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Abstract

:

Faceted Search Systems (FSSs) have gained prominence as one of the dominant search approaches in vertical search systems. They provide facets to educate users about the information space and allow them to refine their search query and navigate back and forth between resources on a single results page. Despite the importance of this problem, it is rare to find studies dedicated solely to the investigation of facet ranking methods, nor to how this step, aside from other aspects of faceted search, affects the user’s search experience. The objective of this survey paper is to review the state of the art in research related to faceted search systems, with a focus on existing facet ranking approaches and the key challenges posed by this problem. In addition to that, this survey also investigates state-of-the-art FSS evaluation frameworks and the most commonly used techniques and metrics to evaluate facet ranking approaches. It also lays out criteria for dataset appropriateness and its needed structure to be used in evaluating facet ranking methods aside from other FSS aspects. This paper concludes by highlighting gaps in the current research and future research directions related to this area.






Keywords:


facet ranking; facets; faceted search; faceted search systems












1. Introduction


Faceted search is one of the mainstream search paradigms in vertical search engines. In addition to famous look-up search systems, faceted search systems (FSS), also known as faceted browsing or faceted navigation systems, provide an alternative way for the user to navigate through the search space. In this context, facets are attributes or meta-data that describe the underlying content collection. Faceted search is the de facto search approach for many domain-specific search engines such as e-commerce and e-tourism. The primary distinction between faceted search and other forms of web search is that users can explore the information space through facets. To do this, the searcher uses the facets as filters to navigate the data and learn more about the research area in general.



As the magnitude of data in a collection increases, the number of facets and their values become impractical to display in a single page. Providing users with too many facets has been shown to overwhelm and distract them [1,2,3]. Existing faceted browsers overcome this problem by either displaying a small number of facets and making the rest accessible through a ‘more’ button or by displaying only the facet titles without the values, and if the user is interested in a facet, they can click on the title to view its values. In either case, ranking the top facets is required as it guides the searcher in understanding the main aspects of the information space being explored.



Although faceted search is an area that is heavily studied in the literature, it is rare to find studies dedicated solely to the investigation of facet ranking methods, nor to how this step, aside from other aspects of faceted search, affects the user’s search experience. It is usually considered a complementary step to the facet generation process. This paper aims to cover existing FSS literature with a focus on the methods used in facet ranking, how they can be evaluated, and the impact of this step on the search process.



To conduct the survey, a systematic approach was employed to collect relevant publications from the selected academic research engines. The survey paper collected publications from various reputable academic research engines such as Google Scholar, ACM, Springer, IEEE Access, Semantic Scholar, and Microsoft Academic. To ensure comprehensive coverage, several keywords were utilized in the search process, including ‘Facets’, ‘Faceted Search’, ‘Faceted Browsing’, ‘Faceted Systems’, and ‘Facet Ranking’. The search process involved setting a specific time frame or searching window, which spanned from the year 2000 to the year 2023, ensuring that the survey included the most recent publications within a defined timeframe.



To narrow down the search results and ensure relevance, various filtering criteria were utilized. These criteria may have included limiting the search to peer-reviewed journal articles, conference proceedings, and scholarly publications. Additionally, filters such as language, publication type, and relevance to the topic were applied to refine the results.



To enhance the comprehensiveness of the survey, the search strategy was not solely reliant on the research engines. Additional efforts were made to identify influential authors in the field and track their contributions. This was achieved by following the publications of these authors and investigating their works for relevant papers that may not have been captured in the initial search results.



Moreover, citation analysis was conducted on the highly influential papers identified during the search process. By examining the citations of these papers, additional relevant publications were identified, allowing for more comprehensive coverage of the most recent work in the research domain.



Overall, this methodology employed a combination of systematic literature search techniques, filtering criteria, author tracking, and citation analysis to ensure a thorough and up-to-date collection of publications for the survey.



This survey begins with a brief overview of faceted search systems in general, what they are, how they operate, and examples of existing systems. In addition to that, key FSS aspects relevant to the facet ranking problem are covered in Section 2, including information need, user interaction, the search process, underlying data structures, and the information needs within FSSs. Other FSS aspects, such as query understanding, data indexing, and visualization, are important for the user experience, but they are outside the scope of this survey as they have less impact on the facet ranking process. Figure 1 illustrates the key FSS aspects which impact the facet ranking process and are therefore addressed in this survey.



This is followed by Section 3, which focuses on introducing facets, their definition, and how they are classified in the literature. It also draws attention to the facet generation phase in more detail due to its impact on the facet ranking process. Section 4 is dedicated to reviewing existing approaches to facet ranking found in the literature. These can broadly be classified into personalized and non-personalized ranking methods. The section provides a discussion of the benefits and drawbacks of each approach. The next section in this article, Section 5, covers the most commonly adopted evaluation strategies and metrics used in FSS and focuses on how facet ranking can be evaluated aside from other FSS components. It also discusses how the domain and search task choices affect the evaluation process. Finally, the survey is concluded with a summary of the FSSs literature in Section 6. It also highlights the current and open research directions in this field.




2. Faceted Search


Faceted search refers to a family of look-up systems which enable users to explore, digest, analyze, and navigate through complex multidimensional information spaces [4]. It provides an easy to use interaction paradigm for users in which they use common metadata or attributes (facets) to browse the information objects being searched. Several studies have found that users like faceted search systems, they found them intuitive and easy to use [2,5].



The browsing paradigm for user interaction in information seeking systems emerged in the literature as early as the 1930s. It was originally based on facet analysis theory introduced by mathematicians in information sciences. This theory was further developed and widely adopted later in the field of information retrieval, where it gained popularity [6]. Currently, faceted search is the dominant approach used in vertical search domains such as e-commerce websites, e-tourism websites and digital libraries. Terminology-wise, faceted search is also mentioned in the literature as faceted browsing, faceted navigation, multifaceted search, or guided navigation [4,6].



Formally, Tzitzikas et al. [7] define faceted search as:




“Asession-based interactive method for query formulation (commonly over a multi-dimensional information space) through simple clicks that offers an overview of the result set (groups and count information), never leading to empty results sets.”





Figure 2 shows an example of a faceted search system for Wikipedia that utilizes DBpedia relationships [8]. The system is called Faceted Wikipedia Search. Faceted search refers to a family of look-up systems which enable users to explore, digest, analyze, and navigate through complex multidimensional information spaces [4]. It provides an easy-to-use interaction paradigm for users in which they use common metadata or attributes (facets) to browse the information objects being searched. Several studies have found that users like faceted search systems; they found them intuitive and easy to use [2,5].



The browsing paradigm for user interaction in information-seeking systems emerged in the literature as early as the 1930s. It was originally based on facet analysis theory introduced by mathematicians in information sciences. This theory was further developed and widely adopted later in the field of information retrieval, where it gained popularity [6]. Currently, faceted search is the dominant approach used in vertical search domains such as e-commerce websites, e-tourism websites, and digital libraries. Terminology-wise, faceted search is also mentioned in the literature as faceted browsing, faceted navigation, multifaceted search, or guided navigation [4,6].



Formally, Tzitzikas et al. [7] define faceted search as:




“Asession-based interactive method for query formulation (commonly over a multi-dimensional information space) through simple clicks that offers an overview of the result set (groups and count information), never leading to empty results sets.”





Figure 2 shows an example of a faceted search system for Wikipedia that utilizes DBpedia relationships [8]. The system is called Faceted Wikipedia Search. The interface displays the facets and their values on the left side of the screen. Facets based on the type of the searched objects are displayed first in a separate box (Item Type Selection), followed by other groups of facets. The interface displays the facets and their values on the left side of the screen. Facets based on the type of the searched objects are displayed first in a separate box (Item Type Selection), followed by other groups of facets.



In Faceted Wikipedia Search, facet values are ordered by count. The interface presents the three facet values with the highest count for display and makes the remaining values for each facet available through a ‘more’ button. The top panel in the middle helps to keep track of the selected facets, whilst the middle of the page shows a ranked list of resources that satisfy the currently applied facet filters or conditions.



2.1. The Search Process


The search process in a typical FSS involves a number of iterative steps [4], in which the searchers can:




	
Type or refine a search query, or



	
Navigate through multiple, independent facet hierarchies that describe the data by drill-down (refinement) or roll-up (generalization) operations.








In an FSS which supports search queries (for example [9] and others), a typical usage scenario starts with the user entering a search query. The system processes this query to find a list of relevant resources. These resources can be RDF entities, documents, or multimedia objects, depending on the underlying information representation. In case the FSS does not support keyword search queries, initially, all the information space is considered relevant, and the first page is populated with the same starting documents each time.



Regardless of the nature of the data, FSSs assume that the data have attributes in common. The next step is to generate a set of common facets and their values. The facet values are then collected, grouped, counted, and can be organized into hierarchies. For example, if the facet values are dates, the system can try to find the best grouping by year, month, or day.



This organization gives a better understanding of the data distribution, and it is useful for minimizing the drill down time. After that, an appropriate label for each facet and its values are produced and used in the display. At this stage, the initial page is populated, and from this point forward, the user starts navigating and exploring the data [1,5,7,10,11,12,13,14,15,16,17].




2.2. User Interaction Model


A user begins an interaction with the FSS after the first page is populated with data. A typical FSS user interface allows the user to select and deselect facets and to filter the search results according to the currently selected set of facets. Such interfaces allow the user to add more than one facet in order to narrow down or restrict the search results. Users can also remove one or more facets from the current selection set in order to broaden or expand the search results. Providing users with the means to select and deselect multiple facets enables them to build complex filtering conditions to satisfy their search needs [4,7].



To avoid the user from feeling lost in the system, the current set of applied filters is displayed at all times. This is important in allowing the user to identify the current search state. At the same time, it also supports the user in deciding which action should be performed next. As soon as the searcher performs any action on the facets or search results, the FSS reflects this in the results in an interactive and responsive manner regardless of the data size or scale.



Moreover, at any state of the search session, since the search result set will never be empty, the FSS continuously aggregates, groups and organizes the searched objects in a meaningful and concise way. This improves the usability of the system and gives the searcher the ability to learn and understand the information space being searched [2,5,18,19,20] and others.




2.3. Information Needs


From the perspective of user information needs, FSSs can be divided between two classes: precision-oriented systems and recall-oriented systems [7].



2.3.1. Precision-Oriented Systems


In precision-oriented systems, users look for one target resource. For example, in e-commerce systems, the user’s intention is to locate a specific product to buy. The user intent might be meta information about a single or specific resource, such as the location of a specific store. In these systems, the FSS supports the user by presenting only relevant results and helps them to narrow down the information space quickly without becoming lost in the system. User Interface (UI) in this category should guide the user by presenting the relevant search results in a concise and focused manner.



The search task, in this case, is usually well-defined; users know what they are looking for and can recognize the sought resources and their associated facets as soon as they see them. An FSS in this category aims at finding methods to minimize user effort and time spent in locating the desired resource.



As mentioned earlier, precision-oriented systems are widely adopted in the e-commerce domain, examples are [21,22]. Technical support is another domain where FSSs have been developed to help support personnel in locating a specific troubleshooting document through facets, e.g., in order to help a customer resolve a complaint [23,24].




2.3.2. Recall-Oriented Systems


On the other hand, recall-oriented FSSs are exploratory in nature. They aim at educating users about the information space being searched, where users are typically interested in locating a group or set of resources related to their information needs rather than a single resource (like in precision-oriented systems). Users of recall-oriented FSSs carry out educational, investigative, or exploratory search tasks.



An FSS which belongs to this category implements advanced visualization, aggregation, and summarization techniques to support complex user interaction needs. Aggregation and summarization techniques help the searcher to gain insights about the content and its organization. These tools are also needed to support user navigation by going back and forth to explore sub-spaces of the data being searched in a responsive and flexible manner.



Search tasks in recall-oriented FSS are open-ended, iterative, incremental, target multiple items or attributes, and involve uncertainty since users do not know what they are looking for. The user gains knowledge and is able to focus their search intentions as they browse the data.



Examples of recall-oriented systems include [20,25]. Another system called Hippalus [16] investigated a search task in the politics domain, in which users were asked to educate themselves about the political parties participating in the elections. This task had no defined final target, and each user could take a different path to achieve it.



Digital libraries are another domain where most search tasks are recall-oriented. In this setting, a user engages with a FSS to learn about a topic of interest [26,27,28].



Identifying the type of information need in a search task has a major impact on the type of FSS that should be used. The information need governs which parts of the information space should be presented to the user and in which order. It also determines whether the FSS should aggregate and summarize all data and facilitate exploration for recall-oriented search or whether it should locate and focus only on relevant portions of the information space to present it to the user in a precision-oriented search.



This decision also affects how the search system should be evaluated; in recall-oriented systems, the user spending more time and interacting more with the system can be a good sign. By contrast, in precision-oriented systems, this can be a sign of a poorly designed FSS, as these systems aim at helping users to finish their information-seeking task as quickly as possible with minimum effort. Such systems target minimizing user effort to find the desired relevant resource.





2.4. Underlying Data Structure


The data structures used by an FSS can be categorized into three main categories:




	
Structured data: The underlying dataset is derived from well-structured knowledge graphs or linked data. Resources in this case are entities, with facets and their values collected from the entities’ types, ontologies, attributes, or properties. Faceted browsing is the de facto standard for navigating structured datasets [7].



However, faceted browsers based on knowledge bases still struggle when dealing with large volumes of triples. These methods require extensive querying of the triple stores to collect data about the facets and their values in order to support dynamic and interactive interfaces. Therefore, most of the systems adopting this approach are evaluated on small, domain-specific ontologies [1,7,16,20].



Several software engineering and architectural considerations are involved in deciding how the data should be stored and retrieved in RDF stores in an interactive and responsive manner. In some cases, tools such as Facetize have been developed to prepare and transform structured data for faceted search [29]. Examples of an FSS operating on this kind of dataset can be found in [1,8,9,16,20].



	
Unstructured data: These datasets contain unstructured data, e.g., for example, audio, images, or text such as web pages or user tweets. This data often shares some common characteristics with structured data which can be deemed as facets. Special techniques to process this data, according to the data type and search task, to extract facet values from the data are deployed. The design of these extraction methods often needs to take into account aspects such as processing time and algorithm complexity for extracting features from this kind of data. Example systems include [14,30,31,32].



	
Semi-structured data: Semi-structured resources are objects that have some structured attributes or metadata but are also associated with unstructured data, e.g., long textual research papers, images, or audio files. The majority of facets in these datasets are obtained from the structured part of the data (i.e., attributes and their values). However, in some cases, they can also be extracted or generated from the unstructured part, e.g., top keywords in a research paper for an academic search engine. Example systems include [3,19,33,34,35,36].








The underlying information structure in an FSS determines how the facets are extracted. In structured datasets, it is a straightforward process since the facets and their values are directly collected from the properties of the resources. The FSS is then responsible for filtering, aggregating, organizing, and ranking the facets before presenting them to the searcher. An additional step is added in FSS functioning on semi-structured and unstructured datasets to generate facets or their values. Several algorithms can be employed for this purpose depending on the search domain and search task. Considerations related to how the extracted filters will be applied to navigate the data are also important when designing these systems. They include the risk of propagating errors from the facet generation phase to the following phases of FSS. On the other hand, facet ranking methods can also utilize semi-structured datasets without having to generate the facets. In this case, facets and their values can be extracted from the structured section of the data. However, the unstructured part is utilized to generate useful features for facet ranking [37].





3. Facets


3.1. What Is a Facet?


The word facet means ‘little face’ and is used to describe the different attributes of the object. The term facet originated from Facet Theory [6] and has been extended to be used in information science. Recently, the term has been interpreted to refer to the aspects or dimensions which describe an item or information object in IR literature. Multiple independent facets, in the faceted search context, provide alternative ways of referring to the same item [6].



Facets can be used as conditional filters that facilitate browsing the information space with respect to different attributes of objects. When using such as browser, the user selects facets to “zoom into” or narrow the search results, or they can deselect facets to “zoom out”, in this way widening the search scope. They can also move from one set of resources to another using multiple navigation routes.



A recent user study aimed at understanding faceted search from the human perspective [2]. This study noted that users interact with facets from the beginning to the end of their search session. In these experiments, the authors found that searchers employ facets distinctively at different stages of the search process and that they also use the facets implicitly without applying them to the search results. In this case, facets support the searchers in learning and understanding the information space they explore. It was also observed in their findings that although most participants liked faceted search, some of them were concerned about the choice overload introduced by facets. This potential for confusion or overload illustrates the importance of carefully selecting and ranking the most relevant facets to the users.



In the IR literature, the term ‘facet’ is used to denote the criteria or the field in the resource to which the filtering will be applied. In relation to this, the term ‘facet value’ refers to the specific literal or entity value used when deciding if the resource should be included in the result set or not based on this facet. For example, in the library domain, a book’s author, title, and publication year are considered facets. The facet values, in this case, might be, for example, William Shakespeare, Romeo and Juliet, and 1595.



Niu et al. [2] argue that facets should not be confused with traditional search filters. Although the authors acknowledge that they share some common characteristics, since they are both used to exclude items that do not satisfy certain criteria, they are different. Facets cover several dimensions of the data, whereas search filters are simply applied to a single dimension.



In addition to this, facets extend the concept of filtering by covering complex data structures and hierarchies. Furthermore, they aid the user in learning and understanding the information space being searched. They also educate the user about what is available and provide a means to reach and explore the data.




3.2. Different Facet Types


Since facets are associated with a complex variety of data structures, several categorizations can be used to classify facets and their values. From a UI design perspective, Vandic et al. [21] classified facets based on the data type of the facet values they contain. According to their classifications, facets can be either Qualitative or Numeric facets. Examples of numeric facets are age and price, which contain only numerical values. Where qualitative facets are further classified into Nominal facets and Boolean facets. Boolean facets can have the values True, False, or unspecified, whereas nominal facets contain any number of literal values, e.g., product display type or movie director.



From another perspective, facets can also be categorized according to the structure of the facet values belonging to this facet [38]. Facet values can be flat, e.g., author names or colors of t-shirts, or hierarchical, e.g., the facet country with a value equal to ‘Ireland’, which belongs to ‘Europe’ in the countries taxonomy. Facet values can also be grouped into ranges, such as product price range or event dates grouped by year.



Tzitzikas et al. [7] categorized facets extracted from structured or semantic data into two main groups. In the first group, facets are extracted from isA or isSubClassOf relationships and are called Type-based Facets (t-facets). They identify types of resources in the information space. The values, in this case, can be flat, but most commonly, they belong to a multilevel taxonomy. In this case, they are also called Hierarchical Facet Categories [39].



In the second group, facets that are collected from other entity attributes or relationships with other entities are called Property-based Facets (p-facets). In contrast to the previous group, p-facets often have flat values, but they can also belong to a hierarchical taxonomy, although this is less frequently the case.



This categorization is applicable to the majority of FSSs (see Table 1) and can be adopted regardless of the underlying data structure used, i.e., beyond the semantic data representation. Structured data which involve resources with several classes can have t-facets driven from the types taxonomy. Some faceted browsers utilize only t-facets, especially when they operate on resources with rich hierarchical taxonomies.



Hearst introduced an FSS, which uses several t-facets to navigate food recipes [39]. The author suggested using multiple categorical t-facets rather than employing one large taxonomy. Other examples of systems using only t-facets are [40,41,42].



One key challenge for systems adopting t-facets is that the hierarchical taxonomy from which the t-facets are derived needs to be predefined. In the case of structured data, this taxonomy can be generated from the class ontology. In other cases, the taxonomies are manually defined by the owners of the FSS.



In the absence of an existing taxonomy, general ones such as WordNet are adopted in the literature; this involves a mapping step from resources to their corresponding WordNet types [5,38,39,43]. FacetX also attempts to overcome the taxonomy limitation by automatically constructing a taxonomy from retrieved top results [42].



Other FSSs use the two facet types but handle them separately by showing the t-facets first, so the searcher can determine the type of resources first before looking into other p-facets [8,10]. DFS [38] ranks the top t-facets first and then selects the top p-facets for each t-facet to be presented to the end user. The idea of grouping and presenting t-facets hierarchically first before other p-facets, is widely followed by e-commerce and shopping websites, where customers choose the department they are interested in first and then use other attributes to filter the search results.



Other FSSs which are based on a single resource type usually use only p-facets. The majority of the remaining FSSs mix the two facet types and handle them in the same way [30,32,36,44], many others are reported in the summary Table 1 at the end of this paper.



Understanding the characteristics of the facets in the system is crucial to the development of the FSS. It affects both the back-end design of how facets are retrieved, grouped, and ranked. It also dictates how the conditional filtering occurs on the data. On the other hand, from a front-end perspective, different organization and visualization techniques can be chosen to present the facet according to their facet values, types, and structure.



[image: Table] 





Table 1. Summary of Faceted Search Systems in the Literature.






Table 1. Summary of Faceted Search Systems in the Literature.





	
Method Name

	
Year

	
Information Need

	
Data Structure

	
Domain

	
Evaluation

	
Facets




	
Types

	
Ranking

	
Handling

	
Generation






	
Flamenco [5]

	
2003

	
R

	
Semi

	
Images

	
T

	
F

	
A

	
Same

	
-




	
OntoViews [11]

	
2004

	
R

	
Yes

	
Museums

	
-

	
F

	
M

	
Diff

	
M




	
Dakka et al. [43]

	
2005

	
-

	
Semi

	
Images + TV + Web

	
O

	
TF

	
IS

	
-

	
NLP




	
Faceted Categories [39]

	
2006

	
R

	
No

	
Food

	
T

	
TF

	
A

	
-

	
-




	
MSpace [13,45]

	
2006

	
R

	
Yes

	
Music

	
S

	
F

	
M + U

	
Same

	
Attr.




	
BrowseRDF [1]

	
2006

	
P

	
Yes

	
Digital Libraries+Criminal Records

	
T

	
F

	
IS

	
Same

	
Attr.




	
Koren et al. [3]

	
2008

	
P

	
Semi

	
Movies

	
S

	
F

	
CF + U

	
Same

	
Attr.




	
AFGF [40]

	
2010

	
P

	
No

	
Medical+Digital Libraries

	
O

	
TF

	
IS + C + Q

	
-

	
NLP




	
Facetedpedia [10]

	
2010

	
R

	
Yes

	
Wikipedia

	
T

	
F

	
IS + Q

	
Diff.

	
Attr.




	
Zowl et al. [46]

	
2010

	
P

	
No

	
Images

	
S

	
F

	
L

	
Same

	
NLP + EL




	
Faceted Wikipedia [8]

	
2010

	
R

	
Yes

	
Wikipedia

	
-

	
F

	
IS

	
Same

	
Attr.




	
Factic [15,47]

	
2010

	
P

	
Yes

	
Digital Libraries + Jobs + Images

	
T

	
F

	
U + L

	
Same

	
Attr.




	
FACeTOR [48]

	
2010

	
P

	
Semi

	
Cars + Movies

	
T

	
F

	
IS

	
Same

	
Attr.




	
AdaptiveTwitter [30]

	
2011

	
P

	
No

	
Social Media

	
S

	
F

	
U

	
Same

	
NLP




	
Let et al. [18]

	
2012

	
R

	
Yes

	
General Web

	
-

	
F

	
U

	
Same

	
Attr.




	
IOS [49]

	
2012

	
R

	
No

	
Digital Libraries + Fishery

	
T

	
TF

	
IS

	
-

	
EL




	
Faccy [22]

	
2013

	
P

	
Semi

	
E-commerce

	
S

	
F

	
IS + Q

	
Same

	
Attr.




	
Sah and Wade [25]

	
2013

	
R

	
Yes

	
Tourism

	
-

	
TF

	
U + C

	
-

	
Attr.




	
Liberman and Lempel [50]

	
2014

	
P

	
Semi

	
General Web

	
S

	
TF

	
L

	
-

	
M




	
FWS [14]

	
2014

	
-

	
No

	
General Web

	
S

	
TF

	
C + Q

	
-

	
NLP




	
FacetTree [51]

	
2014

	
R

	
Semi

	
Digital Libraries

	
T

	
F

	
-

	
Same

	
M + NLP




	
FeRoSA [26]

	
2016

	
R

	
Semi

	
Digital Libraries

	
T

	
F

	
M

	
Same

	
-




	
Hippalus [16]

	
2016

	
R

	
Yes

	
Politics + Sports + Marine

	
T

	
TF

	
M + U

	
Same

	
M




	
Vandic et al. [21]

	
2017

	
P

	
Semi

	
E-commerce

	
S

	
F

	
Q + IS

	
Same

	
Attr.




	
Facet Embeddings [27]

	
2017

	
R

	
No

	
Digital Libraries

	
O

	
TF

	
C

	
-

	
NLP




	
SemFacet [20,52]

	
2017

	
R

	
Yes

	
E-commerce

	
O

	
F

	
IS

	
Same

	
Attr.




	
SemanticScholar [19,28]

	
2018

	
R

	
Yes

	
Digital Libraries

	
-

	
F

	
IS

	
Same

	
Attr.




	
Bivens et al. [23]

	
2019

	
P

	
No

	
Technical Support

	
-

	
F

	
Q + U

	
Same

	
-




	
Feddoul et al. [53]

	
2019

	
R

	
Yes

	
Wikidata

	
T

	
F

	
IS

	
Same

	
Attr.




	
NaLa-Searc [44]

	
2020

	
P

	
Yes

	
Medical

	
T

	
F

	
-

	
Same

	
Attr.




	
Chantamunee et al. [36]

	
2020

	
P

	
Semi

	
Movies

	
S

	
F

	
CF

	
Same

	
Attr.




	
DFS [24,38]

	
2020

	
P

	
No

	
Technical Support

	
S

	
F

	
Q

	
Diff.

	
NLP + EL




	
FacetX [42]

	
2020

	
P

	
No

	
Jobs + Food + Movies

	
-

	
TF

	
-

	
-

	
NLP




	
Ali et al. [37,54,55]

	
2021

	
P

	
Semi

	
Tourism

	
S

	
T

	
U

	
-

	
Attr.




	
He et al. [56]

	
2021

	
R

	
No

	
Email Search

	
T

	
F

	
U + IS

	
Diff.

	
NLP




	
HSEarch [32]

	
2021

	
P

	
No

	
Medical

	
T

	
F

	
IS

	
Same

	
NLP + EL




	
PreFace [41,57]

	
2021

	
R

	
No

	
Digital Libraries

	
T

	
TF

	
Q + IS

	

	
NLP + EL




	
Glass et al. [58]

	
2021

	
P

	
No

	
Technical Quality Assurance

	
S

	
F

	
Q

	
Same

	
NLP




	
RelFacet [59]

	
2021

	
R

	
Yes

	
DBpedia

	
T

	
PF

	
IS

	
-

	
Attr.




	
Knowledge Explorer [60]

	
2022

	
R

	
Yes

	
Geospatial

	
-

	
F

	
M + A

	
Diff.

	
Attr.




	
Schoegje et al. [61]

	
2022

	
R

	
No

	
Government

	
T

	
F

	
A

	
Same

	
M




	
Gollub et al. [62]

	
2023

	
R

	
Yes

	
DL

	
T

	
F

	
IS

	
Same

	
Attr.




	
Relatedly [63]

	
2023

	
R

	
No

	
DL

	
T

	
F

	
M + Q

	
Diff.

	
M + NLP




	
Sampo UI [64,65]

	
2023

	
R

	
Yes

	
DL + Art + Law + War

	
T

	
F

	
A + IS

	
Same
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