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Resumo 

Literacia em Saúde é definida como “o nível pelo qual os indivíduos podem obter, processar, 

compreender e comunicar informação relacionada com saúde necessária para tomar decisões 

de saúde informadas”. Os utilizadores com um baixo nível de literacia em saúde têm menos 

conhecimentos das suas condições médicas, maior dificuldade em seguir as instruções e 

compreender a informação dada pelos médicos. Cada vez mais, as pessoas recorrem à web para 

pesquisar sobre informação de saúde. As dificuldades que os utilizadores de baixa literacia têm 

no mundo real provavelmente persistem no mundo virtual. O principal objetivo deste estudo 

é analisar o comportamento de pesquisa de utilizadores com diferentes níveis de literacia em 

saúde. Pretende-se identificar diferenças entre pessoas com baixa e alta literacia de saúde que 

depois possam ser utilizadas para a melhoria dos sistemas de recuperação e contribuir, entre 

outros, para facilitar o acesso à informação e educação das pessoas com baixa literacia. Este 

estudo surge na sequência de um trabalho prévio que incluiu a anotação dos registos de vídeo 

de uma experiência com utilizadores realizada anteriormente.  Com base na versão preliminar 

de análise do trabalho anterior, foi proposto um esquema de classificação de eventos que 

engloba tipos de interação relativos ao navegador, motor de pesquisa e páginas web. Cada tipo 

de interação é composto por eventos que, por sua vez estão associados a variáveis de análise. 

Dentro deste esquema, foram construídos módulos para analisar as interrogações de pesquisa 

submetidas. Com base neste esquema, foi revista a anotação dos vídeos e foi realizada a análise 

de dados de forma descritiva e inferencial. Os principais resultados demonstram que o grupo 

de baixa literacia em saúde utilizou mais o botão de voltar atrás; fez mais cliques esquerdos e 

passou mais tempo a interagir com as páginas de resultados, nomeadamente no scrolling. Por 

outro lado, o grupo de alta literacia em saúde utilizou mais a barra de endereço para introduzir 

novas interrogações de pesquisar e selecionar mais vezes o texto do URL. Na página de 

resultados do motor de pesquisa este grupo fez mais cliques com o botão direito. A nível de 

reformulação de interrogações, que ocorrem no contexto da mesma necessidade de informação, 

os utilizadores com baixa literacia em saúde usaram mais as reformulações “totalmente novas”, 

ou seja, sem termos em comum com a interrogação anterior. Por sua vez, o grupo de alta 

literacia em saúde fez mais reformulações nas quais adicionou palavras, substituiu termos por 

sinónimos e mudou do plural para o singular.  

Palavras-chave: Comportamento de Pesquisa de Informação, Pesquisa na Web, Literacia em 

Saúde, Interação, Reformulação de Interrogação de Pesquisa, Esquema De Classificação
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Abstract 

Health Literacy is defined as "the level by which individuals can obtain, process, understand 

and communicate health-related information necessary to make informed health decisions". 

Users with a low level of health literacy are less aware of their medical conditions, more difficult 

to follow instructions and understand the information given by doctors. Increasingly, people 

turn to the web to search for health information. The difficulties that low literacy users have in 

the real world are likely to persist in the virtual world. The main objective of this study is to 

analyze the search behavior of users with different levels of health literacy. It is intended to 

identify differences between people with low and high health literacy that can then be used to 

improve recovery systems and contribute, among others, to facilitate access to information and 

education for people with low literacy. This study follows a previous work that included the 

annotation of video records of an experience with users previously carried out. Based on the 

preliminary analysis version of the previous work, an event classification scheme was proposed 

that includes types of interactions related to the browser, search engine, and web pages. Each 

type of interaction is composed of events that, in turn, are associated with analysis variables. 

Within this scheme, modules were built to analyze the search queries submitted. Based on this 

scheme, the annotation of the videos was reviewed, and the data analysis was performed in a 

descriptive and inferential manner. The main results demonstrate that the low health literacy 

group used more the back button; made more left clicks and spent more time interacting with 

the results pages, namely scrolling. On the other hand, the high health literacy group made 

more use of the address bar to introduce new search queries and select the URL text more often. 

On the search engine results page, this group made more right-clicks. At the level of 

reformulation of questions, which occur in the context of the same need for information, users 

with low health literacy used more “totally new” reformulations, that is, without terms in 

common with the previous question. In turn, the high health literacy group did more 

reformulations in which they added words, substituted terms by their synonym, and changed 

from the plural to the singular. 

Keywords: Information-Seeking Behavior, Web Search, Health Literacy, Interaction, Query 

Reformulation, Classification Scheme 
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1. Introduction 

The present dissertation entitled "Analysis of web information-seeking behavior of 

users with different levels of health literacy" has as its first chapter the introduction. In this 

first chapter, the following topics are covered: context, motivation, objectives, contributions, 

and structure of the dissertation.  

1.1. Context 

Health Literacy is defined as “the degree to which individuals can obtain, process, 

understand and communicate health-related information necessary to make informed health 

decisions” (Berkman, Davis, and McCormack 2010). There is also reference to the concept of 

“eHealth Literacy”, which is characterized by the individual ability to use and understand the 

content of interactive information technologies (Efthymiou et al. 2017). 

Online health information search continues to increase, being conducted by a broad 

diversity of users (Eurostat 2020; Susannah Fox 2014). However, it is necessary to understand 

whether the information made available by search engines and health portals is accessible to 

the entire population.  

Despite the growing increase in online health searches, some users are frustrated 

during search (Yilma et al. 2019). One of the factors that have the potential to affect the success 

of health searches is health literacy. Studies show that users with a low level of health literacy 

are less successful in web search (Lopes & Ribeiro, 2013) and suggest personalization of search 

systems based on user health literacy. For that, search engines should detect user-health 

literacy and retrieve documents appropriate to their level (Lopes & Ribeiro, 2015).  

This dissertation aims to analyze and compare the health information-seeking behavior 

of users with different levels of health literacy. Finding behavioral differences between low and 

high health literacy users can contribute to improving search engines. Among other 

refinements, search engines can be personalized to users’ health literacy contributing, for 

example, to facilitate how users with low health literacy access information. The 

personalization can also help users with a health literacy degree to find relevant and quality 

information. This analysis will allow the identification of differences between the two groups 

which may be an important step towards this personalization.  

To accomplish these goals, this work will be built upon previous works. The data 

collected in a previously conducted user experiment will be used (Sousa 2016), along with the 

data that resulted from a preliminary analysis of the video recordings of the search sessions. 
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This preliminary analysis involved the proposal of a classification scheme interaction analysis 

and its use to annotate each video recording. Based on this material, we proposed a final 

classification scheme to analyze interactions and proposed modules focused on query 

reformulation behavior. Part of the video annotation was revised, and the data was analyzed to 

compare the search behavior in low and high health literacy groups.  

1.2. Motivation and Goals 

Based on the data collected in a user experiment, we intend to study the search behavior 

of people with different health literacy levels. As mentioned, the continued growth of online 

health information search continues to increase. However, all users have very different 

characteristics and it is necessary to adapt the information search systems to the specifics of 

each one to reduce the difficulties and inconveniences faced by them. The main factor of 

analysis is the degree of health literacy of these users that certainly influences their search 

behavior. 

Figure 1 presents the objectives that are intended to be achieved in this project. To 

accomplish our main goal of “identify differences in the information-seeking behavior of users 

with low and high health literacy”, we have three main objectives: first, to become familiar with 

the previous study; second, to review annotation and present a proposal for the classification 

scheme; and third, to analyze the data. To become familiar with the previous study includes 

analyze previous works by other authors, become familiar with the user experience previously 

carried out, and becoming familiar with the classification scheme and annotation of videos 

previously defined. Then, to review the annotation and present proposal it’s necessary to 

review the annotation and proposal of the classification scheme and modules.  
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Figure 1 - Goals Tree 

The work plan proposed for this project only started in late March 2020 as we changed 

the dissertation’s topic due to the impossibility of continuing with the initial project due to the 

COVID-19 situation. If you are interested in the initial topic, we presented a summary at 

ehSemi 2020 - 1st Seminar of students in digital technologies and health/wellness that took 

place at the University of Aveiro1.  

1.3. Contributions 

Studies focused on the analysis of information-seeking behavior show a large diversity 

of methods and terminology that, in most cases, are specifically designed for that particular 

study.   

In our opinion, our proposed classification scheme has important contributions to the 

analysis of search behavior. It is generic, which means it can be applied to disregard the used 

search engines. This classification scheme can be used in manual analysis studies and in (semi) 

automatic analysis studies in which part of the events can be determined automatically. 

Furthermore, in the context of health, one of the great contributions is to have a form of 

analysis by health literacy. About modules, we believe that they can be reusable by other people 

who are interested in studying search and interaction behavior in various types. It can serve 

for future researchers to take advantage of some types used. 

 
1 http://ehealthseminar.web.ua.pt/docs/livro_resumos.pdf 

http://ehealthseminar.web.ua.pt/docs/livro_resumos.pdf
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Based on these contributions, we decided to write two scientific articles. The first 

scientific article aims to present and share the proposed classification scheme, their events, 

analytic measures, and guidelines for analysis. This first scientific article will be submitted to 

the Journal of the Association for Information Science and Technology (JASIST). The second 

scientific article aims to compare the results obtained in the two health literacy groups. The 

latter will be submitted to the sixth ACM SIGIR Conference on Human Information Interaction 

and Retrieval (CHIIR) 2021. Unfortunately, due to the pandemic situation, it was impossible 

to submit them earlier to have already a decision. 

1.4. Dissertation Structure 

In addition to the introduction, the dissertation contains five main sections. We begin 

by addressing health literacy and reviewing the existing literature on Web Information-

Seeking Behavior. Subsequently, the methodology and its main phases are presented. The 

fourth chapter addresses the proposal for the classification scheme. In the fifth chapter, we 

describe the analysis of information-seeking behavior by the level of health literacy with the 

application of the classification scheme, the results obtained, and its discussion. In the last 

chapter, the conclusions, limitations of the study, and perspectives of future work are 

presented. 
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2. Literature Review 

The literature review consists of two main topics: Health Literacy and Web Information 

Seeking Behavior. In the section on Health Literacy, several definitions of this concept are 

presented from the perspective of several authors and in a chronological way. Subsequently, 

the consequences of the low level of health literacy, the promotion of health literacy, and, 

finally, the methods of assessing the level of health literacy are mentioned. The second section 

that addresses the Web Information Seeking Behavior is divided into three parts: the first 

presents the overall structure of Search Engine Result Pages, the second analyses studies of 

web seeking behavior in general and the third focuses on the health information-seeking 

behavior. 

The literature review was done narratively. About its process, several queries related to 

health literacy and web information seeking behavior were formulated in generic and domain-

specific databases. Queries were introduced in Google Scholar, PubMed, JASIST (Journal of 

the Association for Information Science and Technology), ACM (Association for Computing 

Machinery). There were no restrictions regarding the time interval. The articles had to be 

original, peer-reviewed and written in English. 

2.1. Health Literacy 

 “Literacy” is a term known to most people as the ability to read and write. However, it 

is a concept that can have multiple definitions and can be defined in a more complex way.  

This section covers definitions of health literacy, the impact of low health literacy, 

statistics, promotion of health literacy, and finally, methods for assessing the health literacy 

level. 

2.1.1. Definition 

According to the US National Literacy Act of 1991, literacy is the “ability of an individual 

to read, write and speak, in addition to calculating and solving problems at the levels of 

proficiency required to work and work in society, achieving their goals and develop your 

knowledge and potential ” (Irwin 1991). Literacy can be applied to information in general or 

specific information topics such as health.  

The definition of health literacy is not consensual, being a concept that continues to 

evolve both in its definition and in how it is measured. Although there are several definitions 

by different authors, the choice of the definition of health literacy must be related to the 

objective of the study to be carried out (Berkman, Davis, and McCormack 2010). According to 
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systematic reviews on health literacy, 250 different definitions were found (Malloy-Weir et al. 

2016) the most cited are those of the World Health Organization (WHO), Institute of Medicine, 

American Medical Association (Sørensen et al. 2012). These definitions are presented in the 

following paragraphs. However, it is necessary to make a chronological analysis to better 

understand the origin of this concept. 

In the 70s, Simonds referred to the need for health education in the context of social 

policy (1974). Later, in the Health Promotion Glossary of the WHO emerge a reference to the 

concept (Kickbusch 1997; Nutbeam 1998). The purpose of this WHO glossary was to facilitate 

understanding, communication, and cooperation in the area of health promotion at local, 

regional, and global levels. The first edition was published in 1986 and the second in 1998. 

Later, it was updated to include ten new concepts (World Health Organization 2020).  

In 1999, the concept changed and the ability to include not only reading but also 

numerical tasks was included: “constellation of capacities, including the ability to perform 

basic reading and numerical tasks necessary to work in the health care environment, such as 

the ability to read and understand prescription labels, consultation guides, and other health-

related materials” (American Medical Association 1999). After one year, the following 

definition is published by Nutbeam (2000): “Health literacy represents the cognitive and social 

capacities that determine the motivation and ability of individuals to gain access, understand 

and use information in a way that promotes and maintains good health ”. In the same year, the 

National Library of Medicine (Selden et al. 2000) presents a definition that is accepted by the 

Institute of Medicine in 2004 and used by Healthy People in 2010 (Nielsen-Bohlman, Panzer, 

and David 2005): “the individual's ability to obtain, process and understand basic health 

information and services necessary to make appropriate health decisions”. Healthy People 

2010 was a health promotion and disease prevention agenda launched by the Department of 

Health and Human Services of the United States of America. This agenda contains a list of 467 

objectives to improve the health of the population of the United States during the first decade 

of the 21st century. This list of objectives is launched every ten years, the first of which 

appeared in 2000 and is currently in preparation for the 2030 agenda (Centers for Disease 

Control and Prevention 2020). 

Berkman, Davis, and McCormack (2010) propose the inclusion of communication skills 

in the definition: “the individual's ability to obtain, process, understand and communicate 

health-related information necessary for making informed health decisions”.  

Health literacy is represented through a conceptual model by Mancuso (Figure 2). The 

author affirms the presence of the necessary background to obtain skills in health literacy. In 
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this model, six dimensions of competences are identified: operational (ability to use tools, 

procedures, and techniques), interactive (collaboration with one another), autonomous 

(empowering at a personal level), informational (ability to determine the authority of 

information health), contextual (the domain of the environment) and cultural (interpretation 

of the meaning of the system of social practices). The attributes of health literacy are ability, 

understanding, and communication. These are preceded by the skills to achieve health literacy. 

The results of health literacy have the potential to influence individuals and society (Mancuso 

2008). 

 

Figure 2 - Conceptual Model of Health Literacy 

Source - Mancuso (2008) 

Pleasant (2014) draws attention to a broad effort by professionals, researchers, and 

public members to create an updated definition of health literacy. This effort may be the basis 

for a new measure of health literacy. Health literacy is not simply the use of skill in the health 

context, but what people do with the skills they have.  

In addition to the notion of health literacy, it is worth mentioning that there is also 

reference to the concept of “eHealth Literacy”, which is characterized by the individual ability 

to use and understand the content of interactive information technologies. An eHealth literate 

should be able to read and write, interpret, and communicate health information relevant to 

him in a given situation and cultural context. It must also be able to apply the tools of accessible 

technologies (Efthymiou et al. 2017). 
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2.1.2. Impact of Low Health Literacy Levels 

Low health literacy has two types of costs: economic costs to society and the health 

system costs related to disease’s human burden (Nielsen-Bohlman, Panzer, and David 2005). 

People with low levels of health literacy tend to have more health problems, recur more 

to health services, and have higher health care costs (American Medical Association 1999). This 

situation is even worse in patients with chronic diseases such as diabetes and asthma, where it 

is essential to follow instructions on a more permanent and continuous basis (Safeer and 

Keenan 2005).  

2.1.3. Statistics on Health Literacy 

According to the National Assessment of Adult Literacy 2003, 22% of the American 

population has a basic knowledge of health literacy and 14% knowledge below the basic level. 

Most of these individuals obtain health information through television or radio. Regarding age, 

the percentage of individuals with 65 years or more have a lower average level of health literacy 

than the younger age groups. In terms of education, health literacy increased with the 

education level of adults (Kutner et al. 2006). 

In the European panorama, data from the European Health Literacy Survey revealed 

that almost half of the participating population revealed to have a level of health literacy 

considered inadequate (12%) and problematic (35%). Some groups are more vulnerable, 

namely those with lower social status, worse health, or relatively old age. Between European 

countries, there is a great diversity in the levels of health literacy since there are differences in 

the minimum and maximum in each level (Kickbusch et al. 2013). 

In the context of Portugal, the report “Health Literacy in Portugal” prepared by the 

Center for Research and Studies in Sociology/IUL indicated that about 38% of the Portuguese 

population has a level of health literacy considered problematic. In the European panorama, 

Portugal presented slightly lower values compared to the average values of the countries 

participating in the HLS-EU. It also demonstrated that the lowest levels of health literacy are 

found mainly in the elderly population (age equal to or over 66 years), low education levels, 

minimum income, patients with prolonged illnesses, lack of self-perceived health, high 

frequency in primary health care and limitations due to chronic diseases (Espanha, Ávila, and 

Mendes 2016). 

 



 

20 

2.1.4. Promotion of Health Literacy 

In the American context, Healthy People is a health promotion and disease prevention 

agenda launched by the Department of Health and Human Services. It is launched every ten 

years and the first one appeared in 2000 and is currently in the preparation phase of version 

2030. Healthy People 2020 had four main objectives: to provide a higher and higher quality of 

life, to achieve equity in the health of all groups, creating social and physical environments, 

and promoting quality of life, healthy development, and healthy behaviors at all stages of life 

(Centers for Disease Control and Prevention 2020). 

The promotion of Health Literacy is seen as an important public health opportunity and 

challenge. In Portugal, improving health literacy levels is a current challenge (Direção-Geral 

da Saúde 2019). The general objectives of the plan proposed by Direção Geral de Saúde are the 

adoption of healthy lifestyles, training for the proper use of the health system, promotion of 

well-being especially in chronic illness, and, ALS, promoting knowledge and enhancing search. 

This action plan calls for investment in the area of Health Literacy, namely in promoting new 

strategies, initiatives, projects, and activities to improve the quality and well-being of the 

population. 

Information and communication technologies appear as an alternative to disseminate 

health information (Espanha, Ávila, and Mendes 2016). Increasingly, people turn to the web 

to search for health information. Last year, about 45% of the population of Portugal aged 

between 16 and 74 years used the web to search for health-related information (Eurostat 2018). 

The Pew Research Center has been studying the social life of health information since 2000. 

In one of the last studies, it was confirmed that about seven in ten American adults sought 

information online about health problems (Susannah Fox 2014). According to the same 

statistic, searches were performed on search engines, especially on Google (Susannah Fox 

2013).  

2.1.5. Assessment of Health Literacy  

There are several instruments to measure health literacy with different capacities and 

administration times. The most used methods are Rapid Estimate of Literacy in Medicine 

(REALM), Test of Functional Health Literacy in Adults (TOFHLA), S-TOFHLA (short version 

of TOFHLA), Newest Vital Sign (NVS), Short Assessment of Health Literacy for Spanish-

speaking Adults (SAHLSA), and Medical Term Recognition Test (METER). 

REALM, a screening tool that assesses the ability of an adult to be able to pronounce 

common medical words and human or disease-related terms, was created. This instrument 
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was developed to be used in the creation of educational materials appropriate to the patient's 

level. It is a quick test lasting only two to three minutes. With this instrument, the patient 

receives a list consisting of sixty-six terms and has to read it aloud. If the patient takes more 

than five seconds to say the word, it should move on to the next. The result varies according to 

the number of correct words spoken by the patient. During the test phase, this instrument 

obtained significant correlations with three others and proved to be a useful tool for assessing 

the patient's reading ability (Davis et al. 1993). 

TOFHLA emerged in 1995 to measure functional health literacy in patients (Parker et 

al. 1995). This test consists of two main parts: reading comprehension (fifty items) and 

numeracy (seventeen items). In reading comprehension, the user chooses one of the four 

options available and only one is correct, the other three are grammatically or contextually 

incorrect. In the numeracy part, samples of hospital forms and prescription labels are used. 

This test requires 22 minutes to administer. The test was applied to a total of 505 patients, 256 

of whom were English and 203 Spanish together with REALM and the results showed a strong 

correlation (0.84) (Parker et al. 1995). Due to the long administration time of TOFHLA, S-

TOFHLA appeared in 1999, a simpler version of the original with a duration of just 12 minutes. 

The S-TOFHLA consists of 36 items from the reading comprehension section and 4 items from 

the numeracy section. In this specific case, it is applied to 211 patients and compared with the 

REALM in which it obtains a good correlation (0.80) (Baker et al. 1999).  

NVS appears in 2005 as a rapid screening test (three minutes) for the assessment of 

health literacy available in English and Spanish (Weiss et al. 2005). This instrument consists 

of six questions related to the information present on an ice cream nutrition label. Two of the 

questions involve the comprehension of information on the label and the other four require 

numerical calculation. It is a test that assesses comprehension, information seeking, and 

numeracy. The result varies according to the number of correct answers, that is, between zero 

and six (Mackert et al. 2013). This test was adapted and validated for the Portuguese version 

in which it revealed high reliability (Paiva et al. 2017).  

In 2010, a health literacy test is developed for populations fluent in English and Spanish, 

called the Short Assessment of Health Literacy for Spanish-speaking Adults (SAHLSA). This 

test consists of fifty items and assesses the comprehension and pronunciation of medical terms. 

It is based on REALM, known as the easiest tool, to assess health literacy in English. It is a test 

that only requires four to five minutes and has good reliability in the Spanish language (Lee et 

al. 2006). This model was validated for the Portuguese language, called Short Assessment of 

Health Literacy in Portuguese-speaking Adults (SAHLPA) (Paiva et al. 2019). 
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Four years later, METER is developed, which consists of forty medical words and thirty 

intrusive words that sound like medical terms. For two minutes, the patient only has to select 

words that correspond to real medical terms. This method was tested in conjunction with 

REALM, which proved to be a practical test for measuring health literacy (Rawson et al. 2010). 

This test was adapted and validated as an instrument for assessing health literacy in the 

Portuguese population (Paiva et al. 2014). 

Table 1 presents a comparative analysis of the methods concerning the assessed 

capacities, the mode of administration, the time of administration, language, the reference to 

the validated version in Portuguese (if exist), and the example of a question in English. 

 REALM 

(Davis et al. 

1993) 

TOFHLA 

(Parker et al. 1995) 

S-TOFHLA 

(Baker et al. 1999) 

NVS 

(Weiss et al. 

2005) 

SAHLSA-50 

(Lee et al. 2006) 

METER 

(Rawson et al. 

2010) 

Capacities 

Assessed 

Pronunciation 

 

Comprehension, 

Information 

Seeking 

(document), 

Numeracy 

 

Comprehension, 

Information 

Seeking 

(document), 

Numeracy 

Comprehension, 

Information 

Seeking 

(document), 

Numeracy 

Comprehension 

Pronunciation 

 

Comprehension 

 

Mode Verbal 
Verbal 

Written 

Verbal 

Written 
Verbal 

Verbal 

Written  

Verbal 

Written 

Duration 

(min) 
2-3  22  12  3  4-5  2  

Language 

of 

validated 

version 

English English English English Spanish English 

Version 

validated 

in PT 

- - - 

NVS Version 

((Paiva et al. 

2017)) 

SAHLPA Version 
(Paiva et al. 
2019) 

METER Version  
(Paiva et al. 
2014) 

Example 

in English 

How many of 

these words can 

you read aloud 

and pronounce 

correctly, each 

within five 

seconds? Start 

with the 

first column, 

reading down. 

Skip those you 

cannot read. 

Fat 

Flu 

Pill 

Dose 

... 

I want you to figure 

out which of those 4 

words should go in 

the blank, which 

word makes the 

sentence make 

sense.  Your doctor 

has sent you to have 

a ____ X-ray. 

a) stomach 

b) diabetes 

c) stitches 

d) germs 

I want you to figure 

out which of those 

4 words should go 

in the blank, which 

word makes the 

sentence make 

sense. 

Your doctor has 

sent you to have a 

____ X-ray. 

e) stomach 

f) diabetes 

g) stitches 

germs 

This information 

is on the back 

 of a container of 

a pint of ice 

cream.  

If you eat the 

entire container, 

how many 

calories will you 

eat? 

Now please read 

the word above 

aloud. 

Stem:  

Prostate 

Which of the two 

words is more 

similar to the 

word above? If 

you don't know 

the answer, 

please 

say, 'I don't 

know'. 

Key or Distracter: 

gland or 

circulation. 

As you read 

through the list, 

put an “X” next to 

the items that you 

know are real 

words. 

_ Irrity 

_ Arthritis 

_ Obesity 

_ Flu 

_ Behaviose 

 
Table 1 - Comparative analysis of Health Literacy assessment methods 
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2.2. Web Information Seeking Behavior 

This section consists of three subsections related to the structure of Search Engine 

Result Pages (SERP) and studies on web information-seeking behavior. The first section deals 

with the structure of SERP. In the second part, existing studies focused on web information-

seeking behavior in general are mentioned. In the last one, studies related to the search for 

health information on the web are addressed. 

2.2.1. Structure of Search Engine Result Pages 

Disregarding the search engine, the current SERP has various elements (Moz 2020). In 

this section, we present the main SERP elements and consistent terminology that will be used 

in the rest of the work. 

The main element in SERP are the organic results, that is, the results that emerge 

naturally from the Web. Overall, they consist of a link, an URL, and a snippet (Figure 3). 

 

Figure 3 - Organic results (Google Search Engine) 

SERP also have paid results that can have images and reviews (Figure 4) or be 

presented as text results with an Ad tag (Figure 5). 
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Figure 4 - Paid results with images and reviews (Mozilla Firefox search engine) 

 

 

Figure 5 - Advertisement (Yahoo search engine) 

Besides, SERP have results that fit in a category of Universal Results. This category 

includes results that consist of images, videos, featured snippets. Featured snippets are 

excerpts from website content that summarize a response to the submitted query (Moran and 

Goray 2020). In this sense, the answer box is an example of a featured snippet (Figure 6). 

People Also Ask feature is a list of questions related to the query. Each question unveils a 

featured snippet along with additional questions. For this reason, collections of feature 

snippets are considered for related queries (Moran and Goray 2020). So, we included the 

People Also Ask feature (Figure 7). We also consider Google Scholar articles that may appear 

at the top of the SERP to be part of this category. 
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Figure 6 - Answer box (Microsoft Bing search engine) 

 

Figure 7 - People Also Ask feature (Google search engine) 

Besides results, SERP has other features that enrich the simple list of results. Snippets 

can be enriched by visual elements as review stars for product ratings (Figure 8). 

 

Figure 8 - Enriched Snippets (Google search engine) 
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The knowledge graph is an information source that provides the data that appears as 

panels or boxes such as the weather or a celebrity knowledge panel (Figure 9). 

 

Figure 9 - Knowledge Data (Google search engine) 

Finally, some tools can be embedded in SERP such as the calculator, converter, and 

translator (Figure 10). 

 

Figure 10 - Example of the translator tool (Google search engine) 
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2.2.2. Studies on Seeking Behavior in General 

In this section, we focus on studies that analyze web information-seeking behavior in 

general, and studies that focus on query (re)formulation behavior in particular. 

Works focused on web information seeking behavior concentrate on a variety of goals 

and approaches.  

According to the studies mentioned, it is possible to divide them into three groups: 

studies about user characteristics, studies about user characteristics related to the search 

process, and studies related to the influence of aspects of search.  

Concerning user characteristics, some studies investigate the web expertise (Hölscher 

and Strube 2000; White and Morris 2007), the domain expertise (White, Dumais, and Teevan 

2009), the topic familiarity (Diane Kelly and Cool 2002), and the visually impaired and sighted 

searchers (Sahib, Tombros, and Stockman 2012).  

Regarding user characteristics related to the search process, studies address the 

relationship between the search query and information goals (Downey et al. 2008), the users’ 

information search strategies (Zhu, Liu, and Song 2018), the variability in user intent (Teevan, 

Dumais, and Liebling 2008), the user satisfaction (Steve Fox et al. 2005; J. Liu and Han 2020) 

and preference (D. Kelly and Belkin 2001).  

Others investigate aspects related to the search process like the influence of tasks (K. 

Huang et al. 2020; Li and Belkin 2010), the effects of individual and task differences (Buscher 

et al. 2012), the influence of result summary length (Maxwell, Azzopardi, and Moshfeghi 2017) 

and cursor behavior (J. Huang, White, and Dumais 2011). 

Some studies focus on applying predictive models to interpreting search behavior (Q. 

Guo and Agichtein 2010), useful documents in different tasks (C. Liu 2012), user click (Chen 

et al. 2012), search satisfaction (Hassan 2012; Hassan and White 2013; Steve Fox et al. 2005), 

expertise (White, Dumais, and Teevan 2009; X. Zhang et al. 2015), query performance (Q. Guo, 

White, and Dumais 2010), user preference (Agitchtein et al. 2006),  search engine switching 

(White et al. 2008; White and Dumais 2009) and to identify queries that can benefit from 

personalization (Teevan, Dumais, and Liebling 2008).  

The studies were analyzed to identify measures of analysis to inspire us for the proposed 

classification scheme.  

Table 2 shows the most used measures in these studies divided into categories: session, 

browser, search engine results page, query, and webpage. The terminology, the form of analysis, 

and the grouping of the measures vary from study to study. The criterion for grouping the 
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different measures was based on the category where the measure or event can take place. 

1 (Agitchtein et al. 2006); 2 (Buscher et al. 2012); 3 (Chen et al. 2012); 4 (Downey et al. 2008); 5 (Steve Fox et al. 2005); 6 (Q. Guo 

and Agichtein 2010); 7 (Q. Guo, White, and Dumais 2010);  8 (Hassan 2012); 9 (Hassan and White 2013); 10 (Hölscher and Strube 

2000); 11 (J. Huang, White, and Dumais 2011); 12 (K. Huang et al. 2020); 13 (D. Kelly and Belkin 2001); 14 (Diane Kelly and Cool 

2002); 15 (Li and Belkin 2010); 16 (C. Liu 2012); 17 (J. Liu and Han 2020); 18 (Maxwell, Azzopardi, and Moshfeghi 2017); 19 

(Sahib, Tombros, and Stockman 2012); 20 (Teevan, Dumais, and Liebling 2008); 21 (White and Dumais 2009); 22 (White, Dumais, 

and Teevan 2009); 23 (White and Morris 2007); 24 (White et al. 2008) ; 25 (X. Zhang et al. 2015); 26 (Zhu, Liu, and Song 2018). 

Table 2 - Overview of measures of general behavior studies 

Measure 
Article 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

S
es

si
o

n
 

End Action 
Type 

    x                      

Total Time    x  x   x x   x    x     x x x  x x 

# Sessions                     x x     

# Actions                 x        x  

B
ro

w
se

r 

# Backward or 
Forward  

    x     x  x         x  x    

S
E

R
P

 

Result Position x  x  x  x    x      x   x x  x  x  

Deepest or 
Lowest Rank  

                x          

Time to Click 
{First or Last} 

 x   x x  x x       x x   x   x    

Time to First 
Scroll 

    x                      

# Scrolling  x          x               

# Clicks x x x x  x x x x x x x     x x  x x  x    

# Accessed      x      x   x x  x x  x x   x x 

# No Click, 
One-Click, Or 
Multiple Clicks 

 x x    x  x  x          x      

Time Spent  x     x     x    x x         x 

Q
u

er
y

 

# Queries   x x x  x x x x x x   x x  x x  x x x x x x 

# Tokens, 
Characters, 
and (Non-Stop 
or Stop) Terms 

   x  x x  x x  x   x  x  x x x x x x x  

# Query 
Reformulation 

   x  x    x         x        

# Queries with 
Technical 
Terms 

                     x     

W
eb

p
a

g
e

 

Time Spent x    x x   x x  x x x  x x x    x x  x x 

# Scrolling     x x      x x              

Exit Type     x                      

# Visited    x x x    x  x  x x x x  x   x x  x x 
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In the session category, the total time is the most used measure. In the Browser category, 

there are some measures related to backward and forward buttons or operations. Concerning 

SERP, most of the measures are related to the number of clicks. Regarding this measure, some 

studies specify clicks on results and others measure the number of clicks in general, whether 

in a result or not. The types of clicks that are mentioned are clicks on organic results, sponsored 

or advertisements results, and clicks on other parts of the SERP such as pagination (first page, 

previous and previous page), related searches, spelling suggestions. About the query, the 

measure relative to the number of terms per query varies widely from study to study. Some 

studies analyze the number of characters, tokens, terms, and non-stop or stop words. The most 

used measures are the number of terms and the number of queries. On the web pages, there is 

a greater occurrence of measures number of pages visited and time spent on a webpage. 

Regarding query formulation and reformulation behavior, there are several studies 

focused on this specific behavior. The query formulation stage is considered a crucial stage in 

the information retrieval process. This step involves a transformation of the concepts resulting 

from the step of articulating the need in terms of search, selecting the correct terms, and 

combining them with Boolean operators. Always taking into account the specific interrogation 

syntax of the search system (Vanopstal et al. 2012). The formulation is the initial stage in which 

the search strategy is built. It is normal that for a given information need to be satisfied, more 

than one query is submitted. The reformulation is the manual modification or with the aid of 

the initial stage system (Mastora, Monopoli, and Kapidakis 2008) but which addresses the 

same need for information (J. Huang and Efthimiadis 2009). 

Several studies analyze query formulation and reformulation behavior. We present 

the description of the types of reformulation (Table 3) and an overview of the reformulation 

types considered in each article (Table 4). 

Type  Description 

Acronym (expand or form)  

Form occurs when the reformulated query is an acronym formed 
from the initial query’s words. Expand occurs when the initial query 
is an acronym and the reformulation is a query consisting of the 
words that form the acronym.  

Addition 

This occurs when the initial query is a subset of a reformulated query, 
that is, all the terms in the initial query are present in the 
reformulated query. The reformulated query contains more terms 
than the initial query. 

Capitalization 
This occurs when there is a capitalization change from the initial 
query to the reformulated query. 

Interruption 
This occurs when a query on a topic searched on earlier by a user that 
has been interrupted by a search on another topic. 
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Type  Description 

Miscellaneous 
This occurs when didn’t fit in other types or does not contain a query 
to be allocated to any of the search patterns. 

New 
This occurs when the initial query and the reformulated query don’t 
contain any common or synonymous terms. 

Operator Usage 
This occurs when the reformulated query contains Boolean operators, 
plus sign, minus sign, or quotation marks for a phrase. 

Parallel movement  
This occurs when the initial query and the next query have partial 
overlap in meaning, or two queries are dealing with somewhat 
different aspects of one concept. 

Remove 
This occurs when the initial query and the reformulated query 
contain at least one term in common, but the reformulated query 
contains fewer terms than the initial query. 

Reorder 
This occurs when the words in the initial query are reordered but 
unchanged otherwise, producing the reformulated query.  

Repeat 
This occurs when the initial query and reformulated query contain 
the same terms, but the format of these terms may be different. 

Replace with Synonym 
This occurs when the initial query terms are replaced with words that 
share similar meanings in the reformulated query. 

Spelling Correction 
This occurs when the term has an error in the initial query and is 
corrected in the reformulated query. It can be detected automatically 
using the Levenshtein distance function. 

Stemming 
This occurs when changing the word stems in the first query. Porter’s 
stemming algorithm can be used. 

Sub/Superstring 
Substring occurs when the reformulated query is a strict prefix or 
suffix of the initial query. Superstring occurs when the reformulated 
query contains the initial query as a prefix or suffix. 

Switching Topic 
This occurs when coming up with a new concept that did not overlap 
with the concepts in the previous query.  

Term Variation 
This occurs when there is a variation in the term. Variations include 
spelling out the abbreviation, adding a preposition, changing from 
the singular to the plural, or vice versa. 

Types of Resource 
This occurs when changing the query terms, making changes in a 
resource (e.g., articles, pictures) while keeping the same meaning of 
the query itself. 

URL Stripping This occurs when changing the query to locate the Web site domain. 

Whitespace or Punctuation 
This occurs when the initial query is a whitespace and punctuation 
reformulation of the first query if only whitespace and punctuation 
are altered in the reformulation. 

Word Substitution 
Occurs when the two queries contain at least one term in common; 
the Reformulated query has the same length as the initial query but 
contains some terms that are not in the initial query 

Table 3 - Description of the types of (re)formulation 
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Type 
Article 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Acronym (expand 
or form) 

x   x   x         x     

Addition x x x  x x x x x x x x x x x x x x x x 

Capitalization   x             x     

Interruption           x          

Miscellaneous   x  x                

New     x  x x x x x x x    x    

Operator Usage  x  x          x   x x x x 

Parallel 
movement 

              x    x  

Remove  x x  x x x    x x x x  x  x x  

Reorder x      x         x     

Repeat   x   x x   x  x x   x x x   

Replacement with 
Synonym 

x           x  x  x x    

Spelling 
Correction 

x  x x   x       x  x x x   

Stemming  x x x   x         x x    

Sub/Superstring       x              

Switching Topic x       x x          x x 

Term Variation x  x   x x       x  x   x  

Types of Resource              x       

URL Stripping       x       x  x     

Whitespace or 
Punctuation 

  x x   x         x     

Word substitution x  x    x   x  x x   x x x x  

1 (Anick 2003); 2 (Aula 2003); 3 (Bruza and Dennis 1997); 4 (J. Guo et al. 2008); 5 (He, Göker, and Harper 2002); 6 (Hembrooke 

et al. 2005); 7 (J. Huang and Efthimiadis 2009); 8 (Jansen, Booth, and Spink 2009); 9 (Jansen et al. 2007); 10 (Kinley et al. 2012); 

11 (Lau and Horvitz 1999); 12 (C. Liu, Gwizdka, and Belkin 2010); 13 (C. Liu et al. 2010); 14 (Rieh and Xie 2006); 15 (Spink, Jansen, 

and Ozmultu 2000); 16 (Teevan et al. 2007); 17 (Whittle et al. 2007); 18 (Wildemuth 2004); 19 (Yamin and Ramayah 2011); 20 

(Y. Zhang et al. 2012). 

Table 4 - Overview of the types of query (re)formulation used per article 
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In the type of reformulation acronym, Anick (2003), Huang and Efthimiadis (2009) 

considered their formation and expansion. Guo, Xu, Li, and Cheng (2008) consider their 

expansion. Teevan, Adar, Jones, and Potts (2007) refer to abbreviations.  

The addition is one of the most used types in studies (Bruza and Dennis 1997; J. Huang 

and Efthimiadis 2009; Wildemuth 2004; Kinley et al. 2012; Spink, Jansen, and Ozmultu 2000; 

Teevan et al. 2007; Y. Zhang et al. 2012). There are many similarities with this type such as 

head and modifier, precise query, specialization, elaboration, and refining, specification, a 

conjoint modification, which extends query retained it as a sub phrase and depth query. 

Capitalization is mentioned and also referred to as case changing. Lau and Horvitz 

(1999) included the interruption that happens when the query on a topic searched on earlier 

by a user that has been interrupted by a search on another topic.  

In cases where no type fits or cannot be allocated to any type of search pattern, 

miscellaneous type and other types are considered. The new queries, those that do not have 

terms in common or are on another topic are also counted. Repeat queries, redundancy, same 

queries, and duplicates of words are other types examined.  

In the use of operators, changes in the use of Boolean operators (AND, OR, NOT), plus 

and minus sign (+,-) and quotation marks for a phrase (“”) are considered. Parallel movement 

is another type mentioned. It happens when the previous queries and the follow-up queries 

have partial overlap in meaning, or two queries are dealing with somewhat different aspects of 

one concept.  

Remove words is also common. Others refer to generalization, breadth query, broad 

query, and broadening. Substitution and replace by synonyms are also evaluated. Similar to 

these types are alternative, hyponym and change, word swap and synonymous, reformulation, 

replace and substitution, replacement with synonyms. Spelling correction was also studied. 

The reorder of words is also analyzed, Anick (2003) refers to a syntactic variation. Stemming 

is also a type used but there are other related transformations like morphological variants, 

derived, truncation, and modification on changed word endings.  

Huang and Efthitimiadis (2009) also used types of substring and superstring. URL 

stripping, domain suffix are other examples of types used. Rieh and Xie (2006) used types of 

resources. Term variation includes abbreviation, prepositions, changing singular to plural, and 

vice versa. Finally, there are mentioned the types of switching topic, punctuation and 

whitespace, non-alphanumeric, extra whitespace, word merging/splitting, and joining. 
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2.2.3. Studies on Health Information Seeking Behavior 

This section covers studies that focus on health information-seeking behavior (HISB).  

Regarding scientific literature reviews, there are some studies. In the area of health, 

search behavior leads us to the concept of Health Information Seeking Behavior (HISB). This 

concept can be defined, at least, in eleven different ways. HISB focuses on how users obtain 

health information, including the actions and strategies they use. It can be defined as how 

people obtain information about health, health promotion, diseases, and health risks (Lambert 

and Loiselle 2007). A more recent concept analysis shows that there is a lack of theoretical 

inclusion in the HISB studies, suggesting the need for inclusion of theoretical frameworks, 

particularly information-seeking models (Zimmerman and Shaw 2020). Cutilli (2010) states 

that the definitions of this concept are not explicit and that there is no dominant unification. 

In a literature review on health consumer information-seeking behavior, it was found that the 

search for health information is associated with several factors and, therefore, the search 

behavior varies according to the type of information sought, the search reasons, and the levels 

of experience. Searching for information online is seen as a supplement but not a substitute for 

guidance from healthcare professionals (Higgins et al. 2011). 

Regarding health information search experiences among consumers in general, there 

are several studies. Eysenbach and Köhler (2002) investigated the retrieval and assessment 

techniques used by consumers when searching for health information on the internet. The 

participants used search engines as a starting point. Regarding the search strategy, few search 

queries contained more than one search term. Most of the participants only consulted the first 

page of results, few were those who consulted the following pages. For each question, it took 

about 6 minutes to find the answer. Toms and Latter (2007) conducted four health search tasks 

on the google search engine. Participants create about 1.3 queries for each search task. Each 

query contained about 4 keywords, 3 of which stopped words. Participants spend about 4.5 to 

9 minutes per task and accessed 2.6 web pages. Participants spent a lot of time interpreting the 

list of results while understanding the information presented. The formulation of 

interrogations was carried out quickly and in trial and error.  

Mukherjee and Bawden (2012) found that users search to obtain information about a 

health problem or data about a health problem that is affecting someone close to them. They 

also found that the greatest difficulties encountered in the search for health information on the 

web are the excess of information, the lack of indication of the reliability of the content, the 

lack of monitoring of the websites, and the existence of barriers to access. It is important to 

understand how the sources complementary to the information provided by the doctor are 
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used to what extent, the factors age, race, education, health literacy alter search behaviors 

(Cutilli 2010). Jacobs, Amuta, and Jeon (2017)  found that there are still people who prefer to 

seek and obtain information through traditional means (books, leaflets, brochures, and 

magazines) or from health professionals as the primary source of health information. The 

factors that lead to this preference are trust and access to the information source. 

A study related to the search for healthy food information investigated the search 

behavior of users in five European countries through a questionnaire. They concluded that 

health information behavior and literacy are correlated with the individual and with 

environmental characteristics. A predominant part of the interviewees uses the Google search 

engine to find nutritional information on the internet, few are those who go directly to online 

nutrition services. Consumers with less education and socio-economic power are less familiar 

with the sources of nutritional information and rarely try to look for it (Niedźwiedzka et al. 

2014). In another study conducted by a qualitative approach, it aimed to explore the 

perceptions of online health information search. Most participants confirmed the use of the 

internet to access health information and described a common experience of searching, 

filtering, and comparing results to obtain relevant information according to the search need. 

The main reasons for completing the survey are information saturation and fatigue (Fiksdal et 

al. 2014).  

Gutierrez et al. (2014) conducted a study to measure health literacy in two clinics and 

determine associations between health literacy, access to information, and internet usage. 

There were no significant differences between patients with a limited health literacy level and 

their primary information source. One of the studies presented focused on the impact of 

contextual features such as age, sex, mother tongue, health literacy, the level of experience on 

the internet, and the frequency of health information seeking on health information searching. 

The authors concluded that the frequent search for health information leads to longer queries 

and that this frequency, the mother tongue, and the health status influence the formulation of 

queries (Yilma et al. 2019). Yom (2016) evaluated the effects of low health literacy on search 

behavior, in particular how people use the internet to present diabetes. Dwell times for users 

with low health literacy are higher as they spend more time reading and concentrating on the 

page. However, it was found that on the pages that required more reading time, people with 

adequate health literacy spent more time reading than people with limited health literacy.  

In the analysis of health information queries, Hong (2002) analyzed search questions 

sent directly to a health website or via external search engines. Most users searched using 

search engines instead of searching directly on the health page. The queries surveyed on the 

health website were short and simple, about one to two terms. McCray and Tse (2003) studied 



 

35 

the success factor of search questions in two health information systems. They analyzed the 

search questions, developing a coding scheme. In the end, they built a taxonomy to check if the 

search failures were due to a content problem, formulation, or system limitations. Most of the 

problems were related to the misuse of supported operators (or not), spelling errors, 

terminology different from the terms present in the system, or outside the scope. Spink et al. 

(2004) also analyzed health search data on two search engines and a question and answer 

platform. On search engines, the average terms per query were 2.3 and the medical pages of 

the 10 sites viewed per session were 1.5. About 24% of the questions in the question and answer 

platform were about health. In large part, users do not reformulate their searches and in terms 

of length, they are very short. 

Concerning the age factor, Miller and Bell (2012) concluded that the use of the internet 

to search for information was negatively associated with age. Age was negatively associated 

with confidence and belief that searching for information is easy. Manafo and Wong (2012) 

found that the participants refer to their flow of information online as incomprehensible or 

information overload. Participants reflected on the challenges of filtering large amounts of 

information as well as its quality. In a more recent study, a controlled experiment was carried 

out in which the elderly completed three search tasks (Wu and Li 2016). Regarding the 

construction of interrogations, they used an average of 1.5 per task. The average length was 8.4 

characters (Chinese) and the average time was 122 seconds. Most users copied the search task 

description into the search box. Participants clicked on about 3 web pages per task, most of 

which were mostly on the first page of search engine results.  Lam (2012) found that elderly 

people with a medium level of education and greater health literacy tend to be more frequent 

users in the search for health information. The greater the health literacy, the greater the 

frequency, and involvement in search behavior. 

The influence of search tasks was also studied. Zhang (2012) also observed the search 

behavior of users, conducting three surveys on the health site MedlinePlus. The sessions took 

about 20 minutes and the queries were short, using only about 2 to 3 terms. The most frequent 

patterns in the formulation of queries were addition, elimination, substitution, and repetition 

of concepts. Two types of actions related to forms were also evident: changing a form of a term 

and correcting spelling errors.  

About the preference factor, Zhang (2013) found that the high preference group 

searched with shorter questions and made more parallel moves in the reformulation than the 

low preference group. High preference users were more likely to use more general searches 

when looking for specific factual information and were more demanding with the search 

system. In another study, health literacy was a significant predictor of information seeking 
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preference in older people (Kim and Utz 2018). 

Regarding health vocabularies for consumers, patients use expressions to describe 

health concepts that differ from users by professionals. In this sense, Zeng and Tse (2006) 

explored the relationship between the expressions of professionals and consumers and 

developed a consumer health vocabulary. About health literacy and terminology, it was 

demonstrated how the level of health literacy, familiarity with the topic, and the terminology 

used in search questions affect the behavior of users' health search. Regarding the level of 

health literacy, it was revealed that users with an inadequate level tend to be less successful in 

web search as well as showing more difficulties in formulating search questions. These users 

and those unfamiliar with the topic, resort less to medical-scientific terminology compared to 

users with higher levels of literacy and familiarity with the topic (Lopes and Ribeiro 2015). 

Lopes and Ribeiro (2016) developed an interrogation suggestion system that provides 

alternative interrogations combining the users' native language and English with lay and 

medical scientific terminology. Participants mostly resort to suggestions at the beginning of 

the sessions. In interactions with suggestions, participants use only about 1.34 terms. At higher 

levels of health literacy, medical scientific terms are preferred over lay terms. The most 

surprising result was the preference for suggestions in English rather than Portuguese. 

One study examined the effects of familiarity with the topic and search capabilities in 

reformulating queries on health information search behavior (Hu, Lu, and Joo 2013). To 

analyze the reformulation actions of queries, they used the scheme proposed by Rieh and Xie 

(2006).  Participants with greater familiarity with the topic tend to make fewer mistakes and 

use specific terms. Participants with greater search skills both generalize and specify their 

queries and make fewer mistakes. Participants more familiar with the topic completed their 

search with little reformulation effort (Hu, Lu, and Joo 2013). 

A more recent study aims to investigate the relationship between health search 

behavior and digital health literacy (Chang 2020). Users will conduct search tasks and three 

types of behavior will be analyzed: the formulation of questions, the evaluation of information, 

and the extraction of information. For that, it will be used the taxonomy of Huang and 

Efhitimiadis (2009). Health literacy will be measured using the Digital Health Literacy tool.  

The effect of the expertise was also explored in the medical field in the search for 

information on the web and found differences in the web pages visited, in the vocabulary, and 

the search behavior. Domain experts visited mainly technical websites while newbies visited 

consumer and health-oriented websites. Experts issued longer interrogations used more 

technical terms than non-experts and spent more time on search than novices (White, Dumais, 
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and Teevan 2008). In another study, experience in the medical field was also assessed by 

clarifying search queries on a search engine. Although many documents on the web use lay and 

medical terms, the results of the study show that this effort is still insufficient. The implicit 

clarification of the question is useful and does not require the user to know the correct medical 

terminology (Soldaini et al. 2016).  

Table 5 shows the methods used for each study mentioned based on the proposed 

objectives. 

Objective Methods  Articles 

Investigate scientific 
literature 

Type of studies, inclusion criteria, terms 
used, and analysis of the studies 

(Lambert and Loiselle 2007; 
Zimmerman and Shaw 2020) 

Models and theories, sources of health 
information, and factors associated 

(Cutilli 2010) 

Number of databases and types of articles 
used, search terms, inclusion criteria 

(Higgins et al. 2011) 

Consumers’ search 
for health 
information 

Focus Groups, Usability Tests, and in-
depth interviews 

(Eysenbach and Köhler 2002) 

Questionnaires, transaction logs, video 
screenshots and audio recordings, search 
tasks  

(Toms and Latter 2007) 

Empirical questionnaire survey and semi-
structured interviews 

(Mukherjee and Bawden 2012) 

Information seeking survey in five 
European countries and computer-
assisted online web interviewing 

(Niedźwiedzka et al. 2014) 

Focus groups and qualitative data analysis (Fiksdal et al. 2014) 

Assessment of health literacy (NVS and 
filling medical forms), health information 
access, and internet usage 

(Gutierrez et al. 2014) 

A cross-sectional survey, user 
characteristics, logistic regressions  

(Jacobs, Amuta, and Jeon 
2017) 

Context features on 
health information 

An online survey about user features, 
search tasks, and session 

(Yilma et al. 2019) 

Impact of Low 
Health Literacy 

Log files, extraction of queries, scoring 
pages, community-based health literacy, 
categories of pages 

(Yom-Tov et al. 2016) 

Investigate queries 
related to health 
information 

Log files, query data collection, and 
analysis 

(Hong et al. 2002; Spink et al. 
2004) 

Investigate the 
success of queries 

Codification scheme, queries, taxonomy to 
verify fails 

(McCray and Tse 2003) 

Explore age in health 
information-seeking 

In-depth interview, a coding framework to 
analyze interview transcripts 

(Manafo and Wong 2012) 

Health Information National Trends 
Survey (Hints) sample, internet use, 
logistic regressions 

(Miller and Bell 2012) 

Controller user experiment, search tasks, 
factors between health information 
seeking and user characteristics 

(Wu and Li 2016) 

Search data, health literacy measure using 
a specific scale to measure proficiency and 
internet usage 

(Lam and Lam 2012) 
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Objective Methods  Articles 

The influence of 
search tasks 

Search tasks, demographic information, 
video recording of a search session, 
interviews, search behavior measures 

(Y. Zhang et al. 2012) 

Influencer of health 
literacy on 
information seeking 
preference in older 
people 

Face-to-face surveys, assessment of 
preference 

(Kim and Utz 2018) 

The effects of 
preference in search 
behavior 

Scales to assess consumer preference and 
search tasks 

(Y. Zhang 2013) 

Impact of 
terminology  

Different tasks, health literacy (SAHLSA), 
topic familiarity (Likert scale), and 
medical accuracy 

(Lopes and Ribeiro 2015) 

English proficiency (instrument 
developed by the European Council), 
health literacy (meter), familiarity with 
the topic (Likert scale), question 
suggestion system 

(Lopes and Ribeiro 2016) 

Exploring and 
developing consumer 
health vocabularies 

Bottom-up approach for exploring the 
relationship between consumer and 
professional expressions, consumer health 
vocabulary 

(Zeng and Tse 2006) 

Influence of e-health 
literacy and search 
behavior 

Search tasks, types of behavior, eye 
tracker, a taxonomy of queries, 
perspective think aloud, eye tracker 
measures, assessment of health literacy 
(digital health literacy) 

(Chang 2020) 

Effects of Topic 
Familiarity on query 
reformulation 

Design experimental Health IR System, 
medical articles, familiarity with the topic, 
usability test, classification of query 
reformulation 

(Hu, Lu, and Joo 2013) 

Impact of medical 
expertise in search 
behavior 

Synonym mappings for clarifying search 
queries, classifier capable of selecting 
question clarification 

(Soldaini et al. 2016) 

Search logs, division of experts and 
newbies according to the visit to the 
PubMed search engine 

(White, Dumais, and Teevan 
2008) 

Table 5 - Studies on Health Information Seeking Behavior 
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3. Methodology 

The methodology consists of five major phases that are described in Figure 11. Each 

phase and methodological step will be described next. 

 

 

Figure 11 - Diagram of methodological steps 
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3.1. Literature and Familiarization 

In the first phase, we reviewed the existing literature to identify features used by other 

authors to analyze information-seeking behavior. Subsequently, we familiarized ourselves with 

the user experiment that was previously conducted. 

In the study, users had to conduct online searches to complete ten tasks, five regarding 

asthma, and five related to nutrition topics (Appendix 1).  They could use any search engine, 

and there was no time limit for finishing the tasks. According to Jansen, Booth, and Spink 

(2009), a session is “a series of queries submitted by a user and related interactions during an 

episode of interaction between the user and the Web search engine around a single topic”. In 

this sense, the study consists of ten search sessions per user. Although there is a part of asthma 

and a part of nutrition, there are very specific questions in which there is not a direct 

relationship with the previous question. Furthermore, it would not be possible to divide it into 

parts since we do not have the complete session of two users. 

The experiment counted with the participation of 20 users aged between 21 and 35 years. 

At the time, 95% were completing a bachelor's or master's degree. The remaining part (5%) 

was a doctorate. Most of the participants were experienced in the fields of Computer Science 

and the others studied Multimedia and Design. They had the option to choose between the test 

being in Portuguese or English. Regarding their experience of searching for health information 

on the web, 45% stated that they rarely search and 55% confirmed that they did it sometimes 

(Sousa 2016).   

Before starting the experience, the degree of health literacy was measured using the 

Portuguese validated version of the METER instrument (Paiva et al. 2014). This instrument 

consists of forty medical words and thirty non-words, made up, that sound like medical terms 

(Appendix 2). The study sample of twenty people revealed that eight (40%) have a degree of 

literacy considered inadequate. Based on this assessment, users were divided into two groups: 

low health literacy (LHL) and high health literacy (HHL).  

The individual experiences of users when searching for information on the web were all 

recorded in video format. However, there is no information about the user with ID 2, so only 

19 participants were considered. We also use the logs of the queries submitted by users during 

the search sessions. 

3.2. The first version of the classification scheme 

Based on the knowledge acquired from the 1st phase, we proposed an initial set of 

interactions categories and their events. We decide to define the categories by the location 
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where the interactions took place. The events corresponded to concrete actions that could 

happen in these places. 

The initial part of the annotation was made by Samuel Serafim. In this way, he made 

the choice and data recording of the various types of events and visualized the videos. He chose 

to annotate the videos by starting to build a set of types and respective events based on user 

interactions. The initial version of the classification scheme consisted of seven categories 

(Appendix 3) and the annotation made contained the following information (Appendix 4). 

After that, we started to review the set of categories and events that he considered.  

3.3. Revision of the classification scheme 

After defined the initial set of categories and events, we began to visualize each video 

and started logging each event that was included in the classification scheme and occurred in 

the session. Whenever we found an interaction in a video that was not considered by the actual 

version of the scheme, we updated it. This could mean the simple addition of new events or a 

reorganization of events. As an example, initially, we have not included the Direct Access Page 

(DAP) category and its events that will be addressed later. We were not expecting visualizations 

without a SERP as a referrer. Yet, some users opened a new tab to access the Google Translator 

website and obtain a translation to use in query formulation. This behavior alerted us to the 

fact that, during a search session, this is a plausible action and has to be considered.   

At all times, we aimed to cover all possible interactions, disregarding of appearing or 

not in the videos that were being analyzed. Updates in the classification scheme triggered the 

verification of past video analysis and the continuation of the logging process. Although most 

of the visualized search sessions were conducted on Google, we assured that the events 

included were as generic as possible. 

This was a manual, meticulous, and time-consuming step of the overall process. Each 

user session consisted of 20 to 40 minutes per user, but its analysis required much more.  

After the set of events reached a stable version, we proposed the first level and second 

level measures. First-level measures are related to the number and duration (in seconds) of 

each event. Based on first level measures, we also have second level measures through 

aggregation. 

Afterward, given the specificity of query (re)formulation, we built two additional 

modules to analyze the queries submitted by users and the types of reformulations carried out. 

This was made based on the literature review conducted in the 1st phase and the analysis of 

the user sessions. To evaluate the set of queries and the types of reformulation, it was necessary 
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to determine when a query is a reformulation. For that, we considered the definition used by 

the authors Huang and Efhtimiadis (2009) which defines as “modification to a search query 

that addresses the same information need”. In our case, the need for information is the answer 

to the question, so the reformulation occurs when there is a modification of the previous search 

query, but on the same topic. In this sense, we think that the set of queries introduced per 

question aims to satisfy the same information need, that is, to find the answer to the question. 

The first query for each question is not a reformulation because it is about a new topic. 

This global proposal forms a classification scheme for events that occur during web 

information-seeking. 

3.4. Application of the Classification Scheme 

To validate the usefulness of this classification scheme, we applied it to the previously 

mentioned experiment. This allowed us to validate the events, measures, and use guidelines of 

the classification scheme.  

Each participant of the user study is associated with a video recording, a query log that 

includes the formulated queries by chronological order, and his health literacy (low or high). 

To assess the type terminology of the queries we counted with the collaboration of a health 

professional. Regarding the types of terminology, the medico-scientific and lay types were 

considered. We consider that a query is medico-scientific if it includes at least one medico-

scientific term. All other queries are considered lay.  

3.5. Statistical Analysis Strategy 

Data analysis was performed using the SPSS software. We have computed descriptive 

statistics and applied hypothesis tests to analyze the significance of the observed differences. 

Overall, for each event, we have compared the low and high health literacy groups in 

terms of the number of occurrences and, when possible, to compute, their duration measured 

in seconds. These are considered our first level measures. Based on first level measures, we 

also calculated second level measures. This analysis makes it possible to compare the selected 

values between two health literacy groups and various measures of the types of interaction 

through the average and number of specific cases, the median.  

After obtaining descriptive statistics, we intend to analyze the data distribution and 

apply the parametric or non-parametric hypothesis tests. Given that the assessment of the 

assumption of normality of the data must always be considered when using parametric tests 

(Ghasemi and Zahediasl 2012). Normality tests were performed to assess the distribution of 
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data. In both tests, the confidence level applied was 95%. Thus, the distribution was normal if 

the sigma value was greater than 0.05. Regarding the normality tests, the Shapiro-Wilk test 

was chosen because is based on the correlation between the data and the corresponding normal 

scores and provides a better power (Ghasemi and Zahediasl 2012). Also, non-normality is less 

likely to be detected, but the Shapiro-Wilk test should be preferred as it is generally more 

sensitive (Samuels, Marshall, and Voake-Jones 2017). In this sense, the sigma value of the 

Shapiro-Wilk test was considered to be advisable in samples smaller than 50. 

The sigma value if it was greater than 0.05 means that the distribution is normal and, 

therefore, parametric tests of independent samples of T-Test must be performed. When the 

distribution is not said to be normal (sig. <0.05), non-parametric tests of independent samples 

of the Mann-Whitney U test are performed for 2 samples.  

The analysis will always aim to compare the values between the two health literacy 

groups (low and high health literacy). Despite being a small-scale study, hypothesis tests will 

be applied to verify whether the differences between the two groups are significant. Based on 

previous studies, we can also verify whether our results corroborate these and, if not, identify 

the possible causes of these variations. 
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4. The Classification Scheme 

In this section, we will describe our proposal for the classification. As seen in Figure 12, 

the classification scheme consists of three main categories: Browser, Search Engine, and Web 

Pages, each corresponding to the area where the event takes place. The Search Engine Home 

Page (SEHP) and Search Engine Results Page (SERP) categories are part of the search engine 

and encompass the Search Engine Box Query (SEBQ) category. The Web Pages category has 

two categories: Result Page (RP) which refers to pages accessed through search engines, and 

Direct Access Page (DAP) which are pages that are accessed without the use of a search engine.  

 

Figure 12 - The Classification Scheme 

Each category has specific events as described next. Some of the events are related to 

query formulation. In these cases, it is possible to characterize the query based on the proposed 

set of descriptors (Table 11) and, if it is a query reformulation, describe the reformulation based 

on the descriptors in Table 12. 

This section consists of two parts. The first part presents events associated with each 

category and the query reformulation modules. The second part deals with the analysis 

measures. 

4.1. Event categories and Modules 

4.1.1. Browser Events 

This category includes general browser events that are commonly used during search 

sessions and events linked to query formulation in the address bar. All the included events are 

shown in Table 6. 
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Event Description 

OpenBrowser Open the browser 

CloseBrowser Close the browser 

OpenNewTab Open a new tab in the browser 

InteractAddressBarQuery Interact with the address bar without submitting a query 

NewAddressBarQueryQ Enter a new query in the address bar 

IncrementalSearchQ Select an option from the "Incremental Search" list  

RepeatQueryQ Repeat the previous query 

SelectTab Change tab by selecting another one 

CloseTab Close a tab in the browser 

ReopenClosedTab Reopen a tab that was previously closed 

ZoomIn Zoom In on a page 

ZoomOut Zoom Out on a page 

TypeURL Type an URL in the address bar 

Backward Click on the back button 

Forward Click on the forward button 

RefreshPage Refresh the page 

CopyText Copy text that was selected 

PasteText Past text that was copied 

SelectTextURL Select text in the URL 

RightClick Right-click (for extra options) 

DoubleClick Double click on an item 

FindBar Use the Find Bar tool  

CloseFindBar Close the Find Bar tool  

NextFindBarItem Select the next item in the Find Bar list 

Home Click on the Home button  

Settings Access the Settings  

QEvent related to query formulation. 

Table 6 - Browser Events 

4.1.2. Search Engine Events 

Interaction with the search engine includes interactions with the home page and the 

results page. Therefore, this section includes the categories Search Engine Home Page (SEHP) 

and Search Engine Results Page (SERP). The SEHP category comprises two events in which 

the last one presented is also possible when interacting with SERP (Table 7). 
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Event Name Description 

ImFeelingLucky Click on the button "I'm Feeling Lucky"  

PrivacyReminder Interact with the "Privacy Reminder" toolbox 

Table 7 - Search Engine Home Page Events 

About SERP interactions, Table 8 shows the considered events. In the proposal of these 

events, we considered the categories mentioned in the Structure of Search Engine Result Pages 

section: organic results, paid results, enriched snippets, universal results, knowledge data. We 

also consider the interaction with the SERP tools (e.g., translator).  

The event “Interact[Set 2 result]” includes interactions that do not imply leaving the 

SERP to access a result page. For example, in People Also Ask, a universal result, it is possible 

to click on the multiple queries for more information without leaving the SERP. Also, in a 

carousel of images, it is possible to scroll through the various images without clicking on one. 

This event can occur with all types of results except the organic one, which can only be clicked. 

Event Name Description 

ShowingResultsForQ Click on the "Showing results for" link  

DidYouMeanQ Click on the "Did you mean" link  

LeftClick[Set1 result] Left-click on a result of set1 and is redirected from the SERP to the link 

MiddleClick[Set1 result] Click on a result of set1, and a new tab opens in the browser 

RightClick[Set1 result] Right-click on a result of set1 

Interaction[Set2 result] Interact with a result or tools of set 2 

Page2SERP Go to the 2nd SERP page of a search 

OpenLinkNewTab Click on the open link in the new tab option after right-clicking on a link 

AnotherSERP Go to another SERP 

AllSERP Click on the All tab 

ImagesSERP Click on the Images tab 

VideosSERP Click on the Videos tab 

BooksSERP Click on the Books tab 

NewsSERP Click on the News tab 

ToolsSERP Click on the Tools tab  

AdvancedSearch Click on the Advanced Search option  

RelatedSearches Click on Related Searches option 

SelectTextSERP Select text  

PrivacyReminder Interact with the "Privacy Reminder" toolbox 

ScrollDownStart (SDS) Start scrolling down 
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Event Name Description 

ScrollDownFinish (SDF) Finish scrolling down  

ScrollUpStart (SUS) Start scrolling up 

ScrollUpFinish (SUF) Finish scrolling up 

QEvent related to query formulation. [Set1 result] should be replaced by an element of: {OrganicResult, PaidResult, 
UniversalResult, EnrichedSnippet, KnowledgeData}. [Set2 result] should be replaced by an element of {PaidResult, 
UniversalResult, EnrichedSnippet, KnowledgeData, Tools}. 

Table 8 - Search Engine Result Page Events 

4.1.3. Web Pages Events 

We considered two categories of web page interactions: with result pages and with 

direct access pages. The category DAP was added for cases in which those users access a direct 

page but not from a SERP click. Both categories share the same events. The existence of two 

categories allows the identification of the place where the event occurred. Table 9 shows all the 

considered events. 

Event Description 

Select2ndLevelDepthLink Click on a hyperlink inside a web page 

SelectText Select text on the web page 

SelectAnchorLink Click on the link that redirects him/her to the same web page 

SelectImage Select an image of the web page 

CloseAdvert Close an advert 

QueryInternalSearchEngine Type a query in the internal search engine box of a web page 

OpenLinkNewTab 
Click on the open link in a new tab option after right-clicking on 
a link on the web page 

ScrollDownStart (SDS) Start scrolling down a web page 

ScrollDownFinish (SDF) Finish scrolling down a web page 

ScrollUpStart (SUS) Start scrolling up a web page 

ScrollUpFinish (SUF) Finish scrolling up a web page 

InputData Enter data on an input box a web form 

Table 9 - Result Page and Direct Access Page Events 

4.1.4. Search Engine Box Query Events 

The search engine box query category consists of eight events possible to be performed 

in this box (Table 10). 
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Event Name Description 

InteractSearchEngineBoxQuery Interact with the search box without submitting a query 

NewSearchEngineBoxQueryQ Enter a new query in the search box 

PartialChangeQ Modify the previous query for the same question 

RepeatQueryQ Repeat the previous query 

SelectTextQuery Select text previously written in the query 

SearchByVoiceQ Search using "Search by Voice" 

IncrementalSearchQ Select an option from the "Incremental Search" list  

QEvent related to query formulation. 

Table 10 - Search Engine Box Query Events 

4.1.5. Query (Re)Formulation Modules 

After creating the classification scheme, we consider that it could be useful to analyze 

the set of queries submitted by users, both in terms of their characterization and the types of 

reformulation carried out. The use of these modules is optional, so they can be applied together 

or not with the classification scheme. 

Some events of the classification scheme are related to query formulation. In these 

cases, it is possible to characterize the query based on the proposed set of descriptors (Table 

11) and, if it is a query reformulation, describe the reformulation based on the descriptors in 

Table 12. We consider that every query except the first of a search session is a reformulation.  

Table 11 presents the characteristics of the queries and Table 12 shows the types of 

reformulation considered. Qi represents the initial query and Qi + 1 the reformulation of the 

previous query. 

Name Description 

Length Number of terms per query 

Language Language of the query 

Terminology Lay or Technical  

Typographical Errors 
Check if the query has typographical errors, that is, errors are caused by 
mechanical or finger lapses 

Orthographic Errors 
 Check if the query has orthographic errors, that is, errors in the correct 
form of writing 

Table 11 - Characteristics of the queries 
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Reformulation  Description Example 

TypographicalError 
Correction 

Qi contains at least one term in common with Qi + 1. Q has a 
typographical error and, in Qi + 1, this has been corrected.  

asthma7 → 
asthma  

OrthographicError 
Correction 

Qi contains at least one term in common with Qi + 1 but in 
Qi, it has a spelling mistake and in Qi + 1, this error has been 
corrected.  

simptoms →  
symptoms 

TotalNew 

Qi and Qi + 1 belong to the same information need but Qi + 1 
has no terms in common with Qi. The only types of 
reformulations that can simultaneously occur are the 
terminology and language changes.  

bronchodilator 
→   allergen 

LaytoTech or TechtoLay 
Qi is a query considered lay and Qi + 1 is a technical query or 
vice versa. 

fiber insertion 
→ fiber intake 

Lang1toLang2 
or Lang2toLang1 

Qi is a query in language 1 and Qi + 1 is a query in language 2 
and vice versa. This reformulation implies only the removal 
and addition of terms common to the previous query. Lang1 
and Lang2 must be replaced by the official language acronym 
according to ISO 3166-1 in the two-letter country code set 
(alpha-2). 

asma → asthma 

RepeatQuery 
Qi and Qi + 1 must contain the same terms in the same order, 
without adding or removing words. 

heart disease → 
heart disease 

AddWords 
Qi is a subset of Qi + 1, that is, all terms present in Qi are in 
Qi + 1. Qi + 1 contains more terms than Qi. 

cancer fiber → 
cancer eat more 
fiber 

RemoveWords 
Qi is a super subset of Qi+1, that is, all terms present in Qi are 
in Qi+1. Qi+1 contains fewer terms than Qi. 

allergen asthma 
→ allergen 

SubstitutionWords 

Qi and Qi + 1 must contain at least one term in common. Qi + 
1 must be the same length as Qi, but it can contain terms that 
were not in Qi. This substitution must correspond to the 
same language. 

vitamin b → 
vitamin d  

ExpandTotalAcronym 
Qi contains an acronym and Qi + 1 expanded all letters 
composed by that acronym.  

PEFR →   peak 
expiratory flow 
rate 

ExpandPartialAcronym 
Qi contains an acronym and Qi + 1 has expanded at least 2 
letters of that acronym.  

PEFR → peak 
expiratory 

[Introduce, Remove] 
BooleanOperators 

Qi + 1 contains at least one Boolean operator (AND, OR, 
NOT) concerning Qi or vice versa. 

PEFR → PEFR 
and sinusitis 

SynonymousSubstitution 

Qi + 1 may contain terms in common with Qi but at least one 
term is replaced by a synonym or something similar. This 
substitution by synonym must correspond to the same 
language.  

tiredness occurs 
in menopause 
→ 
tiredness 
happens in 
menopause 

Stemming 

Qi + 1 has a term in common with Qi but Qi + 1 the word has 
been reduced to its root. This reformulation must correspond 
to the output of a stemming algorithm. Otherwise, it is just 
the removal and addition of words or characters and not 
stemming. 

sinusitis → 
sinus 

VerbalFlexion 
Qi has a verb in which Qi + 1 suffered an inflection of the 
verb.  

foods reduce 
cancer → fiber 
reduces cancer 

[Introduce, Remove] 
Accentuation 

Qi has a term in common with Qi + 1 but in Qi + 1 the 
accentuation rules were applied to that term or vice versa 

frisee lettuce → 
frisée lettuce  

AdjectiveforName or 
NameforAdjective 

Qi contains a term in common with Qi + 1 but in Qi, it is an 
adjective and in Qi + 1 it is a name or vice versa. 

asthmatic child 
cares → asthma 
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Table 12 - Types of Query Reformulation 

4.2. Analysis Measures 

Concerning the analysis, we consider two types of measures: the first level measures 

and the second level measures.  

The first level measures are the measures related to the events, in terms of their 

occurrence and duration. For each event previously presented in the tables, the number of 

occurrences (if any) was calculated and when it was useful, also its duration in seconds. The 

form of analysis will be different depending on the type of interaction. It should be performed 

by SERP or RP whenever we are in the presence of an event of these categories. In events of 

other categories, the aggregation is done by session. In either case, we always end up 

aggregating per user. Some examples of these measures are the number of middle clicks per 

SERP, the number of open new tabs per session, and the number of close adverts per RP. 

Based on first level measures, we computed second level measures. The second level 

measures are those that arise from the first through the aggregation of occurrences and 

durations of events. We considered the number and duration by category and in total (Table 

13), scrolling measures for SERP, RP, and DAP (Table 14), clicks, pages, time to first RP click 

measures (Table 15), and queries-related measures (aggregation of the address bar with search 

engine box events shown in Table 16). 

The general measures of the study are shown in Table 13 for each group. 

Measure – Total #Events and Duration (in seconds) 

Events’ Group Aggregation 

Browser Session 

SEHP Session 

SEBQ Session 

DAP Session 

Reformulation  Description Example 

VerbforName or 
NameforVerb 

Qi contains a term in common with Qi + 1 but in Qi, it is a 
verb and in Qi + 1 it is a name or vice versa. 

fiber reduces 
cancer → fiber 
cancer reduction 

VerbforAdjective or 
AdjectiveforVerb 

Qi contains a common term with Qi + 1 but in Qi, it is a verb 
and in Qi + 1 it is an adjective or vice versa. 

protect skin → 
skin protective 
ways 

PluraltoSingular or 
SingulartoPlural 

Qi has at least one term in common with Qi + 1 where Qi that 
term is written in the plural and Qi + 1 is written in the 
singular or vice versa. This reformulation can occur from one 
language to another. 

antioxidants → 
antioxidant 
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Measure – Total #Events and Duration (in seconds) 

Events’ Group Aggregation 

SERP Session and SERP 

RP Session and RP 

Total Session 

Table 13 - General Measures by Event's Group 

Subsequently, Table 14 shows scrolling measures in the SERP, RP, and DAP groups. 

Measure – #Events and Duration (in seconds) of Scrolling Up (sus+suf), Scrolling Down 
(sds+sdf), and Scrolling (up+down) 

Events’ Group Aggregation 

DAP Session 

SERP SERP 

RP RP 

Table 14 - Scrolling Measures for SERP, RP, and DAP* should be included only right clicks with open 
new tab after. 

Table 15 presents the measures related to clicks and pages viewed in the SERP, RP, 
and DAP groups. 

Event’s 
group 

Measure Aggregation 

SERP 

#SERPviewed Session 

#ResultClick1 Session and SERP 

#SERPwith/without clicks 

SERP 
#Timeto1stRPClicksinceSERPLoad 

#RankClick 

#Organic, Universal, Paid results, Enriched Snippet, 
Knowledge Data Clicks 

RP 
#RPviewed Session 

#RPnotviewed Session and RP 

DAP #DAPviewed Session  

* should be included only right clicks with open new tab after. 

Table 15 - Clicks and Pages viewed Measures for SERP, RP, and DAP 

Finally, Table 16 presents measures based on the aggregation of the address bar with 

search engine box events (“Interact”, “New”, “RepeatQuery” and “IncrementalSearch”). We 

designate query events measures. 
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Measure Aggregation 

#TotalInteracts 

Session 

#TotalNewQueries 

#TotalIncrementalSearch 

#TotalRepeatQuery 

#TotalQueryEvents 

#TimeQueryEvents 

Table 16 - Query Events Measures 

 
Regarding the Query (Re)formulation Modules, the number of queries and 

reformulations could be analyzed per session. The measures related to the characteristics of 

the queries could be analyzed per query (Table 17).  

 

Measures Analysis 

#Queries Session 
 #Reformulations 

#Terms 

Query 

#OrthographicErrors 

#TypographicalErrors 

#LayQueries 

#MedSciQueries 

#PTQueries 

#ENQueries 

Table 17 - Query Analysis Measures 

 
In reformulation types, all measures should be analyzed by reformulation.  
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5. Analysis of information-seeking behavior by the 

level of health literacy 

This section consists of three parts: the first concerns the application of the 

classification scheme to the user experiment mentioned before, the second shows the results 

obtained from data analysis by the level of health literacy and in the third part, the results 

obtained are discussed. 

5.1. Classification Scheme Application 

Since our objective was to analyze the information-seeking behavior of users with 

different levels of health literacy, after proposing a classification scheme related to web search 

interactions, we have used it to log the interactions that occurred in the video recordings from 

the user study.  

Each participant of the user study is associated with a video recording, a query log that 

includes the formulated queries by chronological order, and his health literacy (low or high). 

In the classification scheme, each sheet needed the annotation of individual records, 

that is, per user, and a sheet in general with the annotation of all users. For each user, we 

created a file in which we need to log information about the user, task, event, SERP, RP (Table 

18). 

About Fields 

User User ID 

Task Task ID 

Event Timestamp, category ID, event ID 

SERP SERP ID1, click rank 

RP RP ID1, RP view 

1Automatically computed based on the event id. 

Table 18 - Logged information in the Classification Scheme 

To identify users and tasks, we have used sequentially assigned numbers. The event 

identifiers are the ones proposed in the classification scheme.  

In SERP events, we also automatically log the identifier of the SERP. This identifier 

allows us to aggregate events based on individual SERP. If the previous event is related to query 

formulation, a new SERP ID is assigned to the event being logged. If not, the SERP ID is the 

same as before, that is, it does not increase. Note that, with this assignment algorithm, two 
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visualizations of a SERP with the same URL generate different SERP ID, what, for this work, 

is not a problem. If the SERP event is a click (left-click, middle-click, or right-click with open 

new tab) on a enriched snippet, organic result, or universal result, we also log the clicked 

result’s rank position. Note that the computation of rank position ignores paid results and 

some universal results, such as results pointing to Google Scholar articles. 

In RP events, we register the page’s identifier for the same reason we do it in SERP 

events. This identifier is also assigned automatically, in sequential order, whenever the 

previous event was simultaneously a SERP event and a click one (any of the three types 

mentioned above). For result pages, we also recorded if the page was viewed or not. We decided 

to do so because some of the clicked results ended up not being viewed. There were situations 

in which users opened the results in different tabs and never viewed those tabs or clicked on a 

result but went back to the SERP before the result page loaded. 

The above information was later enriched with two additional elements, the duration 

of each event and time to the first SERP click. Both elements were computed automatically. 

The first is simply the time difference, in seconds, between the current event and the following 

one. The time to first SERP click is the time difference, in seconds, between the query 

formulation event that generates a new SERP and the first click event (left-click, middle-click 

or open a new tab after a right-click). 

For the query (re)formulation analysis, we logged information in a different file. We 

logged information about user, task, and query (Table 19).  

About Fields 

User User ID 

Task Task ID 

Query 
Query ID, writing the original query, number of terms, 
language, terminology, errors, and types of reformulation 

Table 19 - Logged information in Modules 

About the user and task, the annotation form was similar to the one described in Table 

1. In addition to the query itself, we registered its ID, sequentially assigned, its number of terms, 

language (English or Portuguese), and terminology (lay or medico-scientific). For this work, a 

query is medico-scientific if it includes at least one medico-scientific term. All other queries 

are considered lay. To assess the terminology of the queries we counted on the collaboration of 

a health professional who helped us by giving her opinion on the type of terminology associated 

with each query. 
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5.2. Results 

This section presents the results of our study by type of interaction.  

Regarding health literacy groups, 11 users are part of the high health literacy (HHL) 

group and 8 users belong to the low health literacy (LHL) group. In terms of the number of 

sessions, 10 sessions per user were evaluated, except for two users in the HHL group. In these 

two users, recording began after the start of the experiment. In one case, only 7 sessions were 

considered, and in the other case, 9 sessions. Since they were the ones that we had access to 

through the videos. We decided to include these experiences and consider 10 sessions instead 

of 2 since it would not be possible to divide between part of asthma and part of nutrition. In 

the analysis, the form of calculation was always considering the number of specific sessions in 

these two cases. 

Comparisons are always between the two groups. Therefore, when one group is 

mentioned, the comparison with the other group is implicit. In the averages, we bolded the 

highest value by measure. In the application of parametric and non-parametric tests, the 

unilateral values will be shown. Regarding decimal places, we chose to use only two. When 

reporting results, we use * to indicate results significant at p=0.1, ** at p=0.05, and *** at 

p=0.01. The exploratory nature of this work justifies the consideration of the 0.1 p-level. 

There were no search engine interactions and, therefore, there will not be a section for 

this group of interactions. 

As shown in Table 20, the LHL group recorded a greater number of events and 

interactions’ time at a general level. In RP interaction, the duration was longer in this group. 

More detailed information is present in Appendix 5. 

Category Measure  
Average per Session 

p-value 
HHL LHL 

Browser 
#Events 7.17 6.14 0.27 

Duration  25.29 23.80 0.40 

Search Engine Result Page 
#Events 6.68 5.98 0.33 

Duration  18.09 20.91 0.27 

Result Page 
#Events 8.96 10.71 0.14 

Duration  32.84 45.36 0.06* 

Search Engine Box Query 
#Events 3.49 3.94 0.25 

Duration  15.73 21.48 0.16 

Direct Access Page #Events 0.02 0.08 0.27 
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Category Measure  
Average per Session 

p-value 
HHL LHL 

Duration  0.06 0.64 0.27 

Total 
#Events 26.16 26.84 0.36 

Duration  91.98 110.56 0.16 

Table 20 - Global Aggregated Results 

5.2.1. Browser Interaction  

In the browser interaction, the HHL group closed tabs and selected text from the URL 

more often. They also introduced more new queries in the address bar. In contrast, the LHL 

group had more backward events (Table 21). Regarding the results obtained, six measures did 

not have any type of occurrence (Appendix 6).  

Measure 
Average per Session 

p-value 
HHL LHL 

#OpenNewTab 0.25 0.25 0.36 

#SelectTab 2.02 1.40 0.22 

#CloseTab 1.27 0.56 0.08* 

#ReopenClosedTab 0.00 0.03 0.33 

#InteractAddressBarQuery 0.02 0.04 0.39 

#NewAddressBarQuery 0.92 0.58 0.10* 

#IncrementalSearchAddressBarQuery 0.11 0.04 0.37 

#RepeatQueryAddressBarQuery 0.02 0.01 0.42 

#ZoomIn 0.00 0.01 0.45 

#TypeURL 0.02 0.06 0.36 

#Backward 0.54 1.30 0.05** 

#Forward 0.00 0.01 0.33 

#RefreshPage 0.03 0.00 0.39 

#KeyboardShortcut 0.05 0.03 0.33 

#CopyText 0.06 0.05 0.25 

#PasteText 0.07 0.04 0.22 

#SelectTextURL 0.71 0.36 0.03** 

#RightClick 0.02 0.03 0.45 

#DoubleClick 0.01 0.00 0.39 

#FindBar 0.63 0.63 0.36 
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Measure 
Average per Session 

p-value 
HHL LHL 

#CloseFindBar 0.03 0.03 0.50 

#NextFindBarItem 0.38 0.70 0.27 

Table 21 - Browser Interaction Results 

5.2.2. SERP Interaction 

In the interaction with the SERP, there are 54 measures, but not all had occurrences 

(Appendix 7). SERP measures were aggregated by the SERP ID. Besides, we also analyzed the 

number of SERP and the number of clicks on results by session.  

The LHL group made more left-click in general and in organic results. They also had 

more SERP with clicks and took longer to first RP click. The HHL group had more result clicks. 

They made more left clicks in universal results, middle clicks in general, and in organic results. 

They had more SERP without clicks (Table 22). 

Measure  
Average per SERP 

p-value 
HHL LHL 

#ShowingResultsFor 0.03 0.04 0.48 

#DidYouMean 0.01 0.00 0.39 

#LeftClickOrganicResult 0.40 0.75 0.03** 

#LeftClickUniversalResult 0.03 0.01 0.05** 

#RightClickOrganicResult 0.07 0.15 0.30 

#RightClickUniversalResult 0.01 0.02 0.45 

#MiddleClickOrganicResult 0.46 0.11 0.05** 

#MiddleClickUniversalResult 0.01 0.00 0.27 

#InteractionUniversalResult 0.01 0.00 0.18 

#ToolsInteraction 0.00 0.00 0.39 

#Page2SERP 0.00 0.00 0.33 

#OpenLinkNewTab 0.07 0.17 0.30 

#AnotherSERP 0.01 0.00 0.39 

#AllSERP 0.00 0.00 0.39 

#ImagesSERP 0.00 0.00 0.45 

#ToolsSERP 0.00 0.04 0.33 

#SelectTextSERP 0.04 0.01 0.20 

#sds 0.58 0.57 0.42 
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Measure  
Average per SERP 

p-value 
HHL LHL 

#sdf 0.58 0.57 0.42 

#sus 0.20 0.22 0.36 

#suf 0.20 0.22 0.36 

#EventsTypeSERPinteraction 2.70 2.90 0.40 

SecondsSERPInteraction 7.26 9.68 0.12 

#ScrollingUP  0.40 0.45 0.36 

#ScrollingDown  1.16 1.15 0.42 

#Scrolling 1.56 1.60 0.33 

SecondsScrollingUP 0.67 1.20 0.39 

SecondsScrollingDown 2.99 2.73 0.45 

SecondsScrolling 3.66 3.93 0.45 

#SERP1 2.55 2.36 0.29 

#SERPSwithClicks 0.67 0.76 0.08* 

#SERPSwithoutClicks 0.33 0.24 0.08* 

Timeto1stRPClicksinceSERPLoad 5.80 8.30 0.05** 

MedRankClicked2 1.50 1.50 0.42 

#ResultClick 0.96 1.03 0.28 

#ResultClick1 2.39 2.34 0.44 

#LeftClicks 0.42 0.75 0.04** 

#MiddleClicks 0.47 0.11 0.03** 

#RighClicks (with OpenNewTab) 0.07 0.17 0.30 

#ClicksOrganicResults 0.92 1.01 0.24 

#ClicksUniversalResults 0.04 0.02 0.33 

1The value in this line is the average per session. 2The value in this line is the median per SERP. 

Table 22 - SERP Interaction Results 

5.2.3. RP Interaction 

In the interaction with the results pages, a total of 22 measures were analyzed 

(Appendix 8). The LHL group had more scrolling down events and scrolling up. They also had 

more scrolling occurrences and spent more time in this interaction. The aggregate measures of 

scrolling up, scrolling down, and scrolling in general events also showed more occurrences in 

the LHL group. The LHL group spent more seconds doing scrolling up, scrolling down, and 

scrolling in general (Table 23). 
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Measure 
Average per RP viewed 

p-value 
HHL LHL 

#Select2ndLevelDepthLink 0.07 0.12 0.12 

#SelectTextRP 0.30 0.18 0.45 

#SelectAnchorLink 0.00 0.01 0.33 

#CloseAdvert 0.07 0.10 0.25 

#QueryInternalSearchEngine 0.00 0.00 0.33 

#OpenLinkNewTab 0.00 0.01 0.33 

#sds 1.57 1.93 0.05** 

#sdf 1.57 1.93 0.05** 

#sus 0.19 0.37 0.04** 

#suf 0.19 0.37 0.04** 

#InputData 0.00 0.00 0.33 

#EventsTypeRPinteraction 3.98 5.02 0.05** 

SecondsTypeRPInteraction 14.27 21.12 0.01*** 

#ScrollingUP 0.38 0.73 0.04** 

#ScrollingDown  3.15 3.86 0.05** 

#Scrolling  3.53 4.59 0.02** 

SecondsScrollingUP 0.92 2.45 0.02** 

SecondsScrollingDown 11.88 16.69 0.06* 

SecondsScrolling 12.80 19.14 0.02** 

#RP1 2.27 2.21 0.43 

#RPnotViewed1 0.10 0.14 0.33 

#RPnotViewed 0.04 0.06 0.45 

1The value in this line is the average per session. 

Table 23 - RP Interaction Results 

5.2.4. DAP Interaction 

In this type of interaction, we chose to analyze per session given the data set (Appendix 

9). The low number of DAP in the search sessions led us to analyze these measures by session 

instead of analyzing them by page, as we have done in SERP (Table 24).  

There were 3 cases of users who visited at least one page of direct access without going 

to the search engines before. we can see that the LHL group made more use of these pages and 

that they entered data. In these cases, the two users went directly to the google translator 

website. The HHL group visited only one page and interacted through the scrolling measures. 
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In this case, the user in question directly accessed a Wikipedia page. None of these measures 

showed significant differences. 

Measure 
Average per Session 

p-value 
HHL LHL 

#InputData 0.00 0.08 0.20 

#Sus 0.01 0.00 0.39 

#Suf 0.01 0.00 0.39 

#ScrollingUP 0.02 0.00 0.39 

SecondsScrollingUP 0.06 0.00 0.39 

#DAP 0.01 0.03 0.30 

Table 24 - DAP Interaction Results 

5.2.5. Query (Re)Formulation Behavior 

Results related to query formulation interactions in the SEBQ are presented in Table 

25. More information can be seen in Appendix 10. 

The LHL group demonstrated greater interaction with the search engine box query. 

Measure 
Average per Session 

p-value 
HHL LHL 

#InteractSearchEngineBoxQuery 0.20 0.39 0.06* 

#NewSearchEngineBoxQuery 0.79 1.08 0.11 

#PartialChange 0.84 0.71 0.22 

#RepeatQuery 0.00 0.03 0.20 

#SelectTextQuery 0.97 1.19 0.15 

#IncrementalSearch 0.69 0.54 0.26 

#SearchEngineBoxQueries  1.63 1.79 0.30 

Table 25 - SEBQ Results 

We analyze the measures related to the queries entered in the search engine box and 

the browser address bar (Appendix 11). Table 26 shows the results in both the SEBQ and 

browser address. As shown, the LHL group demonstrated a greater number of query 

formulation interactions. 
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Measure 

Average per Session 

p-value 
HHL LHL 

#TotalInteracts 0.22 0.43 0.06* 

#TotalNewQueries 1.71 1.65 0.41 

#TotalIncrementalSearch 0.80 0.58 0.16 

#TotalRepeatQuery 0.02 0.05 0.25 

#TotalQueryEvents 4.43 4.55 0.43 

#TimeQueryEvents 22.62 26.33 0.15 

Table 26 - Query events results 

Concerning the query reformulation modules, three types of measures were analyzed: 

general measures per session, the characteristics of the queries in the total of queries, and the 

types of reformulations in the total of reformulations (Appendix 12). 

Regarding the measures per session, the HHL group formulated more queries and 

reformulations (Table 27).  

Measure 
Average per Session 

p-value 
HHL LHL 

#Queries 2.69 2.51 0.28 

#Reformulations 1.69 1.51 0.28 

Table 27 - Query (re)formulation per session 

In the general characteristics of the queries, the HHL group had more typographical 

errors (Table 28). The queries in which it was not possible to identify the language because it 

contained half of the terms in English and half in Portuguese were designated 

“NALanguageQueries”. 
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Measure 
Average per Query 

p-value 
HHL LHL 

#TermsperQuery 3.20 3.43 0.27 

#OrthographicErrors 0.072 0.069 0.46 

#TypographicalErrors 0.02 0.00 0.10* 

#LayQueries 0.42 0.41 0.46 

#MedSciQueries 0.58 0.59 0.46 

#PTQueries 0.61 0.76 0.33 

#ENQueries 0.38 0.23 0.39 

#NALanguageQueries 0.011 0.008 0.42 

#Reformulations 0.61 0.55 0.17 

Table 28 - Query characteristics 

About reformulations, Table 29 presents the results obtained. More detailed 

information on Appendix 12.  

The HHL group does more word addition, substitutes terms by their synonym, and 

changes plural to singular in reformulations more often. The LHL group used more totally new 

reformulations (Table 29).  

Measure 
Average per Reformulation 

p-value 
HHL LHL 

#OrthographicErrorCorrection 0.05 0.09 0.20 

#TypographicalErrorCorrection 0.02 0.00 0.39 

#TotalNew 0.07 0.15 0.03** 

#LaytoMedSci 0.09 0.13 0.12 

#MedScitoLay 0.13 0.10 0.27 

#PTtoEN 0.05 0.06 0.42 

#ENtoPT 0.03 0.04 0.33 

#RepeatQuery 0.01 0.07 0.25 

#SubstitutionWords 0.13 0.10 0.28 

#SynonymousSubstitution 0.05 0.01 0.08* 

#AddWords 0.51 0.39 0.06* 

#RemoveWords 0.37 0.30 0.15 

#ExpandTotalAcronym 0.03 0.06 0.36 

#ExpandPartialAcronym 0.03 0.00 0.27 

#FormAcronym 0.00 0.01 0.33 
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Measure 
Average per Reformulation 

p-value 
HHL LHL 

#IntroduceBooleanOperators 0.00 0.01 0.33 

#RemoveBooleanOperators 0.00 0.01 0.33 

#IntroduceAccentuation 0.01 0.00 0.39 

#Stemming 0.00 0.00 0.39 

#VerbalFlexion 0.00 0.01 0.33 

#AdjectiveforName 0.02 0.01 0.33 

#NameforAdjective 0.00 0.00 0.45 

#VerbforName 0.01 0.01 0.48 

#PluraltoSingular 0.06 0.04 0.10* 

#SingulartoPlural 0.03 0.02 0.30 

Table 29 - Query reformulation types 

5.3. Discussion of Results 

In this discussion of results, importance will be given to the measures that revealed 

statistically significant differences. In this way, these measures are summarized (Table 30) and 

therefore, possible explanations for these differences will be given, maintaining the 

comparison between the two health literacy groups. Based on previous studies, we will verify 

if the results obtained in this study corroborate these, and if not, the possible causes of these 

variations are identified. 

Category Measure Group 

General RPDuration LHL>HHL 

Browser 

#CloseTab 

HHL>LHL #NewAddressBarQuery 

#SelectTextURL 

#Backward LHL>HHL 

SERP 

#LeftClickUniversalResult 

HHL>LHL 
#MiddleClickOrganicResult 

#MiddleClicks 

#SERPSwithoutClicks 

#LeftClickOrganicResult 

LHL>HHL 
#SERPSwithClicks 

Timeto1stRPClicksinceSERPLoad 

#LeftClicks 

RP 

#sds 

LHL>HHL #sdf 

#sus 
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Category Measure Group 

#suf 

#EventsTypeRPinteraction 

SecondsTypeRPInteraction 

#ScrollingUP 

#ScrollingDown  

#Scrolling  

SecondsScrollingUP 

SecondsScrollingDown 

SecondsScrolling 

SEBQ #InteractSearchEngineBoxQuery LHL>HHL 

Query Behavior 

#Totalnteracts LHL>HHL 

#TypographicalErrors 

HHL>LHL 
#SynonymousSubstitution 

#AddWords 

#PluraltoSingular 

Table 30 - Significant Differences 

In general, the LHL group spent more time interacting with RP, which is in line with 

previous studies (Yom-Tov et al. 2016; Duggan and Payne 2008; Diane Kelly and Cool 2002).  

About browser interaction, the number of occurrences of the backward button was 

greater in the LHL group. During the search tasks, it was visible that some users of the LHL 

group tend to have only one page open and do not open the results in new tabs. Having only 

one tab open, normally, they often use the back button to return to the SERP. On other hand, 

the HHL group selected more often text from the URL and closed more tabs. They also made 

more use of the address bar and introduced more new queries there. Probably, the LHL user 

does not understand that it is possible to introduce a query in the address as in the search 

engine box. That may be the reason why they used the search engine box query more often. 

There is a strong association between health literacy, internet access, and use as it is already 

known. Individuals with adequate health literacy levels are more likely to access the internet 

and use it to look for health information (Vida Estacio, Whittle, and Protheroe 2019). Probably 

the LHL group uses the internet less as a preferred means of accessing information. 

In SERP, The LHL group did more left clicks in general and in organic results. This 

explanation ends up confirming the assumption that was mentioned earlier. When the user 

left-clicks on an organic result, is redirected from the SERP page to the link. As said before, 

this group tends to have only one page open, not opening results in new tabs and, therefore, 

making more left clicks. The HHL group made more middle clicks in general. When the user 

right-clicks on an organic result, a new tab opens in the browser. In this sense, it is normal for 
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this group to have several tabs open simultaneously. They also tend to have a higher number 

of SERP without clicks, maybe because they do more reformulations or write the answer to the 

question based on the SERP page. Our tendency also showed that the LHL group takes longer 

to click on the first result. 

Regarding RP, the LHL group interacted more with the results pages, had a higher 

occurrence of events, and longer duration. They had more occurrences and duration of 

scrolling up, scrolling down, and general scrolling. This group is usually associated with a 

longer dwell time on web pages because they take more time to read and focus on the page 

(Yom-Tov et al. 2016). These results are interesting because although the LHL group interacted 

more at the level of events and seconds with the results pages, they visited fewer pages. It 

suggests that they view fewer pages, but they spend more time on each one than the HHL group. 

In DAP interaction, we noticed that users tend to use the translator tool to seek the 

English translation of search terms. 

In query behavior, the LHL group tends to interact more in both the address bar and 

SEBQ but mainly in the latter. Still, in formulation behavior, this group submit fewer queries 

but interacted more. About queries characteristics, both groups preferred queries in the 

Portuguese language. Queries in English were more frequent in the HHL group. This group 

had more typographical errors in queries. Perhaps these users type quicker, they made more 

mistakes in the search. This contradicts the results of Wildemuth (2004), who found that low 

domain knowledge is associated with a higher frequency of errors. Regarding query 

reformulation, the LHL group used more the total new reformulation type. This type of 

reformulation happens when the previous query has no common terms with the reformulated 

query. In the same search task, LHL users chose to completely reformulate the query with new 

terms instead of making a partial change. Perhaps the explanation is because they are not being 

successful in search and therefore opt to reformulate the query completely. A study report that 

novices use more strategies like making the word plural or singular, repeat search terms, reuse 

prior search terms, and retains the same basic structure (Hembrooke et al. 2005). The HHL 

group made more reformulation in which they add words, substitute terms by their synonym, 

and change plural to singular. Maybe the LHL did less because of the difficulties associated 

with the formulation search (Lopes and Ribeiro 2015).  Regarding terminology, the HHL group 

had more queries of the lay type, but the most recurrent type of reformulation in this group 

was the change from a medico-scientific query to a lay one. Lopes and Ribeiro (2016) refer that 

a higher level of health literacy as preferred medical-scientific.  
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6. Conclusions 

In this work, we analyze the web information-seeking behavior of users with different 

levels of health literacy. For this purpose, a classification scheme was presented to 

systematically analyze information-seeking behavior. The scheme consists of three main 

categories: Browser, Search Engine, and Web Pages. The Search Engine Home Page (SEHP) 

and Search Engine Results Page (SERP) categories are part of the search engine and 

encompass the Search Engine Box Query (SEBQ) category. The Web Pages category has two 

categories: Result Page (RP) and Direct Access Pages (DAP). Through the construction of this 

scheme, it was possible to analyze the behavior of users in the search for health information.  

Regarding the results obtained between the two health literacy groups, it was found 

that the low health literacy group made more use of the search engine box, made more left 

clicks, used more backward functionality, and spent more time interacting with the results 

pages, namely scrolling. On the other hand, the high health literacy group made more use of 

the address bar, made more middle clicks, used the select text URL functionality more, and 

made more reformulations.  

The objectives initially proposed were fulfilled since it was possible to investigate 

behavior at the level of interaction and reformulation of search. This study served as a first step 

in helping to identify ways to make the information retrieval processes on the web more 

efficient and personalized based on the behaviors evidenced by the two groups. 

6.1. Limitations 

In this study, it is possible to list some limitations that may have had an impact on the 

results obtained. First, the annotation of the videos was done manually. Samuel Serafim had 

already made the annotation, but new information was annotated, and the other was changed. 

As far as we are concerned, it was a very thorough job of analyzing all the events that users did 

in seconds and recording from the video viewing, it is necessary to be very specific and some 

events may have failed. To help in this process, the application of automatic analysis can be 

very useful. 

Regarding the query terminology, we asked a health professional, to give their general 

opinion on queries, whether she considered a lay query or a scientific medical query. However, 

it was the general opinion regarding the query and not considering each term. It would have 

been interesting to analyze all the existing terms of the queries and perhaps make an average 

and thus determine the type of terminology. However, it was a job that took longer, and it 

would probably take more than a health professional to have more than one opinion. We could 
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see that this process is not as easy and objective as it seems. Future works can use resources 

like the Consumer Health Vocabulary in automatic processes, complemented, later on, by a 

health professional validation. 

The classification scheme has undergone a lot of changes, whenever we analyzed them, 

we discovered specific cases (some doubtful), new events, new measures of analysis. It was not 

an easy task to portray all the changes because there were multiple redefinitions until the final 

version, and this also resulted in a repeated analysis of the data. However, I was always in 

contact with my supervisor and so I always had great advice. But we think it would be 

interesting to have had feedback from other researchers about this classification scheme. We 

are fully aware that this classification scheme could undergo further changes. Just as have 

suffered since we started working on this topic.  

The classification scheme is generic, which means it can be applied to disregard the 

used search engines. It can be used in manual analysis studies and in (semi) automatic analysis 

studies in which part of the events can be determined automatically. 

The nature of the classification scheme makes it dependable on the evolution of search 

engines’ interfaces. Therefore, it is probable that, in the future, this classification scheme will 

need to be updated. Changes can also be triggered by the experience of other researchers using 

this classification scheme. 

6.2. Future Work 

Regarding future work, here are some suggestions for developing this theme. 

In the first phase, this classification scheme could be enriched with events that occur in 

specific-content SERP such as images SERP. Furthermore, we think it would be interesting to 

discriminate against the type of results seen in SERP, for example, images, articles, videos, 

among others. Another aspect that would be interesting to include is the number of views of 

the same SERP or RP. Through viewing videos, it would not be feasible, and it was not easy to 

see unless it was followed. But it would be interesting to understand if low health literacy users 

are re-opening the same RP in different SERP.  

Regarding query terminology, we could see that this process is not as easy and objective 

as it seems. Future works can use resources like the Consumer Health Vocabulary in automatic 

processes, complemented, later on, by a health professional validation. 

It would be interesting to complement this study with an eye-tracking analysis that can 

give insights into where users look before clicking on a SERP result or an RP. We noticed that 

some users did not click on the results because they read the information presented on SERP. 
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This information can be viewed in the titles, snippets, and answer boxes displayed. Visible 

examples were “fiber consumption reduces the risk of testicular cancer”, “a diet rich in fiber is 

considered to be protective against cancer”, “fruits and vegetables are cancer-fighting foods” 

in titles and snippets. In the answer box, “Asthma has no cure” and the difference between 

saturated and polyunsaturated fats was also visible. In several cases, we could notice that this 

information was sufficient to answer the question behind the task. This leads us to conclude 

that people looked and read some information on SERP that led them to not click on any results 

because they immediately wrote the answer to the question and went on to the next search task. 

Gaze behavior could help us understand better what factors are associated with task 

completion. 

As a future study, it would be important to consider the role of the user. If he is a 

caregiver, professional, patient, and in what state he is in relation to the disease. 

Finally, we present possible research hypotheses for future work. It would be useful to 

apply this model to other studies to analyze its applicability more systematically. We could see 

if our significant differences are observed in other studies and if the other measures can prove 

to be significant.  
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Appendices 

Appendix 1 - Questionnaire used in the experience 
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Source - Sousa (2016) 
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Appendix 2 – METER-PT Health Literacy Instrument 
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Source – Paiva et al. (2014) 
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Appendix 3 - Initial version of the classification scheme  
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Appendix 4 – Initial version of the annotation  
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Appendix 5 – General Interaction 

Measure  

Average per 
Session 

Shapiro-Wilk 
Normality Test 

Sig. 

Parametric Test 
of independent 
T-Test samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#TotalEvents 26.16 26.84 0.01 0.94   0.36 95% No statistical evidence   

TotalSeconds 91.98 110.56 0.03 0.37  0.16 95% No statistical evidence   

#EventsTypeBrowserInteraction 7.17 6.14 0.50 0.14 0.27   95% No statistical evidence   

SecondsBrowserInteraction 25.28 23.80 0.40 0.59 0.40   95% No statistical evidence   

#EventsTypeSERPinteraction 6.68 5.98 0.01 0.85 0.33   95% No statistical evidence   

SecondsSERPInteraction 18.09 20.91 0.00 0.57 
 

0.27 95% No statistical evidence   

#EventsTypeRPinteraction 8.96 10.71 0.26 0.31 0.14   95% No statistical evidence   

SecondsRPInteraction 32.84 45.36 0.08 0.57 0.06*   95% Significant differences   

#EventsTypeSearchEngineBoxQuery 3.49 3.94 0.29 0.72 0.25   95% No statistical evidence   

SecondsSearchEngineBoxQuery 15.73 21.48 0.13 0.28 0.16   95% No statistical evidence   

#EventsTypeDAPinteraction 0.02 0.08 0.00 0.00   0.27 95% No statistical evidence   

SecondsDAPinteraction 0.06 0.64 0.00 0.00   0.27 95% No statistical evidence   
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Appendix 6 –Interaction with Browser  

Measure 

Average 
per 

Session 

Shapiro-Wilk 
Normality 
Test Sig. 

Parametric Test of 
independent T-Test 

samples Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#OpenBrowser                No data 

#CloseBrowser                No data 

#OpenNewTab 0.25 0.25 0.00 0.11  0.36 95% No statistical evidence   

#SelectTab 2.02 1.40 0.14 0.02  0.22 95% No statistical evidence   

#CloseTab 1.27 0.56 0.34 0.01  0.08* 95% Significant differences   

#ReopenClosedTab 0.00 0.03 . 0.00  0.33 95% No statistical evidence   

#InteractAddressBarQuery 0.02 0.04 0.00 0.00  0.39 95% No statistical evidence  

#NewAddressBarQuery 0.92 0.58 0.83 0.09 0.10  95% No statistical evidence  

#IncrementalSearch 0.11 0.04 0.00 0.00  0.37 95% No statistical evidence  

#RepeatQuery 0.02 0.01 0.00 0.00  0.42 95% No statistical evidence  

#ZoomIn 0.01 0.01 0.00 0.00  0.45 95% No statistical evidence   

#ZoomOut 
  

  
 

 
    No data 

#TypeURL 0.02 0.06 0.00 0.00  0.36 95% No statistical evidence   

#Backward 0.54 1.30 0.00 0.32  0.05** 95% Significant differences    

#Forward 0.00 0.01 . 0.00  0.33 95% No statistical evidence   

#RefreshPage 0.03 0.00 0.00 .  0.39 95% No statistical evidence   

#KeyboardShortcut 0.05 0.03 0.00 0.00  0.33 95% No statistical evidence   
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Measure 

Average 
per 

Session 

Shapiro-Wilk 
Normality 
Test Sig. 

Parametric Test of 
independent T-Test 

samples Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#CopyText 0.06 0.05 0.00 0.00  0.25 95% No statistical evidence   

#PasteText 0.07 0.04 0.00 0.00  0.22 95% No statistical evidence   

#SelectTextURL 0.71 0.36 0.86 0.00  0.03** 95% Significant differences    

#RightClick 0.02 0.03 0.00 0.00  0.45 95% No statistical evidence   

#DoubleClick 0.01 0.00 0.00 .  0.39 95% No statistical evidence   

#FindBar 0.63 0.63 0.09 0.02  0.36 95% No statistical evidence   

#CloseFindBar 0.03 0.03 0.00 0.00  0.50 95% No statistical evidence   

#NextFindBarItem 0.38 0.70 0.00 0.00  0.27 95% No statistical evidence   

#Home                No data 

#Settings                No data 
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Appendix 7 - Interaction with Search Engine Results Page 

Measure 

Average by 
SERP 

Shapiro-Wilk 
Normality 
Test  Sig.  

Parametric Test 
of independent  
T-Test samples 
Sig. unilateral 

Nonparametri
c Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-

Whitney U 
Test Samples 

Level At a significance level of 5% 

#ShowingResultsFor 0.03 0.04 0.00 0.00   0.48 95% No statistical evidence   

#DidYouMean 0.01 0.00 0.00 .   0.39 95% No statistical evidence   

#LeftClickOrganicResult 0.40 0.75 0.15 0.95 0.03** 
 

95% Significant differences   

#LeftClickPaidResult 
    

  
 

    No data 

#LeftClickUniversalResult 0.03 0.01 0.00 0.00   0.05** 95% Significant differences   

#LeftClickEnrichedSnippet 
    

  
 

    No data 

#LeftClickKnowledgeData 
    

  
 

    No data 

#RightClickOrganicResult 0.07 0.15 0.00 0.00   0.30 95% No statistical evidence   

#RightClickPaidResult 
    

  
 

    No data 

#RightClickUniversalResult 0.01 0.02 0.00 0.00   0.45 95% No statistical evidence   

#RightClickEnrichedSnippet 
    

  
 

    No data 

#RightClickKnowledgeData 
    

  
 

    No data 

#MiddleClickOrganicResult 0.46 0.11 0.03 0.00   0.05** 95% Significant differences   

#MiddleClickPaidResult 
    

  
 

    No data 

#MiddleClickUniversalResult 0.01 0.00 0.00 0.00   0.27 95% No statistical evidence   

#MiddleClickEnrichedSnippet 
    

  
 

    No data 

#MiddleClickKnowledgeData 
    

  
 

    No data 
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Measure 

Average by 
SERP 

Shapiro-Wilk 
Normality 
Test  Sig.  

Parametric Test 
of independent  
T-Test samples 
Sig. unilateral 

Nonparametri
c Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-

Whitney U 
Test Samples 

Level At a significance level of 5% 

#InteractionPaidResult 
    

  
 

    No data 

#InteractionUniversalResult 0.01 0.00 0.00 .   0.18 95% No statistical evidence   

#InteractionEnrichedSnippet 
    

  
 

    No data 

#InteractionKnowledgeData 
    

  
 

    No data 

#ToolsInteraction 0.00 0.00 0.00 .   0.39 95% No statistical evidence   

#Page2SERP 0.00 0.00 . 0.00   0.33 95% No statistical evidence   

#OpenLinkNewTab 0.07 0.17 0.00 0.00   0.30 95% No statistical evidence   

#AnotherSERP 0.01 0.00 0.00 .   0.39 95% No statistical evidence   

#AllSERP 0.00 0.00 0.00 .   0.39 95% No statistical evidence   

#ImagesSERP 0.00 0.00 0.00 0.00   0.45 95% No statistical evidence   

#VideosSERP 
    

  
 

    No data 

#BooksSERP 
    

  
 

    No data 

#NewsSERP 
    

  
 

    No data 

#ToolsSERP 0.00 0.04 . 0.00   0.33 95% No statistical evidence   

#AdvancedSearch 
    

  
 

    No data 

#RelatedSearch 
    

  
 

    No data 

#SelectTextSERP 0.04 0.01 0.00 0.00   0.20 95% No statistical evidence   

#PrivacyReminder 
    

  
 

    No data 
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Measure 

Average by 
SERP 

Shapiro-Wilk 
Normality 
Test  Sig.  

Parametric Test 
of independent  
T-Test samples 
Sig. unilateral 

Nonparametri
c Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-

Whitney U 
Test Samples 

Level At a significance level of 5% 

#sds 0.58 0.57 0.01 0.08   0.42 95% No statistical evidence   

#sdf 0.58 0.57 0.01 0.08   0.42 95% No statistical evidence   

#sus 0.20 0.22 0.23 0.00   0.36 95% No statistical evidence   

#suf 0.20 0.22 0.23 0.00   0.36 95% No statistical evidence   

#EventsTypeSERPinteraction 2.70 2.90 0.08 0.16 0.40 
 

95% No statistical evidence   

SecondsSERPInteraction 7.26 9.68 0.00 0.10   0.12 95% No statistical evidence   

#ScrollingUP (sus+suf) 0.40 0.45 0.23 0.00   0.36 95% No statistical evidence   

#ScrollingDown (sds+sdf) 1.16 1.15 0.01 0.08   0.42 95% No statistical evidence   

#Scrolling (ScrollingUp+ScrollingDown) 1.56 1.60 0.03 0.04   0.33 95% No statistical evidence   

SecondsScrollingUP 0.67 1.20 0.04 0.00   0.39 95% No statistical evidence   

SecondsScrollingDown 2.99 2.73 0.00 0.20   0.45 95% No statistical evidence   

SecondsScrolling 3.66 3.93 0.00 0.05   0.45 95% No statistical evidence   

#SERP1 2.55 2.36 0.45 0.21 0.29 
 

95% No statistical evidence   

#SERPSwithClicks 0.67 0.76 0.80 0.73 0.08* 
 

95% Significant differences   

#SERPSwithoutClicks 0.33 0.24 0.80 0.73 0.08* 
 

95% Significant differences   

Timeto1stRPClicksinceSERPLoad 5.80 8.30 0.03 0.85 
 

0.05** 95% Significant differences   

MedRankClickedbySERP2 1.50 1.50 0.07 0.18 
 

0.42 95% No statistical evidence   

#ResultClick 0.96 1.03 0.63 0.97 0.28 
 

95% No statistical evidence   
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Measure 

Average by 
SERP 

Shapiro-Wilk 
Normality 
Test  Sig.  

Parametric Test 
of independent  
T-Test samples 
Sig. unilateral 

Nonparametri
c Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-

Whitney U 
Test Samples 

Level At a significance level of 5% 

#ResultClick1 2.39 2.34 0.73 0.72 0.44 
 

95% No statistical evidence   

#LeftClicks 0.42 0.75 0.17 0.93 0.04** 
 

95% Significant differences    

#MiddleClicks 0.47 0.11 0.03 0.00   0.03** 95% Significant differences    

#RighClicks (with Open New Tab) 0.07 0.17 0.00 0.00   0.30 95% No statistical evidence   

#ClicksOrganicResults 0.92 1.01 0.99 0.78   0.24 95% No statistical evidence   

#ClicksUniversalResults 0.04 0.02 0.00 0.00   0.33 95% No statistical evidence   

1The value in this line is the average per session. 2The value in this line is the median per SERP. 
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Appendix 8 - Interaction with Results Page 

Measure 

Average by RP 
(viewed) 

Shapiro-Wilk 
Normality 

Test                 
Sig. 

Parametric 
Test of 

independent 
T-Test 

samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed 

Equal 
Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#Select2ndLevelDepthLink 0.07 0.12 0.01 0.11 0.12  95% No statistical evidence 
 

#SelectTextRP 0.30 0.18 0.00 0.01  0.45 95% No statistical evidence 
 

#SelectAnchorLink 0.00 0.01 . 0.00  0.33 95% No statistical evidence 
 

#SelectImage         No data 

#CloseAdvert 0.07 0.10 0.03 0.10  0.25 95% No statistical evidence 
 

#QueryInternalSearchEngine 0.00 0.00 . 0.00  0.33 95% No statistical evidence 
 

#OpenLinkNewTab 0.00 0.01 . 0.00  0.33 95% No statistical evidence 
 

#sds 1.57 1.93 0.35 0.93 0.05**  95% Significant differences 
 

#sdf 1.57 1.93 0.35 0.93 0.05**  95% Significant differences  
 

#sus 0.19 0.37 0.08 0.77 0.04**  95% Significant differences  
 

#suf 0.19 0.37 0.08 0.77 0.04**  95% Significant differences  
 

#InputData 0.00 0.00 . 0.00  0.33 95% No statistical evidence 
 

#EventsTypeRPinteraction 3.98 5.02 0.61 0.79 0.05**  95% Significant differences   

SecondsTypeRPInteraction 14.27 21.12 0.69 0.11 0.01***  95% Significant differences  

#ScrollingUP (sus+suf) 0.38 0.73 0.08 0.77 0.04**  95% Significant differences  

#ScrollingDown (sds+sdf) 3.15 3.86 0.35 0.93 0.05**  95% Significant differences   

#Scrolling (ScrollingUp+ScrollingDown) 3.53 4.59 0.54 0.92 0.02**  95% Significant differences  
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Measure 

Average by RP 
(viewed) 

Shapiro-Wilk 
Normality 

Test                 
Sig. 

Parametric 
Test of 

independent 
T-Test 

samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed 

Equal 
Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

SecondsScrollingUP 0.92 2.45 0.02 0.59  0.02** 95% Significant differences  

SecondsScrollingDown 11.88 16.69 0.47 0.03  0.06 95% No statistical evidence  

SecondsScrolling 12.80 19.14 0.62 0.46 0.02**  95% Significant differences  

#RP1 2.27 2.21 0.84 0.54 0.43  95% No statistical evidence  

#RPnotViewed1 0.10 0.14 0.01 0.04  0.33 95% No statistical evidence  

#RPnotViewed 0.04 0.06 0.03 0.01  0.45 95% No statistical evidence  

1The value in this line is the average per session. 
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Appendix 9 - Interaction with Direct Access Page 

Measure 

Average by 

Session 

Shapiro-Wilk Normality 

Test Sig. 

Nonparametric Test                     

 Sig. unilateral 

Confidence 

Test 
Conclusion 

Observations 

HHL LHL HHL LHL 
Independent Mann-Whitney U Test 

Samples 
Level 

At a significance level 

of 5% 

#InputData 0.00 0.08 . 0.00 0.20 95% No statistical evidence   

#Sus 0.01 0.00 0.00 . 0.39 95% No statistical evidence   

#Suf 0.01 0.00 0.00 . 0.39 95% No statistical evidence   

#ScrollingUP 0.02 0.00 0.00 . 0.39 95% No statistical evidence   

SecondsScrollingUP 0.06 0.00 0.00 . 0.39 95% No statistical evidence   

#DAP 0.01 0.03 0.00 0.00 0.30 95% No statistical evidence   
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Appendix 10 - Interaction with Search Engine Box Query 

Measure 
Average per 

Session 

Shapiro-Wilk 

Normality Test      

Sig. 

Parametric Test of 

independent T-

Test samples 

Sig. unilateral 

Nonparametric 

Test                     

Sig. unilateral 

Confidence 

Test 
Conclusion 

Observations 

Event Name HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 

Mann-Whitney 

U Test Samples 

Level 
At a significance level 

of 5% 

#InteractSearchEngineBoxQuery 0.20 0.39 0.00 0.01   0.06* 95% Significant differences   

#NewSearchEngineBoxQuery 0.79 1.08 0.98 0.83 0.11   95% No statistical evidence   

#PartialChange 0.84 0.71 0.88 0.90 0.22   95% No statistical evidence   

#RepeatQuery 0.00 0.04 0.00 0.00   0.20 95% No statistical evidence   

#SelectTextQuery 0.97 1.19 0.42 0.24 0.31   95% No statistical evidence   

#SearchByVoice                 No data 

#IncrementalSearch 0.69 0,54 0.06 0.23 0.26   95% No statistical evidence   

#SearchEngineBoxQueries (New + PartialChange) 1.63 1.79 0.42 0.36 0.30   95% No statistical evidence   
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Appendix 11 - Query Analysis based on event aggregation 

Measure 
Average per 

Session 

Shapiro-Wilk 
Normality 
Test      Sig. 

Parametric Test of 
independent T-

Test samples 
Sig. unilateral 

Nonparametric 
Test                     

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

Event Name HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level 
At a significance level 

of 5% 

#TotalInteracts 0.22 0.43 0.00 0.04  0.06* 95% Significant differences   

#TotalNewQueries 1.71 1.65 0.56 0.27 0.81  95% No statistical evidence   

#TotalIncrementalSearch 0.80 0.58 0.15 0.11 0.16  95% No statistical evidence   

#TotalRepeatQuery 0.02 0.05 0.00 0.00  0.25 95% No statistical evidence   

#TotalQueryEvents 4.43 4.55 0.81 0.71 0.43  95% No statistical evidence   

#TimeQueryEvents 22.62 26.33 0.65 0.60 0.15  95% No statistical evidence  
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Appendix 12 - Analysis of Reformulation Modules 

Measure  

Average 
Shapiro-Wilk 

Normality 
Test Sig.  

Parametric Test of 
independent T-Test 

samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

Query (re)formulation per Session 

#Queries 2.69 2.51 0.32 0.16 0.28   95% No statistical evidence   

#Reformulations 1.69 1.51 0.32 0.16 0.28   95% No statistical evidence   

Query characteristics per Query 

#AveTermsperQuery 3.20 3.43 0.91 0.81 0.27 
 

95% No statistical evidence   

#OrthographicErrors 0.07 0.07 0.21 0.28 0.46 
 

95% No statistical evidence   

#TypographicalErrors 0.02 0.00 0.00 . 
 

0.10* 95% Significant differences   

#LayQueries 0.42 0.41 0.26 0.35 0.46 
 

95% No statistical evidence   

#MedSciQueries 0.58 0.59 0.26 0.35 0.46 
 

95% No statistical evidence   

#PTQueries 0.61 0.76 0.01 0.01 
 

0.33 95% No statistical evidence   

#ENQueries 0.38 0.23 0.01 0.01 
 

0.39 95% No statistical evidence   

#NALanguageQueries 0.01 0.01 0.00 0.00 
 

0.42 95% No statistical evidence   

#Reformulations 0.61 0.55 0.40 0.03 0.17 
 

95% No statistical evidence   

Query Reformulation types per Reformulation 

#OrthographicErrorCorrection 0.05 0.09 0.00 0.06 
 

0.20 95% No statistical evidence   

#TypographicalErrorCorrection 0.02 0.00 0.00 . 
 

0.39 95% No statistical evidence   

#TotalNew 0.07 0.15 0.01 0.50 
 

0.03** 95% Significant differences   
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Measure  

Average 
Shapiro-Wilk 

Normality 
Test Sig.  

Parametric Test of 
independent T-Test 

samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#LaytoMedSci 0.09 0.13 0.79 0.37 0.12 
 

95% No statistical evidence   

#MedScitoLay 0.13 0.10 0.85 0.17 0.27 
 

95% No statistical evidence   

#PTtoEN 0.05 0.06 0.07 0.00 
 

0.42 95% No statistical evidence   

#ENtoPT 0.03 0.04 0.00 0.03 
 

0.33 95% No statistical evidence   

#RepeatQuery 0.01 0.07 0.00 0.00 
 

0.25 95% No statistical evidence   

#SubstitutionWords 0.13 0.10 0.14 0.35 0.28 
 

95% No statistical evidence   

#SynonymiusSubstitution 0.05 0.01 0.01 0.00 
 

0.08* 95% Significant differences   

#AddWords 0.51 0.39 0.76 0.15 0.06* 
 

95% Significant differences   

#RemoveWords 0.37 0.30 0.96 0.28 0.15 
 

95% No statistical evidence   

#ExpandTotalAcronym 0.03 0.06 0.01 0.00 
 

0.36 95% No statistical evidence   

#ExpandPartialAcronym 0.03 0.00 0.00 . 
 

0.27 95% No statistical evidence   

#FormAcronym 0.00 0.01 . 0.00 
 

0.33 95% No statistical evidence   

#IntroduceBooleanOperators 0.00 0.01 . 0.00 
 

0.33 95% No statistical evidence   

#RemoveBooleanOperators 0.00 0.01 . 0.00 
 

0.33 95% No statistical evidence   

#IntroduceAccentuation 0.01 0.00 0.00 . 
 

0.39 95% No statistical evidence   

#RemoveAccentuation 
      

    No data 

#Stemming 0.00 0.00 0.00 . 
 

0.39 95% No statistical evidence   

#VerbalFlexion 0.00 0.01 . 0.00 
 

0.33 95% No statistical evidence   

#AdjectiveforName 0.02 0.01 0.00 0.00 
 

0.33 95% No statistical evidence   
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Measure  

Average 
Shapiro-Wilk 

Normality 
Test Sig.  

Parametric Test of 
independent T-Test 

samples 
Sig. unilateral 

Nonparametric 
Test                      

Sig. unilateral 

Confidence 
Test 

Conclusion 

Observations 

HHL LHL HHL LHL 
Assumed Equal 

Variances 

Independent 
Mann-Whitney 
U Test Samples 

Level At a significance level of 5% 

#NameforAdjective 0.01 0.01 0.00 0.00 
 

0.45 95% No statistical evidence   

#VerbforName 0.01 0.01 0.00 0.00 
 

0.48 95% No statistical evidence   

#NameforVerb 
      

    No data 

#VerbforAdjective 
      

    No data 

#AdjectiveforVerb 
      

    No data 

#PluraltoSingular 0.06 0.04 0.75 0.00 
 

0.10* 95% Significant differences   

#SingulartoPlural 0.03 0.02 0.00 0.00 
 

0.30 95% No statistical evidence   

 

 

 

 

 

 

 


