distance and the image evoking large social distance).

For example, the verbal mode of the multimodal text in Figure 4 consists of the follow-
ing clauses: “Wings help the airplane fly”, “Does the airplane move its wings?” [105]. The
verbal text in this unit of analysis indicates “low address” since it combines a declarative
(first) and an interrogative (second) clause, while the verbs used are in the third person.
“Low address” is also promoted visually, since the depicted participant (child) does not
gaze towards the reader. Therefore, verbal text and image are characterized by convergence
regarding the dimension of address. Furthermore, the verbal text promotes small social
distance, since the verbs used are in the active voice (“fly”, “move”) and there are no
subordinate clauses. The image indicates moderate social distance because the child is
depicted in a medium shot (the child’s body is “cut” to the chest). Therefore, in this unit
of analysis verbal text and image are characterized by complementarity as far as social
distance is concerned. Last, the verbal text promotes weak involvement since the third-
person possessive pronoun (“its”) is used, while the image denotes strong involvement as
the child is depicted in a frontal angle. Therefore, the two semiotic modes in this unit are
characterized by the relation of divergence regarding involvement [105].

Ta ¢1epd Porboly way
To agpemhive va neTake:.

To agpoeThdve KVET
Ta $TEPA TOu; —
L= . L 4
. ’ enve ®

4

Figure 4. Example of a multimodal text indicating different verbal text-image relations regarding
each dimension of interpersonal meaning. Reproduced with permission from R. Spiro, Geia sou
poulaki! [105]; published by Psichogios Publications: Athens, Greece, 2018.

7. Results

Table 4 presents the observed frequencies of verbal text-image relations for each level
of address, social distance, and involvement in the analyzed units. Therefore, regarding
address, the majority of units of analysis are characterized by a relation of convergence, with
the two semiotic modes mostly indicating low address towards the reader. Furthermore,
concerning social distance, relations of complementarity, and divergence were the most
common in the sample, with verbal text tending to promote small social distance between
the reader and represented participants and images indicating moderate or large social
distance. Moreover, as far as involvement is concerned, the analyzed multimodal texts
tend to be characterized by convergence, with verbal text and image mostly indicating
weak reader involvement. These dominant tendencies are highlighted in bold in Table 4.
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Table 4. Interpersonal meaning dimension levels for verbal text and image per category of relationship.
Verbal Text Address Social Distance Involvement
-Image Relation  Verbal Text  Image N Verbal Text  Image N Verbal Text  Image N
Low Low 120 Small Small 18 Weak Weak 98
Moderate Moderate 13 Moderate Moderate 19 Moderate Moderate 17
Convergence ) )
High High 18 Large Large 13 Strong Strong 35
Total 151 Total 50 Total 150
Low Moderate 23 Small Moderate 79 Weak Moderate 25
Moderate Low 21 Moderate Small 16 Moderate Weak 27
Complementarity High Moderate 4 Large Moderate 15 Strong Moderate 8
Moderate High 11 Moderate Large 27 Moderate Strong 5
Total 59 Total 137 Total 65
. Low High 70 Small Large 100 Weak Strong 64
Divergence .
High Low 20 Large Small 13 Strong Weak 21
Total 920 Total 113 Total 85

In order to answer the research question, statistical analysis using the chi-square
goodness of fit test for each dimension of interpersonal meaning was performed. Results
indicated that the three categories of verbal text-image relation were not equally distributed
concerning the dimension of address (x> (2, N = 300) = 43.82, p < 0.001), social distance
(x? (2, N = 300) = 40.38, p < 0.001) and involvement (x? (2, N = 300) = 39.50, p < 0.001).

Further chi-square tests (with an alpha level adjusted to 0.017) were conducted for
each dimension of interpersonal meaning to determine statistically significant differences
between pairs of categories (i.e., between convergence and complementarity, between
complementarity and divergence, and between convergence and divergence). Regarding
address, results indicated that relations of convergence were observed more frequently
than expected compared to complementarity (x? (1, N = 210) = 40.31, p < 0.001) and
divergence (x? (1, N = 241) = 15.44, p < 0.001). Moreover, divergence was observed
more frequently than expected compared to complementarity (x* (1, N = 149) = 6.45,
p = 0.011). These results support our first hypothesis (H1) that science-related multimodal
texts would mostly involve convergent verbal and visual meanings regarding address.
However, this convergence relation is not in the expected direction since verbal text and
image tend to indicate low address (Table 4) and not high address as expected (H2). For
example, as already indicated in Figure 4 above, verbal text and image are characterized by
convergence [105], with the two semiotic modes indicating low address toward the reader.

Concerning social distance, results demonstrated that convergence appeared less
frequently than expected compared to complementarity (x> (1, N = 187) = 40.48, p < 0.001)
and divergence (x? (1, N = 163) = 24.35, p < 0.001). No statistically significant differences
were observed between frequencies of complementarity and divergence relations. The
results do not support the hypothesis that science multimodal texts would be mostly
characterized by relations of convergence regarding social distance (H1). Specifically, the
hypothesis that verbal text and image would tend to promote small social distance (H3)
was not confirmed. Moreover, in both prevalent relation categories, the verbal text tended
to induce small social distance, while images tended to indicate moderate social distance
in complementarity relations and large social distance in divergence relations (see Table 4).
Figure 5 presents an example of a multimodal text characterized by complementarity, with
the verbal text “Touch the little elephant’s ear and hear him!” [106] inducing small social
distance (use of active voice and parataxis) and the image promoting moderate social
distance (the elephant’s full body is depicted occupying more than 50% of the image space).
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AyyiEe
o auvti

tou piKpol
efépavra wal
droucé tov!

Figure 5. Example of a multimodal text indicating complementarity regarding social distance

and convergence regarding involvement. Reproduced with permission from Hegarty, Ta pio glika
zoakia [106]; published by Susaeta Hellas Publications: Athens, Greece, 2016.

With regard to involvement, the results indicated that relations of convergence were ob-
served more frequently than expected compared to complementarity (x? (1, N = 215) = 33.61,
p <0.001) and divergence (x? (1, N = 235) = 17.98, p < 0.001). Therefore, these results sup-
port the hypothesis (H1) that science multimodal texts would mostly involve relations of
convergence regarding involvement. However, this convergence is not in the expected
direction, since verbal text and image tend to indicate weak involvement (Table 4) instead
of strong reader involvement as expected (H4). For example, in Figure 5, verbal text and
image are characterized by convergence, with the two semiotic modes indicating weak
involvement of the reader (absence of possessive pronouns in the verbal text “Touch little
elephant’s ear and hear him!” [106] and oblique angle in the image).

8. Discussion

This study explored the relations between the verbal and the visual mode at the level
of interpersonal meaning (i.e., in terms of address, social distance, and involvement) in
multimodal science texts for preschool children. The results presented in the previous sec-
tion indicate that the two semiotic modes tend to promote convergent meanings regarding
address, primarily serving the purpose of simply presenting knowledge to readers and
assigning them a passive role of information receivers (Figure 6). Similar findings have also
been reported by previous studies that analyzed the verbal [33,107] and both the verbal
and the visual [29] mode in science texts for primary and secondary students.

Verbal text and image also converge in respect to the dimension of involvement, by
mostly discouraging the child to become engaged with what is represented (Figure 6).
These findings do not align with the socio-cognitive assumptions according to which
children are agents in meaning construction, which presupposes their action, participation,
and engagement in the learning process [36,37,41,48]. Therefore, as far as address and
involvement are concerned, despite producing convergent meanings (which confirms H1),
the two semiotic modes tend to refute the socio-cognitive perspective on which H2 and H4
have been based.

Moreover, as the results presented in the previous section indicate, verbal text and
image promote either complementary or divergent interpersonal meanings regarding
social distance. More particularly, while the verbal mode seems to consistently promote a
relationship of familiarity and intimacy between the child and the represented knowledge,
the visual mode does not follow this trend, by conveying either a neutral relationship (in
the case of complementary meanings), a finding also reported previously regarding images
in books for primary students [52], or a relationship of alienation (in the case of divergent
meanings) between the child and represented knowledge (Figure 6).
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Low (passive High (active
role of the walle eiiine
reader) reader)
. Address
Verbal text Convergence
Image
Small Moderate Farg.e (the reader
(knowledge il is alienated from
familiar to the relationship) represented
reader) knowledge)
. Social distance . .
Verbal text Image Image
Complementarity Divergence
Weak (the reader Strong (the reader
is not engaged is invited to
with what is engage with what
represented) is represented)
. Involvement
Verbal text Convergence

Image
Figure 6. Verbal and visual selections in analyzed texts regarding address, social distance, and involvement.

The socio-cognitive perspective on science teaching and learning advocates that
knowledge is not objective or isolated from the learner, but closely related to children’s
lives [39,48,50]. The analyzed texts do not seem to pay the necessary attention to the
interpersonal meanings they disclose through the verbal text and the images they include,
but also through the relations between them. The analyzed multimodal science texts for
young children tend to promote pedagogically appropriate meanings only in terms of
social distance and through the verbal mode, and sporadically through images. This seems
to be a paradox, taking into account that preschool children, who are not yet ‘literate’
in the traditional sense, primarily rely on images in order to ‘read” and derive meaning
from multimodal texts [108,109]. Moreover, the tendencies of the analyzed material to
promote verbal-visual relations of complementarity and divergence do not support young
children’s understanding. On the one hand, meaning complementarity between differ-
ent semiotic modes increases the level of complexity in a text, posing challenges in its
comprehension [69]. On the other, meaning divergence between different semiotic modes
evokes confusion, making interconnection between them problematic [71] and obstructing—
instead of supporting—the construction of scientifically adequate meanings [2]. Therefore,
the significant number of divergent meaning instances in terms of social distance found
in the present study could provoke confusion regarding the position of young readers in
respect to the represented knowledge and their relationship with it.

This underestimation of the interpersonal meaning in the analyzed children’s science
texts might be due to the fact that in such informational texts the focus may lie on the
representational meaning which carries the scientific information, i.e., content knowledge.
Furthermore, these texts do not seem to adequately take into consideration the consistency
between different semiotic modes and promote verbally and visually convergent inter-
personal meanings, but rather focus on each of these modes independently—after all, the
author and the illustrator of children’s books are typically different people. The apparent
inattention to interpersonal meanings and the relation between modes might also relate
to the informational character of the analyzed texts and their audiences’ characteristics,
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such as restricted relevant knowledge. Thus, the selection of long or medium shot images—
implying moderate or large social distance at the interpersonal level—might be considered
as most appropriate at the representational level, since it allows the depiction of entities
or phenomena in their entirety. Similarly, an oblique angle of image (indicating weak
reader involvement) might be preferred so as to provide a general and ‘objectified” view
of what is represented. Likewise, the represented participants” gazes could be directed
to other elements in an image (e.g., systems, and processes) instead of the reader (low
address) in order to direct young readers’ attention to specific and essential parts of the
depicted knowledge.

Furthermore, the linguistic choices identified in the analyzed texts, could be associated
with the young age of their intended readership. These selections involve the preference
to active voice and parataxis (implying small social distance) and the emphasis on the
representational meaning level by reference to the presented information through declara-
tive clauses (denoting low address) and through the use of the third person in verbs and
possessive pronouns (promoting weak involvement).

Therefore, semiotic selections apparently driven by an overemphasis on representa-
tional meaning have an impact on the interpersonal meanings promoted by verbal text and
image, as well as on the relations between them. These in turn allow for the emergence of
complementary or even divergent interpersonal meanings from the two modes, considered
as inappropriate for young children, or for convergence relations that are incompatible
with the socio-cognitive perspective for science learning in early childhood.

These findings are remarkable because informational science books are prevalent medi-
ating tools in preschool education and constitute a significant part of young children’s first
learning experiences with science concepts and phenomena. The interpersonal meanings
promoted by texts such as the analyzed ones largely determine the quality and effectiveness
of these learning experiences [30,31,33]. Furthermore, these experiences play an important
role in the development of interests [20,110-112]; thus, interpersonal meanings promoted
by such texts are expected to influence children’s science-related attitudes and aspirations.

One of the limitations of the current study is that it has explored verbal text-image
relations regarding dimensions of one of the three different levels of meaning realized in
a multimodal text, namely the interpersonal meaning. Further studies could also inves-
tigate the interaction between the three different levels of meaning, i.e., representational,
interpersonal, and compositional. Specifically, it is of importance to investigate how inter-
personal meanings promoted by verbal text or/and images are further strengthened or
weakened through messages related to compositional meaning dimensions. For instance,
in terms of compositional meaning, the image in Figure 4 through its large size and spe-
cial position on the right, receives high salience and high information value, respectively.
Therefore, it is presented as the most prominent element on the page and as the New,
namely the information at issue, to which the reader’s attention is directed [25]. In this
way, the pedagogically desirable interpersonal meaning (strong involvement) promoted
by the image is further reinforced by the image’s compositional meanings, contrary to the
weak involvement promoted by the verbal text, which is compositionally undervalued
through the low salience (small size) and low information value (placement on the left)
attributed to it. Similarly, in Figure 5, the distinctive features (bold font, colored letters,
and framing) of verbal elements attribute high salience to the verbal text, attracting the
reader’s attention [109]. Therefore, the pedagogically desirable interpersonal meaning of
high address (use of imperative clause and second person) promoted by the verbal text, is
further strengthened by the high salience it receives in terms of compositional meaning,
counterbalancing the low address promoted by the image and its high salience (large size
and distinctive texture of the animal’s ear) [53].

A further limitation is that the analysis framework developed and applied in this
study as well as the discussion and interpretation of the findings regarding the semiotic
selections, were based on specific theories of linguistic and visual communication, the
Systemic Functional Grammar [24] and the Grammar of Visual Design [25]. This does not
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mean that the authors of a text intend to convey the specific meanings or that the readers
understand and interpret the various semiotic (verbal and visual) choices in the same way
as suggested by the aforementioned theories. Specifically, how preschool children interpret
interpersonal meanings promoted by verbal text and images or the relationship between
the two semiotic modes in terms of interpersonal meaning when they interact with science
multimodal texts, may form critical questions for future research. Last, due to the sampling
procedure, the conclusions drawn from the findings concern the population from which
the sample was drawn and no attempt is made to generalize the findings to the wider
population of multimodal science texts for young children.

9. Conclusions

Our findings indicate that a greater emphasis on the interpersonal meaning and a
more systematic analysis of the interaction and interrelation between verbal text and image
in science texts for young children is required, aiming at facilitating understanding and
supporting them in learning science. Furthermore, the analysis outlined in the present
study may have considerable implications for the design, selection and use of multimodal
science teaching material.

Concerning the selection and design of such material, attention to verbally and visu-
ally convergent meanings is recommended for every interpersonal meaning dimension,
especially when a material is intended for very young, emerging readers. In fact, it has been
shown that verbal text-image convergence facilitates successful association and coordina-
tion of the two modes, thus supporting children’s comprehension of multimodal science
texts [66]. Additionally, it is suggested that convergence of verbal text and image harmo-
nizes with the socio-cognitive perspective on teaching and learning, which implies that
educational material should encourage—both verbally and visually—children’s activation,
involvement, and familiarity with what is represented in teaching material.

Moreover, the analysis framework used in this study could support teachers in using
multimodal science texts in their classroom in order to gradually initiate children in the
critical analysis and interpretation of the interpersonal meanings conveyed by means of
verbal text, image, and their interrelation in these texts. Children, from an early age, can
be supported to effectively read and understand such material and use their relevant
competencies to produce multimodal texts with scientific content [12,13,53]. Supporting
children in developing multimodal communication competencies is a critical aspect of their
scientific (visual) literacy and a broad objective of science education, for which preschool
education can lay the foundations [9,41,111,112].
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