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have produced very different results in different con-
texts around the world. In this study, an integrative
theoretical framework linking semantic differences
across languages to concept learning in childhood is
proposed, motivating the hypothesis that language is
a population variable that impacts the coherence of
young learners’ conceptions of force.

Method: This study uses the same structured inter-
view developed in a previous study by loannides and
Vosniadoue but in a new context—the Kingdom of
Saudi Arabia—with three groups of elementary
school children (7-12 years of age; n = 185): monolin-
gual in Arabic; monolingual in English; and bilingual
in Arabic and English.

Findings: The results support the hypothesis that
language impacts the coherence of children’s concep-
tions of force with Arabic monolinguals exhibiting
greater coherence than English monolinguals, and
bilingual children exhibiting intermediate coherence.
Contribution: This paper provides evidence for the
effect of semantic differences across languages and
the phenomenon of lexical polysemy on the coher-
ence of children’s initial conceptions of force. The
relationship between the integrative theoretical fra-
mework proposed and other theories of conceptual
change and its novel pedagogical implications are
discussed.
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Introduction

Research on conceptual change in science learning has had a long history
(Amin et al,, 2014). It has included attention to the nature and content of
learner conceptions, how this differs from scientific concepts targeted in
instruction, and the various factors and mechanisms implicated in the
process of conceptual change. Understanding the challenges learners face
in transforming their conceptual structures and understanding the mechan-
isms of change have important implications for instruction.

A debate over the degree of coherence of pre-instruction conceptions has
engaged researchers for some time (Chi, 1992, 2005, 2008; Chi & Slotta, 1993;
Clark et al., 2011; diSessa et al., 2004; Ioannides & Vosniadou, 2002; Minstrell
& Stimpson, 1996; Ozdemir & Clark, 2007, 2009; Vosniadou & Brewer,
1992). In the last two decades, this debate has played out more specifically
in relation to the developing concept of force (Clark et al., 2011; diSessa et al.,
2004; Ioannides & Vosniadou, 2002; Ozdemir & Clark, 2007, 2009). This
began with a study by Ioannides and Vosniadou (2002) in Greece reporting
a great deal of early coherence in the understanding of the concept of force.
This was followed by a “quasi-replication” by diSessa et al. (2004) in the USA
reporting, in contrast, very limited coherence. This discrepancy triggered
a series of studies by Clark and colleagues (Clark, 2003; Clark et al., 2011;
Ozdemir & Clark, 2009) in the Philippines, Turkey, China, Mexico and the
United States examining the factors that might be leading to this inconsis-
tency in findings across studies. These studies considered methodology and
population variables as possible factors influencing results. Since Ioannides
and Vosniadou’s (2002) initial study, language has been mentioned by
researchers as a factor that might be influencing the findings across studies,
but the issue has not been directly examined empirically. One limitation of
the latter body of work is the absence of a theoretical framework through
which to understand how language relates to learner conceptions, generally,
and how language relates to conceptual coherence, more specifically. In this
paper, we offer such a framework and directly test the hypothesis that
language influences the degree of coherence of young children’s conceptions
of force. We test the hypothesis by replicating Ioannides and Vosniadou’s
original study across three language contexts in the Kingdom of Saudi
Arabia. The children participating in this study belonged to three different
language communities: monolingual in Arabic, monolingual in English, and
bilingual in Arabic and English. As we explain below, differences between the
meanings of the English term “force” and the Arabic word “quwwa” moti-
vated the choice of this context.

Researchers have been actively examining the impact of culture on learner
conceptions, with implications for science learning, for some time (e.g., Bang
et al., 2007; Hatano & Inagaki, 1998). However, there has been limited
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attention to the specific role of language in the process of conceptual change
in science learning (see Amin, 2009a, 2018 for discussion). The relationship
between language and conceptualization is the primary focus of the field of
cognitive linguistics (Evans, 2012) and progress has been made in under-
standing the various roles that language might play in conceptual develop-
ment in the field of developmental psychology (e.g., Carey, 2009; Gelman &
Roberts, 2018; Nelson, 1996; Tomasello, 1999). Tomasello (1999) has argued
that children are invited to adopt various perspectives on the world as they
acquire the lexicon and the grammatical constructions of the language(s) in
their speech community. Moreover, it has been documented that variation in
the perspectives implicit in the languages children learn can influence the
concepts they form (Boroditsky, 2001; Fuhrman et al., 2011; Mark & Dowker,
2015; Slobin, 1991, 1996). Carey (2009) has distinguished two ways in which
language can influence children’s developing concepts: a weak influence,
where language learning can shape the formation of conceptual categories
by drawing on representations children already possess prior to language
learning; and a strong influence, where language supports the construction
of novel concepts. The perspectival nature of language and the roles that
language might play in shaping the development of concepts will be used as
a theoretical lens in this study to hypothesize that language can impact
children’s developing conceptions of force. More specifically, we hypothesize
that a particularly subtle feature of the perspectival nature of language, lexical
polysemy (Evans, 2015)-that the same lexical item can be associated with
more than one distinct, but often related, conventional meaning—could
impact the coherence of children’s early conceptions of force.

In the next section, we review the background for this study. First, we
briefly review the debate over the degree of coherence of learners’ pre-
instruction conceptions. We then turn to examining in detail the debate on
the degree of coherence of children’s conceptions of force, in particular, and
the various factors that have been explored as possibly impacting this
coherence; we explain why we believe language is a factor that needs focused
attention. Finally, we introduce a theoretical framework to understand the
role that language might play in shaping children’s conceptions of force
which we offer as an interpretation of the discrepant findings in the litera-
ture. We frame this study as a test of this theoretical proposal in the context
of the Kingdom of Saudi Arabia.

Background
Coherence vs. fragmentation in conceptual change

Researchers have adopted three distinct perspectives on the nature of intui-
tive, uninstructed knowledge and how this knowledge changes: intuitive



JOURNAL OF THE LEARNING SCIENCES . 379

concepts as embedded in naive or framework theories (Carey, 1985, 2009;
Vosniadou, 2018; Vosniadou & Brewer, 1992); concepts as categorized
within noncanonical ontological categories (Chi, 1992, 2005; Chi & Slotta,
1993; Henderson et al., 2018); and intuitive conceptions as relatively frag-
mented knowledge systems, or “knowledge-in-pieces” (diSessa, 1993, 2014,
2017). These different perspectives on the nature of students’ early concep-
tions lead to quite different characterizations of the naive knowledge state
with significantly different implications for educational strategies to achieve
successful conceptual change.

The concepts-embedded-in-theories perspective was inspired by Kuhn’s
(1962) notion of paradigm shifts in the history of science. In Kuhn’s account,
concepts get their meaning from the theoretical structures in which they are
embedded; and although many theoretical developments in history involve
changes in the relations among existing concepts, some are more funda-
mental and include changes in the core concepts of a theory. Analogous
accounts of conceptual change have been offered in the context of research
on child development and science learning (Carey, 2009; Vosniadou, 2018).
From this perspective, naive, pre-instruction conceptual understanding in
a domain is compactly characterized in terms of the core concepts of that
domain and the relationships between them. These concepts manifest them-
selves in learners’ attempts to predict and explain a range of phenomena in
their everyday lives. Proponents of this view believe that conceptual change
toward a more scientific understanding will sometimes require restructuring
of core concepts in a naive or framework theory. This can be achieved by
challenging naive core concepts and guiding restructuring through targeted
analogical reasoning and other modeling activities to construct novel scien-
tific concepts and relationships between them. Science learning is modeled
on the creative processes of scientific knowledge construction (Nersessian,
2008).

Chi and colleagues (Chi, 1992, 2005, 2008; Chi & Slotta, 1993; Henderson
et al., 2018) have modeled conceptual change as a process of ontological
recategorization. In their account, concepts are represented within
a hierarchical tree of ontological categories. Learners will often categorize
scientific concepts incorrectly within the wrong ontological category (e.g.,
categorizing heat as a material substance instead of a process). Indeed,
learners will not possess ontological categories that are important to
science-e.g., the constraint-based or emergent processes within which con-
cepts like heat, electricity and force should be canonically categorized.
Learners’ incorrect categorization will manifest itself in their predictions
and explanations of phenomena implicating that concept and will be
reflected in the language they use. From this perspective, conceptual change
involves creating the novel ontological category and then shifting the concept
from the incorrect to the correct category. Instruction will need to explicitly
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introduce the new ontological category and then guide learners in recategor-
izing the target concept to that new category.

From a knowledge-in-pieces perspective (Clark, 2003; diSessa, 1993, 2014,
2017; Minstrell & Stimpson, 1996), intuitive ideas are understood to be
many, diverse, and emergent from the phenomenology of experience. They
are also understood to be very loosely structured. In what diSessa (1993) calls
the naive “sense of mechanism,” un-articulated phenomenological primitives
(p-prims) are activated in ways that are highly sensitive to context, resulting
in often contradictory conclusions that learners will rarely notice, and this
activation can vary across individuals. However, from this perspective, many
of these knowledge elements are seen to be very useful and continue to play
a role in the thinking of scientists. Therefore, conceptual change involves
organizing knowledge elements so that they are activated in ways that
support canonical scientific understanding and reasoning that is consistent
across contexts. From this perspective, learning is not the transformation of
one coherent conceptual structure to another but is the gradual reorganiza-
tion of a knowledge system.

Viewing naive concepts as embedded in theories or as categorized within
some ontological category suggests that naive conceptual understanding has
a significant degree of coherence. Core conceptual structures in a domain or
the features of an ontological category within which a concept is categorized
will be expected to manifest themselves in learners’ predictions and explana-
tions across a range of situations. In contrast, a knowledge-in-pieces view
predicts substantial initial variation across contexts and across individuals.
Thus, in this body of work, the notion “coherence” is often used to capture
the idea that concepts are embedded within conceptual structures (which
specify coherent relationships between multiple concepts and beliefs) and
that these structures are applied consistently to interpret and reason across
a range of situations. We use this notion of coherence throughout this paper.

Coherence vs. fragmentation in children’s developing conceptions of
force

There are few topics in the literature on conceptual change in science
learning where there has been a sustained and focused investigation into
a particular theoretical question using comparable methods within a specific
domain. Investigation into the factors that might influence the coherence of
children’s conceptions of force is one of those rare topics. A series of studies
which carefully scrutinized this issue was initially triggered by a study by
Ioannides and Vosniadou (2002) who provided evidence pointing to
a significant degree of coherence in Greek children’s conceptions of force.
A quasi-replication by diSessa et al. (2004) conducted in the USA challenged
this picture, finding much less coherence than reported by Ioannides and
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Vosniadou (2002). In a series of comparative studies seeking to make sense
of these discrepant findings, Douglas Clark and colleagues (Clark, 2003;
Clark et al., 2011; Ozdemir & Clark, 2009) explicitly examined some of the
factors that might be influencing coherence in students’ conceptions of force.

Ioannides and Vosniadou’s (2002) study examined the coherence in the
conceptions of force of 105 Greek children ranging in age from four to 15
years old. They used a methodology originally developed to study children’s
models of the Earth (Vosniadou & Brewer, 1992). This involved conducting
structured one-on-one interviews with children to identify the situations in
which they would attribute the presence of a force and to judge the relative
strengths of forces across situations. In their 27-item questionnaire,
Ioannides and Vosniadou (2002) asked children about a variety of static
and dynamic situations, with or without a human agent, were stable or
unstable, and with objects varying in type and size. Children’s responses
were analyzed to determine what meanings of force were being invoked by
children. Ioannides and Vosniadou reported identifying four basic mean-
ings: internal force, an internal property of objects by virtue of their weight
and/or size; acquired force, the force an object acquires by virtue of its
movement; force of a push/pull, the force exerted by an agent on an object;
and gravitational force, appealing to gravitational force—i.e., the downward
pull of the Earth on all objects in all situations. In addition, they reported
three “synthetic” meanings, that coherently combined more than one basic
meaning: internal force affected by movement, where an object possesses an
internal force by virtue of its weight and/or size and the object’s movement is
interpreted as its inability to resist actions of an agent; internal and acquired
force, an object possesses an internal force by virtue of its weight and/or size
and can gain more force as a result of its movement; acquired force and force
of push/pull, an object has a force exerted on it from external entity (human
agent, air etc.) whether or not it moves as a result of that force and gains
a force by virtue of its movement. Ioannides and Vosniadou determined if
each child used one of these basic meanings or an internally coherent
combination of these meanings consistently across question sets and across
the questionnaire items overall. Ioannides and Vosniadou’s analysis led to
the conclusion that 88.6% of the students consistently invoked a particular
meaning or coherent combination of meanings across the diverse situations
addressed in the questionnaire. They interpreted their findings as suggesting
that children’s conceptions of force are organized around core meanings of
force consistent with a view of naive knowledge as embedded within frame-
work theories (Ioannides & Vosniadou, 2002; Vosniadou, 2018).

diSessa et al. (2004) responded to Ioannides and Vosniadou’s (2002) study
with what they called a “quasi-replication” conducted in the USA with
children from kindergarten to high school. This was a replication in that
children across the same age range were presented with the same situations
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and asked to indicate whether they would attribute force to the situation and
to judge relative strengths of forces across situations. There were some
methodological differences, however. diSessa et al. (2004) elected to use
both “Is there a force on ... ” and “Is there a push/pull on ...,” using these
different phrasings alternately in each of the question sets. In addition, they
did not ask their participants to explain their answers and did not ask all the
questions originally asked by Ioannides and Vosniadou (2002). They justi-
fied the fewer questions on the grounds that they wanted to extend the study
and present participants with a wider range of situations, as they judged
Ioannides and Vosniadou’s specification of the range of relevant contexts to
be too narrow. Particularly relevant here are the results diSessa et al. (2004)
obtained from the quasi-replication portion of their study. They found that
only 16.7% of the participants in the study could be seen as invoking only one
meaning (or a coherent combination of meanings) of force, in contrast to
88.6% in Ioannides and Vosniadou’s (2002) study.

diSessa et al. (2004) discuss and dismiss the possibility that methodologi-
cal differences associated with the interviewing technique or coding could
have led to these discrepant findings. They also consider the population
variables of instruction and language. In the case of instruction, although
diSessa et al. acknowledge that the scientific concept of force is taught earlier
in the Greek educational system, they argue that the predominance of non-
normative responses by participants in Ioannides and Vosniadou’s study
suggested that greater coherence could not be explained by more scientific
understanding. They maintain the possibility, however, that language could
be a source of the discrepancy between the results in the two studies,
commenting on differences between Greek and English. They note that the
Greek word for force is “dynamis,” with an everyday meaning close to
“strength,” a word also used to refer to the physics concept of force. They
point out that the everyday meaning, strength, is close to the internal force
meaning used in Ioannides and Vosniadou’s study. They comment: “If we
and Ioannides and Vosniadou (I&V) have entirely escaped the problem of
language as opposed to conceptualization, it would be quite surprising”
(diSessa et al., 2004, p. 884). Overall, however, diSessa et al. conclude that
their findings constitute a challenge to Ioannides and Vosniadou’s theore-
tical claims regarding the nature of naive knowledge, preferring an account
in terms of their knowledge-in-pieces perspective in which p-prims are
invoked with a high degree of contextual sensitivity.

Vosniadou (2018) has more recently commented that the methodological
differences between diSessa et al. (2004) and the original Ioannides and
Vosniadou (2002) study are significant and suggests that these could explain
the differences in findings. In addition to the number of questions and
making do with yes/no answers, excluding children’s explanations as
a source of data, Vosniadou (2018) points out that changing the original

>
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formulation of the interview questions from “Is there a force exerted on ... ?”
to “Is there a force/push-pull on ... ?” could significantly confuse the
children and lead to the greater fragmentation reported by diSessa et al.
(2004). However, diSessa et al. did consider the effect of alternate phrasings
on their results. Five of their questions were asked using both phrasings
(three in one situation and two in another), which allowed them to compare
their participants’ responses to different phrasings in some detail. They
found that about 50% of the preschool children in their study switched
their answers across phrasing but that only 10-15% of the elementary,
middle, and high did so (but with most of these among the younger chil-
dren). diSessa et al. downplay the significance of this feature of the metho-
dology in explaining the discrepant findings pointing out that an equivalent
number of children switched their answers to identical questions. These
findings do suggest, however, that question phrasing could have been the
source of some variability in responses, especially among the younger chil-
dren participating in the study.

The differences between the findings in these two studies and the various
interpretations offered have motivated more careful examination in follow-
up research. Indeed, a series of comparative studies by Clark and colleagues
has explored the factors that might have led to these differences. First,
Ozdemir and Clark (2009) conducted a study in Turkey explicitly comparing
the analysis and coding methods used by each of Ioannides and Vosniadou
(2002) and diSessa et al. (2004) with the same sample. There were limited
differences across methods leading Ozdemir and Clark (2009) to conclude
that it is unlikely that methodological differences account for the big differ-
ences in the results in diSessa et al. (2004) and Ioannides and Vosniadou’s
(2002) studies. Moreover, Ozdemir and Clark’s (2009) study with Turkish
participants found a degree of coherence intermediate between the Ioannides
and Vosniadou (2002) and diSessa et al. (2004) studies with Greek and
American participants, respectively. They concluded that the reason for the
discrepancies across studies is more likely related to the student population
and suggest the need for further investigation into the nature of students’
understanding as a function of culture, language, and educational system.

Clark et al. (2011) conducted a study to compare the content and coher-
ence of students’ understanding of force in the Philippines, Turkey, China,
Mexico and the United States. Again, overall, the level of coherence was
intermediate between the contexts of the USA (diSessa et al., 2004) and
Greece (Ioannides & Vosniadou, 2002), but resembled more closely the
greater fragmentation found in the USA in diSessa et al.’s (2004) study.
However, Clark et al. (2011) found differences across countries.
Specifically, what they found was an interaction between age and country.
That is, there were greater differences in the degree of coherence at the
younger ages: they found greater coherence in the younger age groups in
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the participants from Mexico and Turkey when compared to younger parti-
cipants from China, the Philippines and the USA, where coherence increased
with age. Clark et al. (2011) concluded that the differences across countries
are not sufficient to account for the differences across the Ioannides and
Vosniadou (2002) and diSessa et al. (2004) studies. However, the results do
indicate that coherence in the concept of force and the pattern of develop-
ment of this coherence with age does seem to differ across the populations
studied. Clark et al. (2011) suggested that language, culture, and/or educa-
tional system seem to play a role. The finding that differences in the degree of
coherence across countries were primarily among the youngest in their
sample suggested to Clark et al. that language might be an important variable
to consider. Indeed, they point out that the languages in their study do differ
in how they express notions of force. However, their study was not designed
to distinguish what population variables might be impacting the results. In
reference to the purpose of their study, they clarify that:

... the current study focuses on identifying the presence or absence of
differences in the knowledge structure coherence resulting from either
differences in student populations or differences in coding methods. The
current study thus provides a foundation for future studies to investigate
the nature and underlying sources of the specific differences identified ...
(Clark et al., 2011, p. 213)

A follow up study by Clark et al. (2014) provided some insight into the
possible role of the educational system as a factor influencing coherence in
children’s understanding of force. Clark et al. compared children’s concep-
tions of force across two Turkish cities, again using both Ioannides and
Vosniadou’s (2002) and diSessa et al.’s (2004) methodology and coding
schemes. Given the use of a standardized curriculum in Turkey and the
selection of the schools in the two cities, it was assumed that the participants
in these two cities were within the same educational system. The results
across the two cities were very similar. There were no significant differences
in the meanings of force or in the degree of coherence across groups. These
findings suggested that with regard to conceptions of force and the coher-
ence of these conceptions, there is uniformity within the same country with
people having the same culture, the same language and the same educational
system.

In this paper, we build on this prior work to directly examine language
as a variable that might impact the coherence of children’s developing
conceptions of force. In the next section, we outline a theoretical frame-
work through which this impact can be understood and discuss why
language might impact the coherence of the developing concept of force,
specifically.
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Language and conceptual change

The role of language in conceptual change in science learning has received
limited attention in the science education literature (Amin, 2009a). One
way in which researchers have acknowledged a role for language has been
to draw attention to the fact that the same word is often used in everyday
language and as a label for a technical scientific concept (e.g., Wiser &
Amin, 2001). This has led to the suggestion that lay concepts will, there-
fore, interfere with learning the scientific concept and that the different
meanings of the common term in lay and scientific contexts should be
made explicit in instruction. In addition, some research has suggested that
metaphors implicit in the language of science can result in non-canonical
conceptions (Amin, 2009a; Brookes & Etkina, 2015). A metalinguistic
obstacle to conceptual change in science learning has also been noted.
For example, diSessa et al. (2003) provided detailed case-study evidence of
a student using the term “force” with different meanings in different
contexts, with no apparent metalinguistic commitment to the need to
use scientific terms consistently. And although some have proposed that
the content of some lay concepts derive from the way in which a term is
used in everyday language (e.g., Amin, 2001, 2009a), there has been no
direct empirical investigation in the science education literature into the
causal role that language might be playing in the shaping of initial naive
conceptions and no developed theoretical perspective to guide an empiri-
cal evaluation of this hypothesis.

The role of language in conceptual development has been addressed
systematically in developmental psychology, however. Tomasello (1999)
has presented a comprehensive account of the role of language in cognitive
development, broadly, and conceptual development specifically. Central to
his theoretical framework is the perspectival nature of language—that is, that
lexical items and linguistic constructions offer perspectives on the world that
can only be learned through language acquisition. For example, the choice
between “person,” “man” and “policeman” is a choice regarding the level of
generality at which to conceive the same individual in a situation; the choice
of “buy” or “sell” frames the same situation from the different points of view
of those involved; and “He broke the glass” versus “The glass broke” ascribe
or suppress agency, respectively, when describing the same event. Consistent
with this view, Gentner (2003) and Spelke (2003) have emphasized the role
that language acquisition plays in supporting the integration of conceptual
representations across knowledge domains. In sum, on this view, acquiring
a language involves acquiring a wide range of conceptual perspectives
through which to describe and understand the world. Moreover, by learning
to use linguistic symbols children come to conceptualize the world in ways
that go beyond their immediate experience.
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While acknowledging the role that language can play in shaping concep-
tual development, Carey (2009) has distinguished a weaker and a stronger
version of this process. Language can play a relatively weaker role when
forming conceptual categories by activating conceptual representations that
are already formed prior to the acquisition of language. The evidence
reviewed by Carey suggests that even before learning a language, infants
have domain-specific skeletal conceptual representations for inanimate
objects (both inert and self-propelled), goal-directed agents, and numerosity
(and possibly others); they have a domain-general capacity for representing
kinds and causality; they have also formed specific concepts for everyday
objects, for example, distinguishing dogs, cups, and tables. Moreover, they
have formed image schemas, generalizations over their sensorimotor inter-
actions with the world integrating sensory and proprioceptive information—
e.g., containment, link, support, self-motion, forced-motion, and many others
(Mandler, 2004). An example of a weak effect of language on conceptualiza-
tion is evident in children’s developing ability to use kind membership to
infer the number of entities present in some situation. For example, when
preverbal infants are shown a dog and cup sequentially emerging from and
returning behind a screen, they do not infer the presence of two objects.
However, learning labels for these categories does result in concept repre-
sentations that do support quantification. Carey (2009) reviews evidence
suggesting that language learning integrates an existing conceptual capacity
with their developing category knowledge to create kind sortals. On this
account, language learning integrates already existing representations but
does not create an entirely novel concept. Similarly, Mandler (2004) has
argued that learning linguistic forms (e.g., spatial prepositions, verbs) can be
described in terms of the assembly of distinct image schemas of containment,
support, and path etc. Learning language shapes this assembly creating
distinct conceptual categories that would not have been formed without
language but are defined in terms of image schemas available to the preverbal
infant.

Evidence also suggests that a second, stronger influence of language on
conceptual development also exists. The paradigm example of this, in Carey’s
(2009) account, is the development of the concept of natural number. The
developmental narrative goes beyond the integration of prelinguistic con-
ceptual numerical representations and appeals to a process of bootstrapping,
whereby children’s acquisition of the count procedure (initially without
conceptual understanding) provides a placeholder that guides an inferential
leap that leads to the construction of natural number as a novel concept with
greater representational power than numerical representations already avail-
able in early infancy.

These accounts suggest that language, any language, can play a role in
shaping conceptual development. A related but distinct question is whether



JOURNAL OF THE LEARNING SCIENCES . 387

different languages result in the formation of different concepts, a question
that has been addressed under the label of “linguistic relativity” for some
time (Whorf, 1956/2000). Although early formulations of the linguistic
relativity hypothesis made grand claims about the role of language in shaping
worldviews, more recent investigations into whether cross-linguistic seman-
tic differences impact conceptual representations have been much narrower
in scope (Gelman & Roberts, 2018; Gumperz & Levinson, 1996). More recent
studies have examined specific cross-linguistic semantic differences and
linked them to performance on specific non-linguistic tasks—e.g., differ-
ences in how spatial relations are encoded semantically have been linked to
differences in the categorizing of events (Bowerman & Choi, 2003); differ-
ences in spatial metaphors for time have been linked to differences in
conceptions of time (Boroditsky, 2001; Fuhrman et al., 2011); and differences
in how conceptually transparent numbers are linguistically expressed in the
counting system have been linked to numerical understanding and reasoning
(Mark & Dowker, 2015)

Moreover, the linguistic relativity hypothesis has often been interpreted as
the effect of language on “non-linguistic” thought. However, developmental
researchers (e.g., Budwig, 2003; Gelman & Roberts, 2018; Nelson, 1996;
Wertsch, 1991), following Vygotsky (1986), have increasingly viewed lan-
guage as a tool for thought offering an additional conception of linguistic
relativity, such as Slobin’s (1991, 1996) notion of “thinking for speaking.”
That is, semantic differences across languages can lead to differences in
patterns of thought for the purposes of communication and for tasks that
integrate language as a tool into the thinking process. To the extent that
cognitive tasks draw on an internalized speech, cross-linguistic semantic
differences might impact performance on these tasks (see e.g., Shatz et al,,
2003 on differential cross-linguistic effects on theory of mind tasks implicat-
ing language in children who speak Turkish, Puerto Rican Spanish, English
or Brazilian Portuguese).

Is this view of the relationship between language and conceptual devel-
opment relevant to conceptual change in science learning? Amin (2001,
2009a) argued that a view of language as perspectival is relevant to under-
standing conceptual change in science learning. Amin’s (2001) semantic and
syntactic analysis of the use of the terms “heat” and “temperature” in English
reveals a minimal cognitive model underlying the English-speaking layper-
son’s understanding of thermal phenomena. This entrenched model implicit
in everyday use of English provided a way to account for both stability and
contextual variation in learners’ reasoning about heat exchange phenomena.
In addition, Amin (2009a) mapped many of the documented naive concep-
tions of energy to construals implicit in the lay use of the term “energy” in
English. Noting both similarities and differences between metaphorical con-
struals of energy in lay and scientific English, he suggested that an aspect of
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learning the scientific concept of energy is to appropriate the metaphorical
mappings between the concept of energy and image schematic representa-
tions that are implicit in scientific language. Moreover, Brookes and Etkina
(2015) documented a relationship between the use of the Caloric (substance)
metaphor for heat and learner misconceptions in thermodynamics. In addi-
tion, Brookes and Etkina (2009) surveyed the range of ontological construals
of force in scientific English and traced some of learners’ difficulties in this
domain to scientific language that offers ontological construals of force not
well-aligned with the Newtonian concept of force they are expected to learn.
None of these studies, however, were designed to provide direct evidence for
the causal role of language in shaping conceptual representations in the
context of science learning, especially the early conceptual representations
of young children. So, in this study, we directly test whether language has an
effect on young learners’ conceptions of force. While the studies reviewed
above suggest that language can influence the content of developing concep-
tions, we hypothesize that coherence can be affected as well by appealing to
the linguistic phenomenon of lexical polysemy as we explain below.

Theoretical framework, objectives of this study and research questions

We have been convinced by prior research that children do possess early
developing (and possibly innate) core concepts of agent, mechanical object,
and number that support and constrain subsequent conceptual development
(Carey, 2009). We also believe that through their interactions with the world
around them, children form many image schemas and that these are impli-
cated in early conceptual categories that children form (Mandler, 2004). In
the case of developing an understanding of the concept of force, we assume
that children in all contexts are likely to have the following relevant preverbal
perceptual, conceptual and image schematic representations: perceptual
representations of shape, size, felt weight, and movement; core concept of
inanimate mechanical object, both inert and self-propelled (Carey, 2009),
with an understanding of contact causality that recognizes the distinction
between the locus of force/energy and patient (Leslie & Keeble, 1987); a core
concept of agency with an understanding of goal directedness (Spelke &
Kinzler, 2007); and image schemas of pushes and pulls, lifting, supporting,
throwing etc. that incorporate interactions between agents and mechanical
objects (Mandler, 2004). These perceptual representations, concepts and
schemas span the range of meanings that have been identified in prior
studies on children’s conceptions of force.

Preverbal knowledge resources contribute to early conceptual under-
standings and beliefs that could, in turn, constrain subsequent conceptual
development (e.g., the belief that unsupported things fall constraining mod-
els of the Earth as argued by Vosniadou & Brewer, 1992). We acknowledge
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that it has been demonstrated that language can shape conceptual represen-
tations, but that this must be demonstrated on a case-by-case basis (Gelman
& Roberts, 2018). Moreover, we assume that language is perspectival and that
linguistic forms and constructions invite the user to adopt a particular
perspective on the world (Tomasello, 1999). We also assume, following
Carey (2009), that language acquisition can have both weak and strong
influences on children’s conceptions. These two language effects on concep-
tual development have to do with the content of children’s developing
concepts, however. The issue motivating this study is the possible effect of
language on the coherence of children’s conceptions. Can language have such
an effect?

We hypothesize that the phenomenon of lexical polysemy in natural
language use can impact coherence. Lexical polysemy refers to the idea that
lexical items can have multiple meanings, some of which are related to one
another (Evans, 2015; Lakoff, 1987). Evans (2015) clarifies that this phenom-
enon involves the same label being associated with distinct conventional
meanings—e.g., “bat” as a noun can refer to the implement used for sports
like baseball and cricket; or to the nocturnal flying mammal; and as a verb, to
the act of hitting something away with an implement. This should be
contrasted with conceptual polysemy, where words can vary in meaning
simply as function of context, as in the different meanings we associate
with the word “coffee” when we say, “I drank the coffee” or “I swept up
the coffee” (referring to coffee beans that had been spilled). Evans explains
that lexical polysemy can be discerned by identifying the distinct semantic
and grammatical profiles (what he calls “selectional tendencies”) of a lexical
item. We hypothesize that the phenomenon of lexical polysemy can influ-
ence the coherence of children’s developing conceptions and explain differ-
ences in the degree of coherence in children belonging to different speech
communities based on the following reasoning building on the theoretical
assumptions we have presented:

(1) Learning a lexical item, which is associated with a particular conven-
tional perspective on the world, can shape children’s conceptions by
assembling preverbal conceptions and image schemas in language
specific ways (making possible a weak effect of language on thought).

(2) When semantic profiles differ across languages, it can mean that
children can form different conceptual categories, at least for the
purposes of speaking or for tasks involving the use of language as
a tool.

(3) Ifthelexical item in question is polysemous and its semantic profile in
one language is considerably narrower than in another, we might
expect differences in the degree of coherence of the formed
conception.
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We suggest that this theoretical framework and this line of reasoning allows
us to interpret the conflicting findings regarding the coherence of children’s
conceptions of force in the studies by Ioannides and Vosniadou (2002) and
diSessa et al. (2004), which were conducted with different student popula-
tions in different language contexts—Greek and English, respectively.
Although follow-up studies across a range of different linguistic contexts,
as reviewed above, have suggested that population variables, including lan-
guage, might explain these discrepant findings, language has not been inves-
tigated directly (Clark et al., 2011, 2014; Ozdemir & Clark, 2007, 2009). In
this study, we test the hypothesis that language impacts the coherence of
children’s developing conceptions of force by replicating Ioannides and
Vosniadou’s (2002) original study in the Kingdom of Saudi Arabia (KSA),
a context in which we can compare the impact of English and Arabic on the
coherence of children’s conceptions of force. Our main motivation for the
choice of context for the study is the contrasting polysemous meaning
profiles of “force” in English and “quwwa” in Arabic.

The word “force” in English exemplifies well the phenomenon of lexical
polysemy. Grammatically, the word is used as a noun or verb. It has the
adjectival form “forceful” and the adverbial form “forcefully” (and the
equivalent phrase “with force”). There is the use of the noun “force” to
mean strength or power as in “force of the wind,” “the force of impact” as
well as “police force,” “air force” etc. In addition, the verb “force” is used to
mean cause to occur as in “forced into the crowded bus” and “forced into
action” which corresponds quite closely to the use of the verbs “push” and
“pull.” Moreover, “force” appears in possessive constructions in English “the
force of the wind/the wind’s force.” Brookes and Etkina (2009) have mapped
the range of grammatical constructions within which the noun force appears
in scientific English (including contemporary and historical) to four different
construal categories: force as an agent (e.g., “The force makes them tend
toward the center”); force as an internal desire or drive (e.g., “ ... the force
given to the object”); force as a passive medium of interaction (e.g., “An object
can exert a force on another”) and force as a property of an object (e.g., “the
object’s force”).

In contrast, the word for force in Arabic' is the noun “quwwa”
which is equivalent to the English words “strength,” “power” and
“force” (as used in “the force of will”). The adjective “qawy” is used
to characterize animate and inanimate entities and can be extended to

' Arabic is a diglossic language (see Ferguson, 1959); that is, two forms of the language exist side-by-side
and are used in different contexts for different purposes. Modern Standard Arabic (MSA) is the pan-
Arab language of literacy and is used in printed text and orally in formal settings such as speeches,
formal lectures and news broadcasts. Modern Standard Arabic is no one’s mother tongue and is
learned formally at school. MSA coexists alongside regional spoken dialects used in everyday, informal
contexts and popular media. It is these dialects that children learn as their primary language. In this
study, we refer to the Saudi Arabian dialect when we use the label Arabic.
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non-material entities. One can speak of a person, animal, physical
structure, or abstract entity (e.g., government, idea or personality) as
well as light, sound, and wind as being “qawy” (meaning strong). There
is a verbal form with the same root, “qawwy” (meaning strengthen).
The word for “push” is the verb “dafa’a.” The technical term in
Modern Standard Arabic for the concept of force is “quwwat daf’”
which can be glossed in English as “strength of a push.” Overall, the
word “quwwa” refers to the property of an entity including material
(animate or inanimate) as well as abstract, immaterial entities and
actions. The meaning profile of “quwwa” in Arabic is notably narrower
than that of “force” in English, where it can be said that the former is
a subset of the latter.

We hypothesize here that the coherence of Arabic-speaking chil-
dren’s conception of force will be greater than that of English-speaking
children. In this study, we compare this coherence in children in KSA
with three different language profiles: those who are monolingual in
Arabic; those who are monolingual in English; and those who are
bilingual in Arabic and English. In KSA, there are children who attend
formal schooling predominantly in Arabic and live predominantly in
an Arabic speaking community; other children in foreign expat com-
munities who attend formal schooling predominantly in English and
live in a predominantly English-speaking community; and a third
bilingual group, with strong proficiency in both English and Arabic
and live in a community that uses both languages.

KSA is an appropriate context for this study because it is possible to
find children with these three different language profiles but with the
same socio-economic background and with relatively similar cultural
experiences. This study focused on children in the elementary grades
because research has shown that population differences in conceptions
of force are most evident with young children (Clark, 2003; Clark et al.,
2011; diSessa et al., 2004; loannides & Vosniadou, 2002; Ozdemir & Clark,
2009). Moreover, children in grades one, three and five were recruited to
participate in this study so that we can investigate the changes in chil-
dren’s conceptions over this period of formal instruction and to examine
how these changes might interact with language. Thus, this study sought
to answer the following research questions:

(1) Do the conceptions of force held by elementary school students in
KSA differ with respect to degree of coherence as a function of
language profile (monolingual Arabic, monolingual English, and
bilingual Arabic/English)?

(2) How does the degree of coherence of these conceptions evolve for
each language group over the elementary years?
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Method
Overview of the research design

This study is a replication of Ioannides and Vosniadou (2002). Both the
interview questions and the coding procedure were replicated but were
extended to a sample of children living in the Kingdom of Saudi Arabia
distributed across three different language groups determined via a language
background questionnaire. The participants were first, third, and fifth gra-
ders evenly selected from three different language groups: monolingual
Arabic, monolingual English, and bilingual Arabic and English. The partici-
pants were individually interviewed to answer Ioannides and Vosniadou’s
27-item questionnaire which had been designed to elicit children’s ideas
about force and to determine the degree of coherence of these conceptions
within individuals. To this end, categorization, coding, and model mapping
were done on the participants’ responses allowing the researchers to deter-
mine whether the participants in this study consistently used the meanings of
force identified by Ioannides and Vosniadou. Participants’ responses to each
set of the 27-item questionnaire were transcribed, coded, and analyzed to
determine whether they fit within one of seven coherent meanings of force or
a mixed meaning. Based on the pattern of responses, each participating child
was first categorized at the question set level and then across the question-
naire as a whole. The data were then organized by language groups. The
percentage of children that could be categorized as using a coherent meaning
of force or a mixed meaning was determined within each group and across
the grade levels.

Sampling

Thirty different schools in KSA were contacted to recruit the sample for
this study, 26 of which were in the city of Riyadh, two in Jeddah, and two
in Dammam. Students at those schools had equivalent characteristics
regarding their achievement in science, socio-economic status, and cul-
tural exposure. This was ensured by disclosed school data and informa-
tion shared by parents via a language background questionnaire.
Considerable effort was put into making sure that students selected to
participate in the study fit one of three distinct language profiles: those
who were monolingual in Arabic (recruited from elite national schools);
those who were monolingual in English (recruited from international
American and British schools); and those who were bilingual in Arabic
and English (recruited from international schools serving a mixture of
Arab communities in Saudi Arabia and expat communities from English-
speaking nations). These schools are all well-resourced and offer broadly
similar educational experiences. To identify children with these distinct
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language profiles, a language background questionnaire (described below)
was distributed to 6,505 students. A total of 1,003 copies were sent back.
We eliminated 295 questionnaires for a variety of reasons: a parent not
consenting that their child participates in the study; the questionnaire was
completed with contradictory information; or crucial information was left
out. The parents of 708 children gave consent and provided the informa-
tion needed for them to be considered for this study.

The responses to the completed questionnaires were analyzed and chil-
dren were categorized as monolingual in Arabic, monolingual in English,
bilingual in Arabic and English or not eligible. The categorization was done
based on very strict criteria (described below). Only 185 students (129 girls;
56 boys) fit the criteria for inclusion of one of the three language profiles:
monolingual Arabic (57), monolingual English (63) and bilingual (65) lan-
guage profiles. A summary of the sample across the three language groups
and their distribution over grades one, three, and five is presented in Table 1.

Instruments

Two instruments were used in this study. The first instrument, the Language
Background Questionnaire (adapted from Montrul, 2012), was used to
identify participants with one of the three different language profiles. The
questionnaire was modified to suit the needs of the study, translated to
standard Arabic, and was then piloted in both Arabic and English before
administration. The second instrument was Ioannides and Vosniadou’s
(2002) 27-item questionnaire; this was used to identify children’s concep-
tions of force in a structured interview format. The English version was used
with monolingual English and bilingual children. A version translated to
Saudi Arabian Arabic was used with the children who were monolingual in
Arabic.

Language background questionnaire

This instrument was a 40-item questionnaire that was designed to be com-
pleted by the parents or caregivers of children attending the elementary
schools approached. The questionnaire was divided into five sections. The
first section asked for general information about the child: name, age, school,
and grade level. The second section requested information about the family
including parents’ nationality, language background, and the language(s)
used to communicate with their children. The third section elicited informa-
tion about the child’s linguistic history and cultural exposure. The fourth
section requested information about the child’s elementary school language
environment. The fifth and last section asked about the child’s proficiency in
the language(s) spoken, as judged by the parents/caregivers themselves. As
explained in the Procedure and Data Collection section below, responses to
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Table 1. Sample characteristics within each language group including average age and
distribution (frequency and percentage) over grade, gender, nationality, and school (n =

185).
Language Group
Monolingual Bilingual Arabic/ Monolingual
English English Arabic Total
Grade Level
Grade 1 17(26.2) 20(31.7) 20(35.1) 57(30.8)
Grade 3 24(36.9) 19(30.2) 21(36.8) 64(34.6)
Grade 5 24(36.9) 24(38.1) 16(28.1) 64(34.6)
Age (years) 883+1.8 8.66 + 1.85 8.86+ 1.64 8.78+1.76
Mean + SD
Gender
Female 36(57.1 46(70.8) 47(82.5) 129(69.7)
Male 27(42 19(29.2) 10(17.5) 56(30.3)
Nationality
American (United States) 7(11.1) 0 0 7(3.8)
Australian 4(6.3) 0 0 4(2.2)
Bahraini 0 1(1.5) 0 1(0.5)
British 34(54) 0 0 34(18.4)
Canadian 8(12.7) 0 0 8(4.3)
Egyptian 0 2B3.1) 101.8) 3(1.6)
Indian 4(6.3) 0 0 4(2.2)
Irish 1(1.6) 0 0 1(0.5)
Jordanian 0 2(3.1) 2(3.5) 4(2.2)
Lebanese 0 3(4.6) 0 3(1.6)
Moroccan 0 1(1.5) 0 1(0.5)
New Zealand 2(3.2) 0 0 2(1.1)
Palestinian 0 4(6.2) 0 4(2.2)
Portuguese 1(1.6) 0 0 1(0.5)
Saudi Arabian 0 49(75.4) 52(91.2) 101(54.6)
South African 2(3.2) 0 0 2(1.1)
Sudanese 0 1(1.5) 0 1(0.5)
Syrian 0 2(3.1) 2(3.5) 4(2.2)
School
Al 0 0 3(5.3) 3(1.6)
T2 0 0 12(21.1) 12(6.5)
N3 0 9(13.8) 7(12.3) 16(8.6)
R4 0 6(9.2) 6(10.5) 12(6.5)
K5 1(1.6) 30(46.2) 2(3.5) 33(17.8)
R6 0 18(27.7) 0 18(9.7)
S7 0 2(3.1) 0 2(1.1)
B8 38(60.3) 0 0 38(20.5)
B9 24(38.1) 0 0 24(13)
T10 0 0 27(47.4) 27(14.6)

this questionnaire were used to identify children in the three targeted
language profiles, who were then invited to participate in the study.

Force questionnaire

The instrument used to collect the data about the children’s conceptions of
force was a 27-item questionnaire developed and used by Ioannides and
Vosniadou (2002). The questionnaire was translated to the Saudi Arabian
Arabic dialect and then back translated to English by a Saudi Arabian English
teacher, a strong Arabic/English bilingual. The teacher and the researchers
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used the back translation to evaluate the accuracy and appropriateness of the
Arabic translation and resolved any issues through discussion. The primary
translation issue that arose had to do with the translation of the core
construction used in the questions presented to the children: “force on X.”
There was full agreement that “quwwa” was the appropriate word to use for
the English “force.” However, translation of the preposition “on” was less
obvious. Using the Arabic preposition “ala” was the immediate candidate;
but it was noted that “quwwa ‘ala” is not a commonly used construction in
Arabic. We opted to keep that translation, however, because we reasoned
that it encouraged a perspective on the relationship between force and
objects acted on that was more similar to English. This meant that our choice
of translation was conservative with respect to our hypothesis. If anything, it
should reduce differences between the perspectives implicit in the English
and Arabic formulations of the questions.

Both the Arabic and English versions of the questionnaire were piloted
before use with the actual sample. Each of the 27 questions referred to
a drawing of a situation and aimed at eliciting students’ understanding of
the concept of force in relation to static and moving objects. The question-
naire items included 20 simple and seven comparison questions. The simple
questions asked about the existence of any force on simple objects that were
either static or moving. The comparison questions asked children to com-
pare different forces exerted on objects in situations where the objects
differed in their size and weight or where people exerting force on the objects
differed in their size and weight. Both the simple and the comparison
questions were grouped into five different sets. Set I (simple questions)
included four questions designed to elicit students” conceptions of force in
relation to stationary objects. Set II (simple and comparison) questions
elicited the meanings of force in situations where stationary objects were
pushed by a human agent. Set III (simple and comparison) included seven
questions that dealt with stationary objects placed in an unstable situation on
the top of a hill. Set IV (simple and comparison) included five questions
dealing with free falling objects. Set V (simple and comparison) included five
questions dealing with objects that have been thrown by an agent.

Procedure and data collection

The data collected using the Language Background Questionnaire were ana-
lyzed and the sample was recruited based on the following strict criteria.
Monolingual Arabic participants were those children whose parents or care-
givers came from Arabic-speaking countries and always talked to their chil-
dren in Arabic. These children’s initial exposure to language—hearing family
and friends talking or being read to—was exclusively in Arabic from birth.
These children heard only Arabic at home, in daycare, and from extended



396 (&) MASRI AND AMIN

family and friends. Arabic was the first language they learned to speak and
used it to speak to everyone around them. Moreover, these children were
exposed, almost exclusively, to Arabic language instruction at school.
Although they did attend two to three periods of English per week at school
starting in Grade One, children in this group demonstrated very limited ability
to comprehend or speak English, as judged by their parents/caregivers.
A rating of language proficiency is included in the questionnaire, using
a scale from zero to seven, where zero meant that the child didn’t understand
or speak the language and seven meant that they understood and spoke the
language fluently like a native speaker. Only children who were given a score of
six or seven on Arabic proficiency and zero or one on any other language by
their parents (in addition to possessing the profile features just mentioned
above) were invited to participate to constitute the monolingual Arabic group.

Similarly, the monolingual English participants were those children whose
parents or caregivers came from English-speaking countries” and always
talked to their children in English. These children started hearing family and
friends talking in English and were read stories and were exposed to media of
various kinds almost exclusively in English since birth. These children were
exposed to only English at home, at daycare, and from their extended family
and friends. The first language they learned to speak was English and they
spoke only in English to everyone around them. These children were almost
exclusively exposed to English instruction at school, although they did attend
two to three periods of Arabic per week at school starting Grade One. Parents/
caregivers gave these children a rating of six or seven (on a seven-point scale)
on English proficiency and zero or one on any other language.

The children categorized as bilingual Arabic and English were those whose
parents or caregivers came from Arabic-speaking countries, talked to their
children only in English or in both English and Arabic, and sent their children
to bilingual schools. Children who were recruited as bilingual in Arabic and
English heard family and friends talking in both Arabic and English from an
early age, were read stories and engaged with media of various kinds in both
Arabic and English. These children heard both Arabic and English at home, in
daycare, and from their extended family and friends. They spoke in Arabic or
English to different people around them since they started to utter their first
words. In addition to the profile features just listed, these children were
exposed to both Arabic and English instruction at school. The parents/care-
givers of these children gave them a rating of six or seven on both Arabic and
English proficiency. Only those who did not prefer one language over another

’The only exception to this was that the nationality of one of the children was Portuguese but the
parents’ responses to the Language Background Questionnaire indicated that this child was mono-
lingual in English and did not speak Portuguese at the time of the study, having been brought up
predominantly in English-speaking countries or communities (most recently the English-speaking
expat community in KSA). This justified his inclusion in the monolingual English group.
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or who used a particular language depending on the person they were talking
to were invited to constitute the bilingual English/Arabic sample group.

It is worth noting here that the language background questionnaire
administered also included questions about children’s exposure to other
cultures through travel, media or contact with extended family members
with different cultural/linguistic backgrounds. Children with significant
exposure to cultures and language communities other than their own were
not invited to take part in the study. This was done to reduce variability in
cultural/linguistic exposure within groups.

The above criteria were used to recruit participants in each language group.
The force questionnaire was then administered in the form of a structured
interview to elicit children’s conceptions of force. The children in the recruited
sample were interviewed one by one for about 10-20 minutes. Each child was
introduced individually to one drawing at a time. Simple and comparison
questions were asked in Arabic to the monolingual Arabic group and in
English to the English-speaking and the bilingual groups. English was chosen
as the language in which to administer the interview with the bilingual children
for two reasons: first, those children studied science at school in English; second,
either Arabic or English had to be chosen since the sample size was not large
enough to administer the interview in one language for some and another
language for others. (However, as we point out in the Discussion, some of the
bilingual students were administered the interview again in Arabic after the
administration in English. We were interested in whether children might change
their answers when asked the questions again in the other language. This was an
informal aspect of the study to motivate further systematic exploration in future
work.) During the interview, the children were given the chance to reflect on the
questions and the drawings with minimal interference from the researcher.
Their responses to the questions posed were audio recorded and transcribed.
The researcher also took note of children’s gestures and facial expressions that
might aid data analysis by disambiguating their verbal responses when needed.
The transcribed data together with the detailed notes were used as a basis for
analyzing the elicited conceptions.

Data analysis

Ioannides and Vosniadou’s (2002) procedure for categorizing responses based
on the expected seven meanings of force or a mixed meaning and their model
mapping procedure were used in the analysis. As in Ioannides and
Vosniadou’s study, each child’s responses to the posed questions were cate-
gorized twice: once at the question set level, for questions included in each of
the five sets of simple and comparison questions; and another time at the
overall level for all the questions combined. All the participating children’s
responses were analyzed and, whenever possible, mapped to response patterns
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that reflected one of the seven meanings of force suggested by Ioannides and
Vosniadou: internal, acquired, push and pull, internal and acquired, acquired
and push and pull, internal affected by movement, gravitational and other
forces, or a mixed meaning. The mixed meaning category contained responses
where children’s answers did not fall within one of the aforementioned mean-
ings. The meanings of force identified by Ioannides and Vosniadou were
sufficient to characterize all children’s responses in this study.

The categorization at the question set level was done by attempting to map
children’s patterns of responses to questions in the set to a predetermined
pattern of responses associated with a particular meaning of force. If a child’s
responses to the questions in a given set matched the pattern associated with
one of the seven meanings of force, they were considered to have given
coherent responses for that set reflecting that meaning of force. If the pattern
of responses did not match any of these seven meanings, they were assigned
to the mixed meanings category. Table 2 summarizes the procedure for the
data analysis at the question set level.

Table 2. lllustration of response pattern categorization: two response patterns (a & b) for
question Set 1-simple questions (stationary objects) are included in the table illustrating
response patterns categorized as reflecting the internal force meaning (adapted from
loannides & Vosniadou, 2002).

Set 1-simple questions (stationary objects) (Q 1-4)

Response
Categories Q1. z: @ Ql:z; & Q3.m Q4. ﬁ

(a and b) The stone is The stone is The balloon is The balloon is
standing on the standing on the standing on the standing on the
ground. ground. ground. ground.

Is there a force Is there a force Is there a force Is there a force
exerted on the exerted on the exerted on the exerted on the
stone? Why? stone? Why? balloon? Why? balloon? Why?

(a) Force Yes. No. Yes. No.

only on  Because itis big  Because it is small Because itis big  Because it is small
the big and/or heavy and/or light, and/or heavy and/or light,
stone and  and/or you and/or you can and/or you and/or you can
big cannot move it. move it easily. cannot move it. move it easily.
balloon.

(b) Force only Yes. No. No. No.

onthe Becauseitisbig  Becauseitislight, Because it is light, Because it is small

big and/or heavy and/or you can and/or you can and/or light,

stone. and/or you move it easily. move it easily. and/or you can
cannot move it. move it easily.

Meanings of Force
These are chosen after analyzing and mapping the students’ response categories to one of the
seven meanings of force or a mixed meaning: a and b stand for response categories.

1. INTERNAL FORCE F only on the big stone and the big

balloon (a),
@ F only on the big stone (b),
....Etc

Force is an internal property of physical objects.
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To elaborate, a child’s response pattern was assigned to the internal force
meaning if they answered that there is a force on all big and heavy objects, if
they referred to the size and weight of an object without referring to gravity,
if they referred to motion as a lack of force or to force as an implicit agent
that is internal to an object. Children were assigned to the acquired force
meaning if they considered objects to acquire an additional force when they
are set in motion, if they considered objects to lack an internal force unless
they are set in motion or indicated that force is a property of objects that
explains motion. They were assigned to the force of a push or pull meaning if
they indicated that forces existed only when there is a push or pull on an
object regardless of motion. They were assigned to the gravity and another
force meaning if they referred to any kind of interaction that is at a distance
between physical objects and the earth. And, again, following Ioannides and
Vosniadou (2002), any response pattern that combined any of the above
meanings into a coherent composite meaning such as acquired and push and
pull, internal and acquired, and internal affected by movement was treated as
coherent. Thus, the analysis involved determining if children’s responses
matched pre-determined response patterns reflecting one of the four core
meanings or three coherent composite meanings. The reliability of the
coding was checked by having a second bilingual coder code the data. The
inter-rater reliability score was 96%. All disagreements were discussed and
resolved.

Once the analysis at the question set level was completed, the second step was
analyzing the data at the overall level by looking at all the meanings assigned to
a child across all the question sets. Based on this, every participant was then
identified to have either a coherent or fragmented (“mixed” meaning) concep-
tualization of force. Students were considered to have a coherent conceptualiza-
tion of force if they answered all the sets of the 27-item questionnaire
consistently with one of the seven meanings of force. In addition, children
were categorized as having a coherent conceptualization of force if they
responded to all the sets of questions with two meanings that can be seen as co-
existing coherently. For instance, a child might respond to Set 1-simple ques-
tions, which involves a situation that does not include motion, using the internal
force meaning. That child might then use internal and acquired force consistently
in responding to other sets of questions that do involve motion. In such a case,
the child is considered to have a coherent conceptualization. This is appropriate
given that the internal and acquired force meaning refers to the conception of
a static object as possessing an internal force and incorporates an additional
acquired force meaning when an object is set in motion. On the other hand,
children were considered to have a fragmented conceptualization of the concept
of force if they responded to the 27-item questionnaire using a mixed meaning to
one or more of the sets of questions or they were categorized as using
a combination of more than one of the seven meanings of force across all
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question sets that do not reflect a single coherent conceptual framework. For
instance, if a child responded with the internal and acquired force meaning to Set
2-simple questions and then answered with the internal force affected by move-
ment meaning to Set 3-comparison questions, the conceptualization was then
considered fragmented because the two adopted meanings in each of the two sets
contradict one another. In such a case, a moving object is conceptualized as
gaining force by virtue of its movement but also (incoherently) as possessing
a force of resisting its motion. This was done for the whole sample. We should
note here that Ioannides and Vosniadou (2002) consider coexistence of internal
and acquired force and internal affected by movement meanings to be a coherent
hybrid meaning. We consider this hybrid meaning to be incoherent given the
contradiction just pointed out.

To address the first research question, whether the coherence of children’s
conceptions of force differed as a function of language profile, frequencies
and percentages of children adopting coherent as opposed to incoherent
meanings at the set level and at the overall level in each language group were
calculated and chi-square tests were conducted to evaluate whether the
coherence of students’ conceptions differed across language groups. Follow-
up post-hoc tests were also done to identify the specific sources of any
significant differences. Bivariate and multivariate logistic regressions were
also used to help make claims regarding the directionality of any effects
across language group and grade level. The regression model controlled for
grade levels and for gender to check for the effect of language.

To address the second research question, how the coherence of children’s
conceptions of force changed over the elementary years within the different
language groups, we calculated frequencies and percentages of children
adopting coherent versus incoherent meanings across the questionnaire
overall in each of the three grades (one, three, and five). Chi-square tests
were conducted to show any significant differences in the frequency of
children displaying coherent conceptions of force across the three grade
levels in each of the three language groups. Follow-up post-hoc tests were
also done to identify the specific sources of any significant differences.

Results

The results presented in this section are organized in terms of the study’s two
research questions. We begin by presenting the results relevant to the ques-
tion of whether the degree of coherence of children’s conceptions of force
varied as a function of their language profile. We then turn to the results
documenting any changes in the coherence of children’s conceptions of force
over the elementary grades.
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Research question one: Degree of coherence of conceptions across
language contexts

Children’s responses to the questionnaire items were analyzed and categor-
ized by question set into one of the seven meanings of force or into a mixed
meaning. Data was then analyzed to categorize each participant into one of
the seven meanings of force or mixed meaning overall, across all question
sets. Frequencies and percentages of participants in each language group
categorized as invoking meanings coherently at the set level and across all
sets overall are presented in Tables 3-7. For each set of questions, an overall
chi-square test was conducted to examine whether the pattern of distribution
of participants over the categories of coherent or mixed meanings differed by
language group.

Table 3 presents the findings from each of the first three sets of questions
which deal with balanced stationary objects on a flat surface either pushed or
not pushed by an agent. In Set 1-simple questions, where there is no agent
pushing the object, the results show that there is much greater coherence
than lack of coherence across all language groups. However, significantly
more children who were monolingual in Arabic displayed coherence within
this question set compared to children who were monolingual in English
(p<.001). In Set 2-simple questions, dealing with situations in which an
agent is pushing objects, again, more children displayed coherence overall,
but there were no statistically significant differences between language
groups. In Set 2-comparison questions, in which the size of the agent and
the object were varied, more children demonstrated coherence overall, but
significantly more children who were monolingual in Arabic (indeed, all of
them) displayed coherence compared to the monolingual English and the
bilingual groups.

Table 4 presents the frequencies and percentages of children categorized
as invoking coherent or mixed meanings in Set 3-simple and comparison
questions, which dealt with unbalanced stationary objects on top of a hill.
More children displayed coherence across all language groups for this set of
simple and comparison questions as well. In Set 3-simple questions, statis-
tically significant differences across groups were identified in the overall
analysis (p <.05). However, the post-hoc test (which required adjusting the
p-value) revealed no significance in specific cells. For the Set 3-comparison
questions, significantly fewer children who were monolingual in English
displayed coherence compared to the other two groups.

Table 5 presents the frequencies and percentages of participants categor-
ized as invoking coherent or mixed meanings for each of the Set 4-simple
and comparison questions, involving situations where objects are in free fall.
Significantly more children who were monolingual in Arabic displayed
coherence as compared to the children monolingual in English or bilingual.
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In Set 4-comparison questions, more children displayed coherence in their
meanings of force, but there were no statistically significant differences
between groups. However, in this question set, in contrast to the patterns
in the other sets, the bilingual group had the highest percentage of children
categorized as invoking coherent meanings compared to the other language
groups. In all the other sets, the monolingual Arabic group has the highest
percentage of children exhibiting coherent meanings within question sets.

Table 6 presents the frequencies and percentages of children categorized
as invoking coherent or mixed meanings for each of Set 5-simple and
comparison questions, addressing situations involving objects that have
been thrown by an agent. Again, more children displayed coherence across
all groups, but there were no statistically significant differences between
groups.

In sum, the results presented in Tables 3-6 show a recurring pattern. In all
but one set, a greater percentage of children in the monolingual Arabic group
used meanings of force coherently compared to the other two language
groups. It is worth noting here that there were no differences across groups
when children were asked about objects pushed by a human agent, about
objects in free fall and about an object thrown by a human agent. Students
across all language groups typically invoked the force of push and pull
meaning when an object is pushed by an agent and of gravitational force
when an object is falling whether in free fall or thrown by an agent. In all the
other question sets, the responses of the monolingual Arabic group mostly
exhibited the internal force meaning. The following responses of monolin-
gual Arabic students exemplify the responses reflecting this meaning: “There
is no force on the rock because the rock will break if you throw it; it is not
very strong because it is small;” “There is no force on the balloon because it
will pop, and it is light;” “There is force on the big rock because it is big and
strong and no one can move it;” “There is force on the small rock because it is
heavy and strong.”

Monolingual English and bilingual children mostly adopted mixed mean-
ings. For instance, when asked about stationary objects being pushed by
a human agent, a child who was categorized as adopting mixed meanings
said, “There is no force on the rock because the man cannot move it,” which
attributes force to motion reflecting the acquired force meaning; in another
question of the same set he said, “There is no force on the big balloon because it
may fly,” where motion meant lack of force which reflects the internal affected
by movement meaning; when asked about the small balloon, his answer was
“There is no force on the small balloon because it is light, and the man can push
it,” again reflecting the internal force affected by movement meaning; but when
asked a comparison question about stationary objects on the top of the hill, the
same child answered, “there is force only on the rock on the top of the hill/
pointed edge because it will go down” attributing force once more to motion,
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reverting back to the acquired force meaning. When a coherent meaning was
used by the children monolingual in English or bilingual in Arabic and English,
it was typically the acquired force meaning. Those children provided responses
such as “There is force on the rock because it is moving,” “There is no force on
the rock because it is so heavy and no one can move it,” and “There is force on
the balloon because it can fly.”

Table 7 presents the frequencies and percentages of participants across
the three language groups found to use coherent or mixed meanings of
force across all the question sets in the questionnaire overall. In this
analysis, each individual child’s responses across all sets of questions
were categorized into a coherent meaning if a student exhibited one of
the meanings of force suggested by Ioannides and Vosniadou (2002) or
a coherent combination as explained earlier. The children were categor-
ized as adopting a mixed meaning if they gave answers indicating incom-
patible combination of two or more of the seven meanings across all sets.
The results of the overall chi-square and post-hoc tests show that the
groups differed significantly. Specifically, many more of the children in
the monolingual Arabic group (77.2%) displayed coherence compared to
the children in the monolingual English group (22.2%), and with an
intermediate percentage of bilingual children displaying coher-
ence (41.5%).

In addition to the chi-square tests, bivariate and multivariate logistic
regressions were done to confirm the direction of the effect of language.
Taking the monolingual English group as a reference, bivariate logistic
regression analyses showed that being bilingual in Arabic and English sig-
nificantly increased the chances of having a coherent meaning (unadjusted:

Table 7. Frequencies and percentages of children adopting coherent vs. mixed mean-
ings of force overall (across all question sets) compared by language group (n = 185).

Overall Coherence

P-value®
Mixed Coherent Total Asymptomatic  Montecarlo Significance
Language f (%) f (%) f (%) Significance (2-sided) (95%Cl)
ME 49(77.8) € 14(22.2) € 63(100) .000** 0.000%*(0.000-0.000)
BAE 38(58.5) 27(41.5) 65(100)
MA 13(22.8) € 44(77.2) € 57(100)
Total 100(54.1) 85(45.9) 185(100)
Chi-squared 37.194
value
Cramer’s V 0.448
**p <.001.

ap-value derived from overall chi-squared test.

£Significance derived from post-hoc test, significant at the Bonferroni adjusted p-value of .008.
All significant values are bolded.

Percentages are within language.

ME = Monolingual English; BAE = Bilingual Arabic/English; MA=Monolingual Arabic.
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by 2.49 times, p=.021; adjusted: 2.75 times, p=.013) and that being
a monolingual Arabic speaker also increased the chances of having coherent
meaning (unadjusted: by 11.85 times, p =.000; adjusted: by 15.03 times, p
=.000). When taking the bilingual group as a reference, the results showed
that being monolingual in English decreases the chances of having a coherent
meaning (unadjusted: by 0.4 times; p =.021; adjusted: by 0.36 times, p
=.0135) and that being a monolingual Arabic speaker increases the chance
of having a coherent meaning (unadjusted: by 4.76 times, p =.000; adjusted:
by 5.47 times, p =.000). Thus, the most striking finding is that being
a monolingual Arabic speaker greatly increased the chances of having
a coherent meaning compared to being monolingual in English or bilingual
in English and Arabic.

Besides the bivariate logistic regression, a multivariate logistic regression
was also used to check whether the variables of gender and grade level
contributed to the differences. The reference categories were the monolin-
gual English sample in the language variable, the Grade One sample in the
grade variable, and females in the gender variable. Gender showed no
significant effect in either the adjusted or the unadjusted multivariate regres-
sions. The results of the effect of grade level will be presented in the next
section addressing the second research question.

Finally, to evaluate the possible effect of the confounding variable of chil-
dren’s cultural experiences (independent of language) two sets of chi-square tests
were conducted to examine the possible effects of nationality or school within
each language group on the coherence of children’s conception of force.
Nationality had no significant effect on the degree of coherence within any of
the language groups (monolingual Arabic: p = .66; monolingual English: p = .45;
bilingual Arabic/English: p =.12). Similarly, school had no significant effect on
the degree of coherence within any of the language groups (monolingual Arabic:
p = 44; monolingual English: p = .27; bilingual Arabic/English: p =.095).

In sum, the results of these analyses answer the first research question. We
can conclude that the language profile of the participating children affected
the degree of coherence of the conceptions of force held by elementary
students residing in KSA. Many monolingual Arabic speakers exhibited
coherent force meanings; few monolingual English speakers exhibited such
coherence; and bilingual Arabic/English speakers demonstrated an inter-
mediate degree of coherence. Figure 1 summarizes these differences and
the patterns of results obtained. Results for each grade level are also included.
Grade level trends will be addressed next.
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Figure 1. The percentage of children exhibiting coherent versus mixed meanings for
each language group distributed over grade levels (n = 185).

Research question two: Patterns of change in the coherence of the
meanings of force across grades in each language context

In order to answer the second research question, all the data regarding
coherence analyzed at the question set level and at the overall level
initially collapsed by grade was disaggregated to examine how the coher-
ence of students’ conceptions of force changed across the three grade
levels (one, three and five) within the three different language contexts.
Table 8 presents the frequencies and percentages of children at different
grade levels in each language context categorized as using a coherent or
mixed meaning across the questionnaire as a whole. The results of the
chi-square tests show no significant effect of grade level, overall or within
each language group.

Table 9 shows a more detailed picture, presenting the results of the chi-
square tests done to determine the effect of grade level within each of the
three language groups for each question set separately. The results reveal
minimal significant effects of grade across question sets. In the monolingual
English group, a significant effect of grade was found for Set 2-simple
questions. Children in Grade One displayed less coherence than children
in Grade Three and Five in this question set. In the bilingual group,
a significant effect of grade was found for Set 3-simple questions. Here,
children in Grade One also displayed less coherence than those in Grades
Three and Five in this question set. There was no significant effect of grade
for any of the question sets in the monolingual Arabic group.
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In conclusion, while there were no significant differences in the number of
children displaying coherence overall across grade levels within each lan-
guage group there are trends in the findings. This is illustrated in Figure 2
which shows that there is an increase in coherence in the monolingual
English and bilingual groups from Grade One to Three to Five, but
a decrease of coherence in the monolingual Arabic group.

40
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Grade 1 Grade3 Grade5 Total Gradel Grade3 Grade5 Total Gradel Grade3 Grade5 Total Gradel Grade3 Grade5 Total

Percentage (coherent vs. mixed)
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m coherent mixed

ME=Monolingual English; MA=Monolingual Arabic; BAE=Bilingual Arabic/English

Figure 2. The percentage of children exhibiting coherent versus mixed meanings for
each grade level distributed over language group (n = 185).

Discussion

In this section, we begin with a discussion of the results, situating them in
relation to previous studies reporting the degree of coherence of children’s
conceptions of force exhibited in different contexts. We then discuss the
theoretical implications of our results for research on conceptual change
more broadly. Next, we consider the limitations of our study and point to
directions for future research. We conclude with a discussion of novel
pedagogical implications that emerge from this study.

Discussion of results

As introduced earlier, this study was motivated by the different results
reported by Ioannides and Vosniadou (2002) and diSessa et al. (2004). It
is also a follow-up to a series of studies conducted by Clark and colleagues
(Clark et al., 2011, 2014; Ozdemir & Clark, 2009) investigating the factors
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that might explain these differences, such as methodology and character-
istics of the student populations studied. This prior research concluded
that differences in methodology are insufficient to explain different find-
ings across studies and has suggested that characteristics of the student
population are likely to be relevant. The purpose of this study was to
investigate whether language could be an important population variable
impacting the coherence of learners’ conceptions of force.

The results of the study reported here show that children in the Kingdom
of Saudi Arabia (collapsing over distinct language groups) exhibit an inter-
mediate degree of coherence in their conceptions of force compared to the
children studied in Greece by Ioannides and Vosniadou’s (2002) and those
studied in the USA by diSessa et al’s (2004). In our study, only 42% of
children in Grade One, 46.9% of children in Grade Three, and 48.4% of
children in Grade Five exhibited a coherent conceptualization of force across
all question sets. This resembles the findings of the studies conducted by
Clark and colleagues in Turkey (Clark et al., 2014; Ozdemir & Clark, 2009),
and in the United Stated, Mexico, Philippines, Turkey, and China (Clark
et al,, 2011). When looking at the evolution of all students’ conceptions over
the elementary years (again, collapsing over language groups), our results
show a slight trend toward increased coherence as students get exposed to
science instruction at school. This is also in line with the results of the follow-
up studies conducted by Clark and colleagues.

Although the results show intermediate coherence when collapsing over
language, when considering each language group separately significant dif-
ferences emerged. The results showed that the coherence of children’s con-
ceptions of force differed as a function of their language profile. Most of the
children monolingual in Arabic (77.2%) were found to have consistently
used one (or a coherent combination) of the meanings of force. The children
monolingual in English showed the least coherence, with only 22.2% of the
students in this group demonstrating coherent patterns of responses across
the questionnaire items. The bilingual group exhibited an intermediate
degree of coherence (41.5%). The findings showed statistically significant
differences in the number of children displaying coherence across the three
different language groups, supporting the hypothesis that language is
a population variable that impacts the coherence of children’s conceptions
of force. The findings for the monolingual Arabic group resembled those of
the Greek sample studied by Ioannides and Vosniadou (2002), while the
results of the monolingual English group resembled those of the sample from
the USA studied by diSessa et al. (2004). Moreover, the results of the
bilingual group were similar to the follow-up studies conducted by Clark
and colleagues in Turkey, Philippines, China, Mexico and the United States
(Clark et al., 2011, 2014; Ozdemir & Clark, 2009). It is worth noting that
a number of the populations studied by Clark and colleagues were bi/
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multilingual; indeed, the use of English or Spanish in addition to the stu-
dents’ home language was explicitly noted regarding students in the
Philippines and Mexico (Clark et al., 2011).

In this study, when speaking in Arabic, the children frequently referred
to the presence of “quwwa” (strength/power) when referring to the prop-
erty of a big or heavy object and the ability to cause an effect on another
object and the absence of “quwwa” when they were referring to the
inability to destroy something, the inability to make something move or
make noise. The children used phrases like “he has no force (quwwa) to
push the small rock; he is very weak;” “The man has enough force
(quwwa) to smash anything.” For many of the children who were mono-
lingual in Arabic, objects that did not move resisted a push because they
were “qawy” (strong/powerful); conversely, an object moved if it was not
“qawy.” Indeed, it was rare for a child to use the construction “X has force
(quwwa);” more common was the use of the adjective and refer to some-
thing being (or not) “qawy.” In sum, “quwwa” was treated as a property
of an entity and was rarely construed as a substance like entity possessed
by it.

We suggest that the fact that a large percentage of the subsample of
children who were monolingual in Arabic provided consistent responses
across interview items reflects the narrow range of language-based construals
associated with the noun “quwwa” in Arabic—i.e., where the meaning
strength/power dominates. This seems to have encouraged many of the
children in this group to consistently invoke an internal meaning of force
across the interview items. The consistency of responses decreased slightly
with age; the additional meaning that began to appear was gravitational force
reflecting the introduction of this idea through instruction. It is also worth
noting that the gravitational force meaning appeared in the responses of
Arabic-speaking children earlier than the English-speaking group. The word
for gravitation in Arabic is “aljazibiyah” which shares the same root with the
Arabic world for pull/attract (“jazaba”). Moreover, children encounter the
word quite early in the context of using magnets, so that the concept of an
entity with an inner ability to attract something toward it is familiar early.

In contrast, the subsample that was monolingual in English, entertained
a much wider range of meanings of force across the different interview items.
The monolingual English children used phrases such as the following:

“There is force only on the thrown rock because the man put force on it.”
“There is no force on the one on the ground because no one is touching it.”
“There is force because gravity is forcing the rock to stay on the ground.”
“There is no force because it does not seem that it is forced to roll anywhere;
the rock is just standing on the ground.”

“There is no force on the rock because the man does not have enough force to
push it.”
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“The man threw it hard; it must have a lot of force to travel.”

“There is force because you put way more force into it if it doesn’t move.”
“There is force only on the falling one because he is throwing it with a lot of
power.”

“There is more force on the unbalanced rock because it takes a lot of force to
keep it balanced.”

“The rock on the pointy bit is more likely to get force because it is easier to fall
oft.”

We suggest that this reflects the wider range of conventional meanings
associated with the word “force” in English. In this group, the degree of
consistency increased slightly with age, plausibly as an effect of formal
instruction on the concept of force.

An intermediate percentage of children in the Arabic-English bilin-
gual group demonstrated coherence. This is consistent with the line of
interpretation we are offering to contrast the Arabic and English-
speaking children. Since the core meaning of “quwwa” in Arabic is
a subset of the meanings associated with those in English usage, bilin-
gual children (possibly with less fluency in English when compared to
monolingual English speakers) might have an intermediate range of
meanings associated with the word “force” in their repertoire. It is
interesting to note that the bilingual children exhibited a clear trend
toward greater consistency compared to the children who were mono-
lingual in English.

We conclude, therefore, that our results and the patterns of findings in
previous studies support the hypothesis that the differences in meanings asso-
ciated conventionally with the term “force” and the lexical items treated as
equivalent in the languages of the populations studied (such as “quwwa” in
Arabic and “dynamis” in Greek) affect the degree of coherence identified across
language contexts. Given this language effect, it is interesting that the range of
conceptions of force first identified in Ioannides and Vosniadou’s (2002)
original study has not needed modification in subsequent studies. Given our
suggestion that “dynamis,” like “quwwa,” is conventionally associated with
a narrower range of meanings as compared to “force” we might have expected
that a coding scheme developed in the Greek context would have needed
expansion in an English-speaking context. Instead, what we are finding is that
the range of meanings of force exhibited by students across different language
contexts (in our study and those of others) are similar but with different
meaning profiles across groups (for those classified as exhibiting coherent as
well as mixed meanings). In our view, this similar range reflects both a common
rich base of conceptual resources available to all children as well as the gradual
influence of instruction introducing new meanings. We suggest that the varia-
tion across language contexts that we are seeing is, at least in part, the result of
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the influence of language on the specific patterns of activation of these
resources. We turn now to the broader implications of this study.

Implications for research on conceptual change

We address here the theoretical and methodological implications of this
study for research on conceptual change. We start by noting that the
theoretical perspectives that have been presented in the literature to interpret
results on children’s conceptions of force do not provide a way of concep-
tualizing the effects of language on these conceptions. In this paper, we put
forward a theoretical perspective on conceptual development in the early
years that does offer such an account. We assume that children do possess
early developing (and possibly innate) core concepts of agent, mechanical
object, and number that support and constrain subsequent conceptual devel-
opment. In this, we share loannides and Vosniadou’s (2002) commitment to
the existence of skeletal (framework) theories within which conceptual
development takes place. However, we assume that through their sensori-
motor interactions with the world children form many image schemas which
can themselves be constrained by early skeletal theories/core concepts. They
also form perceptual representations of shape, size, felt weight etc. That is, we
accept that p-prim-like knowledge structures are formed but that these might
be constrained by core concepts. Conceptual categories that develop early in
childhood are built out of these representations. Furthermore, we believe
evidence has shown that language can shape conceptual representation, but
this must be demonstrated on a case-by-case basis. As outlined in the
Introduction, we conceptualize this effect of language on conceptualization
in light of the recognition that language is perspectival and that the phenom-
enon of lexical polysemy means that more than one conceptual category can
be conventionally associated with the same lexical item. We hypothesized
that differences in the conventional meanings associated with “force” in
English and “quwwa” in Arabic and the wider polysemous meaning profile
of “force” in English affect the meanings of force formed by children learning
these languages. But we suggest that this is a weak language effect. While
Arabic speaking children might predominantly associate the notion of
strength/power with the word “quwwa,” this does not mean that they do
not possess core concepts of agent and mechanical object and the causal
notions associated with them and image schemata of pushes and pulls.
Indeed, activation of these knowledge elements is reflected in children’s
responses in this study. The lexical item “quwwa” picks out a narrow range
of force-related representations. In contrast, English speaking children
develop a polysemous understanding of “force,” associating the word force
conventionally with a wider range of preverbal force-related representations.
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We believe that the results of this study provide support for this theoretical
perspective.

Our theoretical perspective, therefore, is broader than the framework
theory and knowledge-in-pieces perspectives, accepting the existence of
knowledge structures appealed to in both of these theoretical perspectives
and also adding an account of how language interacts with preverbal knowl-
edge structures. The question of “coherence” needs to be recast from the
perspective we offer, however. We suggest that the studies that have been
conducted on children’s conceptions of force need to be seen as verbal tasks.
That is, they invite children to invoke meanings conventionally associated
with the key lexical item “force/quwwa/dynamis.” These meanings are asso-
ciated with a range of different perspectives on what is otherwise a stable
conceptual understanding of the movement and stability of inanimate
objects and the interactions of animate agents with these objects. Children
have a core concept of an animate agent that can engage in goal-directed
action; they have a core concept of inanimate mechanical object that is
understood in terms of solidity and contact causality; they form schemata
of pushing, pulling and lifting involving agents interacting with inanimate
objects to produce results; they appreciate that larger and heavier objects are
harder to move than smaller and lighter objects; and they expect that moving
objects can be harder to control and can have more of an impact on objects
they collide with. But the developing meanings of words like “force,”
“quwwa” and “dynamis” will vary, and indeed for cases of rich polysemy
(like the English word “force”) we can expect uses that might seem contra-
dictory. Learning the scientific concept of force from this perspective will
involve constructing a new conceptual structure but also learning to use the
word “force” consistently, as a technical term, in the ways that scientists use
the term. This is likely to require the development of metalinguistic aware-
ness of the use of technical terms in science.

This account has implications for methods of research on conceptual
change and how we interpret our results. As we pointed out in the introduc-
tion, research on the effects of language on conceptual development has
recognized that these effects can be exhibited by virtue of the use of language
as a tool for thought (Gelman & Roberts, 2018). The core task presented to
children in the studies on their developing conceptions of force presented
here is verbal. We ask children “Is there a force on X?” or “Is there more force
on X or Y?” Children’s interpretation of the question and their responses will
be shaped by the conventional meanings associated with the lexical item used
in the language of the population studied. This might seem like
a fundamental methodological limitation. One might ask, are we then not
investigating children’s conceptual understanding but rather a linguistic phe-
nomenon? The distinction between conceptual understanding and language
is really a false dichotomy, however. Our perspective on conceptual
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development assumes that conceptual development and language develop-
ment are intertwined. Learning to adopt the perspectives associated with
lexical items can shape conceptual development. Moreover, learning to adopt
the perspectives associated with technical terms is an important aspect of
science concept learning. A methodological implication of this theoretical
stance is that we must view the tasks we use in conceptual change studies as
verbal tasks and to see changes in language use as a feature of the phenom-
enon we are studying.

Limitations of this study and implications for future research

A number of limitations of this study must be acknowledged and these point
to the need for future research that would build on the results reported here.
First, the relatively small sample size—although comparable to prior studies
on this topic—warrants caution in generalization, and further confirmation
of our findings would be appropriate.

Second, we’d like to consider the possible effect of culture on our
results. The objective of this study was to test the hypothesis that
language is a population variable that impacts the coherence of chil-
dren’s developing conceptions of force. Specifically, we hypothesized
that semantic differences between Arabic and English would impact
the extent to which children who are speakers of these languages
would display coherent conceptions of force. The study was conducted
in a context where it was possible to identify three different language
groups—children who are monolingual in Arabic, monolingual in
English and bilingual in Arabic and English—while attempting to con-
trol other variables. To eliminate confounding variables, we made every
effort to recruit children with similar socioeconomic backgrounds and
cultural exposure as pointed out in the methodology section. Chi-square
analysis within language groups revealed no effect of nationality or
school attended. However, since the nationality and school profile of
each language group did differ, we cannot fully eliminate culture as
a confounding variable. In order to include children with differing
language profiles in this study, it was inevitable to introduce cultural
differences in the study that would be difficult to control. A majority of
the children who were monolingual in Arabic were Saudi Arabian, but
some were nationals of other Arab countries. The majority of the
children who were monolingual in English were British nationals with
a few from other English-speaking nations. Therefore, cultural differ-
ences across these groups could have impacted our results. The difficulty
of eliminating such differences and isolating distinct effects of language
and culture on thought is often noted (see Imai et al., 2016; Taverna
et al., 2014). Imai et al. (2016) argue that overcoming these difficulties
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will require greater precision in what we mean by “culture” and “lan-
guage” and how they are interrelated and these must inform our
research designs and interpretation of results. We understand “cultural
differences” to refer to a heterogenous constellation of more specific
variables including beliefs, practices, and language. That is, we see this
study as examining language, understood as a specific cultural variable.
Moreover, since we view language as a perspectival system (Tomasello,
1999), it is intimately intertwined with the way people come to under-
stand the world. Other variables such as beliefs, including the beliefs of
parents about the experiences they would like their children to have, and
practices, such as the kinds of home and preschool activities that
children participate in, could potentially translate into variations in the
conceptions of the world that children form (e.g., the image schemas
they develop through interacting with objects in their environment). We
acknowledge that such variations could potentially lead to variations on
conceptions of force. However, given the nature of the schools and
communities from which the participating children were recruited, we
are unable to formulate specific hypotheses about experiences that could
lead to systematic variation in conceptions of force. This possibility
must be left open for future research to uncover.

Third, we have not unpacked in detail the knowledge elements (core
concepts, image schemas, p-prims, beliefs etc.) activated by the children as
they responded to the questions presented to them in the structured inter-
view. This was not the main purpose of this study which focused on the
specific issue of the degree of conceptual coherence rather than on the
content of children’s conceptions per se, and how these conceptions are
activated. But, we do assume, given the theoretical perspective we have
articulated, that many knowledge elements are conventionally associated
with the word “force” or “quwwa” and with other linguistic forms and
grammatical constructions. A more detailed qualitative analysis of children’s
responses could deepen our understanding of the relationship between
language use and children’s conceptions of force. More specifically, it
could deepen our characterization of what is stable in children’s conceptions
of force, what might vary with context, and how language might interact with
these aspects of children’s conceptualization across the different situations
addressed in the questionnaire. We plan to address these issues in follow-up
research.

Fourth, our claims about the impact of language on the coherence of
children’s early scientific conceptions are limited to the concept of force
which was the focus of this study. We do not claim that this impact would
necessarily be identified in other domains. Our discussion of the semantics of
the use of the word “force” in English and “quwwa” in Arabic indicates
differences in the range of construals associated with these words across the
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two languages. Our findings suggest that these differences have impacted
children’s conceptions of force. As we argued above, these sorts of effects
have to be investigated empirically in each domain on a case-by-case basis
(see e.g., Anggoro et al., 2008 on semantic effects on developing conceptions
of living things). However, the framework we offer provides a way to
formulate plausible hypotheses about the effects of semantic differences,
including differences in the meaning profile of polysemous lexical items.
Based on our own familiarity with Arabic and English, another candidate for
semantic effects on developing scientific concepts in the early years includes
the concept of heat and the closely related concept of temperature in every-
day understanding. Future work in this and possibly other domains could
reveal similar language effects to those reported here.

Finally, an area of research that has been neglected is conceptual change in
bilingual or multilingual settings. This study showed that children who were
bilingual in Arabic and English demonstrated significantly different levels of
coherence when compared to monolingual children and they differed in the
pattern of change over the age groups studied. Our proposed interpretation
of the fact that bilinguals in this study were intermediate between Arabic and
English speakers in degree of coherence was that the construals associated
with “quwwa” in Arabic were a subset of those associated with the English
“force.” But this might play out differently in different multilingual settings.
Further research needs to examine this question across a range of bi/multi-
lingual contexts.

Pedagogical implications

We conclude this paper with some brief reflections on the pedagogical
implications of our findings and the theoretical perspective we put forward.
First, it has often been pointed out that one challenge to science concept
learning is the use of the same word in everyday and scientific contexts.
Words like “force” (as well as “energy,” “heat” and “temperature”) bring their
everyday meanings to formal instructional settings, which confuse learners
when the difference between the everyday meaning and the meaning of the
scientific term is not made explicit (e.g., Wiser & Amin, 2001). The findings
of this study suggest that in the case of “force” (or “quwwa”) the everyday
meanings can differ across languages, so teachers need to be aware of the
subtleties of the different construals associated with everyday terms in the
language of instruction taking into consideration the special case of bilin-
guals. Indeed, the specific implications of everyday meanings for learning
a scientific concept may differ. In the case of the Newtonian concept of force,
we suggest that some of the meanings associated with the English word
“force” are closer to Newtonian force than “quwwa” in Arabic. In some of
its uses, “force” is used as a relation between objects (as in “he forced clothes
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into the suitcase;” “the force he exerted to close the suitcase”). Of course, this
is an asymmetric relation between the agent and patient and Newtonian
force is a symmetric relation; but it is a relation. In Arabic, as discussed
above, “quwwa’” is a property of an object, arguably creating a greater obstacle
to understanding Newtonian force. This discussion of the difference in
pedagogical significance across the languages studied here is speculative
but suggestive. Further research will be needed to evaluate this hypothesis.

Second, this study suggests that languages might not only differ in
the construals associated with everyday terms, but in the number and
range of these construals. In cases where terms are associated with
multiple construals, it might be particularly important to alert learners
to these multiple uses and emphasize the importance of being consis-
tent in the use of a term in a scientific context. Indeed, even university
level students can have limited appreciation of the importance of using
a scientific term in a consistent way across contexts (diSessa et al,,
2003). All learners will need to develop a metalinguistic appreciation
that scientific terms are used with particular meanings and these
meanings need to be used consistently. But the narrow range of
construals in Arabic might suggest that this poses a lesser challenge
to Arabic speakers in this particular domain.

Third, the implications for instruction in bi/multilingual settings need to
be noted. In many contexts around the world, children learn science in
a language that is not their mother tongue and this is quite common across
the Arab region (Amin, 2009b). This could mean that learners will not be
sensitive to the subtleties of linguistic construals in everyday and scientific
language (when this is a foreign language). This can be both a hindrance and
a help: a hindrance because awareness of subtle differences in construal
might be necessary to avoid various misconceptions; but it could also be
a help if nonnative speakers do not pick up on potentially interfering
construals.

Conclusions

In sum, we suggest that this study provides evidence that language is
a population variable that impacts the coherence of young learners’ con-
ceptions in the domain of force. In light of previous studies on children’s
developing conceptions of force, our study suggests that contrasting find-
ings might well be due to language differences. Further research is needed
to confirm this hypothesis and examine the extent to which such influ-
ences might exist in other domains. As discussed, we don’t see these
results as leading to general conclusions about the debate between the
framework theory and the knowledge-in-pieces account of conceptual
change. Instead, we put forward an integrative theoretical perspective
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that assumes that a range of knowledge elements—ranging from core
(possibly innate) concepts, image schemas, p-prims, language-based con-
struals, beliefs—will be selectively activated in different domains and with
different tasks and that these specifics will impact the extent to which
coherence will be discerned in learners’ responses across contexts. With
regards to the pedagogical implications of these findings, we suggest that
conceptual change instruction will need to attend to specific semantic
differences across language contexts because these might impact student
learning in different ways.
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