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Abstract

:

As the development of small-scale thematic cartography continues, there is a growing interest in simple graphic solutions, e.g., in the form of numerical values presented on maps to replace or complement well-established quantitative cartographic methods of presentation. Numbers on maps are used as an independent form of data presentation or function as a supplement to the cartographic presentation, becoming a legend placed directly on the map. Despite the frequent use of numbers on maps, this relatively simple form of presentation has not been extensively empirically evaluated. This article presents the results of an empirical study aimed at comparing the usability of numbers on maps for the presentation of quantitative information to frequently used proportional symbols, for simple map-reading tasks. The study showed that the use of numbers on single-variable and two-variable maps results in a greater number of correct answers and also often an improved response time compared to the use of proportional symbols. Interestingly, the introduction of different sizes of numbers did not significantly affect their usability. Thus, it has been proven that—for some tasks—map users accept this bare-bones version of data presentation, often demonstrating a higher level of preference for it than for proportional symbols.
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1. Introduction


In recent years, the use of small-scale thematic maps has become common in the print and on-line media. As they are meant to be used to obtain information quickly, they should draw the eye and encourage the user to undertake in-depth analyses of the issues being presented. This type of presentation needs to be effective, attractive, and eye-grabbing. Quickly readable maps are foremost informative, visually attractive, and simple—both in terms of their content and their graphic form, which has to be understandable to users who do not have any cartographic training [1]. This simplicity and accessibility for various users are the reasons why such maps are often designed in a different way to traditional thematic cartography with its strong graphic foundation. It is common to present quantitative data on maps with the limited use of visual variables in the form of numbers. Such maps are significantly simplified in terms of their visual complexity, but it is not clear to what extent such an approach is favourable and preferred by users. User studies are a common approach to verifying the usability of and possible challenges with maps (e.g., [2,3,4]) and geovisualisations [5,6]. However, despite their frequent use, quantitative thematic maps have not been a common subject of extensive empirical research [7].



Cartography is meant to depict the spatial distribution of a given phenomenon in an effective way, allowing map users to analyse its content at detailed and/or general levels of map reading. The cartographer who makes the map and the user who analyses it are related with the following issues: a cartographer decides how (using cartographic methods and graphic variables) to present what (information to be shown) to whom (user with his/her knowledge and abilities), and must consider whether it is effective (if the information is retrievable) [8]. This form of information presentation is significantly different to the statistical table, which is meant to allow for a quick reading of a specific value of a given phenomenon, or a quick comparison of values, but is not useful for making any inferences concerning spatial relations or drawing general conclusions. Aside from the spatial aspect, another important difference between maps and statistical tables is the fact that maps use graphics that have been described and defined by Bertin [9] as visual variables. Quantitative data are coded using selected visual variables (e.g., size, lightness). Numerical values concerning the phenomena presented on the map are then included in the map’s legend, which provides an explanation of how the selected visual variables are used. In addition to the above-mentioned traditional solutions, numbers are also employed on maps as a cartographic technique. Quantitative data are shown on a map directly in the form of numbers, which significantly reduces use of visual variables.



The broad availability of statistical data and the great variety of their possible ways of presentation results in a tendency to overload maps with excessive detail by showing a lot of information on a single map, often in the form of numerical values. One of the additional reasons for the popularity of this method of data presentation is time. Hence, numbers on maps are applied in presentations that have to be prepared and reach their audience fast; for example, recently, numbers have frequently been observable on maps presenting information regarding the COVID-19 topic [10,11,12]. On this kind of map, there is no need for data processing, symbolisation, or graphic optimisation. Information is provided to map users with a high level of detail, creating the risk that the amount of detail may sometimes be too high. This article presents the results of empirical research that compared the usability of numbers on maps with other popular information presentation methods (map types). Usability was assessed both in the context of maps on which numbers appeared alone and maps on which numbers repeated information that was also represented using a different method.




2. Numbers on Maps as an Approach for Cartographic Presentation


Although numbers are used quite often on maps, they have infrequently been the subject of research and have only rarely been included in classifications along with other methods of cartographic presentation [13]. Most often, they thought to be inefficient solutions, as statistical tables distributed over a geographical space, and as some form of a preparatory stage for the map-making process [14,15], i.e., a draft map intended for the person who develops the final version. However, the frequent use of numbers on maps as a final version of data presentation (Figure 1) means these opinions should be verified, especially in the context of the numbers’ usability. The question as to whether numbers on maps, which in their form often resemble statistical tables, have similar utility to that of well-established and generally accepted cartographic presentation methods is an interesting issue for further analysis.



2.1. The Functions of Numbers on Maps


The readability of numbers on maps may be improved when they meet certain requirements. It is advised that they consist of not too many digits and that they sometimes bee intentionally reduced [13]. Furthermore, it is not recommended to include decimal parts, which may hamper the readability of a map. It is advised to use a simple typeface for such numbers and a clearly visible colour that highlights them against the map’s background, making them very legible. Due to the diverse shapes of numbers, they normally draw the attention, which is why they should not be used in excess. A map with more than one phenomenon presented in the form of numbers in all reference fields (e.g., in different colours) might become difficult to interpret.



Numbers on maps perform a similar role to proportional symbols, i.e., in each unit, they present the individual value of the phenomenon at a given point or in a given area. If the numbers presented in the same way throughout the map do not differ from each other in their graphic forms, then such numbers are referred to as even-sized numbers (Figure 1A). Such numbers may appear on the map alone (Figure 1A) or supplement another method—for example, proportional symbols that repeat the information presented with this method. In such a case, numbers on the map fulfil the role of the map’s legend [16] (Figure 1B). The values of a given phenomenon can be read on the basis of the numbers placed directly on the map without the need for a traditional map legend.



Visual variables can be used for numbers on a map, as well as for other map labels [17,18]. Quantitative characteristics are usually presented using size and lightness variables [9]. The diversification of the size of the numbers on a map, which is dependent on the value of the phenomenon, allows so-called proportional numbers to be created (Figure 1C) [13], so that the map user may notice high values presented in the biggest font size more quickly and only afterwards register the smaller ones corresponding to lower data values. Proportional numbers can also complement a different form of presentation used on the same map (Figure 1C), one acting as a graphic-based legend. Numbers, both proportional and even-sized, may be used on a multi-variable map to present data different to those presented on the same map with the help of other methods (Figure 1D). Simple presentations (single-variable maps) (Figure 1A) are easier to understand than complex maps [19], but these maps are meant to perform different functions. However, complex maps (Figure 1D) are a clue for a user that the combination of two or more phenomena on one map is not accidental, and when they interpret the map, they should draw conclusions based on the analysis of all of the presented information [20].




2.2. Numbers on Maps as a Form of Content Redundancy


When the same data are presented on a map, not only as numbers but also using another cartographic method (e.g., proportional symbols as in Figure 1B or a choropleth map as in Figure 1C), these methods constitute redundancy. Redundancy is understood as “the unnecessary use of more than one word or phrase meaning the same thing” [21]. However, despite the fact that redundancy create additional visual load, it can also have a positive impact on the usability of the map [22,23,24].



Redundancy results in a map when more than one method is used to present the same data, i.e., when different visual variables—for example, size and lightness—are used to facilitate the user’s understanding of the presented content [9,25,26]. On the other hand, in geovisualisation, redundancy can be implemented within the framework of coordinated and multiple views in which the same data are presented in separate windows using different visualisation methods, e.g., maps, tables, or proportional symbols [27]. Multiple views show data with different visualisation methods, since each of them provides a different perspective [28] to facilitate an understanding of the spatially referenced data [29]. Map makers understand that using various methods of presentation can be helpful to a map user. When there are many methods of information presentation to choose from, the user will opt for the one that they find most convenient [30]. In addition, repeating the same data functions as a type of emphasis, highlighting the importance of the presented information [31].



The use of redundancy to improve maps has been the subject of research. For example, there have been studies verifying the interpretation of geographical phenomena on the basis of text alone, on the basis of text supplemented with a map, and only on the basis of a map with short text comments placed directly on the maps [32]. The presentation combining the map and text at the same time was effective for lower-level learning, although such a multi-component form of presentation required more attention from users. Research focused on the use of redundancy to facilitate the reading of animated maps has shown that a simultaneous use of size and colour variables significantly improves the usability of maps by limiting the change blindness effect [33]. It has also been shown that a cartographic presentation in which the scale of the phenomenon is represented by the size of symbols is more effective if it is further enhanced by adding a lightness variable, resulting in respondents reading information more quickly and with greater accuracy [22]. This improvement results from the fact that lightness is, next to size, the variable most easily read among visual variables [34,35,36,37]. Maps for fast reading, such as maps presenting weather forecasts [38], have also been studied, and it has been shown that an effective map should emphasise the thematic information constituting the main focus of the map.



The above-mentioned research shows that repeating information by means of applying various graphic solutions makes it easier to read and interpret. However, caution should be taken, as neither redundancy nor other graphic solutions should be used in excess. When a map’s visual appearance becomes too complex, its efficiency may be reduced [39]. An attempt was made to identify the limits of the usability of redundancy, i.e., the point beyond which it ceases to be helpful and becomes a burden in the context of map reading. The analysis included different forms of city and town labels: varying sizes of symbols, different sizes of names, and names written in bold or only in capital letters. The study showed that marking cities with one variable made the information quite difficult to understand for map users. The results obtained using two or three variables were similar, but better than those achieved with just one variable. The introduction of a fourth variable did not bring any improvements [22].



It is therefore worth more deeply evaluating the usability of numbers as a cartographic data presentation method. Because of the multitude of possible ways of using this presentation method, the following study evaluated numbers in several contexts. The purpose of the study was to answer the following questions (RQ):




	
RQ 1: Are numbers used as an independent method on a single-variable map just as effective as traditional methods of cartographic presentation?



	
RQ 2: Is it useful to use numbers on a map to repeat information already presented on the map using other visual variables?



	
RQ 3: Are numbers useful as one of the elements on a multi-variable map?








We decided to limit the scope of the study to an analysis of the usability of this data presentation method for simple map-reading operations. We believe that it is worth starting the research from basic operations and subsequently expanding the scope of the research to include more complex contexts of using maps, including map interpretations, as well as decision-making, and problem-solving processes.





3. Materials and Methods


The aim of the study was to compare the usability of three different methods of cartographic presentation: even-sized numbers, i.e., numbers whose sizes do not change in relation to the value of the presented phenomenon (later abbreviated as “N”; Figure 2A,D,G); proportional numbers, i.e., numbers whose sizes change with an increase in the value of the phenomenon (later abbreviated as “PN”; Figure 2B,E,H); and the traditional presentation method, i.e., proportional symbols, in which each value of the phenomenon corresponds to a square of a different size (later abbreviated as “PS”; Figure 2C,F,I).



The assessment was based on the measurement of the percentage of correct answers, the time needed to solve the task, a self-assessment of the task’s difficulty, and the study participant’s opinions on the most helpful method of data presentation. These metrics are often used in empirical cartography research as usability performance metrics [19]. The study used a simple form of numbers: two- and three-digit numbers expressed in a sans serif typeface.



3.1. Study Material


Twenty-seven maps were prepared for the study, which showed a fictitious area consisting of 35 reference fields of similar size. Three map versions were prepared for each of the nine tasks (T1–T9), which employed different cartographic presentation methods and showed different amounts of information (one or two data sets) (Figure 3):




	
A map with only numbers or proportional symbols expressing quantitative information (numbers or proportional symbols employed as an independent cartographic presentation method, a simple map showing one phenomenon—simple single-variable map;



	
A map with numbers or proportional symbols that duplicate the information presented on a choropleth map (a map showing one phenomenon—redundant single-variable map);



	
A map with numbers or proportional symbols presented on a choropleth base map, with each method showing a different phenomenon (two-variable map).








The maps presented issues related to tourism. The number of accommodation facilities (T1 and T4), the length of cycle paths (T2 and T5), and the number of taxis (T3 and T6) were presented in subsequent tasks on single-variable maps and redundant single-variable maps. Additional thematically relevant relative data were added to two-variable maps: the occupancy rate (T7), the length of cycle paths per 1000 people (T8), and the number of taxis per 10,000 people (T9).




3.2. Participants


The study was carried out in 20 Polish high schools. A total of 580 students voluntarily took part in the study. The participants were aged between 16 and 20 (M = 17.74, SD = 0.922). By proportion, 57% of the participants were women and 43% were men. About 65% of the respondents declared that they used maps at least once a month, and 40% of the users reported that they used maps once a week or more often.




3.3. Methods, Tasks, and Procedures


Users were surveyed with the help of desktop computers with internet access. The task and the map that participants used to solve the task were displayed on a computer screen (Figure 3). In the upper-right corner of the map window, there was a toolbar with drawing tools that users could use to respond to the tasks by selecting answers on the map.



The participants were divided into three groups, each solving different study variants. The groups were similar in size: Group 1 had 199 participants (34.3% of all the study participants); Group 2, 194 people (32.4%); and Group 3, 187 (32.2%). Depending on the group, the proportion of women ranged from 55.6% to 57.2%, and that of men, from 42.8% to 44.4%.



The study was preceded by a brief instruction session in which the study participants were informed that they were anonymously taking part in a study concerning thematic maps (Figure 4). They were asked to work independently. They were told how to mark their answers, that providing an answer was a condition for moving on to the next page, and that it was not possible to later return to a task already solved. After the instruction session, the study began. The first part consisted of a personal questionnaire with questions about the participants’ gender, age, and frequency of map use. Once they had completed the questionnaire, the participants proceeded to the main part of the study.



Each participant solved nine tasks (Table 1), which were divided into three parts (T1–T3, T4–T6, and T7–T9) in accordance with the type of map used. In a given set of tasks, each user solved one task with one of the three tested presentation methods (N—even-sized numbers, PN—proportional numbers, or PS—proportional symbols).



The first three tasks (T1–T3) consisted of reading and interpreting a simple map (simple single-variable map) in which one phenomenon was presented using even-sized numbers (N), proportional numbers (PN), or proportional symbols (PS). The second group of tasks (T4–T6) consisted of reading maps that employed the above-mentioned three methods of data presentation but, additionally, used choropleth mapping to represent the same phenomenon in classes, which led to the creation of redundancy (redundant single-variable map). In the last three tasks (T7–T9), choropleth mapping and one of the analysed methods (N, PN, or PS) were simultaneously used to show two different, albeit interrelated, variables (two-variable map). These tasks required users to be able to link information they had acquired from a complex map.



The tasks (Table 2) referred to basic map reading operations, i.e., reading values or comparing values with each other. The tasks did not require complex analysis or problem-solving operations. In each task, the participants provided answers based on the displayed map. The majority (eight of nine) of the tasks were open (Table 2). In the open tasks, the respondents were asked to read and enter a specific numerical value, to read a map and rank the values of a given presented phenomenon, and indicate the areas specified in the task using the drawing tools.



After solving each task, the participants were asked to rate the difficulty of that task on a 5-point Likert scale, from very easy to very difficult. In tasks T4–T9, with two cartographic presentation methods used simultaneously, they were also asked to indicate which presentation method they had found most helpful in solving the task. That is, they indicated whether they used numbers and proportional symbols or the choropleth map, or both of these cartographic presentation methods at the same time.




3.4. Data Analysis


Chi-square and Cramér’s V (Cramér’s V is a number between 0 and 1 that indicates how strongly two categorical variables are associated [40]) tests were used for statistical inference to determine the percentage of correct answers, assess the level of difficulty of the questions, and establish which method proved to be the most helpful in solving tasks. Quantitative data concerning the response time were analysed using the Kolmogorov–Smirnov test and the Kruskal–Wallis test with Bonferroni correction. The analyses were carried out with use of the SPSS software.





4. Results


4.1. Comparing the Effectiveness of Presentation Methods


Different mean percentages of correct answers for different types of questions were noted (Figure 5). The easiest tasks were those using maps with redundancy (T4–T6). In their case, the mean percentage of correct answers was M = 88.7% (SD = 4.2). Tasks (T1–T3), which employed single-variable maps (without redundancy), proved to be more difficult, with M = 61.3% (SD = 20.7). Meanwhile, the tasks that used complex maps presenting two different phenomena (T7–T9) were the most difficult for the study participants; M = 45.3% (SD = 7.75).



For each of the questions, the participants using proportional symbols had the lowest percentage of correct answers. There were statistically significant differences between the percentages of correct answers recorded for participants working with proportional symbols and those who used both types of numbers in the case of most tasks (except T6 and T7) (Table 3).



In two tasks (T1 and T2), there were also significant differences recorded between the two tested types of numbers; in the case of T1, the percentage of correct answers was higher among the participants using proportional numbers, while in the case of T2, the opposite was true; the use of even-sized numbers resulted in a higher percentage of correct answers.



Tasks T1 and T3 had similar percentages of correct answers (Figure 5). In task T1 (indicate more than…), the highest percentage of correct answers was obtained for proportional numbers (87.6%), but the level of correct answers for even-sized numbers was also very high (75.3%). The users of maps with proportional symbols (59.4% of correct answers) did statistically significantly worse than those study participants who worked with proportional numbers (Cramér’s V = 0.321, p < 0.001) and even-sized ones (Cramér’s V = 0.206, p < 0.001). In addition, proportional numbers proved to be more effective than even-sized numbers (Cramér’s V = 0.123, p < 0.05). The users who were asked to estimate the value of the phenomenon in the T3 task (estimate how many times) had similar difficulties with proportional symbols. In the case of the maps with proportional symbols, the percentage of correct answers reached only 14.1%. Meanwhile, the users of maps with proportional numbers achieved 79.7% correct answers, and the participants using maps with even-sized numbers, 76.8%. There were statistically significant differences in the percentage of correct answers noted for the T3 task between the users of maps with proportional numbers and those of maps with proportional symbols (T3: Cramér’s V = 0.658, p < 0.001), and between the users of maps with even-sized numbers and those of maps with proportional symbols (T3: Cramér’s V = 0.630, p < 0.001).



Task T2 was slightly different and required users to sum up the values of a given phenomenon and put them in order. There were statistically significant differences recorded for all the pairs of methods that were compared, i.e., between maps with even-sized numbers and proportional symbols (T2: Cramér’s V = 0.288, p < 0.001), between maps with proportional numbers and proportional symbols (T2: Cramér’s V = 0.112, p < 0.05), and even between maps with both types of numbers (T2: Cramér’s V = 0.179, p < 0.001). The task turned out to be the most challenging for the users of the maps with proportional symbols. The requirement to estimate the value of the phenomenon based on the constantly changing size of the proportional symbols meant that they achieved the lowest percentage of correct answers (38.7%). For proportional numbers, the percentage of correct answers was 49.7%, and for even-sized numbers, it was 67.4%.



In the tasks with redundancy, the study participants were asked to indicate values from a specific range (T4 and T6) and to order the values of a given phenomenon (T5). In solving these tasks, the participants could not only search for numbers or observe circles of similar size but also make deductions based on the background, which indicated one specific degree of lightness, defined in the choropleth map legend as one class. The percentage of correct answers was very high: for both types of numbers, it was over 90%, and it was over 80% for proportional symbols. In this group of tasks, the differences between the methods in the individual pairs of compared techniques were less pronounced. Differences in the percentages of correct answers were statistically significant only between proportional numbers and proportional symbols, and between even-sized numbers and proportional symbols in tasks T4 and T5 (PN-PS: T4—Cramér’s V = 0.145, p < 0.01; T5—Cramér’s V = 0.190, p < 0.001; N-PS: T4—Cramér’s V = 0.108, p < 0.05; T5—Cramér’s V = 0.114, p < 0.05).



Out of all the tasks using maps that employed different methods to show two different phenomena (T7–T9), statistically significant differences between pairs of methods were recorded in only two tasks: T8 and T9. In both cases, the study participants using maps with numbers gave more correct answers than those who used maps with proportional symbols. The differences in the percentages of correct answers achieved on the basis of maps with numbers and maps with proportional symbols in task T8 amounted to about 15% (in the case of even-sized numbers and proportional symbols, T8: Cramér’s V = 0.128, p < 0.05; and in the case of maps with proportional numbers and proportional symbols, T8: Cramér’s V = 0.135, p < 0.01) and in T9, the differences were as high as 20% (in the case of even-sized numbers and proportional symbols, T8: Cramér’s V = 0.213, p < 0.001; and in the case of maps with proportional numbers and proportional symbols, T8: Cramér’s V = 0.170, p < 0.001).



In the majority of cases, the highest percentages of correct answers were obtained for proportional numbers (tasks T1, T3, T5, T6, and T8). Statistically significant differences between even-sized and proportional numbers were observed in only two tasks (in T1, a higher percentage of correct answers for proportional numbers: Cramér’s V = 0.123, p < 0.05; in T2, a higher percentage of correct answers for even-sized numbers: Cramér’s V = 0.179, p < 0.001). The percentage of correct answers to questions requiring the use of proportional symbols did not exceed the results obtained from the use of maps with numbers in any of the nine analysed tasks (Figure 5).




4.2. Comparing the Answer Times


The average task completion times (for all provided answers, both correct and incorrect) obtained for individual tasks were similar and exceeded 50 s for only one task (Figure 6).



The shortest mean task completion time was obtained for T6 (M = 25.58 s, SD = 11.04). The task whose completion took the longest amount of time was T2 (M = 71.75 s, SD = 35.08). Its time-consuming nature is highlighted by the fact that the next-longest task completion time, for T1, was much shorter (M = 47.67 s, SD = 23.81). T5 (sum and order task), similar to T2 but involving redundancy, displayed a similar pattern (i.e., M = 41.63 s, SD = 22.42), with the longest task completion times recorded for all tasks involving redundancy. Just as in the case of the percentage of correct answers, the best results were recorded for the above-mentioned tasks with redundancy (T4–T6), which proved to be both the easiest and quickest to solve (T4: M = 37.38 s, SD = 16.07; T5: M = 41.63 s, SD = 22.42; T6: M = 25.58 s, SD = 11.04).



An analysis of the task completion times indicates that tasks T8 and T9, the ones that employed two-variable maps, proved to be most time-consuming (T8: M = 44.00 s, SD = 27.31; T9: M = 43.45 s, SD = 33.16). The third task out of this task series (T7) did not require as much time to solve (M = 39.95 s, SD = 20.86).



Unlike in the case of the correct answer percentages, significant differences between the presentation methods used on the maps and the time needed to solve the tasks were statistically significant in only four tasks (T2, T3, T5, and T6) (Table 4). Furthermore, the analysis of the response times did not indicate a clear disadvantage in using proportional symbols, as was the case indicated in the analysis of correct answers. The mean task completion time for T3 and T6 was longer for the users of maps with proportional symbols (T3: M = 47.66 s, SD = 25.38; T6: M = 27.72 s, SD = 12.91) than for the users of maps with numbers. However, the study participants working with proportional symbols responded statistically faster when solving tasks T2 and T5 (T2: M = 65.64 s, SD = 32.01; T5: M = 39.91 s, SD = 23.18) than those who worked with even-sized numbers (T2: M = 76.36 s, SD = 36.47; T5: M = 45.71 s, SD = 22.54) (Figure 6). Interestingly, introducing proportional numbers improved the result, allowing almost the same mean task completion time for T5 (M = 39.23 s, SD = 20.94) as for the users of maps with proportional symbols. Furthermore, in T5, there were also statistically significant differences between the response times of the study participants working with maps with different types of numbers (Kruskal–Wallis H = 51.748, p = 0.01). However, this was the only task in which such a difference was recorded.




4.3. Method Choice and Assessment of the Map’s Difficulty


In tasks T4–T9, there were two presentation methods applied in the maps. In each case, the proportional symbols or numbers were accompanied by a choropleth map presenting either the same (T4–T6) or a different phenomenon (T7–T9).



After solving each task, the respondents were asked to indicate which method helped them figure out the correct answer. They could indicate that they used mainly numbers or proportional symbols when solving the task (depending on the map they had at their disposal for a given task). They could also indicate if the choropleth map was the most helpful or point to a combination of proportional symbols, numbers, and the choropleth map (Figure 7).



The statistical analysis (Table 5) showed that in all the tasks that involved the use of maps with redundancy (T4–T6), there were significant differences in the methods preferred by the users of the various tested presentation forms (T4: Cramér’s V = 0.377, p < 0.001; T5: Cramér’s V = 0.148, p < 0.001; T6: Cramér’s V = 0.291, p < 0.001). However, there were no such significant differences in the case of the tasks involving two-variable maps (T7–T9).



In tasks T4 and T6, there were clear differences between the users of maps with proportional symbols and maps with numbers. The participants who used the maps with proportional symbols and that were asked to identify reference fields belonging to the same class (T4) or the fields where the value of the phenomenon was less than … (T6) preferred to use the map’s choropleth background (T4: 79.9% of the participants; T6: 76.5% of the participants). The proportion of people who stated that they used proportional symbols to solve the task was very small (T4: 6.7% of the participants; T6: 4.8% of the participants).



The responses of the participants who used maps with numbers were different. In the case of the T4 task, they chose all three possible answers with a similar frequency, while in the case of T6, they expressed a preference for interpreting the map with the help of the choropleth map or both solutions at the same time; while the option of using only numbers was the least popular answer. In the case of the T5 task, the participants preferred to solve the task using proportional symbols or numbers, without additionally referencing the choropleth map; 60% of all the users in the group of users working with the map with numbers preferred this approach. Among all the users who solved the T5 task with a proportional symbols map, 43% of the participants chose their answers using only proportional symbols.



Two-variable maps required the study participants to analyse both methods of presentation at the same time to be able to successfully complete tasks T7–T9. The participants indicated a preference for these methods, and in each task, such answers accounted for about 70% of all responses. No statistically significant differences were observed between the presentation methods (T7: V = 0.088, p = 0.061; T8: V = 0.083, p = 0.089; T9: V = 0.061, p = 0.358).



After solving each task, the study participants were asked to assess its level of difficulty on a 5-point scale. For the sake of clarity, the answers have been analysed in three categories: easy (i.e., summing values up was “very easy” and “easy”), medium, and difficult (i.e., “difficult” and “very difficult” together) (Figure 8). The percentage of respondents who found the tasks to be very easy or easy was between 36.6% (proportional symbols in T9) and 96.4% (proportional numbers in T6).



In almost all the tasks (except for T7), maps with proportional symbols were considered to be very easy or easy by the smallest number of respondents. The study participants definitely seemed to consider the tasks that involved maps with numbers to be significantly easier. The tasks involving proportional numbers were most rarely considered difficult.



In the case of four tasks (T1, T3, T4, and T5), the differences in the assessment of the difficulty of the tasks involving proportional symbols and numbers were so clear that they were reflected by statistical significance (Table 6). These differences in assessment were always to the detriment of proportional symbols, which were considered to be more difficult. Statistical analysis did not show significant differences in the assessment of the difficulty of tasks in which even-sized and proportional numbers were used.



It is also worth noting that the assessment of the difficulty of individual tasks did not always match the percentage of correct answers received in response to those tasks. There were tasks that had a higher percentage of correct answers (T4–T6) than the percentage of study participants who found them easy. On the other hand, more than half the study participants found tasks T7 and T8 easy, but the percentage of correct answers was definitely lower.





5. Discussion


Numbers on maps were analysed in comparison with a well-established, commonly used method of data presentation, which has been frequently evaluated empirically, i.e., proportional symbols [42,43,44,45]. Furthermore, the study incorporated an additional visual variable—lightness—through the use of the commonly used and often studied choropleth mapping [46,47,48,49]. All the analyses were conducted in relation to simple map reading operations.



RQ 1: 

Are numbers used as an independent method on a single-variable map just as effective as traditional methods of cartographic presentation?





Numbers on maps have proved to be useful and effective for simple operations concerning map reading. This was consistently reflected in the higher percentages of correct answers achieved by the study participants who were working with numbers, compared to those who used proportional systems. Importantly, the higher percentages of correct answers achieved by the participants who were working with proportional and even-sized numbers were not linked to any negative side-effects related to task completion time. A higher number of correct answers was achieved in a similar length of time to that spent by the study participants working with proportional symbols. However, one should bear in mind that the types of tasks analysed were limited to relatively simple operations.



In the case of T1 (indicate more than…), better results were definitely obtained for numbers than for proportional symbols. The reason for this is the difficulty in comparing the sizes of the proportional symbols that represent the values of the phenomenon, especially in the case of a continuous variation in proportional symbols [50,51,52]. In fact, a more in-depth analysis of the incorrect answers revealed that mistakes were caused by difficulties in estimating and comparing the sizes of proportional symbols representing similar values of a given phenomenon. The study participants were often unable to decide which proportional symbols were only slightly larger than the value indicated in the task content. This confirms that proportional symbols [23,50,52,53] present a disadvantage in the context of comparing figures with similar areas. The same factor affected the assessment of the difficulty of the task: the task was more difficult for users of the maps with proportional symbols than for the participants using the maps with numbers. It turned out that the numbers allowed the task to be carried out with a much greater level of accuracy and, interestingly, with similar speed. It was assumed that the lack of visual variables (in the case of the even-sized numbers), and thus limited visible representation of the general distribution of the phenomenon, would necessitate more time for reading individual numbers and comparing them with the reference value. However, the study results indicate that the users of the maps with numbers were able to complete the task with similar task completion times, higher levels of efficiency, and less effort than the map users working with proportional symbols.



A more complex comparison operation, consisting of providing the ratios of values between units (T2), also showed worse results for maps with proportional symbols, which was demonstrated across all indicators. Therefore, the present study indicates that the comparison operation—which is one of the basic operations performed during map reading, included in many map-use taxonomies [54,55,56,57,58,59,60,61] and used in many empirical studies in the field of map reading (e.g., [28,62])—can be better performed using maps with numbers, i.e., when the use of visual variables and traditional presentation methods is limited. In addition, in tasks in which a summation operation is required (thus, an action more favourable to numbers on maps than proportional symbols), the incorporation of visual elements into the presentation of numbers (a size variable in proportional numbers) reduced the usability of this method. The participants who solved tasks using the maps with proportional numbers did significantly worse and found the task a bit more difficult. This effect can be most likely attributed to the introduction of a size variable, which makes larger objects more easily noticeable, while smaller objects become more difficult to find.



Consequently, the results indicate that there are cases in which the inclusion of numbers on maps may be a solution that is competitive with or even better than traditional methods, in regard to cartographic presentation. There are situations in which users prefer raw data that can be used quickly for simple operations, resulting in the same level of effectiveness and speed as using traditional methods.



RQ 2: 

Is it useful to use numbers on a map to repeat information already presented in the map using other visual variables?





Numbers on maps can also supplement other presentation methods and refer to the same phenomenon already presented in a more traditional way—for example, by means of a choropleth map. In such cases, numbers repeat the conveyed information and may function as a map legend, replacing the traditional form, which means that the map’s users do not have to consult the legend as often. After all, the numbers describe and explain the phenomenon directly on the map, which results in the creation of redundancy.



This procedure proved to be beneficial and to lead to better results in terms of usability metrics (correct answers, task completion time, and difficulty level assessment) than in the case of the duplication of information shown on a choropleth map with the help of proportional symbols. The study participants stated that when solving the tasks, they based their answers on numerical descriptions, choropleth maps, and also on both of these methods of presentation simultaneously. In turn, when data were duplicated with the help of proportional symbols, users indicated strongly that it was more convenient for them to use only the choropleth component to solve the tasks. When the values of a given phenomenon were presented using different degrees of brightness, they were easier to interpret for participants than proportional symbols, which required painstaking attempts at estimating the phenomenon’s value on the basis of the symbol sizes. Only in T5, a task that required adding values (clustering), did the participants avoid using the choropleth-based presentation, because a lightness variable is more difficult to use [35] in operations of this type and can even be a hindrance by replacing individual values of the phenomenon with classes. In this case, the graphic variable of size works differently, translating the values to make them easier to understand.



Using redundancy for maps with numbers, therefore, leads to positive effects, which confirms previous conclusions and research results [22,23,24,33]. When information is reinforced with numbers, it facilitates map reading, as long as the visual form of these numbers remains simple, properly contrasted with other presentation methods used on the map, and not overwhelming.



RQ 3: 

Are numbers useful as one of the elements on a multi-variable map?





The use of numbers on a map that presents several phenomena does not seem to improve the usability of the map as clearly as in the case of previously analysed research questions, compared with maps with proportional symbols on the choropleth background. A comparison of the results achieved by the study participants using numbers on two-variable maps with proportional symbols shows that the task completion times and the perceived levels of difficulty of the tasks did not differ significantly. The only metric, although important, that the participants who used both types of numbers did better at when compared to those working with proportional symbols was the percentage of correct answers for two out of the three tested tasks (T8 and T9). Therefore, it can be noted that in the tested tasks, the users of maps with numbers obtained results that were no worse than those achieved by the participants working with traditional supplements to choropleth maps, i.e., proportional symbols. This indicates that solutions exist that are equally effective as, and sometimes even more effective than, the commonly adopted ones. It is therefore worth considering a further expansion of the accepted catalogue of traditional cartographic solutions.




6. Conclusions


Empirical research in cartography is often focused on analysing the reception of new visual, methodological, and technological solutions in their social and educational contexts [63,64,65,66,67]. The aim of the study described in this article was to examine numbers on maps that convey quantitative information; a fairly popular means of presentation that remains relatively poorly described in cartographic literature [13,14,15]. Although they have attracted little attention from cartographers, practitioners, including non-professional map makers, use them quite often. They most likely owe their popularity to the fact that the process of map making with numbers is relatively simple. Numbers do not require complicated editorial measures such as the determination of choropleth classes or the size of proportional symbols that represent the values of a given phenomenon.



The presented results of the conducted study, from the testing of the usability of numbers on maps in three contexts, indicate that numbers can constitute a helpful way to present data. The results of this study suggest that numbers are the right solution when creating simple maps meant to be read at a detailed level. Certainly, it is worthwhile to continue research on numbers on more complex maps, both in terms of form and content [51,52,53,54,55,56,57,58,59,62]. Perhaps, in such cases, numbers on maps will prove to be more of a hindrance than a help to map users. Therefore, assessment should be extended to include more complex cognitive operations, including problem-solving and decision-making processes. In addition, the study compared numbers on maps with proportional symbols, which, despite their popularity and undisputed advantages, have some limitations, such as users finding it difficult to estimate the size of surface symbols [50,51,52]. It is worth comparing the effectiveness of numbers on maps with other methods of data presentation—for example, choropleth mapping, isopleths, etc.



It will be worth testing visual variables application to numbers on maps in future research. The modification of numbers by introducing the variable of size did not affect the results obtained for each type of tested task. This was a bit surprising, because the initial assumption was that the addition of a size variable would allow large objects to be noticed more quickly and that small ones would only be noticed later. This is what happens with descriptions on maps, and numbers seem to share a lot of their features. Considering the presented study results, it can be assumed that introducing modifications to numbers on maps, whether in the form of size or lightness (e.g., [18]), may be treated as voluntary for the tested operations.



Numbers on maps do not always constitute a presentation of only the pre-graphic stage of map development, and, in some contexts, they can make a map readable and efficient. The study results indicate that cartographers can effectively use a broader range of data presentation methods than is commonly adopted, even if such approaches result in a very restricted use of visual variables and a bare-bones form of a map. After all, in some cases in the world of maps, it may also turn out that less is more.
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Figure 1. Examples of the use of numbers on small-scale thematic maps: (A) even-sized numbers on a map showing the values of a given phenomenon (single-variable), (B) even-sized numbers with proportional symbols (content redundancy), (C) proportional numbers with a choropleth map (content redundancy), and (D) presentation of temperature and wind speed on a weather map (multi-variable map). 
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Figure 2. Fragments of map types used in the study. A–C: Simple single-variable maps presenting one data set by: (A) even-sized numbers, later abbreviated as “N”, (B) proportional numbers “PN”, (C) proportional symbols “PS”. D–F: (D) Redundant single-variable maps also presenting one-data set by choropleth map and also by: even-sized numbers “N”, (E) proportional numbers “PN”, (F) proportional symbols “PS”. G–I: (G) Two-variable maps presenting two data sets using choropleth map and: even-sized numbers “N”, (H) proportional numbers “PN”, (I) proportional symbols “PS”. 
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Figure 3. The main window of the application used by the study participants. The map title and legend were on the left side of the window, while the buttons with tools for identifying points and drawing polygons were in the upper right corner of the map window. On the right was a task panel in which the participants provided their answers. 
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Figure 4. Study procedure. 
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Figure 5. The proportion of correct answers, taking into account the data presentation methods used on maps in tasks T1–T9. 
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Figure 6. Minimal, mean (black line), and maximum time needed for users to solve tasks T1–T9. 
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Figure 7. Comparison of the methods declared to be the most helpful in answering the individual tasks. 






Figure 7. Comparison of the methods declared to be the most helpful in answering the individual tasks.



[image: Ijgi 09 00415 g007]







[image: Ijgi 09 00415 g008 550] 





Figure 8. Assessment of the tasks’ difficulty levels. 
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Table 1. Study design. Each user solved nine tasks, three from each set of tasks.
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Task

	
Group 1

	
Group 2

	
Group 3

	
Maps and Methods






	
T1

	
N

	
PN

	
PS

	
SIMPLE SINGLE-VARIABLE MAP

1 data set presented by N/PN/PS




	
T2

	
PN

	
PS

	
N




	
T3

	
PS

	
N

	
PN




	
T4

	
PN

	
PS

	
N

	
REDUNDANT SINGLE-VARIABLE MAP

1 data set presented by N/PN/PS and by choropleth map




	
T5

	
PS

	
N

	
PN




	
T6

	
N

	
PN

	
PS




	
T7

	
PS

	
N

	
PN

	
TWO-VARIABLE MAP

2 data sets: 1st data set presented by N/PN/PS, 2nd data set presented by a choropleth map




	
T8

	
N

	
PN

	
PS




	
T9

	
PN

	
PS

	
N








N—even-sized numbers, PN—proportional numbers, PS—proportional symbols.
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Table 2. Content of the tasks, the type of map used, and the method for providing answers.






Table 2. Content of the tasks, the type of map used, and the method for providing answers.





	Type of Map
	Task Number
	Task
	Possible

Answer





	SIMPLE SINGLE-VARIABLE MAP
	T1:

INDICATE MORE THAN
	A region that offers accommodation in 66 accommodation facilities has been marked on the map. Use the tools in the green bar to indicate all regions that have more accommodation facilities.
	Open question



	SIMPLE SINGLE-VARIABLE MAP
	T2:

SUM & ORDER
	There are three areas (marked A, B, and C) indicated on the map that present the length of cycle paths. Each of the areas consists of three regions. Order these areas in terms of the length of their cycle paths, starting with the one in which the path length is shortest.
	Open question



	SIMPLE SINGLE-VARIABLE MAP
	T3:

ESTIMATE HOW MANY TIMES
	The map shows the number of registered taxis. Estimate how many times there are more taxis in region A than in region B.
	Open question



	REDUNDANT SINGLE-VARIABLE MAP
	T4:

INDICATE ALL BETWEEN
	The map shows the number of accommodation facilities. Use the tools in the green bar to indicate all regions with between 40 and 99 accommodation facilities.
	Open question



	REDUNDANT SINGLE-VARIABLE MAP
	T5:

SUM & ORDER
	The map shows the length of cycle paths in individual regions. Three areas (A, B, and C) have also been marked. Choose the area where the length of the cycle paths is shortest.
	A, B, C



	REDUNDANT SINGLE-VARIABLE MAP
	T6:

INDICATE LESS THAN
	The map shows the number of registered taxis. Indicate all the regions in which the number of registered vehicles does not exceed 10.
	Open question



	TWO-VARIABLE MAP
	T7:

1st MORE & 2nd LESS
	The map shows the number of accommodation facilities and related occupancy rates. Indicate 4 regions with a very high occupancy rate and a small number of accommodation facilities.
	Open question



	TWO-VARIABLE MAP
	T8:

1st MOST & 2nd LEAST
	The map shows the length of cycle paths and their congestion, i.e., how many kilometers of cycle paths there are per 1000 people. From the regions with the lowest congestion rates, choose the region in which the most cycle paths were built.
	Open question



	TWO-VARIABLE MAP
	T9:

1st NO MORE & 2nd MOST
	The map shows the number of registered taxis and their availability expressed as the number of taxis per 10,000 people. On the map, out of all regions in which the number of taxis do not exceed 500, choose 2 with the highest number of taxis per 10,000 people.
	Open question










[image: Table] 





Table 3. Methods and the correctness of answers.






Table 3. Methods and the correctness of answers.





	
Map Type

	
Task

	
Cramér’s V

	
p 1

	
Pairwise Comparison

	
Cramér’s V

	
p






	
SIMPLE SINGLE-VARIABLE MAP

	
T1

	
0.271

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.123

0.321

0.206

	
0.050 *

0.000 ***

0.000 ***




	
T2

	
0.235

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.179

0.112

0.288

	
0.000 ***

0.050 *

0.000 ***




	
T3

	
0.614

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.035

0.658

0.630

	
0.497

0.000 ***

0.000 ***




	
REDUNDANT SINGLE-VARIABLE MAP

	
T4

	
0.129

	
0.010 **

	
N—PN

PN—PS

N—PS

	
0.037

0.145

0.108

	
0.463

0.010 **

0.050 *




	
T5

	
0.160

	
0.001 ***

	
N—PN

PN—PS

N—PS

	
0.079

0.190

0.114

	
0.122

0.000 ***

0.050 *




	
T6

	
0.097

	
0.064

	
-

	
-

	
-




	
TWO-VARIABLE MAP

	
T7

	
0.085

	
0.138

	
-

	
-

	
-




	
T8

	
0.122

	
0.050 *

	
N—PN

PN—PS

N—PS

	
0.007

0.135

0.128

	
0.895

0.010 **

0.050 *




	
T9

	
0.185

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.044

0.170

0.213

	
0.391

0.001 ***

0.000 ***








1 p—statistical significance, the probability of finding a given deviation from the null hypothesis, or a more extreme one, in a sample [41]. Significance scores: *** p < 0.001, ** p < 0.01, * p < 0.05.
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Table 4. Participants’ response times dealing with three types of presentation methods.
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Map Type

	
Task

	
Kruskal–Wallis

H

	
p

	
Method

	
M (s)

	
SD

	
Post Hoc

Groups

	
Bonfe-Rroni

Post Hoc

	
p






	
SIMPLE

SINGLE-VARIABLE

MAP

	
T1

	
0.515

	
0.773

	
N

PN

PS

	
49.19

46.87

46.88

	
23.23

24.57

23.66

	
-

	
-

	
-




	
T2

	
9.794

	
0.010 **

	
N

PN

PS

	
76.36

73.39

65.64

	
36.47

35.92

32.01

	
N—PN

PN—PS

N—PS

	
16.071

36.231

52.302

	
1.000

0.096

0.007 **




	
T3

	
9.862

	
0.000 ***

	
N

PN

PS

	
40.88

37.79

47.66

	
20.30

20.47

25.38

	
N—PN

PN—PS

N—PS

	
30.409

−75.428

−45.019

	
0.230

0.000 ***

0.023 *




	
REDUNDANT SINGLE-VARIABLE

MAP

	
T4

	
4.254

	
0.119

	
N

PN

PS

	
36.19

36.44

39.48

	
15.20

14.25

18.36

	
-

	
-

	
-




	
T5

	
17.049

	
0.000 ***

	
N

PN

PS

	
45.71

39.23

39.91

	
22.54

20.94

23.18

	
N—PN

PN—PS

N—PS

	
51.748

2.169

61.917

	
0.010 **

1.000

0.001 ***




	
T6

	
11.439

	
0.010 **

	
N

PN

PS

	
23.82

25.32

27.72

	
9.77

9.95

12.91

	
N—PN

PN—PS

N—PS

	
−22.512

−34.884

−57.396

	
0.549

0.127

0.010 **




	
TWO-VARIABLE MAP

	
T7

	
4.408

	
0.110

	
N

PN

PS

	
42.16

40.16

37.61

	
21.38

21.71

19.34

	
-

	
-

	
-




	
T8

	
0.618

	
0.734

	
N

PN

PS

	
44.81

42.39

44.81

	
27.01

25.32

29.58

	
-

	
-

	
-




	
T9

	
3.029

	
0.220

	
N

PN

PS

	
43.38

39.78

47.28

	
36.02

26.03

36.41

	
-

	
-

	
-








Significance scores: *** p < 0.001, ** p < 0.01, * p < 0.05.
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Table 5. Preferences towards methods of presentation.
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Map Type

	
Task

	
Cramér’s V

	
p

	
Pairwise

Comparison

	
Cramér’s V

	
p






	
REDUNDANT SINGLE-VARIABLE

MAP

	
T4

	
0.377

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.117

0.568

0.533

	
0.072

0.000 ***

0.000 ***




	
T5

	
0.148

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.044

0.194

0.114

	
0.690

0.001 ***

0.000 ***




	
T6

	
0.291

	
0.000 ***

	
-

	
0.208

0.504

0.315

	
0.000 ***

0.010 **

0.050 *




	
TWO-VARIABLE MAP

	
T7

	
0.088

	
0.061

	
-

	
-

	
-




	
T8

	
0.083

	
0.089

	
-

	
-

	
-




	
T9

	
0.061

	
0.358

	
-

	
-

	
-








Significance scores: *** p < 0.001, ** p < 0.01, * p < 0.05.
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Table 6. Method and the task’s difficulty level.
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Map Type

	
Task

	
Cramér’s V

	
p

	
Pairwise Comparison

	
Cramér’s V

	
p






	
SIMPLE SINGLE-VARIABLE MAP

	
T1

	
0.216

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.123

0.321

0.206

	
0.050 *

0.000 ***

0.000 ***




	
T2

	
0.100

	
0.168

	
-

	
-

	
-




	
T3

	
0.282

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.117

0.568

0.533

	
0.072

0.000 ***

0.000 ***




	
REDUNDANT SINGLE-VARIABLE MAP

	
T4

	
0.175

	
0.010 ***

	
N—PN

PN—PS

N—PS

	
0.117

0.568

0.533

	
0.072

0.000 ***

0.000 ***




	
T5

	
0.187

	
0.000 ***

	
N—PN

PN—PS

N—PS

	
0.044

0.194

0.114

	
0.690

0.001 ***

0.000 ***




	
T6

	
0.091

	
0.300

	
-

	
-

	
-




	
TWO-VARIABLE MAP

	
T7

	
0.080

	
0.500

	
-

	
-

	
-




	
T8

	
0.110

	
0.082

	
-

	
-

	
-




	
T9

	
0.108

	
0.098

	
-

	
-

	
-








Significance scores: *** p < 0.001, ** p < 0.01, * p < 0.05.
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