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The Amount of Web Data

• Ubiquity of information

• Dynamic ecosystem with billions of websites

• 2.5 quintillion bytes of data created per day

The paradox of choice



• Information as data

• Information as uncertainty reduction

• Information as meaningful content

• Information as knowledge

• Information as a signal

• Information as decision support



Information search on the web



Types/categories of information search

• Informational search

• Navigational search

• Transactional search

[Marchionini, 2006]



Kobayashi, M., & Takeda, K. (2000). Information retrieval on the web. ACM 

computing surveys (CSUR), 32(2), 144-173.



Similarity strategies and patterns in IR

• Relevance ranking
• Keyword matching
• Vector Space Model
• Term Frequency-Inverse Document Frequency (TF-IDF)
• Latent Semantic Analysis (LSA)
• Word Embeddings
• Topic Modeling
• Machine Learning and Deep Learning
• User Behavior Analysis
• Relevance Feedback

Image from ACM SAC Tutorial, March 2007: 

Similarity Search: the metric space approach

Zezula, P., Amato, G., Dohnal, V., & Batko, 

M. (2006). Similarity search: the metric 

space approach (Vol. 32). Springer Science 
& Business Media.



Johnson, J., Douze, M., & Jégou, H. (2019). Billion-scale similarity search 
with gpus. IEEE Transactions on Big Data, 7(3), 535-547.

Chen, W., Chen, J., Zou, F., Li, Y. F., Lu, P., & Zhao, W. (2019, June). 

RobustiQ: A robust ANN search method for billion-scale similarity search 

on GPUs. In Proceedings of the 2019 on international conference on 

multimedia retrieval (pp. 132-140).

Yu, W., McCann, J., Zhang, C., & Ferhatosmanoglu, H. (2022). Scaling 

high-quality pairwise link-based similarity retrieval on billion-edge 
graphs. ACM Transactions on Information Systems (TOIS), 40(4), 1-45.

Lakshman, V., Teo, C. H., Chu, X., Nigam, P., Patni, A., Maknikar, P., & 

Vishwanathan, S. V. N. (2021). Embracing Structure in Data for Billion-
Scale Semantic Product Search. arXiv preprint arXiv:2110.06125.

Echihabi, K., Zoumpatianos, K., & Palpanas, T. (2021, April). 

High-dimensional similarity search for scalable data science. 

In 2021 IEEE 37th International Conference on Data 

Engineering (ICDE) (pp. 2369-2372). IEEE.
Yang, K., Wang, H., Du, M., Wang, Z., Tan, Z., Zhang, J., & Xiao, Y. (2023). 

An efficient indexing technique for billion-scale nearest neighbor 
search. Multimedia Tools and Applications, 1-17.



Different models of information search

• Information search is a complex cognitive activity, which concerns 
various scientific fields in cognitive science. Consequently, many 
models of information search have been developed and related to 
individual differences and attributes of the system device used.

Dinet, J., Chevalier, A., & Tricot, A. (2012). Information search activity: 

An overview. European review of applied psychology, 62(2), 49-62.











Multiple dimensions of Information Search Behaviour

• Human information behaviour and strategy cannot be fully described, 
or understood, without considering the cognitive, affective and social 
dimensions. 

• Research in human information search behaviour should consider 
these multiple dimensions from a theoretical and methodological 
point of views.

Dinet, J., Chevalier, A., & Tricot, A. (2012). Information search activity: 

An overview. European review of applied psychology, 62(2), 49-62.





Web search and personalization

• Search history

• Location

• Browsing behavior

• Social signals



The Filter Bubble Effect

• Personalized content

• Content tailored to you

• Content selection and ranking

Image from YouTube –
Beware online “filter bubbles” | Eli Pariser
 https://www.youtube.com/watch?v=B8ofWFx525s 

https://www.youtube.com/watch?v=B8ofWFx525s


The Echo Chamber Phenomenon

Amplification of beliefs

Social reinforcement

Resistant to contradictory information



Confirmation bias in information search

• We did indeed find that people were biased in favor of their position 
on a given issue when it comes to searching for information. This was 
true for all four selected topics, so our results constitute strong 
evidence of people adopting a confirmation strategy when looking for 
new information.

• We also found evidence for the biased interpretation of information, 
but only for the more polarizing topics.

Vedejová, D., & Čavojová, V. (2022). Confirmation bias in 

information search, interpretation, and memory recall: 

Evidence from reasoning about four controversial 

topics. Thinking & Reasoning, 28(1), 1-28.



C. DOS SANTOS, JONATAS ; W. M. SIQUEIRA, SEAN ; PEREIRA NUNES, 
BERNARDO ; P. BALESTRASSI, PEDRO ; R. S. PEREIRA, FABRÍCIO . Is There 
Personalization in Twitter Search? A Study on polarized opinions about 
the Brazilian Welfare Reform. In: WebSci '20: 12th ACM Conference on 
Web Science, 2020. p. 267-276. 
http://dx.doi.org/10.1145/3394231.3397917 

http://dx.doi.org/10.1145/3394231.3397917


YANG, C. ; XU, X. ; NUNES, B. P. ; SIQUEIRA, S. W. M. . Bubbles Bursting: Investigating and Measuring 
the Personalisation of Social Media Searches. TELEMATICS AND INFORMATICS, v. 82, p. 101999, 2023. 
http://dx.doi.org/10.1016/j.tele.2023.101999 

Personalisation of social media searches

• The key contributions presented in this paper are outlined as follows:
• (i) an open, extensible, and reproducible framework for controlling the 

noises and investigating the factors that affect personalisation in search 
results on various social media platforms.

• (ii) a comprehensive set of experiments that demonstrates the impact of 
the hypothesised factors on the personalised search results.

• (iii) a summary of guidelines to assist users in avoiding being trapped in 
filter bubbles and an appeal for social media platforms and policymakers to 
take responsibility for cultivating a healthier online information ecosystem.

http://dx.doi.org/10.1016/j.tele.2023.101999


YANG, C. ; XU, X. ; NUNES, B. P. ; SIQUEIRA, S. W. M. . Bubbles Bursting: Investigating 
and Measuring the Personalisation of Social Media Searches. TELEMATICS AND 
INFORMATICS, v. 82, p. 101999, 2023. http://dx.doi.org/10.1016/j.tele.2023.101999 

http://dx.doi.org/10.1016/j.tele.2023.101999


YANG, C. ; XU, X. ; NUNES, B. P. ; SIQUEIRA, S. W. M. . 
Bubbles Bursting: Investigating and Measuring the 
Personalisation of Social Media Searches. 
TELEMATICS AND INFORMATICS, v. 82, p. 101999, 
2023. http://dx.doi.org/10.1016/j.tele.2023.101999 

http://dx.doi.org/10.1016/j.tele.2023.101999


The Filter Bubble Myth

• Initial findings indicate that, although search results were found to be 
contextualized to specific geographic locales, algorithmic 
personalization in search engines may be less extensive than was 
suggested by previous filter-bubble research. This leads to the 
question: If search is largely homogeneous, where is information 
polarization coming from?

Spina, D., Sanderson, M., Angus, D., Demartini, G., Mckay, D., Saling, L. 

L., & White, R. W. (2023). Human-AI Cooperation to Tackle Misinformation 
and Polarization. Communications of the ACM, 66(7), 40-45.



Arora, A., Nakov, P., Hardalov, M., Sarwar, S. M., Nayak, V., Dinkov, Y., ... & 

Augenstein, I. (2023). Detecting harmful content on online platforms: what platforms 
need vs. where research efforts go. ACM Computing Surveys, 56(3), 1-17.



Beyond the 
Lookup Search



Shah et al., CHIIR 2023



Vakkari, P. (1999). Task complexity, problem structure and information 

actions: Integrating studies on information seeking and 
retrieval. Information processing & management, 35(6), 819-837.



Types/categories of information search

[Marchionini, 2006]



Kiesel, J., Meyer, L., Potthast, M., & 

Stein, B. (2021). Meta-information in 

conversational search. ACM 

Transactions on Information Systems 

(TOIS), 39(4), 1-44.



Rieh, Soo Young, Kevyn Collins-Thompson, Preben Hansen, and 

Hye-Jung Lee. "Towards searching as a learning process: A 

review of current perspectives and future directions." Journal of 

Information Science 42, no. 1 (2016): 19-34.



Systems thinking and Information



Searching as Learning



• PK: User Prior Knowledge
• DI: Demographic Information
• ESA: Exploratory Search Activities
• AV: Activities Variables
• SEF: Search Engine Feedback
• KDR: Knowledge Domain Representation
• RCL: Resource Cognitive Level
• RF: Resource Features

Machado, M.D.O.C., Gimenez, P.J.A. and 

Siqueira, S.W.M., 2020, November. Raising 

the dimensions and variables for searching as 

a learning process: a systematic mapping of 

the literature. In Anais do XXXI Simpósio 

Brasileiro de Informática na Educação (pp. 

1393-1402). SBC. 
http://dx.doi.org/10.5753/cbie.sbie.2020.1393 

http://dx.doi.org/10.5753/cbie.sbie.2020.1393


Pereira, C.K., Medeiros, J.F., Siqueira, S.W. 

and Nunes, B.P., 2019, July. How complex 

is the complexity of a concept in exploratory 

search. In 2019 IEEE 19th International 

Conference on Advanced Learning 

Technologies (ICALT). pp. 17-21. 

http://dx.doi.org/10.1109/ICALT.2019.00008 

http://dx.doi.org/10.1109/ICALT.2019.00008


PEREIRA, CRYSTIAM KELLE ; NUNES, BERNARDO PEREIRA ; SIQUEIRA, SEAN 
W. M. ; MANRIQUE, RUBEN ; MEDEIROS, JERRY FERNES . `A Little 
Knowledge is a Dangerous Thing?: A method to automatically detect 
knowledge compartmentalization and oversimplification. In: 2020 IEEE 
20th International Conference on Advanced Learning Technologies (ICALT), 
2020. p. 140-144. http://dx.doi.org/10.1109/ICALT49669.2020.00048 

http://dx.doi.org/10.1109/ICALT49669.2020.00048


TIBAU, MARCELO ; SIQUEIRA, SEAN W. M. ; PEREIRA NUNES, 
BERNARDO ; NURMIKKO-FULLER, TERHI ; MANRIQUE, RUBEN 
FRANCISCO . Using Query Reformulation to Compare Learning 
Behaviors in Web Search Engines. In: 2019 IEEE 19th International 
Conference on Advanced Learning Technologies (ICALT), 2019, Maceió. 
p. 219-223. http://dx.doi.org/10.1109/ICALT.2019.00054 

DIAS, M. T. V. ; SIQUEIRA, S. W. M. ; NUNES, B. P. . Think-Aloud your 
Exploratory Search: Understanding Search Behaviors and 
Knowledge Flows. In: Research & Inovation Forum (RII-Forum 
2020), 2020, Athens. Proceedings, 2020. p. 303-315. 
https://doi.org/10.1007/978-3-030-62066-0_23 

Marchionini, Gary. "Search, sense making and 
learning: closing gaps." Information and Learning 
Sciences 120, no. 1/2 (2019): 74-86.

http://dx.doi.org/10.1109/ICALT.2019.00054
https://doi.org/10.1007/978-3-030-62066-0_23


DIAS, M. T. V. ; SIQUEIRA, S. W. M. ; NUNES, B. P. . Accounting for the 
knowledge gained during a Web search: An empirical study on learning 
transfer indicators. LIBRARY & INFORMATION SCIENCE RESEARCH, v. 45, 
p. 101222, 2023. http://dx.doi.org/10.1016/j.lisr.2022.101222 

Highlights
••It is important to understand the searching process of finding 
and deciding information's usefulness.
••Think-aloud protocol and observation were used to identify 
learning indicators in Web searching.
••Learning indicators can aid at the understanding of how 
users gain knowledge online.
••Knowledge is gained online when information is added by 
users that determine the retrieved information's usefulness.
••Information added may be used as a learning attribute in 
Web searching.

http://dx.doi.org/10.1016/j.lisr.2022.101222


Other Works



Facets of Fairness in Search and 
Recommendation
• Dimensions

• Relevance

• Diversity

• Novelty

Verma, S., Gao, R., & Shah, C. (2020). Facets of fairness 

in search and recommendation. In Bias and Social Aspects 

in Search and Recommendation: First International 

Workshop, BIAS 2020, Lisbon, Portugal, April 14, 

Proceedings 1 (pp. 1-11). Springer International Publishing.

• Fairness Metrics
• Non-personalized recommendation settings

• Accuracy-based fairness metrics

• Error based fairness metrics

• Causal approach for mitigating discrimination

• Crowd-sourced non-personalized 
recommendation settings

• Personalized recommendation settings

• Advertisement settings

• Marketplace settings



Information by Systems Thinkers
difference that makes a difference The piece of chalk can never enter into communication 

or mental process because of this infinitude
a measure of [the] degree of organization

our understanding of the world is partial, that we take only 
from the world that information which we need at the time

reality, or at least all the ways human beings can approach it, is 
constructed through human perceptions, sense-making and interaction

there are, in fact, many different versions of realitythere is no independent reality

to bring to bear radically different views of the world derived from alternative paradigms

we always mean to refer to the perceived situation or circumstances as appreciated 
through a reference system of underpinning boundary judgments

The purpose now is to find changes which are both arguably desirable (given those models) but also 
culturally feasible for these people in this particular situation with its particular history, culture and politics



Research Agenda

• Raising the different agents/actants and presenting its agency, the influences on one 
another…
• Who is pro/against, the arguments, the reasons, the (cultural, economical, political, social) factors 

that influence such positions

• Structured diversity

• Curated sources (not only who, but the ethical principles, the truth)

• Transparency

• Explainability

• FAIRness

• Accountability 

• And considering the new technologies, such as quantum computing, large language 
models, metaverse, neuro information systems and so on
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