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Abstract. Search engines are great allies in our daily educational tasks. How-
ever, usually, these tools are designed for factual learning and are less effective
when dealing with more complex learning tasks. For this reason, in recent
years, Searching as Learning (SAL) research area has been developing from
studies that target the challenges involving learning during the search process.
It is known that the effectiveness of educational technologies in providing ap-
propriate instructions depends on the input information. Gathering information
on what should be taken into account in a searching as a learning process can
support the development of specialized search engines to support higher lev-
els of learning. Thus, we performed a systematic mapping of the literature to
gather this information, raising the dimensions and their associated variables.

1. Introduction

Using the Internet to access information is a common activity in our daily lives, and search
engines are strong allies in this process. In formal education, teachers and students look
for learning materials (e.g., learning objects and open educational resources) to use/reuse
in classes, to perform tasks, or to answer questions. In an informal education setting,
searches are carried out to clarify the most varied doubts, supporting users’ knowledge
construction in different domains. Then, learning tasks differ according to the search
intent and present distinct complexities that promote divergences in search behavior and
outcome. For instance, to learn the meaning of a word, a simple query containing the
word itself should be enough to recover what is necessary for the understanding. However,
acquiring sufficient knowledge about machine learning models to decide which one to use,
regarding diverse characteristics of a dataset, requires an iterative process of searching and
analysis of the results – especially if the user has no prior knowledge on the subject.

Traditional search systems, such as Google, can and should be used for educa-
tional purposes. However, those systems aim at a quick and efficient selection of docu-
ments from the search engine result page, and its factual information search purpose is
not as successful at facilitating higher levels of knowledge (Taibi et al., 2017). Rieh et al.
(2016) pointed out two contradictory behaviors of users who are searching with learning
purposes. On the one hand, users struggle to find the right keywords, formulate search
queries and understand search. When search results do not satisfy their information needs,
they tend to accept those initial results uncritically, rather than re-evaluating the results
or revising their search statements. On the other hand, some studies showed that users
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overestimate their search skills and believe that accessing, searching, using and evaluat-
ing sources of information are easy tasks. As a result, these users tend to skim, evaluate
and select online content quickly without investing much effort. In either case, users’
behavior and search engines (as is) reveal issues to be treated to support learning.

Searching as Learning (SAL) exploits the synergy between searching and learn-
ing, focusing on the impact, influence, and consequences of using search engines as learn-
ing technologies (Machado et al., 2019). Studies of this area argue that although search
engines are widely used for learning-oriented information needs, they are optimized pri-
marily for generic relevance, not for effective learning, nor do they consider learning as
an incremental process of knowledge acquisition (Gwizdka et al., 2016, Syed and Collins-
Thompson, 2017). In the last years, some studies have been conducted to gather an un-
derstanding of learning during search tasks to build search engines that target learning
outcomes (Rieh et al., 2016). Although these studies are primarily from the Information
Retrieval (IR) research area, related areas, such as Adaptive Learning and Learning An-
alytics, argue about the importance of the variables used as input to support learning in
a Web-based system (Machado et al., 2020, Moreno-Marcos et al., 2020). Thus, the ob-
jective of this study is to identify and analyze the variables that are observed and used
in SAL literature. No other study in this area organizes this kind of knowledge yet. We
believe that, as well as in other research fields, this understanding may provide a basis for
implementations and discussions on the correlation of these variables and learning goals.

Following a systematic literature mapping protocol, we identified 31 papers, from
2009 to 2019, that provide information about the variables involved in the searching as a
learning process. Our main contributions are (i) the use of a systematic method to provide
an overview of the state of the art in SAL approaches covering ten years of published
papers and (ii) an analysis of the main input variables involved in SAL proposals.

The remaining of this paper is organized as follows: Section 2 reviews related
works; Section 3 presents the systematic mapping methodology; Section 4 presents and
discusses the variables revealed by the literature analysis. Finally, Section 5 concludes
the paper and presents some perspectives of future work.

2. Related Works

In recent years, Searching as Learning has gained notoriety, therefore, some studies have
already raised research questions about the area. In this section, we briefly present those
studies that are somehow related to this research.

Rieh et al. (2016) critically review the literature on the association between search-
ing and learning and contribute to the formulation of SAL as a research agenda. They
present a perspective on SAL that focuses on the learning that occurs during the search
process, as well as search outputs and learning outcomes. The authors introduce the
concept of “comprehensive search” to describe iterative, reflective and integrative search
sessions that facilitate critical and creative learning beyond receptive learning.

Vakkari (2016) first presents some reflections about the meaning of “learning”
and “searching”. Learning was conceptualized as changes in one’s knowledge structures.
Then it was described how learning occurs in the search process. The study related each
of the defined stages of the search process to types of changes in knowledge structure
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(learning). Finally, to fulfill the objective of surveying studies, Vakkari (2016) presented
different types of studies on relations between searching and learning by observing de-
pendent and independent variables in the studies.

More recently, Hoppe et al. (2018) take a critical look at existing works in SAL
and related research disciplines. They presented some issues mainly related to IR charac-
teristics and empathized that exploring multimodal features of learning resources should
be one focus of future SAL projects.

Finally, Machado et al. (2019) present a meta-analysis of the evolution of the SAL
agenda based on the publications. They identify the main authors, the timeline of publica-
tions and the main research topics. This study confirms the growing interest in SAL and
presents some topics commonly referenced in the publications: interaction between user
and system, exploratory search, learning theories, user profile, IR, and representation of
the knowledge domain.

These works were essential to support SAL as a research agenda. However, few
works have proposed to discuss systematically the new proposals created on this founda-
tion. The SAL literature served to us as a strong indicator that it is worth investigating
the variables involved in the searching as a learning process. It may be a foundation for
developing adequate educational technology to support learning in higher levels.

3. Methodology

This study followed a systematic literature review protocol in order to select and evaluate
relevant studies. This review was organized based on the main activities proposed by
Kitchenham and Charters (2007): planning, conducting and reporting.

In the planning activity, we defined the objectives and defined the protocol. The
main objective of this research is to understand the main variables observed in dealing
with a search system with a focus on learning. In order to be more specific on the aspects
of searching as a learning process, our focus is exclusively on studies in the SAL research
area. To meet this objective, we used the following search string1 to search papers:

“Search as Learning” OR “Searching as Learning” OR “Search as a Learning” OR
“Searching as a Learning”

We chose to maintain a greater coverage in the search string (i.e. there is no
term about the variables). As inclusion criteria, we selected only studies that present
proposals about searching as a learning process. Theoretical studies were not included in
the analyzes as our focus is on the variables involved in the processes. We also defined
some exclusion criteria:

• The study is not about Searching as Learning OR
• The paper was not written in English OR
• The paper is grey literature OR
• The paper is not a full study (e.g., poster, position papers, short paper) OR

1A set of potential primary studies was defined to validate the search string accuracy and whether it
was returning relevant results. “Search(ing) as a learning” was added because some papers used the terms
“search(ing) as a learning activity” or even “search(ing) as a learning process”.
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• The paper is a small extension of a different paper from the same authors (we
prioritize journals over conferences papers).

After defining the search string, we proceed to the conducting activity by consid-
ering the following steps:

1. Execution of the search string in the selected digital libraries and removal of du-
plicates, after merging the returned results.

2. Analysis of the papers by reading (i) title and abstract, (ii) introduction and con-
clusion, and (iii) full text and data extraction.

3. Application of backward and forward snowballing.

Fig. 1 depicts the result obtained based on these steps. Exclusion criteria were
assessed in step 2, in which the sub-steps (i) and (ii) were each applied by the first and
second authors, while sub-step (iii) was further subdivided among all the authors who
extracted data from the read papers. The last author analyzed divergences, doubting pub-
lications and excluded ones during sub-step (iii) in order to avoid research biases. In
step 3, the backward and forward snowballing technique was applied to find some papers
that were not covered by the search string. Thus, five papers were added to our dataset,
totaling 31 publications.

Figure 1. Results of the systematic conduction process.

4. Gathering the input variables around Searching as Learning

After the complete reading of the selected papers, we identified eight groups of variables.
Below we describe these groups and summarize them in a proposed classification.

User Prior Knowledge (PK) was largely used to represent the current learning
level of the user when accessing a formal educational environment. For instance, Al-Tawil
et al. (2019) assessed the user’s prior knowledge about a learning concept in order to offer
a utility tool aiming to increase user’s domain knowledge while exploring a data graph.
Besides, prior knowledge sometimes is represented by labels, such as Novice User and
Expert User, on the premise that these groups have divergent seeking behavior (Lu and
Hsiao, 2017). Finally, another way to represent a user’s prior knowledge is from cognitive
traits (Taibi et al., 2017). At this point, the user is assessed from specific pretests aiming
to categorize them into some taxonomy structured in levels of complexity of concepts.
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Demographic Information (DI) represents basic information of a user, such as
gender, spoken language, age, geographic occupation, and ethnicity. For example, Taibi
et al. (2017) set up user-specific language and local settings in order to get web pages from
a specific country and written in a specific language. Also, Yu et al. (2018) consider age
as a factor for building more complex queries. For instance, Piaget distinguishes stages of
cognitive development based on children’s age (Inhelder and Piaget, 1958). Besides that,
Azpiazu et al. (2017) only consider K-9 student for their solution, claiming that while the
use of search engines for learning tasks enhancement is usual, they are not designed for
children; thus some issues arise when it is used by this audience (Gossen et al., 2013).

Exploratory Search Activities (ESA) are variables related to the path taken by users
when exploring the search space. Exploratory search requires the user’s cognitive pro-
cessing and interpretation through scanning/viewing, comparing, and making qualitative
judgments (Marchionini, 2006). To formalize the states covered, some Information Seek-
ing models were used, such as Marchionini’s Exploratory Search Model (Marchionini,
2006), Information Foraging (Pirolli and Card, 1999), Berrypicking (Bates et al., 1989),
and Exploratory Search Knowledge Intensive Process taxonomy (Tibau et al., 2019b). For
instance, Tibau et al. (2018) investigate exploratory search by applying a model capable of
assisting the visualization of search patterns and identifying best practices associated with
users’ decision-making processes. Some variables are terms selection, query formulation,
query reformulation and query expansion.

Activities Variables (AV) are variables based on user’s navigation actions while
analyzing the resources recovered by their searches. This information is usually accessed
from consolidated quantitative log data. Examples of these variables are mouse usage
(clicks, mouse over, scroll position, scroll distance) (Ibieta et al., 2019, Yu et al., 2018);
eye-tracking data (e.g., eye-tracking fixation, reading duration) (Bhattacharya and Gwiz-
dka, 2019, Syed and Collins-Thompson, 2018); the number of queries, query diversity,
query complexity (Rieh et al., 2012); browsing (pages visited, pages saved, dwell time)
(Ibieta et al., 2019); click on a search result, clicks per query (Yu et al., 2018); and session
(duration of a search session, duration per query) (Yu et al., 2018). Most of the studies
that observed this type of variable were quantitative. The main motivation is to find a
correlation between these variables and learning.

Search Engine Feedback (SEF) group includes variables such as query suggestions
(e.g., “Did you mean” and query building while typing), word synonyms, grammar and
spell checking; and other IR strategies like query expansion (Lucchese et al., 2018) and
collaborative support (Soulier and Tamine, 2017). That is, it includes variables related
to the behavior of the search tool towards user actions. As an example, Azpiazu et al.
(2017) proposed a system – namely YUM, that presents a strategy that generates diverse
kid-oriented query suggestions.

Knowledge Domain Representation (KDR) group includes variables related to the
data model used to represent a set of concepts within a domain and the relationships
between them. They usually appear in the form of taxonomies and ontologies. For exam-
ple, Taibi et al. (2017) used the DBpedia knowledge base for cross-language interlinking
based on the concepts recognized in the user’s query.

Resource Cognitive Level (RCL) represents the cognitive level required to under-
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stand a resource to be returned by the search. It may be a representation of difficulty
calculated from feedback or adjusted by experts in the knowledge domain. However, it is
usually associated with levels of a taxonomy. For example, Al-Tawil et al. (2019) used
the cognitive level from Revised Bloom’s Taxonomy (Krathwohl, 2002) to assess learning
experiences over information seeking and search tasks.

Resource Features (RF) are variables related to characteristics of the resources
returned by a search system. For example, Syed and Collins-Thompson (2018) considered
web document features such as vocabulary difficulty, word count, number of images,
paragraph density, among others, in order to identify the relationship of these variables
with the final learning result in the short or long term. Shi et al. (2019) used this type of
variable to investigate the correlation between them and the quality of educational videos.
Document features could influence on learning experience and in some other factors such
as motivation (Rieh et al., 2016) and long term memory stimulus (Smith and Rieh, 2019).

We propose to organize these variables into three bigger dimensions, namely, User
Dimension, Interactive Dimension and Knowledge Domain Dimension:

User Dimension: This dimension encompasses the variables related to the
searcher who intends to learn. Variables related to this dimension are commonly
used to promote contextualized recommendations during information retrieval or
to understand user’s search behavior. We allocated User Prior Knowledge and
Demographic Information here;
Interaction Dimension (ID): This dimension encompasses the variables that rep-
resent the interaction between the searcher and information enabled by a search
tool during the execution of learning-driven tasks. We allocated Exploratory
Search Activities, Activities Variables and Search Engine Feedback here;
Knowledge Domain Dimension (KDD): This dimension is related to the knowl-
edge domain base where the user is searching to acquire learning. The search en-
gine implicitly provides these variables, without the user’s concern, or explicitly
when the user is aware of the system’s action. We allocated Knowledge Domain
Representation, Resource Cognitive Level, and Resource Features here.

5. Concluding Remarks

This paper presented a systematic mapping of the literature on SAL proposals based on
the variables that were observed to be used as input to support searching as a learning
process. Based on these variables, we inferred three dimensions to classify the studies,
namely, User Dimension, Interaction Dimension and Knowledge Domain Dimension.

The classification of the studies (Table 1), provides some insights about SAL. We
can note the many of the works consider the users’ personal information for a possible
personalization of the information. It is in line with other areas, focused on online learn-
ing, that postulate that instruction should be individualized according to the characteristics
and needs of each student. Also, the use of prior knowledge indicates that it is necessary
to understand the user’s current state of knowledge to offer more assertive resources since
the complexity of the information directly influences learning and motivation. However,
informal systems need to create strategies to gather and use such information to provide
appropriate instruction if a learning support system during the search process is the target.

IX Congresso Brasileiro de Informática na Educação (CBIE 2020)
Anais do XXXI Simpósio Brasileiro de Informática na Educação (SBIE 2020)

1398



Table 1. Classification of the selected studies according to the variables involved
in SAL processes.

Dimension Variables Papers

User
Dimension

PK

(Lu and Hsiao, 2017), (Taibi et al., 2017), (Syed and Collins-Thompson, 2018), (Syed
and Collins-Thompson, 2016), (Jansen et al., 2009), (Yu et al., 2018), (Al-Tawil et al.,
2019), (Rieh et al., 2012), (Sendurur et al., 2019) (Tibau et al., 2018), (Azpiazu et al.,
2017), (Karanam and van Oostendorp, 2016), (Wilson et al., 2016), (Crescenzi, 2016),
(Mao et al., 2016), (Bhattacharya and Gwizdka, 2019), (Ibieta et al., 2019), (Biletskiy
et al., 2009), (Pereira et al., 2019)

DI (Taibi et al., 2017), (Azpiazu et al., 2017), (Ibieta et al., 2019), (Yilmaz et al., 2019),
(Biletskiy et al., 2009), (Lu and Hsiao, 2017), (Moraes et al., 2018)

Interaction
Dimension

ESA
(Tibau et al., 2018), (Lu and Hsiao, 2017), (Moraes et al., 2018), (Ghosh et al., 2018),
(Bhattacharya and Gwizdka, 2019), (Yu et al., 2018), (Ibieta et al., 2019), (Vakkari et al.,
2019), (Biletskiy et al., 2009)

AV
(Bhattacharya and Gwizdka, 2019), (Yu et al., 2018), (Rieh et al., 2012), (Karanam and
van Oostendorp, 2016), (Ibieta et al., 2019), (Vakkari et al., 2019), (Wilson and Wilson,
2013), (Maxwell et al., 2019)

SEF (Azpiazu et al., 2017), (Syed and Collins-Thompson, 2016), (Weingart and Eickhoff,
2016), (Ibieta et al., 2019)

Knowledge
Domain
Dimension

KDR
(Taibi et al., 2017), (Al-Tawil et al., 2019), (Biletskiy et al., 2009), (Syed and Collins-
Thompson, 2018), (Ibieta et al., 2019), (Ghosh et al., 2018), (Karanam and van Oosten-
dorp, 2016), (Vakkari et al., 2019), (Tibau et al., 2019a), (Tolmachova et al., 2019)

RCL
(Ghosh et al., 2018), (Syed and Collins-Thompson, 2018), (Syed and Collins-Thompson,
2016), (Smith and Rieh, 2019), (Yu et al., 2018), (Al-Tawil et al., 2019), (Pereira et al.,
2019)

RF
(Syed and Collins-Thompson, 2018), (Biletskiy et al., 2009), (Moraes et al., 2018), (Taibi
et al., 2017), (Ghosh et al., 2018), (Weingart and Eickhoff, 2016), (Vakkari et al., 2019),
(Wilson and Wilson, 2013), (Shi et al., 2019), (Fails et al., 2019)

The Interaction Dimension introduces a new layer of observation when comparing
SAL to other areas that target only the learner and the content. This dimension show us
that users must be assisted during the entire search session as learning takes place dur-
ing this exploratory interaction. Future research should aim at this dimension in order
to understand how search engines can support users in choosing better search terms, to
avoid irrelevant content according to their intents, and to be aware when they are having
comprehension problems or is struggling to formulate new queries and then act accord-
ingly. Finally, considering the Knowledge Domain Dimension, we believe that semantic
representations should be the basis of representation to improve the assimilation of user
questions and to deliver richer content. Besides, in agreement with Hoppe et al. (2018),
we believe that multimodal characteristics of multimedia content should be explored since
this type of content is widely accepted in the learning context, especially in higher levels
of the Bloom’s Taxonomy (i.e., analyze, evaluate and create) (Krathwohl, 2002).

As future work, we intend to verify the influence of these variables on the learning
evolution of users during search activities. Furthermore, it is important to correlate these
variables with learning paradigms since Searching as Learning is about learning, so the
proposed solutions must be based on learning theories and approaches.
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Sendurur, E., Efendioğlu, E., Senturk, H., and Calıskan, N. (2019). High achievers’ web
searching behaviors and patterns in two different task types. Journal of Educational
Multimedia and Hypermedia, 28(2):217–238.

Shi, J., Otto, C., Hoppe, A., Holtz, P., and Ewerth, R. (2019). Investigating correlations of
automatically extracted multimodal features and lecture video quality. In Proceedings
of the 1st International Workshop on Search as Learning with Multimedia Information,
pages 11–19.

Smith, C. L. and Rieh, S. Y. (2019). Knowledge-context in search systems: toward
information-literate actions. In Proceedings of the 2019 Conference on Human In-
formation Interaction and Retrieval, pages 55–62.

IX Congresso Brasileiro de Informática na Educação (CBIE 2020)
Anais do XXXI Simpósio Brasileiro de Informática na Educação (SBIE 2020)

1401



Soulier, L. and Tamine, L. (2017). On the collaboration support in information retrieval.
ACM Computing Surveys, 50(4):1–34.

Syed, R. and Collins-Thompson, K. (2016). Optimizing search results for educational
goals: Incorporating keyword density as a retrieval objective. In SAL@ SIGIR.

Syed, R. and Collins-Thompson, K. (2017). Retrieval algorithms optimized for human
learning. In Proceedings of the 40th International ACM SIGIR Conference on Research
and Development in Information Retrieval, pages 555–564.

Syed, R. and Collins-Thompson, K. (2018). Exploring document retrieval features associ-
ated with improved short-and long-term vocabulary learning outcomes. In Proceedings
of the 2018 Conference on Human Information Interaction & Retrieval, pages 191–200.

Taibi, D., Fulantelli, G., Marenzi, I., Nejdl, W., Rogers, R., and Ijaz, A. (2017). Sar-
web: a semantic web tool to support search as learning practices and cross-language
results on the web. In 2017 IEEE 17th International Conference on Advanced Learning
Technologies (ICALT), pages 522–524. IEEE.

Tibau, M., Siqueira, S., and Nunes, B. P. (2019a). A comparison between entity-centric
knowledge base and knowledge graph to represent semantic relationships for searching
as learning situations. In Anais dos Workshops do Congresso Brasileiro de Informática
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