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ABSTRACT

The point pop-ups in the weather map interface are essential for displaying real-time
weather information in different geographic environments. However, with the
explosive development of multimodal map information, the unfriendly expression of
most pop-ups breaks the smooth user experience, which brings great challenges to the
visual design of pop-ups. This paper regarded point pop-ups in the Chinese weather
map as the research object and discussed the design strategy of pop-ups from four
aspects: information capacity, combination type, layout mode, and transparency. By
comparing the design schemes of different factor levels, the user's behavior
performance in the two groups of experiments was analyzed. The results found that
the behavior performance on graphic-text pop-ups was better than text-only ones at
the same level. When point pop-ups were distributed in the weather map interface
with high density, the operability and readability of comprehensive weather
information could be ensured by adjusting the overlapping and transparency.
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INTRODUCTION

The weather map interface mainly comprises information elements such as
geographic environment, dynamic climate, and regional points (Wang et al. 2010;
Khamaj & Kang, 2018; Widiaty et al.2018), among which the point pop-ups is
essential for displaying real-time weather information in different geographical
environments. Through the pop-up windows of multiple regional points, users can
analyze and process climate changes in different regions (Kaye et al. 2012; Abdullah
et al. 2015). Therefore, a practical design for point pop-ups is the key to ensure that
users can effectively perceive and judge the weather situation (Montello, 2009). With
the rapid development of GIS information technology, the visual design of map
interface has become a research hotspot in recent years. Ooms et al. (2014 ) analyzed
users' visual behavior based on the interest region of 2D and 3D grids to understand
the impact of different map spatial information on users' reading and understanding
process. Vega-Garcia (2012) explored the user's visual cognitive characteristics and
proposed visual guidance rules for the map information components. Chen et al.
(2000) investigated the graphic classification and symbol structure to develop a set of
symbol design software and dynamic link library for the map spatial information. Ren
et al. (2020) took the map point information as the research object and discussed the
impact of presenting location in GIS map information on user performance. To sum
up, current research on map interfaces with different topics focuses on information
architecture, scene layout, and functional elements. However, few scholars have
studied the visual information design of the weather map interface from the user's
operational performance, especially the pop-up window design of regional points.

In general, the pop-up window design of map point information must be simple and
straightforward to ensure the expected user experience (Kuosmo-nen, 2014). First of
all, the most common problem is the lack of uniform standards for the design of point
pop-ups. The differentiated representations of pop-ups are likely to cause perception
barriers, resulting in erroneous clicks or invalid operations (Wu & Li, 2019).
Secondly, with the rapid increase of multimodal map information, the content and
layout of point pop-ups gradually conflict with the user's memory rules (Burnham,
2010; Saadé & Otrakji, 2007). Thirdly, pop-ups with a large amount of information
need to occupy more interface space, which will occlude the surrounding information
and affect users' perception and decision-making on the global map information.
Therefore, the scientific and reasonable design for point pop-ups is essential to
improve the user's performance in dealing with important information.

METHODS AND MATERIALS

PARTICIPANTS

Twenty-five graduate students from Southeast University volunteered to participate
in this experiment (13 males, average age 23.60, SD = 2.3274). All participants were
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physically and mentally healthy and had no color blindness, normal or corrected
vision. Before the experiment, the subjects were asked to avoid strenuous exercise to
maintain a better mental state and fully understand the experiment content.

STIMULI

The experimental materials were selected from pop-up windows displayed by
different point information in the Chinese weather map interface. The information
capacity presented by the pop-up window could be divided into three levels: Simple
(S), Moderate (M), and Complex (C). The combination type could be divided into
two levels: text-only and graphic-text combination. Specifically, the text-only pop-
ups displayed information in the form of text, while the graphic-text pop-ups
displayed information in the form of a combination of text and graphic. The layout
mode of 25 pop-ups was divided into two levels: non-overlapping and overlapping.
Non-overlapping layout referred to a 5x5 matrix composed of each pop-up window
with an interval of 5mm. Overlapping layout referred to the original 5x5 matrix being
reduced to 80% by the same proportion. The transparency of pop-ups was divided
into three levels: 0%, 30%, and 60%. The information encoding for pop-ups based on
different factor levels was shown in Figure 1.
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Figure 1. The information encoding for pop-ups based on different factor levels.

In the first group of experiments, the influence of the three-factor design for pop-ups
on participants' behavior was explored, namely information capacity, combination
type, and layout form. In the second group of experiments, under the condition of
overlapping pop-ups, the influence of information capacity, combination type, and
transparency on participants' behavior was explored.

PROCEDURE

Based on the hierarchical elicitation approach (HEA), this paper conducted
behavioral experiments on the visual representation design of point pop-ups (Yang et
al. 2021). The experimental stimulus process was programmed through the E-prime
2.0 platform and presented on a 21-inch LCD screen with a resolution of 1920x1080.
In this study, there were 24 kinds of stimulus materials, and each stimulus appeared
6 times randomly. Before the experiment, participants needed ten training trials to
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familiarize themselves with the entire experimental tasks and operating procedures.
In the formal experiment, a cross focus first appeared in the center of the screen to
focus the participant's attention, and then the target information to be searched and
counted was presented in the center. At this point, participants browsed the 5x5
matrix stimulus material composed of different pop-ups and determined the number
of target pop-ups as quickly as possible. If the number of point pop-ups is even, the
participant responded by pressing the F key on the keyboard, otherwise pressing the
J key, as shown in Figure 2.
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Figure 2. Information content and stimulus process for pop-ups.

RESULTS

Participants' behavioral data for completing all stimulus tasks (see Table 1 and Table
2), including reaction time (RT) and accuracy (ACC), were collected by E-prime
program and statistically analyzed by SPSS 26.0. Repeated-measures analysis of
variance (ANOVA) and analysis of means (ANOM) were adopted. For data results
that violated the sphericity hypothesis, the Greenhouse-Geisser method was used for
correction.

Mauchly's test showed that the reaction time (P = 0.292 > 0.05) and accuracy rate (P
= 0.502 > 0.05) of the first experiment conformed to the spherical hypothesis. It was
found that the three-factor interaction effect among information capacity,
combination type, and layout mode was not significant in reaction time [F (2, 48) =
1.860, P = 0.167 > 0.05] and accuracy rate [F (2, 48) = 0.082, P = 0.912 > 0.05].
However, the two-factor interaction effect between information capacity and
combination type in reaction time [F (2, 48) = 12.381, P < 0.001, #? = 0.340] and
accuracy rate [F (2, 48) = 13.037, P < 0.001, #* = 0.337] was significant. In addition,
the main effect of information capacity (P < 0.001, 2 = 0.904) and combination type
(P < 0.001, #* = 0.642) was both significant in reaction time. The main effect of
information capacity (P < 0.001, 52 = 0.554), combination type (P = 0.005 < 0.05, #?
= 0.281), and layout mode (P < 0.001, #* = 0.553) was also significant in accuracy
rate.
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Table 1: Descriptive statistics for reaction time under different level factors.

. RT (S) RT (S) RT (S)
Simple Moderate Complex
M £ SD M £ SD M £ SD
SG-1N 7.360 + 2.282 MG-1N 10.855 £ 3.144 CG-1N 13.388 £ 3.013
ST-1N 8.123 £ 3.386 MT-1N 13.268 £ 4.402 CT-1N 15.557 £ 3.540
SG-10 7.051 +£2.184 MG-10 10.216 £ 2.845 CG-10 13.096 + 3.286
ST-10 7.148 £2.177 MT-10 14.378 £ 5.588 CT-10 16.943 £ 3.241
SG-20 6.820 + 2.425 MG-20 9.825 + 2.825 CG-20 13.774 £ 3.137
ST-20 7.046 £ 2.684 MT-20 15.398 £ 3.572 CT-20 16.247 + 3.839
SG-30 6.723 £ 2.196 MG-30 9.632 + 2.245 CG-30 12.936 £2.979
ST-30 7.401 +£1.955 MT-30 15.261 £ 4.699 CT-30 14.652 £ 4.195

Mauchly's test showed that the reaction time (P < 0.001) and accuracy (P = 0.043 <
0.05) in the second experiment violated the spherical hypothesis. After data
correction, it was found that the three-factor interaction effect among information
capacity, combination type, and transparency was not significant in reaction time [F
(2.358, 56.599) = 2.451, P > 0.05] and accuracy [F (2.997, 71.920) = 1.154, P > 0.05].
However, the two-factor interaction effect between information capacity and
combination type in reaction time was significant [F (1.571, 37.714) = 19.071, P <
0.001, #% = 0.443]. In addition, the main effect of combination type (P < 0.001, 52 =
0.750) and information capacity (P < 0.001, #*> = 0.878) in reaction time was
significant. The main effect of combination type (P = 0.042 < 0.05, #? = 0.162) and
information capacity (P < 0.001, #? = 0.737) in accuracy was also significant.

Table 2: Descriptive statistics for accuracy rate under different level factors.
. ACC ACC ACC
Simple Moderate Complex
M + SD M + SD M + SD
SG-1N 0.950 £ 0.102 MG-1N 0.810+£0.181 CG-1N 0.840 £ 0.203
ST-1N 0.880 £ 0.127 MT-1N 0.770 £ 0.216 CT-1N 0.790 £ 0.236
SG-10 0.910 £ 0.159 MG-10 0.680 £ 0.245 CG-10 0.590 £ 0.238
ST-10 0.860 + 0.163 MT-10 0.620 £ 0.271 CT-10 0.540 £0.172
SG-20 0.860 £ 0.178 MG-20 0.690 £ 0.131 CG-20 0.750 £ 0.125
ST-20 0.880 £ 0.193 MT-20 0.760 £ 0.234 CT-20 0.610 £ 0.280
SG-30 0.880£0.179 MG-30 0.650 £ 0.177 CG-30 0.620 £ 0.218
ST-30 0.850 £ 0.204 MT-30 0.640 £ 0.229 CT-30 0.550 £ 0.280

For the first experiment, through the mean analysis of reaction time under pop-ups
without transparency processing (0%), it was found that participants performed the
best in the simple graphic-text type [SG-10 (M = 7.051, SD = 2.184)] and the worst
in the complex text-only type [CT-10 (M = 16.943, SD = 3.241)]. The results
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suggested that at the same level, the user's operational performance in graphic-text
type was better than that in text-only type, and the performance in the concise
information was better than that on the complex one. Similarly, for the second
experiment, the mean analysis of reaction time in the overlapping pop-ups found that
the performance in the simple graphic-text type with 60% transparency was the best
[SG-30 (M = 6.723, SD = 2.196)], and the complex text-only type with 0%
transparency was still the worst [CT-10 (M = 16.943, SD = 3.241)]. The mean
analysis of accuracy in the two experiments found that at the same level, participants
performed better in non-overlapping pop-ups than in overlapping ones, and better in
graphic-text type than in text-only type. For the pop-ups with non-overlapping,
participants performed the best in the simple graphic-text type [SG-1N (M = 0.950,
SD =0.102)]. However, for the pop-ups with overlapping, participants performed the
worst in the complex text-only type [CT-10 (M = 0.540, SD = 0.172)]. Since this
study emphasized the importance of reaction time in behavioral experiments,
accuracy could be regarded as a reference for performance evaluation. In addition,
the design scheme with a longer reaction time was mainly concentrated in the
complex text-only pop-ups with overlapping states (CT-O), where users have the
lowest accuracy. The results showed that when users understood the contents of
multiple overlapping pop-ups, regardless of whether the pop-ups were processed
transparently, the redundant text-only information might increase the user's mental
workload, leading to operational errors. The design scheme with the best operational
performance was mainly concentrated in the simple pop-ups without transparency
(SG-1), indicating that the simplified expression of graphical and textual information
semantics could greatly improve the user's cognitive efficiency.

DISCUSSION

Two groups of behavioral experiments found that information capacity and
combination type significantly affected participants' behavioral performance, while
transparency had no significant effect. In addition, the layout mode had a significant
effect on participants' operational accuracy. Whether the pop-ups were overlapped or
processed transparently, the simple pop-ups had more advantages in reaction time and
accuracy than the same level of other schemes. The findings supported the previous
research that graphic-text pop-ups could convey more effective information than text-
only ones, especially when the point pop-ups had more information capacity (Kau &
Winer, 1987; Klinkenberg, 2008). It should be emphasized that in the interaction
process of map interface information, the user's operation accuracy is crucial to the
stable performance of the entire system. Therefore, the combination of graphics and
text is the best choice, which can help users quickly and accurately understand the
multimodal information resources of the map interface.

In addition, although there was no significant difference in reaction time between the
two layout forms, participants' operation accuracy in non-overlapping pop-ups was
significantly higher than that in overlapping pop-ups. The results indicated that the
overlapping pop-ups might increase the participant's cognitive load in classifying and
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identifying information content and reduce their operational performance. The second
experiment was expected to improve the user's processing efficiency by adjusting the
transparency of the point pop-ups. Although the final results showed that the
difference in reaction time and accuracy rate between different levels of transparency
was not significant, the mean analysis suggested that transparency processing still
indirectly affected the participant's operational performance. For example,
participants had the best reaction time in SG-30 scheme (60% transparency) and the
highest accuracy in SG-1N scheme (0% transparency). Therefore, when the point
pop-ups with high-density distribution appear in the Chinese weather map interface,
the transparency and overlapping can be adjusted appropriately to grasp the real-time
global information.

The information capacity in pop-ups should be designed to transmit as much
important content as possible while ensuring users' cognitive efficiency. Therefore,
moderate graphic-text pop-ups can be recommended first. In addition, given the
spatiality and timeliness of the point pop-ups with high-density distribution,
transparency processing can improve the readability of global information when
multiple point pop-ups were overlapping layouts, and the setting range of
transparency is 30% ~ 60%. For the visual design of the Chinese weather map
interface, designers need to design corresponding pop-ups by comprehensively
considering different factors according to the specific interface tasks. Especially in
emergencies, priority is given to the pop-up design with faster response time under
the premise of ensuring accurate operation.

CONCLUSIONS

According to two behavior experiments in this paper, the four design factors of point
pop-ups included information capacity, combination type, layout form, and
transparency to analyze the impact on user behavior efficiency. The results showed
that graphic-text types carried more information and performed better in reaction time
and accuracy than text-only ones at the same level. Moreover, both information
capacity and combination type significantly affected the user's reaction time and
accuracy. However, transparency had no significant effects on the two behavioral
performances, and layout mode had significant effects on the operational accuracy.
The research findings provided a certain theoretical basis and reference value for the
visual design of point pop-ups in the weather map interface.
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