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SUB-PROCESSES IN INFORMATION SEEKING

4(Marchionini, 1995)
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TWO PILLARS

5

Search engine data 
analysis

What results are shown to users?

- Automatic data 
collection (screen 
scraping SERPs)

- (Semi-)automatic 
analysis of URLs and 
result documents

- Software development

User studies
What results do users perceive and 

select?

- Task-based surveys, 
lab studies (incl. eye 
tracking)

- Focus on 
representative samples 
(surveys), diverse 
samples (lab studies)
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DEVELOPING RESEARCH SOFTWARE

Our journey so far
- We have been developing software since 2009.
- Software development came from a lack of suitable software for our research

Software
- Relevance Assessment Tool (RAT) – juror-based studies
- AAPVL – finding non-compliant food products on the web
- SEO-Effekt – identifying search engine optimization (SEO) in search results

Research software for
- Collecting results from commercial search engines (screen scraping)
- Making results available for assessments (studies with jurors)
- Automatic analysis of results (extracting indicators, machine learning)

6



HOW SEARCH ENGINES PRODUCE 
RESULTS
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SEARCH ENGINE RANKING (SIMPLIFIED)
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Text statistics

Popularity Freshness Locality Personali-
zation

Technical 
ranking 
factors

Ranking

Query



FAKULTÄT DMI, DEPARTMENT INFORMATION
Prof. Dr. Dirk Lewandowski

INFLUENCES ON SEARCH RESULT PAGES
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Users Search engine 
results page 

(SERP)

Search engine 
optimizers (SEOs)

Paid search 
marketers (PSMs)

Search engine 
providers

Content providers

(Schultheiß & Lewandowski, 2021b)
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SOME PROBLEMS RESULTING FROM THE “POPULARITY 
APPROACH”

10

Query: Sportlerinnen
[female athletes]

Web results only
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BIAS ON THE WEB

11(Baeza-Yates, 2018)
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INFLUENCES ON SEARCH RESULT PAGES
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Users Search engine 
results page 

(SERP)

Search engine 
optimizers (SEOs)

Paid search 
marketers (PSMs)

Search engine 
providers

Content providers

(Schultheiß & Lewandowski, 2021b)



CONTEXTUAL ADVERTISING AND HOW IT 
MAY MISLEAD USERS IN THEIR 
INFORMATION SEEKING
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IMPORTANCE OF ADVERTISING TO SEARCH ENGINE 
COMPANIES

In 2019, 83% of Google’s 
annual revenue of $162 billion 
was generated through 
advertising (Alphabet Inc., 
2020).

14
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MEASURING USER UNDERSTANDING OF ADVERTISING AND 
ITS EFFECTS ON SELECTION BEHAVIOUR

Two large-scale studies representative of the German online population (data 
from 2014, 2020)
1. Users’ knowledge on Google’s business model
2. Four tasks where users had to mark all ads on SERPs
3. Experiment with manipulated SERPs (2014 only)

à Results from the 2020 study (as yet unpublished) confirm the older results.

Eye-tracking study (data from 2019)

15
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SAMPLE TASK: MARK ALL THE ADVERTISEMENTS ON THIS 
SEARCH ENGINE RESULTS PAGE
N=1,000

Only 35% marked all ads correctly.

18% marked at least some organic results as ads.

Still, more than 90% of users regard themselves as 
competent when it comes to using search engines.

16
(Lewandowski et al., 2018)
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RESULTS FROM THE EXPERIMENT
N=1,000

Users not able to distinguish 
ads from organic results clicked 
on the first ad about twice as 
often (40.3% vs. 21.6%).

17(Lewandowski, 2017)
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UNDERSTANDING OF ADS INFLUENCES USERS’ VISUAL 
BEHAVIOUR
N=100

Participants with a low level of knowledge 
on search advertising are more likely to click 
on ads than subjects with a high level of 
knowledge.

Subjects with little knowledge show less 
willingness to scroll down to organic results.

Larger effect on the mobile device

18

shown results from the U-tests. It should be noted that the subjects with little 
knowledge of ads scrolled into the area “below the fold” less often. 465 
 
Q14: “Imagine you want to find information about Work-&-Travel programs in Australia. 
A Google search returned the following results. Please click on a result.” 

little knowledge of ads comprehensive knowledge of ads 

  
Figure 4: Heatmaps of subjects with little vs comprehensive knowledge of ads 

5.4 Differences between the PC and smartphone condition 

Figure 5 shows the fixation rates on ads for both devices. For "Text ad top 1", 
n=960 is the sum of all text ads in the first position that the subjects saw on the PC. 470 
Each of the 20 PC SERPs of the experiment contained a “Text ad top 1”, whereby 
each SERP was viewed by 50 subjects (20*50=1000). The difference between 1000 
and 960 results from missing gaze data for 40 tasks, as described in section 4. 
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(Schultheiß & Lewandowski, 2021a)



THE INFLUENCE OF SEARCH ENGINE 
OPTIMIZATION (SEO)
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SEARCH ENGINE OPTIMIZATION

Search engine optimization (SEO) is „the practice of optimizing web pages in a way that 
improves their ranking in the organic search results” (Li et al., 2014)

The market for SEO has reached 80 billion dollars in the U.S. alone (McCue, 2018).

SEO not only for products and services but also for informational content:
• Health
• Politics
• Energy (e.g., nuclear power)
• …

20



FAKULTÄT DMI, DEPARTMENT INFORMATION
Prof. Dr. Dirk Lewandowski

THE “SEO EFFEKT“ PROJECT

21
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SEO-EFFEKT: SOME FINDINGS (1)

Expert interviews (Schultheiß & Lewandowski, 2021c)
• Search engine optimizers regard SEO as a means to providing users with better 

results.
• SEO is considered necessary for content providers to ensure visibility.

Representative user study (publication in preparation)
• Users have a very limited understanding of SEO.

Trust in Google (results from representative user study; Schultheiß & Lewandowski, 
2021b)
• Users with little search engine knowledge are more likely to trust and use Google 

than users with more knowledge.

Data analysis (Lewandowski, Sünkler & Yagci, 2021)
• Tool to extract information from HTML code + machine learning.
• Three datasets, more than 250,000 results analysed

22
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HOW CAN WE DETERMINE WHETHER A RESULT IS 
OPTIMIZED?

Manually compiled lists 
• Customers of SEO agencies
• News websites
• …

Positive indicators extracted from the HTML code (and website information)
• Use of SEO tools
• Use of analytics tools
• Use of microdata and schema.org markup
• SEO-related commands in robots.txt
• …

Negative indicators extracted from the HTML code
• Empty meta description or title tag
• Same title for every page of a website
• … 24
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<!--This site is optimized with the Yoast SEO plugin v12.4 - https://yoast.com/wordpress 
/plugins/seo/-->

<!-- Google Analytics -->
<script>(function(i,s,o,g,r,a,m){i['GoogleAnalyticsObject']=r;…

25

https://yoast.com/wordpress%20/plugins/seo/
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RANKING FROM THE PERSPECTIVE OF SEARCH ENGINE 
OPTIMIZATION (SEO)

26
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RESULTS (1): WHAT PROPORTION OF RESULTS HAS BEEN
OPTIMIZED?

27(Lewandowski, Sünkler & Yagci, 2021)
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RESULTS (2): ARE THERE LESS SEO-OPTIMIZED PAGES 
THE FURTHER YOU GO DOWN THE RESULT LIST?

28
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Figure 3: Score up to position 130  Figure 4: Score without Wikipedia up to position 130 

6 DISCUSSION AND CONCLUSION 

This paper presented a method for identifying SEO measures in results shown by commercial search engines. 
Our model for identifying these measures is based on an extensive literature review, interviews with SEO 
professionals, and an evaluation with machine learning algorithms. The automatic classification is based on 
factors belonging to the three dimensions tools and plugins, URL lists, and indicators for SEO. It incorporates 
a total of 21 factors. An analysis based on three datasets with a total of 256,853 URLs shows that in Google, a 
large fraction of results available to users is optimized through SEO measures. The results indicate that the 
effect of SEO is stronger for popular queries. 

A surprising result is that we did not find huge differences between the ratio of optimized results on different 
result positions. We assumed that the further one goes down the result list, the lower the ratio of optimized 
pages. We instead found that users will be confronted with a high number of SEO-optimized documents, even 
when they are willing to consider a large number of results. 

This study has some limitations, the most apparent being that only data from one search engine (Google) 
has been analyzed. Further, while we tried to diversify queries and search results by using three different 
datasets, the analysis is not based on a representative sample of queries, as used by search engine users. In 
terms of the factors used, our analysis is limited in that we did not consider off-site factors (such as the number 
of backlinks). In future research, we plan to add more search engines, increase datasets in terms of size and 
diversity, and add more factors to our model.  

In the results we were able to fetch, we found a large degree of pages being optimized. This result held for 
all result positions. In that sense, it would be interesting to experiment with data from search engines like 
millionshort.com (see [41]), which allow for removing top sources from the results and accessing results shown 
on positions we could not scrape from Google. We assume that in these positions, the probability of finding 
optimized content will be much lower. 

Our research contributes to better understanding what users get to see on search engine result pages. Apart 
from the organic results to which the SEO measures apply, external influence can be exerted through paid 
search advertising (PSM; "sponsored results"), where advertisers bid for positions on the SERPs. Some 
research has also focused on the mixture of paid-for and organic results on search engine result pages (SERPs) 
and how users able vs. not able to distinguish between the two result types show a different selection behavior 

(Lewandowski, Sünkler & Yagci, 2021)
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DEMO TOOL RESULTS

29(Demo tool available at http://5.189.155.20:5000)

http://5.189.155.20:5000/


CONCLUSION
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CONCLUSION

Summary
• Billions are spent on influencing on what users see on result pages of commercial 

search engines. 
• Users have a very limited understanding of commercial influences on search results 

(advertising, SEO, and search engine companies’ self-interests).
• Combining social science / information science with computer science methods 

provides a fruitful basis for conducting research on commercial search engines.

Consequences for information science
• An obvious solution, of course, is a need for more information literacy. However, IL 

alone is a too simple solution.
• Information science research has always assumed that relevance is the sole aim of 

search system providers but now commercial interests influence what users get to see. 
IS as a discipline should position itself against this background.

• To gain a better understanding of the impact commercial search engines have on 
knowledge acquisition, we need a wider theoretical and methodological lens, i.e., 
moving beyond just result selection. 31
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