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A B S T R A C T   

Introduction: The Knowledge of Genome Sequencing (KOGS) questionnaire was recently developed to measure 
knowledge of genomic sequencing (GS), with preliminary psychometric data supporting its reliability and val
idity. The aim of this study was to test the reliability and validity of the KOGS in a larger sample, and to confirm 
its utility in a cancer setting. 
Methods: The Genetic Cancer Risk in the Young (RisC) study recruits participants with a personal history of 
cancer, to investigate heritable cancer causes and future cancer risk using germline GS. Participants (n = 261) in 
a psychosocial substudy of RisC completed a questionnaire after consent to RisC but before GS, including the 
KOGS, the Intolerance of Uncertainty Scale, the Chew health literacy scale and items assessing demographic and 
disease variables. Confirmatory factor analysis (CFA), Cronbach alpha and correlational analyses were 
undertaken. 
Results: The CFA testing a single-factor model yielded a good model fit, χ2/df = 2.43, comparative fit index (CFI) 
= 0.97, root mean square error of approximation (RMSEA) = 0.07 and weighted mean root square (WRMR) =
1.03. Factor loadings of all items were above 0.60 and ranged between.66 and.93. The single factor score 
demonstrated excellent internal consistency (α = 0.82). KOGS scores were significantly associated with health 
literacy (r = 0.23, p < .001), having a university education [t(258) = − 4.53, p < .001] and having a medical or 
science background [t(259) = − 3.52, p < .001] but not with speaking a language other than English at home, 
time since diagnosis, previous genetic counselling/testing or intolerance of uncertainty. 
Discussion: This study confirmed a single-factor structure for the KOGS, and its reliability and validity in a cancer 
population. Associations with measures of health literacy and education were significant and positive as ex
pected, supporting the KOG’s construct validity. Previous genetic counselling may not be sufficient to provide 
specific knowledge of GS.   

1. Introduction 

Germline genome sequencing (GS), which identifies in the germ
line (individual genomic code inherited from the parental egg and 
sperm cells that sexually reproducing organisms use to pass on 
their genomes from one generation to the next) any disease-related 
variants that can be passed from parents to child, is increasingly 
being used to identify risk of disease, with the goal of improving pre
vention [1].” 

However, unless people understand GS and its ramifications, and can 

process the findings, they may experience confusion and uncertainty in 
response to findings [2], and may not change their behaviours or take up 
preventive options if actionable findings are detected [3]. Furthermore, 
misunderstanding raises ethical and psychological concerns around the 
quality of consent, and potential harmful psychological consequences if 
overly optimistic expectations are dashed [4]. 

GS knowledge will likely vary according to patient characteristics, 
such as health literacy, education level and previous exposure to genetic 
counselling, all of which may make it easier to understand and process 
GS information, as has been shown in previous studies [5,6]. According 
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to uncertainty management theory [7,8], patients with a higher intol
erance of uncertainty are more likely to seek information (such as the 
probability of a positive and actionable result from GS) in order to 
reduce uncertainty, while those who tolerate uncertainty (and may even 
welcome it as a way of maintaining optimism and hope for a positive 
outcome) may avoid this information. Knowledge has also been shown 
to increase after genetic counselling, which provides personalised ge
netic information to patients [9]. Patients who have lived longer with a 
cancer diagnosis, may also have had more exposure to genomic infor
mation over time. 

To determine the quality of knowledge in those undertaking GS, and 
to evaluate the impact of interventions designed to improve knowledge, 
an accurate and valid measure of GS knowledge is required. Several 
measures have been developed for this context [10–12], but one [10] 
has been criticised for having an unstable factor structure and low-scale 
reliability when administered to different populations [13], while 
another [11] assesses knowledge of general genetics or genomics in 
general rather than GS specifically. 

Recently, a novel measure, the Knowledge of Genome Sequencing 
(KOGS) questionnaire, has been developed which appears promising 
[12]. The measure was intended to be appropriate for diverse patients, 
health professionals and the general population. An initial item pool of 
17 items was developed based on a review of professional guidelines and 
recommendations, patient information materials and existing measures, 
input from an expert panel of health professionals, and interviews with 
consumers with rare diseases to identify items about the genome and 
GS which should be understood to ensure adequate informed 
consent to GS [12]. Following administration to 243 students, health
care providers, university staff and patients, exploratory factor analysis, 
Mokken analysis and item-response theory analyses were undertaken. 
Ultimately, nine items conforming to a single unidimensional factor 
achieved excellent fit to the observed data with acceptable reliability 
(Cronbach’s alpha of 0.79). The items, assessed on a response scale of 
“true”, “false”, or “don’t know” address uncertainties associated with GS 
(e.g. The effects of all DNA variants identified through germline genome 
sequencing on disease are known) and the nature of GS (e.g. Whole 
genome sequencing is different to other genetic tests because it looks at 
almost all of a person’s DNA, rather than only a small bit of it). 

One context for which the KOGS may be very useful is cancer, where 
GS is just starting to be introduced into routine care. However, the pa
tient subsample in the original validation study for the KOGS [12] was 
small (n = 54), comprising people with varied rare diseases; the 
number of participants with cancer was not specified. Furthermore, 
validity testing was limited to sensitivity testing before and after 
attendance at a lecture on genomics. Therefore, a validation study with a 
larger sample of patients specifically diagnosed with cancer is required. 

The aim of this study, therefore, was to confirm the single-factor 
structure and examine the psychometric properties of the KOGS in a 
large sample of people diagnosed with cancer (primarily rare), including 
construct validity testing via comparisons with scores on other measures 
likely to be related to GS knowledge. We expected that higher KOGS 
scores (higher knowledge) would be associated with higher health lit
eracy and education and a scientific or medical background, previous 
exposure to genetic counselling/testing, a longer time since diagnosis, 
and uncertainty intolerance. 

2. Methods 

2.1. Participants and study design 

The Genetic Cancer Risk in the Young (RisC) study is a cohort study 
of participants with a personal history of cancer, investigating heritable 
cancer causes and future cancer risk using germline GS. Participants in 
the RisC study (adults with a likely genetic predisposition to cancer: a 
cancer diagnosis between 16 and 40 years of age, or two cancer di
agnoses at <50 years of age, or three separate cancer diagnoses at any 

age) are recruited by clinical cancer geneticists, genetic counselors and 
oncologists, or through self-referral. While gaining consent, a researcher 
provides participants with written information about germline GS and 
the study, offers participants the opportunity to ask questions, and gives 
contact information for study personnel if questions arise (see Supple
mentary File for information sheet). Participants provide a blood 
sample from which DNA is extracted and germline GS performed. If 
pathogenic variant(s) in the current clinically actionable American 
College of Medical Genetics reportable gene list are found, participants 
are referred to a familial cancer clinic (FCC) or other appropriate clinical 
service and offered tailored risk management plans. Participants receive 
GS results approximately 18 months after consent. 

When consenting to the RisC study, a cohort of participants also 
consented to a psychosocial sub-study - Psychosocial Issues in Genomic 
Oncology 2 (PiGeOn 2) – that explored psychosocial and behavioural 
issues regarding GS. PiGeOn 2 participants completed a questionnaire 
administered at baseline (after consent and before any GS testing). 
Participants were reminded by phone and/or email if their question
naire was not received within three weeks of sending. 

All participants in the RisC and PiGeOn 2 studies provided written, 
informed consent. Human ethics approval was obtained from Human 
Research Ethics Committees at St Vincent’s Hospital, Sydney, Australia 
(HREC/16/SVH/24). 

3. Measures 

3.1. Demographic variables 

Participant demographics included: gender, age, education, occu
pation, language spoken at home used as a proxy of a culturally and 
linguistically diverse background, postcode (for SES and remoteness 
[Accessibility and Remoteness Index of Australia]), and marital and 
parental status. An occupation was designated a medical/science occu
pation if the education toward or the occupation itself involved scientific 
learning or evidence-based medical practice (e.g. research scientists, 
registered medical practitioners, allied health professionals). Classifi
cations were made by one member of the research team and cross- 
checked by another. 

3.2. Cancer variables 

Personal and family history of cancer, previous attendance at a 
family cancer centre (FCC), previous genetic testing and time since 
(first) cancer diagnosis were collected. 

3.3. Knowledge of genomics 

Patients completed the 9-item KOGS questionnaire [12]. Response 
options were “true”, “false” or “don’t know”. Incorrect and “don’t know” 
responses were scored as incorrect. Correct scores were summed 
yielding a score from 0 to 9 and converted to a percentage, with higher 
scores indicating greater knowledge. 

3.4. Health literacy 

While different definitions of health literacy have been proposed, a 
commonly accepted definition proposed by the Institute of Medicine is: 
the degree to which individuals can obtain, process, and understand the 
basic health information and services needed to make appropriate 
health decisions [14]. The 3-item Chew Health Literacy questionnaire 
was used to assess health literacy [15]. Items address degree of difficulty 
reading and understanding hospital-based information, and completing 
medical forms. A Likert response scale (all of the time to none of the 
time) is utilized, with high scores indicating greater health literacy. 
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3.5. Tolerance of uncertainty 

The 12-item Intolerance of Uncertainty Scale (short version) [16] 
was used to assess attitude to uncertainty. Responses are on a Likert 
scale from 1 to 5 from “not at all characteristic of me” to “entirely 
characteristic of me”. Higher scores indicate greater intolerance of 
uncertainty. 

4. Analyses 

Confirmatory factor analysis (CFA) was performed to evaluate the fit 
of a single-factor model in this sample. CFA model fit was assessed by the 
χ2 test, the comparative fit index (CFI), root mean square error of 
approximation (RMSEA) and weighted root mean square residual 
(WRMR). An acceptable fit was indicated by χ2 /degrees of freedom of ≤
2, CFI values of ≥ 0.90, RMSEA of ≤ 0.08 and WRMR ≤ 1.0 [17,18]. 
Internal consistency was assessed by computing the Cronbach’s Alpha 
(α < 0.7). 

Construct validity was assessed via independent sample t-tests which 
examined differences in the total KOGS score across key variables (i.e. 
previous genetic counselling and education). Spearman correlations 
were computed to examine associations between the total KOGS score 
and health literacy, time since diagnosis and intolerance of uncertainty. 
Analyses were performed using SPSS (v24) and Mplus (v8). 

5. Results 

Of the 279 participants enrolled in the study from January 2020 to 
August 2021, 261 (94 %) completed the baseline questionnaire 
(Table 1). Participants’ mean age was 41.4 years (SD 14.2; range 18–84) 
and the majority were female (60 %), married or lived with their partner 
(66 %) and had biological children (60 %). Time since first cancer 
diagnosis was 90 months on average (SD 125.4) and half had not pre
viously undergone genetic testing. The mean total KOGS score in this 
sample was 47.9 % (SD = 30.1 %, n = 261). 

5.1. Confirmatory factory analysis 

CFA was performed to evaluate the fit of a single-factor model. The 
CFA used weighted least squares mean and variance adjusted estimation 
to account for dichotomous data. The CFA yielded a good model fit, χ2/ 
df = 2.43, CFI = 0.97, RMSEA = 0.07 and WRMR = 1.03. The factor 
loadings of all items were above 0.60 and ranged between.66 and.93 
(Fig. 1). The single factor score demonstrated excellent internal con
sistency (α = 0.82). Inter-item correlations are displayed in Table 2. 

5.2. Construct validity 

Higher KOGS scores were positively associated with higher health 
literacy scores (r = 0.23, p < .001). Those with university level educa
tion scored significantly higher on the KOGS (M=55.9, SD=28.3) 
compared to those with secondary level education or vocational training 
(M=39.7, SD=29.7) [t(258) = − 4.53, p < .001]. Participants with a 
medical or science occupation (M=68.6, SD=28.4) also had significantly 
higher KOGS scores [t(259) = − 3.52, p < .001] than those who did not 
(M=45.9, SD=29.5). KOGS scores did not differ significantly [t(259) =
0.55, p = .290] between those who spoke English (M=48.4, SD= 30.0) 
or another language (M=45.6, SD=30.4) at home. 

Although there was a trend for KOGS scores to be higher among 
respondents who had previously received genetic counselling (M=51.5, 
SD=29.3) compared to those who had not (M=45.6, SD=30.5), this 
difference was not statistically significant [t(259) = 1.56, p = .061]. 
Similarly, there was a trend for KOGS scores to be higher among those 
who had previously undergone genetic testing (M=51.2, SD=30.1) 
versus those who had not or did not know whether they had (M = 45.3, 
SD=29.9), but this difference was not statistically significant [t(259) =

1.57, p = .058]. KOGs scores were unrelated to both time since diag
nosis (r = − 0.03, ns) and intolerance of uncertainty (r = 0.04, ns). 

6. Discussion 

In this study of 261 patients diagnosed with cancer (primarily rare) 
offered GS, we were able to confirm the robust single-factor structure of 
the KOGS found in the original validation study [12]. The KOGS 
demonstrated strong internal consistency in this sample (α = 0.82), 
indicating that the items address a core set of issues in GS, of which 
patients have either an overall good or poor understanding. This study 
therefore confirms that the KOGS has overcome several of the de
ficiencies reported for previous measures of genetic knowledge, 
including an unstable factor structure and low-scale reliability in 
different populations [10], and items addressing genomic tests other 
than GS [11]. 

As expected, the KOGS was significantly correlated with indices of 

Table 1 
Participant characteristics.   

Total sample (n = 261) N ( %) 

Sex  
Female 157 (60.2) 
Male 104 (39.8) 
Marital status  
Married/De facto or living with partner 172 (65.9) 
Single/Separated/Widowed 89 (34.1) 
Education level  
Secondary school/vocational training 126 (48.5) 
University 134 (51.5) 
Medical/science occupation  
Yes 23 (8.8) 
Place of residence  
Urban  

Remote 
244 (93.5) 
17 (6.5) 

Parental status  
Yes, has biological children 157 (60.1) 
Speaks a language other than English at home  
Yes 40 (15.3) 
Cancer incidence  
Common (>12 incidences/100,000 population) 76 (29.1) 
Less common (6–12 incidences/100,000 

population) 
10 (3.8) 

Rare (<6 incidences/100,000 population) 175 (67) 
Multiple primary cancers  
Yes 87 (33.3) 
First degree relatives with cancer  
Yes 106 (40.6) 
Previously attended family cancer clinic  
Yes 36 (11.6) 
Previous genetic testing  
Yes 119 (45.6) 
No 130 (49.8) 
Don’t know 12 (4.6) 
Age at consent  
Mean (SD) 41.4 (14.2) 
Median 38.0 
Range 18–84 
Time since first cancer diagnosis (months)  
Mean (SD) 90.8 (125.4) 
Median 38.0 
Range 0–695 
KOGS total score  
Mean (SD) 47.9 (30.1) 
Median 55.6 
Range 0–100 
Health literacy score  
Mean (SD) 9.7 (2.5) 
Median 11.0 
Range 0–12 
Intolerance of uncertainty  
Mean (SD) 28.4 (9.1) 
Median 28.0 
Range 12–60  
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health literacy, education and a scientific or medical background, sug
gesting that it is a valid measure of understanding, and is able to 
differentiate those who may be expected to have more difficulty un
derstanding genetic concepts from those with greater resources to do so. 
We had also expected that previous exposure to genetic counseling or 
testing would be associated with higher KOGS scores. However, while 
previous attendees did score higher on the KOGS than those who had not 
previously attended genetic counseling or had testing, this difference 
was not significant. It may be that other genetic tests were under dis
cussion during previous genetic counseling consultations, and knowl
edge accrued then did not generalize to the GS context. This reinforces 
the need for a GS-specific measure of knowledge. Alternatively, par
ticipants may simply have forgotten information received during 
genetic counselling or were left with a “gist” understanding rather 
than the specifics. 

Speaking a language other than English at home was not correlated 
with KOGS scores, as predicted. Only 15 % of our sample did not speak 
English at home, thus power may have been an issue here. Furthermore, 
additional variables exploring the quality of spoken and written English 
were not included in the study, thus it is not clear whether and to what 
degree these participants experienced language barriers. Future 
research should explore this issue further to determine if non-English 
speakers need additional, culturally appropriate resources in their own 
language and interpreters to allow them to gain greater knowledge of 
GS. 

We had expected that with a longer time since diagnosis, patients 
would accrue more knowledge, but this variable was not associated with 
KOGS scores. It is possible that, as GS is only beginning to be introduced 
into clinical oncology, GS had not previous come up for these patients, 
thus time since diagnosis did not afford greater exposure to GS infor
mation. In analyses of qualitative data from a previous set of participants 
from the RisC study [19], we documented high patient trust in medical 
and scientific expertise and a low need to understand the detail behind 
GS. Thus, it is possible that even with time, patients did not seek a 
greater understanding of GS or had converted what they were told 
into a “gist” understanding. Given that consent to GS is a relatively 
short process with limited feasibility to provide extensive GS informa
tion, offering patients access to online or written resources over time, if 

they desire, may allow them to slowly accrue knowledge at their own 
pace. 

We had hypothesized that patients with low tolerance of uncertainty 
would seek information to reduce uncertainty, as has been reported in 
the previous literature [20,21], and would therefore achieve higher 
KOGS scores; however we found no such association. Brashers et al. [8] 
suggested that people with a high tolerance of uncertainty may also seek 
information to identify contrary or disconfirming evidence when they 
want to escalate uncertainty. This may be a partial explanation for our 
negative finding. Our participants had only just agreed to have GS and 
may therefore not have yet had a chance to seek out further information. 
Alternatively, we may have had insufficient variability in tolerance for 
uncertainty in our sample to identify an association with KOGS scores. 
Our participants, all of whom had volunteered to be in a research project 
involving GS, had greater intolerance of uncertainty than that reported 
in previous studies of patients hypothetically considering genetic testing 
for colon and breast cancer risk [22]. Braithwaite et al. [22] found 
intention to pursue testing was associated with a more negative attitude 
towards uncertainty, supporting this possibility. Further research is 
required to explore the relationships between tolerance of uncertainty, 
information seeking and knowledge in cancer populations undergoing 
GS. 

This study had some limitations. The sample were participating in a 
research project, rather than receiving GS within a purely clinical 
context. However, they were informed they would be offered tailored 
risk management if they received an actionable result, and our quali
tative study with a previous set of participants from the RisC study 
indicated they were highly motivated to find out information that could 
benefit their family, suggesting they were obtaining clinical benefit from 
their participation [18]. Because they were participating in a 
research project, participants received carefully curated informa
tion (covering most of the KOGS items) via the information sheet 
(see Supplementary File 1) and from recruiters. Therefore, their 
KOGS scores may have been higher than would be found in the 
general population of cancer patients, whose oncologists may 
provide less detailed information. However, we do not believe this 
would have impacted the psychometric testing conducted for the 
study, as there was still a good spread of scores on the KOGS. 

Fig. 1. Results from the CFA model displaying standardized factor loadings for each item, Note. *** p < .001.  
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While we examined correlations between education, heath lit
eracy and knowledge, we did not conduct differential item 
response by education or health literacy. Thus, it is possible there 
was conflation of health literacy skills with specialized knowledge, 
which is an issue which should be explored further in future 
research. 

The KOGS was developed with feedback from patients with rare 
diseases. While our sample was comprised primarily of patients 
with rare cancers, some issues specific to the cancer setting may 
have been omitted, impacting validity for this context. Further 
fundamental qualitative work with cancer patients to elicit their 
perspectives on appropriate items may resolve this issue. Finally, 
as we did not conduct a “think aloud” study while participants 
were completing KOGS items, we cannot be sure they understood 
all terms used in included items. However, KOGS items are worded 
very simply, with a conscious avoidance of jargon, to minimise this 
issue. 

We would like to propose some future research directions for 
this area. Firstly, the development of the KOGS’ was not guided by 

an information framework, such as that proposed by Rogers [23]. 
Rogers suggested there are three types of information: awareness, 
“how to” and principles information. The KOGS covers the first and 
last of these areas: awareness (e.g. Whole genome sequencing is 
different to other genetic tests because it looks at almost all of a 
person’s DNA, rather than only a small bit of it); and principles (e. 
g. A person’s genome is their body’s ‘instruction manual’ con
taining the information needed to make them, run them and repair 
them.) However, “how to” information, which covers practical 
information concerning how to use GS results, is absent. Given that 
a proportion of people undergoing GS will be provided with 
actionable results, on the basis of which they will be expected to 
make decisions about their health, this represents a gap in the 
current scale. Future research could explore the utility of “how to” 
information from consumers’ perspectives, and suggest additional 
items for the KOGS if this is shown to be valued. Future research 
could also explore the predictive validity of the KOGS, such as its 
ability to predict patients’ attitudes to GS and their 
decision-making regarding undergoing GS and receiving results, as 
would be predicted by Rogers’ framework [23]. 

In conclusion, this study supported the single-factor structure of the 
KOGS, provides further evidence of its reliability and validity, and af
firms that the KOGS can be used to assess understanding of GS in a va
riety of populations including cancer patients. 
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Table 2 
Knowledge of Genome Sequencing (KOGS) inter-item correlations.   

1 2 3 4 5 6 7 8 9 

1. A person’s genome 
is their body’s 
’instruction 
manual’ containing 
the information 
needed to make 
them, run them and 
repair them 

–         

2. Scientists know 
what all parts of the 
genome do 

.35 –        

3. There are 
uncertainties about 
what a person’s 
genome can tell 
them 

.31 .44 –       

4. Whole genome 
sequencing may not 
provide a person 
with any 
meaningful 
information about 
their health 

.37 .34 .35 –      

5. A person’s genome 
is the complete set 
of cells in their 
body 

.38 .58 .43 .35 –     

6. Whole genome 
sequencing 
involves looking at 
around half of the 
DNA in a genome 

.26 .20 .23 .22 .32 –    

7. A person’s genome 
is the 1 % of their 
DNA that makes 
proteins 

.26 .21 .21 .49 .31 .23 –   

8. The effects of all 
DNA variants 
identified through 
whole genome 
sequencing on 
disease are known 

.24 .23 .28 .29 .32 .35 .40 –  

9. Whole genome 
sequencing is 
different to other 
genetic tests 
because it looks at 
almost all of a 
person’s DNA, 
rather than only a 
small bit of it 

.37 .43 .45 .38 .58 .33 .35 .31 –  
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