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Abstract

This study investigates thiegibility of China® high-speed railway maghrough eye-tracking
measurement.Theinformation searching proceswasidentified by conducting: 1) Scoping
stageba user performance test and interview to inform the design of the dyacking study;
2) Indepth stageban eye-tracking study. Manyisual design problemsvith the mapwere
subsequentlyidentified. Thisresearchhelps toexplore usercentered designmap solutions
and build up detailed design guidance for transit magin the future. It also demonstrates
that eyetracking is an effective method to show design limitations and user needs when
evaluating the design quality of a transit map.

Keywords: Information design, visualization, legibility, eyeacking, map design



1. Introduction

According o information from the Ministry of Transport of the Peop& Republic of China
(2020) in 2019around 60 million international tourists traveled in Chinay railway 05%of
63.1 millioninternational tourists who visited Chinan 2019) This indicateshat the railway is
the most popular transportation choice for international traveleasid, consequently,

provides evidence of the need for a welesigned transit map of ChinaOs higheed railway
system.Due to suchhigh demand and usethe Ministry of Transport (PR@gknowledged

the need to evaluate thedesign quality of China®arrent high-speed railwaymap and

funded this researchThe aim is to tackle any problems with the map in order to improve its
effectiveness.

ChinaQsurrent high-speedrailway map(English versionjvas updated in 2017Figure 1and
it has been widely promoted online andisplayed inrailway stationssince then However,
questions remain regardinghe legibility of the map: a)whether it isa goodtransit map
designin terms ofinformation structure and visual design; Whether there are any design
limitations that may affect user reading efficiay in terms of speed and accura®tc. As
shown bya pilot test conducted for thisstudy, legibility iscompromised in thisversion of the
transit map

(& CRH China High-speed Railway Lines Network

China Railway
o2

Figure 1. ChinaOs higbpeed railway mp



The aim otthis study is to evaluate the information design structure and visual design quality
of ChinaOs higépeed railway map. dthis end, the following research questions have been
explored:

1! How do participants find at the information they need from Chin@ high-speed railway
map according to different information needs?

2.1 Which design limitations can be identifiesh the transit mapby analyzinguser
information searching behavior?

3. What design solutions could be impleented in the future to improve the current map
design?

In order to address these questionsuser performance test was conducted using an eye
tracker to investigate the potential design problems of the map and explore how the visual
design of a transit map affectfie information searchingoehavior of usersThe eydracker
can recordthe eye-movement pathof a userits fixation points and fixation durationand
demonstrate the resulswith gaze plots andaheatmap. These advantages make the eye
tracking test a reliable physiological measuring method to record tleading and searching
behaviorof a use{Holmqvist et al 2011). This willlew for a better understanding of

human performance and perception and the underlying cognitive process. It can also be
used to evaluate the legibility and usability of visual design materials (Kang et al., 2016).

There are examples of studies using etyacking tests to evaluate the design quality of

maps, with most studies focusing on peopleOs attentimading speed, areas of interest,
and/or peopleOs reading stratieg. For example, Brychtova and Coltekin (2016) investigated
the influence of color distance and font size on map readability based on user reading speed
and fixation duration. Netzel et al. (2016) compart userOs reading strategy of a map

when a color system or task difficulty changdsoth studiesshowed that eyetracking data

can helpevaluate the map's visual design quality, which provides valuabght to inform

our research methodologyHowever, there are very few articles focusing on htie design
limitations of a mapmight affect user reading speed and accuracy baseduser information
searching behavioand how to improve these problems following a useentered approach

Thisresearchtook China high-speed railway map as a case study, maiidigusingon the
evaluationof itsdesign quality based on transit map desigminciplesand information
design theoies. Itthen exploredwaysto improve the legibility of the mapo inform the
optimum designof transit maps

Modern interactive tools make a series of wayfinding decisions for users, which is both a
significant aid,but also apotential forimpairing the understanding ofthe overall network In
this case, a welllesigned transit map caater for this needBain, 2010)Some universal
design principlescan be followedwhen designingtransit mayps,but researchto date mainly
focuseson its cartographic functionAccording toMollerup (2015) awell-designed transit
map needs to display the rail lines, stations, stoasd other relevant travel information
clearly and do so systematically. A transit map focuses on the relationséipveen stations
and the connections between them, which allowhe users to have a better understanding
of the transportation system rather thathe geographic information (Mollerup, 2015).
Several design factors may affect the legibility of a transit map, such as color cattiag,
visual layout of the lines and statis, as well as interchange signs. Additional information
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includes important zones, attractionsnd other transportation choices that could affette
userOs decisions (Wagner, Wolff, Kapoor, & Strijk, Z8018.1summarizsthe general
guidancefor transit map design

Information
Structure

Map
Legend

Transit
Lines

Stations

Interchanges

Establishing clear direction instructions that can help users locate where they are and how to find
a transit stop to begin their journey, decide how to travel on the network, and then navigate from
the transit system stop or station to their final destination (Bain, 2010).

Making sure that all information displayed is related to traveling because irrelevant information
may cause information overload (Chang et al., 2018).

Other relevant information such as airports and landmarks can be added, which is helpful for
tourists to have an overall understanding of the area and other main transportation choices
(Bain, 2010).

Information in a map legend should be grouped into themes, and relevant information should be
displayed close to each other. Key information needs to be more legible for users to find it easily
(Buard and Ruas, 2009).

Color difference between transit lines should be as clear as possible to enhance the visual
conspicuity of the target information in a route searching (Ou, 2019).

A reasonable geographic distortion to adjust positions of stations is acceptable to help to simplify
the routes and span the breadth of each network (Bertin and Berg, 2011).

Transit lines can be simplified with diagonals constrained at 45° to the verticals and horizontals
Holscher et al. (2011).

Stations need to be represented with simple dots or evenly spaced tick marks, and station
names should be marked uncrowned with legible typefaces (Bain, 2010).

Instead of names, some stations may be represented with numbers, or stations can be paired
with letters for short lines. Station stops and interchanges can be denoted by a range of graphic
indicators (Sort, 2006).

Transfers or interchanges between lines need to be demonstrated with visual signs, such as a
“white-line connector” designed by Beck in 1933. This helps users to understand the complicated
transit system and avoid possible mistakes (Garland, 2008).

Table 1. Rinciplesof transit map design

2. Eyetracking user performance test

2.1. Scoping

In order to inform the design of the ey&racking user performance tesan interviewwas
conducted to identify potential design problems with the map. It involvedn international
touristswho were identifiedby the Chineselransportation Department afrequent users of
the high-speed railwayi.e.who had experience using the railway map (average age32.2)
Thequestions and results of the interview are shownhigure?2.



N i Disagree Neutral Agree Strongly
isagree agree
20% 30% 20% 10%
Q1: Is the map easy to use? 10 20%
50% 30%
0% 20% 30% 30%
Q2: Is the information structure clear? 10 20%
20% 60%
s . 10% 30% 20% 0%
Q3: Is the visual design good? 10 40%
40% 20%

Q4: Why do you think the information structure is clear/unclear?

The map legend information is inadequate

Necessary information has been provided

e = —
4
Some important information is notincluded, such as travel time GGG 4—
Railway instructions are easy to understand GGG
The sentences in the map legend are too long GGG
I —

The map legend information is inadequate

Q5: Why do you think the visual design is good/not good?

The rail lines are too crowded and curved
The rail lines overlapped each other

There are no transfer signs or instructions

The important stations are easy to find out
The layout of the map legend is too crowded
There are no cultural symbols to decorate the map

| O —
e e e ] et —7—|
I
The design style is similar to underground maps I
N e 4—
I ————
4
The colours of the lines are basically clear GG
I —

There are no signs to represent the cities

0 2 4 6 8 10 12

Figure 2. Resuls of the interviewD soping stage

A scopinguser performance testvas also conductedo identify further potential design
problems. All 20 participants were university students with an average age of 3@&rs old
None of them had experience using Chishigh-speed railway mapParticipants hado
complete four information searching tasks with different levets difficulty. The tasks had no
time limit and focused onparticipants@ser experienceThe results of the user test are
summarized inTable 2 whichshowswhether each design elemenpresent in the current
transit mapmeetsthe design principles of map design



Design principles Potential limitations raised by users
Clear and understandable instructions v -
Relevant information are linked to each y :
other
Sufficient information displayed on the % Additional information, such as travel time
map may be needed
Other necessary travel information also % No other important transportation information
included is included, such as airports
A functional and understandable map legend X Ir‘(_f:dg ECulgnces mees e et
Simplified shapes of transit lines % oo many unnecessary curves
L Transit lines are crowded and even

Uncrowded layout of transit lines X overlapped

w : The design needs further research to test
Distinct colors between lines 2 user performance
Transit lines grouped with numbers J -
Stations should be represented with visual _
marks <
Stations evenly spaced \ -
Uncrowded layout of station names Station names are crowded and difficult to
presented in legible typefaces X read because of the messy layout
Interchange points should be displayed : , :
with visual signs X No clear interchange signs displayed

Table 2. Potentialdesignproblemsof the map identified inthe user tesBgoping stage

The results of thenterview andscopinguser testshow clearlythat the map has legibility
problems andthat many design elementslo not follow transit map design principle. Most
design problems mentioned byhe participantsrelated tothe layout of transitinesandtrain
stations as well as théransfer systemThese findings helpedo focuson specificdesign
problemsthat were then tested in more depth through aaye-tracking user performance
testinvestigatng the legibility of the current highspeed railway map (Figure 1)

2.2. Participants

In order to testthe user behavior ointernational traveles objectively, all participantchosen
were nonChinese citizengParticipants had to answeihtee screening questions before the
test in order to confirm that no one héhknowledge of Chinese geographw total of30
participants weretested, all of whom werefrom different countriesand hadno cultural
relationship with ChinaAlthough the gender difference factor wasot considered in this



study,the numbers of male and female participantgere kept the sameto allow further
analysis of findingg15 male participants and 15 female participants).

The average age of thparticipants was B.1years old This isvas toreplicatethe fact that
young people between 2880 years oldnake upthe largest group (31.4%) visiting China in
2019

All participants took the Ishihara test for color blindness to make sina they each had
normal color vision.

2.3. Test environment , procedure, and material s

Thetesting wasconducted inalighting laboratory,using anD65 (average daylightetting,
which is similar to the lightness levappliedin a railway stationParticipantswere asked to
complete several tasks oa computer monitor with a screenresolution 0f1920 x 1280 pixels
This setting wasusedto simulate the conditionan the China's raivay stationswhere transit
mapsare displayed on computer monitors to providieavel information All participantssat
in front of thescreen at around 8@m distance and their eyemovements were recorded
usinga Tohi Pro 2C eydracker.The eyetracking softwareTobii Studio 3.01 wassed, which
enabledthe reading process of eacparticipantto be analyzedvia gaze plots and heatmaps
Additional dataincluded the time participants took to completeeach task

To increasehe validity and reliability of the findingspther analysis methods such as SPSS
calculation were usedasdescribed later in the articleln order to make sure thatifferent
groups ofdatawere normally distributed, detailed data distribution analysisincluding
histograms wasconducted. In order to make clear comparisons between variabbgsaired
samplet-testwas used.

2.4. Task settings

Toevaluate the design quality of ChinaOs higpeed railway maghoroughly, participants
had to completefour tasks pointing out their path to finding the information by usinga
mouse Each task corresponds to a specific research target as shown in Bable

Tasks in eye-tracking test

Find the train line: Huning PDL.
To test the efficiency of the color coding used for the transit lines, and observe how people locate a specific transit
line on the map.

Find out the distance between Jinanxi and Zhanggqiu after reading the map legend.
To test the legibility of the map legend, especially the layout structure and visual design of the key information.

Plan a route between two stations: Beijing and Shijiazhuang.
To assess participant reading strategy when planning a simple route, and to investigate the potential layout problems
of the cities and/or transit lines.

Plan a route between two stations: Nanjing and Ningbo.
To assess participant reading strategy when planning a complicated route that contained more than three interchange
points. This task focused on the transfer system and transfer signs of the map.

Table 3. Research target of each task



In addition, after each taskvas completed participantswere askedo answer some
questionsbased on their experienceQuestions wererelevant toeach individualOs
information searching behaviarFor example, wheparticipants spent along time readng
the information in a certain areghey were asked whythey had focused on this areafor such
a long time. Thisvasimportant in orderto increaseobjectivity when analyzing and
understanding the findings

In an eyetracking test, the longer thdixation on a particular area of information, thieigher
the interest inthat area (Dwyer, 208).0n the other hand, thdonger the gaze durationsthe
more difficulties the user is having in finding/re@g/understanding the information
(William, 2018) Therefore, thegaze durationis used in several studies asa indicator and to
measure thedifficult parts in reading experimentsAdditional dataregarding
participant/user experiencavas collected throughinterviewsafter each task

3. Resultsand analysis

The averagdime to complete the testwas 17bswith the fastestparticipanttaking 1367s
and the slowestaking 2126s.According toFigure3, asthe complexity of the tasks increased,
the time participants spent orthe taskincreased as well.

The time consumption of each task

1200
1000
800

600
400
200 ﬁ

Task 1 Task 2 Task 3 Task 4

Time (Seconds)

Tasks

Tasks N Mean Std. Deviation Std. Error
Task 1 30 228.47 70.434 12.859
Task 2 30 293.50 78.917 14.408
Task 3 30 437.43 95.384 17.415
Task 4 30 755.20 141.565 25.846

Figure 3. Total ime of each task



Most participants finished Task (M=228s)and Task ZIM=294s)quickly and spent mat of
their time on TaskK3 (M= 437s)and Task 4M=755s)

3.1. Result of Task 1(Find the train line: Huning PDL)

The accuracy of this task wa3% (approx).A total of 17 participants found the target
railwayline correctly (approx. 57%), whiléen participants (approx. 3%) madethe same
mistake,i.e, they assumed another line (Jingguang HSR) was the target hoeording to
the interviewsfollowing this task more thanhalf of theparticipants(16, approx. 53%)
mentioned thatthe colorof the main misleading line (Jingguang HSRoked similarto the
target line (Huning PDL)This suggests thahe color-coding of therailwaylinescaused
confusionand leadsto readingmistakes.

Figure4 shows themost recurrenttypes ofinformation searching procesased by14
(approx. 47%) participantgirough gaze plots The gaze plot of a representative participant
(i.e,representing those 14 pdicipants who used aimilar information searching process) is
used as an example

Figure 4. The gaze plot ofepresentative participants in Task 1

As seen irHgure 3, participans started from the map legend (Step 1). The gaze points show
that they read all the railway line instructions and found the target line instruction. Thieey
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looked into the railway system (Stey2 and 3) to check the lines with similarolors(Daxi HSR
and Jingguang HSR). The gaze points show ttiay navigatel along the misleading line
(Jingguang HSIRand tried to find useful information but failedParticipantslooked back to
the map legend (Step 4gand double-checkedthe number (No.34)of the line, whichthen
helped them find the target line(Huning PDIl)on the transit map (Step 5)his reading
process shows that the designefficiencyof the color systentausedrequently rereading,
wastesuser time and allowsusersto makeerrors. The frequen re-reading behavior in the
eyetracking test indicates thaparticipantswere not confident they were looking at the
right information and could also indicatethat the information was wrong or difficult to
understand (De Smet, Leijten&Van Waes2018).

Another interestingfinding in this task ighe relationship between colas and sentencesin
order to show what elements participants reviead the most,a sample comparisomas
made betweenthe color of the target line andhe name of the target lineEightvariables
were comparedbasedon fixation counts and fixation duratiorfseeTables 4and 5):

Table 4. Fixation count paired samplesf atarget lineOs color arits name

According to Tabled, there was a significant difference between V1 and ¥3(01),which
shows that fixations on colofM=3.27,SD=2.53)of the target line in the map legendvere
higher than fixations onits name (M=1.1,SD=1.24) Similarly, wherromparingV2 and V4,
the fixationson color(M=3.4,S3=4.18 of the target line in the transit system were
significantly higher (p < .05)than fixations onits name (M=3.4,SD=4.18). This indicates that
participantslooked atthe color of the target linamore often than the namein both the map
legend andthe transit system.
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Table 5. Fixationduration paired samplef atarget lineOs color arits name

The fixationduration calculated through thepaired sampled-test(Table5) shows thatthe
fixation durationon color (V7,M=1.15 SB=1.02 of the target line inthe map legendwas
significantlylonger (p < .01)than on the name (V5M=0.38 SB=0.56). In addition, there was a
significant difference between V6 and (B < .05) which shows thatfixation duration on
color (\8,M=1.15,SD-1.51) of the target line irthe map legend was significantly longep<
.05) thanon the name (\6, M=0.42 SB=0.27). This indicates that participants spent more
time looking atthe color of the target line tharat the name, not only in thenap legend but
also inthe whole transit system.

3.2. Result of Task 2(What is the distance between Jinanxi and Zhangqiu?)

The accuracy of this task is approximately 37%, oaly 11 of the 30 participants answered
the question correctly There aréwo stops between the stationsand thereforethe correct
answer should be the sum of thisvo distances: 2&m + 49km = 69km. The most common
incorrect answer was 4Bm, with 16 (approx. 53%) participants making the same mistake. In
addition, three participants failed to find ths information.

The reasongor this result are variousArepresentativeparticipant gaze plot (Figure) is
used againas an examplewhich is representative of 20 participants. the map legend
participants had to findkey information Figure5, Part A).First participants had to find
numbersbetween stationsthat indicate the distance (km)rhenthey investigated the target
stations: Jinanxi and Zhanggqiu aihe Jiaoji HSR liné=igure 4 Part B) At this point,
participants elt uncertain aboutthe answerand went back to read the sentence®large
number of refixation paths can be sedmetween Part Aand Part B n Figureb, showing that
participants double-checked the key information several timesd still gave thancorrect
answer (4%m).Participants mentioned thatthey hadnot realized that the distances
between stations needd to be added togetherbecauseno exampleis givenin the map
legend to showthis.



Figure 5. The gaze plot of aepresentative participant in Task 2

Fromthe searching behavior of th@0 participantsdesign limitations of the map legend can
be identified as follows

1! The information structure of the map legenid not clear enough todisplay the different
categories of information togetherThis leds to mostparticipantsfinding the key
information aftersearchingthe whole map legendwhich wastestravelersdime in atime-
critical situationof catchingatrain.

2.1 The key informatiorfor this taskis not easy to understandMore than half of the
participantsanswered wrongly due to misunderstandinthe information. Compared with
the current textonly sentencespther designsolutions such as adding iconic examples
display the key informatiorcould be considered.



3.3. Result of Task 3(Plan a route between Beijing & Shijiazhuang)

At the beginning of this task, an interestingstance of eading behavior occurredvhereby
half of theparticipants spentalong time reading the map legendrying to find relevant
useful information However, detailed informationon specific stationss not included in the
map legend Participantsmentioned in the interview that they assumed the statis and
linescould be found directly in themap legend.Thisindicatesthat after two tasks,some
participantswere still unfamiliar with the map legend This supportshe previous finding in
Task 2 that the information structure of the map legend is not clear enough.

Byanalyzingthe overallgaze plotsof thistaskand the interview recordsmost participants
started searchindor Beijing Sation at the beginningasthey assumed that theycould find
Beijing easilythinking that the station of the capital cityvould stand out.However, Beijing
Stationis not representedn adifferent way to normal sgtions on the current map.
According to Harris (2007),afdesign is notas users assume or expect it to,bewill cause
confusion.This tasktherefore supportsHarrisQspinion that participants wasted time in this
stage.

Figure6 provides details of where Beijin§tationislocated. Beijing Station is one of the
three stations in Beijing Citygut another statiorN BeijingnarN became the most misleading
station in this taskParticipantsnoticed Beijingnan Statiomuickly because this important
stationisemphasized with a black block with whitext. Participants mentioned irthe
interview that Beijingnan Station lookeds if it could have relevanae Beijing Station, butit
wasnot the target station they were looking forTheythen wondered whether looking at
Beijingnanstation was misleadingand some participantdeft the area and started searching
for Beijingin other parts of the map

Figure 6. Stations in Beijing city: Beijing, Beijingnaand Beijingxi

Table6 shows more details of the fixation numbers affikation durationon the two target
stations (Shijiazhuang, Beijing) and the n@iading station (Beijingnan).

The fixation number on BeijingnarM=35, SB=9.04) is significantlyhigher than (p < .01)the
target stations Bging (M=8, SB=3.7) and ShijiazhuangM=8.37, SD-3.42. The fixation
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duration on Beijingnan(M=14.37,SD=4.4) is alsasignificantly higherthan (p < .01)Beijing
(M=2.8 SD-1.27) and Shijiazhuang (M=2.95 SB=1.29. This shows that participants spent
most oftheir time in this taskhesitatingabout an unwanted target.

Table 6. Fixation count and duratiorbetween Beijing, Shijiazhuangand Beijingnan

A questionthat arosein this task is the relationshipetween cities and stationsi.e, is it
necessay to display the spatial relationshipetween cities and stations™ other wordswill
linking all three stations in Beijindpelp userdo distinguish the differencesnore easily? This
guestionisfurther discus®d in the next section.

3.4. Result of Task 4 (Plan a route between Nanjing & Ningbo)

This task was the most complicatexf all the fourtasks,although the mission of the task is
almost the same as Task 3: plamoate between two stationsbut with different

complexities. In Task 4hére wereat leasttwo interchange points between thearget
stations and the main research target focused on the design quality of the transfer system

There were 4 participants @pprox. 4%) who nmade mistake when planning theroutes, and
two participants @pprox.7%)who failed to find the citiesat all. This shows lownformation
searching accuracy in this tasknly 14 participants @pprox. 46.6%o) finisked the task with
no mistakes. Thenain factorthat caused theinformation searching errors ithis taskmay
have beenthe poor designof the transfer systemMany paricipants transferred to other
lines at points where a transfer cannot happerhe following instruction showsnore details
of the routesin this task(Figure7):



Figure 7. Two main routes between Nanjing and Ningbo

Figure8 (Part Ashows the mostonfusingarea inthis taskthat caused terparticipants
(approx. 33%jo make thesamemistake.The Ninghang HSR (green line) and the Huhang
HSR (purple line) overlappeahd their intersectedpoint led usersto assumethat it wasa
transfer point (red circle)which lead them tachoose to transfeiat that point. However, in
reality, passengers cannot transfer betweehe two lines at the overlapped aredhey can
only transfer at Hangzhoudong Train Statidarther down thisarea.

Figure 8. Interchange points where transit lines are overlapped



The gaze plot of participant® eyemovement inthis task(Figure8) providesmore details of
user reading behaviarThere are 42 fixation points on the overlapped position, much more
than on the actual transfer poinat Hangzhoudong Railway Station (11 fixation points).
large number ofre-fixation paths show frequent rereading behaviorby participants which
means that participantencounteredproblems in this area and spemtlonger time checking
the information (Mannion& Leader, 2014)Thus the lack of transfer signand the

overlapped lineswvastedusertime and caused various mistakes inishtask

Another interestingexample ofuser behaviorfound in this taskwas that participants paid

more attention to the destination (Ningbo), rathehtn the origin station (Nanjing), which

can be observed from the heat map Figure9. Participants preferred to plaaroute that

looked closer to the destination. This useebavior can be explained by Holscher et al. (2011)
who claimed that people tend to choose the direction closgto the destination adar as
possible, even if the route is longer or more tire®@nsuming. This information searching
behavior isknown asadirection-based strategy. This can also explain whgst participants

(21, 70%) chose the route downwards from Nanjing (origin station) rather than another route
asthis route looks closerAlthough this does not provide evidence that sucihabit may

lead to mistakes imoute planning, it may limit the use® route choices.

Figure 9. Heat map of Task 4

4. Discussion

Based orthe results of the taskand the information searching behavioof participants,
many useful findingsabout the legibility of ChinaOs higépeed railway map need to be
further explored. Somdimitations in terms othe information design and visual elements
have been found in tis study.Participantsalso providedsomesuggestions based on their
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user experienceswhich may help to establish an initiplan for future improvement of the
map design.

4.1. Information design

Dziekan (2008) mentioned thahe railway transit line systens the primary source of
information for passengers traveling to unfamiliar place3earand systematic desigrof the
lines, stops, transfer pointand relevant instructions aréhe key factosin a transportation
map.In Task 3a largeproportion of participants haddifficulties in locating Beijinga station
which they assumedvould stand out in the mapsgtations nearbysuch as Beijingnan
caused confusiorand participants were not sur®f the spatial relationship between them
Thelack of connections between stationis also a common problem in network
transportation map design such as two stationthat arevery close to each othdn a zone
but aredisplayed separatelynd far awayon a mapwhich misleads andimitsuser route
choices(Grison et al., 2016}his was the case dhe threestations in Beijing Citywhichare
displayed separately with no connectiongarticipants suggested linkg the stations in the
same city by using symbols or establishing a zonetfa stations in the same city. This
would allow grouping the stations in certain areas amebuld reduce reading and searchg
confusion. The British national railway mgpovides agood design solutionshowing the
spatial relationship between cities and statiopall 12 stations in Ladon have been grouped
in a gy zone whichmakes information clearer

On the transit linesnumbers are used to represent theavel distancebetween stations, but
because distanes between stations are different, the numbers are disordered. In Task 2,
participants did not understandhesenumbersdue to poor explanationof the travel
distance information.Many participants also indicated thahey were more interested in
traveling time than traveling distance which is more helpful when planning thetraveling
journey. According to Guo (2011), a transit map is a schematic diagram fibetises on
locations, directions, and connections of stations and lines in a public transit system. It
normally does not include services, such as trangltime or crowding.But, Avineri and
Prashker (2006) argue that trawed) time information can help travelersa make better route
choice decisionsHadlaw (2003) furtheexplainsthat a map allows travelers tamagine the
route geographically, but more importantly users wish to know the traveling time to each
place on the mapasthis provides them with morémpetusto explore the arealn our study,
afew participants suggested adjustg the length between stations to represent travel time
instead of distance Accoding to Harvey (198), the distance between stations is normally
arranged as certain standard distance, artie authoragreesthat this action typically
represents travahg time rather than traveing distance

The map legends essential to the effectiveness of a masjt containsmost ofthe
necessary explanations and examples to show the functions ofapiiMeirelles, 201350me
design problemsregardng the design of theinformation can be identified from theesults.
In Task 2theexplanationof the travel distance was not accurate. Only 37%pafticipants
understood the meaning correctly, i.ghat the travel distance of twdines should be the
summation of thetwo travel distance numbers in betweermdowewer, tis complicated
explanation ould be demonstratedin another way, such aa visual example, as most
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participants suggested. Visual encoding is a process to provide a suitable type of
representation by using graphical elements. For exampgcEachrer{2008) supports tre
idea that good design optimizes the thinking process. Therefore, visualization can help
process the map information more efficiently, in contrast to a long descriptive explamati
In Task 3 and Task & Jack ofnecessary instructionsaused difficultiesvhere there was no
relevant information in themap legend for both tasksbut most paticipants still spent time
looking at the legendasthey expected they couldind useful information there. This can be
called, as defined by Nielsen and Pernice (2010), a desired exploratiam @yetracking test.
ParticipantsO reading procesBowed that theinformation structureof the map legend is not
clear enough. Participants did not have a clear understanding of what kind of information
was included in the map legend, which led to frequerg-reading resuling in low reading
efficiencyand time wasting Due to theunsatisfactoryreading experience, grticipants
suggested regroufing the map legend information. This suggestion is in line with MeirellesO
(2013) claim that the map legend should follow the grouping principle to avoid forcingrss
to search for information through exhaustiveerreading. Visualized instructions or symbols
were recommended by participants to be included in theap legendas theyhave become
increasingly prominent tools for making informatio®neaningfulGand for discovering
important relationships within data sets (Salvo, 2012)

4.2. Visual design

According to Garland et al. (1979), the more detailed the map is, the more important the
color-coding oftransit lines will become for rout@lanning accuracy Awell-designedcolor
systemon amap can provide users with more confidendessconfusion, and frustration.
Netzel et alD§2016)research showedhat the differencein response time and correctness
between colored andgray-scale maps dropascomplexityincreases. That ifhe use of color
could, at a certain complexity leveho longer be usefulln Task 1the use of asimilar color of
amisleadingrailwayline led many participantsto makemistakes This problem maybe
becausethe contrast between colorss not strongenoughin hues and valueswhich is a very
common problem in map desigriBuard& Ruas, 2012). detailed evaluationof the color
systemneedsto be further exploredIn addition,the reading behavior oparticipants
showed that theypreferred to locate the &rget line according to its color in the first place,
then the number, andthen the name. This trenadan besupported by the resuk of Task 1
wherethe color of the target line got rore fixation points andalonger fixationduration

than words.However, &hough colorisimportant in the first instance, i.e. to grab attention
and direct the userwhen analyzing the reading process can be seen thaimost participants
still double-checked the target line by reading its number and naméarticipants explained
that readingcertain numbers and sentencamade them feel more confidenthat they had
found the correct information This indicates thathe color system is not enough to
represent the lineskey informationon a mapshould alwayse supported by numbers or
sentences

In Task 4the layout of transit linecaused someeadingdifficultiesin the route plan The
main problem isthat a large number of curved lines overlapped each oth@wverlappingis a
normal problem in transit system desigand refers to the crossing of routes running on
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different places that do not actually overlap (Sadahiro et al., 2015). Anatbermon

problem isacute bend i.e. the bend of routes at an acute angl@isTmade participants
assumethat therewasa stop or a transfer station, which happened many times in Task 4
Acute bends clutter route maps, especially when many routes are running in parallel
(Agrawala& Stolte, 2001). Aother problem isthat somerailwaylines arerregularly curved
and look disordered. ih order tofind out the reasonfor the use of irregularly curved linesin
interview was conducted with an officer who is currently working the Chinese Railway
Department According to the officerthe main reason for the disordered layoig that the
current design idargelybased on real geographic information. That is, all the cities, stations
and lines on the map arasgeographically accuratas possiblels ithecessary to consider
geographic accuracy itransit map design/Accordingto Marcus (2016), transit lines can be
seen as an independent system apart from the physical geographic environment, and
geographic accuracy is normally not a necessary requiremardtransit map. Therefore,
some distortion and simplification of the direction and distance cha used to improvethe
information. It can alsdielp to simplify the userOs information analysis process and enhance
route decisionmaking efficiency (Hochmaj 2009)Mollerup (2015)suggestsonly using
horizontal and vertical liness well agliagonal lines of 45 degree3his indicates that it is
not necessary tanakethe railwaylines geographically correabn a transit map The need to
follow MollerupOs suggestiaran be supported by the gaze duration in the testherethere
are more fixation points and longer fixation duration on trever-curvedlinesthan the
straight lines Thismeansthat theseareaswasted usetime when route planning.

In both Task 3 and Task 4, participants felt confugédten route plaming because the
transfer points were not shown clearl This waghe casein Task 4vhere participants

needed to plan routeghat included at leasttwo transfer points and many participants
transferred in the wrong placeA wellorganizedtransfer systentan display the connections
between lines or transport modesystematicallyHowever, thigs often poorly represented
and can be interpreted incorrety in transit map design (Grison et al., 2016). In the current
map, there are no transfer sigmor any symbolsvith which to visualize the transfer points.
This led to participants feelingnconfident about the routes they planned because they
were not sure that they could transfer to the correct train at confusing transpaints. Based
on this problem, participants suggested establishing a visual sysftentransfer pointsand
demonstratng it clearly on the map legend. According to Guo (201d¢gsignersneedto
understand different ways to represent transfers and visualize them with different
symbolized elements. Mosif thesecases are overlapped statiorslthough there are also
semioverlapped stationsand separatestations connected by a link. It is necessaryctearly
separate lines or stations with no connectiobgcause aconfusing layout can easily lead
usersinto going the wrong way.

Moreover,around halfthe participants suggested adding cultural symbols fpopular tourist
cities. They believed that these improvements could make it easier to find important
destinations, as well as more travel information compared with the current design. However
Avineri and Prashker (2006) argue trsggatial distinctions sbuld be ignored on a transit

map. For example, ithe London Underground map designed by Beck, localities were
essentially@tandardizedXor reasons of visual clarity and balanctereisno other
unnecessarynformation ordecoration, because thesenay beredundantwhen reading.
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However, becauserailway map contains more information, thepatial relationship

between cities and stations is more complicated than underground system. According to
Chang et al. (2018), travelers need to know some basic spatial and travel service information.
As participants suggested previously, adding other transportation information, such as
airportsand undergrounds,can provide tavelers with more transportation choiceghis

should, therefore be considered in futureesearch

5. Conclusion

This study evaluated the design quality of Chi@digh-speed railway map based on user
behavior bycollecting quantitative data usingeyetrackingfollowed by interviews tocollect
qualitative data The differentcategories of information and visualementsof the mapwere
testedin a total offour tasksthat were set toanswer the research questiorgefined for this
study. The results of the testhowed some design limitations iterms ofinformation
structure and visual elements, such asnfusion withcolors, the overlap of railway lines, the
lack of transfer signs, etGhese design limitations affected the legibility of the map and
caused information searching errorgVith the help of the eydracker,it was possiblgo
observe the information seardhg processof the usersto see which areas of the map or
what visual elements made usefselinterested or confused, and how design limitations
affecteduser experienceThe results of the testalso helpedto understand user habgand
potential needs.

This study shows that the legibility of ChinaOs hagieed railwaymap s limited and that
many improvements are neededl'he main problem of the map that the poor information
structure weakened the relevance between the visual elements, suctadway lines, train
stations and number systems, etc. Some other visual design problemstlikecolor system
and transfer signs alsoneed to be furtherexplored and improvedFurthermore, the eye
movement data and design suggestions from participardgave rich details about theuser
reading experience improving the map desigrby taking into account user needwill reduce
errorand improve user acceptance and satisfactiafith the design solution(Endsley&
Jones, 2012)

In eye-movement dataanalysis the heat maps and gaze plots visually explain how design
limitations affect user behavioiThe present study shosthat eye-trackingisan effective
design evaluation methodf transit mapdesign.Ourstudy also showshat, at least for
designrelated researcheye-tracking should becomplemented byqualitative research
methodsto help explore user behavior further, which cannot be observed from ¢gacking
data directly. This idelpful to reduceambiguity in theconclusiors made from thedata
analysis For example, the long gaze duration could reflect us@mterest area, but it could
also indicate that usesfeel confused.

A potential limitation with this researchisthat, although participants had no user experience
of ChinaSrailway map orin-depth knowledge of Chinese geographylifferent experiences

of using transit mapould affect the accuracy and objectivity of the resulEr examplea
participant who frequently takespublic transportation has more experience in reading
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transit maps According to Beck et al. (2012)useOmformation searching efficiencysinga
transit mapcan be affected byheir experience knowledge of the targets,or familiarity of
the map systemln addition, similar background (such as educational level and familiarity
with digital technology) among participants may limit thgeneralizationof the test results
Therefore, dferent user groups of a more varied backgmd should be includedn future
research Similarly, this study onlysedone type (and size) of devida the tests Butthere
are opportunities in the future to investigatenpact whenusing different type or size of
devices and different medasuchas printed copy

Overall, his study is a important contribution to knowledge in the field of information
design, more specifically in thevaluation oftransit maps fromdifferent angles, i.e. not only
in terms ofinformation structureand legibility but also in terms of informatiorvisualization
and the application of visual elements
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