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ABSTRACT This study investigated the effect of cognitive styles on users’ information-seeking task performance using an information system called Web of Science. Sixteen graduate students participated in a user experiment. Each completed an extended cognitive style analysis wholistic analytic test (Extended CSAWA test) on cognitive style, and then conducted eight tasks in the Web of Science system. Results demonstrated that users’ cognitive styles did not impact their search performance. Some thoughts and future work were discussed.



Categories and Subject Descriptors H.3.3 [Information Storage and Retrieval]: Information Search and Retrieval – relevance feedback, search process.



General Terms Measurement, Performance, Experimentation, Human Factors.



Keywords Cognitive style, wholistic, analytical, Web of Science



1. INTRODUCTION Research on users’ cognitive characteristics is increasingly drawing attention in the field of information science and HCI. As one of the cognitive characteristics, cognitive style was found to impact the search performance when using information systems [6][7]; to affect users’ interaction with information systems on different information tasks ([3]) and to impact the user performance of information visualization systems [14]. This research indicates that it is possible to improve the user performance of information systems if different cognitive styles of information system users can be taken into account when designing such systems. For the current study, we were particularly interested in if and how cognitive styles impact the user performance when using an information system called “Web of Science”1 (WoS).



2. METHOD2 2.1 The cognitive test Riding [12] designed the Cognitive Style Analysis (CSA) to measure wholistic and analytic cognitive styles by comparing how fast, on average, individuals respond to a verbal task compared to an imagery task and how fast they respond, on average, to a wholistic task compared to an analytic task.



Peterson, Deary, and Austin ([8][9]) demonstrated that Riding’s [12] verbal-imagery style preference and wholistic-analytic style preference ratios had poor re-test reliability. They found that an extended version of the CSA’s wholistic-analytic dimension (Extended CSA-WA) improved the tests reliability to a satisfactory level. The Extended Cognitive Styles Analysis-Wholistic–Analytic (Extended CSA-WA) test contains 40 wholistic questions where the user is asked to judge whether two shapes are the same or different, and 40 analytic questions which ask the user to determine if a certain shape is embedded within another. Participants are immediately provided with information on the accuracy of their choice and are encouraged, by the system, to respond accurately but at a comfortable pace. Style preferences for the Extended CSA-WA are measured by comparing their median reaction times on the wholistic questions with their median reaction times on the analytic questions so each participant is given a wholistic–analytic reaction time ratio that identifies their relative position on a wholistic–analytic style continuum [11]. In short, the Extended CSA-WA test measures user preferences for a wholistic versus an analytic way of structuring information. We chose the Extended CSA-WA test in our study because this test reliably detects individual differences in tasks of a higher order, relative to wholistic and analytic stimuli [11][11].



2.2 The system The Web of Science system provides researchers with quick and powerful access to the world’s leading citation databases (Figure 1). The content covers over 10,000 of the highest impact journals worldwide and over 110,000 conference proceedings in multidisciplinary fields. Retrieved results were displayed in a ranked list with information such as title, authors, source, publication year, number of citations. Using the WoS system, users can find high-impact articles and conference proceedings, discover relevant information in related fields, identify emerging trends of literature and research, and find potential collaborators with notable citation records.
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http://apps.isiknowledge.com/WOS_GeneralSearch_input.do?p roduct=WOS&search_mode=GeneralSearch 2



This paper is part of a larger experiment that involves 32 subjects, with 16 using WoS and 16 using CiteSpace system (http://cluster.ischool.drexel.edu/~cchen/citespace/download.ht ml) (reported in [14]).



Figure 1. Screenshot of the search results page of the WoS
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2.3 Tasks Our search tasks were designed as two types: the aspectual tasks and the analytical tasks (Table 1 for an overview). The aspectual tasks were to identify as many different aspects as possible for a given topic and save appropriate resources that cover all distinct aspects of that topic [5]. The analytical search tasks were defined as tasks that needed more goal-oriented and systematic analytical strategies [4]. Table 1 shows the topic/task description and type for each of these tasks. Below is an example of an analytical search task. Scenario: As a graduate student, you want to write a paper about research on life on Mars. You are interested in how research has been done and what research has played an important role in this area during the past several years. Task: You need to collect some papers for the literature review. You know that some papers published by Edwards HGM would be very helpful. Please find the author who has the most collaboration with Edwards HGM, then put your answer on the answer sheet. Below is an example of an aspectual task. Scenario: As a graduate student, you want to write a paper about research on life on Mars. You are interested in how research has been done and what research has played an important role in this area during the past several years. Task: You want to identify all the countries which have many publications (>20) and also have collaborated with each other. Please put your answer on the answer sheet. Table 1. An overview of the search tasks Task type Task Task category Analytical Institution Find the name of the university that has collaborated with Caltech in 2009 and published papers. Author Find the author who has the most collaboration with Edwards HGM. Category List two subject areas/categories that only authors from the USA are involved. Author Identify two years that large groups (more than 20 people) have published papers. Aspectual Institution Find all the institutions which collaborated on the topic in 2008. Country Identify all the countries which have many publications (>20) and also have collaborated with each other. Keyword List all the keywords that appear frequently with the word “life.” Category Identify all the subject areas/categories that more papers were published in 2008 than in any other year.



in the experiment. They were recruited through notices posted to several departmental listservs and by in-class announcements.



2.5 Procedure The participants read and signed a consent form and filled out an entry questionnaire regarding their background, computer experience and previous searching experience. Next, they were given the cognitive test (Extended CSA-WA test) to complete. Then, they were given a tutorial of the Web of Science system. After the tutorial, the participants did two training tasks of each task type. Before each task the participants filled out a pre-task questionnaire. They were given up to 10 minutes to conduct each task. The interaction between the participants and the system was logged by usability software Morae3 (version 2.1). After completing each task, they completed a post-task questionnaire. After the participants finished all the tasks, they were asked to complete an exit questionnaire. Each subject was compensated $25 for the completion of the experiment. The experiment was conducted in a human-computer interaction lab at UAlbany, and each subject was tested individually.



2.6 Task performance measures Participants’ task performance measurement consisted of several aspects, including user satisfaction with the task results, time to task completion (in minutes), result correctness, aspectual recall, and number of mouse clicks during the task. User satisfaction was measured by asking each subject in the post-task questionnaire to rate his or her own satisfaction with the search results on a 7-point Likert Scale ranging from "Not at all" to "Extremely" (satisfied). Time to task completion was recorded by the logging software Morae and it was measured starting from the user opening the visualization window until the user finished typing the answers to the answer sheet. Result correctness was measured as the external assessor’s rating of the subject’s saved answer(s) which answer the search topic on a binary scale: Incorrect (0), and Correct (1). An external assessor was used to judge the result correctness because we wanted to obtain relatively objective judgments. Aspectual recall, a measure developed in the TREC Interactive Track [1], is the ratio of aspects of the search topic identified by the subject, to the total number of aspects of the topic. Number of mouse clicks reflects a subject’s actions during performing a task. It was measured by counting the total number of mouse clicks recorded in the logging software.



3. RESULTS 3.1 Results of the Extended CSA-WA test The Wholistic-Analytic ratio (the WA ratio) is calculated as the ratio of the median reaction time on the wholistic items to the median reaction time on the analytic items and was automatically shown in an Excel report after each subject completed the test. The minimum of the WA ratios is 0.988, and the maximum is 1.652. The median is 1.118. The mean is 1.179, and the standard deviation is 0.178. The lower ratios would indicate a tendency towards a wholistic preference and the higher ratios indicate a tendency for an analytic preference. Figure 2 displays the histogram of the WA ratio. The ratio bin of 1 to 1.1 has the most participants (7), closely followed by the bin of 1.2 to 1.5 which has 5 participants.



2.4 Participants A total of 16 graduate students from different departments in the University at Albany, State University of New York participated



3



http://www.techsmith.com/morae.asp 2



Figure 2. Histogram of number of participants per ratio bin



3.2 Participants’ background In order to test the impact of cognitive styles on task performance, participants were divided into two groups based on their WA ratio: a higher WA ratio group (HWA group) and a lower WA ratio group (LWA group). The division of the two groups was chosen based on the median ratio, which was 1.118. Participants’ demographic characteristics are shown in Table 2, by each WA group and in total. As can be seen, there were no significant demographical differences between the low and high WA groups of users. Table 3 displays the computer and searching experience of the participants. Participants rated their computer and searching experience on a 7-point Likert Scale (1=“low”; 7=“high”) In general, they used computers very frequently (mean =6.94, SD =0.25). They had high searching experience with the WWW (mean =6.44, SD =1.50), high computer expertise (mean =4.94, SD =1.00), and high searching expertise (mean =5.00, SD =0.63). The average number of years of their searching experience was 8.69 years. However, their searching experience with information visualization systems was low (mean =2.81, SD =1.87). There were no significant differences between the low and high WA groups of users. In the pre-task questionnaire, participants rated their familiarity and expertise with task topics on a 7-point scale, from 1=“Not at all” to 7=“Extremely”. Apparently, the participants were not familiar with the search topics adopted in this study (Table 4). Again, there were no significant differences between the low and high WA groups of users. Table 2: Participants’ demographic characteristics Characteristics



Value



LWA group



HWA group



Total



Age



20-29



4



6



10



30-39



3



2



5



40-49



1



0



1



Gender



Male



4



4



8



Female



4



4



8



Degree Earned



Bachelor



3



4



7



Master



5



4



9



Table 3: Participants’ computer and search experience LWA HWA Total Mean Mean Mean (S.D.) (S.D.) (S.D.) Computer daily use 6.88 7.00 6.94 (0.35) (0.00) (0.25) 4.88 5.00 4.94 Expertise of computer (0.64) (1.31) (1.00) Catalog Searching 6.13 5.38 5.75 experience of (1.13) (0.74) (1.00) Commercial systems 4.75 3.38 4.06 searching experience (1.75) (1.41) (1.69) WWW searching 6.13 6.75 6.44 experience (2.10) (0.46) (1.50) Search experience with 2.63 3.00 2.81 InfoVis systems (2.20) (1.60) (1.87) Searching experience with 1.80 2.50 2.15 WoS (1.30) (1.97) (1.66) 6.50 6.63 6.56 Frequency of search (0.53) (0.52) (0.51) 5.63 5.38 5.50 Search information found (0.92) (0.92) (0.89) 4.88 5.13 5.00 Expertise of searching (0.64) (0.64) (0.63) Years of searching 9.75 7.63 8.69 (2.60) (3.02) (2.94) Table 4: Participant topic familiarity & expertise Task type



Topic



Analytical task



1



Aspectual task



Topic Familiarity LWA HWA group group 1.25 1.25 (0.46) (0.46)



Topic Expertise LWA HWA group group 1.50 2.00 (1.07) (2.07)



2



1.25 (0.46)



1.25 (0.46)



1.38 (1.06)



1.75 (1.75)



3



1.13 (0.35)



1.25 (0.46)



1.38 (1.06)



1.38 (0.74)



4



1.25 (0.46)



1.13 (0.35)



1.50 (1.07)



1.50 (1.07)



1



1.38 (0.74)



1.38 (0.52)



1.50 (1.07)



1.75 (1.39)



2



1.25 (0.46)



1.13 (0.35)



1.38 (1.06)



1.75 (1.16)



3



1.25 (0.46)



1.25 (0.46)



1.38 (1.06)



1.50 (1.07)



4



1.25 (0.46)



1.38 (0.52)



1.50 (1.07)



1.88 (1.73)



3.3 Correlation analysis One way to investigate the effect of the cognitive styles is to see whether there were significant correlations between the cognitive styles and the performance measures. Pearson Correlation statistical analysis was performed to find the relationship between the cognitive styles and these measures. Results (see Table 5) indicated that the WA ratio (mean=1.18, SD=0.17) was not significantly correlated with result correctness (mean =0.56, SD=0.50), p=0.951. We did not find significant correlations between the ratio and other measures.
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Table 5: Task performance results



interfaces in improving task performance [2]. It is our hope that with further more similar studies being conducted, people’s information seeking behavior can be better understood.



Performance Measure



Min



Max



Mean



SD



Time (mins)



1.08



20.70



7.05



3.89



User satisfaction



1



7



4.30



2.10



Result correctness



0



1



0.56



0.5



No. of mouse clicks



4.00



314.00



58.64



47.52



In the future, we aim to continue with this research study by testing how cognitive styles impact other information (visualization) systems. We believe that these studies help devise effective ways of improving user performance of information systems by taking into account different cognitive styles of information system users.



Aspectual recall



.00



1.00



.50



.41
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3.4 Performance measures in user groups ANOVA results (see Table 6) did not find any significant differences between these two groups in terms of task completion time and number of mouse clicks. Pearson Chi-square test showed that the HWA group and the LWA group found same correct answers, and identified same aspects for the aspectual tasks. Wilcoxon signed-rank test results showed that the HWA group felt more satisfied with the results (mean =4.52 , SD=1.93) than the LWA group (mean =4.08, SD=2.26), but the difference was not significant, Z = -1.198; p = 0.231. Table 6: Task performance LWA HWA Significant measure group group Time (mins)



6.45 (3.97)



7.65 (3.75)



ANOVA F=3.113; p=0.08



User satisfaction



4.08 (2.26)



4.52 (1.93)



Result correctness Number of mouse clicks



0.56 (0.50) 53.78 (51.08)



0.56 (0.50) 63.50 (43.52)



Wilcoxon Z = -1.198; p = 0.231 Chi-square χ2 =0; p=1 ANOVA



Aspectual recall



0.50 (0.41)



0.50 (0.41)
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