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CHAPTER ONE
ORIENTATION AND OVERVIEW

1.1 INTRODUCTION

“Sometimes the questions are complicated but the answers are simple” - Dr. Seuss

It is estimated that as many as one out of one hundred children in the United States and South
Africa are affected by prenatal alcohol exposure (Olsen et al., 2009). The effects from prenatal
alcohol exposure are associated with congenital physical and neurological abnormalities that
cause a range of developmental disabilities and learning difficulties (Jones & Smith, 1973;
Bertrand et al., 2004). The prevalence of Fetal Alcohol Spectrum Disorders (FASD) including the
clinical diagnoses of Fetal Alcohol Syndrome (FAS) and Partial Fetal Alcohol Syndrome (pFAS)
is similar to other developmental disorders such as Fragile X, and Spina Bifida (Bertrand et al.,
2004; Shin et al.,, 2010).Though the pervasiveness of FASD is comparable to other
developmental disabilities, minimal research has been conducted into specific academic deficits

and interventions for children affected by prenatal alcohol exposure (Bertrand, 2009).

The neurological impairments associated with the effects from prenatal alcohol exposure may
cause secondary learning disabilities (Howell, Lynch, Platzman, Smith, & Coles, 2006; Kable &
Coles, 2004a). Deficient encoding of visual information, decreased processing speed, and
weaknesses retaining information in working memory are related to the effects from gestational
alcohol exposure (Mattson, Calareco, & Lang, 2006; Howell et al., 2006; Burden, Jacobson,
Sokol, & Jacobson, 2005; Willford, Richardson, Leech, & Day, 2004; Jacobson & Jacobson,
2002; Matteson & Roebuck, 2002; Koditkuwakku, Kalberg, & May, 2001; Uecker & Nadel, 1996).
Often children affected by prenatal alcohol exposure exhibit deficits in one or more of these
areas that cause problems learning mathematics (Howell, et al., 2006). Yet, children with FAS
are able to make gains in their overall mathematic achievement scores after receiving
instructional interventions (Kable, Coles, & Taddeo, 2007; Coles, Kable, & Taddeo, 2009;
Bertrand, 2009). The studies show that children with FAS respond to interventions but they do

not indicate how the children constructed understanding to change their learning.



Gestures are an integral aspect of communication and thought (Streeck, 2009). Gestures assist
with integration of spatial information into a format that can be represented in language
(Hostetter, Alibali, & Kita, 2007; Kita, 2000; Streeck, 2009). Studies have shown that children
use gestures to sustain attention while counting object and to maintain information in working
memory to compute problems (Cook, Mitchell, & Goldin-Meadow, 2008; Carlson, Avraamides,
Cary, & Strasberg, 2007; Flevares & Perry, 2001).

Observing children’s gestures provides insight as to how children formulate a concept or learn
strategies to solve a problem. Perry, Breckinridge Church, and Goldin-Meadow (1988)
conducted a study investigating children’s coordination of gestures and speech while learning
the concept of equivalence. The authors suggested that children who present the same
message in gesture and speech exhibit a stable understanding of a concept. Transitions in
thoughts are indicated when gestures and speech do not contain the same message. Perry et
al. inferred that mismatched messages presented in gesture and speech signified that children
activated more than one idea. Once knowledge has been transformed and stabilized, children’s
gestures and speech again present a similar message. The observation of children’s gestures

provides a glimpse into transitions of thoughts.

Studies investigating gesture use by children with developmental disabilities, such as Williams
syndrome and Down syndrome, have shown the use of gestures support concept formation,
organizing thoughts, and word retrieval (Caselli, Vicari, Logobardi, Lami, Pizzoli, & Stella, 1998;
Bello, Capirci, & Volterra, 2004; Evans, Alibali, & McNeil, 2001). Though studies have examined
the coordinated use of speech and gestures by children with Williams syndrome, Down
syndrome and language disorders, little to no research has been conducted into the use of

gestures by children affected by prenatal alcohol exposure (Millians, Coles, & Michener, 2007).

This study examines how children with FAS learn a concept in a noted academic area of
weakness. Specifically, the study investigates whether the information gathered from the
observations of coordinate speech and gestures give insight as to how children with FAS
construct knowledge during the learning process. This information may enable teachers to

intervene to prevent inaccuracies in learning.

Chapter one provides an overview of this dissertation. The chapter presents the study's

paradigm, the statement of the problem, the research questions and hypotheses, and the



delimitations of the study. The terms used throughout the study are defined in this chapter. Also,
the chapter also provides a summary of the study’s theoretical foundations, procedures to collect
the data, and the methods used to analyze the information. The chapter concludes with an

outline of subsequent chapters.

1.2 STUDY PARADIGM

As will be discussed later in this chapter, the aims of the study are to gather information about
how children with FAS construct understanding of a concept in mathematics, an identified area
of academic weakness, to inquire whether children with FAS use of gestures facilitate learning,
and to gain insight into ways to develop effective instructional interventions (Howell et al., 2006;
Kable & Coles, 2004a).

To investigate learning and the use of gestures by children with FAS, an empirical approach that
is derived from a positivist paradigm is selected as the basis for the study (Breedo, 2006; Kelly,
2006). Empirical studies rely upon the generation of hypotheses to guide the investigation, the
use of direct or indirect observations to gather data, and the application of statistical methods to
analyze the data (Kelly, 2006). Empirical studies based upon a positivist paradigm implement
controls to limit confounding factors in order to determine the associations among events or
situations as inferred through the statistical analysis (Kelly, 2006). Given the experimental
designs and level of controls, the findings from empirical studies are considered to be valid

representations of the constructs examined (Mertens & McLaughlin, 2004).

The next section presents the problem that is to be examined in this study.

1.3 STATEMENT OF THE PROBLEM

Children with FAS exhibit compromised cognitive functioning and deficits in mathematics (Kable
et al., 2007, Kable & Coles, 2004a). However, there is limited research regarding how children
with  FAS construct their understanding of mathematical concepts. Given the cognitive
impairments associated with prenatal alcohol exposure, it is feasible for children with FAS to

exhibit a minimal use of representative gestures while learning mathematics (Kable & Coles,



2004a; Kita, 2000; McNeill, 1992; Alibali & Goldin-Meadow, 1993). A minimal use of coordinated
speech and gesture may limit integration of spatio-motoric and linguistic information to form and
apply new concepts to solve problems may contribute to the difficulties experienced by many
children with FAS learning mathematics (Alibali, 2005; Kita, 2000; Streeck, 2009; Kable et al.,
2007; Rassmussen & Bizanz, 2009).

This study investigates whether children affected by prenatal alcohol exposure use coordinated
gesture and speech to facilitate learning the mathematical concept of equivalence, a
rudimentary mathematical concept (Knuth, Stephens, McNeil, & Alibali, 2006; Seo & Ginsburg,
2003). The findings may provide information about the viability of gesture analysis to assess how
child with FAS construct the understanding of a specific mathematical concept. The information
gathered from the study may suggest ways to devise instructional interventions that can be
implemented during teaching to prevent learning problems (Rasmussen & Bisanz, 2009;
Bertrand, 2009; Kable et al., 2007).

The aims of the study are presented in the next section.

1.4 AIMS OF THE STUDY

The aims of the study are threefold and are discussed below.

1.4.1 Aim One

Brain imagining studies suggest that abnormalities in the corpus callosum and in the parietal
region are associated with the effects from prenatal alcohol exposure. Also, brain imaging
studies have shown the loss of white matter integrity is linked to the effects from gestational
alcohol exposure (Wozniak & Muetzel, 2011; Santhanam, Li, Coles, & Lynch, 2010).
Abnormalities of the corpus callosum and white matter degradation are associated with
problems integrating verbal and visual information and decreased processing speed (Wozniak &
Muetzel, 2011). Furthermore, studies have shown that abnormalities to the parietal region of the
brain caused by prenatal alcohol exposure impair the abilities to determine number magnitude
and to estimate amounts (Meintjes et al., 2010; Jacobson; Jacobson, Dodge, Burden, Klorman,
& Jacobson, 2011).



Due to the cognitive impairments associated with prenatal alcohol exposure, children with FAS
experience problems with learning, especially in mathematics. Studies have shown that children
with FAS demonstrate lower scores on mathematical achievement tests when compared to

peers matched by age and intellectual abilities (Howell et al., 2006).

Though studies have shown that children with FAS exhibit weaknesses in numerical processing
as a result of the compromises to cognitive processes, limited research has investigated how
children with FAS construct their understanding of mathematics (Bertrand, 2009; Kable et al.,
2007). Therefore, the first aim of this study is to investigate how children affected by prenatal
alcohol exposure construct their understanding of a mathematical concept. Investigation into
how children with FAS construct knowledge of a mathematical concept is conducted through the

systematic observation of their gesture use.

1.4.2 Aim Two

Research has shown that children use gestures to integrate verbal and visuo-spatial information
to form concepts (Alibali & Goldin-Meadow, 1993; Perry et al., 1988; Kita, 2000). Studies
indicate that observing children's use of gestures provides insight into their level of
understanding a mathematical concept and their readiness for instruction (Alibali & Goldin-
Meadow, 1993; Perry et al., 1998). Also, studies have shown that children with and without
developmental disabilities use gestures to support different functions that include expressing
ideas and to facilitate integration of information (Caselli et al., 1998; Bello, Capirci, & Volterra,
2004). However, research has not identified a consistent pattern of gesture use among children
with genetic disorders or developmental disabilities, including children affected by prenatal

alcohol exposure (Millians et al., 2007).

Based upon a review of the literature, there is limited research into the use of gestures by
children affected by prenatal alcohol exposure (Millians et al., 2007). Therefore, the second aim
of this study is to investigate whether gestures used by children with FAS are influential in their

learning and communicating about their understanding of a mathematical concept.



1.4.3 Aim Three

Studies have shown that children affected by prenatal alcohol exposure exhibit deficits in
mathematics (Koditkuwakku, 2009). Research has shown that children are able to make gains in
mathematics when provided interventions that address the underlying learning deficit (Kable et
al. 2007; Coles, et al., 2009). However, the studies did not provide information as to how
children with FAS transition information to create new knowledge and to support learning
(Karmiloff-Smith, 1992; Kable et al., 2007). Therefore, the third aim of this study is to contribute
to the understanding of the cognitive processes and the difficulties in mathematics experienced
by children affected by prenatal alcohol exposure. The information from the study is to contribute
to the development of instructional interventions needed to address the mathematical deficits in
a population that has had minimal consideration in the literature (Bertrand, 2009; Koditkuwakku,
2009).

The aims of the study are explored through the research questions and hypotheses that are

discussed in the next sections.

1.5 STUDY QUESTIONS

The primary question, the two sub-questions, and the supportive rationale are discussed in this

section.

151 Primary question

Often children affected by prenatal alcohol exposure demonstrated deficits in numerical
processing and low scores on mathematical achievement tests (Jacobson et al., 2011; Howell et
al., 2006; Santhanam, et al., 2010). Based upon the literature, the primary study question
considers whether children with FAS may show a difference in learning the concept of
equivalence as compared to children whose development was reported to be unremarkable.

Based upon the noted deficits in mathematics, the primary question inquired:

o Will children affected by prenatal alcohol exposure demonstrate a poorer understanding

of equivalence as compared to children without a clinical diagnosis?



1.5.2 Two sub-questions

During the learning process, children are asked to explain their understanding of a concept.
Studies have shown that children with and without developmental disabilities use gestures to
explain their ideas and to facilitate the learning of a mathematical concept (Caselli et al., 1998;
Evans, Alibali, & McNeil, 2001; Alibali & Goldin-Meadow, 1993; Perry et al., 1988; Kita, 2000).
Studies have indicated that children with FAS exhibit difficulties in mathematic but make
academic gains when provided interventions such as those presented through the Math
Interactive Learning Experience (MILE) program (Kable et al., 2007; Coles et al., 2009; Bertrand,
2009). However, the research does not examine the specific changes in how children construct
understanding in mathematics. The two sub-questions for this study inquire whether children
with FAS use gestures to support the learning of the mathematical concept of equivalence in

order to investigate how they learn. The questions are stated below.

o Do children affected by prenatal alcohol exposure use fewer conceptual gestures to
explain their understanding of equivalence as compared to children without a clinical

diagnosis?

o Will there be a correlation between the types of gestures used and the outcomes on the

mathematics post-test?

The hypotheses derived from the study's questions are presented in the next section.

1.6 HYPOTHESES

Based upon the primary question and the two sub-questions, three hypotheses are examined in

this study and stated below.

o (Hy) Children in the Alcohol Exposed group will have lower scores on the pre-test and the
post-test than the Non-exposed group. Previous research has noted that children with
FAS exhibit processing deficits that impede mathematics learning (Burden, Jacobson, &
Jacobson, 2005; Howell et al., 2006). The use of a pre-test and post-test design is to

assess the children’s overall learning as shown by a traditional paper-and-pencil task.



16.1

(H2) Children in the Alcohol Exposed group will exhibit a lower number of conceptual
gestures as compared to the Non-exposed group. Given the deficits in encoding,
processing, and integrating verbal and visual information, it is likely that children with
prenatal alcohol exposure will use fewer conceptual gestures to support concept and to
explain their ideas (Hostetter, Alibali, & Kita, 2007; Kita, 2000; Willford et al., 2004;
Mattson & Roebuck, 2002).

(Hs) Children who demonstrate fewer conceptual gestures will score lower on the
mathematics post-test. This hypothesis is based upon prior research that suggests that a
limited use of gesture to integrate information would indicate a static mind set or weak
conceptual understanding of a mathematical concept (Alibali & Goldin-Meadow, 1993;
Perry et al., 1988; Karmiloff-Smith, 1992).

Exploratory analysis

Other factors, such as age and intellectual function, may contribute to the use of gestures while

learning a mathematical concept. Studies have suggested that decreases in the use of gestures

occur in relation to increases in age and linguistic knowledge (Stefaninis, Bello, Caselli, Iverson,

& Volterra, 2009). To investigate whether age and/or cognitive abilities are associated with

gesturing and learning, two exploratory questions are examined:

Are there relationships between age, 1Q, and the use of conceptual, operational, and

total number of gestures?

Are age, 1Q, and the use of conceptual gestures associated and predictive of children’s

learning of equivalence?

The possible factors that may limit generalization of the findings from this study are presented in

the next section.



1.7 DELIMITATIONS

There are factors that restrict the generalization of the findings to a larger population of children
with FAS.

1) The sample for this exploratory study is small and targets a specific age range. A study
with a larger sample size needs to be conducted to determine if gesture use is an
effective method to assess how children affected by prenatal alcohol exposure learn

mathematics across grade and age levels.

2) It is possible that the findings from the study may reflect global intellectual deficits that

are unrelated to the effects from prenatal alcohol exposure.

3) The participants in the study are between the ages of 8.0 and 12.9 years old. However,
one participant turned 13.0 before completing the post-test. Given the age span of the
participants, the results may reflect age-related differences in the participants’ learning of

equivalence.

4) It is possible that the results may be influenced by variations in the quality of
mathematics instruction received by the participants. For example, over-exposure to
common arithmetic problem formats (e.g. 5 + 3 = 8) may interfere with children’s
awareness of changes in problem features when presented novel problems (McNeil &
Alibali, 2004; McNeil & Alibali, 2005; McNeil, Grandau, Knuth, Alibali, Stephens,
Hattikudur, & Krill, 2006).

5) The study investigates the use of gesture to assess the learning of equivalence in
children and may not be applicable to other mathematic topics, such as learning about
fractions (Donovan, Bransford, et al., 2004).

6) The study implements a quasi-experimental design with the participants grouped
according to their diagnosis of FAS, pFAS, or no clinical diagnosis. The results may
reflect bias due to the assignment of the groups by diagnosis and not randomly assighed

to an intervention group (Shadish & Luellen, 2006).
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Though there are constraints to this study, the findings may provide information about
processing patterns that affect mathematics understanding in children with an alcohol related
diagnosis. The outcomes may provide information about the usefulness of gesture analysis to
assess mathematics learning in children with an alcohol related diagnosis. Information gathered
from this study may pinpoint areas for future research exploring mathematical interventions for
children with FAS.

1.8 DEFINITION OF TERMS

The terms used throughout this dissertation include Fetal Alcohol Spectrum Disorders (FASD),
Fetal Alcohol Syndrome (FAS), Partial Fetal Alcohol Syndrome (pFAS), working memory and
encoding, visual-spatial processing, mathematic concept of equivalence, mathematic procedure
and operation, mathematic equation, gestures, conceptual gestures, and operational gestures

are defined in this section.

1.8.1 Fetal alcohol spectrum disorders, fetal alcohol syndrome, and partial

fetal alcohol syndrome

Multiple terms are used to describe the effects from prenatal alcohol exposure (Bertrand, Floyd,
& Weber, 2005). Fetal Alcohol Spectrum Disorders (FASD) is a general term used to encompass
the range of effects associated with prenatal alcohol exposure (Bertrand, Floyd, & Weber, 2005).
FASD incorporates the medical diagnosis of Fetal Alcohol Syndrome (FAS) and Partial Fetal
Alcohol Syndrome (pFAS). It is important to note that “FASD is not a diagnostic category and
should be used only when referring to the collection of diagnostic terms resulting from prenatal

alcohol exposure” (Bertrand, Floyd, & Weber, 2005, p. 2).

Fetal Alcohol Syndrome (FAS) and Partial Fetal Alcohol Syndrome (pFAS) indicate that
individuals have met the criteria to receive a medical diagnosis. A diagnosis of Fetal Alcohol
Syndrome (FAS) “is given if evidence of alcohol related dysmorphia, growth deficiencies
currently or at birth, and cognitive impairments not related to post-natal injury or other medical
conditions are present” (Bertrand et al., 2004, p. vii;). A diagnosis of FAS may be given without

documentation of maternal alcohol use during pregnancy if significant alcohol related facial
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dysmorphia, growth deficiencies, and damage to the central nervous system are present and

cannot be explained by other medical causes (Bertrand et al., 2004).

To receive a diagnosis of Partial Fetal Alcohol Syndrome (pFAS), individuals are required to
have documented evidence of prenatal alcohol exposure, and dysmorphia, and exhibit either
physical or neurological impairments that cannot be explained by other medical conditions
(Kable & Coles, 2004a).

1.8.2 Working memory, encoding, and processing

Children affected by prenatal alcohol exposure may exhibit impairments with efficient intake and
processing of information needed to complete tasks. Research has suggested that weaknesses
with encoding impede the manipulation of information in the working memory system (Burden,
Jacobson, & Jacobson, 2005; Kodituwakku et al., 2001).

Working memory is defined as the mental workplace where information is manipulated and
maintained for additional encoding and processing (Baddeley, 2002; Gathercole, Pickering,
Abridge, & Wearing, 2004).

Encoding is the representation and transformation of information to be used for processing or
storage in memory (Willford, et al., 2004; Mattson & Roebuck, 2002; Mattson, Calarco, & Lang,
2006).

Processing refers to the speed to attend, encode, manipulate, and respond to presented stimuli
(Burden, Jacobson, & Jacobson, 2005).

1.8.3 Visual-spatial processing

The cognitive effects from prenatal alcohol exposure include weaknesses with processing visual-
spatial information (Uecker & Nadel, 1996). Visual-spatial processing is defined as the ability to
manipulate mental representations for additional processing, use, or storage in memory
(Cornoldi & Vecchi, 2003).
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1.8.4 Mathematical concept of equivalence

Mathematic concepts are defined as the foundational ideas needed to perform operations, to
select procedures, and to apply strategies. Concepts provide the scaffolding to learn complex
mathematics (Kilpatrick, Swafford, & Findell, 2001). Equivalence is an underlying concept
needed for algebraic thinking and advanced mathematics. Equivalence, as defined in this study,
means the “the same as” and indicates a similar relationship between numbers separated by the
equal sign (Seo & Ginsburg, 2003, p.161; Kieran, 1981; Knuth, Stephens, McNeil, & Alibali,
2006).

1.85 Mathematical equation and procedure

A mathematical equation is defined as “any mathematical statement that uses the equal sign to
indicate that two mathematical expressions are (or defined to be) equivalent” (McNeil & Alibali,
2005, p. 883; Nichols & Schwartz, 1999).

A mathematical procedure is defined as the sequence of steps used to solve problems (Rittle-
Johnson, Siegler, & Alibali, 2001; Rittle-Johnson & Alibali, 1999). A mathematical operation is
the “act upon one or more numbers” to produce an answer (Nichols & Schwartz, 1999, p. 266;
McNeil & Alibali, 2005).

1.8.6 Gestures, conceptual gestures, and operational gestures

The gestures considered for this study are hand, arm, and shoulder movements that co-occur
with speech to express information. Gestures can be classified according to the type of
information they present. For example, representative gestures are movements used to indicate
an event, an idea, or an object closely related to the message conveyed in speech. For
example, a person may lower a hand to describe climbing down a ladder (McNeill, 1992; Alibali,
Kita, & Young, 2000; Kita, 2000).

This study will analyze children’s use of conceptual gestures and operational gestures to explain
equivalence. A conceptual gesture of equivalence is defined as hand and/or arm movements
that represent the similar relationship between numbers on each side of the equals sign (McNeil
& Alibali, 2005; Alibali, Garber, & Goldin-Meadow, 1993).
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An operational gesture is defined as hand and/or arm movements that reflect the action and/or
the procedure used to change a number without representing the understanding of equivalence.
For example, children pointing to each mathematical equation and stopping after the equals sign
to give an answer does not indicate that the values on each side of the equal sign are the same
or equivalent (Alibali & Meadow, 1993; McNeil & Alibali, 2005).

The next section provides a brief review of the literature.

1.9 LITERATURE REVIEW

A brief summary of the literature that is the basis for this study is presented in this section. A
comprehensive review of the literature on FAS and gestures are found in chapters two and three

of this dissertation.

19.1 Fetal alcohol syndrome

Jones and Smith (1973) conceived the term Fetal Alcohol Syndrome (FAS) in the early 1970s to
define the effects caused by prenatal alcohol exposure. In the mid-1990s the Institute of
Medicine (IOM) outlined the diagnostic criteria to assist medical professionals in accurately
diagnosing the effects caused by gestational alcohol exposure (Stratton, Howe, & Battaglia,
1996). In 2004, the Centers for Disease Control and Prevention (CDC) in collaboration with the
National Center on Birth Defects and Developmental Disabilities, the Department of Health and
Human Services, and the National Task Force on Fetal Alcohol Syndrome and Fetal Alcohol

Effect updated and published guidelines for referral and diagnosis.

The CDC estimated that FAS occurs between 0.2 to 1.5 cases per 1,000 births in the United
States (Bertrand et al., 2004, p. 2). In South Africa, the prevalence of Fetal Alcohol Spectrum
Disorders (FASD) and FAS, pFAS, as well as children affected by prenatal alcohol exposure but
who do not exhibit physical features is estimated to be approximately 72.3 out of 1,000 births
(May et al., 2009, p.188). The prevalence rate of FAS in the United States and in South Africa is
comparable to the rates of more commonly known developmental disabilities such as Spina
Bifida or Fragile X (Bertrand, Floyd, & Weber, 2005, p. 2). Shin et al. (2010) reported the

approximated prevalence rate of children and adolescents in ten regions of the United States
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including Georgia, Arkansas, California, Colorado, lowa, New York, North Carolina, Utah,
Oklahoma, and Texas, to be 3.1 cases per 10,000 children (p.274). Studies have suggested that
the estimated of prevalence of males with Fragile X to be 1 in 4,000 and the estimated
prevalence of females to be 1 in 5,000 - 8,000 (Hill, Archibald, Cohen, & Metcalfe, 2010, p. 396).
Again, the prevalence rate of children with FAS and FASD is similar to or higher than the rate of
children with other developmental disabilities yet there is minimal consideration in the literature
regarding interventions for children affected by prenatal alcohol exposure (Bertrand et al., 2004;
Hill et al., 2010; Bertrand, 2009).

The effects from prenatal alcohol exposure vary according to the individual. This is due to the
amount and duration of alcohol consumed by the biological mother during pregnancy (Kable &
Coles, 2004a). Also, the age and prior number of the pregnancies of the biological mother
contribute to the severity of the neurological and physical abnormalities associated with the

effects from gestational alcohol exposure (Kable & Coles, 2004a; Bertrand et al., 2004).

The cognitive impairments associated with the effects from prenatal alcohol exposure interfere
with learning mathematics. Studies have indicated that children and adolescents with FAS
exhibit deficits in mathematics as shown by their performance on achievement tests (Howell et
al., 2006; Coles, Kable, Drews-Botsch, & Falek, 2000). Kopera-Frye, Dehaene, and Streissguth
(1996) found that students with FAS showed weaknesses in number estimation as compared to
a control group of non-exposed peers. Coles, Kable, Drews-Botsch, and Falek (2000) noted
specific deficits in early mathematics skills related to understanding number concepts in a
heterogeneous sample of preschool children. Studies have suggested that children with FAS
struggle to retain and to manipulate information to complete an arithmetic task (Burden,
Jacobson, Sokol, & Jacobson, 2005). Also, the noted deficits in processing visual-spatial
information and encoding interfere with mathematics, especially in the areas of geometry,
solving word problems, interpreting symbols, and estimation (Geary, 2004; Hegarty &
Kozgevnikov, 1999). Chapter two of the dissertation discusses in depth the diagnostic criteria,
the prevalence, and the range of cognitive and learning impairments associated with the effects

from prenatal alcohol exposure.

Research has suggested that children use gestures to assist with concept formation and
integration of information especially in mathematics. The next section discusses how gestures

are used to support learning mathematics.
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1.9.2 Gestures and learning

Gestures are defined as visible body actions that are a component of an utterance and are used
to convey information to a listener or to support the processing of spatial and linguistic
information (Kendon, 2004; McNeill, 1992; Kita, 2000). These movements co-occur with speech
and are used to integrate information, to emphasize relevant information, and to draw attention

to specific locations (Langton & Bruce, 2000; Kita, 2000).

Often in a classroom, instructors and students use gestures during mathematics instruction to
convey visual-spatial information that cannot easily be verbalized (Goldin-Meadow, Kim, &
Singer, 1999; Alibali, 2005). During instruction, teachers and children use gestures to link
verbalizations with the mental representations to express ideas (Goldin-Meadow, 1999; Goldin-
Meadow, Kim, & Singer, 1999; Breckinridge Church & Goldin-Meadow, 1986; Goldin-Meadow,
2000).

Children’s use of gestures reveal thought processes that are not yet coded into language.
Goldin-Meadow, Alibali, and Breckinridge Church (1993) suggested that co-occurrence of
gesture and speech presented “an observable, and interpretable, index of the child’s conceptual
knowledge, and thus provide a mechanism by which adults can calibrate their input to a child’s
current level of understanding” (p.295). Attention to children’s gesturing, specifically gesture-
speech mismatches that denote transitions in children’s conceptual understanding, provide
insight into the readiness for instruction (Broaders, Cook, Mitchell, & Goldin-Meadow, 2007;
Perry et al., 1988; Alibali & Goldin-Meadow, 1993).

Children’s use of gestures varies according to difference in spatial abilities, the cognitive
demands of an activity, and their knowledge of a topic (Alibali, 2005: Erlich, Levine, & Goldin-
Meadow, 2006; Wagner, Nusbaum, & Goldin-Meadow, 2004). Children with developmental
disabilities are found to use gestures to support different cognitive functions. The next section

discusses the use of gestures by children with developmental disabilities.

1.9.3 Gestures and children with developmental disabilities

The use of gestures has been examined in children with developmental disabilities such as

Williams syndrome and Down syndrome. Studies have shown the gesture use vary according to
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the cognitive impairments associated with the different development disabilities (Bello, Caprici, &
Volterra, 2004; Caselli et al., 1998; Stefaninis, Caselli; & Volterra, 2007).

Gesture use has been investigated in children with Williams syndrome, a genetic disorder
caused by a microdeletion on chromosome 7 at 7q11.23 (Laing et al., 2002; Vicari, Bellucci, &
Carlesimo, 2003). The chromosomal deletion causes an uneven developmental profile and in
many cases mental retardation. Also, weaknesses in visual-spatial processing, inefficient word
retrieval, and difficulties with cognitive planning are associated with the effects from Williams
syndrome (Liang et al., 2002; Jarrold, Baddeley, & Hewes, 1998). The cognitive impairments
associated with Williams syndrome are similar to those attributed to the effects from prenatal
alcohol exposure. For example, as observed in children with FAS, often children with Williams
syndrome display a relative strength in naming vocabulary in contrast to their understanding of

abstract linguistic concepts (Bello et al., 2004; Kable & Coles, 2004a).

In a study exploring lexical organization, word retrieval, and naming accuracy accompanied by
the use of gesture in children with Williams syndrome, Bello, Capirici, and Volterra (2004) found
that children with Williams syndrome and age-matched peers have similar lexical abilities. Their
findings showed that children with Williams syndrome were slower at retrieving object names as
compared to the unimpaired control group. Additionally, Bello et al. discovered that children with
Williams syndrome used gestures more than the control group to facilitate word retrieval, to

recall of spatial information, and to access categorical information.

Children with Down syndrome exhibit a different pattern of gesturing as compared to children
with Williams syndrome. Down syndrome is a genetic disorder caused by trisomy on
chromosome 21. Studies examining gesture use in children with Down syndrome have found an
increase of gesturing to express ideas as compared to typically developing children. The results
from a study conducted by Caselli, Vicari, Longobardi, Lami, Pizzoli, and Stella (1998) indicated
that children with Down syndrome showed an increase in their gesture use when cognitive
demands interfered with their abilities to verbalize their thoughts. Casseli et al. suggested that
children with Down syndrome increased their gesturing when conveying symbolic information,
actions, and imaginative or transformative messages. The authors concluded that the increase
of gesture use to facilitate verbal production was due to articulation difficulties associated with
Down syndrome. Unlike children with Williams syndrome who used gestures to access lexical

information, children with Down syndrome used gestures to support the expression of
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conceptual information (Bello et al., 2004; Caselli et al., 1998; Stefaninis, Caselli, & Volterra,
2007).

Similar to children with Williams syndrome, children with FAS show relative strengths in
functional communication, such as naming items or expressing a want or need (Kable & Coles,
2004). Hamilton (1981) conducted a study to investigate the linguistic abilities in children with
FAS during social exchanges. The study compared the language performance of children with
FAS to children diagnosed with Prader-Willi, a genetic disorder caused by an alteration on
chromosome 15. The alteration on chromosome 15 causes mental retardation and physical
abnormalities. The FAS group and the Prader-Willi group were compared to a control group of
typically developing children. Hamilton’s findings showed minimal differences in syntax, single-

word identification, and generation of requests and comments among the children in the groups.

Hamilton (1981) suggested that children with FAS produced language more efficiently than the
Prader-Willi group yet used simplified language as compared to the control group. Hamilton
stated that children with FAS exhibited appropriate turn taking during interpersonal exchanges.
But, the children with FAS had difficulties maintaining the stream of conversation and were
observed to give verbal responses disconnected from the topic. The author noted that children
with FAS appeared to misinterpret the underlying messages of the conversation (Hamilton,
1981). It was not clear if the misinterpretations by the children with FAS were related to
difficulties understanding body language, facial expressions, and/or possible deficits in speed of
processing the information.

In a case study, Millians, Coles, and Michener (2007) found no difference in the number of
gestures used during communication exchanges in a child with FAS, as compared to a child with
Attention Deficit Hyperactivity Disorder (ADHD) and a child without a clinical diagnosis. Unlike
the child with ADHD and the child without a clinical diagnosis, the child with FAS did not use
representative gestures when expressing spatial or nonverbal information (Millians et al., 2007).
The findings suggested that there was a difference in the use of representative gestures by the
child with FAS. The outcomes from the case study cannot be generalized, but the findings
provided a starting point to conduct a systematic study into use of gestures by children with FAS

to support thinking and communication.
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In summary, gesture use has been investigated in typically developing children and in children
with developmental disabilities. The coordinated use of gesture and speech has been shown to
support cognitive organization and word retrieval in children with Williams syndrome (Liang et al,
2002; Jarrold et al., 1998). Gestures were found to assist concept formation and expression of
thoughts in children with Down syndrome (Bello et al., 2004; Caselli et al., 1998; Stefaninis et
al., 2007). However, a general pattern of gesture use by children with developmental disabilities

has not been identified.

Given the multiple functions of gestures to facilitate concept formation and communication, this
study is to contribute to the understanding of the use of gestures to support learning in a
population that has had minimal consideration in the literature (Ryan & Ferguson, 2006). A
discussion of the use of gestures by children with and without medical or developmental

disabilities is presented in chapter three.

An overview of the study design and procedures are presented in the next section.

1.10 OVERVIEW OF STUDY DESIGN

This exploratory study is to investigate the gesture use by children with FAS while learning the
mathematical concept of equivalence. The study implements a microgenetic approach within a
quasi-experimental design to examine the gesture use in children with FAS as compared to a
control group. This section presents an overview of the study design and procedures. A further

discussion of the study design and procedures is presented in chapter four.

1.10.1 Theoretical foundations for the study design

As stated previously, the aims of the study is to examine how children with FAS construct their
understanding of the mathematical concept of equivalence through their use of coordinated
speech and gestures to demonstrate the changes in thought patterns (Alibali & Goldin-Meadow,
1993; Goldin-Meadow, Kim, & Singer, 1999). Because the changes of children's learning of
equivalence are to be examined, a developmental perspective within an empirical study design
is selected for this investigation. Developmental research examines changes in behavior of

children, adolescents, and adults over a time span (Ho, O'Farrell, Hong, & You, 2006; Karmiloff-
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Smith, 1992). There are different types methods used in developmental research to examine

change in behaviors over time and include microgenetic studies (Ho et al., 2006; Chinn, 2006).

A microgenetic study, also referred to in the literature as a microdevelopmental study,
investigates the changes during the learning process until mastery of the concept or skill is
reached (Siegler, 2006). Constant observations are recorded during a defined time period. The
information from the observations is analyzed to infer how changes in learning occurred (Siegler,
2006; Granott & Parziale, 2002).

Because gestures are observed to examine how children with FAS construct the understanding
of equivalence during a defined time period, a microgenetic approach is considered to be the
appropriate method to identify the transitions and changes in learning. The microgenetic
approach provides opportunities to investigate the transitions in thought processes while

learning a narrowly defined skill (Chinn, 2006).

Previous studies have used a microgenetic framework to investigate children’s use of gestures
while learning the concept of equivalence. Perry, Breckinridge Church, and Goldin-Meadow
(1988) and Alibali and Goldin-Meadow (1993) investigated children’s gesture use to formulate
concepts and to transition thoughts as they learned how to solve equivalent problems. The
studies used gesture observation to determine children’s level of understanding during the
learning process (Alibali & Goldin-Meadow, 2002). Therefore, this study is based upon the
previous research conducted by Perry et al. and Alibli and Goldin-Meadow (1993).These studies
applied aspects of a micogenetic approach to investigate children’s use of gestures while
learning about equivalence and are similar in their objectives and procedures to this study (Perry
et al., 1988; Alibali & Goldin-Meadow, 1993).

The following sections discuss the study procedures and statistical methods used for data

analysis.
1.10.2 Study procedures
Procedures for this study require each participant 1) to complete an equivalence pretest; 2) to

view an instructional video on equivalence; 3) to solve and explain a series of equivalent

problems presented in the formats discussed during the video; and 4) to complete a post-test
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one week after the pre-test and video. The participants’ explanations are video-taped,
transcribed, and coded. The gesture and speech coding procedure is based on the methods
used in previous studies investigating children’s use of gestures while learning equivalence
(McNeill, 1992; Alibali & Goldin-Meadow, 1993; Perry et al., 1988).

The speech and gesture units are categorized as either presenting a conceptual understanding
of equivalence or presenting an operational interpretation of the equals sign (McNeil & Alibali,
2004; McNeil & Alibali, 2005; Hostetter, Alibali, & Kita, 2007). The gesture units for each
category are counted for analysis. The validity and reliability of the pre-test, the post-test, and

the gesture coding protocol are discussed in chapters four and five.

1.11 STATISTICAL METHODS

The data is analyzed using inferential statistics. The computer software SPSS version 17 is used

to complete the analysis.

1.11.1 Primary study question and hypothesis one

Hypothesis one states that children in the Alcohol Exposed group will have lower scores on the
pre-test and the post-test as compared to the children in the Non-exposed group. Independent
samples t tests are conducted to compare whether there are differences between the pre-test
and the post-test scores between the two groups. Additionally, paired samples t tests are used
to investigate if there were changes between the pre-test and the post-test (alpha=.05) for each
group (Gravetter & Wallnau, 2007).

1.11.2 Second study question and hypothesis two

Hypothesis two states that children in the Alcohol Exposed will exhibit a lower number of
conceptual gestures as compared to the Non-exposed group. The gesture observations do not
fit within a normal distribution therefore the data is analyzed using the non-parametric, chi-
square test of independence (alpha=.05) (Gravetter & Wallnau, 2007). The effect size of the

difference is calculated using odds ratio.
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1.11.3 Third study question and hypothesis three

Hypothesis three states that children who demonstrate few conceptual gestures will score lower
on the mathematics post-test. Pearson correlations (alpha=.05) are conducted to investigate
whether there are relationships between the use of conceptual gestures and the outcomes on
the post-test (Gravetter & Wallnau, 2007).

1.11.4 Exploratory analysis

An exploratory analysis is conducted to investigate whether age and intellectual functioning
represented by intellectual quotients (IQ) are associated with gesture use and with the outcomes
on the post-test. Pearson correlations (alpha=.05) are conducted to examine if age and/or 1Q
area related to the scores on the post-test for each group and for the total sample (Gravetter &
Wallnau, 2007). Lastly, a multiple regression analysis is conducted to examine if conceptual
gestures, age, and/or IQ predict the learning of the mathematical conceptual of equivalence
(Gravetter & Wallnau, 2007).

The results from the data analysis are presented in chapter five. Chapter six, the final chapter of
the dissertation, discusses the results from the statistical analysis in relation to the current

literature on FAS, gestures, and learning.

A summary of chapter one is presented in the next section.

1.12 SUMMARY OF CHAPTER ONE

A synopsis of the relevant points from chapter one is presented below.

1) Studies have shown that the prevalence of FAS in the United States and in South Africa
is similar to or higher than the prevalence of other developmental disabilities, however,
there is a paucity of information regarding specific learning problems and interventions to
address the educational needs of children affected by prenatal alcohol exposure
(Bertrand et al., 2004; May et al., 2009; Hill et al., 2010; Bertrand, 2009: Kodituwakku &
Kodituwakku, 2011).
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Children affected by prenatal alcohol exposure exhibit physical abnormalities and
cognitive impairments (Kodituwakku, 2009; Kable & Coles, 2004a). The cognitive
impairments associated with the effects from gestational alcohol exposure range from
decreased intellectual functioning to deficits in specific cognitive functions. Deficits in
cognitive functioning including slow speed of processing, inefficient integration of verbal
and visual information, problems manipulating visuo-spatial information, and deficits with
processing numerical information are associated with the effects from prenatal alcohol
exposure (Kodituwakku, 2009; Jacobson et al., 2011). Additionally, deficits in the areas
of working memory and executive functioning are noted in children affected by prenatal
alcohol exposure (Burden, Jacobson, & Jacobson, 2005; Kodituwakku, 2009). Deficits in
these cognitive processes contribute to secondary learning difficulties, most notably in
mathematics, experienced by children with FAS (Howell et al., 2006). A discussion of the
abnormalities in the brain structures, the compromises to cognitive functioning, and the
deficits in mathematics related to the effects from prenatal alcohol exposure is presented

in chapter two.

Studies have shown that children with and without developmental disabilities use
gestures to integrate verbal and visual information, to assist with concept formation, and
to their expression of thoughts (Bello et al., 2004; Caselli et al., 1998; Stefaninis et al.,
2007). Research investigating gesture use by children with developmental disabilities
focused on children with Down syndrome, Wiliams syndrome, developmental
coordination disorders, and speech and language impairments, however, there is
minimal research investigating the influence of gestures on the cognitive processes of
children affected by prenatal alcohol exposure (Stefaninis et al., 2007; Bello et al., 2004;
Caselli et al., 1998; Evans et al., 2001; Millians et al., 2007). According to a review of the
literature for this dissertation a common pattern of gesture use by children with
developmental disabilities has not been identified (Stefaninis et al., 2007). The use of

gestures by children with developmental disorders is discussed in chapter three.

Children use of gestures while learning the mathematical concept of equivalence to
support the integration of information and transitions of previously learned information to
form new knowledge (Alibali & Goldin-Meadow, 1993; Perry et al.,1988; Karmiloff-Smith,
1992). Also, studies suggest that children's use of gestures while learning provides a

glimpse into their readiness to learn a new concept (Goldin-Meadow, Kim, & Singer,
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1999). A discussion of the children's use of gestures while learning mathematics is

presented in chapter three.

As stated in throughout this dissertation, children with FAS exhibit cognitive impairments
that cause secondary learning problems (Kable & Coles, 2004a). Though deficits in
mathematics are considered to be a core feature of FAS, few studies have examined
how children with FAS construct their understanding of mathematics (Jacobson et al.,
2011; Kodituwakku, 2009; Kable et al.,2007). The aims of this study are to investigate
how children with FAS learn a mathematical concept as facilitated by their use of
gestures. First, the study is to extend to the understanding of the mathematical deficits
associated with prenatal alcohol exposure by examining how children affected by
prenatal alcohol exposure learn the rudimentary mathematical concept of equivalence.
Second, the study is to investigate whether children with FAS use gestures to facilitate
their understanding of the concept of equivalence. The information gathered from the
gesture observation is to contribute to the understanding of the cognitive processes of
children affected by prenatal alcohol exposure. Third, the information from the study is to
guide the development of effective instructional interventions for children with FAS who
often exhibit academic problems in mathematics (Howell et al., 2006).

The study follows a model of human developmental research that evaluates changes in
children, adolescents, and/or adults over a designed time period (Ho et al., 2006). The
study implements a microgenetic method that allows researchers to examine subtle
transitions in learning until a skill has been mastered through systematic observations
(Siegler, 2006). To determine how children with FAS construct their understanding of
equivalence, systematic observations of their gesture use occurs. The children's
gestures are coded, quantified, and analyzed using inferential statistics. Since this study
uses systematic observations over a defined time period to assess changes in learning a
specific skill, a microgenetic framework is considered to be the appropriate method to
conduct this study (Chinn, 2006; Alibali & Goldin-Meadow, 2002). Chapter four presents

a discussion of design methods that are used to conduct this study.

This empirical study uses a quasi-experimental design that assigns participants to groups
according to their diagnosis of FAS, pFAS, or no clinical diagnosis. The participants in

each group are matched by age, intellectual functioning, and exposure to similar quality
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of education to control for factors that may influence learning. Three study questions,
related hypotheses, and an exploratory analysis are investigated in this study. The study
design, procedures, and inferential statistic methods used to analyze the data are
presented in chapter four. The results from the statistical analysis are presented in

chapter five.

There are limitations to this study that may influence generalization to the larger
population. The study is a needs analysis to explore if gestures are a viable method to
investigate how children with FAS learn the concept of equivalence therefore the sample
size is small and possibly does not reflect the larger population of children affected by
prenatal alcohol exposures. Because the study is quasi-experimental, the participants
are assigned to groups based upon having a diagnosis of FAS/pFAS or no clinical
diagnosis and therefore the findings may reflect group bias. Also, due to the study's
investigation of a single mathematical concept, the findings may not be able to be
discussed in relation to other mathematical domains. Nevertheless, the study
investigates the learning difficulties of a prevalent population in the United States and
South Africa that has had minimal consideration in the literature (Bertrand, 2009).

The division of the chapters of the dissertation is presented in the next section.

1.13 CHAPTER DIVISIONS

This dissertation is comprised of six chapters that are described below:

Chapter One: Overview and Orientation provides a brief summary of the study including
a brief discussion of the study’s rationale, definition of terms, a brief review of the

literature, and an overview of the study design and procedures.

Chapter Two: Fetal Alcohol Syndrome discusses the diagnostic criteria, the prevalence,
and the neurological impairments associated with the effects from prenatal alcohol

exposure.
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Chapter Three: Gestures and Learning discusses the relevant studies on gesture use in
children with and without developmental disabilities and the importance of gesture use

while leaning mathematics.

Chapter Four: Design of the Study discusses the procedures, the procedures used to

collect the data and the methods selected for the statistical analysis of the data.

Chapter Five: Data Analysis and Interpretation presents the results from the statistical

analysis and discusses the findings in relation to the study’s questions and hypotheses.

Chapter Six: Conclusions and Recommendations summarize the importance of
investigating gesture use of children affected by prenatal alcohol exposure in relation to
learning a mathematical concept. Also, the chapter provides information on ways to
apply gesture analysis to guide the developmental of educational interventions for

children affected by prenatal alcohol exposure.
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CHAPTER TWO
FETAL ALCOHOL SYNDROME

2.1 INTRODUCTION

More than thirty years of research has shown that gestational alcohol exposure may cause
cognitive impairments and physical alterations to a developing fetus (Jones & Smith, 1973;
Bertrand, et all., 2005; Manning & Hoyme, 2007). Despite the evidence of compromises to
physical and cognitive development, significant prenatal alcohol exposure continues to be a
pervasive cause of birth defects, cognitive impairments, and learning problems (Kodituwakku,
2009; Kable & Coles, 2004a; Jacobson & Jacobson, 2002; Rasmussen & Bisanz, 2009). This
chapter presents an overview of the diagnostic criteria for Fetal Alcohol Syndrome (FAS) and the
prevalence of children affected by prenatal alcohol exposure in the United States and South
Africa. The chapter also discusses the cognitive deficits associated with prenatal alcohol

exposure that is considered to impede the learning of mathematics.

2.2 DIAGNOSIS OF FETAL ALCOHOL SYNDROME

In 1973, Kenneth Jones and David Smith indicated a pattern of growth deficiencies, dysmorphia,
and alterations to the brain structure associated with significant intrauterine alcohol exposure.
The authors based their premise upon information found in the historical record and from the
results of their studies of infants born to alcoholic mothers (Abel, 2006). Jones and Smith (1973,
p. 999) termed the disorder “Fetal Alcohol Syndrome” and established the groundwork for further

investigation into the effects, diagnosis, and treatment of the disorder.
221 Guidelines for diagnosis of fetal alcohol syndrome
Subsequently, numerous studies have investigated the effects from prenatal alcohol exposure

on physical and cognitive development (Abel, 2006). Studies have shown that significant

prenatal exposure may cause growth deficiencies and changes to facial features or dysmorphia.
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Dysmorphia is defined as abnormalities in the shape or form of human features “caused by

genetics or other prenatal influences” (Accardo & Whiteman, 2002, p. 130).

Additionally, significant exposure to alcohol during gestation may compromise the development
of the central nervous system. Compromises to the central nervous system may be exhibited by
microcephaly, an abnormally small head circumference that suggests reduced brain volume,
damage to specific structures of the brain, and/or deficits in cognitive functioning (Accardo &
Whiteman, 2002; Bertrand et al., 2004; Kable & Coles, 2004a; Koditiwakku, 2009).

The cognitive impairments associated with the effects from prenatal alcohol exposure range
from global intellectual impairments to specific processing deficits such as decreased processing
speed, problems with encoding, and/or inefficient integration of verbal and visual information
(Kable & Coles, 2004a; Chasnoff, Wells, Telford, Schmidt, & Messer, 2010; Burden et al., 2009;
Kodituwakku, 2009).

Though numerous studies have shown that significant prenatal alcohol exposure may cause a
spectrum of physical and neurodevelopmental deficits, researchers continue to debate the
threshold of prenatal alcohol exposure that causes physical abnormalities and brain damage as
well as the criteria for an FAS diagnosis (Abel, 2006; Bertrand et al., 2005). This resulted in a
lack of uniformity in diagnostic procedures that confound the findings from studies investigating
prevalence rates and outcomes from treatment studies (Urban et al., 2008). Attempts have been

made to develop consistency in the diagnostic procedures when evaluating for FAS.

In 1996, the Institute of Medicine (IOM) developed guidelines in an attempt to establish
consistency in diagnosing FAS (Stratton et al., 1996). The IOM identified four criteria to consider
when evaluating for FAS: 1) dysmorphia, 2) growth retardation, 3) central nervous system
damage, and 4) documented history of maternal alcohol consumption during pregnhancy
(Bertrand et al., 2004; Stratton et al., 1996). Researchers determined that the IOM guidelines
lacked specificity regarding the dysmorphic features, the growth delays, and the cognitive
impairments associated with the effects from prenatal alcohol exposure (Bertrand et al., 2004;
Bertrand et al., 2005; Stratton et al., 1996). Yet, the IOM guidelines provided a starting point for
clinicians and researchers to refine the diagnostic criteria.
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In 2002, the United States Congress mandated the Centers for Disease Control and Prevention
(CDC) to develop explicit diagnostic criteria to assess disorders related to prenatal alcohol
exposure, to disseminate the information to medical practitioners, and to incorporate the
information into the curriculum for medical students (Bertrand et al., 2005). The CDC formed a
Scientific Working Group comprised of clinicians and researchers knowledgeable in the effects
from prenatal alcohol exposure from federal agencies, research institutions, and non-
governmental organizations. The Scientific Working Group and the National Task Force on Fetal
Alcohol Syndrome and Fetal Alcohol Effects updated the IOM guidelines by specifying the
physical and cognitive features needed to a diagnosis of FAS or pFAS (Bertrand et al., 2005).
The CDC published the updated guidelines in 2004.

2.2.2 Criteria for diagnosing fetal alcohol syndrome

According to the 2004 guidelines, three facial abnormalities or dysmorphic features need to be
present: 1) a smooth philtrum, 2) a thin vermillion border of upper lip, and 3) shortened palpebral
fissures (Astley, 2004; Manning & Hoyme, 2007). In addition to changes to the philtrum and the
vermillion border, evidence of shortened palepbral fissures or eye openings, measured below
the 10" percentile as compared to the national average, need to be present (Bertrand et al.,
2004). The presence of dysmporphic features is determined according to racial norms (Bertrand,
et al., 2005). Figure 1 provides an example of the common dysmorphic facial features found in
children with FAS.

Figure 1: Example of Facial Dysmorphia Associated with FAS. Reprinted by permission of the
Maternal Substance Abuse and Child Development Program, Emory University,

School of Medicine, Atlanta, Georgia.
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The 2004 diagnostic guidelines suggested that evidence of prenatal and/or postnatal growth
delays need to be confirmed. Delays in growth are shown by height, weight or both measured at
or below the national 10™ percentile and adjusted for gestational age, current age, gender, as

well as for race and ethnicity (Bertrand et al., 2004, p. vii; Bertrand et al., 2005).

In addition to dysmorphia and growth deficiencies, evidence of central nervous system
abnormalities need to be present. Anomalies in the central nervous system may be exhibited by
changes in the brain structure, neurological problems, and/or functional deficits (Bertrand et al.,
2004; Bertrand et al.,, 2005). Structural abnormalities may be exhibited by a small head
circumference or microcephaly measured below the 10™ percentile when adjusted for age and
gender. Compromises to the central nervous system may be detected through the use of
imaging techniques. Studies using imaging techniques have found a reduction in brain volume,
alterations to the size and shape of the corpus callosum, cerebellum, and/or basal ganglia, as
well as inconsistencies in white matter integrity associated with the effects from prenatal alcohol
exposure (Bertrand et al., 2004; Fryer et al., 2009; Li, Coles, Lynch, & Hu, 2009; Lebel et al.,
2008).

Not all children with FAS exhibit a small head circumference or abnormalities in brain structure
viewed though imaging, but may display neurological problems or functional deficits.
Neurological problems, such seizures or motor difficulties may be attributed to prenatal alcohol
exposure if they cannot be explained by other medical causes or postnatal injuries (Bertrand et
al., 2004)

According to the 2004 guidelines, overall cognitive impairments or functional deficits in at least
three domains need to be present to receive a diagnosis of FAS (Bertrand et al., 2004). Global
intellectual deficits are determined by scores that fall at or below the 3™ percentile or two more
standard deviations below the mean on standardized tests that assess cognitive ability and
adaptive functioning (Bertrand et al., 2004; Bertrand et al., 2005). Functional or processing
deficits are identified by cognitive discrepancies among verbal, spatial, and nonverbal reasoning,
or developmental delays, deficits in executive functioning, attention, motor skills, social skills,
and/or in language pragmatics. Scores on standardized tests that assess the functional domains
need to fall at or below the 16" percentile or at least one standard deviation below the mean
(Bertrand et al., 2004).
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The 2004 guidelines suggested that documented evidence of maternal alcohol consumption
during pregnancy is preferred, however, children who exhibit alcohol-related dysmorphia,
microcephaly, growth deficiencies, and cognitive deficits not accounted for by other genetic,
developmental, or medical factors, may receive a diagnosis of FAS without documentation of
maternal alcohol use during pregnancy (Kable & Coles, 2004a; Bertrand et al., 2005). Children
who have alcohol related dysmorphia, exhibit one of the two core features associated with
intrauterine alcohol exposure, and have documented evidence of prenatal alcohol exposure may

receive a clinical diagnosis of pFAS (Kable & Coles, 2004a; Bertrand et al., 2004).

Multiple terms are used to describe the effects from prenatal alcohol exposure. Fetal Alcohol
Spectrum Disorders (FASD) is used to describe the range of effects associated with prenatal
alcohol exposure and include the medical diagnoses of FAS and pFAS as well as the terms of
Alcohol Related Birth Defects (ARBD) and Alcohol Related Neurodevelopmental Disorder
(ARND). ARBD and ARND are used to describe the physical alterations and/or the cognitive
impairments associated with prenatal alcohol exposure in individuals who do not meet the

criteria to receive a diagnosis of FAS or pFAS (Kable & Coles, 2004a; Bertrand et al.,2004).

2.2.3 Evaluating for fetal alcohol syndrome

A multitude of factors are needed to be considered when determining whether children
prenatally exposed to alcohol meet the criteria to receive the diagnosis of FAS or pFAS. The
evaluation would need to be conducted by an interdisciplinary team professionals trained to
discern the characteristics of FAS from other developmental disabilities (Bertrand et al., 2004;
Kable & Coles, 2004a). The interdisciplinary team would need to include professionals from the
fields of medicine, psychology, social work, education, rehabilitation/habilitation services, and

family advocacy.

Fetal Alcohol Syndrome is a medical diagnosis. Children affected by prenatal alcohol exposure
present physical and cognitive traits found in other medical and developmental disorders. For
example, children with Williams syndrome, a genetic disorder caused by a microdeletion on
chromosome 7g11.23, exhibit similar dysmorphic features and cognitive impairments (Nakamura
et al.,, 2001; Bertrand et al., 2004; Manning & Hoyme, 2007). Therefore, the interdisciplinary
team needs to include a geneticist or a developmental pediatrician trained to distinguish the
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dysmorphic features and growth deficiencies associated with FAS that overlap with traits from

other genetic disorders or medical conditions.

The team needs to consist of clinical psychologists trained to evaluate and discern the variability
in cognitive functioning and development in children. Social workers are needed to gather
comprehensive family histories regarding prenatal care, exposures to toxins, as well as to
provide supportive services. Special educators are needed to evaluate learning needs and
contribute to treatment planning. Additionally, specialists such as speech and language
pathologists and occupational therapists are needed to provide evaluations and therapeutic

services when warranted (Kable & Coles, 2004a; Bertrand et al., 2004).

A comprehensive evaluation conducted by an interdisciplinary team of professionals is preferred
to ensure sure the accuracy of the diagnosis and to develop effective treatment plans in order to
prevent secondary disabilities such as depression or learning disorders (Lynch, Coles, Corley, &
Falek, 2003; Kable & Coles, 2004a; May et al., 2000; Ryan & Ferguson, 2006).

Children affected by prenatal alcohol exposure are found across geographical regions, cultures,
and socio-economic groups. As stated in chapter one, studies have indicated that the
prevalence of FASD may be as high or higher than other developmental disabilities, including
Spina Bifida and Fragile X, and may affect as much as 2 to 7 percent of school age children in
the United States and in other countries (May et al., 2009; Hoyme, 2009, p.176; Cordeiro,
Ballinger, Hagerman, & Hessl, 2011; Shin et al., 2010).

The following section will discuss the prevalence of FAS in the United States of America and
South Africa.

2.3 PREVALENCE OF FETAL ALCOHOL SYNDROME

The estimated prevalence of FAS varies according to study design, the population studied, and
geographical regions. In 2001, May and Gossage reviewed prevalence studies conducted in the
United States and in other regions to summarized the occurrence of FAS. May and Gossage
(2001) defined prevalence “as the frequency of occurrence of FAS, alcohol related birth defects,

alcohol-related neurodevelopmental disorders among the study population and any subgroups
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within the population at all time periods during the life span” (p.60). Their definition of prevalence

is used to indicate the estimated occurrence of FAS in this chapter.

2.3.1 Methodology for studying prevalence

May and Gossage (2001) analyzed studies that utilized three different methodologies to
determine the prevalence of FAS. The three methodologies reviewed were 1) passive system
studies, 2) clinic-based studies, and 3) active case ascertainment methods. Passive system and
clinic-based studies are considered to be the two most common methods to study prevalence in
the United States and in Europe (Viljoen et al., 2005, p. 593). The passive system, clinic-based,

and active case ascertainment methodologies are discussed in the next sections.

2.3.1.1 Passive system

Researchers conduct passive system studies by reviewing the available birth and health records
for a population or a location to gather information about the prevalence of the effects from
prenatal alcohol exposure. Researchers have suggested that the findings from passive system
studies possibly underestimating the occurrence of FAS due to the variation in the quality and
the accuracy of the information (May and Gossage, 2001; Viljoen et al., 2005). Passive system
studies are conducted because they are cost efficient. The use of available records allows
investigators to examine patterns of prenatal alcohol exposure without the cost of conducting

large scale studies to collect raw data directly from a designated region or population.

23.1.2 Clinic-based studies

Investigators conduct clinic-based studies by gathering data from patients receiving care at a
clinic or at a hospital. Study participants are recruited from clinics that provide health services in
a targeted region or location. (May & Gosage, 2001). Researchers have cautioned that clinic-
based studies may over or under represent the number of children prenatally exposed to alcohol
and/or reflect demographics the clinic where the study was conducted. Therefore, the findings

may not be generalized across geographical locations.
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2.3.1.3 Active case ascertainment

Active case ascertainment is used to study the prevalence of FAS within a particular population,
geographical region, or location. Researchers recruit children suspected of having FAS within
the designated area or population (May & Gossage, 2001). Investigators request participants to
complete an evaluation to confirm a diagnosis of FAS. The information gathered from the

evaluation regarding the diagnosis of FAS is incorporated into the data.

Researchers have found that active case ascertainment studies often reveal high rates of FAS
within a particular area or population. Frequently, active case ascertainment studies are used to
study the prevalence of FAS in high risk areas and may over-represent the number of cases
within that population or location (May & Gossage, 2001;Viljoen et al.,2005). Similar to the
previous methodologies discussed, the results from active case ascertainment studies may not

be generalized to the larger population or across geographical regions.

A discussion of the prevalence of FAS in the United States and in South Africa occurs in the

next sections.

2.3.2 Passive system studies and prevalence in the United States

Comparison of findings from passive systems showed variations in the number of cases of FAS
across demographics (May & Gossage, 2001) Using a passive system that reviewed birth
records, researchers from the CDC Birth Defects Monitoring Program, a national program that
monitors congenital malformations among infants, approximated that the rate of children with
FAS was 2.0 per 10,000 births between 1979 and 1992 (Centers for Disease Control, May 7,
1993, p.339). Subsequently, May and Gossage (2001) reported the approximated prevalence of
FAS in the United States to be between 0.5 and 2.0 cases per 1,000 births (p.166). It is
suggested that the variations in the reported rate of FAS in the United States and in other
countries are related to the socio-economic status of the population, the cultural acceptance of
drinking patterns in the area, the number of high risk communities, such as in the Native
American populations (Viljoen et al., 2005; May & Gossage, 2001; Centers for Disease Control,
July 18, 2003).
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In the United States, Native American populations, specifically populations living on reservations
in the western United States, are considered to be high risk populations (May & Gossage, 2001;
Ryan & Ferguson, 2006). The CDC reported that, “the rate of FAS for American Indians is higher
than other racial/ethnic groups in the United States” (Centers for Disease Control, April 7, 1995,
p. 255). The estimated number of children with FAS between the years of 1980 to 1982 in the
Native American population ranged from 1.4 per 1000 births among the Navajo population to 9.8
per 1000 live births among the American Indians of the Southwestern Plains (Centers for
Disease Control, April 7, 1995, p. 255). In contrast, the number of cases reported by the CDC
between 1989 and 1992 estimated the overall rate of FAS in the state of Georgia in the United
States to be 2.3 per 10,000 live births (Centers for Disease Control, April 7, 1995, p.252). The
prevalence of FAS in Caucasians in the United States around the same time was estimated to
be 0.09 per 1,000 births (May & Gossage, 2001, p.163).

Because these studies utilized passive system methodology, the accuracy of the diagnosis and
the reporting from healthcare providers could not be controlled. As stated previously, this
method is considered to yield lower prevalence rates. Regardless, the findings illustrated the
variance of reported occurrence of FAS across regions and ethnic groups. This provides
information of targeted areas or populations that would benefit from an increase in interventions
to prevent prenatal alcohol exposure and access to supportive services for those with the
diagnosis.

2.3.3 Passive system and case ascertainment prevalence studies in South

Africa

In 2001, investigators from the National Institutes of Alcoholism and Alcohol Abuse reported that
in one wine growing region of the Western Cape Province of South Africa, prevalence of FAS
was between 40.5 and 46.6 per 1,000 children between the ages of 5 and 9 years old (Centers
for Disease Control, July 18, 2003, p. 660). Prevalence was higher in the Western Cape

Province as compared to most areas in the United States.

Viljoen, Gossage, Brooke, Adnams, Snell, Khade, Koditwakku, Asante, Findlay, Quinton, Morais,
Kalberg, and May (2005) conducted a prevalence study in the Western Cape Province of South
Africa using the active case ascertainment method. The researchers evaluated children in the

first grade of elementary school in the region. The results indicated that the prevalence rate in
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the Western Cape Province was approximated to be 65.2-74.2 per 1,000 children in the first
grade (Viljoen et al., 2005, p. 594). The authors suggested that the increase in the number of
children diagnosed with FAS was related to the refined study methods, social changes, and to
an increase in the availability of commercially produced alcoholic beverages (Viljoen et al.,
2005). The studies suggested that the prevalence rates of FAS in the Western Cape Province of

South Africa to be one of the highest among nations that report FAS (Viljoen et al, 2005).

Further studies were conducted to explore whether the high rate of children with FAS was a
particular characteristic of the wine growing region of the Western Cape Province. Investigators
from the CDC, the University of Witwatersrand, and the Foundation for Alcohol Related
Research in Johannesburg, South Africa conducted a prevalence study in the Gauteng
Province, a non-wine growing region of South Africa (Centers for Disease Control, July 18,
2003). The median prevalence of FAS in the Gauteng Province of South Africa was
approximated to be 26.5 cases per 1,000 children (Centers for Disease Control, July 18, 2003,
p. 61). The findings suggested that a high number of children with FAS also were found in areas
outside of the Western Cape Province. Additionally, the investigators surmised that the number
of children affected by prenatal alcohol exposure may be underestimated due to the lack of
adequate prenatal and postnatal healthcare, surveillance, and monitoring by intervention
programs (Centers for Disease Control, July 18, 2003).

2.3.4 Active case ascertainment in-school prevalence studies in the United
States and South Africa

More recently, May, Gossage, Kalberg, Robinson, Buckley, Manning, and Hoyme (2009),
investigated the prevalence of FASD utilizing a specific type of an active case ascertainment
study that screened children for FASD at school. In-school studies are considered to be an
efficient method to approximate prevalence in a given population (May et al, 2009). According to
May et al., in-school studies provide researchers access to a stable, representative sample of a
targeted population. The authors indicated that collaboration with the local schools lends
credibility to the studies and reassures reluctant parents thus lessening the number of
participant drop-outs or noncompliance to the protocols. Also, collaboration with local schools
provides researchers access to reliable information about children’s health, development, and
cognitive function (May et al., 2009). In-school studies have been used to estimate prevalence of
FASD in South Africa, Italy, and the United States.



36

Urban, Chersich, Fourie, Chetty, Olivier, and Viljoen (2008) conducted in-school screening
studies to estimate the prevalence of FAS and pFAS among first graders in the towns of De Aar
and Upington in the Northern Cape Province of South Africa. The prevalence rate or De Aar was
approximated to be 119.4 cases out of 1,000 children (Urban et al., 2008, p.879). The estimated
prevalence rate for Upington was 74.7 cases out of 1,000 children (Urban et al., 2008, p.879).
The overall estimated prevalence was 62.2 cases out of 1,000 children in the Northern Cape
Province (Urban et al., 2008, p.879). The prevalence rate in the Northern Cape Province was
higher than earlier prevalence studies conducted in the Western Cape Province, a region noted
to have the highest prevalence rate of children with FAS (Urban et al., 2008, Viljoen et al.,
2005). It was not clear as to whether the high prevalence of FAS in the Northern Cape Province
as compared to the prevalence rates in the Western Cape Province would be skewed given the

differences in the type of study methods used.

The results from the in-school screening studies showed an increase in the prevalence of FASD
as compared to previous studies using passive or clinic-based methodology (May et al., 2009).
The overall average prevalence rate of FASD in South Africa was estimated to be 72.3 cases
out of 1,000 children (May et al., 2009, p.188). The mean prevalence rate of FASD in Italy was
approximated to be 35.7 cases out of 1,000 children, and the prevalence rate was estimated to
be 16.5 cases out of 1,000 children in the United States (May et al., 2009, p. 189). It is possible
that the increase in the estimated prevalence is attributed to the inclusion of children with FASD
in the populations studied. Nevertheless, the studies indicated that FASD is a pervasive problem
throughout regions of South Africa, Italy, and the United States.

2.3.5 Challenges to studying prevalence of fetal alcohol syndrome

Determining the prevalence rate of FAS is confounded by various factors. The selection of
methodologies used to study prevalence, the differences of accepted alcohol use among
groups, and the higher reported rates of FAS among disadvantaged and lower socio-economic
groups, as well as inconsistencies in diagnosing would limit the scope of the data used to
determine the occurrences of FAS (Urban et al., 2008). These factors possibly would contribute
to the misrepresentation of the number of children considered to be at risk for FAS in South

Africa, the United States, and in other countries (Urban et al., 2008).
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Regardless of the study method, the estimated prevalence rate of FAS is comparable to other
developmental disabilities such as Down syndrome or Spina Bifida (Bertrand et al., 2004; Shin
et al., 2010). Often genetic and development disorders with similar prevalence rates as FAS
have had extensive research into effective interventions to support the child as they mature
(Ryan & Ferguson, 2006). Yet many children who are affected by prenatal alcohol exposure do
not receive the appropriate diagnosis or have access to the interventions and educational
supports they need because of cultural and economic factors that influence society’s awareness
and perspective of the disorder (Centers for Disease Control, April 7, 1995; Centers for Disease
Control, July 18, 2003; Stade, Stevens, Ungar, Beyene, & Koren, 2006; McKinstry, 2005).

The next section will provide an overview of the effects associated with prenatal alcohol

exposure that interfere with learning and mathematics.

2.4 NEUROLOGIAL IMPAIRMENTS ASSOCIATED WITH FETAL
ALCOHOL SYNDROME

The effects from prenatal alcohol exposure vary among individuals. The amount, the duration,
and the timing of maternal alcohol consumption during pregnancy influence the severity of the
effects on the developing fetus (Able, 2006; Kable & Coles, 2004a; Bertrand et al., 2005). Other
factors that may contribute to alcohol's effects on a developing fetus include the biological
mother’s age, health, metabolic system, and access to prenatal care and services due to socio-
economic status (Kable & Coles, 2004a; Floyd, O’Connor, Sokol, Bertrand, & Codero, 2005).
Not all children exposed to heavy maternal alcohol use during pregnancy are affected. Abel
(1995; 2006) reported that approximately 40.5 percent of children born to alcoholic mothers met

the criteria to receive a diagnosis of FAS or pFAS.

As noted in the earlier sections, cognitive impairments varying from low intellectual functioning to
specific learning disabilities are associated with FAS (Kable & Coles, 2004a). Deficits in
encoding, weaknesses with processing visual-spatial information, and decreased processing
speed are associated to the effects from prenatal alcohol exposure (Dodge et al., 2009; Coles,
Lynch, Kable, Johnson, & Goldstein, 2010; Kodituwakku, 2009; Mattson & Roebuck, 2002;
Uecker & Nadel, 1996; Kaemin