A study about searching behavior of scientific data user based on educational background and retrieval capability
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As a new information carrier, the scientific data carries a lot of information. People who work in scientific research are more or less likely to search scientific data for work. We investigate the retrieval behavior of researchers in the process of searching data through questionnaires. The survey included the selection of searching data channels, using the clues and criterion in the process of retrieving data and some difficulties in the retrieval process. The results show that the retrieval behavior of scientific data users is influenced by educational background and retrieval ability. The education determines the breadth and depth of the data requirements, and the retrieval ability determines the access to data and the amount of data to use. So, in the process of designing data retrieval system, it is necessary to meet the needs of users in different cognitive contexts.

Introduction

Scientific data plays an extremely important role in scientific research, more and more researchers rely on scientific data for scientific research. The sharing and service of data is not only the basic requirement of economic and social innovation, but also the inevitable product of information technology application. In the survey, Peng xiuyuan and others found that most researchers shared their scientific data, and they have the willingness and need to share data. What's more, they also want to share data through professional scientific data sharing platforms. Therefore how to better improve the scientific data sharing platform, to provide a high quality service for scientific research staff has become an urgent problem to be solved.

Information query is the process of discovering problems, solving problems, seeking information actively, meeting needs and reducing uncertainty. In the long-term retrieval activities, users will form a relatively stable information query route that suits their needs. Similar working environment and learning environment are similar to the group of the same type, whose information needs and information query behavior have similar characteristics. Information query behavior of different groups can be significantly different due to some factors such as personal cognition and environmental impact. Therefore it will appear the relative stable query behavior which is different from the cognitive background and external environment when the scientific data user makes the data query.

This study will focus on the students' behavior in the process of search and use of scientific data , mainly including the selection of searching data channels, using the clues and criterion in the process of retrieving data and some difficulties in the retrieval process. It is expected to find the different types of scientific data users' behavior characteristics and their differences when they complete specific tasks. So it provides theoretical basis for improving the efficiency and quality of data retrieval and contribution in order to meet the needs of different types of people.

In the rest of the article is organized as follow: in the section 2 we present previous related work on users' search behavior, details on methodology are explained in section 3. Results and analysis of the study are discussed in section 4 and 5. Finally ,we conclude in section 6.

2.

Literature review

The goal of information query is seeking information, achieving happiness and reducing internal unhappiness. Wilson believes that personality, relationships and environment are the main factors that influence information query behavior. Hu changping believes that in the process of acquiring information, the factors that influence user behavior mainly include subjective information consciousness and objective work needs. Many scholars also study the information retrieval behaviors of different types of users. Tang made a contrast research about information selection criteria used in empirical study and naturalism. The results show that criteria model used by two groups is obvious difference, and with the deepening of the task, the use of criteria also changed obviously. With the booming of the Internet, Li Fayun researched on information behavior of Internet users, and the result showed retrieval experience had some influences on retrieval behavior. Wu Jing and Li Shanshan believed the information behavior of university users is a hot topic, so the research on information retrieval behavior about students and teachers in digital environment was carried out.

Results showed that it was the user's personal and external environment factors which affected the user's retrieval behavior, and the personal influence factors mainly included user background knowledge, computer application ability, knowledge structure and cognitive ability. Zhang Min and other scholars found that there was a distinct different retrieval behavior of different users, and the gender also had a significant influence on their behavior patterns. Thatcher believed that system experience and network experience had a positive impact on information retrieval, and later research also confirmed this conclusion. Dong Yuchao found that the information searching behaviors of scientific researchers with different ages, different education levels and different professional titles were significantly different. Wang Jiandong and others have shown that a user's degree has a significant impact on academic search in the journal database.

It can be seen that user information searching behavior is closely related to cognitive level, and the cognition level always reflected by educational background and retrieval ability. Scholars made a lot of researches on network information behavior and library information behavior, but there is no research on the behavior of scientific data. Therefore, we will study the impact of educational background and retrieval ability on data searching behavior in the scientific data environment.

Methods

Method of data collection

We designed the questionnaire in the web site, and the amount of information included the user's degree, the number of publishing papers, and the frequency of using data, searching way and its difficulties when users met a large amount of information. What's more, we also survey the clues and criteria which users pay attention to in the retrieval process. The questionnaire was published on the official platform, and the questionnaires were completed on a computer or mobile phone. Each questionnaire is paid to ensure the quality. The system takes back automatically. We received 671 questionnaires totally. We rejected invalid questionnaires depending on the time that filled in the questionnaire. It will take 8-10 minutes to finish a questionnaire for the designer, so we rejected those questionnaires that the using time less than 500 seconds or were repeated. The remaining valid questionnaires were 544, and the effective rate was 81.07%.

Participants

This experiment is mainly aimed at the graduate students (master and doctor) who participated in the "sharing cup" competition. There are 22 undergraduates, 421 master's degree students, 99 doctoral students and 2 postdoctoral fellows. As the proportion of master's and doctoral students reached 95.59 %, this study mainly analyzed graduate students. The percentage of subjects who regularly used scientific data in their work and study (50% of the work and study) was 68%; the percentage of subjects who sometimes used scientific data in their work and study (20%-50% of the work and study) was 23.9%. Therefore, the representative is strong and has certain reference value.

Statistical analysis was carried out in SPSS. We mainly used the independent t-test, with P < 0.05 as the standard to test the significant difference.

Data pre-processing

First of all, the data was preliminarily sorted out. According to the processing method when the data was too large, three groups of people were classified, including high retrieval ability, middle retrieval ability and low retrieval ability. When the retrieval of information is too large, the people who mainly adjust the optimized retrieval words, transform the retrieval words and replace the retrieval tool were considered to be high retrieval ability; the people who just look at the first few items of the search results, pick a few rough views and browse through them were considered to be low retrieval ability; the people of middle retrieval ability fall in between. The detailed distribution is shown in table 1. The percentage of people with high retrieval ability and middle retrieval ability was 96.5%, so in the following analysis, the two groups were mainly analyzed. While the number of people with low retrieval ability was too small, and the data analysis was not done. 

Results

Ways to get scientific data

The main way for users to get data is through a professional database, which accounts for 31.04% of the total information channel, followed by Baidu, Google and other search engines, published papers, experimental research, interpersonal network, and the last way is library. The proportion is 22.35%, 16.06%, 14.32%, 7.9% and 4.85% respectively. Thus, it is shown that professional databases, large search engines and other people's literature are the three main ways for scientific researchers to obtain scientific data. We analyzed the different degree and different retrieval ability groups respectively, and the results show that no matter what kind of people, the proportion of using professional database is relatively highest, followed by Baidu, Google and other search engines. But there are some differences in the specific values. Therefore, the data about the information channel is compared and analyzed between two groups with different educational backgrounds and retrieval abilities to find out the differences of different groups.

For users of different educational backgrounds, independent t-test is conducted for master and doctoral students. The test results are as follows: Professional database P=0.041<0.05; Library P=0.001<0.05; Experimental research P=0.028<0.05. Therefore, there are obvious differences among the three kinds of data obtain channels. Masters are more likely to use professional databases and libraries, while PHDS are more likely to take data from their own experiments.

For users of different retrieval ability, independent t-test is conducted for high retrieval ability and middle retrieval ability. The test results are as follows: Professional database P=0.001<0.05; Library P=0.008<0.05; Published papers P=0.018<0.05; Other P = 0.000 < 0.05. Therefore, there are obvious differences among the four kinds of data obtain channel. The users of high retrieval ability are more likely to use professional databases, while the users of middle retrieval ability are more likely to take data from library and published paper.

Thus, the professional database is the most frequently used and reliable channel for users. Users can obtain the most professional and authoritative data through the professional database. When retrieval ability is limited, users are more dependent on libraries and published papers to obtain data. With the improvement of educational background and in-depth research, users will design their own experiment to obtain data more than professional search. 

Figure 1:Bar charts of data sources in different groups

Clues to attention

The clue is that the user is visually stimulated by the external information during the retrieval of data. Through investigating the clues, we can better understand the focus on users' attention and make data relevant judgement during the retrieval, so as to improve data sharing platform. The user scored 19 clues in the questionnaire based on the importance. 0 is the lowest score, and 5 are the highest score. Through statistical analysis, it can be seen that the most important clues are whether to support the download, with an average score of 3.88. In the top five, the rest four clues are keywords, data quality, data abstract and data coverage time. The average score is 3.76, 3.63, 3.58 and 3.52. The least important clues are data size, whose m-value is 2.4. Thus, the most important thing for the user is that the data can be downloaded and used. If the data is not available, no matter how relevant it is useless. Keywords and abstracts can give users a preliminary understanding of data, and relevant quality instructions can guarantee the quality of data. Those all can affect users' retrieval and judgment. In the end, we found that users were least focused on the size of the data.

Then we repectively extracted the first five clues between master and PhD. It can be seen whether it can be downloaded and the keywords are the first and second, and obviously the doctor's score is higher than that of the master. The following three clues show a certain difference, which can be seen that the importance of clues in different educational background is different. Therefore, we conducted independent t-test for the importance of the clues to different educational background and different retrieval abilities. The significant difference was listed in the table. For all the clues, PhD scored higher than those of the master, and those with high retrieval ability scored higher than those in the middle. So the more cognitive level the user has, the higher the retrieval ability, the more important the clues are. 

Selection of relevance criteria

The relevant criterion is the reason or factor that affects the user's relevant judgment [START_REF] Yanfei | Information Analysis on Scientific Data Sharing[J][END_REF].We can see from the scores made by uses depending on the importance, the most important criteria is quality(4.18),next is topical(4.12) and authority(4.06).

The three lowest ratings are novelty (3.49), understandability (3.48) and convenience (3.48).First of all, the difference value between the top and bottoms was only 0.7. What's more, the mean value of criterion all beyond 3. So we can see that all relevant criteria play an important role in the relevant judgement process. Secondly, more than 50% of users scored five points on topic and quality, who think topic and quality are very important. Thus, it is generally accepted that both of them play an important role in the process of relevant judgment. At the same time, we compared and analyzed the scores made by users of different education and retrieval abilities, and got table 5 through independent t-test. We can see from the M-value that the PhD scored higher than those of the master, and those with high retrieval ability scored higher than those in the middle. The results showed that there were significant differences in in the importance of topicality, accessibility, novelty, currency and quality between the doctor and master. There are significant differences in the importance of all criterion between different retrieval abilities, except accessibility, availability, and comprehensive. 

Figure 2:Bar charts of relevant criteria in different groups

Difficulties encountered during retrieval

First of all, the biggest difficulty is that the results are too large to choose properly during retrieving data (16.57%). There are two reasons for this: On the one hand, the user has cognitive limitations, for example, users can't use the search term properly, can't understand the topic clearly, or can't use the relevant criterion comprehensively.

On the other hand, the data sharing platform is not perfect. Users also meet the following difficulties, that there is no uniform data management platform(14.03%), the data quality is not high(14.03%), the authors are unwilling to provide raw data(9.93%),no permission(9.01%).These four difficulties are all from the outside world. Since China's data sharing is still in its infancy, many experts and scholars are reluctant to share their data, resulting in a series of data usage difficulties. Different people have different difficulties in retrieving data. For people with different degrees of education, the significant difference is that the data quality is not high (P=0.013) and the searching tool is not strong (P=0.007). The master will have more data quality problems, and the doctors are more likely to face the problem of searching tools. For people with different retrieval abilities, the significant difference is that the lack of explicit copyright (P=0.015), the lack of access (P=0.021) and the lack of retrieval skills (P=0.008).What's more, people with middle retrieval ability are more likely to face these three kinds of difficulties than those with high retrieval ability. It can be seen that people with lower retrieval ability or lower cognitive level are more vulnerable to internal cognitive limitations, thus influencing their own retrieval. However people with higher education and high retrieval ability are more likely to face some external factors, such as lack of unified data management platform, weak retrieval tools, and lack of access. 

Figure 3:Bar charts of different groups about difficulties meeting in the retrieval process

Discussion

In the study of information behavior, scholars generally adopt methods of experiment, investigation (interviews and questionnaires) and log mining. With the development of technology and the increasing amount of data, the most popular method is log mining. Scholars analyze user's information behavior through a large number of user browsing records. It is because of the development of the Internet that the research method of information behavior has made a substantial breakthrough. Log mining makes data more objective and accurate, but the biggest drawback of this approach is that searching behavior cannot be associated with a particular users. It makes no sense to study the information behavior if the behavior is not connected to the users. In addition, considering the research cost and time, the study also did not adopt the method of situational experiment and interview. Finally, questionnaires were used to survey graduate students participating in the "sharing cup" competition. This method is not limited by time and region so as to cover research objects as thoroughly as possible, and can obtain data for quantitative analysis. But the flaw of this approach is obvious. Even if we work with officials to send links in official names and give back certain rewards, the quality of the data is guaranteed to some extent. However, the quality of the subjects and the accuracy of the data cannot be fully guaranteed in the network. Through the analysis of the above four aspects, we will discuss the following four points.

(1)In the age of big data of Internet +, users have changed from negative information receivers to active participants with selective ability to meet their own data needs through all kinds of choices. The user's cognitive level influences the choice of information source. PhDs are more likely to rely on data from their own experiments, and master degrees are more likely to rely on others' data. In 1986, Isenberg found that experienced users were less likely to use available information than novices, and made more targeted conclusions based on a small amount of supporting information. Thatcher also confirmed that systematic experience and network experience had a positive impact on the retrieval success. It can be seen that educational background and retrieval ability affect the user's choice of information. The education determines the breadth and depth of the data requirements, and the retrieval ability determines the access to data and the amount of data to use.

(2)The lack of information is the main cause of "information poverty" for people. So the ultimate goal of user retrieval is to get relevant data and make up for "information poverty". In the retrieval of scientific process, the criteria of judging data is mainly topicality, quality and authority, but the most important clue is whether to download. It can be seen that whether can be downloaded and acquired is more important than whether it is relevant. Data is useless if it is not available. As Savolainen mentioned in the study, unavailable let the user reject the information directly.

(3)The core criteria for selecting information in long memory are very different from the core criteria for judging information in a real environment. This study is aimed at the user relevant criteria in long-term memory only to find no difference in importance. The user thinks that each independent criteria is important to the relevant judgment. But in the context of the study of relevance criteria we will find that some of these criteria are used frequently, for example topicality, quality, and personal need (Taylor,2012;Savolainen,2006).There are some criteria that are barely used, like authority(Abe Crystal),normativity(Anastasias Tombros)and so on. It seems that some criteria are not used frequently , but it also very important. Frequency and importance are not positively correlated.

(4)There are many problems in the sharing of scientific data in China, which is an important factor influencing users' retrieval of scientific data. In the process of retrieving data, scientific data users often meet all kinds of problems, like authors are not willing to provide the data, or users have no access to the data. The reason is that data sharing work is not perfect and data is more in the hand of the experimenter. These problems have not only resulted in the duplication of work among the staff of different interest groups, but also resulted in the waste of resources and research funds.

Conclusion

With the arrival of the data era, scientific data is deeply embedded in scientific research in various fields. People who work in scientific research are more or less likely to search scientific data for work. So far, China's work on scientific data sharing has a lot of problems both from the technical level and from the government control level. In this study, we investigate the different behavioral characteristics of different types of users from the user's perspective, and analyze their commonality and specificity, so as to find the users' behavior rule of retrieving data. So this study provides a powerful theoretical basis for improving our scientific data search engine. Through this study, we better understand the development goals of scientific data retrieval. We need to provide different ways of retrieval for users who have different cognitive backgrounds.

  

  

  

Table 1 :

 1 Distribution table of different retrieval ability groups

		frequency percentage Cumulative percentage
	high retrieval ability	333	61.2%	61.2%
	middle retrieval ability	192	35.3%	96.5%
	low retrieval ability	19	3.5%	100%
	total	544	100%	

Table 2 :

 2 T-test of data sources

	T-test	search	professional	interpersonal	Library	Published	experimental	other
	P-Value	engines	database	network		papers	research	
	Education	0.089	0.041	0.266	0.001	0.319	0.028	0.49
	Retrieval ability	0.086	0.001	0.128	0.008	0.018	0.785	0

Table 2 :

 2 Comparison table of top five clues scored by different education

		First	Second	Third	Fourth	Fifth
	Master	Download(3.9)	Keyword (3.72)	Data quality (3.61)	Abstract (3.53)	Coverage time (3.52)
	PhD	Download(4.08)	Keyword (4)	Abstract (3.88) Data quality(3.8)	Title (3.75)

Table 3:Independent

 3:Independent 

			t-test about the clues
	clue	Different education Different retrieval ability P-Value P-Value
	Title	0.007	0.040
	Data author	0.008	
	Keyword	0.033	0.000
	Abstract	0.015	0.006
	Format	0.021	
	Full text	0.002	
	Organization	0.005	
	Data orders	0.014	
	Download		0.002
	Data sharing level		0.048

Table 5 :

 5 T-test of relevant criteria

	T-test	Education	Retrieval ability
	P-Value		
	Topicality	0.016	0
	Accessibility	0.015	0.136
	Novelty	0.024	0.005
	Currency	0.048	0.026
	Quality	0.04	0.004
	Authority	0.053	0.022
	Normativity	0.092	0.045
	Personal needs	0.706	0.004
	Understandability	0.266	0.001
	Availability	0.46	0.073
	Convenience	0.764	0.032
	Comprehensive	0.609	0.201

Table 4 :

 4 T-test of difficulties meeting in the retrieval process

	T-test	Authors are	There is no	Results are	Data	Searching	Lack of	Lack	Lack of	No	Difficult to
	P-Value	unwilling to	uniform data	too large to	quality is	tool is	explicit	of	retrieval	permission	use or
		provide raw	management	choose	not high	not	copyright	access	skills		understand
		data	platform	properly		strong					
	Education	0.233	0.344	0.759	0.013	0.007	0.135	0.542	0.098	0.072	0.1
	Retrieval ability	0.576	0.179	0.06	0.637	0.349	0.015	0.021	0.008	0.699	0.665
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