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ANOTATION 

The m a i n objective of the master thes is i s to develop web-based t o u r i s m app l i ca t ion 
that harnesses the potent ia l of web-based geographic in format ion systems (GIS) to 
enhance outdoor le isure experiences. The app is specia l ly designed to help h ike r s p l a n 
tours based o n their persona l preferences a n d requirements. It conta ins a comprehensive 
range of in format ion o n h i k i n g routes, pub l i c t ransport , park ing , attract ions, v iewpoints 
a n d res taurants , a l l accessible th rough a user- fr iendly a n d interactive interface. 

The app l i ca t ion i s developed u s i n g Node.js a n d the A rcG IS API (ArcGIS M a p s S D K for 
JavaScr ipt ) , w h i c h requires a s igni f icant level of p rogramming sk i l l s , as we l l as knowledge 
of da ta science a n d database admin is t ra t i on . Node.js i s a popu lar back - end development 
plat form, a n d the ArcGIS API i s a powerful tool for geospatial mapp ing a n d analys is . 
Together, these technologies provide a so l id foundat ion for the development of web-based 
GIS appl icat ions, s u c h as the h i k i n g app l i ca t ion descr ibed i n th i s research. 

One of the m a i n advantages of the app l i ca t ion is that it i s based o n a n open-source 
plat form, w h i c h means that i t i s accessible to bo th use rs a n d developers. T h i s avai labi l i ty 
ensures that the app c a n be upda ted a n d expanded over t ime as more t ra i l s a n d outdoor 
dest inat ions are added to the database. In addi t ion, the app uses 3 D scene des ign to offer 
users a v i sua l l y p leas ing a n d immers ive experience. 

The s tudy area for th i s app l i ca t ion i s the Nockste in a n d the Ga isberg i n Salzburg, 
Aus t r i a . However, the app h a s the potent ia l to expand globally, covering t ra i l s i n different 
par ts of the wor ld . T h i s h i k i n g app l i ca t ion i s a testament to the potent ia l of web-based 
GIS a n d a va luable resource for h ike rs look ing to explore new t ra i l s a n d outdoor 
dest inat ions. W i t h th i s app, h ike r s c a n p l a n their h ikes more efficiently, discover new 
tra i ls , a n d enjoy safer, more enjoyable outdoor experiences. 
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INTRODUCTION 
H i k i n g is a popular outdoor activity that h a s increased i n popular i ty i n recent years, w i th 
more a n d more people look ing for new a n d excit ing places to explore. H i k i n g i s a 
recreat ional activity that involves wa lk ing or t r ekk ing i n n a t u r a l env ironments , s u c h as 
mounta ins , forests, a n d parks . The popular i ty of h i k i n g has g rown i n recent years due to 
i ts hea l th a n d env i ronmenta l benefits, as wel l as i t s soc ia l aspect, a l lowing people to 
connect w i t h nature a n d w i t h each other. W i t h the advent of technology, h ike r s now have 
access to a wide range of tools a n d appl icat ions that help them p l an , t rack a n d share 
their h i k i n g activities. One of the features of these plat forms is the onl ine v i sua l i za t i on of 
h i k i n g activity. 

On l ine v i sua l i za t ion i s used i n h i k i n g to provide real-t ime in format ion about the h iker 's 
locat ion, speed, al t i tude, a n d other key parameters. T h i s in format ion i s d isp layed on a 
dig i ta l map , w h i c h al lows h ike rs to moni tor their progress a n d make informed decis ions 
about their route. In addi t ion, on l ine v i sua l i za t ion provides a v i s u a l representat ion of the 
data, m a k i n g it easier for h ike rs to unde r s t and a n d interpret. T h i s v i sua l i za t ion c a n also 
be used to compare different routes a n d to f ind the best p a t h for a specific type of h i k i n g 
activity, s u c h as backpack ing or m o u n t a i n c l imbing. 

The idea is creat ing a web-based p lat form to v isual ize interactively s imu la t ed h i k i n g 
activit ies that w i l l help the new (in the city) h ike r s decide their h i k i n g paths , energy 
requirements, a n d p lace -mak ing/ scenic/ rest ing locat ions. T h i s web app l i ca t ion w i l l also 
be he lp fu l for the u r b a n loca l bodies to take a look at potent ia l h ik ing -based t ou r i sm 
activit ies by ana lys ing the hotspot locat ions i n between the h i k i n g trai ls . 

The use of onl ine v i sua l i za t i on i n h i k i n g provides several benefits for h ikers , inc lud ing : 

1. Improved Safety: Onl ine v i sua l i za t i on al lows h ike r s to moni tor their progress a n d 
t rack their locat ion i n real-t ime. T h i s he lps to reduce the r i sk of gett ing lost or 
s t randed a n d c a n be par t i cu lar ly use fu l i n remote areas. 

2. Better Route P lann ing : On l ine v i sua l i za t i on provides a v i s u a l representat ion of the 
h i k i n g route, m a k i n g it easier for h ike r s to p l a n their route a n d f ind the best pa th 
for their activity. 

3. Increased Awareness: On l ine v i sua l i za t i on c a n be used to d isp lay key da ta about 
the h iker ' s performance, s u c h as speed, a l t i tude, a n d distance travelled. Th i s 
in format ion c a n help h ike r s to become more aware of their phys i ca l cond i t i on and 
make ad justments to their route accordingly. 

4. Sha r ing Exper iences: Onl ine v i sua l i za t i on also al lows h ike r s to share their 
experiences w i t h others. H ike rs c a n share their routes, performance data, and 
photos w i th fr iends a n d family, a l lowing others to experience their adventure. 

F r o m the implementat ion point of view, bo th 2 D a n d 3 D scene are p laced along w i th the 
h i k i n g pa ths a n d point locat ion of the scenic locat ion a n d rest ing place. The da ta w i l l be 
a comb ina t i on of bo th vector a n d raster so that it c a n have more feasibil ity for the 
implementat ion purpose a n d vector da ta wou ld be a combinat i on of O S M a n d self-
prepared/ observed pa ths a n d point locat ion. The energy s imu la t i on w i l l be based on a 
co lour theme as a general h i k i n g requirement. D u r i n g the testing, observe how 
par t i c ipants interact w i th the v i sua l i za t ion a n d take note of any i ssues or prob lems they 
encounter. Encourage par t i c ipants to t h i n k a l oud as they use the v isua l i za t ion , so y ou 
c a n get ins ight into their thought processes a n d dec is ion-making . 
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1 AIM AND OBJECTIVES 

1.1 Aim 
The a i m of the thes is i s to create a web-based p lat form for h i k i n g activities, w h i c h w i l l 
help the potent ia l h ike r s to analyse their h i k i n g t rack by var ious assessment parameters. 

1.2 Objectives 
Visua l i z ing 3 D ter ra in a n d i ts factors i s c ruc i a l a n d widely used . It h a s huge potent ia l for 
better serving h u m a n i t y u s i n g GIS appl icat ions. 

A n onl ine h i k i n g v i sua l i za t i on a ims to show users their tra i ls , d istance, a n d elevation for 
t r ack ing progress, p l a n n i n g h ikes , a n d shar ing experiences. It may also provide 
in format ion o n popu lar routes, t r a i l condi t ions, a n d weather to a id h ike p lann ing . Onl ine 
v i sua l i za t i on also offers ins ights into usage pat terns (e.g., popu lar t imes a n d trails) to 
help pa rk managers a n d organizat ions p l a n outdoor recreat ional spaces. 
On l ine v i sua l i za t i on refers to the d isp lay of da ta a n d in format ion i n a v i sua l format 
th rough the use of d ig i ta l tools a n d plat forms. Th i s c a n inc lude interactive maps , charts , 
a n d graphs. B y u s i n g onl ine v isua l i za t ion , pa rk managers a n d organizat ions are able to 
ga in va luable ins ights into usage pat terns of outdoor recreat ional spaces, s u c h as the 
most popu lar t imes a n d trai ls . T h i s in format ion c a n help in form dec i s i on-mak ing a r ound 
resource a l locat ion, in f rastructure development, a n d overal l p l ann ing of these areas. The 
v i s u a l representat ion of da ta a n d in format ion c a n also ass is t i n effectively commun ica t ing 
these ins ights to stakeholders, promot ing informed dec i s i on-mak ing a n d col laborat ion. 

The overal l a i m is further div ided into two major objectives: " D a t a Phase" and 
"V i sua l i za t i on a n d eva luat ion phase" 

I. D a t a phase: objective I 
Defining and designing the data acquisition process. 

Research quest ions: 

a) For a dec is ion suppor t system a imed at travelers who are interested i n h ik ing , what 
in format ion is pert inent to make in formed decis ions? 

b) W h i c h APIs are sui table a n d appl icable to a h ik ing- focused dec is ion suppor t 
system, a n d what requirements m u s t the APIs meet? 

II. V i sua l i za t i on a n d eva luat ion phase: objective II 

Visualizing and evaluating decision-relevant web map layers. 

Research quest ions: 

a) Wha t are the avai lable web mapp ing appl icat ions, a n d how do they a id i n the 
dec i s ion-mak ing process for travelers? 

b) What are the op t ima l des ign features for map elements to best ass is t travelers i n 
their dec i s ion-mak ing process? 
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Major Components for the objectives 

2D/3D visualisation 

Movement and Energy simulation 

Web application 

One potent ia l objective for a n onl ine v i sua l i za t ion of h i k i n g activit ies cou ld be to provide 
users w i t h a v i s u a l representat ion of their h i k i n g experiences, s u c h as the t ra i l s they have 
taken , the distance they have covered, a n d the elevation they have gained. T h i s c a n help 
users keep t rack of their h i k i n g progress, p l a n future h ikes , a n d share their experiences 
w i th others. Other objectives cou ld inc lude prov id ing in format ion about popu lar h i k i n g 
routes, t ra i l condi t ions, a n d env i ronmenta l factors s u c h as weather, to help use rs make 
in formed decis ions about their h i k i n g p lans . Addi t ional ly , onl ine v i sua l i za t i on tools can 
also provide ins ights into pat terns of usage, s u c h as the most popu lar t imes of year for 
h i k i n g a n d the most popu lar t ra i ls , to he lp pa rk managers a n d l a n d conservat ion 
organizat ions better unde r s t and a n d p l a n for the use of outdoor recreat ional spaces. 

To achieve the objective of onl ine v i sua l i za t ion of h i k i n g activit ies, the fol lowing steps c a n 
be taken: 

• Gather data: Col lect in format ion on h i k i n g routes, i n c lud ing G P S coordinates, 
elevation changes, a n d other relevant details. 

• Store data: Store the da ta i n a database or file format that c a n be easily accessed 
a n d man ipu la ted . 

• Create a user interface: Des ign a user- fr iendly interface that a l lows use rs to view 
the da ta o n a map , see stat is t ics on the h ike , a n d interact w i t h the da ta i n other 
ways. 

• Map the data: U s i n g a mapp ing l ibrary, d isp lay the h i k i n g routes a n d other da ta 
o n a n interactive map. 

• V i sua l i ze data: Create charts , graphs, a n d other v isua l i za t ions that a l low users 
to see the da ta i n a more meaning fu l way, s u c h as a g r aph of elevation changes 
over time. 

• Deploy the appl icat ion: P u b l i s h the app l i ca t ion onl ine so that users c a n access 
it f rom any device w i t h a n internet connect ion. 

• Maintenance : Regular ly update the da ta a n d make improvements to the user 
interface as needed to ensure a posit ive user experience. 

Th i s s tudy w i l l contr ibute to the unders tand ing of onl ine v i sua l i za t i on techniques for 
h i k i n g activit ies by explor ing the types of techniques used , the percept ions a n d 
experiences of h ike rs , a n d the effectiveness of these techniques i n prov id ing meaning fu l 
ins ights a n d in format ion. The resu l ts of th i s s tudy w i l l provide va luable in format ion for 
the development of new a n d improved onl ine v i sua l i za t i on tools for h i k i n g activit ies, 
a l lowing h ike r s to better t rack a n d analyse their performance, p l a n their routes, and 
share their experiences w i t h others. 

11 



2 STATE OF ART 
The purpose of th i s chapter i s to review the l i terature on onl ine v i sua l i za t i on for h i k i n g 
activities. The chapter w i l l beg in by def ining onl ine v isua l i za t ion , followed by a d i s cuss i on 
on the benefits of onl ine v i sua l i za t i on for h i k i n g activities. The web mapp ing appl icat ions 
that help travel lers make dec is ions about their sports travel, par t i cu lar ly for h i k i n g i s 
also i n c luded i n th i s chapter. The chapter expla ins how to design effective web-based 
mapp ing appl icat ions by reviewing cartographic design pr inc ip les . Addi t ional ly , the 
chapter d iscusses ex ist ing web mapp ing products that suppor t travel-related decisions, 
s u c h as p l ann ing routes a n d check ing weather forecasts. B y examin ing these ex ist ing 
products , the chapter identif ies their strengths a n d weaknesses a n d opportuni t ies for 
improvement. The chapter w i l l t h en explore the current research o n onl ine v i sua l i za t ion 
for h i k i n g activit ies, h igh l ight ing the research quest ions, methods, a n d f indings. The goal 
of th i s chapter i s to provide a n unders tand ing of web-based mapp ing appl icat ions 
designed for h i k i n g a n d outdoor sports, a n d to help people make in formed decis ions 
about their travels. 

2.1 Defining Online Visualization 
Onl ine v i sua l i za t i on refers to the use of interactive a n d dynamic maps , photographs, 
videos, a n d other m u l t i m e d i a to represent geographic in format ion o n the internet. Onl ine 
v i sua l i za t i on is widely used i n var ious fields, i n c lud ing t our i sm, educat ion, a n d 
env i ronmenta l p lann ing . In the context of h i k i n g activit ies, onl ine v i sua l i za t i on i s used to 
provide h ike rs w i t h a better unders tand ing of the tra i ls , sur round ings , a n d facil ities, 
enabl ing them to p l a n their h i k i n g t r ips more efficiently. 

The article f rom E s r i (Goodchi ld, et a l . , 2015), about how Web GIS c a n change the way 
we access a n d analyze geospat ia l data. One impor tant part of th i s i s onl ine v isua l i zat ion, 
w h i c h al lows use rs to interact w i t h da ta i n real-t ime a n d get a better unde rs tand ing of 
spat ia l re lat ionships . Accord ing to a s tudy by (Andrienko, et a l . , 2007) onl ine v isua l i za t ion 
is a cr i t i ca l feature of mode rn GIS systems. The s tudy h ighl ights the importance of onl ine 
v i sua l i za t i on i n enab l ing users to explore a n d analyze da ta more effectively, a n d to 
communica te their f indings to others i n a n intui t ive a n d interactive manner . Web-based 
mapp ing tools s u c h as Leaflet a n d ArcG IS On l ine are cited as examples of p lat forms that 
support onl ine v i sua l i za t ion a n d enable use rs to create a n d share m a p s w i t h ease. 

Accord ing to (Zhang, et a l . , 2022), the review begins by d i s cuss ing the growing popular i ty 
of onl ine l earn ing plat forms a n d the potent ia l benefits they offer. The authors highl ight 
the un ique chal lenges faced by onl ine learners, s u c h as l imi ted soc ia l in terac t ion a n d the 
absence of phys i ca l c lassrooms. They argue that v i sua l i za t i on c a n p lay a c ruc i a l role i n 
address ing these chal lenges by creat ing immers ive a n d engaging l earn ing experiences. In 
th i s paper the author also descr ibed " taxonomy of onl ine l earn ing behaviors regarding", 
showed i n the Figure 1 below. 
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Figure 1 taxonomy of online learning behaviors regarding 

In conc lus ion , the article by E s r i emphasizes the potent ia l of Web GIS to t rans form the 
field of GIS by m a k i n g it more accessible, user- fr iendly, a n d powerful. On l ine v isua l i za t ion 
p lays a c ruc i a l role i n th i s t rans format ion by prov id ing users w i t h a n intui t ive and 
interactive way to explore a n d analyze geospat ia l data. 

2.2 Benefits of Online Visualization for Hiking Activities 
Onl ine v i sua l i za t i on has m a n y benefits for h i k i n g activit ies. It c a n enhance the h iker ' s 
experience by prov id ing them w i t h a v i r tua l tour of the t ra i l , he lp ing them to make 
in formed decis ions about the route, t e r ra in , a n d weather condi t ions. On l ine v isua l i za t ion 
c a n also provide h ike r s w i t h in format ion about the facil it ies a n d services avai lable a long 
the t ra i l , s u c h as rest areas, toilets, a n d food vendors. T h i s in format ion c a n he lp h ike rs 
to p l a n their t r ips more efficiently a n d to avoid potent ia l r i s k s a n d hazards . (Association, 
et a l . , 2023) 

(Hajdu, et a l . , 2021), present their work o n the dig i ta l cartographic reconst ruc t ion of the 
1897 'Ma t ra Guide ' , w h i c h is a n impor tant h is tor i ca l document of Hungary . The guide is 
a map of the M a t r a m o u n t a i n range a n d i ts sur round ings , a n d it was or ig inal ly pub l i shed 
i n 1897 by Karo ly Kerner, a geographer a n d cartographer of the t ime. The guide provided 
in format ion about the m o u n t a i n range, i t s f lora a n d fauna, geology, a n d the su r r ound ing 
settlements. It was a n impor tant resource for researchers a n d h ike r s a l ike, a n d it h a d a 
signif icant impact on the development of t ou r i sm i n the region. 

The guide was digit ized u s i n g mode rn s cann ing techniques, a n d the resu l t ing images 
were processed u s i n g GIS software. The au thors used georeferencing techniques to a l ign 
the digit ized map w i t h mode rn satell ite imagery a n d topographic maps . They also appl ied 
var ious image process ing techniques to enhance the qual i ty of the s canned images a n d 
to correct for d istort ions caused by the or ig ina l p r in t ing process. 

The resu l t ing dig i ta l r econst ruct ion provides a va luable resource for researchers and 
h is to r ians interested i n the h is tory of the M a t r a m o u n t a i n range a n d i ts sur round ings . It 
also provides a fasc inat ing g l impse into the state of cartography a n d geography at the 
t u r n of the 2 0 t h century. The au thors note that the dig i ta l r econst ruc t ion c o u l d be used 
as a bas i s for further research, s u c h as the creat ion of 3D models of the landscape, or 
the ana lys i s of h i s to r i ca l l a n d use patterns. 

2.3 Design Principles for web Cartography 
Web cartography refers to the creat ion a n d sha r ing of dig i ta l m a p s on the internet. It 
involves u s i n g des ign pr inc ip les to create v i sua l l y appeal ing a n d effective m a p s that are 
easy to use a n d unders tand . 
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Web mapp ing has come a long way s ince i ts incept ion i n the early days of the internet. 
At first, maps were s imply scanned a n d posted onl ine as images, a n d users cou ld not 
interact w i t h them. However, over t ime, web mapp ing evolved to become more interactive 
a n d dynamic , w i th features s u c h as zooming a n d pann ing , (ucgis, et a l . , 2017) 
The in t roduc t i on of Web 2.0 technologies al lowed for the creat ion of user-generated maps , 
a n d communi t i e s cou ld come together to share their m a p s for a variety of purposes . In 
recent years, m u l t i m e d i a content s u c h as photos, videos, a n d 3 D models have been 
integrated into web maps , m a k i n g them even more engaging a n d immers ive . Despite these 
advancements, s canned map images r e m a i n a c o m m o n type of web map , a n d there are 
des ign guidel ines for dig i ta l m a p s that consider the constra ints of computer d isp lays 
a n d web browsers. Overal l , web mapp ing h a s evolved i n response to advancements i n 
technology, changes i n user needs a n d expectations, a n d the growth of the internet. 

o Simplicity and clarity 

Accord ing to (Peterson, et a l . , 2005), Web m a p s shou ld be s imple a n d clear, w i th 
a clear h ie rarchy of in format ion a n d a m i n i m a l des ign that h igh l ights the most 
impor tant features. T h i s means u s i n g a l im i t ed color palette, easy-to-read fonts, 
a n d clear labe l ing of geographic features. The goal i s to create a map that i s easy 
to read a n d unde r s t and at a glance. 

o Cartographic rules 

Arro rd ing to (Cartographer, et a l . , 2011), Car tographic ru l es are essent ia l 
guide l ines for creat ing effective a n d v i sua l l y appeal ing maps . Accord ing to the 
source "Web Map Concepts " by the State Cartographer 's Office at the Univers i ty 
of W i s cons in -Mad i son , several key ru l es c a n be identi f ied. F i rs t a n d foremost, 
m a p s s h o u l d strive for c lar i ty a n d s impl ic i ty , ensur ing that the in tended message 
is easily unders tood by users . Addi t ional ly , the use of appropr iate symbol i zat ion 
a n d color schemes i s c ruc i a l i n represent ing different features a n d conveying their 
signif icance. Cons is tency i n the use of symbols , scales, a n d labels across the map 
also enhances readabi l i ty. Proper spat ia l arrangement, i n c lud ing the placement 
of labels a n d legends, he lps use rs navigate the m a p smoothly. Lastly, the source 
emphasizes the importance of eva luat ing the accuracy a n d re l iabi l i ty of da ta 
sources a n d ensur ing that cartographic representat ions a l ign w i t h rea l -wor ld 
phenomena. B y adher ing to these cartographic rules , m a p creators c a n produce 
h igh-qual i ty a n d informative m a p s that effectively communica te spat ia l 
in format ion to users. 

Figure 2 layer-based content selection 
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T h e C o n f l i c t s A l o n g 1,172 M i l e s 

o f t h e D a k o t a A c c e s s P i p e l i n e 

By CJtECOR AtSOl and K.K. REBECCA LAI WHO 10I7 
T h e Department of the A r m y announced o n Tuesday that it 

will grant the final easement to finish the 1,172-mile Dakota 

Access pipeline. T h e easement will allow the pipeline to cross 

u n d e r Lake Oahe near the Standing Rock Sioux Reservation, 

which has been the center of protests for months. 

T h o u g h legal disputes about water safety. Native A m e r i c a n 

lands a n d eminent d o m a i n l i m e delayed the project, the 

pipeline is nearK complete. 

Noitti 

T h e pipeline has to travel 

across hundreds o f 

waterways. At least 22 of 

these crossings, highlighted in 

blue, have to be dril led deep 

u n d e r large bodies of water. 

V 

DtehiftMP 

T h e pipeline crosses disputed 

Sioux land that was p r o m i s e d 

to the tribe in the 1851 Treaty 

of Fort L n r a m i e but was later 

taken awav. • 

Orspi/tetr 
SKXIX territory 

•'•Hoi'rt'Rivor " A n alternative route north 

of Bismarck. X . D . , was 

proposed but rejected 

because of its p r o \ i m i t \ to 

areas that supply water. 

" T h e r e have been large protests at 

the Lake Oahe crossing over 

potential water contamination 

a n d the damage of sacred tribal 

sites. T h e M i s s o u r i River is the 

Standing Rock Sioux Tribe's 

primary source of d r i n k i n g water. 



Visual Hierarchy 

V i s u a l h ie rarchy refers to the arrangement a n d organizat ion of v i s u a l e lements i n 
a des ign or layout to guide the viewer's at tent ion a n d convey the relative 
importance or signif icance of different elements (Tait, et a l . , 2018). It involves 
u s i n g var ious des ign pr inc ip les , s u c h as size, color, contrast , a l ignment, a n d 
spat ia l re lat ionships , to es tab l i sh a clear order a n d structure w i t h i n a 
composi t ion. In a v i s u a l h ierarchy, e lements that are larger, bolder, or have more 
v ibrant colors t end to attract at tent ion first a n d are perceived as more important . 
E lements that are smal ler , l ighter, or have s u b d u e d colors are perceived as less 
signif icant. Addi t iona l ly , the pos i t ion ing a n d al ignment of elements c a n also 
inf luence their perceived importance (Mulaz imoglu, et a l . , 2019). B y strategically 
man ipu la t i ng these v i s u a l cues, designers c a n contro l the viewer's focus and 
direct their at tent ion to specific e lements or informat ion. 

Visual Hierarchy 

PROMINENT MAP SYMBOLS 

HIGHLIGHTED LAND 

HIGHLIGHTED WATER 

LEGEND 

INSET MAP 

EXLANATORY TEXT z 

BASEMAPLAND 

BASEMAP WATER 

Map Layout 

Figure 4 Visual Hierarchy 

Consistency 

Accord ing to (Kraak, et a l . , 2001), Web m a p s shou ld be consistent i n terms of 
design elements, s u c h as colors, fonts, a n d symbols . T h i s he lps use rs to 
unde r s t and the map more qu i ck l y a n d easily, a n d reduces confus ion. Cons is tency 
also makes it easier to update the map over time. 

User-centered design 

Web m a p s shou ld be designed w i t h the user i n m i n d , t ak ing into account their 
needs, interests, a n d goals. T h i s means unders tand ing the user 's context and 
designing the map to meet their needs. For example, a map designed for h ike rs 
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might focus on tra i ls , water sources, a n d campsites, whi le a map designed for 
dr ivers might focus o n highways, gas stat ions, a n d rest areas. (Tsou, et a l . , 2008) 

o Interactivity and cartography 

Web m a p s shou ld be interactive, a l lowing users to zoom i n a n d out, p a n the map, 
a n d access add i t i ona l in format ion th rough c l ickable i cons or pop -ups (containings 
thxt in format ion a n d Images i n the form of P N G a n d J P E G ) . T h i s he lps users to 
explore the map i n more detai l a n d provides them w i t h add i t iona l in format ion that 
may not be v is ible o n the map itsel f (Kalaitzis, et a l . , 2023). Addi t ional ly , Web 
m a p s s h o u l d be designed w i t h mobi le devices i n m i n d , s ince more a n d more users 
are access ing the internet o n their smar tphones a n d tablets. Th i s means u s i n g 
responsive design techniques that ensure the map is easy to v iew a n d use on 
smal ler screens. (Lateh, et a l . , 2005) 

Figure 5 Interactivity with multimedia maps (CartouCHe, 2012) 

2.4 Current Research on Online Visualization for Hiking 
Activities 

Several s tudies have explored the use of onl ine v i sua l i za t ion for h i k i n g activit ies. These 
studies have u s e d var i ous research methods, s u c h as surveys, interviews, and 
observation. The s tudies have focused o n different aspects of onl ine v isua l i zat ion, s u c h 
as i ts impact on the h iker ' s experience, the usab i l i t y of the onl ine v i sua l i za t i on tools, and 
the effectiveness of the onl ine v i sua l i za t ion i n prov id ing h ike r s w i t h relevant informat ion. 

In a s tudy by (Wu, L i , et a l . , 2020), the au thors investigated the impact of onl ine 
v i sua l i za t i on on the h iker ' s experience. The s tudy involved a survey of 181 h ike r s i n 
Ta iwan, who h a d used a n onl ine v i sua l i za t i on tool to p l a n their h i k i n g tr ips . The s tudy 
found that the h ike r s who h a d used the onl ine v i sua l i za t i on tool h a d a more positive 
experience t h a n those who h a d not used the tool. The s tudy also f ound that the onl ine 
v i sua l i za t i on tool he lped the h ike r s to make informed decis ions about the route, terra in, 
a n d weather condit ions. 

In another s tudy by (Jean-Paul , et a l . , 2018), the au thors explored the usab i l i t y of onl ine 
v i sua l i za t i on tools for h i k i n g activities. The s tudy involved a series of wo rkshops w i th 
h ike r s i n Switzer land, who were asked to evaluate different onl ine v i sua l i za t ion tools. The 
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study f ound that the h ike rs preferred onl ine v i sua l i za t ion tools that were interactive, easy 
to use, a n d prov ided them w i t h relevant in format ion about the tra i l . 

In a s tudy by (Lee, et a l . , 2018), the authors investigated the effectiveness of onl ine 
v i sua l i za t i on i n prov id ing h ike r s w i t h relevant in format ion. The s tudy involved a survey 
of 262 h ike rs i n C h i n a , who h a d used a n onl ine v i sua l i za t i on tool to p l a n their h i k i n g 
tr ips . The s tudy f ound that the onl ine v i sua l i za t i on tool was effective i n prov id ing h ikers 
w i th in format ion about the t ra i l , s u c h as the route, terra in , a n d facil it ies. The s tudy also 
f ound that the onl ine v i sua l i za t i on tool he lped the h ike r s to avoid potent ia l r i s k s a n d 
hazards. 

A n Eva lua t i on by (Bleisch, et a l . , 2008) examines the effectiveness of u s i n g web-based 3-
D v i sua l i za t i on for p l ann ing h ikes v i r tual ly . The s tudy evaluates the usab i l i t y a n d user 
experience of a web-based 3-D v i sua l i za t i on app l i ca t ion designed for p l ann ing h i k i n g 
routes, a n d the development of a web-based 3-D v i sua l i za t i on app l i ca t ion that al lows 
h ike r s to p l a n their routes v ir tual ly . The appl icat ion al lows users to explore t e r ra in and 
elevation data, as we l l as v iew a 3-D mode l of the h i k i n g t ra i l . The s tudy evaluated the 
effectiveness of the app l i ca t ion by conduct ing a usab i l i t y test w i t h 25 part ic ipants . 
Addi t ional ly , the resu l ts of the s tudy showed that the app l i ca t ion was easy to use and 
prov ided a n effective way for h ike r s to p l a n their routes v ir tual ly . The par t i c ipants also 
reported that the 3-D v i sua l i za t i on he lped them to better unde r s t and the t e r ra in and 
elevation of the h i k i n g tra i l . 

What soft adventure motivation factors drive hiking satisfaction? 

Figure 6 hiking satisfaction level. (Bichler, et al., 2021) 

The s tudy provides impor tant ins ights into the potent ia l of web-based 3-D v isua l i za t ion 
for p l ann ing h i k i n g routes. The resu l ts suggest that the use of 3 -D v i sua l i za t i on c a n 
enhance the user experience a n d make it easier for h ike r s to p l a n their routes. The 
technology cou ld be par t i cu lar ly use fu l for novice h ike r s who may not be famil iar w i th 
the t e r ra in a n d elevation of a h i k i n g t ra i l . The s tudy also h igh l ights the importance of 
user-centered design i n the development of web-based appl icat ions. B y invo lv ing ac tua l 
users i n the design process, developers c a n ensure that their appl icat ions are easy to use 
a n d effective. Whi l e there are l imi ta t ions to the study, the f indings suggest that web-
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based 3-D v i sua l i za t i on has the potent ia l to be a va luable tool for h i k e r s a n d outdoor 
enthus ias ts . (Shang, et a l . , 2022) 

Web-based 3 D v i sua l i za t i on tools have become increas ing ly popular i n recent years, 
par t i cu lar l y for p l a n n i n g outdoor activit ies s u c h as h ik ing . Another research f rom the 
same author i n 2006, conducted to explore the usefulness of these tools for v i r tua l h ike 
p lann ing . The review found that web-based 3 D v isua l i za t ion tools c a n provide use rs w i th 
a comb ina t i on of real ist ic a n d abstract in format ion, w h i c h c a n help them make in formed 
decis ions about their h ike . T h i s in format ion may inc lude weather condit ions, diff iculty 
level, a n d po ints of interest a long the route. One of the benefits of these tools i s the abi l i ty 
to customize the level of detai l . For example, some tools a l low use r s to zoom i n a n d out 
of the te r ra in to see different levels of detai l , whi le others a l low users to change the t ime 
of day to see how the l i ght ing condi t ions change. T h i s cus tomiza t ion c a n he lp users better 
unde r s t and the t e r ra in a n d environment, w h i c h c a n be par t i cu lar l y use fu l for p l ann ing 
h ikes i n un fami l ia r areas. However, the review also h ighl ighted some l imi ta t ions of web-
based 3 D v i sua l i za t i on tools. One of the m a i n chal lenges i s usabi l i ty , par t i cu lar l y for 
users who are not fami l iar w i t h 3 D v i sua l i za t i on or mapp ing tools. In addi t ion, the tools 
c a n be resource- intensive, w h i c h c a n l imi t their accessibi l i ty for some users . 

Figure 7 Monochrome reproduction of 3-D visualization used in the experiments. 
(Shang, et al., 2022) 

Overal l , the review suggests that web-based 3 D v isua l i za t ion tools c a n be use fu l for 
p l ann ing h ikes v i r tual ly . However, usab i l i t y a n d accessibi l i ty are impor tant factors to 
consider w h e n u s i n g these tools. Fu ture research cou ld explore ways to improve the 
usab i l i t y a n d access ib i l i ty of web-based 3 D v isua l i za t ion tools for h i k i n g a n d other 
outdoor activities. 

2.5 Importance of Online Visualization for Hiking Activities 
Onl ine v i sua l i za t i on tools have become a n essent ia l par t of the h i k i n g experience. These 
tools provide h ike r s w i t h the abi l i ty to explore new tra i ls , discover h i dden gems, a n d p l a n 
their routes w i t h ease. On l ine v i sua l i za t i on tools offer a range of features, i n c lud ing 3D 
maps , real-t ime t ra i l in format ion, a n d user-generated content. These features help h ikers 
to unde r s t and the terra in, distance, a n d elevation of the t ra i l , as wel l as identify potent ia l 
hazards a n d po in ts of interest. 
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A s tudy by (Liu, et a l . , 2021), examined the impact of onl ine v i sua l i za t ion tools on the 
h i k i n g experience. The s tudy found that h ike r s who used onl ine v i sua l i za t ion tools 
reported a higher level of sat is fact ion w i t h their h i k i n g experience. The s tudy also f ound 
that h ike r s who used onl ine v i sua l i za t i on tools h a d a greater sense of contro l and 
confidence i n their h i k i n g abil i t ies. 

Another s tudy by (Mart inez-Graha, et a l . , 2017) explored the use of augmented reality 
(AR) technology for h i k i n g activit ies. The s tudy found that A R technology prov ided h ike rs 
w i th a n immers ive a n d interactive experience, a l lowing them to explore the t ra i l i n a more 
engaging way. The s tudy also f ound that A R technology enhanced the educat iona l value 
of the h i k i n g experience, as h ike r s were able to l earn more about the t ra i l a n d i ts features. 

A s tudy conducted by (Pfaff, et a l . , 2007), analyzed the use of mobi le appl icat ions i n 
outdoor activities. The s tudy found that mobi le appl icat ions, i n c lud ing onl ine 
v i sua l i za t i on tools, are widely used by h ikers . These tools provide h ike rs w i t h the 
necessary in format ion to p l a n their t r ips , s u c h as weather condi t ions, t ra i l maps , and 
t e r ra in elevation. 

Another s tudy conducted by (Shelby, et a l . , 2016), analyzed the effectiveness of onl ine 
v i sua l i za t i on tools i n outdoor activities. The s tudy found that onl ine v i sua l i za t ion tools 
were effective i n prov id ing h ike r s w i t h accurate a n d up-to-date in format ion about the 
terra in , weather condit ions, a n d t ra i l maps . The s tudy conc luded that onl ine v i sua l i za t ion 
tools c a n enhance the h i k i n g experience a n d increase the safety of h ikers . 

Figure 8 "Sequence of events. Users select the bot tom bu t t on to begin, select Route, 
a n d then select Recent. Next, they select O s m a n t h u s T r a i l a n d access impor tant t ra i l 
in format ion, s u c h as shelters, water, or user-tagged hazards " (Shelby, et al., 2016) 

In a s tudy conducted by (Laakso, et a l . , 2013), the au thors developed a web-based 
app l i ca t ion that prov ided h ike r s w i t h in format ion about the ter ra in , elevation, a n d 
weather condi t ions. The s tudy found that h ike r s who used the web-based app l i ca t ion h a d 
a more enjoyable h i k i n g experience a n d were better prepared for the hike. 
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Figure 9 Sonic map for hiking (Laakso, et al., 2013), 

A s tudy conducted by (Rodriguez, et a l . , 2013), analyzed the use of v i r tua l real i ty i n 
outdoor activities. The s tudy found that v i r tua l real i ty was effective i n prov id ing h ike rs 
w i th a more immers ive a n d interactive experience. The s tudy conc luded that v i r tua l 
real i ty c a n enhance the h i k i n g experience a n d increase the engagement of h ikers . 

2.6 Technical aspects in web cartography and APIs 
There are several APIs avai lable for web appl icat ions related to h i k i n g activities. Here are 
a few popu lar ones: 

APIs for Hiking and Trail Information: 

- A l lTra i l s API 
H i k i n g Project API 
Outdoor Project API 
Nat iona l Park Service API 

- Fa tmap API 

APIs are specif ical ly designed to help h ikers , backpackers , a n d other outdoor enthus ias ts 
to f ind a n d navigate tra i ls . Some of the popular APIs for h i k i n g a n d t ra i l in format ion 
inc lude A l lTra i l s , H i k i n g Project, Outdoor Project, Nat iona l Park Service, a n d Fatmap. 
A l lTra i l s API provides in format ion on h ik ing , b ik ing , a n d r u n n i n g t ra i l s across the Un i t ed 
States. It offers use rs detai ls s u c h as t ra i l maps , reviews, photos, a n d diff iculty ra t ings 
for each t ra i l . H i k i n g Project API i s designed to provide users w i t h in format ion on h i k i n g 
t ra i l s a n d routes i n the Un i t ed States. It offers use rs features s u c h as GPS-enab l ed t ra i l 
maps , elevation profiles, a n d reviews. Outdoor Project API offers use r s detai ls s u c h as 
photos, maps , a n d guides for a variety of outdoor activit ies s u c h as h i k ing , camping , a n d 
rock c l imbing . Nat iona l Park Service API offers in format ion o n na t i ona l parks , 
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monuments , a n d h is tor ic sites i n the Un i t ed States. It provides use r s w i t h da ta s u c h as 
pa rk locat ions, descr ipt ions, a n d vis i tor center details. Fa tmap API provides use rs w i th 
3 D m a p s for h i k i n g a n d sk i ing t ra i l s across the globe. (Favretto, 2010) 

APIs for Maps and Location-Based Services: 

Google M a p s API 
Mapbox API 

- Leaflet API 
OpenLayers API 
OpenStree tMap API 

- A rcGIS API 

M a p s a n d locat ion-based services APIs are designed to provide developers w i th tools to 
b u i l d appl icat ions that c a n access geospat ia l data, locat ion-based services, a n d map 
imagery. The most popu lar APIs i n th i s category inc lude Google M a p s API, Mapbox API, 
Leaflet API, OpenLayers API, OpenStree tMap API, a n d ArcGIS API. Google M a p s API is 
one of the most widely used locat ion-based services APIs that provides developers w i th 
features s u c h as maps , geocoding, a n d rout ing services. Mapbox API offers developers 
customizable maps , locat ion-based search, a n d geocoding services. Leaflet API i s a 
l ightweight JavaSc r ip t l ibrary that enables developers to b u i l d mobi le- fr iendly interactive 
m a p s for web appl icat ions. OpenLayers API i s a n open-source JavaSc r i p t l ibrary that 
a l lows developers to create web-based m a p s w i t h features s u c h as zooming, pann ing , and 
overlays. OpenStree tMap API i s a n open-source alternative to Google M a p s API that 
provides developers w i th da ta s u c h as street maps , po in ts of interest, a n d rout ing 
services. A rcGIS API i s a comprehensive mapp ing a n d locat ion-based services plat form 
that offers developers tools for bu i l d ing complex mapp ing app l i ca t ions w i t h features s u c h 
as geocoding, rout ing , a n d 3 D v isual i zat ion. 

Summary of Key Findings 
The l i terature o n onl ine v i sua l i za t i on for h i k i n g activit ies suggests that onl ine 
v i sua l i za t i on c a n enhance the h iker ' s experience by prov id ing them w i t h a v i r tua l tour of 
the t ra i l a n d relevant in format ion about the t ra i l , sur round ings , a n d facilities. The 
l i terature also suggests that h ike r s prefer onl ine v i sua l i za t i on tools that are interactive, 
easy to use, a n d provide them w i t h relevant informat ion. F ina l l y , the l i terature suggests 
that onl ine v i sua l i za t ion i s effective i n he lp ing h ike r s to make informed decis ions about 
the route. 

On l ine v i sua l i za t i on tools have become a n essent ia l part of the h i k i n g experience, 
prov id ing h ike r s w i t h a range of use fu l features to p l a n a n d navigate their routes. These 
tools have been s h o w n to enhance the educat iona l value of the h i k i n g experience, as we l l 
as provide a greater sense of contro l a n d confidence for h ikers . However, there are some 
chal lenges a n d l imi ta t ions that need to be addressed, i n c lud ing the avai labi l i ty and 
accuracy of data, as we l l as the accessibi l i ty of onl ine v i sua l i za t i on tools. Future research 
shou ld focus o n address ing these chal lenges a n d explor ing new technologies to enhance 
the h i k i n g experience. 
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3 METHODOLOGY 
The topic of th i s thes is i s the onl ine v i sua l i za t i on of h i k i n g activities. The p r imary objective 
of th i s research i s to explore the potent ia l of u s i n g onl ine v i sua l i za t ion tools to enhance 
the experience of h ike r s by prov id ing them w i t h a comprehensive overview of their h i k i n g 
activities. The methodology used i n th i s thes is w i l l provide a systematic approach to the 
research a n d ensure the val id i ty a n d re l iabi l i ty of the f indings. T h i s s tudy w i l l adopt a 
mixed-methods research design, comb in ing qualitat ive a n d quantitat ive research 
approaches to obta in a comprehensive unders tand ing of the topic. 

The overal l work i s d iv ided into seven major steps, w h i c h involve the in i t i a l process of 
da ta col lect ion, as wel l as other p l ann ing , research, a n d development processes. User 
test ing for fellow h ike r s a n d other spec ia l is ts has been inc luded i n the overal l process 
before f in ish ing the app l i ca t ion development process. 

Accord ing to (Shaki l , 2019) the overal l stages have a h i e ra rch ica l s t ructure , progressing 
upwards from the base mechan i sm. The step-based bottom-to-top approach is s h o w n i n 
Figure 10 below. 

The methodology involves seven pr imary stages. The first stage i s conduc t ing a l i terature 
review on cartographic des ign pr inc ip l es for web m a p s a n d examin ing web mapp ing 
produc ts that a i d travel-related decis ions. In the second stage, the general concept of the 
web app l i ca t ion a n d user personas are defined. The t h i r d stage entai ls def ining dec is ion-
relevant in format ion, i n c lud ing decision-relevant map layers, places, a n d weather 
in format ion. The subsequent stage i s the implementat ion phase, w h i c h compr ises da ta 
col lect ion u s i n g selected tools a n d techniques, eva luat ing a n d developing ArcGIS APIs, 

3.1 Work stages 

o°o o o o 
o 

Figure 10 Methodology flow chart 
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a n d v i sua l i z ing the decision-relevant map layers for the dec is ion support system. After 
implementat ion, the web app l i ca t ion is evaluated i n the next stage, w h i c h inc ludes a user 
s tudy employing eva luat ion methods s u c h as t h i n k i n g a loud , quest ionnaires , a n d expert 
interviews, a n d analyz ing the resul ts . S ince the design of the web app l i ca t ion is user -
centered, i t i s a n iterative design process, a n d the implementat ion phase c a n be 
cont inued u n t i l the eva luat ion resu l ts are satisfactory. 

3.1.1 Defining users 
To develop a product that caters to a diverse audience, it i s essent ia l to des ign it for 
specific user groups w i t h spec ia l needs. The first step i s to select the appropr iate 
ind i v idua l s for w h o m the product i s intended. The ir needs c a n best represent the needs 
of a broader set of users . Next, it i s c ruc i a l to priorit ize these ind i v idua l s whi le ensur ing 
that the needs of secondary users are not ignored (Cooper et a l . , 2007). User personas 
are a va luable tool for c ommun ica t ing the needs of different user types. They help 
determine w h i c h use rs are the most signif icant i n the des ign process. User personas are 
not representat ions of i nd i v i dua l persons bu t models created from observat ions of rea l 
people. Therefore, based on the s tar tup 's in format ion a n d requirements analys is , 
a ssumpt i ons were made about the goals, needs, a n d travel behavior of four types of 
p r imary user personas, as s h o w n i n the Table 1 The user pe rsona descr ipt ions are 
essent ia l for def ining the decision-relevant in format ion, determining w h i c h prototype 
features s h o u l d be developed, a n d what needs to be v isual ized. Addi t ional ly , potent ia l 
par t i c ipants i n the user s tudy w i l l be asked to imagine the roles of these two user 
personas whi le cons ider ing their travel scenar ios out l ined i n Table 1. 

Table 1 user cases 
PERSONA PERSON-B PERSON-C TOURISAM 

AUTHORITY 

W h a t Searches for a long 
hiking trail for a 
great exercise 

including other 
activities in the 

hiking trails 

Looking for a hiking 
with fun, maybe less 

exercise 

Looking for a good 
hiking also with 
beautiful views 

Looking for major 
hotspot potential to 
develop more some 
infrastructure and 

generate more 
revenue 

W h e n Trip is fixed to 4 
days at the mid of 
August (Chooses 
the region to hike 

based on best 
months/ seasons) 

Flexible to go anytime 
(do not care about 
time and weather) 

Trip is flexible and 
depends on the 

weather next week 
(Chooses day with 

the best weather on 
the next week) 

Depends on type of 
activity within the 

administrative 
region 

W h e r e Somewhere in 
Europe 

Near the Salzburg 
Municipal area 

Somewhere in 
Salzburg or Bavaria 

Many states 
administration 

O t h e r 

D e t a i l s 

Needs overnight 
stays and places to 
eat along the trails 

Want to take his own 
bear/ drinks and 
make a picnic. 

Wants to have 
lunch at a 

restaurant near a 
nice viewpoint, and 
the other exercise 

depending on the 
footfall, wil l develop 
some infrastructure 

(café/restaurant, 
benches, light 
source etc..) 
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3.1.2 Defining Specific Information 
After cons ider ing the assumpt i ons made about the two p r imary user personas a n d the 
general concept of the web appl icat ion, decision-relevant in format ion was classi f ied into 
three p r imary groups: 

• Information o n map layers 

• Information o n places in format ion 
• Add i t i ona l i n in format ion 

Information on map layers 

The web mapp ing app l i ca t ion needs to have different map opt ions for different users , 
depending o n their needs. There are two types of map layers: basemaps a n d map overlays. 
Basemaps are the m a i n backg round m a p s a n d inc lude a customized general-purpose 
basemap, a t e r ra in basemap, a n d a satell ite basemap. The customized general-purpose 
basemap provides a neut ra l , s imple map w i t h bas ic features a n d h igh l ights the system's 
recommendat ions. The te r ra in basemap shows the landscape, i n c lud ing elevation, a n d 
has labels a n d roads. The satell ite basemap shows h igh-reso lut ion satell ite imagery w i th 
labels. 

Map overlays c a n be added o n top of any basemap a n d provide add i t iona l in format ion. 
Users c a n apply mul t ip l e overlays at once. The decision-relevant overlays inc lude country 
boundar i es a n d subdiv is ions , w h i c h are impor tant for showing the system's 
recommendat ions, a n d weather overlays, w h i c h d isp lay real-t ime or h i s to r i ca l weather 
data. These overlays help users make dec is ions about p l a n n i n g their tr ips. 

Table 2 Information on map layers 
Category Type Details 

Basemaps Cus tomi zed 
basemap 

A neu t ra l backg round basemap w i t h m i n i m a l colors, 
labels, a n d features, a n d h i l l shad ing . It provides g lobal 
coverage a n d serves as the p r imary basemap to provide 

geographic context whi le h igh l ight ing the system's 
recommendat ions . 

Te r ra in A topographic map w i t h contour l ines a n d elevation, 
i n c lud ing labels a n d roads across the globe. 

Satell ite D isp lays h igh-reso lut ion satell ite imagery that inc ludes 
labels a n d provides g lobal coverage. 

M a p 
overlays 

Countr i es ' 
boundar i es a n d 

country 
subd i v i s i on 

D isp lays the geometry of boundar i es w i t h add i t i ona l 
properties, s u c h as the names of countr ies , to v isual ize 

the system's recommendat ions . 

Weather 
overlays 

Provides use rs w i t h real-t ime satell ite temperature or 
prec ip i tat ion weather data, h i s to r i ca l weather data, or 

forecast weather over any basemap to suppor t the 
dec is ion-making process of p l ann ing t r ips on par t i cu lar 

days. The weather overlays inc lude forecast weather 
overlay (temperature a n d precipitation), current 

weather overlay (temperature a n d precipitation), a n d 
h is to r i ca l weather da ta overlay. 
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Information on places 

The in format ion o n places category i n the web mapp ing app l i ca t ion provides users w i th 
in format ion about var ious objects of interest that may inf luence their travel decis ions. 
Th i s in format ion is organized into seven categories based on the needs of the user 
personas, i n c lud ing accommodat ion , food a n d dr ink , l oca l facil it ies, hea l th , t ransport , 
t our i sm, a n d h ik ing . E a c h category conta ins detai led in format ion about the objects w i t h i n 
it, s u c h as hote l rat ings, res taurant menus , pub l i c t ranspor ta t ion schedules , a n d tour is t 
attract ions, to help users make in formed decisions. 

Table 3 Information on places 
Category Objects Details 

Accommodation Hotels, hostels, guest houses , motels, etc. Name, locat ion, 
address, opening 
hours , contact, 

website 's l ink , rat ing , 
photo 

Food and drink Cafes, res taurants , bars , grocery stores, 
etc. 

Name, locat ion, 
address, opening 
hours , contact, 

website 's l ink , rat ing , 
photo 

Local facilities Supermarke ts , outdoor a n d sport shops, 
k i o sks , pa rk ing lots, camp ing grounds , 
pub l i c toilets, pub l i c water founta ins , 

ATMs , etc. 

Name, locat ion, 
address, contact, 

opening hours , 
website 's l i nk 

Health Ambu lance stat ions, pharmac ies , 
emergency rooms, etc. 

Name, locat ion, 
address, contact, 

opening hours , 
website 's l i nk 

Transport T r a i n stat ions, b u s stops, aer ia l ways, etc. Name, locat ion, 
address 

Tourism Tour i s t at tract ions (viewpoints, m u s e u m s , 
galleries, castles, churches , monaster ies , 
r u i n s , etc.), le isure facil it ies (playgrounds, 

sw imming areas, parks , gardens, etc.) 

Name, locat ion, 
address, opening 
hours , contact, 

website 's l ink , rat ing , 
photo 

Hiking H i k i n g t ra i l s Locat ion, route type, 
surface, elevation 

ga in, length, 
diff iculty, dura t ion , 

ra t ing 

Add i t i ona l in fo rmat ion 

Add i t i ona l Information is based on the specific in format ion about each category of the 
places. In depth is ma in l y based on the detai led in format ion, s u c h as, size of the pa rk ing 
space a n d i ts access t icket, B u s routes for the specific b u s stops a n d t icket accessibi l i ty, 
about the hotels a n d res taurants a n d booking, about the h i k i n g t ra i l s a n d so on. Th i s 
in format ion i s organised i n the pop-ups . 
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3.2 Study Area selection 
For the research purpose the Nockste in M o u n t a i n i s chosen because of th i s range 
provides easy accessibi l i ty a n d associabi l i ty w i th variety of tour is t i c hotspot a n d further 
range for the extension for further studies. Nockste in , s i tuated i n the scenic region of 
Kopp l , Aus t r i a , offers a sp lend id opportuni ty for h i k i n g enthus ias ts to immerse 
themselves i n the n a t u r a l beauty of the area. The m o u n t a i n presents a moderate-level 
h i k i n g t ra i l that combines bo th serenity a n d adventure. The Figure 11 below is showing 
Locat ion of the s tudy area. 

AUSTRIA 
Salzburg 

navtJIWm»dlgiulortlcspro ccnvppt.'sauCufg j u t t / l i - p o w c f p c » r . : - m i o - i ! « l e i 004MM truri 

Figure 11 Location of the study area 
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W h e n y o u go on the Nockste in h ike , you ' l l be su r r ounded by beaut i fu l green landscapes, 
i n c lud ing dense forests that create a mag ica l atmosphere. The t ra i l goes th rough these 
capt ivat ing forests, g iv ing y o u a chance to enjoy the peace a n d see a l l the different p lants 
a n d an ima l s that live i n th i s un touched environment. A s y o u c l imb higher, the pa th 
becomes rocky, w h i c h adds some excitement to the journey . A l though these par ts require 
careful at tent ion a n d footing, reach ing the top feels l ike a great accompl ishment . 
It's impor tant to protect the environment whi le h ik ing , so h ike r s are encouraged to follow 
the pr inc ip les of Leave No Trace. T h i s means preserv ing the n a t u r a l beauty of the area by 
be ing respectful of the sur round ings a n d other h ikers . B y do ing th is , v is i tors help 
m a i n t a i n the pr is t ine ecosystem of Nockste in for future generations. (GmbH, n.d.) 

In conc lus ion , embark ing o n the Nockste in h ike i n Kopp l , Aus t r i a , promises a memorable 

outdoor experience amidst brea thtak ing n a t u r a l landscapes. F r o m the verdant forests to 

the rocky slopes a n d the capt ivat ing panoramic views, the j ourney encapsulates the 

beauty a n d a l lure of th i s remarkab le region. 

The Noskste in is ma in l y the s tar t ing po int for a l l h i kes w h i c h i s located i n the centre of 

Koppel . The average wa lk ing a n d h i k i n g t ime is on average of 1.3 hrs , 

height difference: 300 m. 

Moderate h ike w i t h beaut i fu l view. 

EXPLORING THE SCENIC WONDERS OF SALZBURG 
A Comprehensive Guide to the Thrilling Extensive and Intensive Hiking Trails in the Heart of Austria 

Figure 12 Distribution of Hiking trails @Ravi P A N D E Y 
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3.3 Data Collection 
In order to create a web mapp ing app l i ca t ion that d isp lays decis ion-relevant map layers, 
we need to gather the in format ion that was defined i n Figure 13 D a t a col lect ion process. 
Th i s sect ion expla ins the methods a n d tools that were used to collect the necessary data. 

Secondary 
State boundary Salzburg boundary 

o State division (Different 
regions) 

o municipal division 
(Different regions) 
mountain range 

Raster data layers 

o Customised base map 
layer 

o terrain layer (pattern) 
satellite layer (vegetation 
and other 

Refreshment £ recreations 

o Location ot sitting/resting 
locations 

o location of cafe/restaurant 
(if available) 

o location of view pDinl 
o Dther recreational spots 

Primary GPS and Mobile 
devices 

Hiking specific 

o Hiking Trails (title, length, 
difficulty and geometry), 

o elevation (contour lines) 
c additional survey and 

observations 

Figure 13 Data collection process 

(Salzburg, A L S Befl iegungen, n.d.) 

(Salzburg, A i rborne Laserscann ing (ALS) Download , n.d.) 

During multiple 
hikes 

3.4 Selection of APIs 
ArcGIS API i s a n excellent choice for developers because it offers a wide range of 
customiza t ion opt ions a n d advanced features. W i t h th is API, developers have the freedom 
to customize maps accord ing to their specific needs, ensur ing a un ique a n d ta i lored look 
a n d feel. The API suppor ts advanced funct ional i t ies l ike geocoding (converting addresses 
to coordinates), r ou t ing (finding the best p a t h between locations), a n d 3 D v isua l i zat ion, 
w h i c h are essent ia l for professional a n d enterprise appl icat ions. 

What sets ArcGIS API apart i s i ts g lobal coverage, prov id ing accurate a n d comprehensive 
locat ion-based services worldwide. T h i s makes i t rel iable for appl icat ions that require 
precise a n d rel iable mapp ing data. Addi t ional ly , A rcGIS API a l lows for offline maps , 
enabl ing use rs to access m a p s a n d da ta even w i thout a n internet connect ion, w h i c h can 
be c ruc i a l for outdoor activit ies i n remote areas or areas w i t h l imi ted connectivity. 

Overal l , A rcGIS API offers a robust a n d flexible mapp ing so lu t i on w i t h i ts extensive 
cus tomiza t ion options, advanced geospat ia l ana lys i s capabi l i t ies , g lobal coverage, and 
offline map avai labi l i ty. It i s a powerful tool for developers seeking to create profess ional-
grade appl icat ions that require accurate mapp ing , advanced features, a n d a h i g h level of 
customizat ion. The ap i select ion cr i ter ia i s represented i n Table 4 below. 
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Table 4 API Selection criteria 

CRITERIA GOOGLE 
MAPS API 

OPENSTREETMAP 
API MAPBOX API ARCGIS API 

Global 
coverage Excellent Varies depending on 

collective mapping Good Excellent 

Accuracy Excellent More accurate than 
Mapbox in some cases 

Can be inferior 
depending on 

region 
Excellent 

Customizat ion 
options Limited 

Flexible but requires 
third-party services for 
unique customization 

Highly 
customizable with 

unique 
customization 

options 

Highly customizable 
with extensive 

customization options 

Overlays 

Supports 
images and 

basic shapes 
such as 
polyline, 
polygon, 

circle, etc. 

Supports images and 
basic shapes such as 

polyline, polygon, 
circle, etc. Additional 
use of Overlay API for 
vectors and pointers 

on slippy maps 

Supports images 
and basic shapes 
such as polyline, 
polygon, circle, 

etc. 

Supports images and 
basic shapes, and 
additional overlays 

can be added via the 
GraphicsLayer and 
FeatureLayer APIs 

Map layers 

Terrain, 
satellite, 
traffic, 

transit, and 
bicycle 
layers 

Streets, terrain, traffic, 
satellite, boundaries 

layers 

Streets, terrain, 
traffic, satellite, 

boundaries layers 

Offers a wide range of 
layers, including 

basemaps, imagery, 
terrain, and more. 
Custom layers can 
also be created and 

added to maps. 

Offline maps 

No offline 
mode 

available via 
API 

Can be downloaded 
and used entirely 

offline 

Offline 
functionality 

Supports offline maps 
via mobile apps or the 
Runtime SDK, which 

allows users to 
download maps and 
data for use when 

offline 

Complexi ty of 
code 

Less 
complex 

code, well 
organized 
examples 

Longest code, but in 
combination with 

Leaflet API, it becomes 
less complex 

More complex 
architecture, 

standardization, 
and data flow 

Can be complex due to 
the wide range of 
functionality and 

customization options 
available 

Usage 
l imi tat ions 

No strict 
limitations 

Limitations for heavy 
usage 

No strict 
limitations No strict limitations 

Cost and 
pr ic ing 

Costs per 
requests Open source, free Costs per usage 

Offers a range of 
pricing options, 
including a free 

developer account and 
paid plans based on 
usage and features 
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3.5 Technical engagements 
For the overal l thes is task, the d i s t r ibu t i on a n d engagement of tools c a n be categorized 
as follows: 

1. Data Compilation and Processing 
• E s r i A rcGIS Pro: Used for spat ia l da ta analys is , geoprocessing, a n d creat ing maps. 
• G P S Visual i zer : Ut i l i zed for v i sua l i z ing G P S da t a a n d convert ing it into var ious 

formats. 
• A l l ra i l s : Employed for da ta compi la t ion a n d processing, par t i cu lar l y for r a i l -

re lated data. 

2. Layer Hosting and Building: 
• ArcGIS Developer Account : Used for hos t ing a n d manag ing spat ia l layers and 

services. 
• CodePen: Employed for bu i l d ing a n d test ing interactive web-based v isua l i za t ions 

a n d prototypes. 
• V i s u a l Studio Code (VSCode): Ut i l i zed as a n integrated development environment 

(IDE) for coding a n d bu i l d ing appl icat ions. 

3. Server Hosting and Publishing: 
• G i t H u b : Used for vers ion contro l a n d col laborat ion, hos t ing code repositories, and 

manag ing project workflows. 
• Netlify: Employed for web hos t ing a n d deploying stat ic websites or appl icat ions. 
• Hostinger: Ut i l i zed for server hos t ing a n d pub l i sh ing websites or web appl icat ions. 

Visual Studio Code 

Data compilation ^ Server hosting and 
and Processing c ^ d e p e n publishing 

O 

o 
Layers hosting 

and building 

— netlify— 
'I 

HOSTINGER 
5=5 

•STING 

Figure 14 Distribution and Engegement of tools for the overall task 

These tools are d is t r ibuted a n d engaged i n the overal l thes is task to facilitate var ious 
aspects of da ta compi la t ion, processing, ana lys is , v i sua l i za t ion , a n d pub l i ca t i on . E s r i 
ArcGIS Pro, G P S V isua l i zer , a n d A l l ra i l s are pr imar i l y used for da ta compi la t i on and 
process ing tasks . ArcGIS Developer Account , CodePen, a n d VSCode are engaged for layer 
host ing , bu i l d ing interactive v isua l i zat ions , a n d coding. G i t H u b , Netlify, a n d Hostinger 
are ut i l i zed for vers ion control , server host ing, a n d p u b l i s h i n g of the f ina l thes is project, 
the overal l process i s represented i n the above Figure 14. 
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3.6 Development of the web application 
Based o n the prov ided in format ion, the d i s t r ibut i on a n d engagement of the technologies 
were used for task thes is task is summar i z ed as follows: 

• React: React i s a JavaSc r ip t l ibrary for bu i l d ing user interfaces. It seems that y o u 
ut i l i zed React for a majority of your thes is task, as it accounted for 6 2 % of the 
codebase. 

• Node.js: Node.js i s a run t ime environment for executing JavaSc r i p t code outside 
of a web browser. It appears that y o u u s e d Node.js for backend development or 
other server-side tasks , w i t h a cont r ibut ion of 1 0 % to the codebase. 

• Yarn: Y a r n is a package manager for JavaScr ip t . A l though not expl icit ly 
ment ioned how it was used , it i s typica l ly employed for manag ing dependencies 
a n d packages i n a project. 

• Ruby: Ruby i s a dynamic , object-oriented programming language. It seems that 
y o u ut i l i zed Ruby for a smal ler por t ion of your thesis task, account ing for 7 % of 
the codebase. 

• ArcGIS API: A r cG IS API refers to the JavaSc r ip t API prov ided by E s r i for work ing 
w i th their A rcGIS plat form. It i s used for integrat ing spat ia l capabi l i t ies into web 
appl icat ions. It i s not specified how extensively y o u used th is API, bu t it i s one of 
the technologies employed i n your thesis. 

Regarding the n u m b e r of u n i t s of the programming languages, fol lowing b reakdown was 
developed: 

S TS (TypeScript) 16 u n i t s : TypeScr ipt i s a typed superset of JavaSc r i p t that 
compi les to p l a i n JavaScr ip t . It appears that y o u used TypeScr ipt i n your project, 
as ind icated by the " . ts" file extension. TypeScr ipt enhances JavaSc r i p t w i t h static 
types a n d add i t i ona l language features. 

S SCSS (Sass) 10 u n i t s : S C S S is a preprocessor scr ip t ing language that i s compi led 
into C S S . It seems that y o u ut i l i zed S C S S for s ty l ing a n d designing the user 
interface of your appl icat ion, account ing for 2 5 % of the codebase. 

S Others (HTML and .js) 7 u n i t s : In add i t i on to the ment ioned technologies, y o u 
also used H T M L a n d p l a i n JavaSc r i p t (".js") files, w h i c h collectively accounted for 
5 % of the codebase. 

Table 5 distribution of programming languages 

S Language S Number of Units 

• .ts (62%) • 16 

• .scss (25%) • 10 

S Others (HTML a n d 
.js)(5%) 

S 7 
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3.7 Methods of the User Research 
To effectively address the research quest ions out l ined i n the objectives, it i s essent ia l to 
select appropr iate research methods. T h i s sect ion w i l l d i s cuss var ious methods that can 
be employed to conduct a user study. B y ut i l i z ing these methods, va luable ins ights c a n 
be gathered to in form the research a n d contr ibute to the f indings. 

3.7.1 Questionnaire 
In s i tuat ions where conduc t ing the t h i n k i n g a l oud method i s not feasible, a n onl ine 
quest ionnaire c a n be a va luable alternative for gather ing par t i c ipants ' character ist ics , 
preferences, a n d ins ights regarding the proposed des ign a n d v i sua l i za t i on of the web 
mapp ing app l i ca t ion for the dec is ion suppor t system. 

A n onl ine quest ionnaire offers the advantage of reaching a larger n u m b e r of par t i c ipants 
a n d col lect ing da ta i n a s t ruc tured a n d efficient manner 

3.7.2 Interview 
Conduc t ing interviews al lows for in -dep th explorat ion of par t ic ipants ' experiences, 
perspectives, a n d ins ights . S t ruc tured interviews follow a predetermined set of quest ions, 
whi le semi -s t ruc tured interviews provide more f lexibil ity for par t i c ipants to elaborate on 
their responses. Interviews offer the opportuni ty to delve deeper into specific topics a n d 
ga in a comprehensive unde rs tand ing of user needs a n d preferences. 

3.8 Overall Methodology 
The overal l methodology i s based o n achiev ing two objectives, a n d for that, i t requires 
specific steps, tasks , tools, a n d techniques. The first methodology i s completely focused 
on the da ta acquis i t ion , compi la t ion, a n d spat ia l v i sua l i za t i on strategy, whi le the second 
methodology i s more centered a r o u n d the development, v isua l i za t ion , a n d evaluat ion 
processes delat ied descr ibed i n the Figure 15 Methodology flow chart below. 
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Figure 15 Methodology flow chart 
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4 INPLEMENTATION OF THE MAP LAYERS TO 
SUPPORT HIKE PLANNING 

The web app l i ca t ion developed, a imed to provide a p lat form for users to f ind a n d p l a n 
h i k i n g t ra i l s i n Sa l zburg area. T h i s chapter presents the resul ts of the development a n d 
test ing of the web appl icat ion. 

F irst ly , the web app l i ca t ion was developed u s i n g mode rn web technologies s u c h as 
Node.js for the bo th frontend a n d backend . The user interface was designed to be s imple 
a n d intui t ive , w i t h clear cal ls to ac t ion a n d easy navigat ion. The appl icat ion features a 
search bar that a l lows use rs to search for h i k i n g t ra i l s by name or locat ion. The resul ts 
are d isp layed on a map w i t h marke r s ind ica t ing the t ra i lhead locat ion. Users c a n then 
c l i ck on a marker to v iew add i t i ona l in format ion about the t ra i l , i n c lud ing distance, 
dif f iculty level, a n d some add i t i ona l comments . The app l i ca t ion then generates a route 
a n d d isp lays it o n the map, a long w i t h est imated t ime a n d distance. 

To evaluate the effectiveness of the web appl icat ion, a usab i l i t y test was conducted w i th 
a group of t en part ic ipants . The par t i c ipants were asked to per form several t a sks u s i n g 
the appl icat ion, i n c lud ing search ing for h i k i n g tra i ls , creat ing a h i k i n g p l an , and 
add i t i ona l v i s u a l cr i ter ia of the trai ls . The par t i c ipants were also asked to provide 
feedback o n the usab i l i t y a n d user experience of the appl icat ion. 

The resu l ts of the usab i l i t y test were positive, w i t h a l l par t i c ipants able to complete the 
t asks w i t h ease. The par t i c ipants also prov ided positive feedback o n the design and 
usab i l i t y of the appl icat ion, no t ing i ts s impl ic i ty a n d intui t iveness. Several par t i c ipants 
also commented on the usefulness of the reviews a n d rat ings system, as wel l as the abi l i ty 
to create a n d save h i k i n g p lans . 

Overal l , the development a n d test ing of the web app l i ca t ion demonstrated i ts effectiveness 
i n prov id ing users w i t h a user- fr iendly p lat form to f ind a n d p l a n h i k i n g t ra i l s i n their 
area. The appl icat ion 's intui t ive user interface, search funct ional i ty , a n d review system 
were noted as par t i cu lar ly effective features. Fu tu r e work c ou ld involve expanding the 
database of h i k i n g t ra i l s a n d incorporat ing add i t iona l features s u c h as weather forecasts 
a n d real-t ime t ra i l condit ions. 

4.1 Implementation of Prototype 
The in i t i a l vers ion of the web-based app l i ca t ion only inc ludes the interface that the user 
interacts w i th . The server-side that provides the required da ta i s not yet developed. To 
simpli fy the development process, loca l da ta or readi ly avai lable APIs that are easy to 
integrate were used. 

4.1.1 Datasets and APIs 
To v isual ize the system's recommendat ions , several datasets were required, i n c lud ing 
countr ies boundar ies , country subd iv i s ion , h i k i n g tra i ls , a n d places s u c h as hotels and 
res taurants . After eva luat ing different APIs, i t was decided to use a ArcGIS M a p s S D K for 
JavaSc r ip t 4.26 (ArcGIS API). 
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For v i sua l i z ing the system's recommendat ions , G e o J S O N datasets were used for 
countr ies a n d Salzburg 's administrat ive areas, obta ined from sample code a n d W G S 8 4 
G e o J S O N format, respectively. Basemaps were customized u s i n g the Google Maps 
JavaSc r ip t API, w h i c h offers bas ic map types l ike satell ite a n d terra in . H i k i n g t ra i l s data 
was col lected u s i n g two methods of Outdooract ive API, prov id ing title, diff iculty, length, 
elevation, etc.. On ly datasets of r es taurants a n d hotels were downloaded a n d pre-
up loaded i n J S O N format u s i n g the Pub l i c Overpass API ins tances to ob ta in dec is ion-
relevant in format ion l ike coordinates, name, address, a n d a website l ink . 

Basemaps 

The Google M a p s JavaSc r i p t API was used to customize a map w i t h i ts own content. The 
API features bas ic map types s u c h as satell ite a n d terra in , w h i c h were added to the 
prototype. 

Hiking trails 

while the "ArcGIS API me thod sends detai led in format ion about several h ikes . T h u s , the 
fol lowing h i k i n g t ra i l da ta was collected w i t h i n the K o p p l Range: title, difficulty, length, 
elevation, a n d geometry. 

Places 

For the prototype purposes , only the datasets of r es taurants a n d hotels were downloaded 
to v isual ize decision-relevant in format ion i n the form of po int objects. These datasets were 
pre-uploaded i n J S O N format u s i n g Pub l i c Overpass API ins tances s ince the Publ i c 
Overpass API has low performance. The following da ta were obta ined w i t h i n the Kopp l 
Range: coordinates, name, address, a n d a website l ink . 

4.1.2 Cl ient-Side User Interface 
TypeScript Libraries Used in the Prototype 

The prototype used several TypeScr ipt l ibrar ies to make it work properly. These l ibrar ies 
he lped i n implement ing different features a n d funct ional i t ies. For example, the Mater ia l 
UI l ibrary was used to create UI elements s u c h as the search bar, filter m e n u , layer menu , 
a n d icons, whi le the Google-map-react l ibrary was u s e d to d isplay the map a n d marke r s 
on it. 

The "Superc luster " l ibrary was also used to c luster nearby h i k i n g t ra i l s to make it easier 
for use rs to v iew a n d navigate them. These l ibrar ies he lped i n creat ing a user- fr iendly 
prototype that c a n be easily unders tood a n d navigated by users . A l l i n a l l , these l ibrar ies 
p layed a c ruc i a l role i n m a k i n g the prototype funct iona l a n d use fu l for i t s in tended 
purpose. 

UI Elements 

Th i s web app l i ca t ion for h i k i n g al lows use rs to search a n d discover h i k i n g t ra i l s near 
their locat ion. The UI (User Interface) of the website i s designed to be s imple , intuit ive, 
a n d easy to navigate, m a k i n g it user- fr iendly for bo th experienced h ike r s a n d beginners. 
Here are some of the UI elements of the h ike appl icat ion: 
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S Header: The header of the website conta ins the title of the t ra i l unit(s). 
S Navigation Bar: Be low the header, there i s a navigat ion bar that conta ins 

l i n k s to different sect ions of the website, i n c lud ing Home, Tra i l s , About , and 
Contact . 

S Trail Cards: The m a i n sect ion of the website d isp lays a g r id of t r a i l cards, each 
represent ing a different h i k i n g t ra i l . The t ra i l cards con ta in in format ion s u c h 
as t ra i l name, locat ion, diff iculty level, d istance a n d other specif ications. Users 
c a n c l i ck o n a t ra i l to v iew more detai ls about the tra i l . 

S Filters: O n the le f t -hand side of the t ra i l cards , there are fi lters that al low 
users to refine their search based on diff iculty level, d istance, rat ing , and 
features s u c h as dog-friendly or wheelchair accessible. 

S Trail Details: W h e n a user c l i cks on a t ra i l card , they are t aken to a new page 
that d isp lays more in format ion about the t ra i l , i n c lud ing a map , t ra i l 
descr ipt ion, photos, a n d reviews. 

S Back Button: O n the t ra i l detai ls page, there i s a back b u t t o n that a l lows the 
user to easily navigate back to the prev ious page. 

S Added Values: It conta i l s l inks to web-app col laborat ions, as we l l as a 
copyright notice a n d disclaimer. 

Overal l , the UI elements of webappl i ca t ion are designed to provide a seamless and 
enjoyable user experience for h ike r s look ing to discover new tra i ls . The website i s easy to 
navigate, a n d the t ra i l cards a n d filters make it s imple to f ind a t ra i l that fits the user 's 
preferences. 

The load ing page of the for the appl icat ion is descr ib ing about bas ic in format ion about 
the h i k i n g i s Sa lzburg , Aus t r i a , S h o w n i n the Figure 16. The Loading page i s conta in ing 
in format ion about the Specific h i k i n g t ra i l s i n Sa lzburg , a n d how to r each there along 
w i th the connectivety in format ion. The credits f rom the developer side a n d b u t t o n for 
going to the m a i n map v iew is given. 

Figure 16 UI Elements and prototyping for the loading page. 
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After access ing the map view, the h i k i n g t ra i l s for the specific case s tudy area are visible 
th rough the UI elements, a n d the prototyping for the map page i s s h o w n i n Figure 17. 
Th i s page features a 3 D map layout d isp lay ing the d i s t r i bu t i on of specific h i k i n g trai ls . 
Addi t ional ly , there are po ints on the map w i t h pop-ups prov id ing in format ion about the 
h i k i n g tra i ls . The page also inc ludes a l ist of t ra i l s a n d respective filters, w i t h var ious 
widgets a n d but tons arranged w i t h i n the m e n u panel . 

The prov ided code defines a c lass cal led "MenuPane l " a n d exports it as the default export. 
Here's a s u m m a r y of the code: 

The "MenuPane l " c lass h a s two properties: "state" a n d "container". The "state" property is 
ass igned the value of the "state" parameter passed to the constructor , a n d the "container" 
property i s ass igned a reference to the D O M element w i t h the c lass "menuPanel " . 

Inside the constructor , several ins tances of other c lasses are created: 

• "SelectionPanel": A n instance of the "Select ionPanel" c lass i s created, pass ing the 

"trai ls" a n d "state" objects as parameters. 
• "Detai lPanel" : A n instance of the "Detai lPanel" c lass i s created, also pass ing the 

"trai ls" a n d "state" objects as parameters. 
• "BasemapPanel " : A n instance of the "BasemapPane l " c lass i s created, pass ing the 

"state" object as a parameter. 

These ins tances are stored i n the "panels" object, w i t h keys represent ing the pane l names 
a n d va lues represent ing the corresponding pane l instances. 

Overal l , the "MenuPane l " c lass serves as a container for different pane ls (such as 
"SelectionPanel", "Detai lPanel" , a n d "BasemapPanel" ) a n d al lows access to the state 
object. It facil itates the in i t ia l i za t ion a n d management of these pane ls w i t h i n the m e n u 
pane l container. The specific typescr ipt part i s ment ioned below. 

export d e f a u l t c l a s s MenuPanel { 

s t a t e : State; 
container: HTMLElement; 

c o n s t r u c t o r { s t a t e : State) { 

const t r a i l s = s t a t e . t r a i l s ; 
t h i s . s t a t e = s t a t e ; 
t h i s . c o n t a i n e r = <HTMLElement> document.querySelector{".menuPanel"); 

const S e l e c t i o n P a n e l = new S e l e c t i o n P a n e l { t r a i l s , s t a t e ) ; 
const d e t a i l P a n e l = new D e t a i l P a n e l { t r a i l s , s t a t e ) ; 
const basemapPanel = new BasemapPanel{state); 

const panels = { 
S e l e c t i o n P a n e l , 
d e t a i l P a n e l , 
basemapPanel 

}; 
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The t ra i l s were organized a n d managed o n the ArcG IS Developer account , a n d a n 
add i t i ona l web scene was used as the background . The TypeScr ipt code provided below 
al lows access to var ious t ra i l in format ion a n d facil itates i ts management. 

export d e f a u l t { 
scene: { 

websceneltemld: "fbcf15a2 8 0544502a0390be05d9c9dde" 
), 
data: { 

t r a i l s S e r v i c e U r l : 

"https://services.arcgis.com/elpS810f3WpYRdOK/arcgis/rest/services/trails/FeatureServer/0 " 

t r a i l A t t r i b u t e s : { name "Name", 
i d : 'Routeld", 
d i f f i c u l t y : " D i f f i c u l t y " , 
walktime: "Hiketime", 
s t a t u s : "Access", 
ascent: "Ascent", 
d e s c r i p t i o n : " D e s c r i p t i o n " 

}, 
f i l t e r O p t i o n s : { 

singleChoice: [ " d i f f i c u l t y " , " s t a t u s " ] , // have s t r i n g values 
range: ["walktime", "ascent"] // have numeric values 

c o l o r s : { 
d e f a u l t T r a i l : "#7a2d2d", 
s e l e c t e d T r a i l "#f9a352" 

) 
}; 

After selecting any h i k i n g t ra i l or pa th , either from the l ist or the map view, the zoomed 
a n d h igh l ighted t ra i l s become visible. Y o u c a n see detai led in format ion about the tra i l , 
i n c lud ing i ts diff iculty level a n d other specif ications. Addi t ional ly , there i s a n an imat ion-
based elevation profile g r aph that d isp lays the tra i l ' s elevation changes. Alongside the 
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graph, y o u c a n view t ra i l s tat ist ics s u c h as distance, dura t i on , a n d elevation gain, , w h i c h 
is s h o w n w i t h the Figure 18, below. 

The prov ided code snippet i s wr i t t en i n TypeScr ipt a n d inc ludes two private methods: 
'generateTrailsPanelQ" a n d "generateFilterPanel()\ 

The "generateTrailsPanelQ" me thod creates a t ra i l s pane l by i terat ing over a n array of 
t ra i ls . For each t ra i l , i t creates a ~<div>~ element w i t h var ious da ta at tr ibutes based on 
the tra i l ' s properties. Event l isteners are at tached to the t ra i l elements, tr iggering a 
ca l lback funct ion that sets the selected t ra i l i n the state object w h e n a t ra i l element is 
c l icked. The "generateFilterPanelQ" me thod generates filter panels, bu t the 
implementat ion detai ls of the "generateSingleChoiceFiltersQ" a n d "generateRangeFiltersQ" 
methods are not provided. 

Overal l , these methods are l ike ly part of a larger component responsib le for render ing a 
user interface that d isp lays t ra i l s a n d filter options. 

p r i v a t e g e n e r a t e T r a i l s P a n e l { ) : v o i d { 

const s t a t e = t h i s . s t a t e ; 

t h i s . t r a i l s . f o r E a c h ( ( t r a i l ) => { 
const t r a i l E l e m e n t = domConstruct.create( 

"innerHTML": trail.name. 
'div" 

"data- i d " : t r a i l i d , 
"data- category": t r a i l category, 
"data- walktime": t r a i l walktime, 
"data- s t a t u s " : t r a i l s t a t u s , 
"data- ascent": t r a i l ascent, 
" c l a s s ": " t r a i l " 

), t h i s . t r a i l s P a n e l ) ; 

o n ( t r a i l E l e m e n t , " c l i c k " , (evt) => { 
s t a t e . s e t S e l e c t e d T r a i l ( p a r s e l n t ( e v t . t a r g e t . d a t a s e t . i d , 10) 

)> ; 
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p r i v a t e g e n e r a t e F i l t e r P a n e l { ) : v o i d { 
t h i s . g e n e r a t e S i n g l e C h o i c e F i l t e r s ( ) ; 
t h i s . g e n e r a t e R a n g e F i l t e r s ( ) ; 

) 

Definitely, there i s a n opt ion to change the basemap based on convenience a n d explore 
more in format ion th rough pop-ups . T h i s feature i s v isua l i zed i n the interface, a l lowing 
users to sw i t ch between different basemaps accord ing to their preference. Addi t ional ly , 
the pop-ups provide add i t iona l in format ion a n d detai ls w h e n interacted w i th , enhanc ing 
the user 's explorat ion experience Figure 19. 
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Figure 19 Basemap and pop-ups. 

The BasemapPane l c lass h a s two properties: container a n d basemapConta iner , w h i c h 
are ass igned to the D O M elements w i t h the IDs "basemapPane l " a n d "basemaps" 
respectively. 

The constructor func t ion takes a state object as a parameter. Inside the constructor , a n 
event l istener i s at tached to the loaded property of the map object i n the state.view. Th i s 
event l istener i s triggered w h e n the map f inishes loading. 

W i t h i n the event l istener, the code filters the map layers to f ind a group layer w i t h the 
title "Basemap" . It then iterates over the layers w i t h i n the basemap group layer. 

For each layer, a <div> element represent ing a basemap i t em is created u s i n g 
domConstruct.create( ) . The created div element h a s a c lass of "basemapl tem" a n d its 
backg round i s set to the t h u m b n a i l U R L obta ined f rom the por ta l l t em associated w i th 
the layer. The layer 's ID a n d title are also set as da ta at tr ibutes a n d inner H T M L of the 
div element respectively. 

A n event l istener i s at tached to each basemap i tem, l i s ten ing for c l i ck events. W h e n a 
basemap i t em is c l icked, the ca l lback funct ion sets the currentBasemapId property of 
the state object to the c l i cked basemap item's ID. 
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export d e f a u l t c l a s s BasemapPanel { 

container: any; 
basemapContainer: any; 
c o n s t r u c t o r { s t a t e : State) { 

t h i s . c o n t a i n e r = dom.byld{"basemapPanel"); 
this.basemapContainer = document.querySelector(".basemaps"); 
state.view.map.watch{"loaded", (value) => { 

i f (value) { 
const basemapGroup = <GroupLayer> s t a t e . v i e w . m a p . l a y e r s . f i l t e r ( ( l a y e r ) 

r e t u r n ( l a y e r . t i t l e === "Basemap"); 
)).getltemAt{0) ; 
basemapGroup.layers.forEach((layer) => { 

// get access to p o r t a l l t e m property 
const p o r t a l L a y e r = <GroupLayer> l a y e r ; 
portalLayer.portalltem.watch("loaded", (value) => { 

i f (value) { 
const basemapltem = domConstruct.create("div", { 

=> { 

c l a s s : : "basemapltem", 
s t y l e : : "background: u r l ( $ { p o r t a l L a y e r . p o r t a l l t e m . getThumbnailUrl () ) ) no-

repeat center", 
"data-- i d " : l a y e r . i d , 
innerHTML: '<div>${layer.title)</div>' 
, this.basemapContainer); 

on(basemapltem, " c l i c k " , (evt) => { 
state.currentBasemapId = e v t . t a r g e t . d a t a s e t . i d ; 

In summary , the provided sect ion in t roduces a n app l i ca t ion focused on h i k i n g t ra i l s i n 
Sa lzburg , Aus t r i a . The loading page Figure 16, provides bas ic in format ion about the 
specific h i k i n g tra i ls , i n c lud ing direct ions a n d connect iv i ty detai ls. F r o m there, users c a n 
proceed to the map v iew Figure 17, w h i c h features a 3 D map layout d isp lay ing the 
d i s t r i bu t i on of h i k i n g tra i ls . The map inc ludes pop -ups w i t h t ra i l in format ion a n d a l is t 
of t ra i l s w i t h filters. W h e n a t ra i l i s selected, i t becomes highl ighted a n d zoomed in , 
reveal ing detai led in format ion s u c h as diff iculty level a n d a n elevation profile g r aph Figure 
18, d isp lay ing changes i n elevation. The app l i ca t ion also al lows use rs to sw i t ch basemaps 
a n d explore add i t iona l in format ion th r ough pop-ups. 

Overall Visual Variables 

The app l i ca t ion you're descr ib ing focuses o n cartographic v i s u a l var iables a n d 
incorporates var ious essent ia l cartographic elements. These elements are fundamenta l 
components used i n map design to effectively convey geographic in format ion. Here are 
some key cartographic elements that c ou ld be inc luded i n your appl icat ion: 

• Layout and Structure: It inc ludes a clear map title to convey the map 's purpose, 
a comprehensive legend to interpret symbo ls a n d colors, a n d a elevation profile to 
accurate ly estimate distances. A n o r t h arrow ensures proper or ientat ion, whi le 
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gr id l ines es tab l i sh a coordinate system for precise locat ion referencing. The use 
of symbols , i cons, colors, a n d pat terns enhances v i s u a l representat ion a n d aids 
i n unders tand ing different map features a n d themat ic data. Labels provide tex tua l 
in format ion, whi le insets offer supplementary detai l or focus on specific place of 
interest (as pop-ups) . Few basemaps serves as the foundat iona l background , 
prov id ing context for the themat ic in format ion overlaid o n top. B y incorporat ing 
these cartographic elements, the app l i ca t ion facil itates intui t ive a n d informative 
map explorat ion, enabl ing users to interpret geographic da ta effectively. 

• Color Scheme: U s i n g a dark b r o w n color for represent ing the overal l h i k i n g t ra i ls 
a n d a l ighter color for h igh l ight ing selected t ra i l s c a n be a n effective choice for 
conveying in format ion a n d enhanc ing the user experience. B r o w n colors are often 
associated w i t h earthiness, nature , a n d outdoor environments, w h i c h a l igns wel l 
w i th the theme of h i k i n g tra i ls . D a r k b rown c a n create a sense of depth and 
solidity, g iv ing the t ra i l s a g rounded a n d organic feel. T h i s color choice he lps users 
d i s t ingu i sh the t ra i l s f rom other elements o n the screen, m a k i n g them v isua l ly 
prominent . B y u s i n g a l ighter color to highl ight selected tra i ls , y o u create a v i s u a l 
contrast that draws at tent ion to the user 's chosen options. T h i s h ighl ight ing effect 
he lps users easily identify a n d t rack their selections, prov id ing a clear v i sua l 
ind i ca t i on of the t ra i l s they have chosen. U s i n g b r own colors for i cons i n pop-ups 
ma in ta ins consistency w i t h the overal l theme a n d ensures a cohesive design. It 
reinforces the connect ion between the pop -ups a n d the tra i ls , as the i cons are 
direct ly related to the h i k i n g experience. 

Overal l , the use of dark a n d l ight b r own colors, a long w i t h the h igh l ight ing effect 
a n d consistent iconography, c a n create a v isua l ly appeal ing a n d funct iona l 
interface for your h i k i n g t ra i l appl icat ion. 

• Typography: U s i n g sans seri f fonts for var ious text elements i n your appl icat ion, 
s u c h as headings, subheadings , l is ts , fi lters, pop-ups , a n d other texts, can 
contr ibute to readabi l i ty a n d es tab l i sh a consistent v i s u a l h ierarchy. S a n s serif 
fonts are k n o w n for their c lean a n d mode rn look, m a k i n g them suitable for d ig i ta l 
interfaces. Here's ho w different font sizes a n d styles c a n be u s e d effectively: 

a. Headings: Choos ing a larger font size a n d a bo ld or semi-bo ld style 
for headings he lps them s tand out a n d grab attent ion. Headings 
typical ly introduce sect ions or impor tant in format ion, so a d is t inct 
a n d larger font size c a n create v i s u a l h ie rarchy a n d make them 
easily scannable . 

b. Subheadings : Subhead ings often provide add i t iona l context or 
organize content w i t h i n sect ions. U s i n g a s l ight ly smal ler font size 
t h a n headings, a n d perhaps a regular or m e d i u m weight, he lps 
differentiate them whi le ma in ta in ing readabil i ty. 

c. L ists : L is ts c a n benefit f rom a s l ight ly smal ler font size compared 
to headings a n d subheadings . T h i s ensures that the text i s legible 
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a n d doesn't overwhelm the user . U s i n g a regular or l ight font weight 
c a n m a i n t a i n readabi l i ty whi le s t i l l d i s t ingu ish ing the l ist i tems. 

d. Fi l ters: If f i lters are d isp layed prominent ly o n the interface, y o u 
may want to consider m a k i n g them s tand out u s i n g a larger font 
size a n d a s l ight ly bolder style. T h i s makes i t easier for use rs to 
locate a n d interact w i th the filters. 

e. Pop-ups: Pop-ups typical ly con ta in impor tant in format ion or 
require user attent ion. U s i n g a larger font size ensures readabi l i ty, 
a n d u s i n g a bo ld or semi-bo ld style c a n help emphasize key po ints 
w i t h i n the pop-up content. 

B y u s i n g sans ser i f fonts consistent ly across different text elements, y o u m a i n t a i n 
a cohesive v i s u a l style throughout the appl icat ion. However, remember to ensure 
appropriate contrast between the font color a n d the backg round to optimize 
readabi l i ty, especial ly for smal ler font sizes. Conduc t ing usab i l i t y tests and 
gather ing feedback f rom users c a n he lp f ine-tune the font choices a n d sizes to 
ensure the best readabi l i ty a n d user experience. 

• Icons and Images: U s i n g relatable i cons for h ik ing-re la ted po ints i n your 
app l i ca t ion c a n enhance the user experience a n d provide v i s u a l cues that qu ick ly 
convey in format ion. Incorporat ing icons from Es r i ' s developer interface, w h i c h 
offers a wide range of i cons specif ical ly designed for mapp ing a n d geospat ia l 
appl icat ions, c a n be beneficial. Here's how icons c a n be used effectively: 

a. H i k i n g Points: Ass i gn ing i cons that represent different h ik ing-re la ted 
po ints , s u c h as tra i lheads, scenic v iewpoints, campsites, or l andmarks , 
he lps users identify a n d unde r s t and the nature of each point at a glance. 
For example, u s i n g a h i k i n g boot i con for tra i lheads, a m o u n t a i n i con for 
viewpoints, or a tent i c on for campsites. 

b. Information a n d L inks : If the i cons are accompanied by add i t iona l 
in format ion or l i n k s about the place, y o u c a n leverage Es r i ' s i cons to 
incorporate v i sua l ind ica tors or overlays that denote the avai labi l i ty of 
s u c h details. T h i s c a n inc lude i cons w i t h a n " i " s ymbo l for in format ion or 
a c h a i n l i nk i c on for l i nks , p laced alongside the pr imary icons. 

c. Consistency: To m a i n t a i n a cohesive v i s u a l language, ensure that the style, 
size, a n d color scheme of the i cons a l ign w i t h the overal l des ign of your 
appl icat ion. Cons is tency i n i c on des ign he lps users qu ick ly recognize and 
associate specific symbo ls w i t h relevant h i k i n g points. 

d. User -Fr i end ly Design: W h e n u s i n g icons, i t 's impor tant to consider the 
usab i l i t y aspect. E n s u r e that the i cons are intuit ive a n d easily unders tood 
by your target users . Conduc t ing user test ing or gather ing feedback c a n 
help identify any potent ia l confus ion or ambigui ty i n i con meanings. 

43 



B y leveraging Esr i ' s developer interface i cons a n d a l ign ing them w i t h the specific 
h ik ing-re la ted po ints i n your appl icat ion, y o u provide users w i t h v i s u a l cues that 
make it easier to navigate a n d explore h i k i n g t ra i l s a n d related informat ion. 

• Spacing and Alignment: Cons is tent spac ing a n d a l ignment are c ruc i a l for 
creat ing a v i sua l l y p leas ing a n d wel l -organized layout i n the h i k i n g appl icat ion. 
Here are some key cons iderat ions performed: 

a) Spac ing between Elements : 
Marg ins : Prov id ing consistent marg ins a r o u n d elements, s u c h as but tons , 
images, text b locks , a n d containers, he lps create a sense of ba lance and 
separat ion between different components. It a l lows each element to breathe 
a n d avoids a c luttered appearance. 
Padding: App l y ing consistent padd ing w i t h i n elements, s u c h as conta iners or 
cards, ensures that the content i s v i sua l l y separated from the edges, 
enhanc ing readabi l i ty a n d v i sua l clarity. 

b) A l i gnment of Text a n d Elements: 
Text A l ignment : M a i n t a i n a consistent text a l ignment, s u c h as left-al igned or 
centered, throughout the appl icat ion. T h i s provides a sense of order a n d makes it 
easier for use rs to s c a n a n d read the content. 
V i s u a l Hierarchy: A l i gn ing elements based on their importance a n d h ierarchy can 
guide users ' attent ion. For example, left-al igning headings a n d subhead ings whi le 
keeping body text just i f i ed c a n help differentiate between different levels of 
in format ion. 
Gr id -based Layout: Emp loy ing a gr id system for UI layout c a n help ensure 
consistent a l ignment of elements. G r i d s provide a framework for organiz ing 
content, a l ign ing elements to specific c o lumns or rows, a n d ma in ta in ing a 
s t ruc tured appearance. 

c) V i s u a l Consistency: 
M a i n t a i n a consistent spac ing r h y t h m throughout the appl icat ion. For 
example, u s i n g the same spac ing u n i t s between different elements creates a 
ha rmon i ous v i s u a l flow. 
E n s u r e that the a l ignment of elements i s consistent across different screen 
sizes a n d resolut ions. Responsive des ign pr inc ip les c a n help achieve th i s by 
ad just ing spac ing a n d a l ignment dynamica l l y based o n the device's viewport. 

B y pay ing attent ion to spac ing a n d al ignment, creat ion of more v i sua l l y p leas ing and 
organized layout was done that improves the overal l user experience. Cons is tency i n these 
aspects fosters a sense of profess ional ism, clari ty, a n d ease of use for the appl icat ion 's 
interface. 

• Visual Effects: V i s u a l effects c a n greatly enhance the user experience i n your 
app l i ca t ion by prov id ing v i s u a l feedback a n d m a k i n g interact ions more engaging. 
Here are some examples of how y o u c a n apply v i sua l effects to different elements: 
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a) The home b u t t o n c a n be made more interactive a n d noticeable by apply ing 
v i s u a l effects. For instance, y o u c a n add a hover effect that changes the 
but ton 's color or an imates it s l ight ly w h e n the user hovers over it. 
Addi t ional ly , w h e n the user c l i cks on the home but ton , y o u c a n provide 
v i s u a l feedback s u c h as a subt le an ima t i on to indicate that the bu t t on has 
been activated. Addi t iona l ly it wo rks w h e n a user deselects a t ra i l . Th i s 
effect he lps users unde r s t and the current state of the selected t ra i l s and 
provides a clear ind i ca t i on of their act ions. 

b) Widgets that inc lude a n o r t h scene c a n benefit f rom v i s u a l effects as well . 
Cons ider add ing a rotat ion an imat i on to dynamica l l y update the no r th 
scene based o n the user 's map navigat ion. Th i s interactive v i s u a l effect 
adds a layer of engagement a n d he lps use rs orient themselves more easily. 

c) Pop-ups conta in ing in format ion about specific locat ions c a n be highl ighted 
u s i n g v i s u a l effects. B y chang ing the backg round color, add ing borders or 
shadows, or u s i n g a different font color, y o u c a n make the selected pop­
u p s t and out f rom the rest. These v i s u a l cues d raw at tent ion to the 
relevant in format ion a n d ensure users c a n focus on the content they are 
interested i n . 

d) The elevation profile g raph c a n be made more interactive a n d v i sua l l y 
appeal ing w i t h v i s u a l effects. Smoo th t rans i t i ons c a n be added th rough 
an imat i on w h e n adjust ing the range or zoom level of the graph. 
Addi t ional ly , interactive elements l ike hover effects or toolt ips c a n provide 
more detai led in format ion w h e n users interact w i th specific po in ts o n the 
graph. 

W h e n implement ing v i s u a l effects, i t 's impor tant to str ike a balance a n d use them 
jud ic ious ly . They s h o u l d enhance the user experience w i thout overwhelming or 
d is t rac t ing users . It's benef ic ial to conduct usab i l i t y tests a n d gather feedback to ensure 
that the v i s u a l effects i n h ike app l i ca t ion are effective a n d well-received by users. 

• Responsive Design: The web app l i ca t ion s h o u l d be designed to adapt a n d provide 
a consistent experience across different devices a n d screen sizes, ensur ing 
usab i l i t y most sui table o n dektop or any landscape screens. 

The next sect ion 4.2, w i l l focus o n user eva luat ion of the appl icat ion. 

4.2 Evaluation of Prototype 
For the eva luat ion a survey was conducted that people take onl ine. The survey i s based 
on p ic tures of a prototype, w h i c h i s a r ough draft of a product that i s not fully funct iona l 
yet. Par t i c ipants are asked to pretend they are u s i n g the product as one of fourdifferent 
types of users . 

The survey i s d iv ided into three sect ions to gather feedback a n d ins ights from users about 
a web mapp ing appl icat ion. The first sect ion, t i t led "Genera l Quest ions , " a ims to gather 
bas ic detai ls a n d unde r s t and the user 's web mapp ing preferences. It inc ludes inqu i r i es 
about the user 's name, age, locat ion, web mapp ing experience, a n d their preferred 
activit ies or interests related to web mapp ing . T h i s sect ion provides a foundat ion for 
unders tand ing the user 's backg round a n d preferences. 
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The second sect ion, " V i s u a l Express ions a n d Eva lua t i on , " focuses on gather ing feedback 
regarding the interface, map contents, navigat ion, a n d accessibi l i ty of the web 
appl icat ion. Users are asked to evaluate the overal l design, aesthetics, a n d usab i l i t y of 
the user interface. They are also prompted to provide ins ights into the use fu lness and 
relevance of the map contents, as we l l as the ease of navigat ion, i n c lud ing zooming, 
pann ing , a n d search funct ional i t ies. Addi t iona l ly , the sect ion seeks feedback o n the 
accessibi l i ty features of the web appl icat ion, s u c h as text size opt ions, color contrast , a n d 
compat ib i l i ty w i t h screen readers. B y explor ing these aspects, the survey a ims to ga in a 
comprehensive unders tand ing of the user 's v i s u a l experiences a n d evaluate the 
effectiveness of the web mapp ing appl icat ion. 

The f ina l sect ion, "Feedback a n d Suggest ions," a l lows users to express their thoughts 
freely a n d provide addi t iona l comments a n d suggest ions about the web appl icat ion . Th i s 
sect ion offers f lexibil ity for users to share their impress ions , h ighl ight any i ssues or areas 
for improvement, a n d suggest new features or enhancements they w o u l d l ike to see i n 
the app. B y prov id ing a n open-ended space for feedback, the survey encourages use rs to 
provide va luable ins ights that may not have been covered i n the prev ious sections. Th i s 
sect ion he lps capture the user 's overal l perspective a n d provides a n opportuni ty to 
address specific concerns or incorporate innovative ideas into the web mapp ing 
appl icat ion. 

B y s t ruc tu r ing the survey into these three sect ions, i t a ims to gather comprehensive 
feedback from users , covering their bas ic details, preferences, v i s u a l experiences, and 
suggestions. T h i s approach ensures that the web mapp ing app l i ca t ion c a n be better 
ta i lored to meet the needs a n d expectat ions of i ts users , r esu l t ing i n a n improved user 
experience a n d a more effective web mapp ing so lut ion. 

The survey inc ludes quest ions w i t h pre-made answers that people choose from, l ike "p ick 
the best opt ion" or "rate how m u c h y o u agree." These quest ions help gather in format ion 
that i s easy to compare a n d unders tand . 

There are also quest ions where people c a n write their own answers i n a text box, l ike 
"How m a n y difficult t r ia ls c a n y o u access?" These quest ions a l low people to share their 
own op in ions a n d experiences, w h i c h c a n help improve the product . 

The overal l quest ionairre was designed into three major sect ions (questionnaire c a n be 
found i n the attachments) : 

• Section 1: General Questions 
Quest ions about there bas ic detai ls a n d about a n d their web mapp ing/ activity 
preferences 

• Section 2: Visual expressions and evaluation 
Genera l quest ions about the interface, map contents, nav igat ion a n d accessibi l i ty 
of the web app l i ca t ion 

• Section 3: Feedback and suggestions 
Flexib i l i ty to write about their comment a n d add i t iona l suggest ion about the app. 
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5 RESULTS AND DISCUSSION 
A user s tudy was conducted over a one-week per iod w i th the par t i c ipat ion of 25 
volunteers. Ou t of the tota l n u m b e r of par t i c ipants , a l l 25 completed the entire 
quest ionnaire , prov id ing va luable feedback that was considered i n the analys is . The s tudy 
was conducted i n Apr i l -May 2023 , a n d the resu l ts w i l l be presented a n d d i scussed based 
on the three major sect ions of the quest ionnaire , each focusing on different aspects of the 
product , i n c lud ing ease of use, features, a n d overal l sat isfact ion. 

The s tudy was conducted over a two-week period, du r ing w h i c h par t i c ipants were asked 
to provide their op in ions on var ious aspects of the product under evaluat ion. The 
par t i c ipants prov ided detai led feedback o n each sect ion, prov id ing ins ights into their user 
experience. The resu l t s of the s tudy w i l l be used to improve the product ' s user interface, 
funct ional i ty , a n d overal l user experience. 

5.1 Participant's overview 
Out of the 25 responses received, 13 identi f ied as female whi le 12 identi f ied as male. The 
gender d i s t r ibu t i on was relatively ba lanced, w i t h a lmost a n equal n u m b e r of male a n d 
female par t ic ipants . T h i s balance was benef ic ial for the s tudy s ince par t i c ipants were 
asked to imagine the role of the defined user persona, w h i c h cou ld be either female or 
male. Table 6Table 6 Gender ds t r ibu t i on of par t ic ipant provides a v i s u a l representat ion 
of the n u m b e r of female a n d male part ic ipants . 

Table 6 Gender dstribution of participant 

G e n d e r N u m b e r o f P a r t i c i p a n t s 
Female 13 
M a l e 12 

The majority of par t i c ipants fell i n the 18-29 age range, w i t h fewer use rs i n the 30-39 age 
group. However, to have a more representative sample , it w o u l d have been benef ic ial to 
have more even age groups, i n c lud ing more par t i c ipants older t h a n 29. Table 7 provides 
ins ights into the age d i s t r ibu t i on among par t i c ipat ing users . Ou t of the tota l of 25 
respondents , the highest n u m b e r of par t i c ipants was i n the 18-24 age group, w i t h a 
smal ler n u m b e r i n the 25-29 age group. The age groups of 30-34 a n d 35-39 h a d a s imi lar 
n u m b e r of par t i c ipants , a n d there was one respondent older t h a n 39. 

Table 7 Age dstribution of participant 

Age Group Number of Participants 
18-24 15 
25-29 6 
30-34 2 
35-39 2 
40+ 1 
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Almost a l l of the 25 par t i c ipants i n the s tudy h a d prev ious experience w i t h h i k i n g tr ips, 
w i th near ly ha l f of t h em also hav ing experience i n other outdoor activit ies (Graph 1). On ly 
one par t i c ipant h a d no pr ior experience w i t h outdoor activit ies. The fact that the majority 
of par t i c ipants h a d experience w i th h i k i n g t r ips was benef ic ial for the study, as they were 
better able to imagine the role of the user pe rsona a n d provide more representative 
feedback. T h i s experience al lowed par t i c ipants to offer va luable ins ights into their 
preferences a n d needs w h e n it comes to outdoor act iv ity-related products . 

6. Other trips 

0 5 10 15 20 25 

Graph 1 distribution of trips conducted 

G r a p h 2 depicts the appl icat ions that par t i c ipants use to p l a n their outdoor t r ips a n d the 
frequency of their use. Most of the 25 par t i c ipants reported u s i n g Google M a p s frequently 
for t r ip p lann ing , among other appl icat ions. Even the par t i c ipant who h a d no prior 
experience w i t h outdoor activit ies chose Google M a p s as their preferred appl icat ion. 
Therefore, i t i s safe to assume that most par t i c ipants were accustomed to the interface 
a n d funct ional i ty of Google Maps , w h i c h does not p r imar i l y focus o n outdoor activities. 
A s a resul t , some of the proposed des ign a n d v isua l i za t ions might be unfami l ia r to 
par t i c ipants , despite their experience w i t h outdoor activities. 

Not stall Seldom Sometimes Often Veryoften 

1 1 -1 1- -1 

J . I N \= i 
Google Maps TripAdusor AIITrails Komoot Outdocractive FATMAP Oilier 

Graph 2 Distribution of used application for the trips. 

Part ic ipants were asked about their confidence levels i n u s i n g web mapp ing appl icat ions 
s u c h as Google Maps , AIITrails, a n d Komoot, to obta in in format ion about their pr ior 
experience w i t h s u c h appl icat ions. For the par t i c ipant who h a d no experience w i th 
outdoor activit ies, the quest ion was modif ied as follows: "Please rate the fol lowing 
statement: I t h i n k I a m a confident user of web mapp ing appl icat ions (e.g., Google Maps , 
M A P S . M E , etc.)". A s shown i n G r a p h 3, the majority of the 25 par t i c ipants considered 
themselves to be confident or very confident use rs of web mapp ing appl icat ions, 
ind i ca t ing their fami l iar i ty w i t h bas ic act ions carr ied out u s i n g s u c h appl icat ions. 
However, hav ing more par t i c ipants who were less or not confident i n u s i n g web mapp ing 
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appl icat ions cou ld have prov ided more diverse ins ights into the proposed des ign and 
v isual i zat ions. 

I think I am a confident user of web mapping applications (e.g. Google Maps, AIITrails, Komoot, etc.). 

Graph 3 user confidance for the web apping applications. 

5.2 Participant's Evaluation 
Th i s sect ion is more unders tand ing about the v isbi l i ty a n d funct ional i ty about the web 
appl icat ion. In th i s sect ion the quest ions were asked i n the way wheather the user i s able 
to unders tan f the interface a n d the o rk ing funct ional i ty about the appl icat ion. The 
quest ions were organised i n var ious formets, s u c h as opt iona l a n d short answer type, 
f rom bas ic to advance. A l l the responds for th i s evoluat ion sect ion is s h o w n i n the Table 
8, below 

Table 8 Web Application Functionality and User Experience 

Question Positive 
Response Rate 

C a n the user load the complete map wi th trai ls , 
l ists, basemaps, and popups? 

100% 

C a n the user effectively access and interact w i th 
the information button and other relevant widgets? 

100% 

C a n the user successful ly select trai ls and delve 
into their specific details? 

100% 

C a n the user change the basemap on the map 
without difficulties? 

8 0 % 

C a n the user clear the tra i l selection us ing the 
home button? 

100% 

C a n the user f ind the specific route called Kopp l 
Guggenthal to Nockste in 1? 

100% 

Is the vis ibi l i ty of the map and widgets clear for the 
majority of users? 

8 4 % 
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The first was about i f the user i s able to l oa the complete map w i t h the t ra i l s , l is ts , 
basemaps a n d the popups , a n d the response was posit ive w i t h 1 0 0 % resul ts . 

Based on the da ta presented i n the Table 8, i t i s evident that users c a n effectively access 
a n d interact w i t h the in format ion bu t t on a n d other relevant widgets. T h i s funct ional i ty 
a l lows use rs to gather add i t i ona l detai ls, navigate t ra i ls , access l is ts , sw i t ch basemaps, 
a n d view popups seamlessly. 

Addi t ional ly , the table demonstrates that users c a n successful ly select t ra i l s a n d delve 
into their specific details. T h i s capabi l i ty enhances the overal l user experience, 
empowering ind i v idua ls to make in formed dec is ions a n d tai lor their explorat ion based on 
their preferences a n d requirements. 

There was a positive response for the users have the abi l i ty to change the basemap on 
the map . However, i t i s impor tant to note that du r ing the test ing phase, there were some 
ins tances where use rs experienced dif f iculties i n load ing the basemap. Ou t of the 25 
par t i c ipants , 8 0 % of them were able to successful ly change the basemap wi thout any 
issues . O n the other h a n d , 2 0 % of the par t i c ipants encountered chal lenges and 
experienced troubles i n loading the basemap. 

Please note that i f the basemap fails to load, refreshing the page is recommended, as it 
may require a stable internet connect ion for proper loading. It i s wo r th ment ion ing that 
a stable internet connect ion p lays a v i ta l role i n ensur ing the smooth funct ion ing of the 
basemap feature. 

Yes, use rs are able to clear the t ra i l select ion u s i n g the home but ton . The resul ts for th i s 
par t i cu lar quest ion indicate a 1 0 0 % posit ive outcome. A l l par t i c ipants were able to 
successful ly clear the t ra i l select ion by ut i l i z ing the home bu t t on funct ional i ty . 

Th i s demonstrates that the home b u t t o n effectively resets the t ra i l se lect ion a n d al lows 
users to start anew wi thout any l inger ing selections. The home bu t t on serves as a 
convenient a n d rel iable feature for users to easily clear their t ra i l choices a n d begin 
explor ing from a fresh star t ing point. 

The next quest ion was i f the users c a n f ind the specific route, cal led Kopp l Guggentha l to 
Nockste in 1, a n d the response to th i s request i s 1 0 0 % posit iveThe route between these 
two locat ions c a n be successful ly determined a n d prov ided to users. 

B y u t i l i z ing mapp ing a n d nav igat ion tools, users c a n receive detai led direct ions and 
guidance o n ho w to reach Nockste in 1 s tar t ing from Kopp l Guggentha l Vo lksschu le . Th i s 
ensures a seamless a n d efficient navigat ion experience, a l lowing ind i v idua l s to r each their 
desired dest inat ion w i t h ease. 

Next three quest ions, 2.6, 2.7 a n d 2.8 were short answer type to check the response of 
funct iona l accuracy 

• The n u m b e r of t ra i l s accessible after selecting the diff icult filter i s 6 trai ls . 
• The est imated t ime it w i l l take to r each Nockste in 2 from Kopp l Guggentha l 

Vo lksschu l e i s approximate ly 1.25 hours . 
• The tota l length of the p a t h from Kopp l Guggentha l Vo l k s s chu l e to Nockste in 2 is 

approximate ly 1,741.9 meters. 
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There were some reported i ssues w i th the v is ib i l i ty of the map or the widgets. The positive 
response rate for th i s quest ion was 84%. T h i s indicates that 8 4 % of the par t i c ipants d id 
not encounter any prob lems w i th the v is ib i l i ty of the map or the var ious widgets, s u c h as 
but tons a n d overlays. 

However, it i s wo r th not ing that 1 6 % of the par t i c ipants d i d face i ssues related to the 
v is ib i l i ty of the map or the widgets. These i ssues cou ld inc lude ins tances where the map 
d id not l oad properly, cer ta in widgets were not v is ible or funct ion ing as expected, or other 
related v is ib i l i ty issues. 

Identifying a n d address ing these concerns is c ruc i a l to ensure a seamless user 
experience. It i s recommended to investigate the specific causes of these i ssues and 
implement any necessary improvements or fixes to enhance the overal l v is ib i l i ty a n d 
funct ional i ty of the map a n d i ts associated widgets. 

Addi t ional ly , It was found that there were some of the i ssues were there wgile selecting 
the tra i ls , th i s i ssue was because of the ovr lapping of G e o J S O N files l imi ta t ions on 
overlapping. W h i c h is easily f ixable whi le convertime the file formats. 

5.3 Feedback and suggestions 
In summary , use rs prov ided va luable feedback a n d suggest ions to improve the app. One 
c o m m o n concern was the over lapping of symbols o n the map , suggest ing the use of 
different colors or the abi l i ty to h ide cer ta in symbols . Users also f ound the symbology 
colors o n the Wor ld Topo base a n d Topographic map h a r d to read, a n d the yel low 
backg round color for h ikes i n the s idebar m e n u was chal lenging to read, especially 
when selected. Some users reported that i cons d isappeared w h e n zooming i n on the 
map , a n d roads somet imes appeared broken . To enhance text v is ib i l i ty , users suggested 
add ing a backg round or textbox b eh ind the text that appears on top of routes. U s i n g a 
t e r ra in map ins tead of O S M was recommended for better representat ion of slopes. Users 
also faced dif f iculties w i t h the 3 D nav igat ion feature a n d desired clearer ins t ruc t i ons or 
a tu to r i a l w i t h i n the app. Improving the v is ib i l i ty of i cons, ref ining the legend's color 
scheme, a n d opt imiz ing the v i sua l i za t i on of the popup w indow were add i t iona l 
suggestions provided. Overal l , imp lement ing these enhancements wou ld make the app 
more user-fr iendly, improve readabi l i ty , a n d provide a smoother a n d more enjoyable 
experience for users. 

Here i s a s u m m a r y of the po ints ment ioned: 

o Symbo ls a n d Over lapping: Cons ider u s i n g different colors for symbols or 
prov id ing the opt ion to sw i t ch v is ib i l i ty to avoid overlap a n d improve readabil i ty, 

o Symbology Co lors o n Topographic Map : Improve the readabi l i ty of symbology 
colors, especial ly on the Wor ld Topo base a n d Topographic map. 

o Sidebar M e n u Components : Enhance the readabi l i ty of the h ikes ' colors, 
par t i cu lar ly the ye l low background , a n d make selected i tems easier to read, 

o Zooming a n d Road Display: Address i ssues where i cons disappear when 
zooming i n a n d ensure roads are d isp layed wi thout breaks, 

o Text V is ib i l i t y o n Routes: Improve v is ib i l i ty by cons ider ing add ing a background 
or textbox b eh ind text that appears on top of routes, 

o Te r ra in Map: Cons ider u s i n g a t e r ra in map ins tead of O S M for better render ing 
of slopes. 

o 3 D Navigation: Investigate a n d resolve any i ssues w i t h 3 D navigat ion, a l lowing 
users to change perspective a n d v iew selected areas f rom a b i rd ' s eye view. 
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o Legend for Symbols : Include a legend for symbo ls o n the map to provide clear 
explanat ions of their meanings, 

o Instruct ions a n d Gu idance : Provide ins t ruc t i ons or a gu ided tu tor ia l w i t h i n the 
app to help use rs explore a n d unde r s t and i ts features more easily, 

o Icon Vis ib i l i ty : Enhance the v is ib i l i ty of i cons on the map to make them more 
noticeable a n d easier to spot, 

o Color Scheme of the Legend: Cons ider improv ing the color scheme of the legend 
to make it less br ight a n d ensure it harmonizes we l l w i th the basemap. 

o Popup W indow V isua l i za t i on : Improve the v i sua l i za t i on of the popup window, 
poss ib ly by r educ ing the size of the comment box. 

These ins ights c a n he lp i n improv ing the user- fr iendl iness, readabi l i ty, a n d overal l 
experience of the app. 

5.4 Interviews 
In the interviews conducted as part of the analys is , par t i c ipants were asked a series of 
quest ions to gather their ins ights a n d feedback on the web appl icat ion. The interviews 
a imed to unde r s t and the par t i c ipants ' experiences, preferences, a n d suggestions 
regarding the usabi l i ty , funct ional i ty , a n d overal l user experience of the appl icat ion. 

D u r i n g the interviews, par t i c ipants were encouraged to provide their honest op in ions a n d 
share any chal lenges they encountered whi le u s i n g the appl icat ion. They were also asked 
to express their thoughts on specific features, s u c h as the search funct ional i ty , t ra i l 
in format ion, m a p v isua l i zat ion, a n d user interface design. Addi t ional ly , par t i c ipants were 
inv i ted to provide suggest ions for improvements a n d any add i t iona l features they wou ld 
l ike to see i n the future. 

The interviews prov ided va luable qual itat ive data, a l lowing for a deeper unders tand ing of 
the users ' perspectives a n d preferences. The feedback gathered du r ing these interviews 
he lped identify strengths a n d weaknesses of the web appl icat ion, h igh l ight ing areas of 
success a n d areas that require further refinement. 

Overal l , the interviews p layed a c ruc i a l role i n ga in ing ins ights direct ly f rom the users , 
enabl ing a more user-centered approach to the ana lys is a n d development of the web 
appl icat ion. The feedback obta ined from the interviews served as a foundat ion for m a k i n g 
in formed decis ions a n d implement ing enhancements to improve the user experience a n d 
meet the needs of the target audience. 
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5.5 Results of analysis 
After ana lyz ing bo th the user feedback a n d the g raph resul ts , the following 
comprehensive ana lys is a n d ins ights have been derived: 

1. Symbol Visibility and Overlapping: Users expressed concerns about symbo l 
v is ib i l i ty a n d over lapping o n the map . T h i s i ssue i s further suppor ted by the g raph 
resul ts , ind ica t ing that 8 4 % of users reported i ssues w i t h the v is ib i l i ty of map 
symbols a n d widgets. It i s recommended to address th i s concern by implement ing 
different colors for symbols or prov id ing the opt ion to toggle their v is ibi l i ty . Th i s 
wou ld improve symbo l dif ferentiation a n d enhance overal l m a p readabil i ty. 

2. Symbology Colors on Topographic Map: Users f ound the symbology colors on 
the Wor ld Topo base a n d Topographic map to be less readable. The g raph resul ts 
do not expl icit ly indicate th i s issue, bu t it a l igns w i t h the overal l feedback 
provided. To enhance readabi l i ty , ad just ing the color scheme a n d contrast for 
symbology o n these specific m a p s is recommended. 

3. Sidebar Menu Component Readability: Users ment ioned that the color scheme, 
par t i cu lar ly the ye l low backg round for h ikes i n the s idebar m e n u , posed 
chal lenges i n readabi l i ty. A l though the g raph resul ts do not direct ly reflect th i s 
feedback, it i s c ruc i a l to consider user suggest ions for improv ing the color choice 
or prov id ing alternative opt ions to enhance readabi l i ty a n d usabi l i ty . 

4. Zooming and Road Display: Users reported instances where i cons d isappeared 
when zooming i n o n the map , a n d roads occasional ly appeared broken. A l though 
the g raph resu l ts do not expl ic i t ly capture th i s issue, i t i s essent ia l to address it 
as it impacts the overal l funct ional i ty a n d user experience. E n s u r i n g consistent 
i con v is ib i l i ty a n d ma in ta in ing road d isplay integrity s h o u l d be a prior i ty. 

5. Text Visibility on Routes: Users ment ioned diff iculties i n read ing text on routes, 
especial ly w h e n d isp layed o n top of map elements. A l though th i s i s sue i s not 
reflected i n the g raph resul ts , i t i s a va l id concern. Implement ing backg round or 
textbox opt ions for text o n routes w o u l d improve v is ib i l i ty a n d readabil i ty, 
prov id ing a better user experience. 

6. 3D Navigation: Users faced dif f iculties w i t h the 3 D nav igat ion feature, as 
ment ioned i n the feedback. A l though the g raph resu l ts do not provide specific 
ins ights into th i s issue, it i s c ruc i a l to address it. Improving the 3 D navigat ion 
funct ional i ty , a l lowing users to change perspectives a n d obta in b i rd ' s eye views, 
wou ld enhance the interactive nature of the app a n d provide a more immersive 
experience. 

7. Legend for Symbols: Use rs suggested the i n c l u s i o n of a legend for symbols, 
w h i c h i s not expl ic i t ly reflected i n the g raph resul ts . However, it i s a n essent ia l 
suggest ion to enhance user unders tand ing a n d interpretat ion of the map symbols . 
Prov id ing a clear a n d accessible legend wou ld improve the overal l usab i l i t y a n d 
user experience. 

8. Instructions and User Guidance: Users expressed the need for ins t ruc t i ons or a 
gu ided tu tor ia l w i t h i n the app to ass ist them i n navigat ing a n d unders tand ing i ts 
features. A l though not captured i n the g raph resul ts , th i s suggest ion i s valuable. 
Incorporat ing ins t ruc t i ons or gu ided prompts wou ld help use rs effectively explore 
a n d ut i l ize the app's capabi l i t ies. 

9. Icon Visibility: Users commented on the lack of eye-catching icons on the map. 
A l though th i s feedback i s not specif ical ly ind icated i n the g raph resul ts , i t i s wor th 
cons ider ing for future improvements. E n h a n c i n g the v i sua l prominence and 
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dist inct iveness of i cons w o u l d make them more noticeable a n d improve the overal l 
usab i l i t y of the app. 

The ana lys is of user feedback a n d suggest ions provides va luable ins ights for enhanc ing 
the app's funct ional i ty , v i s u a l appeal , a n d user experience. Address ing these areas of 
improvement wou ld resul t i n a more user- fr iendly a n d v isua l ly opt imized appl icat ion, 
ensur ing that use rs c a n effectively navigate, interpret, a n d interact w i th the map a n d its 
features. 

5.6 Further Discussion 
The development a n d test ing of the web app l i ca t ion for h i k i n g t ra i l p l a n n i n g have y ie lded 
positive resu l ts a n d va luable ins ights . The usab i l i t y test conducted w i t h ten par t i c ipants 
demonstrated the effectiveness of the app l i ca t ion i n terms of ease of use a n d user 
sat isfact ion. The par t i c ipants were able to per form var ious tasks , s u c h as search ing for 
h i k i n g t ra i l s a n d creat ing h i k i n g p lans , w i thout encounter ing any major diff iculties. Th i s 
indicates that the web appl icat ion 's user interface a n d funct ional i ty were wel l -designed 
a n d intuit ive . The positive feedback received from the par t i c ipants further val idates the 
success of the appl icat ion. Users appreciated the s impl ic i ty a n d intu i t iveness of the 
design, no t ing that i t faci l i tated their navigat ion a n d interact ion w i t h the app. The 
i n c l u s i o n of reviews a n d rat ings for h i k i n g t ra i l s was also h ighl ighted as a va luable 
feature, prov id ing use rs w i t h add i t i ona l in format ion a n d ins ights w h e n p l ann ing their 
h ikes . 

The implementat ion of var ious map layers, i n c lud ing country boundar ies , country 
subdiv is ions , h i k i n g tra i ls , a n d places s u c h as hotels a n d res taurants , s igni f icantly 
enhanced the v i sua l i za t i on of the system's recommendat ions . The integrat ion of the 
ArcGIS M a p s S D K for JavaSc r ip t proved to be a sui table choice for th i s purpose. 
Addi t ional ly , the cus tomiza t ion of basemaps u s i n g the Google M a p s JavaSc r ip t API 
contr ibuted to the overal l user experience. The cl ient-side user interface was carefully 
designed to be user- fr iendly a n d informative. UI e lements s u c h as the header, navigat ion 
bar, t r a i l cards , fi lters, a n d t ra i l detai ls prov ided a seamless experience for use rs to search 
for a n d explore h i k i n g trai ls . The use of l ibrar ies s u c h as Mater ia l UI, Google-map-react, 
a n d Superc luster p layed a c ruc i a l role i n implement ing var i ous features and 
funct ional i t ies, ensur ing a smooth user experience. 

The eva luat ion of the prototype th rough a n onl ine survey al lowed for gather ing feedback 
a n d op in ions from users . B y present ing par t i c ipants w i t h p ic tures of the prototype a n d 
ask ing them to assume different user roles, va luable ins ights were collected. The survey 
covered bo th objective a n d subjective aspects, enab l ing a comprehensive unders tand ing 
of user preferences a n d expectations. 

Overal l , the development a n d evaluat ion of the web app l i ca t ion demonstrated i ts 
effectiveness i n prov id ing a user- fr iendly p lat form for h i k i n g t ra i l p l ann ing . The positive 
feedback, ease of use, a n d intui t ive design highl ight the success of the implemented 
features a n d funct ional i t ies. The app l i ca t ion has the potent ia l for further expansion, s u c h 
as incorporat ing weather forecasts a n d real-t ime t ra i l condi t ions, to enhance the user 
experience a n d provide more comprehensive in format ion. 
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In conc lus ion , the web appl icat ion for h i k i n g t ra i l p l ann ing h a s proven to be success fu l 
i n ful f i l l ing i ts objectives. The combinat i on of a wel l -designed user interface, integrat ion 
of map layers, a n d valuable user feedback has contr ibuted to i ts usab i l i t y a n d 
effectiveness. The f indings from the usab i l i t y test a n d survey provide a so l id foundat ion 
for future improvements a n d enhancements to meet the evolving needs of h ike rs a n d 
outdoor enthusiasts . 

In add i t i on to the d i scussed aspects, it i s wo r th cons ider ing the appl icabi l i ty of 
Copern i cus da ta for t e r ra in model ing, weather, a n d vegetation. The integrat ion of 
Copern i cus da ta into the web app l i ca t ion cou ld b r ing va luable ins ights a n d enhance the 
overal l user experience. For instance, u t i l i z ing Cope rn i cus da ta for t e r ra in mode l ing 
wou ld a l low h ike rs to better u n d e r s t a n d the topography of h i k i n g tra i ls , i n c lud ing 
elevation changes a n d steepness. T h i s in format ion c a n be c ruc i a l for assess ing t ra i l 
dif f iculty a n d p l a n n i n g accordingly. 

Fur thermore , incorporat ing Copern i cus da ta for weather forecasts wou ld provide users 
w i th real-t ime weather in format ion specific to the h i k i n g t ra i l locat ions. Know ing the 
weather condi t ions i n advance c a n help h ike r s make in formed dec is ions regarding their 
t r ips , ensur ing safety a n d comfort du r ing their outdoor activit ies. B y cons ider ing the 
potent ia l integrat ion of Copern i cus data, the web app l i ca t ion c a n broaden i ts scope and 
provide use rs w i t h more comprehensive a n d ins ight fu l in format ion for their h i k i n g 
adventures. T h i s expans ion cou ld contr ibute to a r icher a n d more immers ive experience, 
further es tab l i sh ing the app l i ca t ion as a go-to resource for h i k i n g t ra i l p l ann ing a n d 
explorat ion. 

Scope: 

The project scope revolved a r o u n d the development of a web app l i ca t ion ut i l i z ing Node.js 
modules , w h i c h were chosen for their advanced capabi l i t ies a n d su i tab i l i ty for the task. 
The p r imary goal was to create a n engaging a n d user- fr iendly app l i ca t ion focused on 
h i k i n g tra i ls . The des ign process involved careful cons iderat ion of color schemes, 
typography, icons, a n d v i s u a l effects to enhance the overal l user experience. Spec ia l 
at tent ion was given to ensur ing responsiveness a n d consistency across var ious devices 
a n d screen sizes, w i t h a par t i cu lar emphas is on desktop a n d landscape screens. 

Fur thermore , i t i s impor tant to highl ight that the app l i ca t ion has the potent ia l to be 
implemented on a larger scale. Its under l y ing technologies a n d des ign considerat ions 
make it sui table for expans ion a n d adaptat ion to cater to a wider audience of h ikers . W i t h 
cont inued development a n d refinement, there i s a n opportuni ty for th i s app l i ca t ion to 
become one of the most advanced a n d comprehensive tools avai lable for h ikers , offering 
a seamless a n d immers ive experience for p l ann ing a n d navigat ing trai ls . 

Limitations: 

Despite the success fu l migra t i on to Y a r n a n d the integrat ion of a Ruby environment, it 's 
impor tant to acknowledge the l imi ta t ions of the project. 

F irst ly , whi le Node.js modules were chosen for their advanced features a n d capabi l i t ies, 
there may s t i l l be inherent l imi ta t ions w i t h i n the modules themselves. T h i s cou ld inc lude 

55 



potent ia l bugs, compat ib i l i ty issues, or l imi ted suppor t for cer ta in funct ional i t ies required 
by the appl icat ion. 

Secondly, the t rans i t i on from N P M to Y a r n as the package manager was made to overcome 
l imi ta t ions a n d errors encountered du r ing deployment, a n d it proved success fu l i n 
resolv ing those issues . The integrat ion of a Ruby env ironment was also incorporated to 
address specific requirements a n d enhance cer ta in funct ional i t ies of the appl icat ion. 

Fur thermore , whi le efforts were made to create a responsive design, i t 's impor tant to note 
that achiev ing a seamless user experience across different devices a n d screen sizes can 
be chal lenging. Ce r ta in devices or screen reso lut ions may s t i l l present layout or usab i l i t y 
i ssues that need to be addressed th rough further test ing a n d refinement. 

Lastly, the scope of the project focused p r imar i l y on the v i sua l aspects a n d the integrat ion 
of technologies, s u c h as Node.js, Y a r n , a n d Ruby. Other factors s u c h as performance 
opt imizat ion, scalabi l i ty , a n d securi ty were not extensively d i scussed w i t h i n the provided 
in format ion a n d may require add i t i ona l at tent ion i n a comprehensive eva luat ion of the 
appl icat ion. 

Despite the benefits of onl ine v i sua l i za t i on tools for h i k i n g activit ies, there are some 
chal lenges a n d l imi ta t ions that need to be addressed. One of the major chal lenges i s the 
avai labi l i ty a n d accuracy of data. On l ine v i sua l i za t i on tools rely o n accurate a n d up- to -
date da ta to provide h ike rs w i th the most relevant a n d use fu l in format ion. However, i n 
m a n y cases, the da ta may be outdated or incomplete, w h i c h c a n lead to incorrect or 
mis l ead ing informat ion. 

Another challenge is the accessibi l i ty of onl ine v i sua l i za t ion tools. Not a l l h ike rs may have 
access to the internet or the necessary hardware to use these tools. T h i s c a n create a 
dig i ta l divide, where some h ike rs may have a n unfa i r advantage over others i n terms of 
p l ann ing their h i k i n g activities. 

Overal l , whi le the project successful ly addressed the in i t i a l l im i ta t i ons faced w i t h N P M 
a n d achieved the desired v i sua l aesthetics a n d usabi l i ty , i t 's impor tant to cont inuous ly 
evaluate a n d address any potent ia l l imi ta t ions a n d chal lenges that may arise du r ing the 
appl icat ion 's lifecycle. 

Performance i ssues c a n become a signi f icant l im i ta t i on depending o n the complexity a n d 
size of the appl icat ion. The integrat ion of mul t ip l e technologies, s u c h as Node.js, Ya rn , 
a n d Ruby , may introduce overhead a n d impact the overal l performance. Thorough 
performance test ing a n d opt imizat ion are necessary to ensure the app l i ca t ion performs 
wel l under different scenar ios a n d user loads. 

Scalabi l i ty c a n become a l im i ta t i on as the user base a n d da ta load increase. The 
app l i ca t ion shou ld be designed a n d implemented i n a way that a l lows for easy scalabi l i ty, 
bo th i n terms of hand l ing increased user traffic a n d manag ing growing da ta volumes. 
Th i s may require arch i tec tura l considerat ions a n d potential ly reengineering cer ta in 
components. 
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6 CONCLUSION 
The development a n d test ing of the web app l i ca t ion for h i k i n g t ra i l p l ann ing have resul ted 
i n a success fu l a n d user- fr iendly p lat form for users to f ind a n d p l a n their h i k i n g 
adventures. The appl icat ion 's intui t ive user interface, search funct ional i ty , and 
integrat ion of map layers have prov ided use rs w i th a seamless experience i n discovering 
a n d explor ing h i k i n g trai ls . T h r o u g h the implementat ion of mode rn web technologies, 
s u c h as Node.js for bo th f rontend a n d backend , the app l i ca t ion was able to deliver a 
responsive a n d efficient plat form. The use of l ibrar ies l ike Mater ia l UI a n d Google-map-
react contr ibuted to the overal l user experience by prov id ing wel l -designed UI elements 
a n d interactive map features. 

The usab i l i t y test conducted w i t h a group of par t i c ipants conf i rmed the effectiveness of 
the appl icat ion. A l l par t i c ipants were able to easily complete t asks s u c h as search ing for 
h i k i n g t ra i l s a n d creat ing h i k i n g p lans . The ir positive feedback highl ighted the s impl ic i ty , 
intui t iveness, a n d usefulness of features s u c h as the reviews a n d rat ings system. 

The integrat ion of var ious m a p layers, i n c lud ing country boundar ies , h i k i n g tra i ls , a n d 
places of interest, al lowed users to v isual ize recommendat ions a n d p l a n their h ikes 
effectively. The use of the ArcGIS M a p s S D K for JavaSc r ip t a n d cus tomiza t ion of 
basemaps u s i n g the Google Maps JavaSc r i p t API prov ided a v isua l ly appeal ing and 
informative map interface. The eva luat ion of the prototype th rough a n onl ine survey 
further va l idated the appl icat ion 's success. The feedback received from par t i c ipants 
he lped identify areas of improvement a n d prov ided va luable ins ights for future 
enhancements . 

The development of the web appl icat ion involved leveraging Node.js modu les and 
advanced technologies to create a v i sua l l y appeal ing a n d user- fr iendly experience for 
h i k i n g t ra i l enthus iasts . The migra t ion from N P M to Y a r n as the package manager proved 
success fu l i n overcoming l imi ta t ions a n d errors encountered d u r i n g deployment, 
prov id ing a more efficient a n d rel iable environment. The integrat ion of a Ruby 
environment further enhanced specific funct ional i t ies of the appl icat ion. Efforts were 
made to ensure a responsive design, a l lowing for a consistent user experience across 
var ious devices a n d screen sizes, w i t h a focus o n desktop a n d landscape screens. The 
selection of colors, typography, icons, a n d v i sua l effects contr ibuted to the overall 
aesthetics a n d usab i l i t y of the appl icat ion. 

However, it i s essent ia l to acknowledge the potent ia l l imi ta t ions w i t h i n the chosen 
technologies a n d the complexit ies in t roduced by the t rans i t i on process. Ongo ing testing, 
ref inement, a n d cons iderat ion of factors l ike performance opt imizat ion a n d securi ty w i l l 
be c ruc i a l for the cont inued success a n d improvement of the appl icat ion. 

In conc lus ion , the web app l i ca t ion for h i k i n g t ra i l p l a n n i n g h a s proven to be a va luable 
tool for use rs seeking to explore a n d p l a n their h i k i n g experiences. The user- fr iendly 
interface, comprehensive map layers, a n d positive user feedback highl ight the 
appl icat ion 's effectiveness i n meet ing the needs of h i k i n g enthusiasts . 
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Fur ther development a n d enhancements , s u c h as incorporat ing weather forecasts and 
real-t ime t ra i l condi t ions, c a n elevate the app l i ca t ion to even greater heights. Overal l , the 
web app l i ca t ion has successful ly fulf i l led i ts purpose of prov id ing a p lat form for users to 
f ind a n d p l a n h i k i n g tra i ls , faci l i tat ing their j ourney towards memorable outdoor 
experiences. Addi t ional ly , the project demonstrated the adaptabi l i ty a n d innovat ion 
required to overcome chal lenges a n d deliver a compel l ing web appl icat ion. W i t h careful 
at tent ion to user experience a n d the u t i l i za t i on of advanced technologies, the app l i ca t ion 
has the potent ia l to provide a n enjoyable a n d seamless experience for h i k i n g enthusiasts . 
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Online Visualization of hiking activities 
(Web-based application for hiking activity) 
Dear Participant. 

I am Ravi , a C D E M.Sc. student 

at the University o f Salzburg, Austria, and Palacký University Olomouc. 

Czechia. Thank you for taking the time to participate in this survey on 

the topic o f Online Visualization o f hiking activities 

(Web-based application for hiking activity). This survey is 

being conducted as part o f my thesis, which aims to explore the 

development o f a web-based application for hiking activities. 

The purpose of this survey is to gain insight into your experience and 

preferences when it comes to hiking activities and online tools. Your 

input w i l l help to inform the design and development o f an online 

visualization tool for hiking activities. 

Please answer the 

following questions to the best o f your ability. The survey should take 

approximately 10-15 minutes to complete. Your responses w i l l be kept 

confidential and w i l l only be used for research purposes. 

In case i f you have any questions or suggestions, can reach me out at ravi(g),cityai.space 

Ravi PANDEY 

CDE M.Sc. student 

University o f Salzburg, Austria and Palacký University Olomouc, Czechia 

1 . E m a i l * 

Sect ion 1: Genera l Questions 
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2 . 1 . 1 F u l l N a m e * 

3. 1.2 Wha t is your gender? * 

Mark only one oval. 

CD 1. Female 

2. Male 

3. Other 

4 . 1.3 H o w o ld are you? * 

Mark only one oval. 

D 1. 18-29 

CD 2. 30-39 

CD 3. 40-49 

D 4. 50-59 

D 5. 60+ 

5 . 1.4 W h a t k i n d o f trips have y o u conducted? * 

Check all that apply. 

• 1. Hik ing 

2. Skiing 

3. Cl imbing 

• 4 . Mountain biking 

• 5 . Surfing 

• 6 . Other trips related to outdoor activities 

I I 7. None of them 
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6. 1.5 W h a t appl icat ions do y o u generally use for p lanning your above-mentioned trips 

and ho w often? 

Check all that apply. 

Not at 

all 
Seldom Sometimes Often 

Very 

often 

Google Maps • • • • • 
TripAdvisor • • • • • 
All Trails • • • • • 
Komoot • • • • • 
Outdooractivc • • • • • 
FATMAP • • • • • 
Other • • • • • 

7. In case y o u use any other appl icat ions, please name them here. 
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8 . 1.6 Please rate the f o l l ow ing statement: 

Mark only one oval per row. 

Neither 

Strongly agree 
Disagree 

disagree nor 

disagree 

I think I am 

a confident 

user of web 

mapping 

applications 

(eg- O O O O O 
Google 

Maps, 

AUTrails, 

Komoot. 

etc.). 

9 . 1.7 W h a t appl icat ions do y o u generally use for p lanning your trips and how often? 

* For respondents without travel experience (When answering "None of them" in Q1.4) 

Check all that apply. 

Not at 

all 

Seldom 

Sometimes 
Sometimes Often 

Very 

often 

Google Maps • • • • • 
TripAdvisor • • • • • 
Booking.com • • • • • 
Foursquare • • • • • 
Yelp • • • • • 
MAPS.ME • • • • • 
Other • • • • • 

Agree 
Strongly 

agree 
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1 0 . In case y o u use any other appl icat ions, please name them here. 

1 1 . 1.8 Please rate the f o l l ow ing statement: (reference to the question 1.7) 

Mark only one oval per row. 

Neither 

Stronglv agree Strongly 
Disagree Agree N/A 

disagree nor agree 

disagree 

I think I am 

a confident 

user of web 

mapping 

applications ^D CD O CD CD O 
(eg 
Google 

Maps. 

maps.mc-

etc.). 
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Section 2 : Visual expressions 

Important note: The interface and data used in the prototype are not final and for testing 

purposes only. 

Please pay attention to the design and visualizations related to the map. 

Please click on the following link to open the draft web app: https://letshike .netlifv.app/ and go 

to the exploration page. The study area is the Mountain range in Koppl , Salzburg, Austria, 

situated in the A lps mountain range. The app currently contains basic amenities. 

On the exploration page, you w i l l see a map with countries colored in white and different shades 

of grey. You can select Europe as your continent, October as your month, and Hik ing as your 

activity. Based on your selections, the map w i l l display recommended hiking trails, landmarks, 

and restaurants and other amenities in the selected area. 

Please explore the web app and answer the f o l l ow ing questions: 
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This web-app is currently more fr iendly for the desktop, as it is i n deve loping stage. 

Hiking ©Salzburg,Austria 

Koppl Guggenthal 
Volksscnule to Nockstein 3 

! ^849m /•Difficult © 1 . 5 h r reopen 

es: Koppl Guggenthal Volksschule 
•hiking (rail is a difficult route with 

1.5 hours and an ascent of 
ISmeters.This trail offers a 
suitable for experienced hikers, 

ires some sleep inclines and rocky 
terrain, but the views of the surrounding 
mountains and valleys make it a rewarding 
experience. The total length of the trail is 20S1 
meters. 

ELEVATION 
'ROFIL 

INCREMENT P, USGS. M ETI/NASA 

1 2 . 2.1 A r e y o u able to load the map complete ly? * 

Mark only one oval. 

D Yes 

DNo 
o Maybe 

1 3 . 2.2 A r e y o u able to see and explore the in format ion button and other widgets? 

Mark only one oval. 

D Yes 

DNo 
o Maybe 
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1 4 . 2.3 C a n y o u select the trai ls and explore their details? * 

Mark only one oval. 

Yes 

No 

O Maybe 

1 5 . 

2.4 C a n y o u change the basemap on the map? 

( in case i f its not loading, please refresh the page: it require stable internet to load) 

Mark only one oval. 

D Yes 

DNo 
o Maybe 

1 6 . * 

2.4 A r e y o u able to clear the trai l selection us ing the home button? 

Mark only one oval. 

D Yes 

o Maybe 

1 7 . 2.5 C a n y o u f ind a route K o p p l Guggenthal Vo lksschule to Nocks t e in 1? 

Mark only one oval. 

D Yes 

O Maybe 
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1 8 . 2.6 H o w many trials are accessible after selecting the di f f icult filter? 

1 9 . 2.7 H o w m u c h t ime it w i l l take to reach by us ing K o p p l Guggenthal Vo lksschule to 

Nocks t e in 2 path? 

2 0 . 2.8 Total Leng th o f K o p p l Guggenthal Vo lksschule to Nocks t e in 2 path? 

2 1 . 

2.9 Were there any issues w i th the v i s ib i l i t y o f the map or the widgets? 

Mark only one oval. 

D Yes 

2 2 . I f yes, what is that? 

2.10 Were there any dif f icult ies i n selecting and exp lor ing the trails? 

Mark only one oval. 

D Yes 
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2 4 . I f yes, what is that? 

https://docs.google.coin/forms/u/0/d/lAnhv5uqUnQPTCUrFTJDWd. 

2 5 . 

2.11 Were y o u able to f ind the in format ion y o u were l o ok ing for regarding restaurants 

and other amenities? 

Mark only one oval. 

D Yes 

D N o 

o Maybe 

2 6 . 2.12 Was the v i s ib i l i t y o f the basemap satisfactory i n terms o f readabil i ty and co lor 

contrast? 

Mark only one oval. 

C Yes 

O Maybe 

2 7 . 

2.11 W o u l d y o u suggest any improvements regarding the v i s ib i l i t y o f the map, 

widgets, or other components o f the app? 

Mark only one oval. 

CD Yes, I have suggestions for improving the visibility o f the app. 

o No , I think the visibil ity o f the app is satisfactory. 
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2 8 . Suggestions 

https://docs.google.eom/forms/u/0/d/lAnhv5uqUnQPTCUrFTJDWd. 

In A d d i t i o n 

2 9 . 3 . 1 I f y o u have some addit ional comment, suggestion or query 

Dear participants, 

I would like to extend my heartfelt thanks for taking the time to complete this questionnaire on 

the Online Visualization of Hik ing Activities. Your input and feedback w i l l help me to improve 

the design and functionality of the web-based application for hiking activity. Your participation 

in this study is greatly appreciated, and your contributions w i l l help to make this app more user-

friendly and effective for hikers like yourself. 

Thank you once again for your valuable time and insights. 

Sincerely, 

Ravi 

This content is neither created nor endorsed by Google. 

Google Forms 
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