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A B S T R A C T

We reviewed recent studies published across key journals within the field of

communication sciences and disorders (CSD) to survey what causal influences on child

language development were being considered. Specifically, we reviewed a total of

2921 abstracts published within the following journals between 2003 and 2013:

Language, Speech, and Hearing Services in Schools (LSHSS); American Journal of Speech–

Language Pathology (AJSLP); Journal of Speech, Language, and Hearing Research (JSLHR);

Journal of Communication Disorders (JCD); and the International Journal of Language and

Communication Disorders (IJLCD). Of the 346 eligible articles that addressed causal factors

on child language development across the five journals, 11% were categorized as Genetic

(37/346), 83% (287/346) were categorized as Environmental, and 6% (22/346) were

categorized as Mixed. The bulk of studies addressing environmental influences focused on

therapist intervention (154/296 = 52%), family/caregiver linguistic input (65/296 = 22%),

or family/caregiver qualities (39/296 = 13%). A more in-depth review of all eligible studies

published in 2013 (n = 34) revealed that family/caregiver qualities served as the most

commonly controlled environmental factor (e.g., SES) and only 3 studies explicitly noted

the possibility of gene–environment interplay. This review highlighted the need to expand

the research base for the field of CSD to include a broader range of environmental

influences on child language development (e.g., diet, toxin exposure, stress) and to

consider more directly the complex and dynamic interplay between genetic and

environmental effects.

Learning outcomes: : Readers will be able to highlight causal factors on child language

development that have been studied over the past decade in CSD and recognize additional

influences worthy of consideration. In addition, readers will become familiar with basic

tenets of developmental systems theory, including the complex interplay between genetic

and environmental factors that shapes child development.
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1. Introduction

Given the key role of language in childhood development, and in the evolution of the human species as a whole,
language has been studied by multiple disciplines for over a century. The field of communication sciences and disorders
(CSD), itself a fairly young discipline that emerged in the 1900s, has drawn largely from fields such as linguistics and
psychology for theories of language learning. Prominent theories found in introductory textbooks often include
behaviorist accounts, which tend to emphasize the role played by the environment, primarily aspects of parent–child
interaction (e.g., modeling, reinforcement, punishment, etc.), on child language development, and nativist/linguistic
models, which tend to highlight innate predispositions to language learning (Gleason & Ratner, 2013; Hulit & Howard,
2006; Pence & Justice, 2012). Hirsh-Pasek and Golinkoff (1996) have referred to differences across such theories as
‘‘Outside-In’’ versus ‘‘Inside-Out’’ models of language development accordingly, depending on whether the emphasis
tends to be outside or inside the child (i.e., environmental versus innate). Although there are additional theoretical
foundations, such as cognitive and social-interactionist accounts that more directly acknowledge both intrinsic capacity
and extrinsic influences on child language development, such theoretical models rarely emphasize environmental factors
other than caregiver interactions and generally fail to emphasize the iterative dynamics of environmental and genetic
influences over time (Evans, 2007).

Within the last decade, models in psychology and the emergent field of ecological developmental biology (eco-devo) have
emphasized the complex interplay across genetic and environmental influences throughout the course of development,
expanding concepts of the environment and challenging traditional delineations between genetic and environmental effects.
Situated within the field of psychology, developmental systems theory (DST) has emerged as a particularly useful framework
for highlighting the complex interplay across development (Griffiths & Tabery, 2013; Hood, Halpern, Greenberg, & Lerner,
2010; Robert, 2003; Sameroff, 2010). Proponents of DST have been critical of the traditional distinction between genetic and
environmental effects that have been widely publicized through the nature versus nurture debate. In particular, DST
highlights the essential reality that genes are not traits (Griffiths & Tabery, 2013). They live within cells, tissues, organs, and
organisms – each of which provides environmental effects on gene expression. Specifically, the ability of environmental
stimuli to selectively activate and silence specific genes through such processes as DNA methylation and histone
modification is referred to as epigenetic effects (cf. Harper, 2010; Lam et al., 2012; Nestler, 2009). There is even evidence that
some epigenetic markers are passed on to subsequent generations without alterations in the DNA sequence, broadening our
concept of inheritance, and blurring traditional boundaries between genetic and environmental factors (Harper, 2010). The
field of ecological developmental biology has emphasized the importance of such plasticity for development and survival,
offering key examples such as the impact of maternal diet on body size in the agouti mouse and resource availability on the
prevalence of cannibalism in the developing spadefood toad (Gilbert & Epel, 2009). Even the impact of teratogens, extrinsic
agents such as drugs and chemicals associated with disruptions in embryonic development, are considered to be dependent
on genotype. A review by Robinson, Fernald, and Clayton (2008) similarly highlighted the impact of social experience on
gene expression in the brain; for example, the rate at which honeybees mature is influenced by the pheromones of older bees
in the colony through inhibition of gene expression.

Although less substantiated within human research, a variety of environmental factors including social experiences,
stress, diet, and toxin exposure have been associated with childhood developmental differences, often through specified
epigenetic processes (Boyce, Sokolowski, & Robinson, 2012; Ellis & Garber, 2000; Evans, 2006; Hepp, 2011; Jaenisch & Bird,
2003; Oberlander et al., 2008; Smith, Kim, & Refsum, 2008; van Engeland et al., 2003). Additionally, epigenetic processes
have been shown to influence early brain development and have been implicated in developmental disorders such as autism,
Fragile X syndrome, Angelman syndrome, and Rett syndrome (Day & Sweatt, 2011; Fagiolini, Jensen, & Champagne, 2009;
Gregory et al., 2009; Monteggia & Kavalali, 2009; Rodenhiser & Mann, 2006). In addition to recognized syndromes, the
potential impact of epigenetic influences on language development and communication disorders more generally is just
beginning to be recognized (e.g., Kraft & DeThorne, 2014; Rice, 2012).

Another emphasis of DST is the mutually coactive nature of causal influences over time. Thelen (2005) offers the
illustrative metaphor of development as a mountain stream, highlighting that ‘‘how a child behaves depends not only on
the immediate current situation but also on his or her continuous short- and longer-term history of acting, the social
situation, and the biological constraints he or she was born with. Every action has within it the traces of previous
behavior. The child’s behavior, in turn, sculpts his or her environment, creating new opportunities and constraints’’ (pp.
259–260). Related concepts have been explored by Scarr and McCartney (1983) through delineation of specific
mechanisms for gene–environment correlation: passive, active, and evocative (see also Plomin, DeFries, & Loehlin,
1977). Passive gene–environment correlation highlights that shared genes between child and parent likely shape the
environments children are raised in (e.g., parents and children who share a genetic proclivity to language are likely to co-
create a language-rich environment). Evocative gene–environment correlation (aka, ‘child effects’) suggests that
children’s genetic proclivities elicit differences in the environments they are raised in (e.g., children with genetic
advantages in language learning are likely to be placed in more demanding educational environments). And finally,
active gene–environment correlation underscores the tendency for children to seek out environments that are
consistent with their own genetic proclivities (e.g., children who are predisposed to language learning are more apt to
seek out opportunities to utilize those skills). As an illustrative example of potential evocative gene–environment
correlation, DeThorne and Channell (2007) examined the language use of one examiner in her interactions with
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29 different children with varying levels of language ability. Even though the examiner was naı̈ve to the research purpose
at the time the study was conducted, the linguistic complexity of her utterances correlated positively with the
complexity of the children’s productions, suggestive of child effects (see also Cramblit & Siegel, 1977; Paul & Elwood,
1991; Rescorla & Ratner, 1996). In addition, a behavioral genetic design by Dale, Tosto, Hayiou-Thomas, and Plomin (this
issue) including over 8000 twin pairs demonstrated shared genetic influences on a self-reported measure of parental
language stimulation and indices of child language development, thereby supporting the presence of gene–environment
correlation.

A final complexity we will highlight from developmental frameworks offered by DST and the field of eco-devo is that
phenotypic variations often confer adaptive advantages for the contexts in which they emerge (Gottlieb, 2010). One example
in which phenotypic variations appear to confer advantage within the contexts in which they emerge comes from work by
Meaney (2010) in relation to parenting practices and the development of anxiety-related behavior in rodent pups. Stressful
environments lead to less maternal nurturing, which in turn leads to stable changes in the gene expression underlying the
pups’ behavioral and neuroendocrine responses to stress. Pups who have received more maternal licking and grooming tend
to show a reduced stress response. The key component of this for our current point is that either parenting style (high or low
nurturing) could be viewed as conferring adaptive value for the conditions in which they evolved. Although a heightened
stress response creates a physiology burden on well-being, it can confer an adaptive advantage in dangerous environments.
In essence, such a mechanism may provide an adaptive function for parental effects in preparing offspring for the
environmental demands they are born into (see Meaney, p. 64). Such work may offer insight into differences in parenting
practices associated with lower-income communities with higher rates of violence and stress (e.g., Hoff, Laursen, & Tardif,
2002; Kotchick & Forehand, 2002).

Given the functional significance and contextual variability of human language, it seems a likely candidate for complex
causal mechanisms, including epigenetic influences. Consider the immense variability in children’s developmental
contexts, including cultural and individual differences in geographic region, diet, parenting practices, educational
opportunities, number of languages, dialect, and family structure. Children learn language successfully under a vast
diversity of conditions, and evolutionary pressures are likely to favor plasticity in the development of such a critical and
adaptive ability. Of course, such developmental plasticity may lead to a disadvantageous trait when environments change
after the period of adaptability is past (cf. Boyce & Ellis, 2005; Gluckman, Hanson, Spencer, & Bateson, 2005). The
developmental windows associated with phenotypic plasticity are consistent with the concept of critical periods that have
been discussed in relation to language learning in young children and may help explain why it can be more difficult to learn
a second language after adolescence (Johnson & Newport, 1989; Newport & Supalla, 1987; Weikum, Oberlander, Hensch, &
Werker, 2012).

Examples of developmental plasticity highlight the oversimplicity of valuing one genotypic or environmental influence
over another (e.g., more or less parental nurturing) without consideration of the context in which individuals are expected
to thrive, such as different cultural-linguistic communities. Accordingly, increased attention is being paid to the potential
adaptive developmental responses to such factors as stress, heat, malnutrition, and early microbe exposure on child
development (e.g., Gluckman et al., 2005; McDade, 2012; McEwen, 2012; Zeisel, 2009). On a related note, the same
environmental stimuli can have substantially different effects depending on the allelic variation of the individual, a concept
referred to as gene–environment interaction (GxE; cf. Tabery & Griffiths, 2010). Consequently, differences in one’s
genotype can moderate the effects of environmental influences on endophenotypes and ultimately on phenotypic
expression. Gene–environment interaction has been studied in a wide range of human domains, with allelic variation
found to moderate relationships between such variables as (a) childhood maltreatment and onset of major depression, (b)
adolescent cannabis use and development of psychosis, and (c) alcohol consumption and addictive cravings (Caspi &
Moffitt, 2006). In another example by Caspi et al. (2007), IQ advantages were associated with early breastfeeding but only
for children who carried a specified allelic variation in the FADS2 gene. For children with different alleles of the FADS2 gene,
breastfeeding appeared to confer neither advantage nor disadvantage. On the general topic of GxE, some investigators have
hypothesized that children with certain genotypes may be particularly susceptible or sensitive to environmental
influences, thereby suggesting that what children inherit is differences in their developmental plasticity. Such plasticity
may offer a potential risk and/or protective factor depending on the circumstances they are reared in (Belsky & Pluess,
2009; Boyce & Ellis, 2005). In sum, the adaptive value of phenotypic variation, environmental factors, and genotypic
variations are all dependent on contextual factors.

Together, the developmental systems theory and field of eco-devo offer three key tenants for the study of childhood
development that may have particular relevance for CSD. First, environmental effects are construed more broadly than
caregiver interactions to include such factors as diet, toxins, and stress. Second, the boundary between genetic and
environmental effects is illusive as genes and environmental influences work interactively over time beginning before birth
(e.g., Rosenblatt, 2010). Finally, context matters, and the benefit of any particular trait, or the genetic and environmental
influences that impinge upon it, cannot be considered in isolation. Despite the prominence of such tenets in other literatures,
it is unclear to what extent such complexity has permeated the study of child language development in CSD. Consequently,
the present review addressed the following explicit questions:
1. W
hat causal influences on child language development have been explicitly studied within key CSD literature over the last
11 years?



C.R. Rogers et al. / Journal of Communication Disorders 57 (2015) 3–156
2. W
hat causal influences are being controlled for and discussed within CSD journal articles from 2013 and to what extent is
the possibility of gene–environment interplay being acknowledged?

2. Methods

In order to capture a breadth of recent work within the field of CSD, our review initially focused on journals published
between 2003 and 2013 by the American Speech–Language–Hearing Association and then expanded to include two journals
published outside the United States that were selected for review based on investigator familiarity and higher impact factors.
In total, we focused on five journals to represent the child language literature in CSD: American Journal of Speech–Language
Pathology (AJSLP); Journal of Speech, Language, and Hearing Research (JSLHR); Language, Speech, and Hearing Services in
Schools (LSHSS); International Journal of Language and Communication Disorders (IJLCD); and Journal of Communication
Disorders (JCD). The review focused on all 2921 abstracts published in these five journals between 2003 and 2013.

To address of our first research question, abstracts were reviewed by our team of four investigators, which together
offered representation from speech and hearing science, neuroscience, and molecular and cellular biology. Abstracts were
considered as eligible studies if they examined the influence of genetic or environmental influences on children’s intrinsic
language proficiency. Consistent with classic definitions in the field (Nippold, 2000; Paul, 2007; Pence & Justice, 2012), child
language was operationalized as a measure of expressive and/or receptive language, across spoken and written modalities,
across domains of semantics, pragmatics, phonology, and morphosyntax in children under 18 years of age.1 Causal effects
were conceptualized based on etiological influences, genetic and environmental, as noted in levels of causation in Bishop and
Snowling (Bishop & Snowling, 2004, Fig. 2, p. 859). Environmental effects were defined as extrinsic to the child, including such
influences as linguistic input, parental education, toxin exposure, nutrition, injury, and illness (cf., Conti-Ramsden, 1985;
Hepp, 2011; Paul, 2007; Plomin & Bergeman, 1991; Scarr & McCartney, 1983; Stromswold, 2006; Thelen, 2005). The team
excluded studies that examined the influence of children’s intrinsic psychological constructs (e.g. working memory) on their
own language development given that such intrinsic qualities are themselves presumably shaped by a cascade of genetic and
environmental effects. Similarly, studies that described the language characteristics or differences related to a child’s
demographic characteristics (e.g., race, dialect) were also excluded from this review; however, the influence of broader
family demographic information (e.g., SES, parent education) were included as relevant environmental variables. We also
excluded studies that focused on group comparisons between children with and without language disorders of unspecified
origin (e.g., SLI) given that etiology was not a focus of such investigations; however, if a study examined language outcomes
in a participant group that was selected based on identified genetic differences (e.g., Down syndrome), it was deemed eligible
as a study of genetic effects. Finally, studies of interventions on child language development, including reviews and meta-
analyses, were generally included unless the study failed to provide adequate detail regarding the nature of the intervention,
and duplications of the same study were excluded (e.g., one abstract from AJSLP was published in both English and Spanish).

Once identified as an eligible study that addressed causal effects on child language, the studies were delineated into the
following categories: Genetic, Environmental, or Mixed, with Mixed representing a combination of genetic and
environmental effects. The Mixed category included behavioral genetic studies given that such designs are intended to
reflect both genetic and environmental influences (DeThorne & Hart, 2009; Stromswold, 1998). Ambiguous variables, such as
family history, were not coded as genetic or environmental unless explicitly interpreted as such by the authors (e.g., Zubrick,
Taylor, Rice, & Slegers, 2007). Given our particular interest in the breadth of environmental factors, the studies from both the
Environmental and Mixed categories were further delineated into the types of environmental factors they examined.
Emergent factors included (a) Therapist intervention, (b) Family/caregiver linguistic input, (c) Family/caregiver qualities, (d)
other environmental effects, and (e) Multiple environmental (i.e. the studies that focused on two or more of the noted
subcategories). Note that behavioral genetic studies from the Mixed category were not included in this analysis because they
did not study explicit environmental factors that could be classified accordingly.

Fig. 1 provides an overview of the entire coding/categorization process. Development of the coding guidelines was an
iterative process that began with a review of relevant literature on causal influences and the investigative team’s joint review
of abstracts from at least two journal issues. After initial coding guidelines were established, abstracts were reviewed by
individual team members, and questions that arose during the process were discussed during weekly meetings. In cases
where the abstract appeared unclear for the specified criteria, investigators referred to relevant sections of the article as a
whole, and cases of ambiguity were always resolved via consensus amongst the investigators. Each time coding guidelines
were revised, prior coding would be reviewed again and adjusted accordingly based on the revisions. The first author
completed a second pass on all abstracts to ensure consistent application of the coding criteria.

To explicitly address our second research question, our team also completed a more in-depth review of all the eligible
studies from the latest year, 2013. Specifically, the intent was to consider what causal influences were being considered
across the entire article (i.e., methods, results, discussion) that would supplement our understanding of causal influences
being studied as explicit independent/predictor variables. To this end, at least two members from the investigative team
1 In the case of JSLHR where articles were pre-categorized within speech, language, and hearing sections, the abstracts in the sections of speech and

hearing were automatically considered as ineligible.
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independently read the full length of each of the 34 eligible studies from 2013, specifically noting any genetic or
environmental influences that were (a) explicitly controlled for in the design or the analyses, including variables that were
used to match experimental groups, or (b) were speculated about in the methods, results, or discussion sections. In addition,
we specifically noted any studies that made explicit mention of genetic and environmental influences working in concert on
child language development. Results were reviewed by the investigative team and discrepancies between reviewers were
discussed and resolved by consensus.

3. Results

3.1. Review of published abstracts from 2003 to 2013

Table 1 provides a summary of our abstract review, delineated by journal. Of the 2921 abstracts reviewed, approximately
12% (346) addressed causal influences on child language development with the specific percentage varying across journals
from 8% in JCD to 20% in LSHSS. The 346 total articles addressing causal factors were further delineated as follows: 11% (37/
346) were categorized as Genetic, 83% (287/346) as Environmental, and the remaining 6% (22/346) as Mixed. Across the
Genetic and Mixed categories, studies of genetic factors across all journals included 13 behavioral genetic studies; 4 family
aggregation/family history studies; and 42 studies focused on characteristics affiliated with specified genetic conditions
such as FOXP2 translocation, Down syndrome, Prader–Willi syndrome, and 22q11 deletion syndrome. Within the Mixed
category, in addition to the 13 behavioral genetic studies that inherently examined the extent of both genetic and
environmental effects, nine designated genetic studies explicitly examined environmental effects as well. As an example of
studies in the Mixed category other than behavioral genetic designs, Bird et al. (2005) in AJSLP examined the potential impact
of bilingual input on language development in children with Down syndrome, focusing on participants with a known genetic
difference paired with the study of familial linguistic input (i.e., an environmental variable).

Finally, 83% (287/346) of all the eligible studies qualified as Environmental, with a range of 70–96% across individual
journals. Given the focus of this special issue, particular attention was given to the nature of the environmental factors under
examination, both from the studies in the Environmental category (n = 288) and the studies in the Mixed category that
studied both genetic and explicit environmental variables (n = 8).2 Emergent factors included therapist interventions, family/
2 Behavioral genetic studies (n = 13) were excluded from this level of analysis because they did not examine specified environmental factors.



Table 1

Summary of results from the review of published abstracts as delineated by journal.

Total abstracts Eligible abstractsa # Eligible abstract in each category (n = 346)

Genetic Environmental Mixed

AJSLP 380 56

(15%)

5

(9%)

50

(89%)

1

(2%)

JSLHR 1277 110

(9%)

6

(5%)

90

(82%)

14

(13%)

LSHSS 377 77

(20%)

1

(1%)

73

(95%)

3

(4%)

JCD 393 33

(8%)

8

(24%)

23

(70%)

2

(6%)

IJLCD 494 70

(14%)

17

(24%)

51

(73%)

2

(3%)

Total 2921 346

(12%)

37

(11%)

287

(83%)

22

(6%)

Note: AJSLP = American Journal of Speech–Language Pathology; JSLHR = Journal of Speech, Language, and Hearing Research; LSHSS = Language, Speech, and

Hearing Services in Schools; JCD = Journal of Communication Disorders; IJLCD = International Journal of Language and Communication Disorders.
a Eligible abstracts refer to those that addressed causal factors on children’s language development.

Table 2

Frequency of environmental factors studied between 2003 and 2013 as delineated by journal (n = 296; from both the Environmental and the Mixed

categories).a

Therapist

interventions

Family/caregiver

linguistic input

Family/caregiver

qualities

Other environmental

variables

Multiple

environmental

AJSLP 34

(67%)

8

(16%)

4

(8%)

1

(2%)

4

(8%)

JSLHR 42

(45%)

17

(18%)

23

(24%)

6

(6%)

6

(6%)

LSHSS 37

(49%)

23

(31%)

6

(8%)

3

(4%)

6

(8%)

JCD 14

(58%)

4

(17%)

0

(0%)

4

(17%)

2

(8%)

IJLCD 27

(52%)

13

(25%)

6

(12%)

2

(4%)

4

(8%)

Total 154

(52%)

65

(22%)

39

(13%)

16

(5%)

22

(7%)

Note: AJSLP = American Journal of Speech–Language Pathology; JSLHR = Journal of Speech, Language, and Hearing Research; LSHSS = Language, Speech, and

Hearing Services in Schools; JCD = Journal of Communication Disorders; IJLCD = International Journal of Language and Communication Disorders.
a Excludes behavioral genetic studies from the Mixed category that do not study specified environmental variables.
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caregiver linguistic input, family/caregiver qualities, other environmental, and multiple environmental; results for this
analysis are summarized by journal in Table 2 and collectively in Fig. 2. Over half (154/296) of the studies of environmental
factors qualified under therapist intervention. Example intervention strategies included slowed speech rate, increased
frequency of talk (either in general or of specific forms), enhanced linguistic complexity of input, and enhanced
multimodality (e.g., access to AAC). An additional 22% (65/296) focused directly on differences in family/caregiver linguistic
input, most often from a parent but sometimes a teacher. Differences in linguistic input were operationalized largely through
differences in frequency of talk, either in general or of specific forms; use of elaborations; and responsivity to the child. An
additional 13% (39/296) of studies focused on Family/caregiver qualities, as opposed to their behaviors; such qualities
included socioeconomic status, culture, and family placement (e.g., international adoption, institution, foster care). A rather
small 5% (16/296) of causal studies focused on factors outside of therapist intervention and family/caregiver linguistic input,
and family/caregiver qualities; such studies are delineated in Fig. 2 as Other environmental. Finally, 7% (22/296) of studies
represented environmental elements from more than one category (e.g., therapist intervention and caregiver linguistic
input), thereby delineated as ‘Multiple environmental’ in Fig. 2. Given our particular interest in Other environmental
influences, we summarized the relevant variables from all studies across Environmental and Mixed categories that
considered Other environmental influences in Table 3. There were a total of 23 such studies (1 from Mixed + 16 from
Environmental � Other + 6 Environmental � Multiple) with variables including prenatal drug exposure, ambient noise level,
pre-term birth, traumatic brain injury (TBI), assessment method, geographic location, human immunodeficiency virus (HIV),
and perceptual load.
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3.2. In-depth review of eligible studies from 2013

Related to our second question regarding what causal influences were being controlled for within journal articles from
2013, the results of the in-depth review of the 34 eligible studies published in 2013 are presented in Table 4. Given that all the
control variables within the methods were related to environmental, rather than genetic influences, we categorized them
according to the emergent factors from our abstract review (e.g., family/caregiver linguistic input, therapist interventions).
Similar to the review of the independent variables, family/caregiver qualities emerged as a common control variable, most
frequently through the construct of SES (8/34 eligible studies), but also as measured through parental demographics/intrinsic
qualities, family background, and socio-demographic characteristics of the child. The nine studies that controlled Other
environmental variables were most heavily weighted toward considering the influence of activity on child performance (5/
34), with other variables being classroom placement, family placement, and drug exposure. The remaining controlled
environmental variables related to aspects of the therapist intervention (5/34) and family/caregiver linguistic input (3/34).
Table 3

List of independent/predictor variables from studies that explicitly studied ‘other’ environmental factors from select journals 2003–2013.

Independent variable Example research questions Specified studies

Prenatal drug exposure - How does fetal alcohol spectrum disorder impact language

performance and social communication?

- What are the long-term effects of prenatal cocaine exposure

on the language development of 12-year-old children?

Coggins, Timler, and Olswang (2007) a,

Cone-Wesson (2005), Henry, Sloane,

and Black-Pond (2007) a, Hyter (2007) a,

Kjellmer and Olswang (2013), Lewis

et al. (2013) a, Olswang, Svensson, and

Astley (2010); Rogers-Adkinson and

Stuart (2007) a

Ambient noise level - Does altering classroom noise levels influence attention and

speech perception?

- Does ambient frequency predict consonant development?

Alston and James-Roberts (2005) a,

Bradlow, Kraus, and Hayes (2003),

Nelson, Kohnert, Sabur, and Shaw

(2005), Riley and McGregor (2012),

Stokes and Surendran (2005)

Pre-term birth - What is the effect of pre-term birth on linguistic competencies

and phonological working memory at preschool age?

- Are there differences in oral narrative skills between children

born pre-term compared with their full-term born peers?

Cattani et al. (2010), Crosbie, Holm,

Wandschneider, and Hemsley (2011),

Sansavini et al. (2007), Zubrick et al.

(2007) b

Pediatric traumatic brain injury - What is the effect of TBI on a child’s linguistic development? Adams-Chapman (2009), Hay and

Moran (2005)

Assessment method - Does the assessment method impact estimates of prevalence

of language impairments in families?

Conti-Ramsden, Simkin, and Pickles

(2006)

Geographical location - Do the types and frequency of conversational repairs used by

African American children vary by geographic location?

Stockman, Karasinski, and Guillory

(2008)

Human immunodeficiency virus - How do the different stages of HIV disease impact

communication?

McNeilly (2005)

Perceptual load - Does the level of perceptual load influence ease of semantic

access in younger and older children?

Jerger et al. (2013)

a Indicates studies from the Environmental category coded as studying ‘Multiple’ environmental factors.
b Indicates studies in the Mixed category that included ‘Other’ environmental factors as variables of interest.



Table 4

Summary of causal factors controlled through experimental design and analyses across the eligible studies published in 2013.

Category of controlled

causal factors

Specified variables # Eligible

studies

Specified studies

Family/caregiver

qualities

(n = 10)a

SES (e.g. school, location, parental education,

free/reduced lunch.

8 Carson, Gillon, and Boustead (2013), Haebig,

McDuffie, and Weismer (2013), Van Herwegen,

Dimitriou, and Rundblad (2013), Martin, Losh,

Estigarribia, Sideris, and Roberts (2013),

Restrepo, Morgan, and Thompson (2013),

Smith-Lock, Leitao, Lambert, and Nickels

(2013), Tadić, Pring, and Dale (2013),

Thordardottir and Brandeker (2013)

Caregiver demographics/intrinsic qualities

(parental stress; maternal marital status, age,

number of births, vocabulary, IQ)

2 Fey, Yoder, Warren, and Bredin-Oja (2013),

Lewis et al. (2013)

Family background (number of single parent in

each group)

1 Van Herwegen et al. (2013)

Socio-demographic characteristics of children

(birth order, number of siblings)

1 Tadić et al. (2013)

Other (n = 9)a Activity (task, materials, goals, stimuli) 5 Eaton and Ratner (2013), Fey et al. (2013), Mira

and Schwanenflugel (2013), Smith-Lock et al.

(2013), Storkel, Maekawa, and Aschenbrenner

(2013)

Classroom placement (mainstream, class size,

access to professional development and

administration procedures)

3 Baxendale et al. (2013), Kjellmer and Olswang

(2013), Smith-Lock et al. (2013)

Family placement (biological vs. adoptive care) 1 Lewis et al. (2013)

Drug exposure (cigarette, alcohol, marijuana

use)

1 Lewis et al. (2013)

Therapist intervention

(n = 5)

Intervention details (type, dosage, received or

not)

3 Bunta and Douglas (2013), Kaiser and Roberts

(2013), Sepúlveda, López-Villaseñor, and

Heinze (2013)

Clinician/examiner linguistic Input 2 Baxendale et al. (2013), Eaton and Ratner

(2013)

Family/caregiver

linguistic input

(n = 3)

Parent–child interaction and linguistic

practices (e.g. amount of exposure to French

over lifetime, age of onset of bilingualism,

maternal verbosity)

3 Fey et al. (2013), Tadić et al. (2013),

Thordardottir and Brandeker (2013)

a Indicates the number of studies that examined such factors, counting only once studies that included more than one specified variable within a category

of controlled causal factors.
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Also related to question two, the nature of causal influences mentioned in the discussion was largely similar in nature to
the variables already discussed with some notable additions. Specifically, some authors speculated about the potential
influence of such factors as the communicative practices of the clinician (e.g., King, Hengst, & DeThorne, 2013, pp.208–209),
peer input/responsiveness (Brady, Thiemann-Bourque, Fleming, & Matthews, 2013, p.1607), expectations of others (e.g.,
Dimitropoulos, Ferranti, & Lemler, 2013, pp.199–200), and genetic variation in the child (e.g., Dimitropoulos et al., 2013,
pp.199–200). In addition, only 9% of the 2013 eligible studies (3/34) speculated about the potential interplay of both genetic
and environmental effects. Specifically, Martin, Losh, Estigarribia, Sideris, and Roberts. (2013, p.335) noted that preferences
for communication modality may differ based on child genotype; Lewis et al. (2013, p.1673) explicitly noted the influence of
both genetic and environmental influences on children’s verbal skills; and Dimitropoulos et al. (2013, pp.199–200) noted the
potential impact of genetic subtype on the language abilities of children with Prader–Willi syndrome.

4. Discussion

The current review examined the causal influences of child language development as represented within five key journals
within the field of Communication Sciences and Disorders. Of the 346 studies that addressed causal influences on child
language development, the vast majority (83%) were categorized as Environmental, with only 17% directly examining some
genetic effects, either in isolation or in concert with environmental factors. Of the 296 studies across both the Environmental
and Mixed categories that explicitly examined specific environmental factors, most (87%, 258/296) focused on Therapist
interventions, Family/caregiver linguistic input, and Family/caregiver qualities. Only 8% (23/296) addressed Other
environmental variables such as prenatal drug exposure, ambient noise level, pre-term birth, traumatic brain injury (TBI),
geographic location, and human immunodeficiency virus (HIV). Similarly, a more in-depth review of the eligible
2013 studies revealed that family/caregiver qualities served as the most commonly controlled environmental factor and only
3 studies explicitly noted the possibility of gene–environment interplay. The discussion that follows will focus on how key
findings aligned with prominent theoretical frameworks in CSD and implications for future directions in the field.



C.R. Rogers et al. / Journal of Communication Disorders 57 (2015) 3–15 11
In general, results from the present review aligned with prominent theoretical models of language development in the
field of communication sciences and disorders in two key ways. First, the emphasis on environmental contributions,
particularly therapist interventions and linguistic input from caregivers, suggested a current prominence of Outside-In
models of child language development within the field. Differences in linguistic input were operationalized largely through
differences in frequency of talk, either in general or of specific forms, the linguistic complexity of the input (e.g., grammatical
vs. telegraphic), and the modality of presentation (e.g., access to AAC). Such findings are consistent with the current scope of
practice for speech–language pathologists, which includes behavioral interventions to decrease disruptive behaviors and to
increase communicative opportunities in a child’s environment (cf. ASHA, 2007). Despite this focus, there was little explicit
examination of how environmental differences across children may be correlated with their genetic differences, such as how
children’s inherent language proclivities may shape the interactions they have with caregivers (i.e., ‘child effects’), although a
few studies acknowledged this in their discussions (e.g., Iverson, Longobardi, Spampinato, & Caselli, 2006; Kjellmer &
Olswang, 2013). In addition, there was little direct consideration of how differences in parenting practices might be linked to
important socio-cultural variables such as race and ethnicity, which in turn may be linked to important differences in stress,
nutrition, and toxin exposure.

Second, the reviewed literature mirrored prominent theoretical models in CSD in the tendency to focus primarily on genetic
versus environmental effects, rather than emphasizing the complex interplay of such influences over time. Specifically, only 6%
of the (22/346) eligible studies emerged as explicit studies of both genetic and environmental effects, with 13 of those being
behavioral genetic studies which by design focus on partitioning genetic and environmental effects rather than addressing
complex bidirectional influences (cf. Plomin, DeFries, McClearn, & McGuffin, 2008; Tabery & Griffiths, 2010). With that said, of
the 59 studies examining genetic causal factors, 5 studies speculated about the relationship between more than one level of
development, i.e. between genes and molecular or cellular levels (DeThorne, Petrill, Hayiou-Thomas, & Plomin, 2005; Persson
et al., 2006), and between innate (heritable) language skills and environmental exposure (DeThorne et al., 2008; van
Bysterveldt, Westerveld, Gillon, & Foster-Cohen, 2012; Zubrick et al., 2007). Similarly, of 34 studies from 2013 that were
reviewed in-depth, 9% (3/34) noted the possibility of genetic and environmental influences working in concert.

Considering results from this review, we recommend that CSD’s theoretical framework be shifted in order to embrace
broader concepts of the environment and to acknowledge the complex interplay of genetic and environmental influences
within development. Questions regarding how language development takes shape are not rhetorical. How we conceptualize
causality influences the interventions we provide as a practice-based field. For example, a relatively exclusive focus on linguistic
input implies to therapists and parents that they should be able to prevent and remediate language disorders if they only
provide the ‘‘right’’ type and amount of linguistic input, when the reality is much more complex. It is possible that controlling for
demographic factors, such as SES, is currently the field’s mechanism for acknowledging broader environmental influences on
child language development. However, if so, the rationale remains largely unarticulated, and still does not address the fact that
other factors merit direct examination. Specific to broadening our concept of environmental influences, research across other
fields has highlighted the importance of such influences as diet, stress, and toxin exposure. Although not within the journals
reviewed here, relevant studies are published elsewhere on these influences, such as links between autism and exposure to air
pollution and pesticides (Roberts et al., 2013; Shelton, Hertz-Picciotto, & Pessah, 2012).

In addition, consideration of other environmental factors, such as nutrition, may be more prevalent for other types of
communication disorders such as stuttering (e.g., Mahurin-Smith & Ambrose, 2013).

In addition to expanding our concept of the environment, the second recommendation is the need to recognize the
complex interplay of genetic and environmental effects. Few studies from our review mentioned the possibility of gene–
environment correlation or interaction, and none explicitly studied it. Given the emerging evidence of such complexities in
other disciplines (e.g., Boyce et al., 2012; Ellis & Garber, 2000; Evans, 2006; Hepp, 2011; Jaenisch & Bird, 2003; Oberlander
et al., 2008; Smith et al., 2008; van Engeland et al., 2003), it is important to consider the likelihood that the effects of any
environmental variable are not going to be consistent, in nature or magnitude, across all individuals due to the complex
interplay across multiple levels of developmental systems, from genes to sociocultural communities. It is quite possible that
the same environmental influence might be beneficial to some and harmful to others. See for example the work by Dotterer,
Iruka, and Pungello (2012) that documents differential associations between maternal interaction style and child outcomes
dependent on race. Neither genes nor individual environmental factors operate in a vacuum. In fact, findings of epigenetic
effects blur the traditional distinction between the two, and gene–environment interactions highlight the reality that
environmental variables can have very different effects depending on one’s genotype. Even though relevant findings are
sparse in relation to child development, particularly replicated effects, it is naı̈ve to believe that the complexities of epigenetic
effects and GxE interaction do not shape the intricate evolutionary phenomenon of child language development. In fact,
Halpern (2010) claims that such complexity in development is what makes replication of reductionist experimental
paradigms so difficult, if not impossible. Such complexity highlights the value in studying individual developmental
trajectories, preferably through a variety of scientific paradigms. At the same time that molecular genetic paradigms are
providing increasingly sophisticated means to examine epigenetic effects (Kraft & DeThorne, 2014), longitudinal case studies
offer an opportunity to document the emergence and development of behavior ‘‘in the wild,’’ including the multitude of
factors likely to impinge upon it. At the very least, both quantitative and qualitative studies should be moving toward the
inclusion of more contextual information in the study of child language development, incorporating information across
levels from individual biology to social–cultural community (see for example Baxendale, Lockton, Adams, & Gaile, 2013 or
Zubrick et al., 2007).
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Despite the contribution of the present review, it is important to keep in mind that we focused on a subset of prominent
journals within CSD that may not be fully representative of the field as a whole. In addition, the review of studies from
2003 to 2012 focused primarily on abstract reviews with full consideration of the article only as deemed necessary. Given
that a study’s purpose and key variables are typically critical elements of the abstract, we considered this relatively
superficial analysis adequate for our purpose. In addition, the results from our abstract review were supported by the in-
depth review of all eligible articles from 2013, which served as a means to confirm our categorization of the abstracts and to
examine causal factors from the perspective of methodological/statistical control variables within the analyses and
interpretation within the discussion.

5. Conclusions

In sum, the current review highlights the need to broaden the research base for the field of Communication Sciences &
Disorders both nationally and internationally. Although it makes sense that journals within CSD tend to focus on causal
influences most directly linked to current scope of practice within speech–language pathology (cf. ASHA, 2007), we
recommend a bidirectional relationship between research and practice. How we conceptualize causality shapes clinical
interventions and interventions shape our scientific understanding. Focusing on linguistic input at the expense of other
factors is likely to restrict the positive impact our field can have in understanding child development and associated
treatments and interventions. Future research should include a broader range of causal influences on child language
development, including such factors as diet, toxins, and stress. In addition, an integrative approach sensitive to the complex
and dynamic interplay between genetic and environmental influences over time that encompasses multiple levels of
development (e.g. molecular, cellular, cultural and historical) is warranted.
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Appendix A. Continuing education questions

1. Traditionally, theories in communication sciences and disorders have emphasized which of the following environmental

influences on child language development?
a. Parent interaction
b. Prenatal nutrition
c. Exposure to toxins
d. Infection
2. T
ogether, developmental systems theory and the field of ecological developmental biology emphasize which of the
following points?
a. The complex interplay between genetic and environmental factors over time
b. The value of a given phenotype depends on context
c. Environment is construed broadly from cellular contents to sociocultural communities
d. All the above
3. W
hich of the following statements is true of epigenetic effects?
a. The effects are limited to a single generation
b. Such effects have been demonstrated only in nonhuman species
c. They involve changes in an organism’s DNA sequence
d. They are defined as environmental influences on gene expression
4. O
f the journal abstracts reviewed by the authors over the last decade, the majority of causal studies directly addressed
genetic effects on child language development.
a. True
b. False
5. T
he authors propose a shift in the field of CSD’s theoretical framework to:
e. Outside-in and inside-out models of language development
f. A cognitive and social-interactionist framework of development
g. A dynamic multilevel framework of development
h. A nature–nurture developmental model
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