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Abstract: The ability to obtain reliable information is critical for
decision makers. We examined sources of information about plant
biotechnology available on the internet to identify credible, high calibre
websites. Google-based searches were performed using: ‘plant biotechnology’,
‘plant genetic engineering’, ‘genetically modified organisms’, ‘GMO’, ‘living
modified organisms’ and ‘LMO’. Lists of websites retrieved, frequency of use,
and audience varied greatly depending on keyword. Quality of content as
assessed by frequency of updates, subject depth, declaration of authorship,
indication of source of information, credibility of source, and neutrality,
differed significantly among websites. The majority of high quality sites had
government, academic, or research affiliations, however these were less
frequently retrieved among the top listed websites. To ensure accurate public
awareness about plant biotechnology it is important that high quality sites are
recommended by information providers, and that they utilise terminology most
frequently used by the public.
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1 Introduction

Importance of the internet continues to grow as a primary source of information. More
than two billion users, an estimated 30% of the world population, made use of the
internet in 2011 (Internet World Stats, 2011). This unparalleled source of information
now available at virtually any location creates tremendous opportunities to improve
communication and inform decision making, but can also generate many problems with
respect to reliability and accuracy of the information. The methods used to collect
information can greatly influence results obtained (Spink and Cole, 2001). The quality
and credibility of the website accessed can affect the type of information that people
receive and use to make decisions on topics of personal, professional, and civic
importance. Credibility of information obtained from the internet has become a
particularly important question, since there is no required formal review process of
content before posting on the web (Perez-Lopez and Perez-Roncero, 2006). As a result,
making judgments regarding information credibility becomes a challenging task for most
users, especially about controversial topics such as genetically modified organisms
(GMO).

Production of GM crops has grown to an estimated 148 million hectares worldwide in
a very short period of time following the first major commercial product release in 1996
(James, 2011). Nonetheless, public acceptance of these new agricultural commodities is
still an open question. Misperceptions, inaccurate information and/or lack of knowledge,
and exaggerated claims by both proponents and opponents all contribute to confusion
(Traynor et al., 2007). These public misperceptions may be partially a result of
inaccessibility of credible information. Given that the internet can be a first source of
information for many who are unfamiliar with a topic, we posed the following questions:
Which website links are retrieved from initial internet searches? What kind of
information is available from those sites? How much is available? What is the
credibility of the content? Understanding the nature of information available on the
internet about plant biotechnology, and which sites are most likely to be retrieved, can
generate a knowledge base necessary to ensure more effective communication with the
public.

A first step for many is a keyword or question-based query using an internet search
engine. Assessing the quality of websites obtained from such searches is one approach to
answering the above questions. In this study, we used the most popular search engine,
Google (Search Engine Watch, 2011), to examine different keywords people use to
search about topics related to plant biotechnology and to determine which websites are
listed in response to keyword queries. We then evaluated the information found in the
25 top listed websites obtained by querying with the keywords: ‘plant biotechnology’,
‘plant genetic engineering’, ‘genetically modified organisms’, ‘GMO’, ‘LMO’ and
‘living modified organisms’. We also evaluated other websites that were recommended
by these top-listed websites for information on plant biotechnology.

The website quality assessment criteria were adopted with modifications from the
principles outlined by Health on the Net (HON) code of conduct (http://www.hon.ch/), an
internationally accredited set of standards used to evaluate medical and health
information on the internet and protect the public from misinformation. The quality
parameters, such as transparency and objectivity, are not specific to medical information
and are relevant for assessing scientific information on any topic. We asked four guiding
research questions: What is the quality of websites available to the public for everyday
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life decision-making about plant biotechnology? Do the keywords used to search affect
the quality of the website retrieved and content of the information? Does the affiliation of
the website affect its quality? Can we identify high quality websites that provide credible
information to the public on plant biotechnology?

2 Materials and methods

2.1 Examination of keywords

The Google Adwords Keyword Tool (https://adwords.google.com/select/KeywordTool
External) was used on 5 July 2011 to provide estimates of the volume of the keyword
searches related to plant biotechnology. The keywords ‘plant biotechnology’, ‘plant
genetic engineering’, ‘genetically modified organisms’, ‘GMO’, ‘living modified
organisms’ and ‘LMO’ were entered into the online tool to determine estimates of their
average global monthly search frequency, based on the previous 12-month period, and
the search frequency of related keywords or phrases suggested by the tool.

2.2 Selection of websites

The Google (http://www.google.com) search engine was used on 15 June 2008,
10 December 2009, and 19 July 2011, to generate lists of internet sites. Google was
selected because it is the most popular search engine and updates indexing very often by
recalculating the page rankings of each website (Search Engine Watch, 2011). Six key
words were used to search for websites related to plant biotechnology: ‘plant
biotechnology’, ‘plant genetic engineering’, ‘genetically modified organisms’ ‘GMO’,
‘living modified organisms’ and ‘LMO’. In each case, we selected the first 25 websites
listed, with the exception of those that were primarily advertisements, commercial
product catalogues, or individual articles with a narrow topic focus. All of the selected
websites from the original Google generated list for each term were explored to identify
other websites recommended for further reading or linked to by the original group. This
provided an additional 18 websites for evaluation.

2.3 Keyword analysis using Google Trends and Google Insights for Search

Google Trends (http://www.google.com/trends) is an online information tool that allows
users to determine the frequency of Google searches performed with certain words or
phrases over time. Entering a search term will give weekly search frequency data
(beginning from January 2004, when data collection began, to the present day), and lists
that illustrate the countries, cities, and languages most frequently using those terms. The
rankings are determined by calculating a ratio of the number of times a given keyword is
searched for, compared to the total number of searches done in that region, city or
language. The highest frequency is given a value of 1.0, all other values are assigned
relative to the top value. The selected keywords were submitted to Google Trends on
10 December 2009.

Google Insights for Search (http://www.google.com/insights/search/) allows analysis
of search term usage by location including sub-regions and metropolitan areas, and across
time ranges. All data are normalised and scaled relative to the highest search value from
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the time range specified. The highest value is set to 100, all other search values are
returned as percentages of the highest value. This allows comparison between regions of
greatly different search volumes and across time, giving the likelihood of a Google user
from a region(s) searching for particular term at specific times. All selected keywords
were entered into the tool on 18 July 2011.

2.4 Evaluation of quality of the websites

The original websites for obtained from the Google search for each category were
initially accessed via the URL obtained from the original Google search. Quality analysis
of the websites for keywords ‘plant biotechnology’, ‘plant genetic engineering’,
‘genetically modified organisms’ and ‘GMO’ was performed 01 June 2008 to 31 August
2008; analysis of the websites for ‘living modified organisms’ and ‘LMO’ was performed
in December 2009. The selected websites were categorised by affiliation (i.e., the
person/group or organisation that owns and publishes the website) based on information
obtained from the homepage or ‘about us’ webpage into one of the following groups:

1  government/intergovernmental organisations
university/research centres
professional groups

commercial

blogs/personal

2
3
4
5 non-profit or non-governmental organisations (NGOs)
6
7  others

8

no indication.

Each website was examined to assess topics covered. The homepage and at least three
additional pages (i.e., news stories, subject articles, publications) within each site were
read carefully to evaluate quality factors using the criteria described below.

Methods and parameters for evaluation of quality of the internet sites were adapted
from the work of Perez-Lopez and Perez-Roncero (2006) who used a procedure based on
criteria of Silberg et al. (1997) and the principles outlined by HON code of conduct
(http://www.hon.ch/) for website evaluation in medical science. Quality of content was
assessed using six parameters:

a frequency of updates [i.e., dates of original posting and updates (referred to as
‘currency’ in HON)]

b subject depth (i.e., breath or depth of coverage of particular topics related to plant
biotechnology)

¢ declaration of authorship of articles [i.e., were the author’s name, credentials,
affiliation and contact provided? (adapted from ‘ownership’ in Perez-Lopez and
Perez-Roncero)]
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d indication of source of information [i.e., was source of the information cited within
the article and/or a list of references or links to the source provided at the end of the

article?]

e credibility of the source of information [i.e., were recognised authorities, official
statements from a recognised institution, or publications that have undergone peer
review cited? (referred to as ‘type of the source’ in HON)]

f neutrality [i.e., was verifiable factual information used to support opinions? was
exaggerated language used either for or against the technology? (referred to as
‘balance’ in HON and ‘bias’ in Mclnerney and Bird, 2005)].

Table 1 Evaluation criteria for general quality of the websites
. N Score
Quality criteria
1 2 3
A. Content quality?
Frequency of updates < 6 months 6—12 months >12 months

Subject depth

Declaration of
authorship®

Indication of source of

information®

Credibility of source®

Neutrality of website®

B. User friendliness’

Interactivity

Navigability

Extensive coverage

Credentials clearly
stated

Clearly stated

Peer reviewed or
credible
organisation

Neutral

Clear invitation to
comment

Links easy to
follow

Moderate coverage

Some indications
Some indication

Not peer reviewed
or credible
organisation

Moderately neutral

Contact information
provided

Links difficult to
follow

Limited coverage

No indication
No indication

Source not
indicated

Biased

No details
available

Scattered
information

Notes: 'Overall quality of the website is the sum of the scores for content quality and user

friendliness.

“Content quality is the sum of scores for frequency of update, comprehensiveness
of the subject matter, declaration of authorship, indication of source, source
credibility and neutrality.
3Declaration of authorship of articles refers to whether the author’s name,
credentials, affiliation and contact were provided.
*Indication of source of information — sources were cited within the article and/or
a list of references or links to the source was provided.
5 Credibility of source refers to whether recognised authorities, official statements
from a recognised institution, or publications that have undergone peer review

were cited.

SEvaluation of neutrality was based on whether verifiable factual information was
used to support opinions and whether exaggerated language was used either for or
against the technology.

"User-friendliness is the sum of scores for interactivity and navigability.
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In addition to content quality, user-friendliness of the website was assessed using
two parameters adopted from Perez-Lopez and Perez-Roncero (2006): interactivity
(i.e., is there invitation to comment on article, ask questions, or contact the authors?) and
navigability (i.e., is it is easy to find the information by following the links, does the
website have a clear sitemap?).

Each parameter was scored on a scale of 1-3. The basis for each rating score for each
category is indicated in Table 1. The total possible score for the six content quality
parameters ranged from 6 to 18. A cumulative score was determined for each website as a
sum of the quality of content and user friendliness scores with a total possible score
between 12 and 24. Evaluation was carried out independently for each websites by two of
the authors (BZ, SS). In cases where the difference in cumulative score was greater
than 2, a third assessor was involved in the evaluation. If there was still a discrepancy, a
team evaluation was done to come to a consensus, although this happened less than five
times. Relationships among keyword choice, website affiliation and content quality were
analysed using SAS (SAS for Windows 9.2, SAS Institute Inc. Cary, NC) analysis of
variance (ANOVA) test with means separated using Duncan’s Multiple Range Test at
p < 0.05. Generalised linear models for content quality components as predictors of total
content quality were produced using SAS.

3 Results

3.1 Selected keyword and related terms search frequency

The Adwords Keywords Tool was used to estimate global search frequency for the
selected keywords, as well as related terms identified by the Google tool. ‘GMO’ had the
highest average monthly global search frequency with over 820,000 Google searches,
greatly exceeding use of the other terms, ‘genetically modified organisms’ with less than
50,000 searches, ‘plant biotechnology’ with 27,000 and ‘plant genetic engineering’ with
approximately 8,000 (Table 2). ‘Living modified organisms’ was the least searched of the
selected keywords with less than 400 searches per month. Results for ‘LMO’ were
omitted as all keywords returned by the online tool were unconnected to plant
biotechnology. Related keywords suggested by the tool differed considerably depending
on which of the selected keywords was entered. ‘Plant biotechnology’ returned mostly
industry related terms, while ‘GMO’ and ‘genetically modified organisms’ related
keywords were more frequently linked to genetically modified foods. Although the
selected keywords did not always have the highest search frequency, a high degree of
overlap was found between these keywords and the related search terms suggested by the
tool. These results support the keywords selected for the Google searches that yielded the
assessed websites.
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Table 2 Average global search frequency using Google for selected search terms and related
keywords
Plant biotechnology GMO
Average global Average global

Keyword monthly Keyword monthly

searches searches
biotechnology 1,830,000 ‘emo’ 823,000
biotech 1,830,000 what is gmo 823,000
what is biotechnology 1,830,000 genetically modified 823,000
biomedical 1,220,000 genetically engineered 550,000
biochemistry 1,000,000 monsanto 450,000
bio tech 673,000 gmo genetically modified 450,000
bio technology 550,000 gmos 301,000
bioinformatics 368,000 genetically modified food 246,000
bioscience 368,000 genetically modified foods 246,000
tissue culture 246,000 transgenic 201,000
biotechnologie 246,000 genetically engineered foods 201,000
biotech companies 135,000 genetically engineered food 201,000
biotechnology 110,000 gmo foods 110,000
companies
biotechnology company 110,000 genetically altered food 110,000
biotech jobs 90,500 gmo crops 90,500
biotechnology jobs 90,500 gmo food 74,000
plant tissue 90,500 gmo in food 74,000
jobs in biotechnology 90,500 genetically modified organisms 49,500
biotechnology journal 60,500 genetic modification 40,500
journal of biotechnology 60,500 gmo products 40,500
plant tissue culture 49,500 genetically modified organism 33,100
plant breeding 49,500 transgenic animals 33,100
biotechnology careers 49,500 non-gmo 22,200
biotechnology industry 49,500 gmo plants 22,200
plant technology 49,500 no gmo 18,100
help biotech 40,500 jeremy grantham 14,800
biotechnology career 40,500 transgenic organisms 14,800
career in biotechnology 40,500 genetically modified seeds 9,900
‘plant biotechnology’ 27,100 gmo benefits 8,100
what is plant 27,100 gmo free 8,100
biotechnology

Notes: Average global search frequency is the approximate 12-month average number of
search queries submitted, in all countries and languages, to the Google search
engine for each keyword.

Keywords were generated using the Google Adwords Keywords Tool. The

selected search terms (plant biotechnology, GMO, etc...) were submitted and the
related keywords returned were listed beneath the corresponding search term. The
exact match is shown in ‘bold’. Partial Matches are underlined.
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Table 2

keywords (continued)

Average global search frequency using Google for selected search terms and related

Genetically modified organisms

Plant genetic engineering

Average global Average global

Keyword monthly Keyword monthly

searches searches
genetically 1,000,000 what is genetic engineering 368,000
genetically modified 823,000 plant breeding 49,500
what is genetically 823,000 genetic modification 40,500
modified
what are gmo 823,000 genetically engineered plants 33,100
genetically engineered 550,000 plants breeding 18,100
gmo genetically 450,000 genetic engineering animals 14,800
modified
gmos 301,000 genetic engineering in animals 14,800
genetically modified 246,000 genetic engineering of animals 14,800
food
genetically modified 246,000 plants genetic engineering 12,100
foods
what is genetically 246,000 genetic engineering in plants 12,100
modified foods
what are genetically 246,000 genetic engineering plants 12,100
modified food
what is genetically 246,000 genetic engineering of plants 12,100
modified food
what are genetically 246,000 genetic engineering on plants 12,100
modified foods
genetically modified 201,000 genetic engineering for plants 12,100
crops
genetically altered 201,000 genetically engineered plant 9,900
genetically engineered 201,000 ‘plant genetic engineering’ 8,100
food
genetically modified 135,000 genetic plant engineering 8,100
products
gmo foods 110,000 genetic engineering plant 8,100
genetic modified 74,000 genetic engineering in plant 8,100
what is gmo food 74,000 genetic engineering of plant 8,100
‘genetically modified 49,500 genetic engineered plants 6,600

organisms’

Notes: Average global search frequency is the approximate 12-month average number of
search queries submitted, in all countries and languages, to the Google search

engine for each keyword.

Keywords were generated using the Google Adwords Keywords Tool. The

selected search terms (plant biotechnology, GMO, etc...) were submitted and the
related keywords returned were listed beneath the corresponding search term. The
exact match is shown in ‘bold’. Partial Matches are underlined.



Assessing quality, content, and accessibility of web information 207

Table 2 Average global search frequency using Google for selected search terms and related
keywords (continued)

Genetically modified organisms Plant genetic engineering
Average global Average global
Keyword monthly Keyword monthly
searches searches
what are genetically 49,500 genetically engineering plants 5,400
modified organisms
what is genetically 49,500 ti plasmid 4,400
modified organisms
genetically modified 49,500 genetic engineering research 2,900
plants
genetic modification 40,500 plant genetic modification 1,900
genetically modified 33,100 genetic modification animals 1,300
organism
genetically modified 33,100 genetic engineering of plants 880
organisms gmo and animals
what is genetically 33,100 benefits of genetic engineering 720
modified organism in plants
genetically engineered 33,100 genetically engineered plants 590
organisms and animals
organism genetically 33,100 genetically engineered plants 480
modified list

Notes: Average global search frequency is the approximate 12-month average number of
search queries submitted, in all countries and languages, to the Google search
engine for each keyword.

Keywords were generated using the Google Adwords Keywords Tool. The
selected search terms (plant biotechnology, GMO, etc...) were submitted and the
related keywords returned were listed beneath the corresponding search term. The
exact match is shown in ‘bold’. Partial Matches are underlined.

3.2  Comparison of websites identified by different search terms

The first 25 websites retrieved from the Google search engine for each of six different
keywords (‘plant biotechnology’, ‘plant genetic engineering’, ‘genetically modified
organisms’ ‘GMO’, ‘living modified organisms’ and ‘LMO’) were compared to each
other for shared listings (Table 3). We recognise that in many cases, readers will
not look beyond the websites that are listed on the first page recovered by the search
(typically approximately ten sites), however, we chose to include a larger group of
websites (25 per keyword) to have a more complete assessment of the kinds of sites
obtained, and to allow for increased chance for overlap among sites obtained when
searching with different keywords. There was little commonality among the sites
obtained using the different keywords. In fact, there was no website retrieved by more
than four keywords and only one website, Wikipedia, was common to four keywords
(‘genetically modified organisms’, ‘GMO’, ‘living modified organisms’ and ‘LMO’).



208 B.M. Zawedde et al.

The Monsanto website was common to three keywords (‘plant biotechnology’,
‘genetically modified organism’ and ‘GMO’). Only five websites Wikipedia, Monsanto,
Human Genome Project Info, Food and Agriculture Organization — United Nations
(FAO), and EUROPA appeared for more than one keyword.

Table 3 Overlap in websites obtained when searching with each of the different keywords

A. Keywords — 2008 Numberof — pp PGE GMO GMO
sites full

Plant biotechnology (PB) 6 - 0 1 1

Plant genetic engineering 8 - 0 0

(PGE)

Genetically modified 13 - 3

organisms (GMO full)

GMO 17 -

B. Keywords — 2009 Numberof — pp pgg MO Gyo MO 1y0
sites Sull Sfull

Plant biotechnology (PB) 8 - 1 1 1 0 0

Plant genetic engineering 11 - 0 0 0 0

(PGE)

Genetically modified 21 - 6 1 2

organisms (GMO full)

GMO 17 - 1 1

Living modified 14 - 1

organisms (LMO full)

LMO 1 -

Despite the fact that ‘GMO’ is an abbreviation of ‘genetically modified organisms’,
there were only three overlapping websites between those obtained with the keyword
‘GMO’ versus ‘genetically modified organisms’ in 2008 and six in 2009 (Table 3).
Living modified organisms and its abbreviation LMO is the terminology used in the
Cartagena Protocol on Biosafety and in many national legal documents regarding
genetically engineered crops (Low and Frederick, 2011). However, of the first
25 websites generated using the keyword ‘LMO’, only one website (Wikipedia) was
related to plant biotechnology. For ‘living modified organisms’ 14 relevant websites were
retrieved. These observations underline the importance of even minor differences in
keyword choice.

Although exact rankings of websites varied over time, comparison among
rankings obtained for 40 websites from searches on 15 June 2008 with searches on
10 December 2009 and 19 July 2011, showed positive associations (correlation
coefficients 0.384—0.652; p < 0.001-0.014), indicting similar relative rankings. However,
only 27 of the 40 sites in the top 25 from 2008 reappeared in
the top 25 for their respective keywords in 2009 (Table 4), reflecting fluidity in the
ranking.
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Keyword and top Google ranked websites with their affiliation

Table 4
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Keyword and top Google ranked websites with their affiliation (continued)
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Keyword and top Google ranked websites with their affiliation (continued)
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Keyword and top Google ranked websites with their affiliation (continued)
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3.3 Temporal and geographic trends for use of the different keywords

The different keywords were submitted to Google Insights for Search as a measure of
search volume and temporal trends for the different topics. Google Insights for Search
gives the relative search frequency by scaling them as percentages of the highest search
frequency in the time range, which in this case was for ‘GMO’ on 11 November 2004.
This scale caused relative search frequencies for ‘plant genetic engineering’ and ‘living
modified organisms’ to be set to zero, and thus omitted from the figure. Of the remaining
three keywords, ‘GMO’ was by far the most frequently searched, with an approximately
14-fold greater average relative search frequency from 2004 to 2011 (46.7) than for ‘plant
biotechnology’ (3.7) or ‘genetically modified organisms’ (2.6) (Figure 1). For the terms
‘plant biotechnology’ and ‘genetically modified organisms’ there was insufficient Google
search traffic for the keyword to be consistently graphed from 2004-2006; use after 2007
was fairly constant, but low.

Figure 1 The relative search frequency for the three keywords: ‘GMO’, ‘genetically modified
organisms’ and ‘plant biotechnology,” by users of the Google search engine from 2004
to 2011 from data generated using Google Insights for Search on 18 July 2011
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Notes: Keywords ‘plant genetic engineering’ and ‘living modified organisms’ are not
used frequently enough to yield non-zero relative search frequencies. Although
keyword ‘LMO’ yielded results in Google Insights for Search, it was not included
because only one out of 25 websites was related to plant biotechnology. The
search frequency data are normalised based on the global Google search traffic at
a given time point and scaled as percentages of the highest search frequency in the
time range (‘GMO’ on 11 November 2004). Mean relative search frequencies are
given in parentheses after each term.
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The three keywords with sufficient search volume for analysis (‘plant biotechnology,’
‘genetically modified organisms’ and ‘GMO”) also were examined by Google Trends for
geographic trends in their usage (Table 5). Different countries appeared to use different
keywords with little overlap among the countries preferentially using the different
keywords. For ‘plant biotechnology,” Ethiopia, India and Pakistan were the top three
countries performing searches; for ‘genetically modified organisms’ it was the
Philippines, South Africa and New Zealand, while for ‘GMO’ it was Thailand, Chile, and
Japan. The only country that was listed in the top ten for all the three keywords was the
Philippines. Only India, South Korea and South Africa were listed for two of the search
terms. With the exception of the UK, countries from South America and Europe only
occurred in the list for ‘GMO’. The term ‘genetically modified organisms’ was primarily
accessed by English speaking countries (South Africa, New Zealand, Australia, Canada,
USA and UK).

Table 5 Top ten countries using various keywords as ranked by Google Trends

Term (relative frequency of use relative to the other terms)

Genetically modified

Plant biotechnology (1.0) organism (0.8) GMO (21.8)
Rank Relative Relative Relative
Country frequency Country frequency Country frequency
within term within term within term
1 Ethiopia 1.00 Philippines 1.00 Thailand 1.00
2 India 0.28 South 0.27 Chile 0.81
Africa
3 Pakistan 0.17 New 0.18 Japan 0.64
Zealand
4 South 0.10 Australia 0.16 South 0.56
Korea Korea
5 Iran 0.09 India 0.14 Philippines 0.39
6 Malaysia 0.07 Canada 0.14 Peru 0.38
7 South 0.07 Singapore 0.11 Colombia 0.24
Africa
8 Philippines 0.05 USA 0.09 Sweden 0.20
9 Egypt 0.03 UK 0.04 Poland 0.17
10 Taiwan 0.02 Turkey 0.02 Denmark 0.15

Notes: The locations are ranked by the ratio of search term usage compared to total
Google searches. The numerical values given after the location allow for
comparison between terms, with the highest ranked always given a value of 1.0.
Thus comparisons can be made only within a top ten ranking, not across search
terms. Keywords ‘plant genetic engineering’ and ‘living modified organisms’ are
not used frequently enough for the search engine to yield results in Google
Trends. Although keyword ‘LMOs’ yielded results in Google Trends, it was not
included because only one out of 25 websites was related to plant biotechnology.
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3.4 Evaluation of quality of the websites

The first 25 websites obtained from the Google search engine for the six different
keywords were compiled into a list of 150 sites. Websites whose content was unrelated to
plant biotechnology, were eliminated from the quality analysis; websites that did not
provide general information about the topic, such as those representing product
advertisements, commercial product catalogues and scientific peer reviewed journal
articles with a narrow topic focus also were removed. For all of the search terms except
‘plant genetic engineering’, the winnowing process did not result in removal of the first
two websites retrieved by the original Google search (i.e., presumably did not remove
those websites most likely to be accessed). In 2008, a total of 40 websites (Table 4) was
retrieved from the keyword searches including 13 websites for ‘genetically modified
organism’ and for ‘GMQ’; eight for ‘plant genetic engineering’; and six for ‘plant
biotechnology’.

The websites were evaluated for quality of the content related to plant biotechnology
and user-friendliness as defined in the methods section (Table 6). The mean total content
quality score for all websites was 13.8 of a possible 18; the mean overall quality score
(content plus user-friendliness) was 19.2 of a possible 24. Generalised linear model
analysis of factors contributing to total content quality showed that credibility of the
source of information had the highest contribution, followed by neutrality, indication of
source, and declaration of the author, all of which had a highly significant contribution
(p <0.001) to the content quality (Table 6). Comprehensiveness of the subject matter also
had a significant contribution (p < 0.05) with the content quality, while frequency of
update did not.

Table 6  Total content quality and overall quality for the 40 websites rated in 2008 (A) and
regression analysis of contributions of individual quality components to total content

quality rating (B)
A. Website quality scores Mean + S.D. Range
Total content quality’ 13.79+237  8-175
Overall quality (content quality + user friendliness) 19.19 +2.55 13-235
B. Quality parameter Mean + S.D. R’ F-value p-value
Frequency of update 2.43+0.71 0.030 0.27 0.896
Subject depth 2.29+0.50 0.360 4.92 0.003
Declaration of author 2.11+0.69 0.496 8.60 <0.001
Indication of source of information 2.40+0.71 0.546 10.52 <0.001
Credibility of source 2.34+0.65 0.713 21.74 <0.001
Neutrality 2.23+0.84 0.664 23.71 <0.001

Notes: 'Total content quality is the sum of scores for frequency of update, subject depth,
declaration of author, indication of source of information, credibility of source
and neutrality for a maximum possible score of 18.
2 . . . . . .
Overall quality is the sum of total content quality plus + friendliness, with a
maximum total score of 24. User friendliness is the sum of interactivity and
navigability.
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Comparison of the websites by type of affiliation (Table 7) showed that government and
university/research institute-sponsored websites had higher mean content quality than
non-profit/non-governmental organisations or commercially affiliated sites. Websites
associated with government and university/research institute-sponsored websites were
more frequently retrieved when searching with the lesser used terms of ‘genetically
modified organism’ and ‘living modified organism’ (i.e., 8/13 and 9/14 listings for these
terms were for government and intergovernmental agencies Table 4C,F). ‘Plant genetic
engineering” was most commonly used by universities/research institutes (4/8). The
abbreviation ‘GMO’ was preferred by non-profit organisations/NGOs or blogs (7/13).
Anti-GMO organisations were most frequently retrieved by the GMO keyword (5/13;
Table 4D). No significant difference was observed in the content quality for the different
keywords (Table 7). There was also no significant correlation observed between the
content quality and the Google ranking (R = 0.000; p = 0.993)), i.e., Google ranking was
not a predictor of quality as assessed by these criteria.

Table 7  Relationship between affiliation of the selected websites, and their Google ranking,
keywords used and total content quality from data collected in 2008

Mean total content quality for each keyword

Number Mean (number of websites) Mean total
iliati tent
Affiliation of  Google - con
websites ranking ~ Plant Plant — Genetically quality score

genetic modified GMO +S.D.

biotechnology . ; .
engineering organisms

1 Government 11 15 17.0(1) 17.5(1) 15.4(8) 15.5(1) 15.7+ 1.97a
2 University/ 6 6 15.0(1) 14.4(4) - 16.0(1) 14.8+1.29a
research
inst.
3 Commercial 4 8 12.5(2) - 14.0(1) 12.0(2) 12.6 +1.95b
4 Non-profit/ 10 18 14.8(2) 11.0(1) 11.8(2) 12.5(5) 12.7+2.27b
NGO
Mean total content 14.4a 14.3a 14.6a 13.1a 14.1+2.36

quality score

Notes: Only those affiliation categories that appeared at least five times among the first
25 websites listed for each of the various keywords were included in the analysis.
Blogs and ‘others’ affiliations had only three websites each while professional
groups only had two websites.
Average scores denoted by same letter are not significantly different, based on
Duncan’s multiple range test (p < 0.05).

3.5 Determination of quality of recommended website links

Many of the 40 websites selected in 2008 linked readers to obtain further information
from additional websites. Those links led to 31 websites, of which 18 were not among the
original Google search-derived list. These additional 18 recommended websites had a
higher mean overall quality score and narrower range of scores (mean = 21.3, range
19-24) than the set originally obtained based on Google ranking (mean = 19.2,
range = 13-25) (t-test, p = 0.0003). Based on the websites originally retrieved by Google
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search and 18 additional websites recommended by the first group, the 20 websites with
the highest content quality are listed in Table 8. All had content quality ratings of 16—18
and user friendliness ratings of 5-6. Of this group, 11 have a government/
inter-governmental organisation affiliation, five are from a university/research institution,
three are from non-profit/non-governmental organisations, and one had commercial
affiliation. Only two were within the first ten retrieved by Google searches, i.e., would
typically ‘show-up’ on the first page of search results. Only 8 of the 20 highest quality
websites were either originally identified by the Google search or had the same publisher.
The other 12 websites, which were recommended by links from the original group, were
predominantly affiliated with government/international agencies and universities or
research centres (9 of the 12 websites).

4 Discussion

The Google search engine was selected to identify the websites likely to be retrieved
when querying about topics related to plant biotechnology. While the results of this study
reflect a few points in time, and specific websites retrieved can change over time, they
provide insight into websites likely to be encountered, factors influencing which websites
may be encountered, and quality of websites and information. The first criteria observed
to influence information obtained was keyword. Depending on the search term chosen,
virtually non-overlapping websites were obtained. Differences occurred not only in the
specific websites retrieved with the different keywords, but also the affiliations and
general categories of the websites. For example, searches that included the term ‘biotech’
or ‘biotechnology’ tended to retrieve primarily industry and scientific websites, while
searches including the term ‘genetically modified’ tended to yield websites more directed
to the lay audience. Even though ‘GMO’ is an abbreviation of ‘genetically modified
organisms’, these search terms also yielded different top 25 Google ranked websites, with
only three overlapping websites. Most government-owned websites tended to write out
the full term ‘genetically modified organisms’ or ‘living modified organisms’, at least
some portion of the time, while the abbreviation ‘GMO’ was commonly used by
non-profit or non-governmental organisations including anti-biotechnology organisations,
and blogs. This supports prior studies related to health science and nanotechnology
indicating that the selection of search terms may critically influence which
websites are retrieved (e.g., Anderson et al., 2010; Eachus, 1999; Eysenbach et al., 2002;
Ladwig et al., 2010).

The search term chosen also varied with respect to frequency of use, and among
different countries. The Google Insights for Search tool provided further evidence into
the relevance of the different keywords (‘plant biotechnology,” ‘genetically modified
organisms’ and ‘GMO’) as illustrated by the frequency of search traffic for the different
terms. Since 2004, the term ‘GMO’ was queried globally approximately 14 times more
frequently than ‘genetically modified organisms.” This disparity between the use of a
phrase and its abbreviation was highlighted by the Google Trends tool and is important
for website developers as there was only a single country, the Philippines, which
appeared on the top ten lists for both search terms.
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Top 20 quality websites identified from the Google search and recommended links

with their affiliation, Google ranking and search term or the websites that

recommended the site

Table 8
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Top 20 quality websites identified from the Google search and recommended links

with their affiliation, Google ranking and search term or the websites that

recommended the site (continued)

Table 8
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The top ten countries for both ‘GMO’ and ‘genetically modified organisms’ were equally
split between developed and developing nations, however this is not the case for the term
‘plant biotechnology’ where the ten top searching countries were predominantly
developing nations. Thus, not only do different websites appear as a result of using
different keywords, but also the viewers of those websites differ in location and level of
economic development. This difference is critical to institutions and organisations
developing websites depending on an intended audience. For example, a website
intending to provide information to regulatory bodies in the developing world may
consider using the term ‘plant biotechnology’.

A number of user friendliness and content quality criteria were used to evaluate the
websites. Interactivity took into account whether provision was made to allow the
user to make inquiries, or discuss or comment on the quality and content of the website
(Perez-Lopez and Perez-Roncero, 2006). This demonstrates willingness to serve and take
into consideration feedback from the users. Navigability examined how easy it was to
obtain information and follow links, an important feature, as poor navigability may cause
the visitors to leave the site.

The content quality features of subject depth, disclosure of authorship and sources of
information, credibility of source, and neutrality, were the major determinants of website
quality as assessed in this study. Evaluation of subject depth took into account the context
and purpose of the site. Disclosure of authorship, including the author’s credentials and
qualifications is necessary for transparency and accountability (Metzger, 2007). Its
presence is deemed ethical according to several codes of conduct for web publishing
(Eysenbach et al., 2002). Disclosure of source of information (e.g., references, contact
addresses) is similarly critical to allow for verification and follow up. The neutrality of
some websites was affected by use of inflammatory language or extreme or
unsubstantiated claims, either for or against application of plant biotechnology.

Frequency of update did not have a significant correlation with the quality of website
in these analyses. This is contrary to a previous study intending to identify a simple
screening criterion for quality of websites dealing with genetically modified food, which
indicated that frequency of update, also commonly referred to as currency, was a criterion
of primary importance, accounting for over 20% of the variance in the quality score
(Mclnerney and Bird, 2005). While it is especially crucial in a rapidly changing field
such as biotechnology to know where current information exists, our analyses did not
show frequency of update to be as important in quality determination compared to other
factors such as credibility of source, declaration of authorship and neutrality. This may be
because, depending on the need, older postings can provide highly relevant background
information.

Affiliation or ownership significantly influenced the general and content quality of
the website. Government and university/research institute affiliated sites were found to
have higher content quality than those associated with commercial or non-profit
organisations/NGOs. This agrees with previous studies which suggested that website
ownership may be a predictor for content quality, with commercial sites often scoring
lower than academic sites (Eysenbach et al., 2002, Lissman and Boehnlein, 2001). This
higher score is often influenced by quality criteria such as disclosure of author and source
(Griffiths and Christensen, 2000; Veronin and Ramirez, 2000) which was more common
on sites owned by scientists/professionals, academicians or governments.
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Regardless of the keyword used as a search term, many of the websites (12 or more of
the top 25) retrieved are likely to be advertisements or scientific peer reviewed journal
articles with a narrow topic focus that may not provide general information about plant
biotechnology. Most of the best websites related to plant biotechnology may only rarely
be accessed by the public because they do not appear in the top-ranked websites for
search engines like Google. These results should help raise awareness of internet users to
some of the good quality websites for obtaining information on plant biotechnology
(Table 8) and suggest to website developers terminologies that may help target the
desired audience.

5 Conclusions

With more than two billion individuals worldwide now accessing the internet
(Internet World Stats, 2011) the internet has become a very useful resource for meeting
some of the public’s information needs. A number of high quality websites providing
information about plant biotechnology and genetically engineered crops are available, as
indicated above. However, accessing reliable, high-quality information, especially about
a controversial topic such as genetically modified organisms, is not always easy. The
findings of our study provide insight into the way in which the public searches for
information. In the interest of ensuring accurate public awareness, responsible
stakeholders need to find ways to make high quality information more accessible on the
web. They should understand how site ranking is done and employ terms that the
intended audience will most likely use when searching. While the information provided
here indicates which websites are obtained with which search term, it also can provide
insight into which terms a website should use if it would like to attract viewers from a
particular subcategory (e.g., scientists, general public), or a from a specific country, based
on what terms those groups are likely to use in initiating their inquiry.

Wherever and whenever possible the most appropriate websites should be
recommended by information providers. It is also important that credible website
producers present well-organised information in a way that allows for easy access, since
poor navigability may discourage visitors from browsing the site. They also should
establish mechanisms for routinely rating their websites and encourage feedback about
various attributes of the websites and information. Finally, there is need for further
studies to analyse and identify gaps in existing internet information on the topic, as this
may guide priorities for future public communication on plant biotechnology.
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