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Abstract To increase accessibility to genetics services for
low-urgency patients seeking Ashkenazi Jewish (AJ) carrier
screening, we designed an interactive computer (IC) module
that provides pre-test genetics education and allows genetics
professionals to order the test without meeting the patients
beforehand. We compared this module with in-person genetic
counseling (GC) using a randomized trial. AJ individuals were
randomized to undergo genetics education via the IC module
(n = 26) or GC (n = 28). We compared post-interventional
genetics knowledge, perceived genetic risk, and anxiety be-
tween the two groups, after accounting for pre-interventional
scores, using ANCOVA. Wilcoxon Rank-Sum test was used
to compare post-interventional satisfaction. Post-
interventional genetics knowledge, risk perception, or anxiety
were not significantly different between the two groups after
accounting for baseline scores (p = 0.50–0.54), although the

data are inconclusive regarding the module’s non-inferiority at
a 5% margin. Post-intervention satisfaction scores were gen-
erally higher in the GC group than the IC module group. Our
IC module has the potential to improve access to clinical ge-
netics services for patients and staff, but it is not suitable for all
AJ patients and cannot completely replace the benefits of in-
person consultations.
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Introduction

Because certain genetic conditions are more prevalent in the
Ashkenazi Jewish (AJ) population than in the non-AJ
Caucasian population (Klugman and Gross 2010), several
clinical practice guidelines have been published regarding car-
rier screening in this population (ACOG Committee on
Genetics 2009; Gross et al. 2008; Wilson et al. 2016). In
Canada, the Canadian College of Medical Geneticists and
the Society of Obstetricians and Gynaecologists of Canada
recommend offering carrier screening for Tay-Sachs disease
(TSD [OMIM 272800]), Canavan disease (CD [OMIM
271900]), and familial dysautonomia (FD [OMIM 223900])
to all couples of AJ ancestry (Wilson et al. 2016). The
Canadian healthcare system is publicly funded, but the med-
ical services that are covered by public resources vary from
province to province. In Quebec, carrier screening for these
three conditions is publicly available to individuals over
14 years of age with at least one grandparent of AJ descent.

The AJ community is a significant ethnic minority in
Montreal, Quebec (Statistics Canada 2013a, b), and the
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McGill University Health Centre (MUHC) has been intimate-
ly involved in providing genetic screening to this group since
1972 (Clow and Scriver 1977; Mitchell et al. 1996). Currently,
the MUHC hosts the only publicly-funded laboratory that of-
fers AJ screening in Quebec, and most of the samples that this
lab receives for AJ screening also come from within the
MUHC (A. Ruchon, personal communication, April 7,
2015). In the MUHC Department of Medical Genetics, all
individuals seeking AJ carrier screening are offered a pre-
test genetics education and counseling session by a genetic
counselor. New referrals for this service are triaged according
to urgency. While pregnant couples are typically seen within a
week, other patients may experience longer wait times.
Anecdotally, low-urgency patients seeking only AJ carrier
screening are often satisfied with genetics education and re-
quire only minimal psychosocial counseling. We thus consid-
ered alternate means of delivering pre-test genetics education
to this patient group.

Interactive computer (IC) programs are used for patient
education in many healthcare settings. They encourage patient
self-care and self-efficacy (Kukafka et al. 2002; Neafsey et al.
2002; Wang and Chiou 2011), and provide alternate means of
educating people with low literacy or socioeconomic statuses
(Joseph et al. 2010; Kinzie et al. 1993). On the other hand,
patients may prefer in-person sessions over IC modules for
psychosocial and decision-making support (Green et al.
2001b; 2004). In medical genetics, IC modules have been
used to complement pre-test counseling for hereditary breast
and ovarian cancer (Albada et al. 2012; 2015; Green et al.
2001a, b; 2005; 2004; Joseph et al. 2010), cystic fibrosis car-
rier screening (Castellani et al. 2010), and prenatal and
ethnicity-based screening (Griffith et al. 2005a, b;
Kuppermann et al. 2009; Yee et al. 2014). They have also
been used in high school screening programs for TSD among
AJ teenagers (Gason et al. 2004; 2005). Individuals use these
modules before meeting with a genetics professional in order
to facilitate the meeting and to allow for greater focus on their
decisional, psychosocial and personal needs.

JScreen is a national, at-home web-based program that
provides expanded AJ screening without any in-person pre-
test counseling (Grinzaid et al. 2015). The authors report that
the users of that program are generally pleased with their ex-
perience, though they have not yet reported a quantitative
study to compare JScreen with traditional genetic counseling
(GC).

We developed a web-based IC module to provide pre-test
genetics education to low-urgency patients seeking AJ screen-
ing through our clinic. We conducted a randomized controlled
trial (RCT) to evaluate this module. The primary objective of
our trial was to assess whether using the web-module is non-
inferior to in-person GC with respect to knowledge acquisi-
tion. Our secondary objectives were to assess the difference
between the web-module and traditional GC with respect to

patient perceived risk, anxiety, or satisfaction. We also
solicited feedback about our module from study participants.
To our knowledge, this is the first pre-test medical genetics IC
module in a public health care system that is not
complemented by any further GC. Our goal is to launch a
program that meets the needs of all stakeholders including
patients, staff, and public health authorities.

Methods

Web-Based Module Design

We based the content of our online tool on the IC module by
Castellani et al. (2010) and on personal experience, while
following recommendations from the MUHC Education
Portfolio (a hospital-based department specialized in produc-
ing effective patient education materials; Olivier et al. 2008;
Thomas 2010). Texts and images for the IC tool were created
using plain, value-neutral and person-first language. Our
team, the MUHC Education Portfolio, and the Montreal
Jewish Hereditary Disease Fund (MJHDF, a Montreal-based
non-profit organization whose aim is to raise awareness about
AJ screening) reviewed the content of the module continuous-
ly during its development until a consensus was reached. Both
French and English versions of the text were produced, as
required of any MUHC-produced information material devel-
oped for the general public. The English version of our online
genetics education module was written at the eighth to twelfth
grade level, depending on the section, as evaluated by the
Flesch-Kincaid Grade Level Index tool in Microsoft Office
Word (Kincaid et al. 1975).

The module contains three parts. The first part is called the
BScreening Program,^ described below in (A). The second
part is called BPost Test,^ described below in (B). The third
part is called BHealth Care Professionals,^ described in (C).
Figure 1 contains a schematic diagram representing the tool’s
sections. The module can be found online at http://muhc.ca/
med-genetics-ajprogram

(A) The BScreening Program^ part of the module starts
with a series of questions to screen for individuals who meet
the criteria to use the module. In addition to the criteria set in
our healthcare system to access AJ screening, the module
targets patients who do not require personalized risk assess-
ments (i.e. no family history of a Jewish genetic disorder
[JGD]). This is to exclude patients who may require more
psychosocial support, although the module does not use a
psychosocial screening tool to capture all of these individuals.
The module also excludes individuals between ages 14 and
17, as it is our clinic’s policy to evaluate the maturity and
motivations of all teenaged patients, which cannot be done
using the IC module. Finally, the module excludes individuals
who are requesting GC for any purpose other than genetics
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education about JGDs (Table 1). Individuals who select re-
sponses that exclude them from using the web-module are
presented with an explanation and, if applicable, follow-up
instructions to contact the Department of Medical Genetics
for an in-person GC session.

Once the participants complete the eligibility questions, they
move on to the educational portion of the module. Participants
read through web-pages that address four different topics:
BIntroduction to the Screening Program^ reviews the rationale
for population-based screening for JGDs; BGenetic Conditions
More Common in the AJ Community^ describes TSD, CD,
and FD; BPrinciples of Genetics^ explains autosomal recessive
inheritance and population genetics; and BDetails of Testing
and Possible Results^ outlines the interpretation of different test
results and the genetic testing process. Although the informa-
tion is presented at a basic level, users can expand the text in
some sections to see more advanced content on specific topics
(such as information on founder effects or specific symptoms of
the screened conditions). We did not design the website with
the capacity to record and differentiate between those who
chose to expand the text and those who did not. To ensure that
users are well-informed before consenting to genetic testing,
each topic ends with a series of quiz questions that must be
answered correctly before continuing. Like the rest of the

module, quiz questions were inspired by Castellani et al.
(2010) and personal experience. They were reviewed by mem-
bers of our team and by a representative of theMJHDF. If users
do not respond to a question correctly, they are invited to re-
read the corresponding section and take the quiz again in order
to proceed to the next topic. After reading the four topics, the
user is informed that he/she can email his/her personal infor-
mation to a genetic counselor. He/she is then sent a blood draw
requisition for AJ carrier screening endorsed by a medical ge-
neticist and specific to the Montreal General Hospital test cen-
tre. Test results are returned via telephone by a genetic coun-
selor as per standard of care, and further follow-up via an in-
person session is available if desired.

(B) The BPost Test^ section of the module provides sup-
plementary information to people who have already received
their genetic results. It complements the discussion they had
with the genetic counselor when they received their results by
explaining the personal and reproductive implications of a
positive or a negative test result. It also outlines the reproduc-
tive options for each possible result combination that a couple
might receive. Participants are invited throughout the
BScreening Program^ and the BPost Test^ sections of the mod-
ule to contact our clinic if they have questions or prefer to
meet a genetic counselor in person.

(C) Lastly, the BHealth Care Professionals^ section of the
module informs healthcare providers about AJ carrier screen-
ing in Montreal. It provides a brief explanation of the

Screening program section Post-test section Healthcare professional 
section

Questions regarding 
eligibility to use the module

Rationale of AJ screening

Description of TSD, CD and 
FD

Principles of genetics and 
autosomal recessive 

inheritance

Types of test results to 
expect

Explanation of the logistics
of testing: 
- Receive the appropriate
forms by e-mail
- Go for a blood draw
- Receive results by phone 
from a genetic counselor

Quiz questions

Quiz questions

Quiz questions

Quiz questions

Education about 
genetics and 

genetic testing

Information 
about the 
different 

possible test 
results

Information about 
services offered and 

how to refer a patient.

Fig. 1 Sections of the web-based IC module. IC = Interactive computer;
AJ = Ashkenazi Jewish; TSD = Tay-Sachs disease; CD = Canavan dis-
ease; FD = Familial dysautonomia

Table 1 Eligibility criteria for provincially-funded AJ genetic
screening, use of the IC module, and participation in the study

Criteria Publicly-funded
coverage for AJ
screening (Quebec)

Use of the IC
module and
participation
in the study

Covered by Quebec Medicare a X

≥ 1 grandparent who is AJ X X

≥ 14 years of age X

≥ 18 years of age X X

No ongoing pregnancy b X

No family history of a JGD X

No other medical
genetics-related concerns

X

Easy access to a computer
with Internet

X

aHealth coverage by Quebec Medicare is needed if patients wanted ac-
cess to publicly-funded genetic testing. However, coverage was not nec-
essary for individuals who wanted to participate strictly in the study
without having access to subsequent genetic testing
b The individual must not be pregnant, or the individual’s partner must not
be pregnant

AJ = Ashkenazi Jewish; IC = interactive computer; JGD = Jewish genetic
disorder
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screening protocol, the prevalence of TSD, CD, and FD, and
the procedure for making a medical genetics referral.

Participants

We evaluated the efficacy of the English version of the
BScreening Program^ section of the IC module through an
RCT. This trial took place at the MUHC Adult Genetics
Department in Montreal, Canada. The study protocol was ap-
proved by the MUHC Genetics and Population Research
Ethics Board. We were also approved by the Jewish General
Hospital (JGH) Research Ethics Office to recruit participants
from that site. Informed consent was obtained from all study
participants.

Study participants were recruited from within the Greater
Montreal Area during a ten-month period from May 2014 to
March 2015. We targeted patients from the Greater Montreal
Area as those who decided to pursue testing after reviewing
the IC module had to travel to and from the Montreal General
Hospital to provide a blood sample, which is the method of
choice for genetic testing at the MUHC. Some participants
were patients referred to our clinic for AJ carrier screening.
Others contacted our team directly after hearing about our
study through social media, paper advertisements and flyers,
online advertisements, press releases, our www.ClinicalTrials.
gov posting (ID number: NTC01999257), and word-of-
mouth.

All potential participants were contacted by phone by either
administrative staff or a study coordinator who asked ques-
tions regarding inclusion and exclusion criteria and their will
to participate in the study. Eligibility criteria for the study are
the same as those listed above for using the IC module, with
two exceptions. First, we targeted patients who were low ur-
gency (i.e. no ongoing pregnancy), to exclude another catego-
ry of patients who may require more psychosocial support.
Second, all participants needed to have access to the internet,
even if they were assigned to have in-person GC and did not
review the IC module at all (Table 1).

After initial screening, recruited participants were random-
ized by the same study coordinator using Microsoft Excel’s
random number generator into one of two educational inter-
ventions: a participant who was attributed an odd number was
assigned to using our web-based IC module (Bweb-based^),
and a participant who was attributed an even number was
assigned to meeting with a genetic counselor as per current
clinic protocol (Bin-person^).

The study coordinator would then explain to the partici-
pants their involvement in the study. If a participant from
either group had not yet spoken with the study coordinator,
they would be later contacted by phone in order to discuss this
point and also to verify the initial screening of eligibility
criteria.

As discussed earlier, the study and the IC module are aimed
for people who may not require specific psychosocial support.
Even though no specific tool was used to assess a participant’s
psychosocial needs, if the study coordinators determined during
these phone conversations that a participant (from either group)
needed more psychosocial support, then that participant had the
choice to exit the study. These participants would be returned to
the clinic’s queue to attend a regular GC session. Both web-
based and in-person participants could exit the study at this
point. There was no explicit attempt to actively seek out inap-
propriate study participants from either treatment group.

Participants who were randomized to the Bin-person^
group attended a standard GC session at the Montreal
General Hospital. GC sessions were provided by one of two
genetic counselors, who are certified by the Canadian
Association of Genetic Counsellors. These sessions usually
lasted between 30 and 60 min and included information gath-
ering (medical and family history), genetics education about
the conditions that are more frequent in the AJ population
(specifically TSD, CD and FD), autosomal recessive inheri-
tance, and the types of genetic test results to expect. The in-
formation about genetics that was provided during the in-
person sessions was similar to the information in the web-
based IC module.

If couples entered the study together, we randomized them
only once so that they were part of the same intervention
group. In-person participants usually attended their counsel-
ing sessions together as is typical for AJ couples.

In both interventions, participants completed an informed
consent form, a pre-education questionnaire, their designated
educational intervention, and a post-education questionnaire.
The pre-education and post-education questionnaires could
only be attempted once per participant regardless of interven-
tion group. In-person participants completed the question-
naires on the same day as their in-person GC session. The time
that in-person participants spent on filling the questionnaires
was not recorded. Web-based participants were emailed all
necessary instructions and links, and completed the online
questionnaires at their own convenience. Dates and times
when web-based participants started and exited their pre-
education and post-education questionnaires were recorded
by the online questionnaire platform. Questionnaire responses
were automatically saved so that an individual’s responses
would be saved even if they have not formally Bexited^ the
link. Study participation ended once patients completed all the
questions from the post-education questionnaire. At that point,
all participants were treated with the standard of care for our
clinic and had the option of pursuing genetic testing through
our center. Figure 2 is a graphical summary of the study
methodology.

The pre-education questionnaire assessed basic demo-
graphic information using four multiple choice questions;
knowledge of JGDs using ten multiple choice questions;
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perceived reproductive risk using one four-point Likert scale
question; state anxiety using the shortened form of the
Spielberger State-Trait Anxiety Inventory (Marteau and
Bekker 1992); and the ability to seek reliable health informa-
tion on the Internet (e-health literacy) using the eHEALS tool
(Norman and Skinner 2006). Eight of the ten knowledge ques-
tions were identical to the quiz questions that are found in the
BScreening Program^ part of the online module. Two ques-
tions were added based on the content of the module; these
questions were also reviewed by our team. The pre-education
questionnaire was identical for in-person and web-based par-
ticipants. The post-education questionnaire re-administered all
questions regarding the participants’ knowledge, perceived
risk, and anxiety. It also asked questions derived from
Shiloh et al. (1990) and Yip et al. (2003) regarding partici-
pants’ satisfaction with their experience. Web-based partici-
pants provided constructive feedback about our module
through questions derived from Shiloh et al. (1990) and Yip
et al. (2003) and through questions specific to our current
study. Participants had the option to write comments in re-
sponse to satisfaction or feedback questions. Participants were
not provided the correct answers for the knowledge questions
during the course of their study participation, nor were they
provided their Bscores^ for the questionnaires. The pre-
education and post-education questionnaires are available in
Online resource 1.

Outcome Measures and Data Analysis

Descriptive statistics were computed for all data provided in
the questionnaires.

Fisher’s Exact Test (FET) and the Wilcoxon Rank Sum
Test were used to compare the differences in demographics
and e-health literacy between the two groups, respectively.

Our primary goal was to evaluate the non-inferiority (NI)
of our IC tool to in-person GC with respect to knowledge
acquisition. Most RCTs aim to demonstrate the superiority
of an intervention over a placebo control: A superior interven-
tion would have a 95% confidence interval (CI) of the effect
size that is wholly greater than zero (Fig. 3A) and the p value
would be low (generally, less than 0.05). In our RCT, on the
other hand, a Bplacebo^ control (i.e. offering genetic testing
without pre-test counseling) would not be ethical. Our RCT
was comparing a new intervention with a standard-of-care. A
successful intervention would not be expected to have signif-
icantly different outcomes from the standard-of-care control.
The traditional statistical interpretations of p values would be
useful but insufficient for this purpose. In an NI trial, statistical
interpretation is based on measuring the effect size of the
intervention compared with the gold-standard control, and
on the BNI margin.^ The NI margin is the boundary that sep-
arates whether an intervention is unacceptably inferior to the
gold standard. To interpret an intervention as non-inferior, the
95% CI of the effect size of that intervention must be fully
above the NI margin. CIs that are wholly below the NI margin
demonstrate that the intervention is inferior and is unethical
for clinical use if the standard-of-care is available. If the CI
straddles the NI margin, then the data are inconclusive.
Figure 3 graphically represents how to use CIs of effect sizes
in RCTs to interpret superiority or NI. For an in-depth review
of NI trials, please refer to Schumi and Wittes (2011).

To analyze the NI of the IC tool with respect to knowledge
acquisition, we used one-way ANCOVA to compare the post-
education knowledge scores between the two groups while
controlling for the pre-education scores. An NI margin of
5% was based on clinical judgment. There is a paucity of
RCTs with a pre-post design evaluating IC modules
(Castellani et al. 2010; Gason et al. 2005; Green et al. 2001a

Initial contact & eligibility criteria determined

Randomized
In-person genetic

counseling
(active control) 

Consent & pre-education questionnaire

Education via IC tool Education via GC session

Post-education questionnaire

Exclusion criteria:
- Not of AJ background
-  18 years of age
- Pregnant
- Family history of a JGD and/or other

genetics-related concerns
- Does not have access to the internet

Legend: AJ: Ashkenazi Jewish; JGD: Jewish genetic disorder; IC: interactive computer; GC: genetic counseling

Web-based patient
education

(new intervention) 

Fig. 2 Algorithm for the
randomized controlled trial to
evaluate the non-inferiority of a
web-based education module
compared to in-person genetic
counseling. AJ = Ashkenazi
Jewish; JGD = Jewish genetic
disorder; IC = interactive com-
puter; GC = genetic counseling
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[which actually did not use a pre-post design but had a third
arm where baseline knowledge was assessed and used as a
substitute for pre-education measurements]; Green et al.
2004), none of which were NI trials. We determined that the
existing studies were insufficient to guide a mathematical NI
margin, but we reviewed these papers to help guide a clinical
NI margin. In these studies, the mean post-education scores
between those who used an ICmodule compared to those who
received genetics education through the standard of care were
either not statistically-significant or favored the IC module.
We therefore decided to set our clinical NI margin with a high
degree of stringency. According to preliminary data from 24
individuals, a 5% NI margin represented a difference in mean
post-educational knowledge scores of only 0.45/10 points be-
tween the two groups. We felt that this difference in knowl-
edge would be clinically acceptable. We also expected that a
sample size of 30 individuals per group was needed for 80%
power to detect NI at this margin.

Our secondary goals were to assess psychosocial outcomes
and satisfaction. In order to assess differences in post-education
risk perception and anxiety scores,we once again usedANCOVA
with the pre-education scores as covariates. We compared partic-
ipant satisfaction between the two groups using the Wilcoxon
Rank Sum Test, analyzing each question independently.

Web-based participants could complete the questionnaires
at their own convenience, while in-person participants needed

to complete both questionnaires immediately before and after
their GC session. To determine whether the difference in time
is a confounding factor in the web-based participants’ post-
educational knowledge scores, we used the Wilcoxon Rank
Sum Test to determine whether post-educational knowledge
scores were significantly different between web-based partic-
ipants who started and completed the study in the same calen-
dar day (Bsame-day^), and those who started and completed
the study on different calendar days (Bdifferent-day^).We also
calculated the Spearman’s rank correlation coefficient (rho)
between total time elapsed during the study (the time between
the moment that participants opened the pre-education ques-
tionnaire and the moment they closed the post-education ques-
tionnaire, measured inminutes for same-day participants, or in
days for different-day participants) and post-educational
knowledge scores. Finally, a post-hoc sensitivity power anal-
ysis was done by calculating Cohen’s d (Ellis 2009).

Descriptive statistics, FET and Wilcoxon Rank Sum Tests
were performed using the Real Statistics Resource Pack for
Microsoft Excel (Zaiontz 2014). Confidence intervals (CI)
and the calculation of Spearman’s Rank correlation coeffi-
cients were calculated using the Microsoft Excel Data
Analysis ToolPak. ANCOVAwas performed using the linear
model (lm) function in R (R Development Core Team 2008).
Cohen’s d was calculated from an online effect size calculator
(Ellis 2009). All reported p values were from two-tailed tests
of significance.

Two authors (CWF and GS) reviewed the written com-
ments submitted by participants. The comments were pooled
across different questions for each intervention group.
Duplicate comments from the same individual and comments
that were non-contributory or did not pertain to genetics edu-
cation in some way were not considered. The remaining com-
ments were categorized as either suggestions for changing the
module or remarks about the participants’ experiences with
their services. In this paper, we describe only the comments
regarding the participants’ experiences.

Results

Randomized Controlled Trial

Ninety-six individuals were initially contacted. Sixty-eight
were recruited and randomized to one of the two educational
interventions. Fourteen participants withdrew from the study
(i.e. were not interested anymore or could not participate for
logistical reasons), were no longer eligible (i.e. became preg-
nant, or were never eligible but were not screened appropri-
ately), or did not complete the study. There is no evidence that
the people who were recruited but did not complete the study
had different demographic characteristics from the people
who remained in the study. None of these people, however,

E
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iz
e

0

NI 
margin

Trial
A

Trial
B

Trial
C

Trial
D

Trial
E

Trial
F

Positive

Negative

Fig. 3 Effect size in randomized controlled trials in interpreting
superiority and non-inferiority when comparing a new intervention to a
control. NI = non-inferiority. Dashed lines = 95% confidence interval of
the effect size of the new intervention. Trial A = The new intervention is
both superior and non-inferior to the control. Trial B = The new interven-
tion is non-inferior to the control, but its superiority has not been demon-
strated. Trial C = The data are inconclusive with respect to the new
intervention’s non-inferiority; the new intervention’s superiority has not
been demonstrated. Trial D = The control intervention is superior to the
new intervention, but the new intervention is also non-inferior to the
control. Trial E = The control intervention is superior to the new inter-
vention, and the data are inconclusive regarding the new intervention’s
non-inferiority. Trial F = the new intervention is not non-inferior to the
control, and the control is superior to the new intervention
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completed their pre-education questionnaire so we do not
have a thorough assessment of their characteristics. We col-
lected data from 54 individuals (Fig. 4). Ten participants en-
tered and completed the study as couples in the in-person
group (37% of the participants in this group) and six in the
web-based group (23%). The two groups were not significant-
ly different in terms of demographic make-up (Table 2) or e-
health literacy (score from 8 to 40 with higher scores indicat-
ing increased e-health literacy; mean values ± SD [95%
CI] = 31 ± 6 [28–33] for in-person and 31 ± 5 [29–33] for
web-based participants; p = 0.88).

Knowledge scores for both groups improved after genetics
education, but risk perception and anxiety remained relatively
constant (Table 3). Post-education scores for all three mea-
sures were associated with each individual’s pre-education
scores (p < 0.0001; Table 4).

The majority of web-based participants (15 out of 26) an-
swered both of their questionnaires on the same day; one
participant answered the post-education questionnaire one
day after the pre-education questionnaire; one participant
opened the post-education questionnaire the same day as the
pre-education questionnaire but did not formally exit the ques-
tionnaire until one day later; and the rest of the participants (9)
answered the post-education questionnaire between 6 and
85 days after the pre-education questionnaire. One of these
nine formally exited their pre-education questionnaire six days
after opening it, then opened and finished the post-educational
questionnaire after another two days. Same-day participants
spent a mean of 89 min on the study (SD = 1.9 × 102; 95%
CI = 0–196). Their mean pre-educational knowledge and post-
educational knowledge scores were 6.7 (SD = 2.7; 95%
CI = 5.2–8.2) and 9.7 (SD = 0.58; 95% CI = 9.4–10), respec-
tively. Different-day participants spent a mean of 23 days on
the study (SD = 25; 95% CI = 6–40). Their mean pre-
educational knowledge and post-educational knowledge
scores were 5.7 (SD = 2.6; 95% CI = 4.0–7.4) and 8.5
(SD = 2.0; 95% CI = 7.2–9.8), respectively. Post-educational
knowledge scores were significantly higher for same-day

participants than for different-day participants (p = 0.048).
There was no strong correlation between the amount of time
that same-day participants spent on the study and their post-
educational knowledge scores (rho = −0.12). There was no
positive correlation between the time different-day partici-
pants spent on the study and their post-educational knowledge
scores (rho = −0.59).

Post-education scores for all outcome measures were not
associated with the type of educational intervention that the
individual received (p = 0.50–0.54; Table 4; full ANCOVA
results are available in Online resource 2). We were thus

Table 2 Demographic Information of Study Participants

In-Person (n [%]) Web-Based (n [%]) p value

Total: 28 (100) 26 (100)

Gender:a 0.40

Male 9 (32) 12 (46)

Female 19 (68) 14 (54)

Age (years):a 1.0

18–25 6 (21) 3 (12)b

26–35 15 (54) 15 (58)b

36–45 4 (14) 5 (19)b

46+ 3 (11) 3 (12)b

Education:ac 0.67

Some college 4 (14) 2 (8)

Bachelor’s degree 14 (50) 10 (38)

Master’s/Doctoral 10 (36) 14 (54)

I have had a medical genetics consultation in the past: 0.13d

Yes 2 (7) 6 (23)

No 26 (93) 19 (73)

Not sure 0 (0) 1 (4)d

a No participants selected BPrefer not to disclose^ for these questions
b Due to rounding error, these percentages do not add up to 100%
cWe offered BMax high school^ as an option, but no participants from
either group selected this response
dWe did not include the single Bnot sure^ response in the FET analysis

96 initial contacts 

16 not interested/unable to contact 
13 not eligible 

68 recruited

35 web-based33 in-person

6 withdrew/became not eligible 
1 not eligible
2 lost from follow-up

28 completed

3 withdrew
1 lost from follow-up
1 removed

26 completed

Fig. 4 Participant recruitment
breakdown
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unable to find a statistically significant difference between the
two groups. The 95% CI of the effect size that web-based
intervention has on post-educational knowledge scores com-
pared to in-person intervention was −0.74 – 0.38 (Table 4).
This straddles our NI margin of 5% (−0.45). Therefore, this
95%CI was too wide to make any conclusions about the NI of
our IC module with respect to knowledge acquisition (Fig. 5).
The calculated Cohen’s d is 0.16, which is the difference be-
tween the two intervention scores divided by the typical stan-
dard deviation (pooled).

Most participants in both groups were satisfied with their
services (Table 5). Satisfaction scores were not significantly
different between the groups, with one exception: Web-based
participants were statistically less likely to consider their edu-
cational intervention as an acceptable way to receive services
than in-person participants (p = 0.0062; Table 5).

Participant Feedback

We reviewed 25 written comments from 13 individuals in the
in-person group. Most people reported satisfaction; only two
reported negative experiences. Two people appreciated the use

of supplementary educational materials and teaching aids to
facilitate comprehension during the GC session (one individ-
ual also suggested that a pamphlet be made available to pa-
tients). One participant also acknowledged how different
learning styles influence the way individuals internalize infor-
mation. We also reviewed 16 comments from six web-based
participants. Over half of the comments, mostly from two
participants, were positive. Two people expressed reservations
with the module’s generalizability to other health care ser-
vices. Negative comments were related to preferences for an
in-person session and difficulties with the quiz questions.
Online resource 3 contains all the comments that were
submitted.

We asked web-based participants questions regarding their
experience in using the IC module. Most people reported pos-
itive experiences (Table 6). Eighteen people (69%) needed
one attempt on average to pass the quiz questions; six (23%)
individuals needed two attempts; and two (8%) needed at least
three attempts. We also asked them to identify the sections of
our IC module that were difficult. One person responded that
the language in the sections BGenetic Conditions More
Common in the AJ community^ and BPrinciples of

Table 3 Knowledge, Risk Perception, and Anxiety Scores Before and After Genetics Education

Knowledge (number of correct questions out of 10)
(Mean ± SD [95% CI])

Risk Perception (score from 1 to 4)a

(Mean ± SD [95% CI])
Anxiety (score from 6 to 24)a

(Mean ± SD [95% CI])

Pre-Education Post-Education Pre-Education Post-Education Pre-Education Post-Education

In-Person 6.5 ± 2.6 (5.5–7.6) 9.4 ± 0.9 (9.1–9.8) 1.8 ± 0.5 (1.6–2.0) 1.8 ± 0.6 (1.6–2.1) 9.0 ± 3.4 (7.7–10) 8.6 ± 3.0 (7.4–9.8)

Web-Based 6.3 ± 2.7 (5.2–7.4) 9.2 ± 1.5 (8.6–9.8) 1.7 ± 0.7 (1.5–2.0) 1.8 ± 0.6 (1.6–2.1) 9.0 ± 3.1 (7.8–10) 9.0 ± 3.1 (7.7–10)

a The higher the score, the greater the risk perception/anxiety

Table 4 Summary of ANCOVA
Regression Coefficientsa:
Estimated Effect of Pre-Education
Scores and Web-Based
Intervention on Post-Education
Scores Compared to In-Person
Intervention

Estimated coefficient (SE) t value p value 95% CI

Effect of pre-ed scores on post-ed scoresb

Knowledge questions 0.24 (0.053) 4.5 <0.0001 0.13–0.35

Risk perception 0.63 (0.11) 5.7 <0.0001 0.40–0.85

Anxiety 0.64 (0.096) 6.6 <0.0001 0.45–0.83

Effect of web-based intervention on post-ed scoresc

Knowledge questions −0.18 (0.28) −0.65 0.52 −0.74–0.38
Risk perception 0.081 (0.13) 0.62 0.54 −0.18–0.35
Anxiety 0.42 (0.61) 0.68 0.50 −0.82–1.6

Pre-ed = pre-education; post-ed = post-education
a ANCOVA regression for each outcome measure: A positive coefficient represents a positive correlation, and a
negative coefficient represents a negative correlation
b Effect size of pre-ed scores on post-ed scores: The effect size that an individual’s pre-education score has on their
post-education score. The coefficient here represents how a pre-education score is modified to produce a post-
educational score
c Effect size of web-based intervention on post-ed scores: The effect size that being included in the web-based
group has on post-educational scores compared to the in-person group as the baseline. The coefficient here
represents whether a web-based participant’s post-educational score is expected to be higher (positive coefficient)
or lower (negative coefficient) than an in-person participant, and by how much
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Genetics^ was not clear. Another said that the time required to
go through the section BIntroduction to the Screening
Program^ was too long. One participant felt that the quizzes
in the section BGenetic Conditions More Common in the AJ
community^ were difficult, and three others felt the same
about the section BPrinciples of Genetics.^

Discussion

Online Module Content and Development

We developed a web-based tool to provide pre-test education
for AJ individuals seeking genetic screening. To our knowl-
edge, this is the first tool that allows genetics professionals in a
public health care system to order tests without a complemen-
tary in-person session.

Even though patient materials are ideally written at a grade
6–8 level of literacy, our module was at a grade 8–12 reading
level, depending on the section, due to terms such as
Brecessive,^ Bmutation,^ or Bcarrier.^ While removing these
words would reduce the literacy rating, we chose instead to
account for the increased difficulty by explaining all genetics

jargon thoroughly. Only one participant identified difficulties
with the language in our module, suggesting that the terminol-
ogy was not a concern for most study participants.

Online Module has the Potential to Provide Genetics
Education for Many Patients

Like many other randomized controlled trials that eval-
uated medical genetics IC modules, the post-education
knowledge scores between our two intervention groups
were not significantly different (Castellani et al. 2010;
Gason et al. 2004; 2005; Green et al. 2001a), even if
NI could not be established conclusively. There was,
however, variability in how efficacious the module was
at educating each individual participant: Most partici-
pants passed the quizzes in our module with ease, but
a minority needed at least three attempts on average to
progress through the module.

While knowledge scores in both groups improved dra-
matically after genetics education, risk perception and state
anxiety remained constant even in the in-person group.
This is in contrast to Green et al. (2004) who found that
state anxiety remained constant after using only an IC
module but decreased after in-person counseling for
BRCA1/2 testing, and to Gason et al. (2005) who found
that students’ predicted anxiety in the event of being a
carrier for TSD decreased after genetics education. One
possible explanation for our findings is that we designed
the study to select against individuals likely to have psy-
chosocial concerns relating to their genetic health. For
these people, genetics education may have little influence
on their pre-existing anxiety. We find from clinical expe-
rience that patients fitting our target demographic are gen-
erally not as anxious as some other patients, so improving
psychosocial measures was not a priority in our study.
Indeed, average risk perception and anxiety scores were
relatively low amongst the participants.

We did not study risk perception, anxiety, or satisfaction as
primary outcomes: While patients prefer in-person sessions

Estimated = -0.18 

NI margin = -0.45 

95% CI lower limit = -0.74 

95% CI upper limit = 0.38

Fig. 5 Effect size that the web-based intervention has on knowledge
acquisition compared to the in-person intervention. CI = confidence in-
terval; dashed lines = 95% CI of the effect size

Table 5 Participant Satisfaction
with Genetics Education I found in-person/web-

based patient education
to be an acceptable way
to receive healthcare
servicesa (Mean ± SD
[95% CI])

I am satisfied with
the amount of
information I
receiveda

(Mean ± SD [95%
CI])

I am satisfied with the
way information was
transmitted to mea

(Mean ± SD [95%
CI])

Overall, I am
satisfied with the
service provideda

(Mean ± SD [95%
CI])

In-Person 4.0 ± 0.2 3.9 ± 0.3 3.9 ± 0.3 3.9 ± 0.3

(3.9–4.0) (3.8–4.0) (3.8–4.0) (3.8–4.0)

Web-Based 3.2 ± 1.0 3.7 ± 0.6 3.7 ± 0.5 3.7 ± 0.5

(2.8–3.6) (3.4–3.9) (3.5–3.9) (3.5–3.9)

p value 0.0062 0.20 0.21 0.31

a Each of these questions are on a scale from 1 to 4, with 4 being most satisfied

434 Fan et al.



for non-educational needs (Green et al. 2001b; 2005), our
module was intended strictly as a learning tool. In our study,
web-based participants were generally satisfied with the
amount of information received, the way the information
was transmitted, and with the services they received. Fewer
web-based participants than in-person participants, however,
agreed that they found their intervention to be an appropriate
way to deliver healthcare services (Table 5). We do not have a
way to explore the reasons for this difference. One possible
explanation is that the question asked was referring to
Bhealthcare services^ without specifying a specific discipline
or context. In fact, some participants expressed in their written
comments that web-based patient education may not be ap-
propriate for all types of clinical situations.

Based on these preliminary data, we propose that the IC
module has the potential to be a convenient alternative to in-
person GC to all individuals who fit the selection criteria.
Patients should also be aware before starting the module that
they can decline the IC module and opt for traditional GC
based on their preference. They should be explicitly given that
choice at the same time that the IC module is presented as an
option. Those who opt to use the IC module should also be
encouraged to contact a genetic counselor if further assistance
is needed at any point, including if the content of the module is
difficult to understand (e.g. patient has trouble progressing
through the skill-testing questions) or if the patient finds the
IC module to be unacceptable (e.g. patient has questions that
were not answered by the module, or would prefer an in-
person meeting for any other reason).

Study Strengths and Limitations

Our study was an RCT, which allowed for quantitative com-
parisons between a web-based intervention and standard of
care while removing selection and subversion biases in

intervention assignment. Our pre-post study design also
accounted for confounding factors such as baseline
knowledge.

In addition to computing p values in comparing knowledge
acquisition between our two interventions, we also used an NI
design. NI trials are used to demonstrate that an experimental
intervention is not unacceptably worse than the standard in-
tervention or active control, and when it is unethical to use a
Bplacebo^ control (Schumi and Wittes 2011). As we intended
for our IC module to be a stand-alone tool with no expectation
for it to excel over the standard intervention, this study design
was the most appropriate. Statistical inferences regarding an
NI hypothesis derive from the CI of the difference in scores
between the two interventions rather than the p values. While
some studies from other centers showed the superiority of
their IC modules over in-person counseling for knowledge
acquisition (Green et al. 2004), others showed the absence
of a statistically-significant difference between educational
interventions without attempting to demonstrate NI
(Castellani et al. 2010; Gason et al. 2004; 2005; Green et al.
2001a). Our ability to infer NI was limited. We designed our
study using an NI margin of 5%, but our results were incon-
clusive at this level: The 95% CI of the effect size that web-
based intervention has on knowledge acquisition compared to
in-person intervention (−0.74–0.38) straddles the NI margin
of −0.45 (Fig. 5). This is a situation equivalent to BTrial C^ in
Fig. 3. There are two possible explanations to consider. The
first is that the IC tool is truly non-inferior at this margin but
our study is underpowered. The estimated intergroup score
difference (−0.18) is above the NI margin (−0.45), which is
consistent with this possibility. Alternatively, our module may
not be non-inferior at the 5%margin. We believe that a 5% NI
margin is very strict, as it would represent an average differ-
ence in score of half of one question between the two groups.
We chose a narrow margin in order to increase the stringency
of our study, but it may have been an unreasonable

Table 6 Web-Based
Participants’ Quantitative
Feedback Regarding the
Interactive Computer Module

Total n = 26 Not at all (n [%]) Somewhat (n [%]) Moderately (n [%]) Very much (n [%])

I saved time as a result of using the online module:

1 (4)a 2 (8)a 3 (12)a 20 (77)a

I would consider recommending the online module to a friend or family member:

1 (4) 1 (4) 4 (15) 20 (77)

I found that the navigation between the different pages of the website was easy:

1 (4) 4 (15) 6 (23) 15 (58)

I found that the language used on the website was clear:

0 (0) 1 (4) 1 (4) 24 (92)

I felt that the amount of time required was too long:

24 (92) 1 (4) 1 (4) 0 (0)

I felt that the quiz questions were difficult:

20 (77) 6 (23) 0 (0) 0 (0)

a Due to rounding errors, these percentages do not add up to 100%
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expectation. Regardless, our sample size was insufficient to
exclude either possibility. A sensitivity power analysis was
also conducted to demonstrate the minimally detectable effect
size with our current data. The calculated Cohen’s d is 0.16
(Ellis 2009), which is the difference between the two interven-
tion scores divided by the typical standard deviation (pooled).
This result reflects the degree of the mean difference between
the patient scores in the two intervention groups when the
responses have normal distributions with equal variances.
Larger samples would narrow the CI of the mean difference
in post-intervention scores and provide more definitive
interpretations.

There were several factors that could have skewed our
participants’ post-educational knowledge scores and con-
founded the intergroup comparison. First, while in-person par-
ticipants completed their post-education surveys immediately
after their genetics education, web-based participants complet-
ed the surveys on their own time. Consequently, web-based
participants may have reported lower knowledge scores if they
completed their surveys long after reviewing the module.
Also, for individuals who took multiple days to complete the
study, there tends to be a negative correlation (Spearman’s
rank correlation coefficient = −0.58) between the number of
days and their score, possibly suggesting that the retention of
information was limited over a long period of time. Although
it would have been ideal to correlate post-educational knowl-
edge scores with the time between completing the pre-
education questionnaire and completing the post-education
questionnaire, we are unable to accurately calculate this vari-
able. This is because some individuals completed all the ques-
tions in the pre-education questionnaire and saved their re-
sponses, but forgot to Bexit^ the survey prior to opening the
post-education questionnaire. Therefore, we used total time
elapsed during the study (from starting the pre-education
questionnaire to exiting the post-education questionnaire).
Second, the genetic counselors in our team were not blinded
and knew the questions in the surveys. This may have influ-
enced the information emphasized in the education sessions
and positively biased the in-person participants’ scores. Third,
the questions in the pre- and post-education questionnaires
were identical and may have primed participants to pay atten-
tion to key points, causing the scores from both groups to be
higher. Fourth, we cannot control whether web-based partici-
pants looked up the correct answer to the questionnaires on-
line. There is no positive correlation, however, between the
time spent during the study and the scores of the participants.
This finding makes it less likely that web-based participants
looked for answers online or from other sources. Fifth, web-
based participants had to answer correctly quiz questions as
part of the online module, which provides an active knowl-
edge check to the participants. Since eight of the ten knowl-
edge questions in the post-education questionnaire were iden-
tical to the quiz questions, the score of web-based participants

may have been inflated due to the fact that they knew the
correct answers to the quiz questions.We could not find, how-
ever, any statistically significant influence that the interven-
tion type had on the post-education scores (Table 4). Sixth,
couples who did web-based education together may have
consulted each other for help. Seventh, study participants from
either group who had prior medical genetics encounters would
be expected to score higher both pre- and post-educationally,
although the ANCOVA would already account for pre-
educational differences. Finally, the post-educational mean
knowledge scores for both groups were very high, and in fact
many individuals from both groups scored 10/10 on their post-
educational questionnaire (raw data not presented). This
makes it difficult for us to differentiate variation in knowledge
acquisition among top-scoring individuals (ceiling effect). All
of these factors made it difficult to evaluate the NI of the IC
tool.

Other limitations to our study included the inherent short-
comings of self-reported questionnaires, the fact that we ex-
cluded potential participants who may need more psychoso-
cial support with criteria based on our own clinical experience
(ongoing pregnancy, family history of a JGD, subjective eval-
uation during a phone conversation), and the fact that one
participant was uncertain if he should have reported state or
trait anxiety. These shortcomings, however, did not affect the
primary outcome measure of knowledge acquisition.

Finally, the results of our study may not be generalizable to
all patient populations as our participants were mostly
university-educated with high levels of e-health literacy.

Practice Implications and Future Directions

While our data regarding the IC module’s NI are inconclusive
at this time, we believe it shows great promise. Implementing
an ICmodule in routine clinic may save time and resources for
the medical genetics team, as genetic counselors and geneti-
cists can order AJ screening tests without meeting the patient.
The tool may also increase accessibility to genetic testing for
individuals who are content to use the web-module and for all
non-urgent patients who would benefit from a shorter wait-
list. We also believe that our IC module may be adaptable to
many clinical situations, such as other ethnicity-specific carri-
er screening programs, even for pregnant couples. Genetics
clinics worldwide can also use our module as a template for
their own needs. As the attitudes in modern medicine continue
to promote patient autonomy, health care providers need to
support patients in accessing services at their own request.
Providing user-friendly IC modules, with the support of a
clinical genetics department, is one way to promote these
values.

JScreen is an American web-based program that also de-
livers genetic screening to individuals of AJ descent without
in-person pre-test counseling (Grinzaid et al. 2015). Like our
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module, genetics professionals review the appropriateness of
each request for testing. This distinguishes both our programs
from direct-to-consumer tests that also bypass in-person pre-
test education. Unlike our module, JScreen allows patients to
submit samples from home. These differences can be ex-
plained by different health care infrastructures. Although
JScreen’s at-home spit kit system removes many barriers for
individuals to access genetic testing, sending sample collec-
tion kits to each requesting individual is financially risky for a
taxpayer-funded, public healthcare system. For these reasons,
recreating an identical program in Quebec may not be realis-
tic. In contrast, we designed and piloted our IC module spe-
cifically for the genetic testing infrastructure in Quebec, work-
ing closely with theMUHCMolecular Genetics Laboratory to
ensure a smooth implementation.

We did not specifically measure long-term knowledge re-
tention. Long-term recall for GC patients is highly variable
and depends on factors such as level of education, prior
knowledge, or the type of information (Michie et al. 1997;
Rowley et al. 1984; Somer et al. 1988). Long-term recall for
patients who used genetics IC modules also varies between
studies (Albada et al. 2015; Kuppermann et al. 2009; Yee et al.
2014). Gason et al. (2004), whose study design is similar to
ours, found that Jewish teenagers who learned about TSD
through an IC program or an oral presentation maintained
high knowledge scores ten days and three months post-educa-
tion. Future directions for our study may include assessing
long-term recal l by re-adminis ter ing knowledge
questionnaires.

In the present study, we developed and evaluated an online
module for providing pre-test genetics education to individ-
uals seeking AJ carrier screening. With respect to knowledge
acquisition, there was no statistically significant difference
between the in-person group and the web-based group in
terms of post-education scores compared to pre-education
scores. We were not able to prove non-inferiority of the mod-
ule at a margin of 5%. Further research is needed to demon-
strate the non-inferiority of the module at this margin, or at a
less strict margin. A few participants did not report equal
satisfaction with the online tool, underscoring the irreplace-
able value of in-person meetings for certain patients. IC mod-
ules such as ours may have a growing role in medical genetics
and in other health professions by possibly increasing patient
accessibility to services while reducing strains on human
resources.
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