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Abstract Empirical data on genetic counseling outcomes
in the deaf population are needed to better serve this
population. This study was an examination of genetics
knowledge before and after culturally and linguistically
appropriate pre-test genetic counseling in a diverse deaf
adult sample. Individuals ≥18 years old with early-onset
sensorineural deafness were offered connexin-26/30 testing
and genetic counseling. Participants completed questionnaires
containing 10 genetics knowledge items at baseline and
following pre-test genetic counseling. The effects of genetic

counseling, prior beliefs about etiology, and participant’s
preferred language on genetics knowledge scores were
assessed (n=244). Pre-test genetic counseling (p=.0007),
language (p<.0001), prior beliefs (p<.0001), and the
interaction between counseling and beliefs (p=.035) were
predictors of genetics knowledge. American Sign Language
(ASL)-users and participants with “non-genetic/unknown”
prior beliefs had lower knowledge scores than English-users
and participants with “genetic” prior beliefs, respectively.
Genetics knowledge improved after genetic counseling
regardless of participants’ language; knowledge change was
greater for the “non-genetic/unknown” beliefs group than the
“genetic” beliefs group. ASL-users’ lower knowledge scores
are consistent with evidence that ethnic and cultural minority
groups have less genetics knowledge, perhaps from exposure
and access disparities. Culturally and linguistically appropri-
ate pre-test genetic counseling significantly improved deaf
individuals’ genetics knowledge. Assessing deaf individuals’
prior beliefs is important for enhancing genetics knowledge.
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Introduction

Recent studies have demonstrated that some deaf and hard-
of-hearing individuals are interested in learning why they
are deaf (Boudreault et al. 2010; Burton et al. 2006;
Withrow et al. 2009a, b); and with the widespread
availability of genetic testing for deafness and increasing
availability of information about what genetic counseling
and testing can offer in general, it is likely the number of
deaf clients seeking genetics services will increase. As with
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any genetic testing, pre-test genetic counseling is an
important element of the process for ensuring that individuals
understand relevant genetics concepts, and the benefits and
limitations of genetic testing for deaf genes (Brunger et al.
2000; Palmer et al. 2009). Parents of deaf infants have been
found to have good genetics knowledge outcomes following
pre-test genetic counseling for connexin-26 (GJB2 [OMIM
220290]) and connexin-30 (GJB6 [OMIM 612645]) genetic
testing (Palmer et al. 2009). However, the efficacy of pre-test
genetic counseling on knowledge outcomes has not yet been
studied for deaf and hard-of-hearing adults. This is a
significant issue that needs to be addressed because the
unique language and culture shared by many deaf and hard-
of-hearing individuals challenge the norms for both acquisi-
tion and provision of genetics information which could
impact the effectiveness of pre-test genetic counseling in this
population.

In this article, the term Deaf (with a capital D) is used to
refer to individuals who are members of the Deaf community,
a distinct cultural group. The term Deaf is distinct from deaf
(with a lower case d), which refers simply to an audiologic
phenotype; individuals within the Deaf community may be
deaf or hard-of-hearing (Senghas and Monaghan 2002). The
Deaf community has a distinct culture with its own beliefs,
customs, attitudes, language, and behavioral norms. Specif-
ically, this culturally collective group does not view being
deaf as a medical condition that requires a treatment or cure,
but, rather, as a trait or characteristic of human diversity that
is important to their culture (Padden and Humphries 1988).

American Sign Language (ASL) is the primary language for
culturally Deaf individuals within the U.S. Deaf community
and English is usually their second language. However, there is
variability in language and modality use within the deaf and
hard-of-hearing population (Wilcox 1989), such that some
individuals may opt to use spoken English, a combination of
ASL and English, a form of signed English, or, in some rare
instances, a home sign (a unique signed language developed
and used within the home of the deaf individual) (Van
Deusen-Phillips et al. 2001). The language a deaf or hard-of-
hearing individual uses depends on a number of factors,
including their cultural affiliation, their experiences interact-
ing with deaf and hearing individuals, the audiologic level of
their hearing condition, their upbringing, and their school
setting (Padden and Humphries 1988).

To date, there have been no studies on genetics knowledge
in the deaf population. However, as with other linguistic and
cultural minority groups, institutional, socio-cultural, and
educational factors likely affect signed language users’
knowledge of genetics concepts and terms. Most health
information is configured for hearing individuals and is
relayed in spoken or written English. Spoken English poses
a significant challenge to the millions of Americans who are
deaf or hard-of-hearing, but both print and spoken English

pose a significant challenge for many Deaf individuals whose
native language is ASL. ASL has a distinct grammar and word
order, and it differs significantly from English or signed
English. Therefore, English is often experienced as a second
language for many Deaf individuals; and because information
is often conveyed in written or spoken English, ASL-users
have limited access to incidental health information, including
genetics information, that is readily available to hearing
individuals through channels such as the mass and social
media, internet, friends, and the community (Harmer 1999;
Israel et al. 1992).

ASL is a productive and highly inflective language which
can generate any complex concept in genetics discourse, and
genetics terminology in ASL is used by Deaf academics.
However, academic ASL terminology is not widespread
among general ASL users (Ross and Berkowitz 2008), and
educational curricula for deaf and hard-of-hearing individuals
may fail to incorporate a comprehensive education in the
basic sciences, including biology (Harmer 1999). Thus signs
for many genetics concepts are not yet common or
recognized among ASL-users. The absence of consensus on
standardized signs for genetics concepts may lead to limited
opportunity for ASL-users to be exposed to the latest
information on genetic mechanisms, genetic etiology and
genetic testing, which could in turn affect the knowledge base
of general genetics concepts within the deaf population.

Perceptions of cultural insensitivity or lack of information
among hearing professionals regarding the Deaf community
can be important factors in Deaf individuals’ genetics
knowledge and understanding as well. The Deaf community
has endured a history of discrimination, non-acceptance,
audism, and even eugenics (Lane 1999; Schuchman 2004).
As a consequence, Deaf individuals may approach the genetics
community with distrust which could negatively affect their
interest in learning genetics information or receiving genetics
services. Contributing to this is the common perception within
the medical community that deaf people have a disability
which needs intervention and remediation. This perception
may translate into culturally insensitive medical care for deaf
or hard-of-hearing individuals, leading to reduced rapport
(Padden and Humphries 1988). Compounding these issues is
the unfamiliarity and limited experience many health care
providers, including genetic counselors, have in working with
signed language users (Enns et al. 2010) resulting in ASL-
users’ frustration with health care professionals who are not
sensitive to providing health information in a culturally and
linguistically appropriate manner (Steinberg et al. 2006). For
example, a study of 45 deaf women found not only that they
had limited health knowledge relating to cancer screening,
but some of the deaf women actually avoided health care
services due to frustration over communication barriers or
cultural ignorance on the part of their health care provider
(Steinberg et al. 2002).
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Variable English proficiency, poor provider-patient com-
munication, and fewer health education opportunities than
hearing individuals collectively affect deaf individuals’
understanding of health and illness, access to care and
information, and awareness and utilization of treatment
options (Harmer 1999); as a result, the deaf population
experiences significant health disparities (Barnett and
Franks 2002; Orsi et al. 2007; Tamaskar et al. 2000).
However, use of culturally and linguistically sensitive
approaches for providing health care has been shown to
increase health knowledge in the deaf population regarding
tobacco-related diseases (Berman et al. 2011) and cervical
cancer (Choe et al. 2009), and to produce significant
increases in understanding of prostate and testicular cancer
that remained present two months after receipt of information
(Folkins et al. 2005).

These studies not only suggest that culturally and
linguistically tailored genetic counseling may be an
important component for enhancing deaf individuals’
genetics knowledge outcomes, but also enhancing genetics
knowledge could be important for reducing health dispar-
ities experienced by this group and improving their overall
health and well-being. For example, genetic counseling can
aid in the understanding of the genetic heterogeneity and
general etiologies that may result in a person being deaf. In
some instances, identifying a hereditary reason that one is
deaf may be beneficial for medical management in
situations where the genetic etiology may result in medical
complications if unrecognized [e.g., cardiac manifestations
in Jervell and Lange-Nielsen Syndrome (Schwartz et al.
2006)]. Furthermore, enhanced self-knowledge from genetic
information for non-disease traits has been shown to impact
health outcomes (Gordon et al. 2005) and psychological well
being (Gordon et al. 2005; Sankar et al. 2006). Because
deafness is considered a non-medical trait by many individuals,
enhancing deaf individuals’ knowledge about why they are
deaf may have a variety of beneficial outcomes including
improved health and well-being. Current literature on effects
of enhanced self-knowledge in the deaf population is
limited, however, and analyses of these types of outcomes
are the focus of our future manuscripts.

Finally, genetic counseling can provide deaf and hard-of-
hearing individuals with an opportunity to learn about
clinical genetic services in general and the utility of genetic
testing and screening for conditions unrelated to being deaf,
such as cancer, which may be revealed through careful
assessment of the individual’s family history. Studies have
demonstrated that improving cancer genetics knowledge via
genetic counseling and testing has many benefits, such as
cancer prevention (Rebbeck et al. 2004), increased screening
(Hadley et al. 2004), and more appropriate use of healthcare
resources, including the promotion of genetic counseling for
those who are at inherited risk of cancer (Daly et al. 2006),

and reduction in interest in genetic testing among those in
low risk groups (Green et al. 2004). Thus, increasing
genetics knowledge in the deaf population is an important
element in reducing health disparities.

Numerous studies have demonstrated that genetic counsel-
ing can enhance genetics knowledge outcomes (Cabrera et al.
2010; Hwa et al. 2010; Kelly et al. 2004; Lerman et al.
1997). Factors such as age and education level (Cabrera et al.
2010), family history (Hiraki et al. 2009; MacNew et al.
2010), beliefs related to causality or etiology (Kash et al.
1995), likelihood of a genetic etiology (Hiraki et al. 2009),
disease status (Kelly et al. 2004; Pieterse et al. 2011), and
risk perception (Cabrera et al. 2010) are important covariates
of genetics knowledge and understanding. In some studies,
these factors have been shown to be important for identifying
subgroups that may particularly benefit from genetic
counseling (Green et al. 2004; Hiraki et al. 2009; Lerman
et al. 1997; Pal et al. 2010). In addition, studies have
demonstrated minority status is a predictor of genetics
knowledge and that individuals belonging to cultural and
linguistic minority groups often have lower baseline levels of
genetics knowledge (Halbert et al. 2005; Kinney et al. 2010;
MacNew et al. 2010).

Studies specifically examining effectiveness of genetic
counseling to enhance genetics knowledge outcomes in
cultural and linguistic minority groups are beginning to
emerge (Halbert et al. 2010; Pal et al. 2010; Sussner et al.
2010). While a recent study found that deaf individuals may
have some familiarity with the concept of genetic counseling
(Middleton et al. 2010a), there is a paucity of data on the
effectiveness of genetic counseling to enhance genetics
knowledge outcomes in the deaf and hard-of-hearing
population, including the Deaf community.

Purpose of the Study

This study begins to fill the literature gap on genetic
counseling for the deaf population by providing empirical
data on genetics knowledge, factors associated with
genetics knowledge, and the effectiveness of pre-test
genetic counseling on genetics knowledge outcomes in a
large culturally and linguistically diverse deaf and hard-of-
hearing sample. This article includes a description of a
culturally and linguistically tailored approach to providing
genetic counseling and testing to deaf and hard-of-hearing
adults. There were two main research questions: (1) Does
pre-test genetic counseling enhance deaf and hard-of-
hearing individuals’ knowledge about genetics and genetic
testing for deaf genes? and (2) Is genetics knowledge
associated with deaf individuals’ language or prior beliefs
about the reason for being deaf? Although this study is
specific to pre-test genetic counseling for deaf genes, the
results may be useful for considering in the context of
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genetic counseling and testing for non-deaf related reasons in
the deaf population, and in other linguistic and cultural
minority communities.

Methods

Background: Deaf Genetics Project

The Deaf Genetics Project is a collaborative research
project between California State University Northridge
(CSUN) and the University of California Los Angeles
(UCLA). The project’s goal is to examine the impact of
genetic counseling and genetic testing for deaf genes on
attitudes toward genetic testing, genetics knowledge and
understanding, cultural affiliation, and psychological and
behavioral outcomes within the deaf or hard-of-hearing
population, using a prospective, longitudinal study design.
This article focuses on findings regarding the impact of pre-
test genetic counseling on participants’ genetics knowledge.

Deaf, hard-of-hearing, and hearing researchers from a
variety of disciplines, including Deaf Studies, Linguistics,
Sign Language Interpreting, Genetics, Genetic Counseling,
Audiology, and Statistics worked together as members of
the core research team to design a culturally and linguis-
tically appropriate genetic counseling and testing model.
All members of the research team, including the genetic
counselors, attended approximately 10 hours of Deaf
cultural sensitivity workshops to enhance their genetic
counseling interactions with deaf and hard-of-hearing
individuals. Cultural and linguistic diversity in the research
team was felt to be an essential step for integrating the Deaf
cultural perspective, the hearing cultural perspective, the
academic cultural perspective, and the community service
perspective into the design and implementation of culturally
and linguistically appropriate genetic counseling.

Participants and Procedures

Deaf or hard-of-hearing individuals were eligible to
participate in this study if they had early-onset (defined as
age 6 years or younger) sensorineural deafness of an
unknown etiology and were at least 18 years old.
Participants were recruited over a period of 25 months
through deaf or hard-of-hearing organizations, community
events, conferences, support groups, and audiology clinics
in Los Angeles, Alameda, and San Bernardino counties of
California. A study website (www.deafgeneticsproject.org),
brochure, postcard, advertisements, and in-person presenta-
tions were developed and used for recruitment. Recruitment
materials indicated the following: the focus of the study
was on genetic counseling and genetic testing for two genes
called connexin-26 and connexin-30 that might explain

why an individual is deaf; sharing their experience with
genetic counseling and genetic testing could help society
understand how genetic testing can impact deaf and hard-
of-hearing individuals; the research team was composed of
Deaf, hard-of-hearing, and hearing individuals; and the
study was not intended to cure deafness or to affect an
individual’s hearing. All materials were culturally and
linguistically appropriate with use of visual aids, lay-
person’s terms in written English, and information provided
in ASL. Interested individuals were invited to contact
project personnel via point-to-point webcam communication
(e.g., videophone), telecommunication devise for the deaf
(e.g., TTY), email, or voice telephone.

Individuals determined initially eligible based upon a
brief screening questionnaire were scheduled for an
audiology evaluation to confirm the presence of sensori-
neural deafness (defined for this study as a pure tone
average of 35db or greater in both ears). This step was
considered essential to ensure that connexin-26 and
connexin-30 genetic testing was offered only to individuals
for whom it was potentially relevant. To facilitate partici-
pation, individuals could select one of four locations for
their participation (University of California Los Angeles,
California State University Northridge, California School for
the Deaf-Fremont, California School for the Deaf-Riverside),
which included three deaf community-based locations.

Participants with confirmed sensorineural deafness
were then offered a pre-test genetic counseling session
with one of four project board-certified genetic counselors to
discuss connexin-26 and connexin-30 genetic testing.
During the semi-structured pre-test genetic counseling
sessions, the genetic counselor queried the participant
about deaf, hard-of-hearing, and hearing relatives using
a standardized protocol and generated a detailed 3-
generation pedigree. The genetic counselor provided
information on the general etiologies of deafness, and
basic genetics concepts were reviewed and discussed in
the context of the participant’s family history. General
information about genetic testing and genetic services for
deaf adults was provided. During the pre-test genetic
counseling session, emphasis was placed on information
about connexin-26, connexin-30, and their autosomal
recessive mechanism of inheritance. The limitation that
the study was offering genetic testing for only two genes
and the considerable genetic heterogeneity demonstrated
in the deaf population were discussed in detail. The
genetic counselor engaged the participants in a discussion
of the benefits, risks, and limitations of genetic testing
for connexin-26 and connexin-30 in the context of the
participant’s personal and family history. Genetic counsel-
ing sessions were standardized as much as possible,
using a genetic counseling notebook with visual aids and
identifying key concepts to routinely discuss.
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Immediately following pre-test genetic counseling, par-
ticipants were offered sequencing of the GJB2 gene for
connexin-26 and testing for delGJB6-D13S1830, the com-
mon deletion in the GJB6 gene for connexin-30 (del
Castillo et al. 2002). Participants opting to pursue genetic
testing then returned for a post-test genetic counseling
session at which time their genetic test results were
disclosed and discussed in the context of their family
history and personal motivations for testing. During the
post-test genetic counseling session, the option for clinical
genetics services was discussed with the participant, and
contact information for local genetics clinics was offered.

An important element of our culturally and linguistically
appropriate genetic counseling sessions was the integral
inclusion of certified ASL/English sign language inter-
preters. Three certified ASL/English interpreters were
members of the project staff, and an interpreter was
available for all participants during the course of the
research protocol unless the participant opted to use spoken
English without an interpreter. These ASL/English inter-
preters were certified by the Registry of Interpreters for the
Deaf (RID), which provides interpreters with a code of
conduct and ethical guidelines (Registry of Interpreters for
the Deaf 2005). They were bilingual and bicultural, and
their presence during sessions helped ensure clear and
appropriate communication between the genetic counselor
and the deaf participant (Professional Standards Committee
Registry of Interpreters for the Deaf 2007). Because
genetics terminology and concepts in ASL are not
widespread, the staff interpreters and Deaf researchers
consulted with several Deaf and hearing academics who
had familiarity with this ASL terminology to ensure that
appropriate signs were used. In addition, the staff inter-
preters were trained extensively in the relevant genetics
topics to further facilitate accurate and consistent explan-
ations of complex genetic information. The staff interpreters
were not limited to interpreting roles but also functioned as
the primary contact for many of the deaf participants in the
project, helping to demonstrate the project’s commitment to
cultural and linguistic sensitivity.

Through the course of the study, participants were asked
to complete four questionnaires. All four questionnaires
were nearly identical so items could be assessed in a
longitudinal framework. They queried a variety of factors,
including demographic characteristics, attitudes toward
genetic testing, genetics knowledge and understanding,
cultural affiliation, and psychological and behavioral
functioning. The first questionnaire, referred to as the
baseline questionnaire, was completed immediately following
the audiology evaluation. The second questionnaire, referred
to as the pre-test counseling questionnaire, was completed
immediately following the pre-test genetic counseling
appointment. The third and fourth questionnaires were

completed one month and six months following the
disclosure of the genetic test results, respectively.

Questionnaires were translated into ASL using a
translation-back translation procedure in which a bilingual
ASL/English Deaf individual translated the original English
version into ASL, another bilingual ASL/English individual
back-translated the ASL version to English, and any
inconsistencies in meaning were identified and resolved
(Brislin 1970; Samady et al. 2008). Questionnaires were
available to participants in English text (paper and online
versions), ASL (online video streaming), and an online dual
language format of both English text and ASL video.

A subset of 30 subjects were asked to complete an
additional questionnaire following the audiology appointment
but prior to the pre-test genetic counseling appointment
(referred to as the “equivalence” questionnaire) for the
purpose of comparing the equivalence of the English text
version to the ASL video version of the questionnaire items.
The equivalence questionnaire did not include demographic
questions but was otherwise identical to the baseline
questionnaire. Fifteen individuals completed the baseline
questionnaire in English and the equivalence questionnaire
in ASL, and the other fifteen individuals completed the
questionnaires in reverse language order. The main focus of
this article is on data collected from the baseline and pre-test
counseling questionnaires.

The study was approved by the CSUN and UCLA
institutional review boards. Informed consent was obtained
for all study participants, and all potential participants were
informed that genetic counseling and genetic testing were also
available outside of the study. All research personnel obtained
training on Health Insurance Portability and Accountability
Act (HIPAA) privacy rules, which provided additional
protection to participants when a third party (i.e., an
interpreter) was present during genetic counseling sessions.

Measures

Genetics Knowledge

A set of ten true/false items were included on the baseline and
pre-test genetic counseling questionnaires to assess knowledge
of deaf genetics, recessive inheritance, and genetic testing in
general (Table 4). Several items were adapted from a previous
study examining genetic testing for deafness (Palmer et al.
2009). The remaining items were developed and pilot-tested
with a culturally diverse sample of 12 deaf and hard-of-
hearing individuals for clarity and comprehension, and
revisions were made as needed prior to use in this study.
Baseline and pre-test genetic counseling knowledge scores
were generated for each participant based upon the number of
correct responses for these questions. Scores could range from
0 (no correct responses) to 10 (all correct responses).
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Language

Participants’ language was classified into one of four
categories based on their language use during interactions
with hearing audiology and genetic counseling project staff:
ASL with interpreter present, ASL and English combination
with interpreter present, English with no interpreter, and other
(e.g., Signed English). Note that interactions with staff
interpreters for scheduling appointments or addressing other
project-related questions could occur directly in the partic-
ipants’ primary language without the presence of a third party,
e.g., genetic counselor.

Prior Beliefs about Etiology

Prior beliefs were assessed from the baseline questionnaire.
Individuals were asked to select the most likely reason they
are deaf from a list of 6 options: “It is genetic, because
other people in my family are deaf/hard-of-hearing”; “It is
genetic, even though no one else in the family is deaf/hard-
of-hearing”; “Something happened when my mother was
pregnant with me”; “Something happened while my mother
was giving birth to me”; “Something happened to me after I
was born”; and “It is unknown.” The first two options were
then classified as “genetic,” and the last four options were
classified as “non-genetic/unknown” for subsequent analyses.
Participants were invited to provide details if they marked one
of the “Something happened…” categories, however, those
responses are not analyzed in this study.

Demographics

Demographic data were also collected, and included age,
gender, ethnicity/race (non-Hispanic Caucasian, Hispanic,
African-American, Asian, American Indian/Alaska Native,
Native Hawaiian or Other Pacific Islander), cultural
affiliation (hearing community, Deaf community, both
communities, neither community), type of high school
program [hearing-based programs: oral instruction in the
classroom (i.e., oral school for the deaf, or a public school
without interpreter/support services); Deaf-based programs:
signed instruction (e.g., ASL or coded communication in the
classroom); mainstream programs: public schools that pre-
dominantly provide signed instruction (e.g., ASL or coded
communication with interpreter/support services); mixed
program (defined as attending two or more of the previously
described high school programs)]; highest attained education
level (dichotomized as < or ≥ undergraduate bachelor’s
degree); family history of deaf relatives (at least one deaf first
or second degree relative/no deaf relatives); student status
(yes/no); marital status (married/not married); employment
status (employed part- or full-time, unemployed, retired); and
income category (in $15 K increments).

Data Analysis

Descriptive statistics were produced and reviewed for the
presence of outliers and data errors. Demographic charac-
teristics were compared across language groups using
analysis of variance (ANOVA) or Chi-square/Fisher’s Exact
test when examining association between language and a
quantitative or categorical variable, respectively. We then
conducted a series of bivariate analyses to identify potential
demographic confounders with baseline genetics knowledge
score in our sample. Specifically, Pearson’s product correla-
tion was computed to determine if age at enrollment was
associated with baseline knowledge score. ANOVAwas used
to determine if baseline genetics knowledge was indepen-
dently associated with sex, type of high school program
attended by the participant, education level, family history,
student status, marital status, and employment status.

Cultural affiliation was not evaluated as a covariate of
genetics knowledge because this demographic variable was
very strongly associated with language (Fisher’s Exact test,
p<.0001; see Table 1). Although type of high school
program also was very highly correlated with language
(Fisher’s Exact test, p<.0001; Table 1), we examined it as a
potential covariate of genetics knowledge because of its
potential relationship with educational curricula (Harmer
1999). Highest attained education level also was significantly
associated with income (F(1,208)=50.98, p<.0001). We
included only education as a possible covariate in these
analyses because inclusion of income decreased the sample
size due to missing data on this variable. As there were four
genetic counselors and three primary sign language inter-
preters, we also examined the potential effect of genetic
counselor and sign language interpreter on knowledge by
performing an ANOVA with genetic counselor (or sign
language interpreter) as the independent variable, and differ-
ence between pre-test genetic counseling knowledge score
and baseline knowledge score as the dependent variable.

To address the main research questions, we first
conducted a series of paired t-tests and ANOVAs to
determine if pre-test genetic counseling enhanced genetics
knowledge outcomes, if there was an association between
participants’ language and genetics knowledge, and if there
was an association between participants’ prior beliefs about
etiology and genetics knowledge. Post-hoc two-way com-
parisons were conducted to identify specific group differ-
ences using Tukey’s HSD test (Box et al. 1978), which
controls for Type I experiment-wise error rate. To examine
the robustness of these separate analyses, we then
performed repeated measures multiple regression analysis
to simultaneously examine the effects of pre-test genetic
counseling, language, and prior beliefs about etiology on
genetics knowledge scores while also taking into account
additional demographic variables exhibiting significant
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association with baseline genetics knowledge score. Finally,
we examined interactions between significant main effect
variables and pre-test genetic counseling to determine if
subgroups of participants showed significantly greater
improvement in genetics knowledge after pre-test genetic
counseling. Three participants whose language preference

was described as “other” were excluded from analyses that
included language as a variable due to their small sample
size. Analyses were conducted using SAS version 9.1 (SAS
Institute, Cary, NC). Repeated measures regression analysis
was performed using PROC MIXED procedure in SAS.
Statistical significance was set at α=.05.

Table 1 Sample demographics

Total samplea ASL with
interpreter

ASL + English,
interpreter

English, no
interpreter

p-valueb

Sample Sizec 244 158 53 30

Average Age (SD), in years 46.1 (15.8) 46.7 (16.2) 45.9 (14.6) 42.0 (15.9) .33

Min 18.1 18.2 18.1 20.1

Max 88.5 86.0 74.7 88.5

% Female 60.3 (n=147) 57.6 (n=91) 66.0 (n=35) 60.0 (n=18) .55

Ethnicity/Race

% non-Hispanic Caucasian 79.5 (n=194) 77.2 (n=122) 90.6 (n=48) 70.0 (n=21) .04d

% Hispanic 10.3 (n=25) 12.7 (n=20) 1.9 (n=1) 13.3 (n=4)

% Asian 8.6 (n=21) 9.5 (n=15) 3.8 (n=2) 13.3 (n=4)

% Othere 1.6 (n=4) .63 (n=1) 3.8 (n=2) 3.3 (n=1)

Cultural affiliation

% Hearing community 7.4 (n=18) .6 (n=1) 1.9 (n=1) 55.2 (n=16) <.0001f

% Deaf community 55.8 (n=135) 66.9 (n=105) 50.9 (n=27) 6.9 (n=2)

% Both communities 34.7 (n=84) 30.6 (n=48) 47.2 (n=25) 31.0 (n=9)

% Neither community 2.1 (n=5) 1.9 (n=3) 0 6.9 (n=2)

High school programg

% Hearing-based 30.5 (n=72) 17.2 (n=26) 36.5 (n=19) 80.0 (n=24) <.0001

% Deaf-based 37.3 (n=88) 51.7 (n=78) 19.2 (n=10) 0

% Mainstream 21.6 (n=51) 18.5 (n=28) 32.7 (n=17) 20.0 (n=6)

% Mixed 10.6 (n=25) 12.6 (n=19) 11.5 (n=6) 0

% with undergraduate bachelor or higher degree 55.1 (n=134) 49.4 (n=78) 65.4 (n=34) 66.7 (n=20) .05

% with deaf first- or second-degree relatives 54.1 (n=132) 57.6 (n=91) 47.2 (n=25) 46.7 (n=14) .29

% students 13.6 (n=33) 13.4 (n=21) 11.5 (n=6) 20.0 (n=6) .56

% married 46.9 (n=114) 49.7 (n=78) 45.3 (n=24) 36.7 (n=11) .41

Employment status

% part- or full-time 64.1 (n=155) 59.9 (n=94) 73.6 (n=39) 72.4 (n=21) .22

% unemployed 19.8 (n=48) 21.7 (n=34) 11.3 (n=6) 20.7 (n=6)

% retired 16.1 (n=39) 18.5 (n=29) 15.1 (n=8) 6.9 (n=2)

Median income level, in thousands of dollars 35–50 35–50 50–65 50–65 .13

Beliefs, % genetic 43.0 (n=105) 45.6 (n=72) 30.2 (n=16) 53.3 (n=16) .07

a Some items are missing values for some individuals.
b Statistical significance of comparisons across the three language groups
c Three individuals’ language could not be classified into one of the three main groups
d Analysis comparing non-Hispanic Caucasian group to all others
e “Other” category contains African-American (n=2), American Indian/Alaska Native (n=1), and Native Hawaiian or Other Pacific Islander (n=1)
f n=5 individuals in the “Neither Community” group were excluded from this analysis due to small sample size
g Hearing-based programs predominantly provide oral instruction in the classroom (i.e., oral school for the deaf, or a public school without
interpreter/support services); Deaf-based programs predominantly provide signed instruction (ASL or coded communication) in the classroom;
Mainstream programs captures public schools that predominantly provide signed instruction (ASL or coded communication) with interpreter/
support services; Mixed program is defined as attending two or more of the previously described high school programs
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Results

Sample Demographics

A total of 271 participants completed the audiology
evaluation. Of these, 263 (97.1%) were determined to be
eligible to participate in the genetic counseling and testing
part of the study, and 248/263 (94.3%) participated in the
pre-test genetic counseling session. Among the 15 eligible
individuals who did not participate in the pre-test genetic
counseling session, three actively withdrew, three passively
declined to continue, and nine were not able to be
scheduled after at least one attempt. These 15 individuals
were more likely to be male (p=.03), and to use ASL with
an interpreter (p=.03), but they did not differ significantly
from the 248 eligible individuals who pursued pre-test
genetic counseling with respect to age, education level,
prior beliefs, or baseline knowledge scores.

Useable data were collected on both the baseline and
pre-test counseling questionnaires from 244 individuals
(92.8% of those individuals who were eligible for pre-test
genetic counseling following the audiology evaluation).
Table 1 illustrates the considerable cultural, linguistic, and
other demographic diversity in this sample of 244 deaf and
hard-of-hearing participants. Their age at enrollment ranged
from 18 – 89 years (mean of 46.1 years; SD=15.8); both
males and females participated, with females comprising
60.3% (n=147) of the sample. Participants’ cultural
affiliation included Deaf community (55.8%, n=135),
hearing community (7.4%, n=18), and both communities
(34.7%, n=84); and their language use when interacting
with hearing study staff included ASL with an interpreter
(64.8%, n=158), ASL and English along with an interpreter
(21.7%, n=53), English without an interpreter (12.3%, n=30),
and various forms of coded communication (e.g., Signed
English; 1.2%, n=3). As expected, participants’ language use
was significantly associated with the type of high school
program attended (Fisher’s Exact test, p<.0001) and with
their cultural affiliation (Fisher’s Exact test, p<.0001) (see
Table 1). Although there were no expectations about a
relationship between language use and the remaining demo-
graphic variables, we found that ethnicity/race (Fisher’s Exact
test, p=.04) and highest attained education level (Fisher Exact
test, p=.05) differed significantly across the three language
groups (see Table 1).

Demographic Variables Associated with Baseline Genetics
Knowledge Scores

Significant predictors of baseline genetics knowledge were
age (r=−.29, p<.0001), education level (<undergraduate
bachelor’s degree, mean score=6.87, SD=1.67; ≥under-
graduate bachelor’s degree, mean score=8.24, SD=1.58;

p<.0001), type of high school attended (hearing-based,
mean score=8.09, SD=1.64; Deaf-based, mean score=
7.16, SD=1.80; mainstream, mean score=8.08, SD=1.51;
mixed, mean score=7.08, SD=1.87; p=.0006), family history
(yes, mean score=7.89, SD=1.71; no, mean score=7.32,
SD=1.76; p=.01), employment status (employed, mean
score=7.82, SD=1.70; unemployed, mean score=7.43,
SD=1.81; retired, mean score=7.0, SD=1.77; p=.02), and
student status (yes, mean score=8.24, SD=1.6; no, mean
score=7.54, SD=1.75; p=.03). These variables were included
as covariates in the repeated measures regression analyses.

Effect of Pre-Test Genetic Counseling, Language, and Prior
Beliefs on Genetics Knowledge Scores

Pre-test Genetic Counseling

The mean genetics knowledge score in the entire sample
at baseline was 7.61 (SD=1.79) and after pre-test
genetic counseling was 7.92 (SD=1.65). There was a
statistically significant increase in knowledge score
following pre-test genetic counseling (paired t(239)=
3.45, p=.0007) with an overall mean increase (i.e., effect
size) of .3 units.

To determine if improvement in genetics knowledge
score was a function of a specific genetic counselor or sign
language interpreter, we performed ANOVAwith knowledge
change as the dependent variable. No association was
found between genetic counselor and knowledge change
(p=.78), or sign language interpreter and knowledge change
(p=.52); therefore these variables were not considered
further.

To determine if the improvement in genetics knowledge
score might be explained by participants’ having the
opportunity to obtain genetics knowledge from sources
outside of the project prior to the pre-test genetic
counseling session, we performed two different analyses.
First, we computed the correlation between knowledge
change and length of time between completion of the
baseline questionnaire (usually completed immediately after
the audiology appointment) and completion of the pre-test
counseling questionnaire (usually completed immediately
following the pre-test genetic counseling session). A positive
correlation would indicate that a greater interval between the
audiology appointment and the pre-test genetic counseling
appointment produced more genetics knowledge and would
suggest outside factors could have intervened to explain
the observed increase in knowledge after pre-test genetic
counseling. However, the correlation was found to be -.125
(p=.053), suggesting a non-significant trend toward genetics
knowledge decreasing as time between appointments
increased. Second, we compared baseline genetics knowl-
edge scores to knowledge scores computed from the
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“equivalence” questionnaire completed by a subset of 30
participants prior to the pre-test genetic counseling session.
Knowledge scores were not found to differ significantly
between the baseline questionnaire and the equivalence
questionnaire (paired t(29)=.45, p=.65). Not only do these
results strengthen the inference that the pre-test genetic
counseling session itself increased genetics knowledge in the
sample, but the second analysis also provides evidence for
the translational equivalence of the genetics knowledge items
between the ASL and English only versions of the
questionnaire.

Language

Genetics knowledge scores were high at baseline for all three
language groups, indicating generally good knowledge
regarding relevant genetics concepts in this sample prior to
meeting with a genetic counselor. There also was an
association between mean baseline knowledge scores and
language (F(2,238)=13.5, p<.0001). Genetics knowledge
scores were higher for participants who used English without
an interpreter (mean=8.90, SD=1.32) compared to partic-
ipants who used ASL and English with an interpreter
(mean=7.96, SD=7.96), or ASL with an interpreter
(mean=7.27, SD=1.77). Tukey’s HSD indicated that
each group mean was significantly different from the others at
a Type I experiment-wise .05 level [English without an
interpreter group – ASL with an interpreter group score
difference=1.63, 95% CI (.85, 2.42); English without an
interpreter group – ASL and English with an interpreter group
score difference=.94, 95% CI (.04, 1.84); ASL and English
with an interpreter group – ASL with an interpreter group
score difference=.70, 95% CI (.07, 1.32)]. Within-group
paired t-test analyses revealed that knowledge scores
significantly increased after pre-test genetic counseling only
for the ASL group (t(156)=2.84, p=.005), suggesting that
knowledge outcomes were particularly enhanced in this
language group by pre-test genetic counseling. However,
mean genetics knowledge scores after pre-test genetic
counseling continued to differ significantly across the three
language groups (F(2,237)=32.0, p<.0001; ASL with inter-
preter, mean score=7.61, SD=1.62; ASL and English with
interpreter, mean score=8.21, SD=1.63; English without
interpreter, mean score=9.13, SD=1.10). Tukey’s HSD again
indicated that each group mean was significantly different
from the others at a Type I experiment-wise .05 level
[English without an interpreter group – ASL with an
interpreter group score difference=1.53, 95% CI (.79,
2.26); English without an interpreter group – ASL and
English with an interpreter group score difference=.93, 95%
CI (.08, 1.77); ASL and English with an interpreter group –
ASL with an interpreter group score difference=.60, 95%
CI (.02, 1.19)].

Prior Beliefs about Etiology

There also was a significant association between genetics
knowledge and an individual's prior beliefs about why they
are deaf. The mean baseline knowledge scores were
significantly higher in the group who attributed the reason
they are deaf to a genetic explanation compared to the
group who attributed the reason they are deaf to non-
genetic or unknown causes (mean=8.24, SD=1.59 versus
mean=7.15, SD=1.73, respectively, F(1,239)=24.9, p<.0001).
Within-group paired t-test analyses revealed that genetics
knowledge scores significantly increased after pre-test genetic
counseling only for the “non-genetic belief/unknown” group
(t(136)=3.57, p=.0005), suggesting that knowledge outcomes
were particularly enhanced in this group by pre-test genetic
counseling. However, mean knowledge scores after pre-test
genetic counseling continued to differ significantly between
the two belief groups, where those who attributed the reason
they are deaf to a genetic explanation had higher genetics
knowledge scores than those who attributed the reason they
are deaf to non-genetic or unknown causes (mean=8.38,
SD=1.42 versus mean=7.60, SD=1.72, respectively, F(1,238)=
14.2, p=.0002).

Repeated Measures Multiple Regression Analyses

We then conducted repeated measures multiple regression
analysis to simultaneously examine the main effects of
pre-test genetic counseling, language, and prior beliefs
about etiology on genetics knowledge scores, including
as covariates those demographic variables exhibiting
significant association with baseline knowledge score
(age, highest attained education level, family history,
high school attended, employment status, and student
status). For these analyses age is dichotomized as either
above or below the sample median age of 45.4 years.
Even after controlling for potential covariates of
genetics knowledge, the main effect of pre-test genetic
counseling (F(1,228)=13.82, p=.0003) was statistically signif-
icant, demonstrating significant improvement in genetics
knowledge scores after pre-test genetic counseling.
In addition, the main effect of language (F(2,216)=6.63,
p=.002), the main effect of prior beliefs (F(1,216)=11.89,
p=.0007), and the covariates age and education were
significant predictors of knowledge (F(1,216)=11.66, p=.0008,
F(1,216)=40.55, p<.0001, respectively), where knowledge
scores tended to be higher among those who used English
without an interpreter, believed they were genetically deaf,
were younger and had at least an undergraduate 4 year degree.
Family history (F(1,216)=.00, p=.96), high school attended
(F(3,216)=.75, p=.52), employment status (F(2,216)=.10, p=.91),
and student status (F(1,216)=2.12, p=.15) were not significant
predictors of genetics knowledge. Repeating the analysis in the
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larger sample without the non-significant covariates yielded
similar results, providing support for excluding non-significant
covariates from subsequent analyses. Although ethnic/racial
variation was present in this sample, it is not sufficient to allow
ethnicity/race to be included as a potential covariate. To
address the robustness of the results, we repeated the repeated
measures regression analyses with the subset of participants
who marked Caucasian as their ethnic/racial category. This
analysis yielded similar parameter estimates, providing evi-
dence that the results from the larger sample are robust with
respect to race/ethnic heritage.

We next added interaction terms between pre-test genetic
counseling and the other four significant main effects
(language, beliefs, age, and education) to the repeated
measures regression model as a preliminary step to evaluate
the potential of pre-test genetic counseling to enhance
genetics knowledge scores among subgroups of participants.
There was no evidence that pre-test genetic counseling
enhanced genetics knowledge outcomes among participants
stratified by age (F(1,223)=2.56, p=.11) or education level
(F(1,223)=.03, p=.87). Moreover, in the context of other
covariates of genetics knowledge, there was no longer any
evidence that pre-test genetic counseling enhanced knowl-
edge outcomes among participants in a particular language
group (F(2,223)=.31, p=.73). However, there was evidence
that pre-test genetic counseling had a more pronounced
effect on enhancing genetics knowledge outcomes among
the subgroup of individuals who believe they are deaf for
non-genetic or unknown reasons (genetic counseling X prior
beliefs interaction term, F(1,223)=4.12, p=.04). Thus, in the
final model we excluded the interaction terms deemed non-
significant in the previous analysis, re-ran the repeated
measures regression analysis, and confirmed that the main
effects of pre-test genetic counseling (F(1, 227)=11.73,
p=.0007), language (F(2, 223)=12.82, p<.0001), and prior
beliefs (F(1,223)=16.0, p<.0001), and the interaction between
pre-test genetic counseling and beliefs (F(1,227)=4.47, p=.035)
were statistically significant predictors of genetics knowledge,
even after controlling for age and education as covariates (see
Table 2). Age (F(1,223)=20.29, p<.0001) and education
(F(1,223)=45.59, p<.0001) also continued to be statistically
significant predictors of genetics knowledge (Table 2). Table 3
illustrates the effects of these predictor variables on genetics
knowledge by demonstrating the predicted knowledge scores
values for the three language groups as a function of prior
beliefs.

To further explore the interaction between pre-test
genetic counseling and prior beliefs, we conducted analyses
in which we compared the percentage of correct responses
for each genetics knowledge item across the two prior
beliefs groups (Table 4). At baseline, the two groups
differed significantly on percentage of correct responses
for 7 of the 10 knowledge items (items # 1, 3, 4, 5, 6, 9,

10). In each case, the “non-genetic belief/unknown” group
had fewer correct responses than the “genetic belief” group.
We then performed within-group analyses for each item to
determine for which items there was statistically significant
improvement within a group. We did this by comparing the
number of individuals with the pattern of responding
correctly at baseline and incorrectly after pre-test genetic
counseling (N1) to the number of individuals with the
pattern of responding incorrectly at baseline and correctly
after pre-test genetic counseling (N2). Under the null
hypothesis of no effect of pre-test genetic counseling Z =
(N1-N2)/(N1 + N2)

1/2 is normally distributed, and so a one
sided z-test can be used to assess significance. After pre-test
genetic counseling, there was a significant increase in the
percentage of correct responses in the “non-genetic belief”
group for 6 knowledge items (items # 4, 5, 6, 7, 9, 10). In
comparison, after pre-test genetic counseling there were no
knowledge items for which the “genetic belief” group
demonstrated a statistically significant level of improvement.

Discussion

Major Findings

This is the first study to examine the impact of genetic
counseling on genetics knowledge outcomes of deaf or
hard-of-hearing individuals. Our results demonstrate that
deaf and hard-of-hearing individuals’ genetics knowledge is
enhanced by pre-test genetic counseling. Although knowledge
of genetics concepts was relatively high at baseline, there was
improvement in knowledge scores after pre-test genetic
counseling for participants who used ASL with an interpreter,
those who used a combination of ASL and English with an
interpreter, and those who used English without an interpreter.
These findings suggest that pre-test genetic counseling is
important for all deaf or hard-of-hearing individuals and they
support provision of health services in a culturally and
linguistically appropriate manner to increase deaf individuals’
genetics knowledge and comprehension (Middleton et al.
2010b; Withrow et al. 2008; Withrow et al. 2009a).
Additionally important, there was no evidence that improve-
ment in genetics knowledge scores could be explained by
idiosyncrasies of the study protocol (time between audiology
and pre-test genetic counseling sessions) or personnel
(genetic counselors, sign language interpreters), further
supporting a conclusion that pre-test genetic counseling itself
enhanced genetics knowledge outcomes of deaf or hard-of-
hearing individuals.

To our knowledge, this study provides the first set of
empirical data on baseline genetics knowledge in the deaf
population. The sample was linguistically diverse, and
language was a significant predictor of baseline genetics
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knowledge scores. Specifically, the results demonstrate that
individuals who used ASL, or ASL and English with an
interpreter, had lower baseline genetics knowledge scores
compared to those who used English without an interpreter.
The finding of a lower level of baseline genetics knowledge
is not unique to the population of ASL-users who constitute
a cultural and linguistic minority group. Rather, this finding
is consistent with evidence that ethnic and cultural minority
groups tend to have less knowledge of genetics topics and
these differences may be attributed to differences in

exposure and access to genetic information and referral
from health care providers (Derose and Baker 2000;
Halbert et al. 2005; Hughes et al. 1997; Kinney et al.
2010; MacNew et al. 2010).

ASL-users experience challenges to acquiring health and
science information in their primary and native language
through educational curricula, media, internet, and other
mechanisms for obtaining incidental information (Harmer
1999). Thus they are likely under-exposed to genetics
concepts and terminology. In addition, standardized technical

Table 2 Repeated measures regression analysis: predictors of genetics knowledge, final model

Model variable Parameter estimate: change
between groups (SE)

Parameter estimate: mean
value by group (SE)

p

Pre-test genetic counseling .0007

Before −.47 (.21) 7.92 (.11)

After – 8.21 (.11)

Language <.0001

ASLa with interpreter −.61 (.21) 7.47 (.10)

English without interpreter .57 (.29) 8.65 (.24)

ASL and English with interpreter – 8.08 (.18)

Prior beliefs about why deaf <.0001

Genetic .51 (.19) 8.41 (.15)

Non-Genetic/Unknown – 7.72 (.13)

Age <.0001

<45.4 years .75 (.17) 8.44 (.13)

≥45.4 years – 7.69 (.14)

Education <.0001

<Bachelor’s degree −1.15 (.17) 7.49 (.15)

≥Bachelor’s degree – 8.64 (.12)

Interaction between Pre-Test Genetic Counseling and Prior Beliefs .36 (.17) .035

Before Pre-Test Genetic Counseling and ‘Genetic’ .39 (.21) 8.35 (.16)

Before Pre-Test Genetic Counseling and ‘Non-Genetic/Unknown’ −.47 (.19) 7.49 (.14)

After Pre-Test Genetic Counseling and ‘Genetic’ .51 (.21) 8.47 (.16)

After Pre-Test Genetic Counseling and ‘Non-Genetic/Unknown’ – 7.96 (.14)

aASL American Sign Language

Table 3 Predicted genetics knowledge scores from the final repeated measures regression model

Prior Belief: Genetic Prior Belief: Non-Genetic/Unknown

ASLa ASL + English English ASL ASL + English English

Predicted Knowledge Score at Baselineb 6.80 7.41 7.99 5.94 6.55 7.12

Predicted Knowledge Score After Pre-Test Genetic Counselingb 6.92 7.53 8.10 6.41 7.02 7.59

These results are based on a total sample size of 229 subjects (Genetic Prior Beliefs n=99; Non-Genetic/Unknown Prior Beliefs n=130).
a ASL = American Sign Language with interpreter present; ASL + English = combination of American Sign Language and English with
interpreter present; English = spoken English with no interpreter present
b predicted values calculated for an individual over 45.4 years of age, with < undergraduate bachelor’s degree. Individuals under 45.4 years of age
are predicted to have scores that are .752 units higher, and individuals with ≥ undergraduate bachelor’s degree are predicted to have scores that are
1.15 units higher. Genetics knowledge scores can range from 0 to 10
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and medical ASL signs are not widely used for many genetics
concepts which may also play a role in the challenges
deaf or hard-of-hearing individuals face acquiring infor-
mation regarding genetic mechanisms, genetic etiology,
and genetic testing. Overall, the finding that ASL-users
demonstrated lower baseline genetics knowledge supports
the hypothesized disparity in access to genetic information
for deaf or hard-of-hearing individuals whose primary and
native language is ASL. This finding also underscores the
need for the development and implementation of innova-
tive mechanisms for disseminating genetic information to
ASL-users.

Another noteworthy finding is that participants’ beliefs
about why they are deaf were significantly related to
baseline genetics knowledge scores. Specifically, those
individuals who did not believe they were genetically deaf
had lower genetics knowledge scores. Studies have shown
that beliefs about the role of genetics in a condition and
degree of family history of a condition can affect genetics
knowledge and understanding (Hiraki et al. 2009; Kelly
et al. 2004; Wilson et al. 2004). Because connexin-26, the

most common genetic explanation of early onset non-
syndromic deafness, predominantly acts in an autosomal
recessive fashion, many genetically deaf or hard-of-hearing
individuals will be the only deaf person in their family. A
lack of familiarity with recessive inheritance may lead
individuals without any deaf relatives to discount the
possibility of being deaf for genetic reasons. Consistent
with this idea, significantly more of the present participants
without any first- or second-degree deaf relatives believed they
had a non-genetic explanation for being deaf compared to those
with a positive family history (80.4% vs. 37.1%, p<.0001).
Consequently, individuals without deaf relatives may have less
familiarity with general genetics concepts, while those who
believe their deafness is genetic may have better knowledge
because their empiric experience of their own family history
gives them this knowledge directly. Assessing deaf individuals’
prior beliefs during pre-test genetic counseling may be
important for enhancing genetics knowledge.

Following pre-test genetic counseling, language and
beliefs about etiology continued to be significant predictors
of participants’ genetics knowledge scores. In addition,

Table 4 Responses to genetics knowledge items as a function of prior beliefs

Prior beliefs about why deaf

Genetics knowledge item (correct response T/F) Timepoint Genetic (n=103)% correct Not Genetic/Unknown
(n=137)% correct

1. Genetics is the only explanation for deafness (F) Baselinea 79.6 67.2*

Pre-testb 82.5 69.3

2. A hearing couple cannot have a deaf/hard-of-hearing child (F) Baseline 99.0 97.8

Pre-test 99.0 95.6

3. Connexin-26 related deafness is the only genetic type of deafness (F) Baseline 71.8 55.5**

Pre-test 72.8 57.7

4. Deafness is inherited in some families (T) Baseline 100 89.1***

Pre-test 95.2 94.9**

5. There is a very high chance that two people (a couple) with
connexin-26-related deafness will have deaf/hard-of-hearing children (T)

Baseline 91.3 76.6**

Pre-test 95.2 84.7**

6. Currently, when a doctor orders a genetic test, it means that the test
examines all of the human genes to see if genetics is the reason why
a person is deaf/hard-of-hearing (F)

Baseline 55.3 34.3**

Pre-test 51.5 43.1**

7. Genetics might explain why a hearing couple has a deaf/hard-of-
hearing child (T)

Baseline 94.2 87.6

Pre-test 98.1 93.4**

8. A deaf/hard-of-hearing couple could have a hearing child (T) Baseline 96.1 94.9

Pre-test 98.1 96.4

9. A child might inherit deafness from two hearing parents (T) Baseline 92.2 81.7*

Pre-test 93.2 88.3*

10. Genetic testing will always explain deafness in families with
more than one deaf/hard-of-hearing family member (F)

Baseline 46.6 30.7*

Pre-test 52.4 35.8*

a Statistical significance between the two prior beliefs groups (genetic; non-genetic/unknown) is noted by asterisks in the Baseline row
b Statistically significant improvement with pre-test genetic counseling within a prior beliefs group is noted by asterisks in the Pre-test row

* p≤ .05; ** p≤ .01; *** p≤ .001
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individuals who believed they were deaf due to non-genetic
or unknown etiologies showed greater improvement in
knowledge scores following genetic counseling than those
who believed at baseline that they were deaf for a genetic
reason. Specifically, individuals who believed they were
deaf due to an unknown or non-genetic etiology showed
improvement after pre-test genetic counseling on 6 of the
10 knowledge items covering a variety of genetics topics,
including autosomal recessive inheritance, genetic hetero-
geneity, and genetic testing (Table 4). These results suggest
this subset of the sample had limited knowledge regarding
different genetics concepts and benefited greatly from a
discussion of the etiologies and the chance of being
genetically deaf even if no one else in their family is deaf.
Notably, about 43% of the sample believed there were non-
genetic reasons for why they were deaf; thus, pre-test
genetic counseling provided value in terms of enhancing
genetics knowledge for a large proportion of participants.

Age and education level were consistent demographic
predictors of genetics knowledge scores in this study.
Younger participants and those with more years of formal
education had higher baseline knowledge scores, a finding
that has been observed in other pre-test genetic counseling
studies (Hughes et al. 1997; Kelly et al. 2004; Randall et al.
2001). Pre-test genetic education interventions have been
noted to produce pronounced improvement in knowledge
outcomes among older and less educated subgroups in a
variety of studies and domains (Green et al. 2004; Kelly
et al. 2004; Lerman et al. 1997). However, in contrast to
other studies, the present results did not find that pre-test
genetic counseling had a more pronounced effect on older
individuals or those with less education.

This project strived to provide genetic counseling in a
manner that was both culturally and linguistically appropriate.
Consistent with this aim, a certified project ASL/English
interpreter was provided to any participant who opted to have
one present during the pre-test genetic counseling session.
While genetics knowledge scores improved with pre-test
genetic counseling, and changes in genetics knowledge scores
did not appear to be related to specific interpreters, it is unclear
why ASL-users’ genetics knowledge scores trailed behind
English-users’ genetics knowledge scores following pre-test
genetic counseling. It is difficult to determine the role the
presence of an interpreter in general may have played in
participants’ knowledge and understanding during the genetic
counseling sessions. The literature supports providing genetic
counseling services directly in the client’s primary language
whenever possible (Betancourt et al. 2003; Weil 2000), and
signed language users prefer to consult directly with a
signing health professional (Middleton et al. 2010b). Thus,
one hypothesis is that ASL-users’ genetics knowledge
outcomes would be further enhanced if genetic counseling
is provided directly in ASL. A comparison of knowledge

outcomes when pre-test genetic counseling is provided
directly in ASL to knowledge outcomes when pre-test
genetic counseling is provided using a sign language
interpreter would further illuminate the role of the interpreter
in this regard.

Practice Implications

The results of this study have implications for the provision
of clinical genetic counseling for deaf and hard-of-hearing
adults in that they support the efficacy of providing services
that are both linguistically and culturally appropriate
(Withrow et al. 2009a). In addition to previous recommen-
dations (Arnos et al. 1991a, b; Burton et al. 2006;
Middleton et al. 2010b; Withrow et al. 2008), genetic
counselors providing services to deaf individuals are encour-
aged to assess not only cultural affiliation and language
preference but to also inquire about the individual’s beliefs
related to why they are deaf. By doing so, the genetic
counselor obtains information about how best to provide
genetic counseling services to the individual as well as
possible indicators of the individual’s baseline knowledge of
genetics. This information can be particularly important for
determining the structure and content of the genetic counsel-
ing session, as well as directing communication with the client
both in the genetic counseling session (including the
utilization of ASL interpreters) and for contact outside of the
appointment (e.g., coordination of appointment times through
video relay services).

Since many of the practices used during the genetic
counseling sessions in this study were simple to implement,
they could easily be adapted in a clinical genetics setting.
Communication is a critical element to any genetic
counseling session, and it can be a particularly important
consideration for genetic counselors providing services to
deaf individuals. This project used communication devices
including videophones (telecommunication devices that
allow for video and audio communication) and video relay
services (a service that connects a deaf person using a
videophone to a hearing person using a telephone through
an interpreter) as well as email and instant messaging to
communicate with deaf research participants. Although
videophones typically are only available to deaf individuals,
the other technologies are easily accessible for use in clinic
settings. For genetic counseling sessions, the preferred
language of the deaf client should take precedence, and a
certified ASL interpreter should be made available if the deaf
client uses ASL and the genetics professional is not fluent in
ASL. However, because there currently is a lack of consensus
on standard ASL signs for genetics terminology, it will be
important for genetic counselors to probe the deaf individual’s
understanding of the genetics information to ensure that it has
been accurately translated. Furthermore, genetic counselors

268 Baldwin et al.



can assist in the training of sign language interpreters in
genetics terminology through these clinical encounters and
participation in interpreters’ professional conferences.

ASL is a visual language. Thus, communication strategies,
line of site (e.g., assurance of clear visual space between the
client and the genetic counselor), and potential visual barriers
should be given careful consideration. During interactions, the
genetic counselor should look at the deaf individual instead of
looking at the interpreter, even though the deaf individual may
be watching an ASL interpreter and, therefore, not looking at
the genetic counselor all of the time. Not only does eye contact
improve the genetic counselor’s ability to read the partic-
ipant’s non-verbal cues, it also conveys that the deaf individual
is the focus of attention (not the sign language interpreter),
facilitates rapport, and emphasizes the client-centered nature
of the genetic counseling session.

Because Deaf individuals communicate visually, visual
aids supporting complex genetic concepts that are used in
standard genetic counseling sessions may be especially
helpful. Instead of simultaneously presenting verbal and
visual information, the genetic counselor should pause
when reviewing visual aids to give the deaf person time to
first watch the interpreter as he/she translates the genetic
counselor’s verbal explanation, and then to look at the
visual aid. In addition, the structure of ideas might be
modified slightly for the genetic counseling sessions with
Deaf clients, as ideas may be organized and structured in
Deaf culture in a way that is different from that of
American hearing culture. For instance, in spoken English,
it is common for ideas to be presented first as a broad
theme that builds upon and leads up to a main point. In
Deaf culture and ASL linguistic discourse, it is common to
engage in frank talk (Lane et al. 1996), that is, to identify
the main point quickly at the beginning of a conversation,
followed by more elaboration. When communicating
complex genetic ideas, the genetic counselor should
communicate the specific intent of the information first
and then elaborate. For example, the genetic counselor may
wish to bluntly state the main topics of discussion at the
beginning of the session prior to providing detailed
explanation: “The gene for connexin-26 is a common
explanation for why a person is deaf. During this
appointment, we will discuss basic genetic concepts,
connexin-26 specifically, and the process of genetic
testing…” In addition, consideration of Deaf culture may
be relevant when considering the genetic counselor’s
regular rapport building routine. Instead of including
rapport building at the beginning of a session, the genetic
counselor may wish to include rapport building at the end
of the session. While in hearing culture, it is common for
conversations to terminate quickly, Deaf clients, may find
this rude and often prefer a more prolonged good-bye. The
genetic counselor may wish to include time at the end of

the appointment for rapport building and an extended good-
bye session and utilize time at the beginning for contracting
and direct statements about the expected content of the
genetic counseling session (Barnett and Franks 2002).

The provision of medical services, including genetic
counseling, that are sensitive to culture and language is
not always intuitive. For that reason, we recommend
genetic counselors and other clinic staff receive cultural
sensitivity training and that clinical genetics services seek
the input of Deaf and hard-of-hearing individuals
regarding how to meet their needs in the clinic setting,
including the location of clinics. The success of the Deaf
Genetics Project was in part due to the deaf community-
based locations for genetic counseling and testing. Thus,
developing ties with local deaf community agencies and
exploring the possibility of setting up outreach clinics
located in or near these deaf community agencies may
enhance uptake of genetics services by deaf individuals.
The National Association of the Deaf (www.nad.org), its
local chapters, and other deaf organizations are helpful
resources in these respects.

Study Limitations and Research Recommendations

As with any study, there are limitations to this research
which may affect the generalizability of the results. First,
the demographics of the sample may not be reflective of the
general population seeking genetic counseling services.
Specifically, their education level was high, with more than
half having a Bachelor’s degree or higher. Thus, it is likely
that individuals who opted to participate in this genetics
research project already had a reasonable baseline under-
standing of genetics concepts which might not be the case for
deaf or hard-of-hearing clients seeking genetic counseling
services in general. In fact, baseline genetics knowledge
scores were high in this sample and the amount of
improvement that could be assessed may have been limited
by a ceiling effect. Although this limitation suggests that
pre-test genetic counseling in a more general clinic
population of deaf adults will have a larger effect on
improvement of genetics knowledge outcomes, additional
research is needed to determine if in fact this is the case.
Additionally, the majority of participants self-reported as
Caucasian. Although our sensitivity analysis indicated the
results were robust with respect to ethnic/racial back-
ground, generalizing the findings to deaf individuals of
non-Caucasian backgrounds should be done with caution.
Furthermore, this study focused on connexin-26 and
connexin-30 testing for nonsyndromic deafness. Pre-test
genetic counseling for syndromic forms of deafness may
address different genetics concepts, different test limita-
tions, and consequently have different effects on genetics
knowledge outcomes.
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Another potential limitation is that genetic counseling and
genetic testing were provided at no charge to participants, and
thus we may have ascertained a biased sample. In the US, it is
likely that deaf individuals with health care coverage would
have access to genetics services at limited out of pocket costs
outside of this study. Thus, it is unlikely that the availability of
genetic counseling and genetic testing at no charge to this
study population would differ significantly from the out of
pocket costs experienced by deaf individuals in a clinical
genetics setting in the US, thereby strengthening the general-
izability and validity of the results.

This study attempted to standardize the genetic counsel-
ing sessions as much as possible, using standard visual aids,
consistently discussing key concepts, and providing cultural
sensitivity training to the genetic counselors. Evidence that
this aim was achieved is provided by the finding that the
magnitude of change in participants’ genetics knowledge
scores did not vary significantly among the four genetic
counselors. It is important to recognize, however, that
genetic counselors often tailor a genetic counseling session
to the client’s needs, and concepts that are discussed may be
reflective of the client’s family history, personal medical
history, and primary concerns. Therefore, the knowledge
items used in this study may not always have been
reflective of the content focus within the pre-test genetic
counseling session, which could lead to an inaccurate
portrayal of participants’ genetics knowledge outcomes.
However, because the effect of the tailored nature of
counseling is to bias the results toward the null hypothesis
of no change, we believe the results of our study are
underestimates of the true effect of pre-test genetic
counseling on genetics knowledge outcomes. Furthermore,
only ten knowledge items were used in this study, and these
ten items likely do not capture every genetics concept
discussed during genetic counseling sessions. However,
these knowledge items were designed to capture some of the
key genetics concepts related to genetic testing that we hoped
participants would begin to understand following pre-test
genetic counseling. Finally, although the results of this
prospective, longitudinal study suggest that the culturally
and linguistically tailored genetic counseling model enhanced
genetics knowledge outcomes in deaf adults, additional
research using randomized controlled studies would be
needed for more definitive evaluation of this approach.

Certainly, the effectiveness of a genetic counseling
session is dependent upon a number of factors, and the
genetic information the client understands and retains is
only one measure of the efficacy of a genetic counseling
session. Information on the chance of recurrence, for
example, is often interpreted by clients in the context of
their particular situation and may not be recalled as neutral
facts (Clarke et al. 1996; Kessler 1989). In addition, it is
impossible to provide information on every facet of

genetics in one genetic counseling session. Instead, genetic
counseling is an often on-going process, and it is likely that
a post-test genetic counseling session would further
improve clients’ knowledge and understanding of medical
genetics. Further studies are needed to examine deaf
individuals’ genetics knowledge and understanding following
receipt of genetic test results.

Conclusions

Due to a complex mixture of individual, interpersonal, and
systemic factors, deaf and hard-of-hearing individuals are at
risk for suboptimal health care and health disparities (Harmer
1999). As the influence of genetics on medicine continues to
expand, understanding of genetic information will become
increasingly more relevant to general medical practice and
care. While baseline genetics knowledge was shown to be
high in this study population, deaf and hard-of-hearing
individuals are likely to benefit from genetic counseling
services as assessed by improvements in genetics knowledge
and understanding. In a variety of populations, access to
genetic counseling has been shown to improve medical
management (Hadley et al. 2004; Kauff et al. 2008; Rebbeck
et al. 2004), impact health outcomes and psychological well
being (Gordon et al. 2005; Sankar et al. 2006), improve use
of appropriate healthcare resources (Green et al. 2004),
decrease psychological distress (Cabrera et al. 2010), and
enhance self-knowledge (Gordon et al. 2005). Studies on
many of these factors within the deaf population are
noticeably lacking, but it is likely that culturally and
linguistically appropriate genetic counseling will have
similar benefits within the deaf population and contribute
to a reduction in health disparities for this group.

In this article, we described a culturally and linguistically
tailored approach to the provision of genetic counseling and
testing for the deaf population. Important elements of the
approach included: input from Deaf and hard-of-hearing
individuals; cultural sensitivity training for the genetic
counselors; availability of and training in the use of
videophone, video relay service, and TTY; training of sign
language interpreters in genetics terminology; genetic
counseling notebook with visual aids; training genetic
counselors how to appropriately work with sign language
interpreters; and deaf community-based locations for
genetic counseling and testing. Consistent with recent
evidence that providing health services in a culturally and
linguistically appropriate manner can increase deaf individ-
uals’ health knowledge and comprehension, the present
findings indicate that culturally and linguistically sensitive
pre-test genetic counseling can be effective in improving
genetics knowledge for deaf and hard-of-hearing clients. This
is the largest sample of deaf adults to participate in a study of
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the impact of genetic counseling and testing for deaf genes on
genetics knowledge, attitudes, psychological, and behavioral
outcomes within the deaf population and the only study to
examine these issues in the context of actual genetic
counseling and genetic testing. The large number of ASL-
using Deaf individuals willing to participate in this study
provides evidence to support the importance of cultural and
linguistic sensitivity in the provision of genetic services.
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