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This study examined the semantics of query reformulations in relation to age and task difficulty. Task difficulty was manipulated using a metric called task preciseness defined as the semantic similarity of the task description with the content of the target page(s) containing the answer. A behavioral experiment was conducted in which 24 younger adults and 21 older adults solved six low precise and six high precise information search tasks. The behavioral outcomes were found to be in line with preceding work indicating that the metric was successful in differentiating different levels of task difficulty. Analysis of the semantic relevance of queries showed that for low precise tasks, the queries generated by younger adults had significantly higher mean semantic relevance than that of older adults whereas for high precise tasks, it was the other way round. When analyzed across reformulations, it was found that the mean semantic relevance of queries generated by older adults, decreased for both low and high precise tasks. For younger adults, it remained constant for high precise tasks and even increased for low precise tasks. Implications of these findings for the design of information search systems are discussed.

Introduction

Searching for information on the Internet is a complex cognitive activity involving a number of cognitive processes such as attention, comprehension, decision making and problem solving. Naturally, these cognitive processes are in turn affected by a number of cognitive factors such as age [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF], domain knowledge [START_REF] Monchaux | Query strategies during information searching: Effects of prior domain knowledge and complexity of the information problems to be solved[END_REF], experience with the Internet [START_REF] Wood | Exploration of the relative contributions of domain knowledge and search expertise for conducting internet searches[END_REF] etc., leading to wide variations in the adoption of the Internet and its efficient use. The focus of this paper is particularly on the effect of aging on information search performance. Older adults are now one of the fastest growing users of the Internet [START_REF] Aula | User study on older adults' use of the Web and search engines[END_REF][START_REF] Dinet | Older people as information seekers: Exploratory studies about their needs and strategies[END_REF]. The Internet is known to decrease isolation by enabling alternate means of communication with near and dear, foster independence, enhance attention and memory [START_REF] Slegers | Computer use in older adults: determinants and the relationship with cognitive change over a 6year episode[END_REF], and keep the mind active, thereby increasing overall health and well-being of the elderly [START_REF] Mellor | Can the Internet Improve the Well-being of the Elderly?[END_REF].

However, a number of barriers still exist preventing large scale adoption and usage of the Internet by the elderly. Older adults are known to be slow and less efficient when using the Internet because of their natural decline in motor skills and fluid intelligence involving processing speed, cognitive flexibility or ability to switch processing strategies, attentional control and visuospatial span [START_REF] Horn | The Theory of Fluid and Crystallized Intelligence in Relation to Concepts of Cognitive Psychology and Aging[END_REF][START_REF] Horn | Age differences in fluid and crystallized intelligence[END_REF][START_REF] Wang | Changes in fluid and crystallized intelligence across the 20-to 90-year age range on the K-BIT[END_REF]. Crystallized intelligence, on the other hand, increases and/or becomes more stable with aging. Crystallized intelligence involves prior knowledge, experience and vocabulary skills. Therefore it is often higher for older adults compared to younger adults [START_REF] Horn | The Theory of Fluid and Crystallized Intelligence in Relation to Concepts of Cognitive Psychology and Aging[END_REF][START_REF] Horn | Age differences in fluid and crystallized intelligence[END_REF][START_REF] Wang | Changes in fluid and crystallized intelligence across the 20-to 90-year age range on the K-BIT[END_REF]. These cognitive abilities directly influence the cognitive processes underlying information search resulting in lower efficiency of older adults on information search tasks. For example, lower processing speed could lead to longer time in evaluating search results or hyperlinks on a website, difficulty in switching strategies could lead to difficulty in reformulating unsuccessful queries or difficulty in getting out of an unsuccessful path, lack of attentional control could lead to inefficient handling of relevant and irrelevant search results or hyperlinks and finally lower visuospatial span could mean less efficient exploration of the search result page or a website. This is reflected in the outcomes of research from human factors and information science communities: older adults were found to generate less queries, use less keywords per query, reformulate less, spend longer time evaluating the search engine result pages (SERPs, henceforth), spend more time evaluating the content of websites opened from SERPs, switch fewer number of times between SERPs and websites and find it difficult to reformulate unsuccessful queries [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF][START_REF] Dommes | The role of cognitive flexibility and vocabulary abilities of younger and older users in searching for information on the web[END_REF][START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF][START_REF] Karanam | Modeling and predicting information search behavior[END_REF][START_REF] Queen | Information search and decision making: effects of age and complexity on strategy use[END_REF]. Studies that investigated the differences in search strategies employed by younger and older adults show that older adults follow a more structured and methodical approach such as careful selection of query terms and spending longer time evaluating the search results and younger adults are more impulsive which involves frequent switches and clicks on irrelevant search results [START_REF] Youmans | Designing for the wisdom of elders: age related differences in online search strategies[END_REF]. Younger adults are able to adapt their strategy more often than older adults [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF] and younger adults explore more (number of search results opened for any given query) and exploit less (number of websites and hyperlinks within those websites visited for any given query) whereas older adults exploit more and explore less [START_REF] Chin | Age differences in information search: An exploration-exploitation tradeoff model[END_REF].

The research on search strategies has, however, paid less attention to the impact of aging on query reformulation strategies and the actual content of the queries during reformulations. By actual content, we mean here the semantic aspects of the query terms. These, precisely, form the main focus of this paper. Researchers from the information retrieval community have studied query reformulations extensively [START_REF] Huang | Analyzing and evaluating query reformulation strategies in web search logs[END_REF][START_REF] Jansen | Query modifications patterns during web searching[END_REF][START_REF] Rieh | Analysis of multiple query reformulations on the web: The interactive information retrieval context[END_REF][START_REF] Teevan | Information re-retrieval: repeat queries in Yahoo's logs[END_REF] and modeled query reformulation behavior based on certain structural patterns such as addition and deletion of terms, observed in them [START_REF] Jansen | Patterns of query reformulation during Web searching[END_REF][START_REF] Jiang | What Affects Word Changes in Query Reformulation During a Taskbased Search Session[END_REF][START_REF] Sloan | A term-based methodology for query reformulation understanding[END_REF]. Researchers from the human factors and information science communities have examined a number of factors that influence query reformulations such as task type [START_REF] Liu | Analysis and evaluation of query reformulations in different task types[END_REF], cognitive style [START_REF] Kinley | Human-computer interaction: the impact of users' cognitive styles on query reformulation behaviour during web searching[END_REF], query type [START_REF] Aloteibi | Analyzing geographic query reformulation: An exploratory study[END_REF], prior domain knowledge and familiarity with the topic of the search [START_REF] Ghosh | Effects of Topic Familiarity on Query Reformulation Strategies[END_REF][START_REF] Hu | Effects of topic familiarity and search skills on query reformulation behavior[END_REF]. For example, the study of [START_REF] Ghosh | Effects of Topic Familiarity on Query Reformulation Strategies[END_REF] showed that participants with low familiarity tend to alter the spelling and use stemming for query reformulation whereas participants with medium or higher topic familiarity are inclined to add new terms and phrases to reformulate queries. Participants with a higher topic familiarity were also found to make less spelling errors and preferred to use specific terms or search from different aspects [START_REF] Hu | Effects of topic familiarity and search skills on query reformulation behavior[END_REF]. The focus of the above studies is largely on the structural aspects of query reformulations such as addition, retention and deletion of terms and not on the semantic aspects. They also do not involve any age-related differences. However, it has been known since long that knowledge-based query reformulation strategies are more efficient, as shown by Shute and Smith in [START_REF] Shute | Knowledge-based search tactics[END_REF]. A recent study by [START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF] investigated both the structural aspects (that is, the type of reformulation: generalization vs. specialization) and the semantic relevance (that is, the semantic relatedness of queries with target information) of query reformulations. Their study found that younger adults used a specialization strategy to reformulate queries significantly more often than older adults. A generalization strategy was also used significantly more often by younger adults, especially for difficult tasks. The semantic relevance of queries with target information was found to be significantly higher for difficult tasks compared to simple tasks. When measured across reformulations, it showed a decreasing trend for older adults and remained constant for younger adults, indicating that as older adults reformulated, they produced queries that were further away from the target information.

It is useful to note from the above studies that the age-related differences in information search performance (in terms of time spent on search results vs. websites, number of clicks on search results, number of queries generated, number of reformulations), search strategies employed (exploration vs. exploitation, structured vs. impulsive) and structural aspects of query reformulations (generalization vs. specialization) were more prominent for difficult tasks. In the next section, we give a brief overview of how task difficulty was characterized in literature.

Task Difficulty

The effect of task difficulty on information search performance has been a focus of research for several decades [START_REF] Bell | Searcher's assessments of task complexity for web searching[END_REF][START_REF] Byström | Information and information sources in tasks of varying complexity[END_REF][START_REF] Campbell | Task complexity: A review and analysis[END_REF][START_REF] Gwizdka | What can searching behavior tell us about the difficulty of information tasks? A study of Web navigation[END_REF][START_REF] Kim | Task as a predictable indicator for information seeking behavior on the Web[END_REF][START_REF] Li | Exploring the relationships between work task and search task in information search[END_REF][START_REF] Vakkari | Task-based information searching[END_REF][START_REF] Wildemuth | Untangling search task complexity and difficulty in the context of interactive information retrieval studies[END_REF]. It is the most frequently incorporated attribute, to assess the performance of a user interacting with an information source (or a system). In spite of this, there is no consensus on how to operationalize task difficulty objectively and how to distinguish between different levels of task difficulty, as is evident from the number of different approaches that exist in literature: availability (simple tasks) or non-availability (difficult tasks) of keywords in the task description that could be used as queries [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF][START_REF] Dommes | The role of cognitive flexibility and vocabulary abilities of younger and older users in searching for information on the web[END_REF], size (small for simple tasks vs. large for difficult tasks) and complexity (low for simple tasks vs. high for difficult tasks) of the search space [START_REF] Queen | Information search and decision making: effects of age and complexity on strategy use[END_REF], availability (simple tasks) or non-availability (difficult tasks) of the answer in the search snippets [START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF][START_REF] Karanam | Modeling and predicting information search behavior[END_REF]. Gwidzka and Spence [START_REF] Gwizdka | What can searching behavior tell us about the difficulty of information tasks? A study of Web navigation[END_REF] proposed to assess task difficulty objectively using three factors: path length (the length of the navigation path leading to the target information), page complexity (the complexity of navigation choices on each web-page) and page information assessment (the difficulty of relevance judgement on pages that contain the desired information). [START_REF] Puerta Melguizo | Seeking information online: the influence of menu type, navigation path complexity and spatial ability on information gathering tasks[END_REF][START_REF] Van Oostendorp | The effect of menu type and task complexity on information retrieval performance[END_REF] extended the work of Gwidzka and Spence by introducing a metric called path relevance which measures the degree to which the task description overlaps in meaning with the hyperlink text on the optimal path to the target page.

In this paper, we define an objective measure of task difficulty called task preciseness. Task preciseness measures the degree to which the task description overlaps in meaning with the content of the target page(s) containing the answer to the task. Let us say, the user is searching for an answer to the following task: "What name is given to the valve that protects food from entering your lungs when you swallow?" and let us assume that the target page contains the following text "The epiglottis is a flap of soft cartilage, covered by a mucous membrane. It is attached to the back of the tongue and acts as a valve during swallowing to prevent food and liquid from entering the lungs." It is clear from the above example that the degree of overlap between the task description and the actual text on the target page is very high (swallow-swallowing, preventprotect, food-food, lungs-lungs, valve-valve), almost directly giving the answer the user is searching for. If instead, the target page contains the following text: "Lips and tongue keep food in the mouth and in place prior to swallowing. The soft tissue created by the cricopharyngeus muscle, also called as epiglottis, at the top of the esophagus keeps air out of the digestive system during breathing", the degree of overlap between the task description and the actual text on the target page is very low (swallow-swallowing). The answer is not directly available and has to be indirectly inferred by the user. In order to validate the efficacy of task preciseness, we conduct an experiment with low and high precise information search tasks created using the new metric and check if the information search performance of real subjects on these tasks is indeed in line with known prior outcomes on task difficulty or not. We use Latent Semantic Analysis (LSA, henceforth) [START_REF] Landauer | Handbook of Latent Semantic Analysis[END_REF] to compute the degree of overlap in meaning or semantic similarity values. While we are aware of other methodologies to compute semantic similarity values such as LDA [START_REF] Blei | Latent dirichlet allocation[END_REF], HAL [START_REF] Lund | Producing high-dimensional semantic spaces from lexical cooccurrence[END_REF], PMI-IR [START_REF] Turney | Mining the web for synonyms: PMI-IR versus LSA on TOEFL[END_REF] etc., we use LSA in our study because LSA scores have been shown to significantly overlap with those of human scores on synonym, antonym and subject matter tests. LSA has been successful in mimicking human sorting and category judgments, accurately estimating passage coherence, learnability of passages and the quality and the quantity of knowledge in an essay [START_REF] Foltz | The measurement of textual coherence with latent semantic analysis[END_REF][START_REF] Millis | Assessing and improving comprehension with latent semantic analysis[END_REF][START_REF] Wolfe | Learning from text: Matching readers and texts by latent semantic analysis[END_REF]. LSA is a machine-learning technique that builds a semantic space representing a given user population's understanding of words, short or whole texts by applying statistical computations, singular value decomposition and represents them as a vector in a multidimensional space of about 300 dimensions. The cosine value (+1 if identical and 0 if unrelated) between two vectors in this representation gives the measure of the semantic relatedness. It has been shown that higher semantic relatedness between two texts relates to higher overlap in the meanings associated with those two texts. Therefore, a high LSA value indicates a high overlap in the description of the task and the content pages containing the answer to the task.

As an example of a high precise task, for the task (presented in Dutch) "Bij patient Jansen is waarschijnlijk sprake van een hersenbloeding omdat er een bloeding in en rondom de hersenen lijkt te zijn geweest. Op een CT-scan is een misvormd bloedvat te zien. Welke opties voor een operatieve behandeling heeft de neurochirurg? (Patient Jansen has probably a cerebral haemorrhage because of bleeding in and around the brain. A CT scan shows a malformed blood vessel. What options for a surgical procedure does a neurosurgeon have?)", the target page containing the answer also contains words such as "hersenbloeding (cerebral haemorrhage)", "misvormd bloedvat (malformed blood vessel)", "CT-scan", "neurochirurg (neurosurgeon)" etc. leading to a high degree of overlap between the task description and the content of the target page (LSA value = 0.75).

Similarly, a low LSA value indicates a low overlap in the description of the task and the content pages containing the answer to the task. As an example of a low precise task, for the task (presented in Dutch), "Fieke, pas 6 jaar, heeft behoefte aan veel water drinken en moet ook vaak plassen. Ook is ze vaak erg uitgeput. De arts stelt vast dat de waarde van haar glucose veel te hoog is. Wat zou er aan de hand kunnen zijn, wees specifiek. Welke behandeling zal de arts dan inzetten? (Fieke, 6 years old, needs to drink plenty of water and must urinate frequently. She is often very exhausted. The doctor notes that the value of its glucose is too high. What could be the problem, be specific. What treatment will deploy the doctor?)", the words such as "veel water drinken (drink plenty of water)", "vaak plassen (urinate frequently)", "uitgeput (exhausted)", "glucose veel te hoog (glucose level is too high)" are not part of the target page containing the answer, leading to a low degree of overlap between the task description and the content of the target page (LSA value = 0.38).

Therefore, tasks with a high LSA value of task preciseness provide better, more precise contextual information pointing to the target information. Tasks with a low LSA value of task preciseness would, on the other hand, require the user to engage in higher level cognitive activities such as using his/her own knowledge to understand the task, generate relevant queries, examine search results and determine their usefulness etc. The advantage of using LSA is that it provides us an automatic and objective way of calculating overlap in meaning.

Overall, we make the following contributions in this paper:

1. We investigate the age-related differences in information seeking performance on varying levels of task difficulty. 2. We examine the age-related variations in the semantic aspects of query reformulations under varying levels of task difficulty. 3. We examine the age-related variations in the semantic aspects of queries measured across reformulations.

The remainder of this paper is organized as follows. Section 3 lists the research questions of this paper. Section 4 gives details of the experiment conducted and the results obtained. Section 5 concludes the paper with a discussion on future directions.

Research Questions

There were three main research questions that motivated this study:

1. What impact does task difficulty, operationalized as task preciseness, have on information search performance, measured in terms of task-completion time, number of clicks, task accuracy and number of reformulations? (RQ1).

How would the information seeking performance vary between younger and older

adults on different levels of task difficulty? (RQ2). 3. How does the semantic relevance of a query with the target information sought vary in relation to age and task difficulty? (RQ3a). How does the semantic relevance of a query with target information sought vary in relation to age and task difficulty when analyzed at a more granular level: across reformulations? (RQ3b).

Experiment

Method

Participants. 24 younger adults (17 males and 7 females) ranging from 18 to 27 years (M = 21.08, SD = 1.9), and 21 older adults (11 males and 10 females) ranging from 66 to 88 years (M = 75.52, SD = 6.85) participated in the study.

Design. We followed a 2 (Age: Young vs. Old) X 2 (Task Preciseness: Low vs. High) mixed design with age as between-subjects variable and task preciseness as withinsubjects variable.

Material.

Websites. Five mockup websites based on material from popular Dutch medical and health websites were built. The URLs of the real websites from which the content of our mockup websites was sourced and adapted, the number of topics, the number of pages and the maximum depth of each website are presented in Table 1.

Table 1. Details of mockup websites used.

Website Number of Topics Number of Pages Maximum Depth

Website 11 6 37 6 Website 2 211 194 6 Website 3 310 124 5 Website 4 411 38 4 Website 5 510 65 5

It was ensured that the websites look realistic both in terms of content (text and pictures) and the visual layout and information architecture. These five websites were indexed using Google's custom search engine 6 . We ran our experiment on mockup material that was designed by us because of the following reason: we need to know the target pages in advance in order to be able to compute task preciseness.

Material. Information Search Tasks. The experiment was conducted with twelve simulated information search tasks [START_REF] Borlund | The development of a method for the evaluation of interactive information retrieval systems[END_REF], all from the domain of health (because it is interesting for older adults), divided into six low precise and six high precise tasks based on the semantic similarity between the task description and the content of the target page(s). We used LSA [START_REF] Landauer | Handbook of Latent Semantic Analysis[END_REF] to compute the similarity value between a task description and the content of its corresponding target page(s). An independent samples t-test between the semantic similarity values obtained for low and high precise tasks showed a significant difference t(10) = -2.2, p<.05. The mean semantic similarity between the task description and the content of the target page(s) was significantly higher for high precise tasks (M=0.7, SD=0.058) compared to low precise tasks (M=0.54, SD=0. [START_REF] Gwizdka | What can searching behavior tell us about the difficulty of information tasks? A study of Web navigation[END_REF], indicating that the amount of overlap between the task description and the corresponding target page(s) is significantly higher in high precise tasks compared to low precise tasks. The tasks were all presented in Dutch.

Procedure

Participants first filled out a demographic questionnaire in which they were asked details about their age, gender, number of hours spent on the Internet per week and number of years of experience with computers. Based on the self-reported answers, older adults (M=20.73, SD=14.6) were found to be spending significantly less number of hours on the Internet compared to younger adults (M=37. [START_REF] Raven | Raven's progressive matrices and vocabulary scales[END_REF], and a fluid intelligence test: a computerized version of the Trail Making Test (TMT Part B) [START_REF] Strauss | A compendium of neuropsychological tests: Administration, norms, and commentary[END_REF]. The score on the vocabulary test gives us an indication of the amount of crystallized intelligence and the score on the trail making test gives us an indication of the amount of fluid intelligence. For the vocabulary test, participants were presented with 24 Dutch keywords (one followed by the other) along with six other keywords presented as multiple choice options. For each test keyword, the participants had to choose an option from the six alternatives that is closest in meaning to it. There was only one possible correct answer for each test keyword. Correct choices were scored 1 and wrong choices were scored 0. Thus the maximum possible score on this test is 24 and the minimum possible score is 0. In line with the traditional cognitive aging literature, it was found that the scores of older adults (M=18.52, SD=2.7) on the vocabulary test were significantly higher than that of the scores of younger adults (M=15.3, SD=2.45) t(20)=-3.7, p<.001 indicating that they had significantly higher crystallized knowledge compared to younger adults. After the TMT test, participants were allowed a break of five minutes. They were then presented with the twelve information search tasks (six high precise and six low precise). The order of the presentation of tasks was counter balanced. Participants were first shown the task and then directed to the home page of Google's custom search engine. Participants were not allowed to use any other search engine. We show in Figure 1a the interface of Google custom search engine and in Figure 1b the main screen of our interface that participants used while solving the information search tasks. It was ensured the size and placement of Google logo and the search bar below it were exactly similar to the standard interface of Google search. Participants could enter queries as they normally would on any browser and the corresponding search results appeared on the next screen. Users had to always go back to the first screen (Figure 1a) in order to reformulate a query. The task description was made available to the participant at all times in the top left corner. An empty text box was provided in the top right corner for the participant to enter his/her answer. A time limit of 8 minutes was set for each task beyond which the interface automatically took the participant to the next task. All the queries generated by the users, the corresponding search engine result pages and the URLs opened by them were logged in the backend using Visual Basic. We first report the results of information seeking performance in terms of task-completion time, number of clicks, task accuracy and number of reformulations. Next, we report the results of analyzing the semantic relevance of queries across reformulations with target information.

Analysis

Analysis of Search Performance

In this section we will examine the impact of task difficulty on search performance measured in task-completion time, number of clicks, task accuracy and number of reformulations (RQ1), as well as the impact of age (RQ2).

Measures. We used the following metrics to analyze search performance: task-completion time, number of clicks, accuracy and number of reformulations.

Task-completion time. Task-completion time is computed from the moment of opening a browser and typing in the first query to the moment of answering the question. This includes the time it takes in typing queries, evaluating search results, clicking on one of the search results, evaluating the content of the websites opened from the search results and finally typing the answers.

Number of clicks. Number of clicks is the total number of clicks made by a participant

for each task. This includes the clicks made on the search results as well as the clicks made on websites opened from the search results.

Accuracy. Accuracy is measured as 0, 0.25, 0.5, 0,75 or 1 depending on whether the participant's answer was correct (in which case the score is 1) or partially correct (in which case the score is 0.25, 0.5 or 0.75) or wrong (in which case the score is 0). Two researchers scored the participant's answers for their accuracy using the above definition and the inter-scorer reliability (Cronbach's alpha) was found to be very high (> 0.8).

Number of reformulations.

Number of reformulations is the total number of unique queries that a user could come up with for each task in the process of answering it (e.g., if participant added, deleted keywords or created new ones, we counted them as reformulations of query).

Results. Data of only those tasks was included in the analysis for which the participants successfully completed the tasks. 14 data points out of a total number of (12 tasks X 45 participants) = 540 data points (2.6%) were therefore dropped. For all the four dependent variables, a 2 (Age: Young vs. Old) X 2 (Task Preciseness: Low vs. High) mixed ANOVA was conducted with age as between-subjects variable and task preciseness as within-subjects variable. 

Number of clicks.

The main effect of task preciseness was significant F( Summarizing the outcomes, low precise tasks demanded significantly more time, significantly more clicks and significantly more reformulations than high precise tasks. Furthermore, the accuracy of low precise tasks was significantly lower than that of high precise tasks. Younger adults were significantly faster in completing tasks compared to older adults, clicked significantly more often, especially for low precise tasks and reformulated significantly more than older adults. The accuracy of older adults was significantly lower than that of younger adults, especially for low precise tasks. These results are in-line with prior outcomes [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF][START_REF] Dommes | The role of cognitive flexibility and vocabulary abilities of younger and older users in searching for information on the web[END_REF][START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF][START_REF] Karanam | Modeling and predicting information search behavior[END_REF][START_REF] Queen | Information search and decision making: effects of age and complexity on strategy use[END_REF] and provide evidence to its validity. The objective metric (task preciseness) we introduced to compute task difficulty was successful in differentiating different levels of task difficulty. We next analyse the queries for their semantic relevance with the target information.

Analysis of Semantic Relevance of Queries

We will examine in this section whether the semantic relevance of a query does vary in relation to age and task difficulty (RQ3a).

Measures. Semantic relevance was used in the past as a metric to evaluate the content of hyperlink texts (to predict navigation behavior on websites) [START_REF] Fu | SNIF-ACT: A cognitive model of user navigation on the World Wide Web[END_REF][START_REF] Juvina | Modeling semantic and structural knowledge in Web navigation[END_REF][START_REF] Karanam | Performance of computational cognitive models of web-navigation on real websites[END_REF] or the snippets of the search results on the SERPs (to predict interaction behavior with search engines) [START_REF] Karanam | Modeling and predicting information search behavior[END_REF]. However, the semantic aspects of queries are not well studied. In this section, we analyse the semantic aspects of queries using a metric called semantic relevance of query.

Semantic Relevance of Query (SRQ).

For each task and each query corresponding to that task, semantic relevance was computed between the query and the target information sought using LSA. [START_REF] Landauer | Handbook of Latent Semantic Analysis[END_REF]. We compute SRQ in the following way: we used 65,000 Dutch documents (consisting of 60% newspaper articles and 40% medical and health related articles) as a corpus to create first a semantic space in Dutch. The LSA values were then computed between a query and the target information for each task. This is repeated for all queries of the task and a mean LSA value is computed. This is repeated again for all the tasks of a participant and finally for all the participants. This metric gives us an estimate of how close in semantic similarity the queries generated by the participants are to the target information. So in general, the higher the SRQ value is, the more relevant the query is.

Results. Data of two older participant had to be dropped for this analysis due to some technical registration problems.

Semantic Relevance of Query (SRQ): A 2 (Age: Young vs. Old) X 2 (Task Preciseness: Low vs. High) mixed ANOVA was conducted with age as between-subjects variable and task preciseness as within-subjects variable. The main effects of task preciseness and age were not significant (p>.05). However, interestingly, the interaction of age and task preciseness was highly significant F(1,41) = 15.26, p<.001. Post-hoc tests showed that for low precise tasks, the mean SRQ was significantly higher for younger adults compared to older adults. For high precise tasks, it was the other way round.

Fig. 3. Mean SRQ of queries with target information in relation to age and task preciseness

Based on the literature, there can be two possible reasons that can explain this interaction effect: differences in fluid abilities and differences in crystallized knowledge between younger and older adults. We examined each possibility further. 1) Fluid ability: We saw earlier in Section 4.2 that younger adults reformulated significantly more often than older adults. We could not observe this main effect when the scores on the fluid intelligence test were included as a covariate in the analysis, which indicates that, after controlling for fluid abilities, there was no significant age-related difference in the number of reformulations. This increases the possibility that fluid intelligence is also the reason behind the interaction effect observed between age and task preciseness for mean SRQ. To examine this, we included once more, the scores on the fluid intelligence test as a covariate and repeated the ANOVA analysis with mean SRQ as dependent variable. The interaction of age and task preciseness was still significant F(1,40) = 13.53, p<.001. Together with the outcome on the number of reformulations, it indicates that after controlling for the differences in fluid abilities between younger and older adults, there is no significant difference in the number of reformulations performed by younger and older adults, however, there is still a strong interaction between age and task preciseness on the mean SRQ. Therefore, fluid ability cannot explain the interaction effect. 2) Crystallized intelligence: We divided both younger and older adults into two groups of high and low crystallized intelligence based on the median scores on the HMV test. In the high HMV group, we had 14 younger adults and 10 older adults. In the low HMV group, we had 10 younger adults and 9 older adults. For each group, separately, we conducted a 2 (Age: Young vs. Old) X 2 (Task Preciseness: Low vs. High) mixed ANOVA with age as between-subjects variable and task preciseness as within-subjects variable. For the high HMV group, only the interaction of age and task preciseness was significant F(1,22) = 6.72, p<.05 and no other effects were significant (p>.05). See Fig. 4b. Post-hoc tests showed that for low precise tasks, there was no significant difference in the mean SRQ between younger and older adults (p>.05). Whereas, for high precise tasks, the mean SRQ was significantly higher (p<.05) for older adults compared to younger adults.

For the low HMV group, also, only the interaction of age and task preciseness was significant F(1,17) = 8.32, p<.01 and no other effects were significant (p>.05). See Fig. 4a. However, post-hoc tests revealed an interesting difference with the high HMV group. For high precise tasks, there was no significant difference in the mean SRQ between younger and older adults (p>.05). Whereas, for low precise tasks, the mean SRQ was significantly (p<.05) lower for older adults compared to younger adults.

Summarizing the outcomes relevant to RQ3a, for high precise tasks, the mean SRQ was significantly higher for older adults compared to younger adults only in the high HMV group and not in the low HMV group. Whereas for low precise tasks, the mean SRQ was significantly lower for older adults compared to younger adults only in the low HMV group and not in the high HMV group. These outcomes indicate that, older adults, due to their higher crystallized intelligence, are able to utilize the higher contextual information present in the high precise tasks much better than younger adults. But, when it comes to low precise tasks, which demand generating own queries using one's own knowledge and understanding of the task, older adults perform poorly compared to younger adults.

Analysis of SRQ across reformulations

In this section we will examine the impact of age and task difficulty on the semantic relevance of a query across reformulations (RQ3b). For this we analyzed the mean semantic relevance of the queries with the target information at a more granular level by looking at each reformulation cycle separately. The first cycle corresponds to the first query, the second cycle corresponds to the second subsequent query, and the third cycle corresponds to the third query and so on. The mean semantic relevance was computed for all the queries of all the tasks of a particular type (high precise and low precise separately), generated by young and old participants in each reformulation cycle. To achieve higher reliability, only those cycles were considered for which there were at least 4 queries (per reformulation cycle). By doing so, only 3.2% of data was excluded from the analysis. The resulting graphs are shown in Figure 5. It is clear from Figure 5 that younger adults reformulated much longer, that is, more successive queries than older adults.

We tried to answer the following questions in relation to Figure 5: a) How does the mean SRQ vary across reformulations for younger and older adults? And what effect does task preciseness have on it? For high precise tasks, there was no significant difference in the mean SRQ across reformulations for younger adults whereas for older adults, it decreased as they reformulated (the mean semantic relevance of the ending queries was lower than that of the starting queries, t(23) = 1.88, p=.07). For low precise tasks, the mean SRQ increased across reformulations for younger adults (the mean semantic relevance of ending queries was significantly higher than that of the starting queries, t(26) = -3.5, p<.005), whereas it decreased for older adults (the mean semantic relevance of the ending queries was significantly lower than that of the starting queries, t(20) = 2.15, p<.05).

b) Do younger and older adults start a search task with a similar SRQ? What happens to this difference as they reformulate? And what is the effect of task preciseness in this context? For high precise tasks, there was no significant age difference in the semantic relevance of either the starting or the ending queries. For low precise tasks as well, there was no significant age difference in the semantic relevance of the starting queries. However, the ending queries of younger adults had a higher mean semantic relevance than the ending queries of older adults and this difference was close to conventional significance, t(5) = 2.2, p=.07. Because of the small number of observations for low precise tasks, we examined the difference between the first four and the last four queries of a session and found no significant age difference between the first four queries. However, for the last four queries, the mean SRQ was significantly higher for younger adults compared to older adults, t(18) = -3.22, p<.001. 

Conclusions and Discussion

This study focused on the semantics of query reformulations in relation to age and task difficulty. Task difficulty was manipulated using a metric called task preciseness defined as the degree to which the task description overlaps with the content of the target page(s) containing the answer. It is computed as the semantic similarity between the task description and the content of the target pages using LSA. We conducted an experiment in which 24 younger adults and 21 older adults solved twelve information retrieval tasks divided into two levels of task difficulty based on our task preciseness metric making use of LSA. For low precise tasks, the semantic similarity value was low and for high precise tasks, it was high. Analysis of search performance on these two groups of tasks shows significant differences: low precise tasks demanded significantly more time, significantly more clicks and significantly more reformulations than high precise tasks. Furthermore, the accuracy of low precise tasks was significantly lower than that of high precise tasks. These outcomes are in-line with outcomes reported in prior work [START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF] (RQ1). It indicates that our objective measure was valid and sensitive enough in differentiating two levels of task difficulty.

We next examined the effects of age (RQ2), younger adults were, as expected, significantly faster in completing tasks compared to older adults, clicked significantly more often, especially for low precise tasks and reformulated significantly more than older adults. The accuracy of older adults in task performance was significantly lower than that of younger adults, especially for low precise tasks. These outcomes are also in-line with aging-related literature [START_REF] Chevalier | Strategy and accuracy during information search on the Web: Effects of age and complexity of the search questions[END_REF][START_REF] Dommes | The role of cognitive flexibility and vocabulary abilities of younger and older users in searching for information on the web[END_REF][START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF][START_REF] Karanam | Modeling and predicting information search behavior[END_REF][START_REF] Queen | Information search and decision making: effects of age and complexity on strategy use[END_REF] (RQ2). It indicates that our task preciseness metric is able to successfully simulate the effects of task difficulty on aging.

We next analysed the age-related differences in the semantic relevance of queries with target information. For low precise tasks, the mean SRQ was significantly higher for younger adults compared to older adults. For high precise tasks, it was the other way round (RQ3a). We ruled out the possibility that fluid abilities could be the underlying cause for the interaction effect by including the score on our fluid intelligence test as a covariate. The interaction effect was still found to be significant. We then checked if differences in crystallized intelligence could explain the interaction effect. We divided both younger and older adults into two groups of high and low crystallized intelligence based on the median scores on our HMV test and repeated the analysis on each group separately. For high precise tasks, the mean SRQ was significantly higher for older adults compared to younger adults only in the high HMV group and not in the low HMV group. Whereas for low precise tasks, the mean SRQ was significantly lower for older adults compared to younger adults only in the low HMV group and not in the high HMV group. These outcomes indicate that, older adults, due to their higher crystallized intelligence, are able to utilize the better specified contextual information present in the high precise tasks more efficiently than younger adults. But, when it comes to low precise tasks, which demand generating own queries using one's own knowledge and understanding of the task, older adults perform poorly compared to younger adults.

Lastly, we examined the age-related differences in the mean SRQ across reformulations. Younger adults were found to reformulate much longer than older adults. For older adults, the mean SRQ decreased for both low and high precise tasks. For younger adults, the mean SRQ remained constant for high precise tasks and even increased for low precise tasks. Furthermore, both younger and older adults start a session with queries of similar SRQ value. They also end a session with queries of similar SRQ value for high precise tasks. For low precise tasks at the end of a session, the mean SRQ was found to be significantly higher for younger adults compared to older adults (RQ3b). It is important to note that these outcomes are largely in line with [START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF].

One of the main limitations of our work is that the task preciseness metric we defined can be used only for those types of tasks for which there is a known target answer page(s). Therefore, it is necessary to know the target page(s) in advance to compute the task preciseness. Though this limits the applicability of the metric in real environments where neither the user intent nor the target answer are known before hand, it can be very useful in providing training and support to users with low information search skills. We describe how this training and support can be provided in the next section.

Design Implications

Based on the behavioral outcomes and the analysis of the content of search queries during reformulations, we come up with the design and methodology of constructing two types of automatic tools that can support interaction with a search engine.

Support Tool 1

We saw in the analysis of search outcomes that older adults take much longer time to finish tasks than younger adults (See Figure 2). One of the possible reasons could be that they are unable to differentiate between a relevant and a non-relevant search result as efficiently as the younger adults do. We propose a support tool that visually highlights the most relevant search results for a given query, as shown in Figure 6. This methodology was successfully used in the past to provide navigation support within websites [START_REF] Juvina | Modeling semantic and structural knowledge in Web navigation[END_REF]. We propose to extend the same methodology to generate support for interaction with a search engine. Given a query, semantic relevance is computed between the query and each of the search results on the basis of LSA. The search result with the maximum semantic relevance is highlighted with a green arrow as shown in Figure 6. This form of support would enable older adults to spend less mental resources in differentiating between a relevant and a non-relevant search result which in turn would lead to better accuracy. Fig. 6. Design of a support tool for interacting with a search engine that highlights the most relevant search result for a given query

Support Tool 2

We saw in the analysis of semantic relevance of queries across reformulations that the SRQ of younger adults remained constant and that of the older adults decreased as they reformulated further. In other words, older adults were going further away in semantic distance from the target information as they reformulate, which probably could be one of the reasons for their lower accuracy (See Figure 2). This support tool is intended to ensure that a user does not digress too far away from the goal information in the form of irrelevant queries. To address this problem, we propose a second support tool that monitors -based on the LSA value -the average semantic relevance of the SERPs with the goal information derived from the query and warns the user when it falls below a threshold as shown in Figure 7. This form of support would indicate to the users that their search results on a page are not relevant enough and they can use this information to take corrective actions such as generating a more relevant query. The study of [START_REF] Karanam | Age-related differences in the content of search queries when reformulating[END_REF] and the results of our study indicate that such a support system would be of immense help to older adults in improving their overall search performance. We envision both tools to be used for training purposes with a large collection of tasks and their corresponding expected answers. The efficacy of such a training and support mechanism in improving the semantic relevance of search queries of older adults in real contexts needs to be empirically verified.

Fig. 1 .

 1 Fig. 1. Interface showing the (a) Google custom search interface and the (b) main screen in which the information search tasks are solved by participants

Fig. 2 .

 2 Fig. 2. Analysis of search performance in terms of (a) task-completion time, (b) clicks, (c) accuracy and (d) number of reformulations in relation to age and task preciseness

Fig. 4 .

 4 Fig. 4. Mean semantic relevance of queries with target information for participants with a) low crystallized knowledge and b) high crystallized knowledge (HMV) in relation to age and task preciseness

Fig. 5 .

 5 Fig. 5. Mean semantic relevance of queries with target at each reformulation cycle for (a) high precise and (b) low precise tasks

Fig. 7 .

 7 Fig. 7. Design of a support tool for interacting with a search engine that monitors the average semantic relevance of the user's queries to the goal information

  

  See Fig 2c.Accuracy on high precise tasks was significantly higher than accuracy on low precise tasks. The main effect of age was significant F(1,43) = 37.41, p<.001. Younger adults found significantly more accurate answers than older adults. The interaction of age and task preciseness was also significant F(1,43) = 4.45, p<.05. Post-hoc tests showed that there was no effect of task preciseness on the accuracy of answers found by younger adults. The accuracy of answers found by older adults, however, dropped significantly for low precise tasks compared to high precise tasks.

	Number of reformulations. The main effect of task preciseness was significant F(1,43)
	= 40.0, p<.001. See Fig 2d. Queries corresponding to low precise tasks were reformu-
	lated significantly more often than the queries corresponding to high precise tasks. The
	main effect of age was significant F(1,43) = 5.2, p<.05. Younger adults reformulated
	significantly more than older adults. The interaction of task preciseness and age was
	not significant (p>.05).

1,43) = 29.62, p<.001. See Fig 2b. Participants clicked significantly more often for low precise tasks compared to high precise tasks. The main effect of age was significant F(1,43) = 31.67, p<.001. Younger adults clicked significantly more often than older adults. The interaction of task preciseness and age was significant F(1,43) = 4.33, p<.05. Younger adults clicked significantly more often than older adults, especially for low precise tasks. Accuracy. The main effect of task preciseness was significant F(1, 43) = 19.85, p<.001.
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