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Abstract: The purpose of this study is to empirically examine the visual search efficiency of classed, unclassed and classed with unclassed point symbols in map environment and provide the design principles for representations with these symbols. Classed and unclassed symbols are often used to represent statistical data set, which has large span. The purpose of classed with unclassed symbol adopted here is to test the effect of visual load with the aesthetic decoration to visual search efficiency. The location and value of symbols on the extreme positions are taken as tasks. The theory of visual search processes is reviewed and some concepts are applied to evaluating the efficiency of the searches according to participants’ response times and accuracy. Results demonstrate some symbol design principals: The units of classed and unclassed point symbols are important factors for visual search; The sketchy marks and the detailed marks portrayed in big difference can help the map reader get a high visual search efficiency while reading maps; Precisely portraying of the small value does not always help to make the accurate value estimating while doing the map-reading task; And, the decoration of the symbol would increase the visual load and become the main factor of decreasing the visual search efficiency. 
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INTRODUCTION

While cartographers decide how to classify the statistical distribution of values for the areas, it is normally possible to categorize map-symbolizing methods as classed and unclassed types. Many researches about proportional maps were on classed symbols (Dickinson, 1973; Flannery, 1971; Griffin, 1985; Monmonier, 1975; Olson, 1975; Slocum, 1983). They have provided many kinds class intervals for a signal map and, have suggested mathematical size transformations for classed point symbols for improving symbol size discrimination. Most of researches about unclassed symbols were on choropleth map (Peterson, 1979; Lavin and Archer, 1984). The classed and unclassed symbols comparison was also restricted in choropleth map environment (Mak and Coulson, 1991; Kennedy, 1994). However, the proportional design, as one of thematical mapping methods, has long been used in mapping environment for its legible, comparable characters. Though the unclassed maps are too visually complex (Dobson, 1979), it can truly reflect the magnitude of data variation and still be a welcomed option for cartographers.

Using the same data, cartographers could conceive many map designs, and these designs could be used to create many different maps (Lloyd et al., 2005). While processing the statistical data before compiling a map, cartographers would meet this situation that the data span is too large to symbolize with the unifeature. Generally, they could apply some mapping methods, such as classed, unclassed and split symbols to process this data set. The split symbol used to represent the extreme data needs the number of the value above to label its meaning. Owning to the character difference of the number and the icon, this experiment chooses the classed and unclassed symbols. Besides, this experiment adoptes classed with unclassed symbol to test the visual load affection with the aesthetic decoration (Bunch and Lloyd 2006). The purpose of this paper is to compare the efficiency of classed, unclassed and classed with unclassed methods while they are being used to represent the statistical data set. Though the design principles have been introduced in many excellent textbook resources (MacEachren, 1994; Clarke, 1995; Kraak and Ormeling, 1996; Monmonier, 1996; Robinson et al., 1995; Dent, 1999; Slocum, 1999), the effectiveness of the guidelines need empirical and academic support. 

  Empirical research designed to test the effective and efficient mapping method has increased greatly in recent years. Many cartographic researches have been using the theory of visual search processes to study map reading or the processing of geographical information (Steinke, 1987; Wood, 1993; Lloyd, 1997; Nelson et al., 1997; Brodersen et al., 2001; Lloyd and Hodgson, 2002). Understanding the nature of the visual search processes should be a high priority for cartographic research, because these processes represent an important dynamic interaction of the map and the map-reader. MacEachren (1995) ever pointed out in his book: Cartographers can facilitate map use by developing models of human map interaction and human spatial cognition and then use these models to identify and more completely understand the most important variables of map symbolization and design. The theory of visual search processes is fundamental to map reading. Visual search studies conducted by cartographers have been either looking at map overall or task based studies. Its recording is seen as a very promising method to study the cognitive efficiency of the map. This method has been used to exploring map design principals, to improving cartographic design and to comparing the visual search efficiency of classed and unclassed point symbols in this research.

METHODOLOGY

The following experiment is designed to examine the visual search efficiency of classed, unclassed and, classed with unclassed point symbols according to large span data set in map environment. The experiment has three kind symbols and four symbol-detection tasks to assess how efficiently and how accurate target symbols could be detected. The special interest here is the assessment of the role that what kind of symbols used in cartographic production often, plays in map reading communication well. 

Participants

The experiment is voluntary performed with forty-nine students who studied in the school of resource and environment science in Wuhan University. They are consisted of both graduate and undergraduate students with various majors. Nineteen of them are females and thirty are males, all have a little knowledge of cartography. Participants have normal or corrected-to-normal vision and normal color identification. They are divided into two groups, which test with different experiment map sequences in different time. Every participant in the same group tests the same trail before the screen at the same time, which needs about 30 minutes.
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Figure1: Nine grid cells of the base map: the target would be located in every cell separately and randomly for one task.

Variables 

Independent variables are encoded for the maps according to some characters. While designing the symbol, if the data span is very large, the classed or the split method is used to represent the statistical data. With the split method, the value of the data is often represented above the symbol directly. Owning to the character difference of the number and the icon, the classed and unclassed symbols are chose in this experiment. Besides, classed with unclassed symbol is adopted to test the visual load affection with aesthetic decoration. 

The dependent variables for the experiment are response time and accuracy. Response time is recorded in milliseconds as the elapsed time between when the map appears on the screen and the time when the participant gets the answer and clicks the appropriate button. Accuracy is the response of the location or the value answer, symbolized by letters or numbers.

Experimental maps

This experiment selects population data of a city in China and changes the shape of the city in order that the participants do not be affected by previous knowledge of the environment represented on maps. Map backgrounds can influence data value on test maps (McGranaghan, 1989), in order to avoid the background noise, this experiment only chooses the boundaries and colored ribbons to be represented on the base map. Each county of this city is numbered with one English letter for avoiding the time differences in identifying complicated and diverse county names. Some researches (Bunch and Lloyd, 2000) proved that location could affect the visual balance. In order to lessen the location affecting of the target on map, the base map for every scheme is divided into nine grid cells (figure1), and the target is separately located in every cell randomly for one task. Therefore there are nine maps for every symbol-detection task.
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Figure2: Three schemes based on the same statistical data set

Three kinds of symbols are designed based on the same data set (The biggest value is one point eight nine million, the smallest value is twenty-six thousand. The data set mean is two hundred thirty thousand. The biggest value has a large span with the second one). According to the principal of KISS (Keep it simple, stupid!), we adopt the simple shape – rectangle, bar, square and the building outline to symbolize classed, unclassed and classed with unclassed schemes (figure2). The size of the symbols is designed based on the area of the base map, and the decision of quantity unit for every scheme is made after referencing several published synthetical atlas, like the atlas of Shenzhen, the atlas of Zhuhai, the atlas of Guangdong et al., and also consulting with cartographic experts. 

In order to highlight the designed symbols, color of the symbol is opposite to that of the background. The overall arrangements of testing maps are the same: The symbols are randomly placed on the map, the legend and the map name are located on right-top of the map, and the name of each county is put at the right of the point symbol.

Experimental Tasks 

The experiment tasks include two parts: The first is location recognition tasks which purpose is to examine how well participants search the extreme target (biggest and smallest) locations; The second is value estimation tasks used to examine how well participants are able to determine the value of the extreme symbols by referencing the legend on map. According to the response time and accuracy of the participants, classed, unclassed and classed with unclassed symbols are compared. The following research tasks are posed:    

·Which county has the largest population? 

·Which county has the smallest population?

·How much is the largest population? And 

·How much is the smallest population?
Procedures
Each participant tested individually using a Pentium III PC and on a Philips 17” LCD/TFT flat panel monitor with 1024×768 pixels resolution. There were three schemes and each scheme had nine maps with the same symbols and different locations on. The sequence of the schemes was different in two groups: The first sequence was scheme1, scheme2 and scheme3; the second was scheme3, scheme2 and scheme1. The nine maps in each scheme were presented on screen separately and randomly. For each map, the location tasks were given in order – biggest and smallest, the value tasks were presented in the same order for the first map of every scheme; the task and the map were showed alternately. 

At the beginning of the test, the participant had to fill some personal information in the dialogue-box on screen, which concerned their age, gender, major, degree, the testing serial number and the testing time. Then the participants needed to complete a preliminary test before the formal one in order to ensure that they fully understood the testing procedure and knew how to interact with the symbol well. No data was analyzed for this learning exercise. When the formal test began, the task question was presented first, after clearly reading the question on screen, the participant pressed the “spacebar”, the task question interface was removed from the screen immediately and the map appeared at once; the computer timing started at the same time. The mission of the participant was to search the target on the map as quickly and as accurately as possible according to the task question he memorized. Once the answer was got, the participant pressed an appropriate button on the keyboard, the computer timing ended at once; the map disappeared and the answer dialog-box was presented on screen; then, the participant filled the answer in the box. The response time and the answer were recorded in the database. Clicked the spacebar again, the next question was coming. The response time and the answer were recorded in the database.   

Hypotheses

The related research hypotheses considered by the study are listed below as effects for the study. Their contents are:

·For the visual search efficiency of classed, unclassed and classed with unclassed point symbols, if the target has the unique feature, it would pop out from the distractors; If it has the conjunctive features, it needs more time to process in series;

·Response time and accuracy should indicate that the more the number of the units a point symbol has, the less the visual search efficiency it arises; 

·Response time and accuracy prove that the sketchy mark should lead to the quick and inaccuracy response, and the detailed mark should help to get the high accuracy but slow response time;     

·Accuracy of the response should show that precisely portraying of the value does not always help to get the accurate estimation; And 

·Response time should indicate that the decoration of the symbol design often increase the visual load and become the main factor of decreasing the visual search efficiency.

RESULTS 

The data gathered during the experiment are analyzed. The special data (too large or too small) are replaced by the collected data mean. Analyses of variances (ANOVAs) are performed using the response time and the accuracy as dependent variables. Three schemes are considered for all of the analyses of variances. The efficiencies of the three symbol schemes based on the same data set are embodied by location-recognition tasks and value-estimation tasks.

Analyses of the Target Location Recognition

An initial analysis is done to compare the mean response times for the three schemes. While response to the biggest target location, a one-way ANOVA comparing response times of these three schemes indicates a high statistically significant difference in the means (F=10.413, p= 0.000). A multiple comparisons indicates that unclassed symbol and classed with unclassed symbol have no significant (p=0.150), but they are significantly different from classed means (p=0.000, p=0.023). The unclassed symbol yields the fastest mean response time (1869ms), followed by the classed with unclassed symbols (2147ms). The classed symbol yields the slowest mean search time (2541ms).

When searching the smallest target location, the pattern is a little different from searching the biggest target location. One-way ANOVA comparing response times of these three categories indicates a statistically significant difference in the means (F=33.669, p=0.000). The multiple comparisons indicates that all three category means are significantly different from each other. The fastest mean response time occurs on the unclassed symbol maps (3042ms), the classed with unclassed symbol maps has the next fast response time mean (3814ms). The slowest mean response time yields when participants search on the classed symbol maps (5426ms). 

It takes participants significantly longer to make their recognition when targets are the smallest than that when they are the biggest (Figures 3).
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Figure 3. Means of extreme (biggest and the smallest) locations for three types of schemes 
The accuracy of the two target locations is different. The accuracy of the biggest target location recognition is very high, every scheme has four hundred and forty one responses to every location task and, the proportion of incorrect responses are not more than one percent for every task. All the reasons of wrong responses are only one: pressing button carelessly. However, the incorrect rate of the smallest target location recognition is a little high: the classed is fifteen percent, the unclassed is four percent and, the classed with unclassed is ten percent. After inquiring the participants, it shows that the causes of incorrect responses are different, some might be clicking the button carelessly, some are misunderstanding the question, and the main reasons are caused by wrong recognition.  

In addition to above effects, the analyses of variance models also test all two-way interaction effects. The interaction effects are found to be statistically significant for either the biggest or smallest target location searching time. This analysis clearly indicates that biggest symbol location recognition trials are processed faster than smallest symbol location estimation trials when the mistaken recognitions are not taken into account.

Analyses of the Target Value Estimation

When searching the biggest target value, a one-way ANOVA comparing response time for these three categories indicates a highly statistical significant difference in the means (F=23.720, p= 0.000). A multiple comparisons for response time means indicates that unclassed symbol and classed with unclassed symbol have mean search time that are not significantly different from each other (p=0.438), but both have significantly faster mean search time than those of the classed symbol; the classed means are significantacly different from unclassed means and classed with unclassed means (p=0.000, p=0.000). The classed symbol has the fastest mean response time (7256ms), followed by the unclassed symbol (22027ms). The classed with unclassed symbol has the slowest mean response time (25483ms).

When searching the smallest value, a one-way ANOVA comparing response time for these three categories indicates a statistically significant difference in the means (F=17.148, p= 0.000). A multiple comparisons for search means indicates that classed symbol and classed with unclassed symbol have mean search time that are not significantly different from each other (p=0.192); the unclassed means are significantly different from classed means and classed with unclassed means (p=0.000, p=0.000). The unclassed symbol has the fastest mean response time (4522ms), followed by the classed symbol (7755ms). The classed with unclassed symbol has the slowest mean response time (9175ms) (Figure 4).
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Figure 4. Means of the biggest and the smallest Values for three types of schemes 

The target value estimations are analyzed next. From the symbol appearance, the participants would not get the precisely original value, but they could estimate a value in the vicinity of the original number position with the help of the legend. According to the value adjacent degree, the efficiency of three schemes could be compared at the value estimation.

The biggest raw number is one point eight nine million and the smallest is twenty-six thousand. The participants search the targets according to the value estimation tasks, and then enter the value number estimated in the dialogue box on the screen. The special values estimated of the biggest are replaced by zero in figure5 (such as those below one thousand). The results are presented in graphs of figure 5 and figure 6. Solid lines in these graphs represented the raw number location.

Figure5 shows that every scheme of the distribution of the biggest estimated value has its own tendency. For the classed symbol, most of the values are two million instead of the original number one point eight nine million. However, most of the estimated values of unclassed and classed with unclassed symbols are below the raw number line. Most values are between one point eight five million and one point nine million. Some values of unclassed are the same as raw number, but classed with unclassed scheme has no such value.
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Figure 5. The biggest value distribution of every scheme viewed by the participants
Figure6 shows that not every scheme of the smallest value estimation has only one tendency. For classed symbols, the result shows four tendencies: twenty-five thousand, thirty thousand, forty thousand, and fifty thousand. No estimated value is the same as the original number - twenty-six thousand. Unclassed symbols have two estimated values’ tendencies: most of them were thirty thousand, and a few values were forty thousand. The classed with unclassed symbols have the same two tendencies: Most of them are twenty-five thousand, and a few are fifty thousand.  
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Figure 6. The smallest value distribution of every scheme viewed by the participants
DISCUSSION 

Results of this study provide valuable insights into the efficiency of visual searching for classed, unclassed and classed with unclassed symbols in proportional map environments. The above analysis show that data of the experiment support the hypothesis, and response time means do not always align with the accuracy. The results would be discussed below with the theory of visual search process.   

Searching for Biggest Target Location Result 

ANOVA of the biggest target location search shows that the response time means are significant and the accuracy is too high to think of their affections. This could indicate that these three types of symbols have different search efficiency while representing the same data set in map environment. Multiple comparisons indicates that unclassed symbols and classed with unclassed symbols have no significant difference, but they are significantly different from classed means. These phenomena would be explained from the features of the symbols, and then we could know the disturbing factors forming the conjunctive features, which influence the visual search efficiency.  

In cartography, if the data span is large and the values of the data need to be represented proportionally on map, the classed method generally adopts the variation of the symbols’ length and width to represent the value. Based on the visual search processes, these classed symbols would have conjunctive features; it means that the target and distractors of classed symbols has to share features on two or more dimensions. Without the unique feature, the target could not pop out from the distractors. 

The classed symbol is bar-shaped with two wide units: When the value is above two hundred thousand, the wider bar is chosen and one centimeter represented ten thousand; otherwise, the narrow bar is used to represent the statistical data with the unit of one centimeter one thousand. While searching the biggest symbol, the target must be the longest and widest. The distractors include three types: narrower with higher, narrower with shorter and, wide with shorter. If there are more the number of units, there would be more the conjunctive features. 

The unit of the unclassed symbol is rectangle. One rectangle representes twenty thousand, which is nearly the ten percent of raw data set mean. Five rectangles representing one hundred thousand formed a group. The group number of one column is not more than three; otherwise, two columns or more are used to represent the value. The biggest target has seven columns. The distractors are that one column with fewer rectangles symbols and, the same length with fewer columns symbols. The length of distractors would not above the target. The target has an outstanding seven columns feature and could be thought of having a unique feature. 

The unit of classed with unclassed symbol designed in this research is a square. One square represents the value of one hundred. There is a cross in the square, which divides the square into four cells. So one cell represents twenty-five thousand. Besides these, there are three kind building outlines to classify the data set into three groups: below fifty thousand, between fifty thousand and one hundred thousand, above one hundred thousand. Whenever the value is in a group, it adopts the homologous class outline to symbolize it. When searching the target, though it has the outline belong to the above one hundred thousand group, it is the highest and most columns symbol so, it is a prominent target among all the other symbols and could be thought of having a salient feature. The distractors in other groups have a big difference with the target, even in the same group; the distractors are among those fewer columns symbols. The length of distractors would never above the target, and the target has the unique three columns feature.

The above descriptions show that three kind targets have their own distractors. The unclassed and classed with unclassed targets are prominent in width – the distractors of unclassed have one or two columns and the target has seven columns, the distractors of classed with unclassed symbols have one column and the target has three. Besides this, the length of the distractors would not longer than that of targets. Therefore, their own unique feature makes the two schemes have the “pop-out” effect while searching the biggest targets. This analysis from the visual search process does tally with no significant difference of multiple comparisons of unclassed and classed with unclassed schemes. The classed target has no unique feature. It shares features with length and width with distractors and does not prominent in any feature: the target has the same width with some distractors; In length, the target not only has no salient feature but also is weakened by some higher with narrower distractors. While searching this target, the participants must concentrate to search all the symbols on maps one bye one, until the target is got. This serial processing needs long time that is proved by the test result. 

This partial experiment proves the truth of hypothese1. It also proves that unclassed and classed with unclassed point symbols perform significantly better than classed symbol in the biggest target location recognition task. 

Searching for Smallest Target Location Result 

The smallest targets in this research are all had conjunctive features, which would require focused attention and are processed serially; therefore, their search times are longer compared to that of the biggest targets. 

The smallest target of the classed symbols has three kind distractors: narrow with higher, wider with shorter and, wider with higher. The distractors of the smallest unclassed symbols include that one column with higher symbols and, more columns with higher symbols. The distractors of the classed with unclassed target are that in the same group with different proportion of the square and those in different groups. Though the number of distractors of every scheme is the same, ANOVA showes that they have a statistically significant difference in response time means while searching targets. This could be explained from the symbol types, which arose the disturbing factors. After analyzing the distractors of the three schemes, we could get that the classed target has three disturbing factors: narrow with higher, wider with shorter and, wider with higher; the unclassed target has two disturbing factors: higher and higher with wider; the classed with unclassed target has the same two disturbing factors as that of unclassed. The disturbing factors affect the visual search efficiency. The classed has the most disturbing factors; therefore it has the longest searching time while doing the task. The other two schemes have the same number of disturbing factors, they should not have the significant difference in theories, but in reality, they have the significant difference. The two schemes have the symbol difference in two factors: one is that the classed with unclassed symbols has classed outlines, the target has the same outline as some symbols which have the close value with the smallest; another is that the unclassed symbol represented the value according to the length proportion, and the classed with unclassed symbol presentes the value with the symbol area. Researchers prove that area is more difficult to perceive precisely than length (Dent 1999). At the same time, the same outline makes the participants pay more attention to distinguish the difference between the target and distractors because the same outline addes a load to visual search. These two differences lead to the classed with unclassed target has longer search time than that of unclassed. The result verifies the truth of hypothes5. 

For the accuracy of target locations, eliminating the careless button pressing, the classed scheme is easiest to make mistake while searching the target locations. The unclassed scheme has the highest correct rate while doing the same task. Results prove that the more disturbing factors have, the easier to make wrong recognition. 

In location recognition tasks, no matter the target is largest or smallest, unclassed point symbol performes significantly best than classed and classed with unclassed symbols. From the above discussion, research proves the truth of hypotheses and gets three suggestions:

·While representing symbols on map, the less disturbing factors are arisen, the higher the visual search efficiency is got;

·The number of units about the point symbol can affect the visual searching efficiency, the more the number, the more the disturbing factors; And 

·The decoration of the symbol would increase the visual load, then decrease the visual search efficiency. 

The results also prove some principles been studied: 

·Area is more difficult to perceive precisely than length (Dent, 1999); And  

·It is harder to find small among big than big among small (Treisman and Gormican, 1988). 

Searching for Biggest Target Value Result 

While searching the value, no matter the largest or the smallest, ANOVA shows that the response time means is significant difference. Multiple comparisons indicates not always the significant. The discussion of the target value searching includes two aspects: one is response time means; another is the estimated value accuracy of the answer. 

Though the one-way ANOVA of the biggest value shows a significant difference in response time means, the multiple comparisons indicates that unclassed symbol and classed with unclassed symbol have no significant difference in mean searching time and, both have significantly slower mean searching time than that of classed symbols. While estimating the value, the participant must understand the legend first and form the knowledge in mind, then begin to search the target with vision and calculate the target value according to the legend knowledge in mind. Though the biggest value is the same, the different symbol styles lead to that the target has the different complicated degree and forms different information communication efficiencies. 

The unit of the wider bar is one centimeter one hundred thousand; every five centimeters one mark forms a large visual unit, which helps to make the target value estimation. The unit of the unclassed symbol is one rectangle representing twenty thousand, though it is small, every five rectangles one group make the visual unite be one hundred thousand. The orderly arranged groups let the participant be not difficult to estimate the value. The unit of the classed with unclassed symbol is one hundred thousand, which is also the visual unit. The orderly arranged appearance also make it be clearly to be estimated. 

The tendency of classed symbols in figure5 would cause by the visual unit – five hundred thousand (every five centimeters one mark). The sketchy visual unit without other more precise graduations makes the participants difficult to estimate the precise value though it is the fastest search. Despite the fact that the value of the target is below two million, the participants have the tendency to think it is two million. This result shows that people like to overestimate the length of a straight symbol representing an object while reading the symbol and asked to verbally report its length. Some of the unclassed results are the accurate value of one point eight nine million. The unclassed legend is simple and could give a quick response that ten thousand is one half of the unit (rectangle); the participants are easy to make this estimation if they read the target carefully, therefore they could get the precise value during the test. Most of the answers of the classed with unclassed symbols are below the original number but the gaps are not large. From its legend, we know that one square representes one hundred thousand; ninety thousand would be represented by ninety percent of one square. The participants are not easy to estimate the precise value by area proportion; most answers are a little smaller than the original value. This indicates in some degree that when the area proportion of a symbol is large, the people have the tendency to estimate it a little smaller. 

This partial experiment shows that response time means do not always align with the accuracy. Though the classed symbol has the quickest response time means while doing the target value estimation task on account of the large visual unit, their accuracy is the lowest. The unclassed and classed with unclassed symbols have slower response time means, but their accuracy is higher compared to that of classed symbol. The unclassed symbol has a little shorter response time means and a little higher accuracy of value estimation compared to classed with unclassed symbol. For this task, the unclassed symbol performes better than classed with unclassed symbol. Compared between classed and unclassed symbols, it is difficult to make judgment in the biggest value estimation task. Still, this partial test could give some suggestions for map designing:

·The sketchy visual unit is propitious to the quick value estimation when the target value is big. While map designing, it had better form a visual unit with several units group, and the number of the units in a group must be convenient to calculate, such as five or ten; And

·No matter the length or area, without the help of the subtle graduation, the participant is not easy to get the precise value. Participants like to think half or multiples of the unit as the estimation base. 

Searching for Smallest Target Value Result 

For the smallest value, one-way ANOVA comparing response time for these three categories indicates a statistically significant difference in the means. The multiple comparisons for response time means indicates that the unclassed target has the fastest searching time and has the significant difference with the classed and classed with unclassed targets. The classed and classed with unclassed smallest symbols have no significant difference between each other while doing the value estimation tasks. This is a little difference from the smallest location recognition task. The smallest targets in map environment are not prominent and all have different disturbing factors, which are discussed in the smallest location result. 

The original value of the smallest is twenty-six thousand. While estimating the smallest target, the results of the classed targets are not all the same as original value. This could be explained from two aspects: one would be affected by the highest wrong location recognition; the other would be that the sketchy visual unit affects the target value estimation. The wrong target location recognition leads the wrong value estimation certainly. The visual unit is so large that the value below fifty thousand without detailed markers reference, the participants are easy to make illegible estimation, they tend to think the half of the unit as the judge base, they also like to take the target value as an integer among a certain range below a fixed value. So the estimating result is twenty thousand, thirty thousand, forty thousand and fifty thousand. The estimating value of the unclassed target has a tendency - most of the value is thirty thousand. The unit of the unclassed symbol is twenty thousand. Though the smallest value is precisely portrayed – one and thirty percent of a rectangle according to the length, the participants have not perceived accurately according to the symbol, and estimate it as half of a rectangle instead of one third, therefore they get the value – thirty thousand. For the classed with unclassed target, the results are most close to the accurate value. Because the smallest value is not portrayed precisely, it is represented by one quarter of the square - one cell divided by the cross, and then it is easy to estimate the value – twenty five thousand, which is close to the raw value. 

Response time means do align with the accuracy in this partial experiment. Results prove that unclassed point symbols perform significantly accurate than classed and classed with unclassed symbols in the smallest target value estimation task. Some suggestions for map design could be got from the result: 

·While designing the symbol, the detailed marks can help to get the high visual search efficiency and precise value when the target value is small; 
·The precisely portraying value does not mean the precise value estimation from the symbol. Half is the most and easy proportion for people to estimate. If people want to represent the value precisely, the best way is to add the secondary precise mark. 

·Though the length is easy to get the precise value than area, the proper proportion representing of the area without affecting the comparison can also help to increase the precise of the value estimating.

CONCLUSIONS AND FUTURE WORKS  

This research has taken the theory of visual search processes and applies some of their concepts to searching for the classed, unclassed and classed with unclassed point symbols in a map environment. Some results are similar to those found in previous cartographic and psychological studies (Dent, 1999; Treisman and Gormican, 1988); others suggest some design tips for the classed and unclassed symbols. The theory of visual search process explained the comparison of classed and unclassed representing methods. The response time of this experiment also prove the theory and verify the hypotheses1. The research reported here seeks to increase our knowledge of the effectiveness classed and unclassed point symbols used to represent the large span data set. Four specific research objectives in hypotheses have been identified and will be restated together with an evaluation of current experimental results:

Firstly, the theory of visual search process proves that the unique feature and conjunctive features are main factors affecting the visual search efficiency. If the size difference is sufficient, a target of one size will be found efficiently among distractors of another size (Duncan and Humphreys 1992). It is harder to find small among big than big among small (Treisman and Gormican, 1988). Results showed that the response time means were affected by disturbing factors on maps. 

Secondly, the unit of the symbol is important while designing classed and unclassed point maps, which could be a main factor of affecting the visual search efficiency. The more the unit types a symbol has, the less the visual search efficiency it arise. Large span marks make the sketchy value estimation easy and have quick response searching; detailed marks are propitious to making precise value estimation, convenient to make symbols comparison, and slow searching response. Hypotheses2 and 3 are verified. Generally, the raw data set mean could provide a reference for the unit choosing. One-tenth of the raw data mean is an appropriate value in this experiment. 

Thirdly, Precisely portraying of the small value does not always help to make the accurate value estimating while doing the map-reading task. Hypotheses4 is true. Half is the most and easy proportion for participants to estimate in spite of the correct ratio. Response times show that area is more difficult to perceive accurately than length. But sometimes, the proper proportion of the area representing without affecting the comparison also helps to increase the precise of the value estimating.

Finally, the decoration of the symbol design often becomes the main factor of the visual searching efficiency decreasing. While designing the symbol, KISS (keep it simple and stupid) principle is very important, which is the hypotheses5 content. This may conflict with the sketchy and detailed marks representing. But it proves in some degree that the principle should not be applied rigidly or in a peevish spirit, because it has no logically or mathematically certain. We need to study further how to organize the marks so that they could increase the visual search efficiency without leading to more load influence.    

This study is no different in the regard that the maps and symbolization are intentionally kept simple to control any extraneous information and the simplicity is a fundamental goal of cartography. Likewise, the experimental tasks were rather restricted ones. The problem of comparing symbols is a treacherous one. There must be inherent differences in the nature of the graphic images. However, comparison is required because the questions of which symbols are better representations of mapped data continue to be raised. The research could offer cartographers some useful insights into the design of such symbols. 

Future studied can extend the current study in a number of ways. What now required is further empirical work to validate and expand present findings. In particular, extensions of experimentation include how to design a unit for different statistical data set; whether the unit is related with the symbol size; how to represent the small symbol based on the visual; what situation could lead to the people estimate higher or lower, is there any rule? How to harmonize the conflict of the detailed scale and the KISS map request; and, the map is the integration of science and art, the artistic symbol is needed on map, what kind decoration could become load for searching.
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