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ABSTRACT  

 

Objective: Whole-genome sequencing is being implemented in research and clinical care, 

yet tools to assess patients’ knowledge are lacking. Our aim was to develop a robust 

measure of whole-genome sequencing knowledge suitable for patients and other 

stakeholders including research participants, public, students, and health professionals.  

Methods: An initial set of 17 items was developed via an iterative process including 

literature review, expert consultation, focus groups, and cognitive interviews with patients, 

and then administered to 243 individuals. We used exploratory factor analysis and item-

response theory to confirm the psychometric suitability of the candidate items for assessing 

whole-genome sequencing knowledge.  

Results: There was a strong main component after removing 5 items with low factor 

loadings. Item and scale homogeneity was achieved using Mokken scale analysis. Three 

further items were removed because they were misfits, inverse duplicates or resulted in local 

dependency. The remaining nine items fitted the two-parameter logistic IRT model which 

achieved excellent fit to the observed data. Cronbach’s alpha was 0.79 indicating acceptable 

reliability.   

Conclusion: The KOGS, developed using a rigorous psychometric approach, is a brief and 

reliable tool.   

Practice implications: The KOGS may prove a useful tool for researchers and clinicians 

using whole-genome sequencing with patients and other stakeholders.      

 

Key words: item response theory, measurement instrument, patient education, patient 

knowledge, whole-genome sequencing  
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INTRODUCTION  

 

Whole-genome sequencing is gradually being incorporated widely into research and clinical 

care.  For whole-genome sequencing to be integrated effectively and safely it is important 

that individuals make informed choices before consenting.  For informed decision-making 

there are several patient-reported factors,1 of which knowledge is a central component.2  

One current measure of knowledge of whole-genome sequencing was developed by 

investigators in the US and administered to 311 patients participating in the ClinSeq project.3  

This 11-item knowledge measure has been used in several studies with patients and 

research participants since its development.4  However, a different factor structure and low 

scale-reliability was found for the scale when it was administered to 862 online survey 

respondents, raising questions about the measure’s validity and reliability in different 

populations and methods of administration.5  Recently one additional measure of genomic 

sequencing knowledge has been developed: the University of North Carolina Genomic 

Knowledge Scale (UNC-GKS),6  but this includes general genetics concepts that have been 

included in many previous measures of genetics knowledge,7-9  with just a small subset 

specifically on exome sequencing (not whole-genome sequencing).  Thus there is a need for 

a valid, reliable measure of knowledge of whole-genome sequencing that can be used with 

individuals in a range of settings. 

 

As part of a study (NIHR PG-PB-1014-350160) to measure and examine informed choice 

among patients being offered whole-genome sequencing via the 100,000 Genomes 

Project,10 we are developing a new measure of informed choice for individuals making 

decisions about whole-genome sequencing in the context of rare disease diagnosis.  During 

development of the informed choice measure, it became apparent that the majority of the 

items (questions) being developed were ‘context-specific,’ i.e. were relevant primarily to the 

specific context of whole-genome sequencing for the purposes of diagnosing a rare disease.  

A subset of the items, however, was ‘context-neutral’, i.e. the items could be administered to 
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patients or other stakeholders (e.g. health care providers, students, general public) 

regardless of the clinical or other context.  We therefore expanded our work with patients to 

develop a new measure of whole-genome sequencing knowledge that could be administered 

to a range of stakeholders including public, students, and health professionals as well as 

patients and research participants.    

 

MATERIALS AND METHODS  

 

1. Selection of knowledge domains  

 

In order to identify the domains to include in the knowledge measure overall, and the specific 

sub-domains (concepts) to cover within each domain we reviewed the domains covered in 

(a) professional guidelines and recommendations; (b) patient information materials; and (c) 

an existing measure.3  The professional guidelines and recommendations included in the 

review were: (1) Genetic Alliance UK’s 2015 whole-genome sequencing rare diseases 

patient charter11; (2) the British Society of Genetic Medicine’s 2013 document on the 

100,000 Genomes Project strategy12; (3) and a published review and recommendations on 

whole genome-sequencing informed consent content.13  The patient information materials 

reviewed were (4) the patient information sheet (the version for parents of children with a 

rare disease) and (5) the consent form for the 100,000 Genomes Project.14  

This process produced an initial 14 draft domains, which were refined to eight draft 

domains (and draft sub-domains within each domain) using an iterative process involving 

two focus groups at two sites with a total of nine health professionals involved in recruiting 

and consenting patients into the 100,000 Genomes Project, and an advisory board meeting 

with five board members including a patient (100,000 Genomes Project participant panel 

member).  The eight draft domains produced at the end of this stage of the process were: (1) 

what is involved in having whole-genome sequencing done (including ‘what is a genome’); 

(2) the purpose; (3) the benefits; (4) the risks; (5) the limitations and uncertainties; (6) how 
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the samples and data will be stored and who will have access; (7) how secondary findings 

will be managed; (8) that it is voluntary.  While most of these draft domains described 

features of whole-genome sequencing that were necessarily context-specific (such as the 

purpose, and how the samples and data will be stored), two domains could be defined in a 

context-neutral as well as context-specific way: what is involved in having whole-genome 

sequencing done (including ‘what is a genome’), and the limitations and uncertainties of 

whole-genome sequencing.     

 

2. Item development   

 

A large pool of over 70 candidate items was developed to cover each draft domain using 

three approaches: (1) review of items included in published measures; (2) items suggested 

from in-depth qualitative interviews with 20 patients who had consented to take part in the 

100,000 Genomes Project (manuscript in preparation); and (3) the Genomic England 

100,000 Genomes Project patient information sheet and consent form documents.14   As 

noted above, it became clear at this stage of item development that it would be useful to 

develop two sets of candidate items for two of the draft domains (what is involved, and 

limitations and uncertainties): first, a set that were ‘context-neutral’, i.e. could be 

administered to patients or other stakeholders regardless of the clinical or other context; and 

second, a set that were ‘context-specific’, i.e. that were relevant primarily to a specific clinical 

context such as whole-genome sequencing for the purposes of diagnosing a rare disease.   

This paper focuses on the context-neutral items only; the context-specific items will be 

presented elsewhere.  

    

Based on the literature review, qualitative interviews, information sheets and consent 

documents, we developed two versions (one true, one false) of 11 items that were ‘context-

neutral’, i.e. 22 items in total.  The 22 items covered two draft domains: (1) what is (involved 

in) whole-genome sequencing, including what is a genome; and (2) limitations and 
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uncertainties of whole-genome sequencing.  To obtain feedback on the 22 items cognitive 

interviews were conducted with 4 health professionals (two each at two hospital sites) 

consenting patients for the 100,000 Genomes Project.  The 22 items were also administered 

to a convenience sample of five non-clinical genetics experts (bioinformaticians) and to a 

convenience sample of 30 medical students before and after a genetics lecture.  Based on 

the feedback from these different groups, five items were deleted because they were 

ambiguous or difficult to understand, leaving a total of 17 items.  Thirty health care providers 

(trainee GPs, general practitioners) then completed the 17-item questionnaire. Finally, four 

cognitive interviews were conducted with patients in the process of consenting to the 

100,000 Genomes Project: a think-aloud methodology was used in which the patients went 

through a questionnaire which included the 17-items, and gave feedback on wording, 

comprehension, and question order.  Revisions were made in light of the feedback and 

piloting with the various stakeholder groups.   

 

3. Questionnaire administration  

 

A written questionnaire comprising the 17 context-neutral candidate items was administered 

in-person to students and healthcare providers before and after attending lectures on 

genomics, and university staff via an online survey.  The 17 items were also administered to 

patients after giving consent to have whole-genome sequencing done as part of the 100,000 

Genomes Project.  

 

4. Psychometric and statistical analyses  

 

4.1. Psychometric analyses  

Analysis of dimensionality and item properties was conducted in a sequential fashion 

entailing the following psychometric models: exploratory factor analysis, mokken analysis 
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and two-parameter logistic IRT model using the R Statistical Programming Language. 

Further details on the analysis can be found elsewhere.15 

 

We used exploratory factor analysis (EFA) to assess the dimensionality of the nascent scale. 

The factor structure was analysed using the minimum residual solution with oblique rotation 

as response options were dichotomous.  The tetrachoric correlation matrix was conducted 

instead of the Pearson correlation in evaluating the presence of latent factors under the 

assumption of a normal bivariate distribution.16, 17  Kaiser-Meyer-Olkin (KMO) was employed 

as a measure of sampling adequacy concerning the assessment of the correlation matrix.  

Items achieving an index value of 0.80 and above were considered suitable for factor 

analysis.18  Parallel analysis (PA) was used as criteria for retention of factors.  Data 

correlation matrices (n = 1000) of random simulated numbers and random resampled 

numbers that match the number of cases and variables in the observed data were created 

and compared to PA.  Factors from the real eigenvalues that exceeded the average 

simulated eigenvalues were retained for further analysis.19 

 

We used both Mokken analysis and parametric item response theory (IRT) to assess the 

psychometric properties of the scale.  Mokken analysis is a probabilistic (non-parametric) 

extension of the Guttman scale analysis20  that automatically selects items which partition 

the set of ordinal variables into scales and evaluates the model goodness of fit21.  Scalability 

coefficients (also known Loevinger’s H coefficients), were provided for the individual items 

(Hi) and the scale (H) as a whole to indicate the strength of the scale as being 

unidimensional.  The H coefficient threshold was set at 0.30 for both item and scale levels.   

 

IRT was used to model the probabilistic relationship between participants’ responses to an 

item and their level on the construct measured by the scale, and provided information on 

item discrimination and item difficulty.22  Both the item difficulty (b - location) and the item 

discrimination (a - slope) parameters were evaluated under the 2PL model23.  Test 
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information was determined by the summation of all the item information at each value of the 

underlying construct (i.e., knowledge of whole-genome sequencing).  Local dependency 

analysis was conducted using the Yen’s Q3 method of correlated residuals.24  The item 

goodness of fit was assessed using an item fit test statistic.  The S-X2 likelihood based 

goodness of fit index was used for detecting item misfits.25  In terms of evaluating model fit, 

the M2 statistic26 was chosen alongside four additional fit indices: the comparative fit index 

(CFI), the Tucker-Lewis index (TLI), the root-mean-square error of approximation (RMSEA) 

and the standardised root mean square residual (SRMR)27 

 

4.2. Statistical analyses  

The proportion of ‘correct’ responses for each of the 17 items at T1 was described.  

Participants were then divided into two groups: (a) students and staff; (b) patients.  Chi-

square tests were used to examine whether there were differences in responses to each of 

the 17 items at T1 between the two groups of respondents.  The proportion of ‘correct’ 

responses was then described for each of the 17 items at T1 and T2 among the subset of 

respondents who were asked to complete the questionnaire twice, i.e. the students/staff who 

completed the questionnaire before and after attending a lecture on whole-genome 

sequencing.  Wilcoxon Signed Ranks Test was used to compare responses at T1 vs T2 for 

each item.  Finally, total KOGS scores were calculated for each participant by summing the 

final set of items produced from the psychometric analyses.  Mean KOGS scores were 

compared at T1 vs T2 among the subset of students/trainees who attended the lectures 

using non-parametric Wilcoxon Signed Ranks Tests.  All statistical analyses were conducted 

using SPSS v22.   

 

RESULTS  

 

1. Sample characteristics  
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Of 267 individuals invited to complete the KOGS at T1, a total of 24 participants had 

incomplete data and were excluded, leaving a final sample size of 243 for the main 

psychometric and T1 analyses.  This comprised 189 students/staff, and 54 patients who 

completed the survey after they had given informed consent to take part in the 100,000 

Genomes Project.   

 

Of the 189 students/trainees, 131 had complete data for the pre- vs post-lecture (T1 vs T2) 

comparison analyses.   

 

2. Psychometrics  

 

Psychometric analyses were conducted on the sample of 243 participants who had complete 

data at T1.  The initial results of the KMO showed that item 5 (“A person shares more of their 

DNA with their family members than they do with other people”) exhibited a KMO index of 

0.39; this item was therefore removed.  The second iteration of the KMO showed that the 

overall KMO index was 0.85 and the lowest KMO index for the items was 0.64 (item 7, 

“Whole-genome sequencing can be done on a blood sample”), all of which are above the 

proposed cut-off KMO value, indicating that the correlation matrix was appropriate for 

factoring procedures (see Table S1). 

 

In the initial EFA procedures, four items (1, 6, 7 and 10) exhibited factor loadings of less than 

0.5 and were removed from further analysis.  The result from the final EFA analysis showed 

that the remaining 12 items achieved factor loadings of greater than 0.5.  These items were 

considered significant in defining the latent factor (see Table S2).  

 

The averages of the eigenvalues and the eigenvalues of the first five factors for each of the 

observed, simulated and resampled data indicated that a four factors solution should be 

retained given that the eigenvalues were greater than the average of the simulated 
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eigenvalues (see Table S3).  However, the eigenvalue of the first factor being approximately 

six times more than the second factor indicated a dominance of a single general factor 

(Figure S1).   Moreover, the resulting eigenvalues for the second to fourth factors were not 

too different from those produced by simulated data (Table S3).  A single factor solution 

accounted for 53% of the variance while a two-factor solution merely increased the 

explained variance to 63%.  Thus, including a second factor may lead to the development of 

unnecessary complex theories which have little theoretical value.28  Therefore, it was 

decided that a single factor solution should be included in the model for further analysis.   

 

MSA indicated that the items conformed to a single unidimensional factor and that the item 

Hi for all the items were greater than 0.3 (Table S4).  The Loevinger’s H coefficient for the 

scale was at 0.39, suggesting that acceptable scalability was achieved.  

 

Item fit analysis results indicated that item 15 (S-X2 = 19.53 (7), p<0.01) did not fit the model 

and was removed from further analysis.  A second iteration on the item fit analysis did not 

identify new misfitting items (Table S5).  

 

Local dependency was apparent between item 8 and item 11 (r = 0.22), and item 9 and item 

11 (r = 0.31).  Both items 8 and 9 had residual correlations of greater than 0.2 with item 11, 

indicating that the items were locally related even after the effect of the underlying construct 

was conditioned out.  Item 11 was therefore eliminated to ensure that the assumption of 

local independence was not violated.  Local independence was subsequently achieved with 

the resulting set of 10 items.  However, upon inspection of the item content, item 14 (“Whole-

genome sequencing always provides a person with meaningful information about their 

health”) was an inverse duplicate of item 17 (“Whole-genome sequencing may not provide a 

person with any meaningful information about their health”).  Because item 17 (b = -0.60) 

was slightly more difficult than item 14 (b=-0.61), item 14 was considered redundant and 

removed.   



11 
 

 

The item discrimination and the difficulty parameter estimates for the nine items are in Table 

1. Regarding model fit, the M2 statistics was 46.56(27) with a p-value < 0.05. The RMSEA 

was at 0.05 (95% CI 0.03 - 0.08), SRMR was at 0.06, and the comparative indices (CFI is 

0.97, TLI is 0.97) were above the recommended cut-off criteria.  The result of the fit indices 

indicated that an excellent model fit to the data was achieved.  

 

The peak of the test information was 6.23, which is at the theta level of approximately -.97 

(see Figure S2).  A downward trend was observed as the theta spread across both ends of 

the ability (theta) spectrum.  The result is unsurprising since there were only nine items and 

the item discrimination and difficult estimates were relatively close to each other.  The 

internal consistency (Cronbach’s alpha) of the scale was 0.79.  

 

 

3. Statistical analyses 

 

3.1. T1 analysis results 

As Table 2 shows, the hardest of the 17 items were “A person’s genome is the 1% of their 

DNA that makes proteins” and “Whole genome sequencing involves looking at most of the 

DNA in a genome” (both 58.8% correct overall).  The easiest was “A person shares more of 

their DNA with their family members than they do with other people” (90.1% correct overall).  

As Table 2 also shows, three items were significantly different (p<0.001) between 

students/staff and patients: A person’s genome is the 1% of their DNA that makes proteins 

(students/staff vs patients: 65.6% vs 35.2% respectively, X2(1)=16.05, p=0.000062); A 

person’s genome is the complete set of cells in their body (students/staff vs patients: 80.4% 

vs 40.7%, X2(1)=32.53, p=1.17x10-8); and Scientists know what all parts of the genome do 

(students/staff vs patients: 90.5% vs 66.7%, X2(1)=18.87, p=0.000014).   
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3.2. T1 vs T2 (pre-post) comparison results   

When the responses of the students/staff (n=131) were compared between before vs after 

attending a genomics lecture, the item that had the greatest increase was “Whole-genome 

sequencing may not provide a person with any meaningful information about their health”: 

correct responses for this item increased from 66.4% to 87.8%.  See Table 3 for this and all 

comparisons between before-lecture and after-lecture individual item scores.    

 

3.3. Final 9-item KOGS  

The mean score for the final 9-item version of the KOGS in the sample over all was 6.60 

(where 0 = low knowledge and 10 = high knowledge).  As shown in Table 4, mean scores for 

patients were significantly lower than those for students/staff (5.39 vs 6.95 respectively, 

p<0.001).  Among students/staff who completed the questionnaire twice, scores on the final 

9-item version of the KOGS significantly increased from before to after attending the 

genomics lecture (6.92 vs 7.76, p=0.000016).  The final version of the 9-item KOGS is 

shown in Box 1.  

 

DISCUSSION AND CONCLUSION  

 

1) Discussion  

As part of a larger project evaluating patients’ experiences and informed choices about 

whole-genome sequencing, we have developed a robust 9-item Knowledge of Genome 

Sequencing (KOGS) questionnaire using a rigorous psychometric measure development 

approach.  The development of the KOGS is very timely as there are several large genomic 

studies involving patients and the public ongoing in the UK,29, 30 the USA31, 32 and 

elsewhere33 and patient-reported measures regarding whole-genome sequencing are 

urgently needed.1  

 



13 
 

This new whole-genome sequencing knowledge measure is an advance on previous 

measures because it includes both true and false statements (whereas all the items in 

Kaphingst et al3 are ‘true’), and because the focus is specifically on whole-genome 

sequencing (whereas the items in Langer et al6 focus on whole-exome sequencing).  In 

addition, no previous measure has, to our knowledge, specifically included measurement of 

knowledge of what a ‘genome’ is.  A further advantage is that the KOGS is designed to be 

applicable to a range of stakeholders, including patients, non-genetics healthcare providers 

and trainees, and the public.   

 

Over the next decade, many millions of individuals will have their genomes sequenced for 

clinical diagnostic purposes,34  with informed consent being required prior to sequencing.  

For this to be done effectively individuals need to have adequate knowledge.2  While 

defining ‘adequate’ remains challenging, it is arguably a minimum standard that individuals 

should have a basic understanding of what the term ‘whole-genome sequencing’ means, 

what a ‘genome’ is, and that there is some degree of uncertainty around the information 

arising from whole-genome sequencing.  While this can be assessed qualitatively, 

quantitative measures have the advantage that they can be administered on a large-scale to 

large numbers of individuals, and scored quickly and easily.35  The KOGS includes five items 

on what a genome is and what whole-genome sequencing is, and four on limitations and 

uncertainty regarding whole-genome sequencing.  When administered in the research 

context the measure was easily administered and acceptable to individuals consenting to 

having whole-genome sequencing done.   

 

As genomic technologies are embedded in mainstream clinical practice, health care 

providers who are not expert in genetics will need to discuss whole-genome sequencing with 

their patients.36  The KOGS was found to be effective in demonstrating increases in 

knowledge after whole-genome sequencing training for non-genetic specialists, and could 
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therefore potentially be used as part of a battery of tools to assess clinicians’ knowledge in 

the future.  

 

Although the KOGS was not administered in a survey of the general public in this study, it 

has been designed as a ‘context-neutral’ measure (in contrast to, for example, knowledge of 

having whole-genome sequencing done for the clinical purpose of diagnosis a rare disease), 

and so would be appropriate to include in a public survey on whole-genome sequencing.  

Ensuring public trust is critical to large-scale scientific endeavours37 and, although the 

relationship between trust and knowledge is not straightforward,38 an easily-administered 

measure of whole-genome sequencing knowledge may be a valuable resource as part of a 

larger set of tools for those working to understand public opinion and views of whole-genome 

sequencing.  It also has potential value to assess change in public knowledge and 

understanding of whole-genome sequencing over time, or to evaluate the effectiveness of 

public education interventions, such as the online educational animations about whole-

genome sequencing developed by Genomics England39 and others.40   

 

The main limitations of this study are that the 9-item version of the KOGS has only been 

evaluated in the context of a research study and has yet to be evaluated in a large study 

assessing content validity.  In addition it has not yet been administered to members of the 

general public.  These will be useful directions for future work.   

 

2) Conclusions  

In conclusion, using a rigorous psychometric measure development approach, we have 

developed a brief, reliable measure of knowledge of whole-genome sequencing, the KOGS.   

 

3) Practice implications  

The KOGS should be useful for researchers and clinicians using whole-genome sequencing 

with patients and other stakeholders in a variety of contexts.       
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