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Abstract

:

Recently, subways have become an important part of public transportation and have developed rapidly in China. In the subway station setting, pedestrians mainly rely on visual short-term memory to obtain information on how to travel. This research aimed to explore the short-term memory capacities and the difference in short-term memory for different information for Chinese passengers regarding subway signs. Previous research has shown that people’s general short-term memory capacity is approximately four objects and that, the more complex the information, the lower people’s memory capacity. However, research on the short-term memory characteristics of pedestrians for subway signs is scarce. Hence, based on the STM theory and using 32 subway signs as stimuli, we recruited 120 subjects to conduct a cognitive test. The results showed that passengers had a different memory accuracy for different types of information in the signs. They were more accurate regarding line number and arrow, followed by location/text information, logos, and orientation. Meanwhile, information type, quantity, and complexity had significant effects on pedestrians’ short-term memory capacity. Finally, according to our results that outline the characteristics of short-term memory for subway signs, we put forward some suggestions for subway signs. The findings will be effective in helping designers and managers improve the quality of subway station services as well as promoting the development of pedestrian traffic in such a setting.
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1. Introduction


The tertiary structure of memory proposed by Arkinson and Shiffrin in 1968 [1] includes sensory memory, short-term memory (STM), and long-term memory (LTM). Sensory memory is the initial stage of the memory system; then, the information that attracts the individual’s attention enters STM. The brain needs a series of coding processes to move from STM to LTM. The tertiary structure of memory is shown in Figure 1.



Under the rubric of cognitive psychology, STM is an important part of the tertiary structure of memory and is extremely important for performing many everyday tasks [2]. In particular, visual short-term memory (VSTM), the holding in mind of visual information for use in current tasks [3], has been a widely researched area in recent years [4]. Many researchers have discussed the storage mechanism of STM. Two general camps have emerged: those who believe that the prefrontal cortex mediates both control and storage, and those who believe that the prefrontal cortex largely regulates executive function and that content-specific information is stored primarily in highly selective regions of the early visual cortex [5,6,7,8]. Here, we will not review the STM information storage mechanisms. Instead, we will focus on the temporal and capacity properties of STM.



Generally speaking, STM has two commonly recognized features: its short duration and capacity limitations [9]. It has been widely accepted in psychological research that in the case there is no retelling (i.e., the act of repeating the information from previous memory), one’s STM usually lasts 5–20 s and no more than 1 min [10,11]. Regarding its capacity limitation, based on the cited studies [12,13,14,15,16,17,18], there is still no concrete conclusion. Early estimates of STM capacity by Miller suggested 7 ± 2 information objects can be maintained in human STM, and the author proposed that the concept of chunking (the process of combining a number of individual stimuli into meaningful, larger units of information; that is, the organization and recoding of stimuli.) should be used to refer to the basic unit that describes human STM capacity [12]. Cowan et al. re-examined the storage capacity of STM and showed that it revolves around three to five independent information “chunks” or information units [13,14], which is similar to the research results from other researchers. Kaplan found that humans can only remember five major information units, or “chunks” [15]; Luck and Vogel indicated that VSTM capacity was limited to four objects. In their study, participants performed well on a change detection task involving one to three objects, but performance declined rapidly when 4–12 items were presented [16]. More recent research quantifies iconic memory capacity for complex stimuli as 6.1 items [17], which is significantly higher than traditional previous research [18].



Moreover, researchers have examined whether information type would affect people’s STM capacity. Alvarez and Cavanagh found that the capacity varied substantially across the five stimuli classes they examined, ranging from 1.6 for shaded cubes to 4.4 for colors (estimated using a change detection task) [19]. Simon demonstrated that people’s STM capacity to memorize phrases and sentences (which were considered as chunks in the study) was slightly smaller than that for words [20]. Yu et al. studied people’s STM capacity to memorize Chinese words, and their results were, generally speaking, consistent with the chunking hypothesis of STM; in addition, their tests comprised materials with four different properties (i.e., Chinese characters, graphics, numbers, and positions), and they showed that people’s STM capacity was the largest for numbers, followed by graphics, Chinese characters, and positions [21]. A great number of studies on short-term memory have indeed confirmed that one’s STM capacity differs according to the properties of the material that needs to be memorized [22,23].



Recently, urban rail transit has been booming in China; hence, people have been gradually learning that the guiding sign systems that are commonly present throughout subway stations play an important role in pedestrians’ quick and convenient transit. In 1960, the architect Kevin was already concerned about the importance of guiding signs to provide information for pedestrians in complex environments [24]. Some scholars have put forward that the key factor in designing an effective guidance system for pedestrians is to study their wayfinding behavior. Arthur and Passini linked architecture, signs, and people together and explored the information exchange between space, architecture, and people through a wayfinding test; such procedures allowed them to design the pedestrian guidance system [25]. Nassar considered pedestrians’ spatial perception and used simulations to explore what could be the optimal location for such signs [26].



Vilar proposed that pedestrians’ wayfinding behavior in daily situations is more rational, so guiding signs are more efficient at guiding pedestrian directions in daily than in emergency situations. This author highlighted the great importance of sign design research in the development of signs for use in daily situations [27]. Moreover, Wang et al. believed that sign visibility was related to attractiveness, the distance between pedestrians and signs, and the occupancy of the signs in pedestrians’ field of vision [28]. By using the wayfinding behavior of pedestrians as a theoretical framework, Beck Robert analyzed subway rides and studied the signs in this setting from the perspectives of sign location, information content, and redundancy [29].



As can be seen by our descriptions in this section, many researchers have analyzed pedestrians’ behavior characteristics related to signs, and some scholars have also examined the influence of specific factors of signs on pedestrian behavior. Nonetheless, these studies have failed to discuss the effectiveness of signage from the perspective of pedestrians’ cognitive psychology. When walking in the subway station, pedestrians usually want to achieve their goals as soon as possible, whether they are transferring or going out of the station, especially during the morning or evening rush hours. In the process of wayfinding, in the memory tertiary structure, pedestrians’ recognition and memory of signs depends mainly on STM. The information mainly comes in the form of chunks (e.g., line numbers, locations, directions, etc.). We believe that the theory of STM should be combined with the subway signs to comprehensively and extensively analyze the cognitive process inherent in pedestrians in this context. This knowledge may be the key to producing highly effective signs, which can greatly improve pedestrian travel efficiency.



Hence, this study aimed to examine whether information complexity affects pedestrians’ STM capacity in a subway station setting and to clarify what types of information chunks are more conducive to pedestrians’ effective memorization of information. In particular, we adopted the concepts of information chunks and of visual information to describe which visual features of the signs could be stored in pedestrians’ STM. Nonetheless, we did not mean to refer to information in its mathematical sense, which is the classical form utilized in information-theory-based studies. Alvarez et al. found that information search rates affected STM, suggesting that the more information the sign contained, the fewer items people would remember [19]. Therefore, from another perspective, we also examined whether people’s memory capacity related to the total number of information chunks contained in the sign; to do so, we observed pedestrians’ STM ability for memorizing signs that contained different numbers of information chunks at the same time interval. We hypothesized that people tend to remember simpler information; namely, with the increase in the number of information chunks in a sign, pedestrians’ memory may become disturbed, resulting in the reduction of STM capacity.



Based on the above concepts and assumptions, this paper conducted a cognitive memory test on 120 subjects by selecting real pictures of subway station signs in China. The test results showed that passengers had a different memory accuracy for different types of information in the signs. Meanwhile, information type, quantity, and complexity had significant and differential effects on pedestrians’ STM capacity. In this study, the information chunking theory in cognitive psychology was applied to the study of pedestrian cognition and memory of subway signs. Through detailed analysis and classification of the entrance and exit sign information, the STM characteristics of pedestrians using subway signs are discussed, and the STM capacity is explored. The findings will be effective in helping designers and managers to improve the quality of the subway station services as well as promoting pedestrian traffic and sustainable subway development. As “Caring for the earth: A Strategy for Sustainable Living” points out, “the ultimate foothold of sustainable development is human society, namely to improve the quality of human life and create a better living environment”.



The paper is organized as follows. The test method, the selection of stimuli, and the data pre-processing method are presented in Section 2. Based on the characteristics of the entrance and exit sign information, Section 3 describes the pedestrians’ STM characteristics in response to these signs. The research is discussed in Section 4 and summarized in Section 5.




2. Materials and Methods


2.1. Study Subjects


People vary greatly in their individual cognitive and memory characteristics. In this paper, all potential subway passengers were considered as research objects. In order to ensure the scientific validity and comprehensiveness of the cognitive memory test, the selection of test samples should conform to the principle of statistical sample selection, and a certain sample size must be guaranteed. Hence, we utilized a sampling survey method when selecting subjects for our test, and the sample size extracted by this method can be determined according to the results of the following equation [30].


  N ≥       S K  E     2   



(1)




where N is the sample size; S is the sample standard deviation, S = 0.5; K is a constant— when the confidence is equal to 95%, K = 1.96; and E is the subject personnel memory capacity allowable error, E = 0.1.



According to the above equation, the sample size for our study needed to be greater than 96. Considering that there are many types of subway passengers (gender composition, age composition, etc.), we expanded the required sample size to 120. The only exclusion criteria for this study was being under the age of 12; this was because young children are often accompanied by adults when traveling, so they lack the ability to recognize signs independently.



For the subject selection, we adopted the method of social wide recruitment. In and out of the subway station, we asked the pedestrians if they would like to cooperate with us in the paid test and told them the test lasted about 20 min and each person would be paid 100 RMB for their time. After the subject agreed, we would confirm with him/her when and where the test would be conducted. Before the test, the subjects were told that the test was anonymous and the results were only for academic research. All subjects gave their informed consent for inclusion before they participated in the study.



Finally, the age distribution of the subjects we collected ranged from 15 to 76 years (mean age 34.9 years), with the sex ratio of the subjects close to the sex ratio of China’s population. The subjects selected in the paper cover various types of pedestrians, including those who often take subway, occasionally take subway, and those who have never taken subway.




2.2. Stimuli


To make the signs used in the test consistent with the signs used in real subway stations—i.e., make the test reflect, as much as possible, the real scenario pedestrians would see in a subway station—we investigated all the subway lines in Beijing, Shanghai, Guangzhou, and Xi’an that were older and complete in their development. Through this procedure, we collected a large number of photographs of subway signs, and the photos were taken from a pedestrian vision perspective. These photos were selected and used in the test of this study through projection. To ensure whether the size of information affects people’s memory, we referred to the literature on cognitive psychology. Scholars pointed out that the size of information has little effect on people’s memory, under the condition that the size difference is small and people can clearly identify the information [31]. We found that subway signs can be of a hanging type, ground type, attached type, and standing type. The information types in the signs were different based on their roles (entrance, exit, or transfer). Sample subway sign types are shown in Figure 2. The hanging signs were the most common, and the entrance sign and exit sign were the necessary signs in every subway station, which were related to whether pedestrians can enter the subway quickly and accurately or find the correct exit to leave. Therefore, we utilized pictures of entrance and exit hanging signs as the study stimuli.



Our test used the concept of information chunk to partition the information contained in the signs. Take Figure 3 as an example, which serves to show the chunk implementation method we utilized for the subway hanging signs.



The sign shown in Figure 3a is located in the entrance of the subway station and contains 5 information chunks: the logo of the Beijing subway station, the phrase “military museum station” in Chinese, the phrase “military museum station” in English, information on line 1, and information on line 9. In Figure 3b, the sign is located in the exit of the subway station and contains 7 information chunks: the phrase “South-West Exit” in both Chinese and English, the phrase “XIZHIMEN Outer Street South” in both Chinese and English, the “D” marking the exit letter of the Beijing subway, an exit logo and wording that is standardized in China for all subway stations, and an arrow indicating a direction.



The hanging signs collected were divided into two categories: the entrance signs that guide pedestrians into the station and the exit signs that guide pedestrians out of the station. The signs were then subdivided into four groups according to the number of chunks they contained: 4-chunk, 5-chunk, 6-chunk, and 7-chunk. Each group contained four signs corresponding to the four memory time intervals (5 s, 10 s, 20 s, 60 s) mentioned in Section 2.4. Hence, 16 entrance signs and 16 exit signs were selected. In this test, a total of 32 subway suspension signs were studied.



According to the statistical classification of the collected sign information, the entrance sign generally contains the following information: (1) exit number, (2) line number, (3) subway station logo, (4) station name in Chinese, and (5) station name in English. The export sign generally contains the following information: (1) exit letters, (2) exit in Arabic numerals, (3) exit orientation, (4) exit in Chinese, (5) national standardized exit logo, (6) direction arrow, (7) exit location information in Chinese, and (8) location information in English. The analysis of pedestrian’s memory characteristics for the information contained in signs is based on the above information classification.




2.3. Preliminary Test


A preliminary test was put forward to check whether the chunk method used in the test is feasible and accurate. The pre-test was very simple, requiring only one test operator. A total of 20 students were recruited on campus and taken to the test office one by one (the rest waited outside the lab). The test material was one randomly selected sign from among the 32 signs mentioned in Section 2.2. The subject was shown the subway sign using a projector and asked, “describe all the information you saw”. Then the test operator recorded the response in the preliminary test record sheet. The sheets corresponding to each sign were different. Table 1 shows the test record sheet corresponding to Figure 2a.



The results of the preliminary test were basically in line with expectations, and the way the subjects described the information was consistent with the information chunk method in this paper. However, the English information was excluded: 16 of the 20 subjects completely ignored the English information, 2 subjects asked whether they needed to describe the English information after describing all the information, and only 2 subjects accurately described the English information.



According to the results of the preliminary test, the subjects tended to ignore the repetitive information in the non-native language. Hence, we adjusted the counting form of sign information chunks and ignored the English information. For the 32 flags we picked earlier, we recalculated the number of information chunks they contained. The number of information chunks in the four test groups was adjusted from 4-chunk, 5-chunk, 6-chunk, and 7-chunk to 3-chunk, 4-chunk, 5-chunk, and 6-chunk. The number of signs in each test group were regulated to 4 by deleting the redundant signs or adding additions signs. Based on this principle, 32 signs comprised the final set of the formal test stimuli.




2.4. Formal Test


The formal test was conducted in the same office as the test site for the preliminary test. Based on our aims, the dependent variable in this test was time interval, and the independent variable was the number and type of information chunks that were accurately obtained by different subjects at a certain time interval without repeating the display of the signs. Considering the time characteristics of STM shown by previous research, the retention time revolves around 5–20 s without retelling/repeating the presentation, but it does not extend for more than 1 min. Hence, in our test, we set the time points at 5 s, 10 s, 20 s, and 60 s.



Additionally, to ensure that all procedures related to the STM test were carried out without repetition, we referenced the Brown-Peterson method [32]. We included interference in between stimuli presentations. Subjects were asked to perform quick (the quickness is important to prevent people from revisiting their memories) two-digit unordered calculations involving addition and subtraction.



To ensure that the sign was the only variable, all the subjects watched the stimuli in exactly the same order, gradually increasing from three to six chunks, and from 5 s to 60 s in each chunk group.



To test the large number of subjects, we took 6 days to do the test. Each day, 20 subjects were tested in the morning and afternoon. Before the test, all the subjects were informed they could not communicate about the test. In particular, the following procedures were undertaken during the test, controlled by 2 operators:



	
One subject was asked to enter the room and sit ten meters directly in front of the projector screen, while the rest waited outside. Operator 1 used the projector to display the subway sign photo (e.g., Figure 1).



	
About 10 s later, the subject was asked by Operator 2 if she/he had obtained all the information contained in the sign and had drawn “√” in the “obtained information” column. Then, Operator 1 turned off the monitor, Operator 2 calculated the number of information chunks in the sign and filled the number in the table (e.g., the 4 information chunks in Figure 1a).



	
Then, subjects were asked by Operator 1 to perform a two-digit unordered addition and subtraction until the interval corresponding to the sign was over (the time interval corresponding to each sign was marked in the table, e.g., see Table 2).



	
Then, Operator 2, who was recording the data, asked subjects what information they could recall from the sign. For the information chunks that the subject could clearly recall, the worker drew a “√” in the “Accurate Remember” column. Based on this process, the operator could calculate the number of chunks that subjects were able to recall with clarity, and the total number was filled in the “Short-term memory capacity” line.



	
Then, steps 1–4 were repeated until all the 32 signs had been tested.



	
The next subject was let into the room and steps 1–5 were repeated.



	
At the end of the test, the operator asked temporary questions about the test, such as if the subject had always ignored some information types and why.







2.5. Data Analysis


In total, data from 106 subjects were effectively collected; 14 subjects didn’t complete all the sign tests, and the collection rate was 88.3%. In total, 51 were men and 55 were women, and the male-female ratio of the subjects was close to the sex ratio of China’s population. Subjects’ age ranged from 17 to 76.



In this paper, four information chunks were analyzed for the entrance signs: (1) subway line number (letter or Arabic numeral), (2) subway logo, (3) the station name, and (4) the exit number. There were seven types of information chunks in exit signs: (1) exit letters, (2) exit in Arabic numerals, (3) exit orientation, (4) exit in Chinese, (5) the national standardized logo, (6) the direction arrow, and (7) the exit location information in Chinese.



After the test, we counted the number of people who were able to accurately remember the information chunk contained in the entrance signs and exit signs (hereafter accurate memory population) and calculated the accurate memory population ratio (R) (Ratio of the accurate memory population to the total number of 106 participants, expressed as a percentage) to explore the impact of different information types and information chunk sizes on pedestrians’ STM. The calculation formula was as follows:


  R =      P 1   P     



(2)




where: P1 is the accurate memory population and P is the total number of subjects.



For signs that contained more than one chunk of the same type of information, we calculated the mean to analyze the accurate memory population ratio for that type of chunk, and the statistical results are shown in Table 3 and Table 4.



To further analyze pedestrians’ memory patterns for different types of information, all information chunks were summarized and categorized into six information types: (1) numerals (e.g., exit number, line number), (2) letters (e.g., exit letter, line letter), (3) orientation in Chinese, (4) location in Chinese, and (5) direction arrow. Then, we calculated the memory population ratio (R) for each information type. Through the analysis of the ratio, we can more intuitively explore the STM changes for different types of information at different time intervals.



Based on the above data analysis method, the characteristics of pedestrians’ memory for entrance and exit signs can be further analyzed.



We hypothesized that people would have different STM capacities for signs that contained different types of information. Then, based on the data collected in Table 2, the average STM capacity of 106 subjects at each interval for each information chunk amount was calculated. The results are shown in Table 5.





3. Results


To ensure the universality of the selected samples, we conducted the test on various types of pedestrians. The difference analysis was conducted on the memory of pedestrians with different degrees of familiarity and different age groups. The analysis results showed that there was no significant difference in the ability to remember information, regardless of the situation of taking the subway (Sig. > 0.05). At the same time, except for older subjects (over 60 years old), there was no significant difference in the memory of information among age groups.



3.1. Entrance Hanging Sign Basic Characteristics


To better reflect pedestrians’ STM of the four types of information chunks, we utilized R as the variable and drew the accurate memory population ratio histogram by time, the four types of signs, and the information chunks (shown in Figure 4).



For the 3-chunk entrance hanging signs, all the signs had exit and line numbers, and some of the signs had the subway station logo, while others had the station name. For the 4-, 5-, and 6-chunk signs, they usually contained all four types of information chunks. Our results showed that R for the 6-chunk entrance signs had a diminishing curve that was different from that of the other sings: With the increase in time, the accurate memory population ratio showed an obvious “step-by-step” decline. For line No. information in the 6-chunk group, from 5 s to 60 s, the change of R was 71.70% to 65.09% to 56.60% to 45.28%, for station name it was 62.26% to 56.60% to 52.83% to 46.23%, for station logo it was 32.08% to 30.19% to 27.36% to 22.64%, and for exit No. it was 43.40% to 40.57% to 33.02% to 25.47%. Nonetheless, for the 3-, 4-, and 5-chunk entrance signs, the R for the four types of information did not significantly change overtime. The biggest decline of R related to the line No. in the 6-chunk hanging signs, which decreased 26.42% from 5 s to 60 s.



Then, Pearson correlation analysis was performed between time interval and R in each information chunk group using SPSS. It was found that R was significantly negatively correlated with the interval time (r > 0.900, Sig. < 0.05).



Among the four different types of information chunks (line number, station name, subway logo, and exit number), the four entrance hanging sign groups, and during any interval of time, R was the largest for the line number, followed by the station name, exit number, and subway logo. After the test, the operator asked subjects why they often ignored the signs, and most pedestrians said that the subway logo was not necessary information, so they often ignored it. Based on our results, the overall rule was as follows: with the increase in the number of information chunks contained in the signs, the R decreased at every time interval.



Then, for different time interval, the number of information chunks contained in the signs and the different types of information chunks were tested for correlation analysis. We found that 10 of the 16 results showed strong negative correlations (r > 0.900, Sig. < 0.05), while the remaining six showed similar strong correlations but low significance (r > 0.900, Sig. > 0.05). According to the analysis of the data, it was found that this was due to the high drop in the pedestrian’s memory rate for numbers and logo information in the 5-and 6-chunk groups. In general, the accurate memory population ratio of each type of information in entrance signs decreased significantly with the increase of the number of information chunks.




3.2. Exit Sign Basic Characteristics


In order to better reflect pedestrians’ STM of the seven types of information chunks present in exit signs, the accurate memory population ratio by time, information chunk, and type of sign is shown in Figure 5.



Among the seven types of information chunks we analyzed, direction arrows and locations were the most common types of information chunks in the signs. Of the 16 signs tested, 15 contained direction arrows and 13 contained locations. Moreover, and generally speaking, the signs had at least one of the exit in Chinese or the exit logo. Of the 16 signs tested, 12 contained the exit in Chinese and six contained the exit logo. Some subway stations tended to use Arabic numerals to number exits, while others used letters. In a few areas, subway stations showed the exit orientation in the exit signs.



When analyzing short-term memory for exit signs, we found that the results differed from those of the entrance signs. The R decreased with time in the 4-, 5-, and 6-chunk exit hanging signs, showing a step-like decline. The data of each information chunk group were analyzed by SPSS.



It was found that the accurate memory population ratio was significantly correlated with interval time in the 4-, 5-, and 6-chunk exit hanging sign groups (r > 0.900, Sig. < 0.05). Nonetheless, in the 3-chunk group, the R was not significantly correlated with interval time (r = 0.091, Sig. > 0.05). This may be because, generally, the exit signs contained too many types of information chunks, so when the number of information chunks was small, the data for each type of information was small, which led to the inability to reflect better correlation.



Among the different types of information chunks in the exit sign, the R was the largest for the exit in Arabic numerals, the exit in Chinese, and the direction arrow, followed by the exit location information, exit letters, and the exit orientation and the exit logo. Corroborating what happened with the subway logo in the entrance hanging sign, the stair logo, exit logo, and the other logos present in the exit signs were easily ignored. Once more, similar to the results for the entrance sign, R was significantly correlated with the number of information chunks for each type of information chunk contained in the exit sign at all the time intervals (5 s, 10 s, 20 s, and 60 s) (Sig. < 0.05).




3.3. Pedestrian STM for Subway Signs


Based on our results, subjects’ memories for different types of information differed individually. Subjects’ R trend for each type of information chunk by time is shown in Figure 6.



Generally speaking, the order, from high to low, of people’s ability to accurately remember different types of information chunks was as follows: numerals ≈ arrow > location > letter > logo ≈ orientation. Moreover, people were more likely to remember exits that were numbered than exits that used letters. Regarding orientation information, pedestrians were shown to have poor memory and to easily overlook information.



Based on Figure 5, it can be seen that the R of each information chunk changed differently with time. The R of number, arrow, and logo information decreased slightly in 20–60 s, while the R of location information decreased a little faster. The R for the 4-, 5-, and 6-chunk signs showed the following common characteristics: the slope of 11 of the 13 complete curves, from 5 s to 60 s, was larger in the range of 5–10 s, indicating that the overall forgetting speed of the information chunk reaches its peak before 10 s. Moreover, there were 14 complete curves in the 10–60 s period, among which 12 had a higher slope in the 10–20 s period than that in the 20–60 s period; this further indicates that subjects’ forgetting rate for various types of information chunks was faster at the beginning of the test and slower at the end.




3.4. Pedestrians’ STM Capacity for Subway Signs


Based on the results in Table 5, we show subjects’ memory capacity by type of sign (entrance or exit sign), information chunk, and time in Figure 7.



By comparing the number of information chunks contained in the entrance and the exit signs, it can be seen that the information in entrance signs is relatively simple (the entrance sign usually contained four information types, while in the exit sign, we compiled seven common types of information); this is even more truthful when the amount of information chunks increases.



Subjects’ STM capacity did not increase with the increase in the number of chunks of information contained in signs. When the type of information in the sign was relatively simple (entrance sign), subjects’ maximum STM capacity at 5 s, 10 s, 20 s, and 60 s was 3.53, 3.23, 2.83, and 2.44, respectively (all four results appeared when analyzing the 5- and 6-chunk hanging signs). Therefore, our results showed that, the more information chunks in a sign, the greater the pedestrians’ STM capacity. Nonetheless, subjects’ memory capacities when analyzing 6-chunk signs at 20 s and 60 s were lower than their corresponding capacities for the 5-chunk signs.



When the type of information in the sign was more complex (exit sign), subjects’ maximum STM capacity at 5 s, 10 s, 20 s, and 60 s was 3.36, 3.00, 2.56, and 2.78, respectively. These maximum memory capacities appeared throughout all four different signs by the number of information chunks (i.e., 3-, 4-, 5-, and 6-chunk signs) and did not increase with the amount of information. Therefore, our results showed that signs can have their information filtered and combined based on the complexity of the information type.



When the sign information chunk type was relatively simple, the amount of information could be increased. According to the data, entrance signs showed the following general rule: the more information chunks, the greater the STM capacity. Nonetheless, subjects’ memory capacities for the 5-chunk entrance signs at 20 s and 60 s were greater than for the 6-chunk entrance signs. Therefore, it is recommended to set the upper limit of token information type between five and six chunks. Notwithstanding this, when the sign contains a more complex type of information, it is more appropriate to set the amount of information to four chunks.



Furthermore, there are specific parts of our results that we would like to emphasize. In Figure 5a, people’s accuracy to remember the 3-chunk signs at 10 s suddenly increased. This happened because the sign corresponding to this point did not contain the subway logo; instead, it had the line number, the exit number, and the subway station name. As the previous analysis showed, pedestrians tend to ignore logo information and have a high ability to remember number information. This indicates that the type of information affects the STM capacity of pedestrians.



Similarly, this sudden decrease occurred in the 4-chunk exit signs at 20 s. This sign contained exit letters and the orientation information. As previously mentioned, people have a lower memory capacity for both types of information, which may explain the 4-chunk polyline of the exit sign showing to be concave at the 20 s position. This shows that the type of information chunk influenced people’s STM capacity. Therefore, these are the suggestions we can gather from our results: in China, the orientation information can be avoided in subway signs; information should be numbered (letters should be avoided); and logo information is highly ignored by pedestrians, so it can be excluded from the sign when unnecessary.





4. Discussion


Our results showed that pedestrians’ STM ability to remember subway signs was related to the type, combination, and complexity of the information chunks. In terms of information type, pedestrians were shown to have the ability to remember numbers and arrow symbols but not orientation and letters. Yu et al.’s research on STM [21] showed similar results, and the author suggested that people tend to have better short-term memories related to information that is more familiar to them. Thus, numbers may be more familiar than letters to Chinese pedestrians in a subway station.



Regarding the combination of different information chunks, our results showed that pedestrians may have an improved STM capacity toward an entire sign if it contains information that is easier to remember, such as numbers and arrows. Conversely, pedestrians may have a reduced STM capacity toward an entire sign if it contains inconvenient information (e.g., orientation). These results may owe to pedestrians’ lack of concentration; when there is information in the sign that is difficult to recall, the pedestrian may need to spend too much energy to remember it, subsequently hindering overall memory.



Finally, regarding information complexity, when we compared the content of the information that was present in both types of signs (entrance and exit) that had the same amount of information chunks (4-chunk), we found that the combination of the types of information was relatively simple in the entrance sign. Hence, for entrance signs, pedestrians’ STM capacity was higher.



It is also important to note that the study of STM in subway signs has a lot in common with other studies on the topic. According to the attenuation characteristics of STM law [10,11], the rate of forgetting increases with time. In our study, the results at the 5 s time period regarding STM capacity should demonstrate pedestrians’ largest memory capacity. Our results showed that, for the entrance sign, the maximum value for STM capacity at 5 s was 3.53; for the exit sign, it was 3.36. At 20 s, for the entrance sign, it was 2.99; for the exit sign, it was 2.56. Moreover, these results were similar to those of Cowan and Kaplan [13,14,15], who suggested that people’s STM can hold three to five information chunks at once. Nonetheless, the results of the cited study were slightly higher, and the difference between results may owe to the use of different research stimuli and information chunk types; in addition, the information combinations in their study were simpler.



Regarding different information types, Alvarez and Cavanagh found that information types had an impact on STM capacity [19]; after examining people’s STM for different types of information, they found that people’s memory capacity varied from 1.6 to 4.4. Nonetheless, the results of Chen may be most closely related to ours; he took four kinds of information as experimental stimuli: Chinese characters, figures, numbers, and position. One set of stimuli was shown at a time through a slide show, and the subjects then recalled and wrote down the sequence of items. Results showed that people’s STM ability was the largest for numbers, followed by figures, Chinese characters, and position [23]. Although the objects and methods of Chen’s study were different from those of ours, our data results were somewhat consistent.



Therefore, the following practical suggestions can be made for subway station sign designers:




	
Pedestrians’ memory capacity regarding subway signs gradually decreases as time goes by. Considering that STM capacity changes with time, it seems reasonable to refresh pedestrians’ memory every 20 s. Through the literature analysis of pedestrian walking speed, we find that pedestrians of different ages have different walking speeds for different travel purposes, about 1.0–1.5 m/s [33,34,35,36,37], with older pedestrians usually having a lower speed. The setting of subway signs should give full consideration to the information needs of pedestrians with slow walking speed, so we take 1.0 m/s as the lower limit of the walking speed and multiply it with the 20 s time interval of information retelling. Hence, we suggest that path-finding signs should be installed at every 20 m to improve pedestrians’ passage efficiency within Chinese subway stations.



	
Use numbers to code the lines and exits, as they were shown to be easier for Chinese pedestrians to remember. Avoid the use of letters, as they showed the opposite outcome.



	
Avoid using unnecessary logos and orientation information in order to decrease the total number of information chunks on the subway sign. Through the research of this paper, we found that when the information composition of signs was relatively complex, the total number of information chunks would affect the pedestrian’s memory. An analysis of the existing signs shows that they often contain some miscellaneous information, such as logos with repeated text meanings and orientation information, which pedestrians pay less attention to. It is more convenient for pedestrians to obtain and remember the required information by appropriately reducing the number of information chunks. Less miscellaneous information makes it easier for pedestrians to get the information they need, rather than being disturbed by other unnecessary information.








In this research, we studied the influence of the hanging entrance signs and hanging exit signs on pedestrians’ STM characteristics. In future, more subway sign types (e.g., ground type, attached type, standing type, and transfer signs) can be investigated. Meanwhile, the indoor test was adopted to eliminate the interference of the pedestrian flow and ensure the smooth progress of the test process. Through further research, the results can be put into practice using real subway signs for verification.




5. Conclusions


A large number of scholars have studied STM from various perspectives (e.g., physiology, object comparison between Chinese and English studies, etc.). However, few have analyzed people’s STM for multiple types of information and in real environments. Similarly, there are few practical studies on this subject. In subway stations, signage is an important tool to ensure efficient pedestrian circulation and traffic. Thus, this paper analyzed the characteristics of pedestrians’ STM and pedestrians’ law of STM capacity in a subway environment; we did so by carrying out a cognitive test in which we utilized photographs of real subway signs as the stimuli. We believe our research results may provide theoretical support and technical guidance for the design and layout of subway station signs in China. The main findings were as follows:




	
Entrance and exit subway signs found throughout China had their information characteristics summarized.



	
Different types of information chunks contained in subway signs evoked different memory capacities among pedestrians. Generally speaking, the order, from high to low, for people’s ability to accurately remember different types of information chunks was numerals ≈ arrow > location > letter > logo ≈ orientation.



	
Pedestrians’ STM ability was related to the number of information chunks, the combination of the information chunks, and the complexity of the information contained in the sign. When the information type was simple and familiar, the number of information chunks had little effect on pedestrians’ STM capacity. When the information type was complex and/or unfamiliar, the number of information chunks had a greater effect, and pedestrians’ STM capacity reached its peak when there were four information chunks.








In conclusion, we provided suggestions for the design and layout of subway signs in China, which we believe could improve the quality of the subway station services as well as promote sustainable development from the perspective of improving human travel quality and creating a better travel environment.
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Figure 1. The tertiary structure of memory. (Reprinted from ref. [1]). 
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Figure 2. Subway sign types. 
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Figure 3. Subway sign types. 
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Figure 4. Entrance hanging sign R-time statistical figures. 
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Figure 5. Exit hanging sign R-time statistical figure. 
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Figure 6. R of different types of information chunks over time. 
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Figure 7. Short-term memory capacity. 
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Table 1. Preliminary test record sheet.
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	Information Chunks
	Obtained Information





	Subway sign
	



	Station name in Chinese
	



	Station name in English
	



	Line 1
	



	Line 9
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Table 2. Formal test record sheet.






Table 2. Formal test record sheet.





	
Information Chunks

	
Obtained Information

	
Accurate Remember






	
Subway sign

	

	




	
Station name in Chinese

	

	




	
Station name in English

	

	




	
Line 1

	

	




	
Line 9

	

	




	
Total information amount

	




	
Short-term memory capacity after 20 s
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Table 3. Different information chunk accurate memory population ratio (entrance sign).






Table 3. Different information chunk accurate memory population ratio (entrance sign).





	
Number of Information Chunks

	
Information Type

	
Time Interval (s)




	
5

	
10

	
20

	
60






	
3-chunk

	
Line No.

	
92.45%

	
90.57%

	
91.51%

	
85.85%




	
Station name

	
91.51%

	
90.57%

	

	
76.42%




	
Subway logo

	
43.40%

	

	
43.40%

	
39.62%




	
Exit No.

	

	
80.19%

	
79.25%

	




	
4-chunk

	
Line No.

	
81.13%

	
80.19%

	
78.30%

	
76.42%




	
Station name

	
73.58%

	
73.58%

	
68.87%

	
63.21%




	
Subway logo

	
37.74%

	
34.91%

	
34.91%

	
30.19%




	
Exit No.

	
72.64%

	
69.81%

	
67.92%

	
63.21%




	
5-chunk

	
Line No.

	
78.30%

	
75.47%

	
73.58%

	
67.92%




	
Station name

	
64.15%

	
62.26%

	
61.32%

	
53.77%




	
Subway logo

	
33.96%

	
31.13%

	
27.36%

	
23.58%




	
Exit No.

	
65.09%

	
63.21%

	
63.21%

	
51.89%




	
6-chunk

	
Line No.

	
71.70%

	
65.09%

	
56.60%

	
45.28%




	
Station name

	
62.26%

	
56.60%

	
52.83%

	
46.23%




	
Subway logo

	
32.08%

	
30.19%

	
27.36%

	
22.64%




	
Exit No.

	
43.40%

	
40.57%

	
33.02%

	
25.47%
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Table 4. Different information chunk accurate memory population ratio (exit sign).
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Number of Information Chunks

	
Information Type

	
Time Interval (s)




	
5

	
10

	
20

	
60






	
3-chunk

	
Exit letter

	

	

	

	




	
Exit No. (numeral)

	
89.62%

	

	

	




	
Exit orientation

	

	

	

	




	
Exit in Chinese

	
94.34%

	
92.45%

	
88.68%

	
85.85%




	
Logo

	

	

	
44.34%

	
37.74%




	
Arrow

	
92.45%

	
91.51%

	
87.74%

	




	
Place in Chinese

	

	
87.74%

	

	
84.91%




	
4-chunk

	
Exit letter

	

	
61.32%

	
59.43%

	




	
Exit No.(numeral)

	
82.08%

	

	

	
76.42%




	
Exit orientation

	

	

	
49.06%

	




	
Exit in Chinese

	
86.79%

	
82.08%

	

	
72.64%




	
Logo

	

	

	

	




	
Arrow

	
85.85%

	
83.02%

	
79.25%

	
74.53%




	
Place in Chinese

	
81.13%

	
73.58%

	
67.92%

	
54.72%




	
5-chunk

	
Exit letter

	

	
51.89%

	

	
41.51%




	
Exit No.(numeral)

	
81.13%

	

	
73.58%

	




	
Exit orientation

	

	
45.28%

	

	




	
Exit in Chinese

	
76.42%

	

	

	
53.77%




	
Logo

	

	
38.68%

	
34.91%

	




	
Arrow

	
84.91%

	
79.25%

	
76.42%

	
70.75%




	
Place in Chinese

	
77.36%

	
74.53%

	
58.49%

	
38.68%




	
6-chunk

	
Exit letter

	
48.11%

	
40.57%

	
29.25%

	




	
Exit No.(numeral)

	

	

	

	
47.17%




	
Exit orientation

	
38.68%

	
33.02%

	
23.58%

	




	
Exit in Chinese

	

	
60.38%

	
50.94%

	
45.28%




	
Logo

	

	

	
26.42%

	
17.92%




	
Arrow

	
64.15%

	
60.38%

	
57.55%

	
52.83%




	
Place in Chinese

	
51.89%

	
50.94%

	

	
34.91%
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Table 5. Short-term memory capacity.






Table 5. Short-term memory capacity.





	
Sign Type

	
Information Chunks

	
Time Interval (s)




	
5

	
10

	
20

	
60






	
Entrance sign

	
3-chunk

	
2.27

	
2.61

	
2.14

	
2.02




	
4-chunk

	
2.65

	
2.58

	
2.50

	
2.33




	
5-chunk

	
3.20

	
3.08

	
2.99

	
2.65




	
6-chunk

	
3.53

	
3.23

	
2.83

	
2.44




	
Exit sign

	
3-chunk

	
2.76

	
2.72

	
2.21

	
2.08




	
4-chunk

	
3.36

	
3.00

	
2.56

	
2.78




	
5-chunk

	
3.20

	
2.90

	
2.43

	
2.05




	
6-chunk

	
3.19

	
2.96

	
2.45

	
2.33
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