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ANNOTATION 

Information on the access to electricity ut i l i t i es i n the in formal sett lements of K a m p a l a is 

impor tant as it w i l l drive efforts i n achiev ing S D G 7 on access to c lean energy a n d S D G 1 1 

on susta inab le cities. In Uganda , the engineers at umeme, a n electricity d i s t r ibut i on 

company, rely on spat ia l da ta delivered v i a softcopy or hardcopy pd f documents , excel 

files, a n d GIS shapefi les for those w i t h GIS expertise. T h i s i s chal lenging regarding 

updates a n d the amount of da ta that c a n be d isp layed a n d queried among others. 

Interactive web m a p s provide a n alternative way to access a n d interact w i th spat ia l data. 

The objective of the thes is i s to develop a web map to communica te f indings on the access 

to electricity ut i l i t ies i n in formal sett lements a n d evaluate the usab i l i t y aspects of the 

designed web map. A m ixed approach is appl ied to the usab i l i t y assessment, apply ing 

bo th qualitat ive a n d quanti tat ive methods, i n c lud ing remote a n d in -pe rson techniques to 

usab i l i t y assessment, s u c h as quest ionnaires , interviews, screen recording, a n d eye-

t rack ing . At the end of the formative study, the chal lenges associated w i t h u s i n g the web 

map are identi f ied, a n d suggested improvements to the web map are presented. 
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Keywords - electricity ut i l i t ies , in formal sett lements, interactive web map, usab i l i t y 

assessment, eye-tracking 
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INTRODUCTION 
People l i v ing i n in fo rma l sett lements are vulnerable because of the nature of s u c h 

sett lements w h i c h are overcrowded, have l imi ted resources, a n d temporary hous ing , 
among other issues . S u c h areas are u s u a l l y left out of the p l ann ing process because they 
are unmapped , or the maps are not updated. 

O n the other h a n d , ut i l i t y companies s u c h as umeme, w h i c h h a s a concess ion to 
d is t r ibute electricity to househo lds i n Uganda , face chal lenges i n in formal sett lements i n 
the form of outdated data, u n m a p p e d a n d in formal connect ions to the g r id , and 
unfavourable means of access ing ut i l i ty data. 

To achieve S D G 7 a n d S D G 1 1 a n d suppor t umeme 's goal of r educ ing energy losses 
a n d increas ing connect ions to the electricity gr id, upda ted in format ion i n s u c h areas is 
necessary. In add i t i on to the upda ted data, a way to easily access th i s da ta i s also 
necessary. 

The m a i n objective of th i s research was to develop a web map depict ing access to 
electricity ut i l i t ies i n the in fo rma l sett lements of Kampa la , Uganda , a n d to per form a user 
assessment of the developed web map. The research began w i t h a n evaluat ion of the 
ex ist ing phys i ca l m a p s a n d web m a p s i n the energy sector of Uganda . Th i s in format ion 
fed into the des ign of the resu l t ing web map. 

A formative assessment was conducted to identify prob lems w i t h the designed web 
map. T h i s s tudy took a m ixed approach, comb in ing qual i tat ive a n d quanti tat ive analys is 
methods, objective, a n d subjective methods, a n d remote a n d in -person assessments. The 
methods used inc lude quest ionnaires , interviews, screen recording, a n d eye-tracking. 

The resul t of th i s research identif ies prob lem areas a n d suggests changes that cou ld 
improve user experience w i t h the designed web map. The research also demonstrates the 
potent ia l for comb in ing remote a n d in -person user assessment, especial ly where a diverse 
group of users i s required. 
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1 OBJECTIVES 
The a i m of th i s d i p l oma thes is i s to per form a usab i l i t y assessment of a self-

developed web map , depict ing access to electricity ut i l i t i es i n the in formal sett lements of 

Kampa la , Uganda. 

The first goal was to determine the design requirements for the in fo rma l 

settlement electricity ut i l i t i es web map. To do th is , it was necessary to evaluate the 

exist ing m a p s used i n the energy sector i n Uganda , i n c lud ing those u s e d at umeme. Th i s 

required the col lect ion of sample m a p s f rom umeme, evaluat ing the pub l i shed web maps , 

a n d per forming interviews w i th electr ical engineers at umeme to determine their 

requirements of the web map. The output of th i s goal was the des ign requirements for 

the web map , w h i c h was the s t i m u l i for the usab i l i t y assessment. 

The second goal was to per form a usab i l i t y assessment of the designed web map. 

A formative s tudy was performed to identify any prob lems associated w i t h u s i n g the web 

map. The usab i l i t y assessment took o n a m ixed approach, app ly ing bo th quantitat ive a n d 

qualitat ive approaches, a n d was appl ied i n remote a n d in -person assessments. The 

outputs of th i s goal are the identi f ied prob lems a n d suggested improvements to the 

designed web map. 

11 



2 STATE OF THE ART 

2.1 Informal Settlements 
The n u m b e r of people l i v ing i n in formal sett lements h a s grown steadi ly over the years; as 

of 2020 , more t h a n 1 b i l l i on people are est imated to live i n s u c h areas. O f these, more 

t h a n 85 percent are sa id to be l iv ing i n Cen t ra l a n d Sou the rn A s i a (359 mil l ion) , Eas t e rn 

a n d Sou th -Eas t e rn A s i a (306 mil l ion) , a n d s u b - S a h a r a n A f r i ca (230 mil l ion) (United 

Nat ions, 2022). 

No single word i s used to refer to in formal sett lements; i n pract ice, words s u c h as s l u m , 

shantytown, or words i n other languages are used interchangeably (Kovacic et a l . , 2019). 

Accord ing to the UN-Hab i ta t , (2003), a n in formal sett lement may be c lassi f ied as a s l u m 

i f i t i s character ized as hav ing inadequate access to safe water, sani tat ion, a n d other 

in f rastructure , has poor s t ruc tu ra l qual i ty hous ing , i s overcrowded, or i s character ized 

by insecure res ident ia l s tatus. UN-Habi ta t , (2003) a n d Kovacic et a l . (2019) agree that 

s u c h in fo rma l sett lements are complex a n d difficult to define as vary ing phys i ca l a n d 

cu l tu ra l s i tuat ions prevai l . 

Indiv iduals l i v ing i n in formal sett lements are more vulnerable to vary ing condi t ions owing 

to the nature of their hous ing , the househo ld income status, a n d their locat ion i n 

u n p l a n n e d a n d unmanaged areas, among other reasons (Ar imah, 2011). Because many 

in formal sett lements emerge rapidly , it i s c o m m o n for them to be unmapped . U n m a p p e d 

areas are not cons idered du r ing strategic p l a n n i n g for services s u c h as electricity, 

educat ion, hea l th , a n d water supp ly among others (C innamon et a l . , 2023 : F a n et a l . , 

2022 : A r i m a h , 2011). These services are essent ia l for the populat ion 's wel l -being a n d 

shou ld be prov ided equally. T h i s a l igns w i th goal 11 of the Susta inab le Development 

Goals ; "Make cit ies a n d h u m a n sett lements inc lus ive , safe, resi l ient, a n d susta inable" . 

The Un i t ed Nat ions (2022) states that the development a n d implementat ion of pol ic ies 

w i l l be a major driver toward achiev ing S D G 11 by 2030. 

Another notable S D G i n re lat ion to in formal sett lements i s goal 7, " E n s u r e access to 

affordable, rel iable, susta inab le a n d mode rn energy for a l l " . Access to rel iable and 

affordable electricity i s impor tant for economic development. T h i s i s because electricity 

drives innovat ion, encourages the creat ion of s tar t -ups , a n d i s necessary for educat ion, 

among other benefits (Wabuka la et a l . , 2022). O n the progress of the achievement of Goa l 

7 , 9 1 percent of the g lobal popu la t i on w i l l have access to electricity by 2020. However, 

over 700 m i l l i on people live i n the dark, three-quarters of w h o m are i n S u b - S a h a r a n 

Afr ica, a n d 1.4 b i l l i on people cook w i t h ha rm fu l a n d po l lu t ing fuels (United Nations, 

2022). To facilitate the achievement of th i s goal by 2030 , concerted efforts need to be 

employed i n low-income countr ies a n d those affected by confl icts. These efforts are 

faci l i tated w i t h up-to-date da ta (UN-Habitat, 2014). 
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2.2 Mapping Informal Settlements 
The c lass i f icat ion a n d mapp ing of in formal sett lements w i t h i n a city p lay a c r i t i ca l role i n 

susta inab le development, the est imat ion of the poverty-s tr icken populat ion , 

in f ras t ructure const ruct ion , a n d future city p l ann ing (Fan et a l . , 2022). Research has 

been done i n the automat ic ident i f icat ion, c lassi f icat ion, a n d popu la t i on es t imat ion of 

in formal sett lements (Kohl i et a l . , 2016: Kanj i r et a l . , 2012), disaster r i sk management 

a n d mode l l ing (Tom et a l . , 2022), a n d part ic ipatory GIS (Falco et a l . , 2019 : Karanja , 2010) 

among others. These studies employ GIS a n d remote sens ing tools a n d datasets to provide 

in format ion that c a n be used to improve the l ives of people l i v ing i n in formal settlements. 

However, even though the s tudies acknowledge the dynamic na ture of in formal 

settlements, none of them makes use of interactive maps . 

2.3 Interactive Maps 
Y o u et a l . (2007) define a web map as a Web-based service on the internet that provides 

m a p s for use rs to search a n d browse spat ia l in format ion. At the same t ime, Sack (2017) 

defines web m a p s s imp ly as those pub l i shed a n d accessed v i a the internet, further 

b reak ing them down into static a n d dynamic maps , i n c lud ing interactive web maps. 

Interactive web m a p s change their output i n response to the user 's act ions, a l lowing 

access to add i t i ona l in format ion th rough s u c h interact ion. 

Interactive web map interfaces, s u c h as the one i n Figure 1, are composed of two m a i n 

d isplay elements; a cartographic d isplay area where the map itsel f i s presented a n d a set 

of g raph ica l user interface elements w h i c h a l low for in teract ion w i th the map da ta 

(Col tekin et a l . , 2009 : Y o u et a l . , 2007). The des ign choice for the i n c l u s i o n a n d placement 

of the interactive elements on a web map i s open; however, there are some guidel ines on 

what s h o u l d be i n c luded a n d how. 

UEDCL Operations Coverage Map v 
$ Layers SS Basemap gallery L. Measure © Details "I- Share @ Print A 

- j j - Q t w a l , ^ 

ft ( j l _ 

• U S ' J»'9Äa" 
- - .BLd i iS f f i^g ' ' " 

NORDKTVU 
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Operations Coverage map Uganda Electricity 
Distribution Company Limited!UEDCL). Triese are 
ateas directly operated by UEDCL in Uganda. 

Other Important Links: 

• ffww enetgy-gls ug( Energy Sector GIS 
Working Group Uganda 
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rftVANIM1 * ' 
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Figure 1 Example of electricity utilities web map, showing the map canvas and 
elements for interactivity (UEDCL, 2023) 
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Sack (2017) provides a comprehensive l ist of interactive features that shou ld or cou ld be 

inc luded i n a n interactive web map . Users predominant ly interacted w i t h web maps 

th rough pann ing a n d zooming; the possible interact ions have greatly increased w i th 

technological advances, tools, a n d data. Users c a n search, v iew live data, a n d embed 

other websites, graphics , a n d med ia , i n c lud ing audio a n d video. Performing s imple 

ca lcu la t ions a n d rout ing w i t h these web m a p s is also possible. Technolog ica l advances 

have also expanded the possible means of in teract ing w i th web maps . These inc lude 

mouse c l i cks , keyboard entries, voice prompts , a n d more. Web m a p s c a n be very complex; 

however, Sack (2017) a n d Co l t ek in et a l . (2009) agree that the web map shou ld be s imple, 

only i n c lud ing elements essent ia l for the map ' s purpose. 

Whereas web m a p s are popular , s ince there are no str ict ru l es governing the des ign of 

their interactive elements, eva luat ing the effect of the des ign choices on u s i n g these maps 

is necessary. T h i s i s because the usab i l i t y of s u c h m a p s rel ies heavi ly on interface design 

(Norman, 2013 ; Y o u et a l . , 2007), a n d usab i l i t y determines the extent to w h i c h products 

cont inue to be used (Hertzum, 2020) 

2.4 Usability Testing 
A poor user experience derived from interact ing w i th produc ts resu l ts f rom low usabi l i ty . 

Interact ing w i t h p roduc ts of l ow usab i l i t y leads to confus ion, f rustrat ion, a n d is a n 

inconvenience to users (Hertzum, 2020). To have a proper unders tand ing of the concept 

of usabi l i ty , i t i s impor tant to define the key terms. 

Accord ing to ISO 9241 (2010), usab i l i t y i s defined as the extent to w h i c h a system product 

or service c a n be used by specific users to achieve specific goals w i t h effectiveness, 

efficiency, a n d sat is fact ion i n a specif ied use context. Co l t ek in et a l . (2009) describe these 

three usab i l i t y metr ics i n the use of a product , def ining them as; sat is fact ion, a user 's 

att i tude or preferences about the system, efficiency, how qu ick ly the t a sks are completed, 

a n d effectiveness, whether a task i s completed. F r o m the def init ion, i t c a n be noted that 

usab i l i t y i s not j u s t about the product bu t about a specific use s i tuat ion . Therefore, 

a usab i l i t y test evaluates specif ied use rs exercis ing a specif ied product by solv ing specific 

tasks ; that is , they work towards specif ied goals (Hertzum, 2020). 

O n the other h a n d , user experience is a person 's percept ion a n d response resu l t ing from 

their use a n d or ant ic ipated use of a product , system, or service (ISO 9 2 4 1 , 2010). User 

experience is subjective i n nature as it inc ludes the user 's emotions, beliefs, att i tudes 

etc., before, dur ing , a n d after interact ing w i t h the product . S ince th i s def ini t ion focuses 

on the user a n d the product a n d considers the user expectat ions a n d experiences w i th 

u s i n g the product , i t communica tes the va lue of test ing produc ts whi le they are s t i l l under 

development (Hertzum, 2020). Nie lsen (1993) states that iterative evaluat ions a l low for 

the ident i f icat ion of prob lems associated w i t h u s i n g a product , add ing learnabi l i ty , 
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memorabi l i ty , a n d error rate to the metr ics for usab i l i t y assessment. It c a n therefore be 

noted that usab i l i t y assessment i s mult i faceted. 

He r t zum (2010) presents other views of usab i l i t y a n d user experience. He adopts the 

sensi t i z ing concepts proposed by B l u m e r (1954), w h i c h "suggest d irect ions a long w h i c h 

to look". To proper ly unde r s t and usab i l i t y a n d be exposed to the different elements that 

impact the use of a product , one m u s t approach the concept f rom different v iewpoints 

(Hertzum, 2020). He r t zum (2010) proposed s ix images of usabi l i ty . These images show 

a different aspect of usab i l i t y a n d further advise that more t h a n one image i s u s e d to 

enr i ch the unders tand ing of the usab i l i t y of a product (Hertzum, 2020). 

• Un ive rsa l usabi l i ty : i s concerned w i t h produc ts that are made for use by 

everyone. T h i s cons iders that people are diverse, a n d their experiences w i l l 

be equal ly diverse. 

• S i tua t i ona l usabi l i ty : usab i l i t y i s s tud ied under a par t i cu lar use s i tuat ion . 

• Perceived usabi l i ty : concerned w i t h the user 's subjective experience of the 

product . 

• Hedonic usabi l i ty : concerned w i t h the joy derived from u s i n g a product . 

• Organizat iona l usabi l i ty : concerned w i th overal l usab i l i t y derived when 

a group interacts w i t h a product . 

• C u l t u r a l usabi l i ty : considers the difference i n usab i l i t y or ig inat ing from 

different c u l t u r a l backgrounds . 

Large vo lumes of research have been done i n the field of user experience a n d usab i l i t y 

assessment, i n c lud ing research i n the field of cartography. The quest ion is , how have 

these metr ics been appl ied or measured , a n d what methods are used i n pract ice? Rohrer 

(2022) provides a n overview of the methods i n Figure 2. 

A Landscape of User Research Methods 
'.j | Eyetracking % C l i c k s t r e a m / A n a l y t i c s 

# A/ES Testing 

| Usability B e n c h m a r k i n g 

• R e m o t e M o d e r a t e d Testing 

• U n m o d e r a t e d Testing 

+ C o n c e p t Testing 

O Diary S t u d i e s 

+ C a r d Sorting / Tree Testing 

O C u s t o m e r F e e d b a c k 

• Desirability S t u d i e s /\_ S u r v e y s 

QUALITATIVE (DIRECT) «2022 Christian Rohrer QUANTITATIVE (INDIRECT) 

K E Y F O R C O N T E X T O F P R O D U C T U S E D U R I N G D A T A C O L L E C T I O N 
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Figure 2 User experience research methods (Rohrer, 2022) 
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User experience research methods vary i n three scales (Rohrer, 2022 : B u r i a n et a l . , 2018), 

i n the qual i tat ive-quantitat ive scale, the a t t i tud ina l -behav ioura l scale, a n d the use 

context. 

Usab i l i t y assessment c a n also be categorized as either a t t i tud ina l (subjective) or 

behav ioura l (objective). Subjective s tudies are those that measure the thoughts and 

op in ions of the use rs by direct ly interact ing w i t h them. Cartographic research h a s 

successful ly appl ied methods s u c h as interviews, quest ionnaires , or focus group 

d iscuss ions . O n the other h a n d , objective methods are relatively independent of the 

inf luence of the user as they record the user 's act ions. Examp les of objective methods 

that have been appl ied i n cartographic research inc lude video ana lys is , keystrokes, 

mouse c l i cks recordings, a n d eye-tracking (Bur i an et a l . , 2018). 

O n the quanti tat ive a n d qualitat ive axis , th i s i s i n re la t ion to the type of ana lys is and 

resu l ts that c a n be derived from the user evaluat ion. Methods s u c h as quest ionnaires 

that afford m a n y par t i c ipants a l low for quantitat ive ana lys is , whi le methods l ike 

interviews provide more qualitat ive ana lys i s a n d resu l ts (Rohrer, 2022). 

F ina l ly , the context of use descr ibes the s i tua t i on under w h i c h the user experience is 

evaluated. T h i s ranges f rom the n a t u r a l use of the product , where the user interacts w i th 

the product ; l imi ted use of the product , where the user interacts w i t h cer ta in port ions of 

the product ; scr ip ted use of the product , where a par t i cu lar use scenario i s evaluated a n d 

decontextual izat ion where the user does not interact w i t h the product directly. A mixed 

approach to user assessment i s preferred as product use a n d experience is mult i faceted. 

Th i s means that user evaluat ions s h o u l d be able to capture a l l types of da ta that reflect 

the user 's experience. 

2.4.1 Remote usability assessment 
W h e n it i s imprac t i ca l for target users to travel to the usab i l i t y assessment lab or for the 

evaluator to travel to them, remote usab i l i t y assessment i s a sui table method 

(Andrezejczak a n d L i u , 2010), w h i c h avoids distance b iases whi le r ec ru i t ing part ic ipants . 

Remote user assessments a l low the recru i tment of cu l tura l l y diverse respondents that 

are more fami l iar w i t h a loca l product ; however, the researcher has l imi ted contro l over 

the respondent 's environment (Hertzum, 2020). 

Remote usab i l i t y eva luat ion may be synchronous , where the user a n d evaluator are i n 

different phys i ca l locat ions bu t are connected v i a a video l ink . In s u c h a case, the 

evaluator provides prompts , ins t ruc t i ons a n d observes the user whi le they evaluate the 

product . Th i s i s the case w h e n the product i s evaluated over teleconferencing. Accord ing 

to Sauer at a l . (2019), remote usab i l i t y tests c a n y ie ld the same outcome as s tandard 

usab i l i t y tests. 

O n the other h a n d , remote usab i l i t y tests may be asynchronous i n the case of 

unmodera ted tests. T h i s i s where the user a n d evaluator are involved w i th the test at 
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different t imes (Hertzum, 2020). The eva luat ion ought to inc lude a video recording that 

the evaluator c a n analyse after complet ing the test. The advantage of th i s me thod is that 

m a n y more respondents c a n be added to the test ing phase ; however, l ike synchronous 

remote testing, the evaluator h a s l ittle contro l over the env ironment i n w h i c h the test is 

conducted a n d cannot prompt for add i t iona l feedback or provide guidance du r ing the test 

execution. B o t h synchronous a n d unmodera ted remote tests y ie ld a s im i la r n u m b e r of 

problems; w i t h the poss ib i l i ty of r ec ru i t ing m a n y more respondents a n d comb in ing th is 

method w i t h s t andard methods, the usab i l i t y assessment c a n identify a l l the problems 

w i th a product . 

2.4.2 Eye-tracking 
Eye movement recordings provide in format ion o n the in te rna l cognitive process ing that 

goes on whi le a user interacts w i t h the product (Bojko, 2006). N iva la (2008) suggested 

th i s method as a n alternative or supp lement i n cases where a h i gh cognitive l oad from 

the given task interferes w i t h giv ing feedback i n methods that employ par t i c ipant self-

report ing. O n the l andscape of user experience research methods ' , eye-tracking is 

categorized as a n objective method, bo th qualitat ive a n d quantitat ive, depending o n how 

the da ta is analysed a n d may be appl ied i n a n a t u r a l or scr ipted manner (Rohrer, 2022 : 

B u r i a n et a l . , 2018). 

Eye t r ack ing provides key ins ights i n bo th formative (Coltekin et a l . , 2009 : Nivala, 2008) 

a n d summat ive usab i l i t y assessments . Formative s tud ies are a imed at identi fy ing the 

chal lenges associated w i t h u s i n g the product , whi le summat i ve s tud ies are a imed at 

compar ing vers ions of the product to identify w h i c h features provide a better user 

experience (Bojko, 2013). The author descr ibes the so-cal led act ionable eye-tracking 

ins ights , where eye-tracking i s considered the most sui table me thod w h e n the 

exper iments objectives seek to provide qualitat ive ins ights i n detecting or exp la in ing 

usab i l i t y prob lems or quanti tat ive ins ights i n the form of measur ing at t ract ion or 

performance. 

The concept of eye t r ack ing i s based on the unders tand ing of h o w the eyes work. Because 

only a s m a l l por t ion of what i s viewed is seen by the eyes, people move their eyes to b r ing 

objects into focus. For purposes of eye t rack ing , measures focus on two m a i n act ions 

performed by the eyes, f ixat ions w h i c h are w h e n the eyes focus on a par t i cu lar element, 

a n d saccades, w h i c h are the t imes w h e n the eyes move between f ixations (Holmqvist et 

a l . , 2011). The typ ica l eye-tracking exper iment i s performed, as s h o w n i n Figure 3. 
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calibration etc. 
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#catch up saccades 
PSO amplitude etc. 

Figure 3 Typical eye-tracking experiment setup (Holmqvist et al., 2023) 

The eye-tracking experiment cons is ts of a n eye-tracker that detects reflections from the 

par t ic ipant ' s p u p i l a n d cornea. Us ing eye-tracking a lgor i thms, these reflections are 

converted to meaning fu l da ta l ike the gaze pat te rn whi le arti facts are removed. Metr ics 

s u c h as the f ixat ion dura t ion , rate, a n d pos i t i on are also prov ided by the eye-tracking 

a lgor i thms. These c a n further be evaluated over different areas of interest, w h i c h are 

predefined areas of the s t i m u l u s space that are considered as be ing meaning fu l to the 

experiment (Holmqvist et a l . , 2023). Depending on the objective of the experiment, 

different metr ics are derived from the eye-tracking experiment. 

Formative studies 

Since a formative s tudy a ims to identify chal lenges associated w i t h u s i n g a par t i cu lar 

tool, a qual itat ive approach is app l ied to da ta v i sua l i za t i on a n d ana lys i s (Bojko, 2013). 

V i sua l i za t i ons may inc lude gaze plots - images showing f ixat ions of i nd i v i dua l 

par t i c ipants as dots a n d saccades as l ines between the f ixations. In these plots, the size 

of the dot i s a factor of the f ixat ion dura t i on or count , whi le the n u m b e r indicates the 

order of f ixations. V i sua l i za t i ons may also inc lude hea tmaps where the eye-tracking 

measure is s h o w n w i t h co lours, w a r m tones for h igher measures , a n d colder tones for 

lower measures . In the case of heatmaps, measures s u c h as f ixat ion count a n d absolute 

or relative gaze dura t i on may be used . However, care m u s t be t aken as these measures 

have interpretat ion l imi ta t ions (ibid). 

Summative studies 

O n the other h a n d , summat ive s tud ies are conducted to provide a compar i son between 

vers ions of a p roduct to decide w h i c h of t hem provides a better experience. D u r i n g s u c h 

studies, a quanti tat ive approach i s t aken to da ta analys is . E i ther the par t i c ipants or the 

product may be d iv ided into groups, a n d a compar i son of between-subject or w i th in -

subject i s performed. It i s possible to compare whether par t i c ipants made more mistakes , 

h a d faster execut ion of tasks , or h a d a different gaze pat te rn from the product vers ions 

(ibid). 
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2.5 Similar research 
Voldán (2010) performed a usab i l i t y test for interactive web map portals . A formative 

approach was performed by present ing the par t i c ipants w i t h one of three map options: 

Amapy.cz , Google m a p s a n d Mapy.cz. The researcher then observed the par t i c ipants as 

they executed the t asks whi le t ak ing note of any chal lenges a n d benefits associated w i th 

u s i n g the portals. 

In their s tudy, Andr i enko et a l . (2002) evaluated the use of interactive tools implemented 

i n their geo-v isual izat ion package CommonGIS . A s part of their evaluat ion, the 

researchers tested the extent to w h i c h the par t i c ipants unders tood the geo-v isual izat ions 

a n d used them, reta ined the acquired sk i l l s , a n d developed a l i k i ng for the tools. A s s u c h , 

the researchers h a d to teach the par t i c ipants how to use the tools before they tested 

them. 

H e d l u n (2018), app l ied the target search ana lys is framework i n h i s s tudy to evaluate two 

consumer c locks. B o t h quantitat ive a n d qualitat ive ana lys is of the eye-tracking da ta was 

performed. U s i n g the target search ana lys is framework, a n d a qualitat ive ana lys i s of the 

eye-tracking metr ics , the researcher was able to give reasons why a par t i cu lar search was 

not success ful . T h i s i s use fu l i n a formative study, where the in tent ion i s to identify 

prob lems w i t h a product . The researcher also performed quantitat ive ana lys i s of the eye-

t rack ing data, a n d found no difference between the two p roduc t s i n quest ion. 
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3 METHODOLOGY 
Th i s chapter provides a n overview of the steps t aken to achieve the objectives of th i s 

study. A g raph ica l representat ion of the methodology i s s h o w n i n Figure 4. The chapter 

i s d iv ided into two sections, the web map design a n d usab i l i t y assessment. 

Evaluate current maps 

Determine web map content and functionality 

Web map design 

Usability tests 

1. Eye tracking 
2. Questionnaires 

Usability tests 

1. Screen recording 
2. Questionnaire / interview 

•> Analysis k 

1 
Map refinement 

Documentation 

Figure 4 Methodo logy o f the thes is 

3.1 Webmap Design 

Used methods 

A web map was designed to provide in format ion on the electricity in f ras t ructure i n 25 

selected in formal sett lements i n Kampa la . The webmap was designed w i t h ins ights from 

electr ical engineers at umeme, a n d i ts user aspects were evaluated. 

Used data 

A p r imary dataset showing the electricity in f rastructure i n 25 of the more t h a n 50 

in formal sett lements was used . The electricity in f rastructure da ta was captured between 

20/02/2023 a n d 20/03/2023 . The administrat ive boundar i es da ta was accessed as .shp, 

a n d the popu la t i on da ta from 2014 as .xls f rom the U g a n d a B u r e a u of Stat is t ics (UBOS) 

website. The spat ia l extents of the in formal sett lements were prov ided by the Spot l ight 

K a m p a l a project after they were digit ized from satell ite imagery. 
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Used software 

• KoboToolBox a n d Fie ldpapers were used for da ta col lect ion. 
• Qgis was used for da ta c leaning a n d processing. 
• PostGIS a n d PostgreSQL were used to manage da ta a n d correct datatype issues. 
• M a p B o x studio a n d M a p B o x G L J S were used for tile p u b l i s h i n g a n d scr ipt ing. 
• W i n S C P was used for hos t ing the webmap. 

Processing procedure 

The electricity in f ras t ructure da ta was exported from KoboToolBox a n d pre-processed i n 

Qgis. The pre-processing involved removal of in f rastructure w i t h the wrong geometry. The 

da ta was added into PostGIS, where the feature type was changed to integer. D a t a was 

then added to MapBox , a n d ti les were pub l i shed . In M a p B o x J S G L , the web map was 

created a n d pub l i shed u s i n g W i n S C P . 

3.2 Usability Assessment 
Usabi l i t y assessment was performed w i t h a combinat i on of in -pe rson a n d remote 

assessment a n d qualitat ive a n d quantitat ive techniques. A formative approach was 

appl ied for user assessment, w i t h the objective to identify any chal lenges associated w i th 

u s i n g the electricity in f rastructure webmap of Kampa la . The target search ana lys is 

framework by Bojko (2013) was appl ied i n the usab i l i t y assessment (Figure 5). 

if failure 

Explain failure 

Gaze on target 

perception 

yes 
— > comprehension 

Define success 

Determine search 
outcome 

if s jccessfu l 

r 
Detect problems 

perception 
problems 

IL 
comprehension 

problems 

Figure 5 Target search analysis framework (adapted from Bojko, 2013) 
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Used methods 

Remote usab i l i t y assessment was performed th rough a comb ina t i on of quest ionnaires, 

screen recordings, interviews, a n d task-so lv ing. The t asks were designed w i th 

cons iderat ion of the target search ana lys is framework. O u t p u t s from a l l three methods 

were ana lysed to compi le a l is t of challenges. 

A n in -pe rson usab i l i t y assessment was performed w i th eye-tracking, quest ionnaires , and 

task-so lv ing, cons ider ing the target search framework. The da ta was analysed w i th 

qualitat ive approaches, a n d the output prov ided add i t i ona l in format ion o n the chal lenges 

encountered a n d was u s e d du r ing the ref inement of the webmap. 

Used data 

Entr i es into the quest ionnaire w i t h targeted quest ions were analysed. V ideos of the screen 

recording a n d interview responses prov ided ins ights into webmap challenges. D a t a from 

the eye-tracking exper iments were processed to provide add i t i ona l ins ights . 

Used software 

• The quest ionnaire was designed i n Google Forms. 

• Bewisse recording software was used for screen recording. 

• Zoom was used for teleconferencing. 

• Tob i i Pro Lab was used for eye-tracking a n d da ta analys is . 

• Gazeplotter was used to plot the gaze data. 

Processing procedure 

Remote user assessment was performed by prov id ing a quest ionnaire . The respondents 

recorded their screens whi le solv ing the t asks i n the quest ionnaire. The responses from 

the quest ionnaire were analysed for the correctness of answers, videos were watched to 

identify any other challenges, a n d interviews were used to determine user preferences. 

Eye- t rack ing da ta was col lected a n d processed to provide further ins ights into the 

chal lenges associated w i t h u s i n g the electricity ut i l i t ies web map. 
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4 WEB MAP FUNCTIONALITY AND DESIGN 
Th i s chapter documents the steps that were t aken i n des igning the web map for the 
electricity in f rastructure i n Kampa la ' s in formal sett lements. 

4.1 Evaluation of existing maps 
Samples of engineering drawings were obta ined from umeme. These drawings inc lude the 

in f ras t ructure a n d their character is t ics as ind ica ted i n the appendix. At the pole level, 

character is t ics inc lude the pole ID a n d i ts condi t ion. The engineering drawings also 

feature a scale, legend, Nor th arrow, a n d table w i t h extra in format ion about the b i l l s of 

quant i t ies required for a par t i cu lar project. Eng ineer ing drawings are designed i n 

requisite desktop GIS software a n d d is t r ibuted i n .pdf format. 

In add i t i on to the engineering drawings, web m a p s from the U g a n d a energy sector were 

evaluated. These inc lude web m a p s from the M in i s t r y of Energy a n d M ine ra l Development 

(MEMD) , U E D C L , U E G C L , a n d U E T C L . B y the t ime of compi l ing th i s thesis, umeme h a d 

no pub l i shed web maps . A n eva luat ion of the ex ist ing web m a p s reveals that save for 

U E G C L , the energy sector web m a p s are produced w i t h the E s r i sui te of software as 

shown i n Figure 6. 

0 U E D C L 

L. ¥~y 
5? '~*-T 

Figure 6 Web maps presented by Uganda's energy sector show electrification and 
electricity infrastructure status. A) Ministry of Energy and Mineral Development, 

B) UEDCL, C) UEGCL, D) UETCL 

The web m a p s feature a comb ina t i on of po int a n d l inear features, w i t h the substat ions , 

power p lants , i ndus t r i a l p a r k s etc., shown as points , whi le the t r ansmiss i on and 

d i s t r i bu t i on l ines appear w i t h l inear features. In terms of geometry, the po int features are 

represented w i t h vary ing geometric shapes, sizes, a n d co lours depending on the feature 

type, voltage capacity, a n d operat ion status, among others. The web m a p s do not appear 

to conform to one s tandard . 
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Interviews 
To determine the required funct ional i ty of the designed webmap, interviews were 

conducted w i t h five engineers from umeme over teleconferencing w i th Zoom. Interview 

quest ions were designed to guide the process, a n d add i t iona l quest ions were asked 

depending on the d i rect ion i n w h i c h the interv iew was going. The interv iew quest ions a n d 

t ranscr ip t of the responses are s h o w n i n the appendix , whi le a s u m m a r y of the f indings 

is d i s cussed as follows. 

The engineers were from different offices rang ing from design, management, project 

execution, a n d network management. They also h a d vary ing levels of experience rang ing 

between five a n d seven years. F r o m the interview, it was determined that the different 

departments interact w i th spat ia l da ta at vary ing scales a n d d u r i n g different par ts of their 

rout ine work. Spat ia l da ta i s typical ly prov ided by the GIS department, w h i c h extracts 

a n d provides the engineers w i t h the necessary da ta for the selected piece of work. The 

da ta i s accessed i n .pdf format, d ig i ta l or pr in ted pdfs, or Exce l tables. For the engineers 

w i th GIS t ra in ing , shapefi les are prov ided to facil itate department ana lys is a n d project 

p lann ing . 

Among the d i scuss i ons d u r i n g the interview was the issue of chal lenges encountered by 

the engineers. A l l the engineers expressed d isappo intment at the inconvenience they 

experienced whi le access ing GIS data, w i th one saying, "You have to go to the GIS office if 

you want data; if you ask for it via email, they take forever to send it". Others ment ioned 

that y o u cannot v i sua l l y compare m a p s because the symbo ls differ depending on who 

created the map. The engineers also in t imated the fact that each department uses 

different tools or methods, a n d they are not required to submi t coordinates whi le 

submi t t ing the reports of the projects they have done. 

The interv iew sess ion also inc luded a review of the ex ist ing web m a p s i n the energy sector 

of Uganda. On ly one of the interviewees ind ica ted that he h a d ever seen the web map . 

However, he admit ted that he h a d not interacted w i t h it. Whi l e reviewing the web map, 

the engineers expressed their excitement about access ing a n d viewing in format ion onl ine. 

They went o n to state what da ta they cou ld add to the web map a n d how they wou ld 

apply it to their dai ly work. 

S ince the e lectr ical engineers h a d no GIS t echn ica l experience, they c ou ld not verbalize 

what funct ional i ty they hoped to see i n the web map ; however, they stated the k i n d of 

in format ion a n d da ta they wou ld want to v isual ize for the in formal sett lements of 

Kampa la . 

• The phys i ca l locat ion of the in f rastructure 

• Number of people i n a n area 

• Or ientat ion da ta l ike the backg round map w i t h streets or satell ite images 
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The outcome of the interview, review of the engineering drawings, a n d web m a p s were the 

funct ional i ty a n d da ta requirements for the ut i l i ty web map of Kampa la ' s in formal 

settlements. 

4.2Webmap design 
Data 
The in i t i a l dataset used for the pre l iminary des ign of the webmap was a sample of the 

electricity network i n selected in formal sett lements of Kampa la . T h i s sample da ta was 

prov ided to give ins ight into the at tr ibutes represented by the different in f rast ructures 

managed by umeme. The da ta was prov ided as ESRI shapefi les, converted to geojson, a n d 

used i n the prototype of the web map. 

S ince access to the da ta u s e d at umeme is restr icted, in format ion on the electricity 

in f ras t ructure was captured under the Spot l ight K a m p a l a project. T h i s i s a project to 

b r ing focus to the d ispar i ty i n services prov ided i n in formal a n d formal sett lements i n 

response to S D G 7 a n d S D G 11. 

Scope of study 
The web map was designed to show electricity ut i l i t ies mapped i n 25 in formal sett lements 

i n Kampa la . These sett lements were selected randomly among the sett lements i n w h i c h 

the S l u m Federat ion of U g a n d a has engagements. T h i s was done to ensure the safety and 

smooth process of mapp ing the electricity in f ras t ructure w i t h i n these settlements. The 

team at Spot l ight K a m p a l a modi f ied the spat ia l boundar i es of the sett lements beyond the 

official administrat ive boundar i es shown i n Figure 7. T h i s was done because of a 

m i s m a t c h between the official boundar i es a n d the phys i ca l extent of the in formal 

sett lements on the g round. 

Figure 7 Selected informal settlements of Kampala 
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Data collection 
The da ta was col lected u s i n g a combinat i on of KoboToolBox a n d field papers. 

KoboToolBox is a free a n d open-source suite of tools for da ta col lect ion a n d ana lys is i n 

h u m a n i t a r i a n a n d development settings. It inc ludes web-based a n d mobi le appl icat ions 

for da ta col lect ion, management, a n d analys is , as we l l as a sui te of tools for da ta 

v i sua l i za t i on a n d shar ing . 

O n the other h a n d , F ie ldPapers i s another open-source web-based plat form for creating 

a n d p r in t ing cus t om m a p s that c a n be used for da ta col lect ion a n d fieldwork. It was 

developed by the H u m a n i t a r i a n OpenStree tMap Team (HOT) a n d is widely used by 

organizat ions a n d ind i v idua ls for c ommun i t y mapp ing , disaster response, a n d other 

f ieldwork activities. 

In KoboToolBox, a form was designed i n w h i c h the da ta col lectors selected among three 

amenity opt ions, ut i l i t y pole, streetlight, a n d transformer. The form then inc luded 

add i t i ona l in format ion requirements for each ameni ty type, s u c h as the n u m b e r of 

prepa id meters, the n u m b e r of poles o n the g round, the mater ia l , a n d pole s tatus. In the 

field, the da ta col lectors worked i n teams of three, w i t h two s tudents from Makerere 

Univers i ty a n d one commun i t y member. The teams used a mobi le phone w i t h the 

KoboToolBox form a n d a pr in ted field paper to map a l l the electricity in f ras t ructure i n the 

in formal sett lements, as seen i n F igure 8. Examp les of the mapped in f ras t ructure are 

shown i n the appendix. 

Figure 8 Students using KoboToolBox and FieldPapers to map electricity 
infrastructure. 
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A va l idat ion exercise was performed after each mapp ing day. The mapp ing teams checked 

to see that a l l the da ta was captured, a n d add i t iona l in format ion was added before the 

da ta was up loaded onto OpenStreetMap. In cases where the da ta was unsat is factory, the 

team was redeployed to capture any m i s s ing da t a a n d correct any errors. 

Design of web map 
The prototype of the webmap was designed w i t h OpenLayers l ibrary a n d used da ta stored 

as geojson. T h i s webmap inc luded funct ional i ty l ike the layer switcher, zoom capabi l i t ies , 

a n d pop-ups . However, w h e n the f ina l dataset, i n c lud ing a l l the da ta from the mapped 

in formal sett lements, was added to the web map, it was too heavy, a n d therefore the web 

map cou ld not load. To counter th i s challenge, the web m a p was designed to work w i th 

t i les instead. In th i s case, the da ta was up loaded into geoserver ins ta l l ed o n the host 

computer . T h i s al lowed for access to the da ta v i a a W F S . Since there was no access to the 

geoserver at the t ime of p u b l i s h i n g the designed webmap, the end users wou ld not be 

able to access or assess the map 's capabi l i t ies. T h i s u l t imate ly led to the design a n d 

choice of the f ina l capabi l i t ies of the web map. 

The f ina l web map was designed w i t h M a p B o x G L J S . T h i s i s a JavaSc r i p t l ibrary for 

render ing interactive, customizable vector maps . It uses W e b G L technology to render 

m a p s w i t h hardware accelerat ion a n d al lows developers to create h igh ly responsive and 

performant mapp ing appl icat ions that work across a l l platforms. 

The da ta was imported into M a p B o x studio i n a geojson format a n d pub l i shed as vector 

ti les. These vector t i les were then used to load a l l the da ta into the webmap, a n d sty l ing 

a n d funct ional i ty were appl ied. 

Results of web map design 

The designed web map features the fol lowing capabi l i t ies , F igure 9: 

Status of Electrification in Kampala's Informal Settlements, 2023 

Basemap switcher 

Layer switcher 

Data filter 

Spatial search 

Legends 

Additionally 

• Pop-ups 

• Hover capabilities 

• Pan, Zoom 

satellite streets light 0 dark « '. 

settlement 

Lunguija-Kinlunzi 

KtuU 

I Namungoon; 

6 ~ 

Population density 

Hover over a parish! 

1 2 5 12 18 37* 

thousands of people per square km 

OpenStree:M.i-j Imptovi Mm map 

Figure 9 Electricity utilities webmap, data, and functionality 
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Out of the 25 selected in formal sett lements, only 19 h a d been mapped by the t ime of 

p u b l i s h i n g the web map. The popu la t i on density was achieved by enr i ch ing the pa r i sh 

administrat ive boundar i es w i t h the popu la t i on data. The webmap was pub l i shed o n 03 -

04-2023 a n d made avai lable for user assessments. 

The funct ional i ty a n d design of the electricity ut i l i t i es web map of Kampa la ' s in fo rma l 

sett lements were based on ins ights from interviews w i t h electr ical engineers at umeme, 

a review of ex ist ing web m a p s from the energy sector of Uganda , a n d the engineering 

drawings used at umeme. The web map was designed w i t h M a p B o x J S G L , wo rks w i th 

vector ti les, a n d features da ta col lected under the Spotl ight K a m p a l a project. The web 

map interface inc ludes a basemap, layer switcher, da ta filter, search but ton , a n d legends. 

The interactive elements inc lude pop-ups , a hover effect, a side window, a n d a d isp lay of 

add i t i ona l in format ion at a par t i cu lar zoom level. The web map was made available onl ine 

for usab i l i t y assessment* . ^E lec t r i f i ca t ion i n in f romal Sett lements of K a m p a l a (upol.cz) ) 
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5 REMOTE USABILITY ASSESSMENT OF WEB MAP 
Usability tests 

As the f ina l users of the designed web map were electr ical engineers i n Uganda , i t was 

necessary to employ mul t ip l e approaches to the usab i l i t y assessment to capture the f ina l 

users ' potent ia l t echn ica l a n d c u l t u r a l character is t ics . T h i s was achieved th rough a mixed 

remote a n d in -person assessment of bo th qualitat ive a n d quantitat ive usab i l i t y metr ics. 

The m a i n objective of the user assessment was to identify chal lenges assoc iated w i th 

u s i n g the webmap; therefore, a formative s tudy was performed. In bo th the remote a n d 

in -person assessments, the target search ana lys i s framework by Bojko (2013) was 

appl ied. 

5.1 Students 
Remote usab i l i t y assessment was performed u s i n g three m a i n tools, a quest ionnaire w i th 

targeted tasks , screen recording, a n d interviews w i t h selected part ic ipants . E a c h of these 

techniques a n d requisi te parameters are d i s cussed i n the fol lowing sections. 

5.1.1 Questionnaire 
The designed quest ionnaire was div ided into three m a i n sect ions. For the remote studies, 

the first sect ion covered demographic in format ion, the second sect ion consisted of 

targeted quest ions a n d tasks that required the users to interact w i t h the m a p , a n d the 

t h i r d sect ion evaluated the use of tools, i n c lud ing subjective feedback. In add i t i on to the 

demographic quest ions, sect ion 1 inc luded in format ion on the project, the research, and 

ins t ruc t i ons on par t i c ipat ing i n the exercise. The quest ionnaire was d i s t r ibuted to the 

par t i c ipants v i a emai l , a long w i t h ins t ruc t i ons o n access ing a n d u s i n g the tools. 

5.1.2 Participants 
Between 04-04-2023 a n d 25-04-2023 , remote usab i l i t y assessments were performed. 

These were performed w i t h four b road groups of par t i c ipants , i n c lud ing s tudents from 

Makerere Univers i ty i n 1 s t year l a n d survey ing w i t h m i n i m a l GIS t ra in ing , 4 t h year l a n d 

survey ing w i t h advanced GIS t ra in ing , 4 t h year electr ical engineering w i t h beginner 's level 

engineering t ra in ing , a n d electr ical engineers from umeme w i t h advanced engineering 

t ra in ing . Except for the assessment w i th the electr ical engineers, the other assessments 

were performed i n a computer lab at Makerere Univers i ty i n Uganda. Th i s was done i n 

a c lassroom setting, w i th each student work ing at their own computer a n d w i th the 

superv is ion of a lecturer. At the beg inning of the evaluat ion, the lecturer prov ided 

in format ion o n the project, the objective of the evaluat ion, a n d ins t ruc t i ons for s tudents 

to work indiv idual ly . 
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5.1.3 Tasks 
The second sect ion of the quest ionnaire featured t asks to be completed whi le interact ing 

w i th the map . These t asks were designed i n s u c h a way as to have the par t i c ipants 

interact w i t h a l l the elements of the designed m a p as s h o w n i n Table 1. In add i t i on to 

respond ing to the quest ionnaire , par t i c ipants recorded their screens s tar t ing before 

responding to sect ion two of the quest ionnaire . Screen record ing was done u s i n g Bewisse, 

a web tool that does not require ins ta l la t ion . B o t h the entr ies into the quest ionnaire a n d 

screen recording were ana lysed to identify chal lenges associated w i t h u s i n g the web map. 

Table 1 Tasks and targeted tools 

Task Targeted tool 

A01 W h i c h basemap do y o u prefer? Basemap switcher 

A02 Sw i t ch a l l the layers off Layer switcher 

A03 W h i c h p a r i s h has the lowest popu la t i on density? Gradua t ed co lours a n d 

legend 

A04 Wha t i s the lowest popu la t i on density i n the 

p a r i s h layer? 

legend 

A 0 5 W h i c h p a r i s h has the highest popu la t i on density? Gradua t ed co lours a n d 

legend 

A06 Wha t i s the highest popu la t i on density i n the 

p a r i s h layer? 

legend 

A 0 7 How m a n y prepa id meters were mapped i n Bwaise 

2 sett lement? 

Layer switcher, filter, pop-

u p s 

A08 How m a n y post -pa id meters were mapped i n the 

K a n s a n g a sett lement? 

Layer switcher, filter, pop-

u p s 

A09 Wha t co lour i s used to represent the ut i l i t y poles? legend 

A 1 0 How m a n y transformers are i n Bwaise 2 

sett lement? 

Zoom, legend, layer 

switcher, filter 

A l l Z oom i n a n d give a n example of the pole IDs i n the 

Bwaise 2 sett lement 

Zoom 

A12 Bwaise 2 sett lement was fully mapped? Zoom, p a n 

The t h i r d sect ion of the quest ionnaire focused on the map tools a n d subjective feedback, 

as captured i n Table 2. T h i s al lowed the respondents to per form a sel f -evaluation of the 

tools that they used a n d to provide feedback on their op in ion o n the web map design and 

functional i ty. 
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Table 2 Questions and objectives 

Question Objective 

B 0 1 Wha t i s the value of the c i rc led i tem? Legend interpretat ion 

B 0 2 I used th i s tool Sel f-evaluation of used tools 

B 0 3 The map was easy to use Subjective feedback o n ease of use 

B 0 4 comment on the use of colour Subjective feedback 

B 0 5 Wha t wou ld y o u change i n th is map? Subjective feedback o n sat is fact ion 

B 0 6 How long d id it take y o u to f in i sh the 

exercise? 

Indicat ion of overal l efficiency or ease of 

use 

5.1.4 Results 
Demographics 
The d i s t r i bu t i on of demographics i s ind icated i n Table 3. In terms of demographics, there 

were generally more male t h a n female s tudents , w i t h about 7 0 % male s tudents i n the 

survey ing c lasses whi le there was a n equal representat ion of male a n d female s tudents 

from the electr ical engineering c lass. In terms of age, about 8 0 % of a l l the s tudent 

par t i c ipants were between the age of 19 a n d 25 . O n the other h a n d Table 4 provides 

in format ion of the level of GIS a n d engineering. Whi l e most of the engineering s tudents 

have no GIS t ra in ing , most of the survey ing s tudents have no engineering t ra in ing . 

Table 3 Demographics from the questionnaire 

Gender Age Total 

Female Male 19-22 23-25 26-30 31-35 

Surveying ; 1 s t year 3 0 % 7 0 % 6 5 % 2 2 % 4 % 9 % 23 

Surveying 4 t h year 3 5 % 6 5 % 4 8 % 4 8 % 0 % 4 % 23 

Engineer ing 4 t h year 5 0 % 5 0 % 1 7 % 6 7 % 8 % 8 % 12 

Table 4 Training information from the questionnaire 

None Beginner Intermediate Advanced Expert 

GIS t ra in ing Surveying 1 s t year 9 6 % 4 % 

Surveying 4 t h year 4 % 1 8 % 7 4 % 4 % 

Engineering 4 t h year 6 7 % 1 7 % 1 7 % 

Engineer ing Surveying 1 s t year 8 2 % 9 % 9 % 

t ra in ing Surveying 4 t h year 8 6 % 9 % 5 % 

Engineering 4 t h year 4 2 % 3 3 % 2 5 % 
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Correctness of answers 
A commonly used metr ic i n usab i l i t y assessment i s the correctness/ success rate, w h i c h 

indicates the effectiveness of the evaluated product (Zuo et a l . , 2020). Table 5 shows the 

rate of correctness of answers, w i t h the respondents div ided into the groups i n w h i c h the 

usab i l i t y assessment was conducted. 

Table 5 Rate of correct responses to tasks 

1st year surveying 4th year surveying 4th year engineering 

correct wrong correct wrong correct wrong 

A01 7 4 % 2 6 % 8 3 % 1 7 % 1 0 0 % 0 % 

A02 8 7 % 1 3 % 1 0 0 % 0 % 1 0 0 % 0 % 

A03 9 6 % 4 % 9 6 % 4 % 1 0 0 % 0 % 

A04 9 6 % 4 % 9 6 % 4 % 1 0 0 % 0 % 

A 0 5 7 8 % 2 2 % 8 7 % 1 3 % 1 0 0 % 0 % 

A06 7 8 % 2 2 % 8 7 % 1 3 % 1 0 0 % 0 % 

A 0 7 9 6 % 4 % 1 0 0 % 0 % 1 0 0 % 0 % 

A08 8 7 % 1 3 % 9 1 % 9 % 9 2 % 8 % 

A09 1 0 0 % 0 % 1 0 0 % 0 % 1 0 0 % 0 % 

A 1 0 9 1 % 9 % 1 0 0 % 0 % 7 5 % 2 5 % 

A l l 9 6 % 4 % 1 0 0 % 0 % 1 0 0 % 0 % 

B 0 1 6 5 % 3 5 % 7 0 % 3 0 % 9 2 % 8 % 

The highest success rate of 1 0 0 % by a l l par t i c ipants was registered for quest ion A09 . Th i s 

quest ion was on the colour used to represent the ut i l i t y poles. The correct answer to th i s 

quest ion cou ld be obta ined either by read ing the s imple legend or by sw i t ch ing the layers 

on a n d off. 

Typing and reading errors 

Quest ions A 0 7 a n d A l 1 bo th h a d a n equal ly h i gh correctness rate, w i t h 1 0 0 % registered 

for the 4 t h year survey ing a n d 4 t h year engineering students . In the case of the 1 s t year 

students , the success rate was 9 6 % for bo th quest ions. T h i s corresponds to one 

par t i c ipant getting the answer wrong i n each instance. Fur ther invest igat ion of the 

quest ions a n d responses was performed: A07 required the use of the pop -up tool to 

retrieve the n u m b e r of prepa id meters, whereas the correct answer was 396 the 

respondent entered 392. 

S imi lar ly , quest ion A l 1 required the par t i c ipants to zoom i n a n d provide a n example of 

the ut i l i ty pole IDs, w h i c h were only vis ible at a par t i cu lar zoom level. Whereas the correct 

va lues were i n the thousands , for example, 5563 (Figure 10), the respondent entered the 

value 563 , w h i c h was not among the pole IDs. In bo th cases, the wrong response was 

at t r ibuted to a typ ing error. 
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Figure 10 Example of utility pole IDs 

Whereas A 0 7 a n d A08 required the use of the same tool, there i s a general decl ine i n the 

success rate for each group of respondents. The registered drop was 9 6 % - 8 7 % f o r 1 s t year 

survey ing s tudents , 1 0 0 % - 9 1 % for 4 t h year survey ing s tudents a n d 1 0 0 % - 9 2 % for 

engineering students . The correct response to th i s quest ion was 1,273 post -pa id meters, 

retrieved from the pop-up, bu t a l l the other respondents entered 759 except one that 

entered 758 . The value 759 was the n u m b e r of post -pa id meters from the previous 

quest ion, s h o w n i n Figure 11. T h i s meant the respondents d i d not read the quest ion 

clearly, whi le response 758 was l ike ly a typ ing error for the in tended 759. 

Ques t ions A 0 3 , A04 , a n d A 0 5 , A06 required the use of the same tools; however, there was 

a decl ine i n the success rate for the survey ing s tudents , whi le the engineering s tudents 

registered a 1 0 0 % success rate. In the case of quest ions A 0 5 a n d A 0 6 , w h i c h inqu i r ed for 

the p a r i s h w i t h the highest popu la t i on density, the 4 t h year survey ing s tudents that d id 

not enter the correct response a l l entered the value for the p a r i s h w i th the second-highest 

popu la t i on density. T h i s differed from the 1 s t year s tudents whose responses inc luded the 

p a r i s h w i t h the second highest popu la t i on density, one w i t h a m u c h lower value, a n d one 

w i th a typ ing error. To unde r s t and why th i s occurred , video recordings were reviewed. 

These recordings revealed several i ssues , i n c lud ing some respondents d id not associate 

g raduat ing co lours w i t h popu la t i on density; therefore, they scanned each p a r i s h to 

identify the popu la t i on density w i thout cons ider ing the colours. In these cases, the 

respondents took m u c h longer, a n d 8 0 % of those who used th i s method arr ived at the 

wrong value. Another i ssue that the videos revealed was insuff ic ient zooming, resu l t ing 

i n the select ion of polygons ne ighbour ing the highest or lowest popu la t i on density for the 

Figure 11 Correct responses to questions A07 and A08 
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1 s t year s tudents . F inal ly , some par t i c ipants swi tched a l l the layers on whi le per forming 

the different tasks . T h i s resul ted i n obst ruct ions a n d possib le confusion. 

The lowest rate of correctness 
The most chal lenging task was different for each of the par t i c ipant groups. For instance, 

i n the case of bo th l a n d survey ing groups, quest ion B01 h a d the lowest rate of correctness 

at 6 5 % for the 1 s t year a n d 7 0 % for the 4 t h year par t i c ipants , whi le it was 1 0 0 % for the 

4 t h year engineering part ic ipants . Ques t i on BO 1 required the par t i c ipant to interpret the 

legend w i t h graduat ing co lours, w h i c h cou ld have presented a challenge for par t i c ipants 

that d id not associate g raduat ing co lours w i t h popu la t i on density. O n the other h a n d , 

the 4 t h year engineering s tudents registered the lowest success rate of 7 5 % i n quest ion 

A10 , w h i c h was about the n u m b e r of t ransformers i n a par t i cu lar settlement. Th i s 

quest ion required sufficient zooming i n a n d search ing for the correct settlement. A review 

of the recordings showed that the par t i c ipants that responded wrongly to th i s quest ion 

d id not zoom i n sufficiently. 

Subjective insights 

P a r t i c i p a n t s were tasked w i t h per forming a sel f -evaluation of the tools that were u s e d i n 

execut ing the tasks . Fi l ter, zoom, a n d search widgets were evaluated. 

Ques t ions B 0 3 , B 0 4 , a n d B 0 5 prov ided the fol lowing general ins ights regarding 

sat isfact ion. More t h a n 5 0 % of a l l par t i c ipant groups agreed that the map was easy to 

use, a n d less t h a n 1 0 % of the par t i c ipants disagreed w i t h th i s statement, as s h o w n i n 

Figure 12. 

M a p w a s e a s y t o u s e 

57%  60% 

50% -
39% 

40% 3 5 % _ 

50% 
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20% 

10% 4% 

2 2 % 

0% 
year 1 surveying year 4 surveying year 4 engineering 

strongly disagree disagree neutral agree strongly agree 

Figure 12 Subjective insights showing that the participants found the map easy to 
use 

The eva luat ion of co lours used revealed that the engineering s tudents h a d no negative 

comments o n the use of co lours, w i th some of them stat ing that the co lours were fairly 

or wel l u s ed a n d that they were dist inct ive a n d made the process of interpret ing the map 

m u c h easier. The 4 t h year survey ing s tudents also presented s imi la r op in ions towards the 

co lours, s tat ing that the appropriate co lours were used a n d that these suppor ted the 
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topic positively. Whereas there was m u c h positive feedback on the use of co lours, there 

was also negative feedback o n the use of co lours a n d the map i n general. 

Even though about 1 0 % of the survey ing s tudents a n d 2 5 % of the engineering s tudents 

sa id they w o u l d not change any th ing i n the map , bo th positive a n d negative feedback was 

captured i n quest ions B 0 4 a n d B 0 5 , as i l lus t ra ted i n Figure 13. 

a c c u r a t e _ b o u n d a r i e s 

t r a n s f o r m e r s c a l e 

a textcolour 

t r a n s f o r m e r c o l o u r -
- parish.filter t T a D S f O T ID 6 T _ I U 

population_density_colour 
energy consumed 

labels 
u t i l i t y _ p o l e _ c o l o u r spe.ungs s e t t l e m e n t _ c o l o u r 

p o i n t s _ p e r _ p o l y g o n 
settlement.points t e x t_ s i z e 

streets 

Figure 13 Subjective insights on what could be changed in the web map from the 
unmoderated remote usability assessments. 

General ly , the feedback c a n be div ided into four groups: colour, size, data, a n d 

funct ional i ty . In terms of colour, the respondents suggested that the colour of 

t ransformers a n d ut i l i ty poles be changed. T h i s cou ld be at t r ibuted to the fact that the 

transformer colour c lashes w i t h the popu la t i on density, whi le the green colour is 

associated w i th vegetation a n d not ut i l i ty poles. The respondents also suggested a darker 

co lour for the text. Respondents suggested that the font size, especial ly for the pole IDs, 

be increased i n add i t i on to increas ing the size of the po int features. 

Whereas the objective of the map was to communica te the f indings of a par t i cu lar 

mapp ing exercise, the respondents felt that the map cou ld do w i t h more data, s u c h as 

the roads w h i c h provide context for the ut i l i ty in f rastructure a n d transformer grades as 

these communica te on electricity capaci ty a n d power consumpt i on ins tead of popu la t i on 

density. The respondents also felt that the administrat ive boundar i es were not accurately 

captured. F ina l ly , i n terms of funct ional i ty , the respondents suggested the add i t i on of 

a filter for p a r i s h da ta a n d a way to count the n u m b e r of t ransformers per administrat ive 

boundary automatical ly . 

35 



5.2 Electrical Engineers 

5.2.1 Interview 
The f ina l part of the user assessment was a n interview sess ion w i t h the electr ical 

engineers at umeme. T h i s was conducted to acquire qual itat ive feedback i n terms of 

design, preferences, a n d appl icabi l i ty . L ike the remote assessments , the engineers were 

prov ided w i th a l i n k to the quest ionnaire , w h i c h i nc luded a l i n k to the map . D u r i n g 

a teleconferencing meeting, the engineers interacted w i t h the map a n d answered the 

quest ions i n the quest ionnaire. 

5.2.2 Participants 
Four e lectr ical engineers a n d one GIS t e chn i c i an evaluated the map . O f th i s group of 

experts i n electr ical engineering, one h a d beginner 's level experience w i th GIS; three h a d 

no experience, whi le the GIS t e chn i c i an h a d advanced experience. 

5.2.3 Results 
A l l the par t i c ipants were able to change the basemaps. In terms of choice of basemap, 

the engineers prefer the satell ite streets basemap. T h i s i s because it shows phys i ca l 

features as they exist o n the g round, w h i c h is impor tant for the engineers who use th is 

for or ientat ion a n d direct ions. One engineer stated, "when you send someone to the field, 

you can tell them to go to the transformer next to the big house with a green roof and x 

road". 

The engineers were also able to identify the p a r i s h w i t h the highest a n d lowest popu la t i on 

density u s i n g the legend a n d cons ider ing the graduat ing colours. They stated that th i s 

was a good feature a n d cou ld be replaced or enr iched w i t h the househo ld density as th is 

direct ly indicates potent ia l cl ients. 

The engineers were able to identify the n u m b e r of prepa id a n d post -pa id meters i n each 

settlement. T h i s in format ion was very impor tant as it provides ins ights into potent ia l 

i l legal connect ions i f the n u m b e r of registered meters does not correspond w i th their 

expectation. They were happy to see a n overview of each settlement, a l lowing them to pu t 

it i n perspective. 

The engineers easily f ound the colour used to represent the ut i l i ty poles from the legend. 

They stated that s ince co lours represent the voltage level of in f rastructure , then us ing 

any colour i n the web map was okay as it does not inc lude voltage data. 

The engineers used the mouse to zoom a n d scro l l to count the n u m b e r of t ransformers 

i n the settlement. One of the engineers identi f ied the need to zoom i n adequately, stat ing 

that w h e n he d i d not zoom i n enough, he saw four transformers, yet there were five. 

Some of the engineers explored the filter a n d search tools w i t h success. They carefully 

checked for the correct spe l l ing before c l i ck ing o n the names of p laces i n the search tool. 
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The labels implemented at a par t i cu lar zoom level were also wel l appreciated, m a k i n g the 

web map look l ike the engineering drawings they are fami l iar w i th . 

One of the most chal lenging map elements was the legend. T h i s was not the case for the 

electr ical engineers who cou ld interpret i t easily. One of the engineers stated that since 

the legend w indow showed the ac tua l popu la t i on density, they only needed to identify 

w h i c h co lours showed the higher or low va lues w i thout needing to read the legend 

explicit ly. 

At the end of the interview, a l l the engineers stated that they were able to extract 

in format ion w i t h the web map. They stated that imp lement ing it at umeme w o u l d make 

life easier for them, a n d they cou ld qu ick ly make decisions. 

5.3 Summary of remote user assessment 
Success rate, user feedback, a n d observat ion were appl ied i n identi fying usab i l i t y 

chal lenges for the in formal sett lements' web map of Kampa la . These three methods were 

appl ied u s i n g quest ionnaires a n d screen recordings. The methods were appl ied to three 

groups of U g a n d a n s tudents w i t h vary ing GIS t ra in ing a n d experience. A n eva luat ion of 

the differences i n the groups is beyond the scope of th i s study. 

Whereas the remote assessment methods cou ld identify a l l the expected problems, these 

methods cou ld not provide in format ion on why some respondents were not able to change 

the basemap or layers a n d why the legend w i th graduated co lours was diff icult to read. 

For th i s reason, a n eye-tracking exper iment was conducted. 
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6 EYE-TRACKING TESTING OF WEB MAP 
A n eye-tracking experiment was conducted to evaluate user experience whi le work ing 

w i th the electricity ut i l i ty 's web map of Kampa la . D a t a a n d output from th i s exper iment 

identi f ied prob lems associated w i t h u s i n g the web map. T h i s sect ion describes the 

experiment setup, data, analys is , a n d conc lus ions . 

6.1 Experiment design 
Before the exper iment began, the par t i c ipants were welcomed a n d made to feel 

comfortable. They were in formed that their abi l i t ies were not be ing tested bu t that the 

map was be ing investigated. T h i s al lowed them to relax before the experiment was 

conducted. The setup was expla ined, a n d the par t i c ipants were al lowed some t ime to read 

th rough the project a n d research in format ion before commencing. 

The experiment was designed a n d conducted w i t h Tob i i Pro Lab version 1.194. The 

process began w i t h ca l ibra t ion to ensure accurate da ta capture. After success fu l 

ca l ibrat ion, a welcome message was displayed, a n d the s t i m u l i were presented. In keeping 

w i th the methods appl ied d u r i n g the remote assessment, the s t i m u l i cons is ted of the 

same map canvas, a n d the t asks were presented i n the same quest ionnaire , except that 

the order of sect ions was altered to inc lude the quest ions on demographics at the end of 

the experiment. Par t i c ipants used the map s t i m u l i to work th rough the t asks i n the 

quest ionnaire . In add i t i on to the entries into the quest ionnaire , eye- tracking a n d video 

recordings of the experiment were captured. After the par t i c ipants responded to a l l the 

quest ions a n d submi t t ed the quest ionnaire , a goodbye a n d apprec iat ion message were 

displayed, a n d the experiment ended. 

6.2 Equipment 
The Tob i i Spec t rum 300 eye-tracker was used d u r i n g th i s experiment. The eye-tracker is 

housed i n the eye-tracking laboratory at the Department of Geoinformat ics at Palacký 

Univers i ty O lomouc, Czech ia . A webcam: Logitech c920s H D was also used . The s t i m u l i 

were d isp layed v i a Tob i i Pro Lab software as a Screen recording s t i m u l u s d isp layed i n 

a Google Chrome browser on the par t i c ipant ' s 2 4 - i n c h screen i n the same room. The 

observer used another 2 4 - i n c h screen to r u n a n d observe the experiment. 

6.3 Participants 
F r o m 1 8 t h to 1 9 t h A p r i l 2023 , eleven ind i v idua l s par t ic ipated i n the designed eye-tracking 

experiment. However, owing to ca l ibrat ion i ssues a n d a low amount of da ta recorded, 

da ta f rom one of the par t i c ipants was left out. A l l the par t i c ipants were in te rnat iona l 

s tudents , w i th 5 0 % being of A f r i can descent. Regarding GIS t ra in ing , 6 0 % of the 

par t i c ipants h a d none, whi le the rest, be ing s tudents of a geo-informatics course, h a d 
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advanced t ra in ing . None of the par t i c ipants h a d formal electr ical engineering t ra in ing . 

However, some l is ted beginners ' t ra in ing based o n persona l experience. 

6.4 Data analysis 
Fol lowing the recording of da ta f rom the eye-tracking experiment, the ass isted mapp ing 

tool was r u n . T h i s was done w i t h reference to a screenshot of the web-map s t imu l i . Areas 

of Interest (AOIs) were d rawn , as i l lus t ra ted i n Figure 14, a n d these became the bas i s for 

the eye-tracking metr ics . Whereas m a n y more metr i cs were ca lculated, only a few were 

used for ana lys is i n th i s research: t ime to first f ixation, f ixat ion count , a n d dwel l t ime per 

AOI. The f ixat ion da ta were exported for viewing i n a sequence chart plot p roduced w i th 

the Gazeplotter web tool (Gazeplotter.com). The sequence char ts provide a spat io tempora l 

i l lus t ra t i on of how par t i c ipants interacted w i t h the web map. Spat ia l as they show the 

different AOIs, a n d tempora l as they show the t ime a n d dura t i on for w h i c h the AOIs were 

visited. 

3 
Population density 

« II ST. 

Figure 14 Web map Areas of Interest 

In add i t i on to the eye-tracking data, entr ies into the quest ionnaire , par t i c ipant comments , 

a n d general observat ions made du r ing the experiment were considered as they 

contr ibuted to the objective a n d subjective feedback. The correctness of answers was 

considered fol lowing the target search ana lys is framework proposed by Bojko (2013). In 

th i s case, for each task, the correct answer was decided beforehand, a n d success fu l 

ar r i va l at the target answer was noted, whi le unsuccess fu l attempts were investigated to 

inqui re why they occurred. 
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6.5 Results 

6.5.1 Correctness of answers 
F r o m t h e q u e s t i o n n a i r e e n t r i e s , t h e f i r s t e v a l u a t i o n w a s t h e c o r r e c t n e s s o f 

r e s p o n s e s , a s c a p t u r e d i n Table 6. 

Table 6 Correctness of answers in an eye-tracking experiment 

API A02 A03 A04 A05 A06 A07 A08 A09 A10 A l l B01 
P01 
P02 
P03 
P04 
P05 
P06 
P07 
P08 
P09 
P10 | | | | | | | | | | |  

80% 90% 80% 80% 80% 80% 90% 60% 100% 90% 90% 50% 

Correct 

Wrong 

L ike the outcome from the remote assessment, A09 was answered correctly by a l l 

respondents , whi le B01 a n d A08 were s imi lar l y chal lenging to the respondents. In the 

case of A08 , the f indings were the same as those f rom the remote assessment, where 

respondents entered the value of 759 , w h i c h was the n u m b e r of post -pa id meters from 

the prev ious quest ion. It was noted that the respondents d id not try another method or 

tool bu t s imp ly a s sumed that the area i n quest ion was the same as the prev ious quest ion. 

Th i s was apart f rom PO1, who was not able to access the pop-up tool. 

For quest ion B 0 1 , the challenge arose w i t h reading the legend, where respondents that 

entered the wrong value d id not read the entire legend. Ou t of those that read the entire 

legend, three respondents h a d to read it mul t ip l e t imes before enter ing the correct 

response. Accord ing to Ge isen a n d Bergs t rom (2017) a n d Bojko (2013), th i s i s a s i gn of 

h i gh cognitive l oad a n d wou ld const i tute a prob lem area. 

6.5.2 Eye-tracking metrics 
Fixation count per AOI 

Mult ip l e eye-tracking metr i cs were appl ied d u r i n g th i s experiment, i n c lud ing the number 

of f ixat ions per AOI. The map h a d the largest n u m b e r of f ixations, followed by legend2 

a n d the layer switcher, as shown i n Figure 15. T h i s corresponds we l l to the way the web 

map was designed, to have most of the in format ion retrieved from the map a n d legends. 

The search b u t t o n h a d the lowest n u m b e r of f ixat ions, w h i c h cou ld point to the fact that 
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par t i c ipants d id not need to search for any places as they cou ld be f ound u s i n g other 

tools. It i s necessary to evaluate i nd i v i dua l f ixat ions i n AOIs (Figure 16). 
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2000 

0 

Total f ixation count for a l l part ic ipants 

I 
basemaps filter layers legend 1 legend2 map search title 

Figure 15 Total fixation count per AOI for all participants 

Total F ixat ion Count per part ic ipant per AOI 
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Figure 16 Total fixation count per participant per AOI 

F r o m the tota l f ixat ion count, the overal l v iew shows that most of the respondents spent 

the largest propor t ion of t ime i n the map view, w i t h a s imi la r amount of t ime on the map 

element, whi le respondent P01 spent a s igni f icantly higher amount of t ime t h a n the other 

part ic ipants . 

A further eva luat ion of respondent P O l ' s s c a n pa th , a n d heatmap (showing f ixat ion 

count), i n Figure 17 revealed that the respondent spent a large amount of t ime scann ing 

a lmost every p a r i s h to identify the one w i th the lowest popu la t i on density. It c a n s imi lar ly 

be noted from the tota l f ixat ion t ime that th i s respondent spent more t ime o n legend2 

t h a n the other respondents. 
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Figure 17 Heatmap P01 showing the largest fixation on legend2 and the map 

Time to the first fixation 

The t ime to the first f ixat ion metr ic provides in format ion o n the not iceabi l i ty of different 

elements of the web map (Table 7). B y rearrang ing th i s metr ic , it i s possible to evaluate 

the overal l order i n w h i c h ind i v idua l s notice different elements of the map . The map was 

generally not iced early, whi le the search bu t t on was not iced later i n the experiment. 

Table 7 Participant time to first fixation in AOIs 

Participant basemaps filter layers legend 1 legend2 map search title 
P01 1.30 14.03 37.50 2.00 29.43 0.00 40.18 23 .95 
P02 1.25 50.89 47.30 49.53 9.57 0.00 344.16 0.54 
P03 4.60 25.49 1.46 2.91 2.20 0.17 88.04 18.15 
P04 19.00 72.87 23.76 27.01 0.00 0.97 75 .65 1.46 
P05 4.47 66 .80 2.36 3.25 3.51 0.15 80.10 9.47 
P06 0.00 42.64 15.03 223 .00 9.90 1.66 580.81 18.48 
P07 181.16 5.12 12.58 29 .45 7.39 0.00 31.87 3.07 
P08 10.45 1.76 3.80 11.35 11.94 3.01 11.70 10.05 
P09 6.63 22 .85 12.44 0.00 5.00 1.06 5.66 6.85 
P10 1.60 11.68 22.75 0.50 2.18 0.00 89.57 6.90 
Avg 23.05 31.41 17.90 34.90 8.11 0.70 134.77 9.89 

Eva lua t i on of the out l iers provides ex t ra ins ights into the prob lems w i t h the map . For 

instance, user P07 first f ixated on the basemap switcher at 181 seconds. T h i s was m u c h 

later t h a n the first f ixat ions i n the other map elements a n d cou ld point to the u n -

not iceabi l i ty of the map element because, i n the end, th i s par t i c ipant was not able to 

change the use of the basemap switcher. However, a different s i tua t i on is observed w i th 

par t i c ipant P10 whose first f ixat ion o n the basemap switcher was early at 1.6 seconds, 

bu t the par t ic ipant s t i l l was not able to sw i t ch the basemap. At the end of the experiment, 

P07 a n d P10 stated that they d id not k n o w the word basemap, so even w i t h a n 

explanat ion, they d i d not k n o w what to expect or how to sw i t ch them. 

4 2 



Figure 18 Attention heatmap for all participants 

A n eva luat ion of the sequence chart plots provides in format ion o n the way i n w h i c h the 

par t i c ipants interacted w i t h the map elements whi le r espond ing to the tasks . F igure 19 

Sequence chart h igh l ight ing f ixat ions on the basemap AOI shows the sequence chart 

h igh l ight ing the f ixat ions on the basemap. The task to change the basemap was at the 

beg inning of the experiment. It c a n be noted from the sequence chart i n Figure 19 that 

7 0 % of the respondents h a d m a n y con t inuous f ixat ions o n the basemap switcher at the 

beg inning of the experiment. P01 a n d P07 not iced the basemap switcher later i n the 

experiment, whi le P10 h a d no successive f ixat ions o n the basemap switcher throughout 

the experiment. 

Sequence chart (Scarf plot) 

letaruMap * Absolute timeline 5 Q "N> 

P01.P01 II i m i n i I I I 1 1 1 1 II 
P02_PO2 IIIIII i i 1 1 II i m i i.m • W 1 
P03 P03 i IIIIII i i II 1 1 II1 
P04 P04 i l l ! i i 
P05_PO5 I I ! II 1 M B — IIII 1 
P06^P06 II II 1 1 1 1 III 1 1 
P07_P07 III • M i 1 II II 
P08_P08 I I I II 1 11 1 1 II II 
P09.P09 I I I II1 1 IIIIII 1 1 1 II 1 1 1 
P10.P10 III 1 1 1 1 1 III III 1 

0 200000 400000 600000 800000 1000000 1200000 1400000 1600000 
E l a p s e d t i m e [ms] 

FIXATIONS 

[] basemaps filter layers legend 1 Iegend2 map search title No AOI hit 

Figure 19 Sequence chart highlighting fixations on the basemap AOI 
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6.6 Insights from the Eye-tracking Experiment 
The eye-tracking experiment identi f ied the same prob lems as the remote usab i l i t y 

assessments . In add i t i on to the identi f ied problems, the exper iment was able to exp la in 

the reason for the problems. 

For the respondents who were not able to change the basemap, the eye-tracking 

experiment h ighl ighted that the respondent presented two scenarios. One i n w h i c h the 

respondent saw the basemap switcher bu t d i d not associate it w i t h the given task, and 

one where the respondent d id not see the basemap switcher w i t h i n the t imeframe of the 

task. T h i s means that the basemap switcher i s nei ther vis ible nor intui t ive to i ts use. 

The respondent who was not able to sw i t ch the layers o n a n d off h a d f ixat ions o n the 

layer switcher bu t d id not associate the layer switcher w i th i ts purpose. The layer switcher 

may, therefore, not be intui t ive a n d communica te i t s purpose. 

E r r o r s i n read ing the popu la t i on density legend were at t r ibuted to the fact that some 

par t i c ipants d id not read the entire legend, whi le others read it bu t d id not comprehend 

what it meant. T h i s was identi f ied by the fact that the respondents r e turned to the legend 

mul t ip l e t imes before enter ing their responses. Repeated r e turns to a n AOI c a n indicate 

the ineffectiveness of a tool. 
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7 RESULTS 
Th i s chapter presents a s u m m a r y of the resu l ts achieved du r ing the research. 

7.1 Evaluation of existing maps 
The E s r i suite of software a n d tools i s predominant ly used for web mapp ing i n the energy 

sector of Uganda. The different companies a n d government departments apply it i n the 

form of story maps , web maps , a n d web appl icat ions that are used to show the s ta tus of 

in f rastructure . These tools are also used to show p l ans for future development. One 

company, U E G C L , does not use the E s r i p roduc ts bu t rather represents the 

in f ras t ructure u s i n g a n i-frame. At the t ime of complet ing th i s research, umeme d i d not 

have any officially pub l i shed web map. They use engineering drawings created i n desktop 

GIS software a n d presented i n pr in ted or softcopy pd f format. 

The five interviewed engineers from umeme welcomed the idea of u s i n g a web m a p to 

present a n d access in format ion on electricity in f rastructure i n the in formal sett lements 

of Kampa la . They provided ins ight into the des ign of the web map , s u c h as the need for 

mul t ip l e basemaps a n d the fact that the co lours used to represent the in f rastructure were 

not str ict i f a n appropriate legend was attached. 

7.2 Web map design 
The web map present ing access to electricity in f rastructure i n the in formal sett lements 

of K a m p a l a was designed w i t h M a p B o x G L J S . The web map uses electricity 

in f ras t ructure da ta collected under the Spotl ight K a m p a l a project, hosted as vector ti les 

i n M a p B o x studio . The electricity in f ras t ructure inc ludes ut i l i ty poles, w i th the number 

of prepa id a n d other connect ions, streetl ights, a n d transformers. The web map also shows 

K a m p a l a p a r i s h popu la t i on density, f rom U B O S , u s i n g the chorople th method. 

The web map features the fol lowing funct ional i ty: a basemap switcher, layer switcher, 

da ta filter, search but ton , a n d two legends. The web map interact ions inc lude zoom, pan , 

pop-ups , hover capabi l i t ies, side windows, dynamic symbology, a n d labels implemented 

at different zoom levels. T h i s web map was presented as s t i m u l i for the usab i l i t y 

evaluat ion. 

7.3 User assessment with remote methods 
Remote user assessment was performed u s i n g a comb ina t i on of targeted t asks delivered 

th rough a quest ionnaire , screen recording, a n d interviews. A tota l of 5 7 s tudents from 

Makerere Univers i ty , Uganda , four electr ical engineers, a n d one GIS special ist from 

umeme part ic ipated i n the user assessment. 

U s i n g the rate at w h i c h par t i c ipants c a n arrive at the correct answer, it was observed that 

read ing the popu la t i on density legend was among the most problemat ic areas. T h i s was 
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accompanied by determin ing the n u m b e r of t ransformers a n d their colour, the size of 

po int data, a n d labels. 

Th rough video observation, it was determined that some respondents d i d not associate 

the g raduat ing co lours w i t h popu la t i on density a n d therefore performed a more inefficient 

search for the par i shes w i t h the lowest a n d highest popu la t i on density. It was also 

determined that some wrong answers were a resul t of t yp ing errors, insuff ic ient zooming 

i n , or not read ing the quest ions carefully. 

F r o m the interviews, i t was determined that the e lectr ical engineers prefer the satell ite or 

streets basemap. T h i s i s because the satell ite image c a n be u s e d for or ientat ion and 

p l ann ing for in f ras t ructure development based on what exists o n the g round. The street 

basemap i s also impor tant because m u c h of the electricity in f ras t ructure follows the road 

network. 

Whereas the remote assessments cou ld identify m a n y chal lenges w i t h the web map , these 

methods cou ld not provide in format ion o n why some par t i c ipants cou ld not change the 

basemap, sw i t ch layers, or why read ing the popu la t i on density legend was a challenge. 

7.4 User assessment with eye-tracking 
Two scenar ios were observed, one where the respondent d id not notice the basemap 

switcher a n d another where the respondent not iced the basemap switcher bu t d id not 

recognize i ts in tended use. 

Respondents d i d not read the entire legend, a n d some of those that read it h a d to r e tu rn 

to it a couple of t imes before dec id ing o n the response to write. 

Insufficient zooming- in was the reason for count ing the wrong n u m b e r of t ransformers. 

It was also observed to be the reason for the select ion of the wrong p a r i s h w i t h the lowest 

popu la t i on density, as the respondent d id not notice that there were two par ishes next to 

each other i n the same popu la t i on density class. 

Respondents d i d not use the filter, therefore, spent more t ime search ing for sett lements 

by hover ing over each settlement. It was not determined i f the ins t ruc t i ons were too 

compl icated, bu t it was noted that a l l the respondents not iced the filter at least once 

du r ing the experiment. 

9 0 % of the par t i c ipants preferred to use the mouse for zooming i n a n d out, whi le one 

respondent used double -c l i ck ing or the zoom tool. 

A s the geocoding tool uses the M a p B o x database, some of the loca l names are not 

available; therefore, m a n y of the respondents who used the search tool selected the wrong 

place w i t h a s imi la r name, leading to the map gett ing lost. A s no home bu t t on was 

implemented, the respondents either searched for K a m p a l a or used the p a n tool to get 

back to the correct area. 
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7.5 Final web map design improvements 
After evaluat ing the f indings f rom the usab i l i t y assessment, the fol lowing improvements 

to the web map were implemented to improve the user experience: 

• Larger size for the po int data. 

• Larger font size for bo th the feature a n d tool labels. 

• The colour of the transformers was changed. 

• The legend of the popu la t i on density was changed. 

• Home bu t t on implemented. 

4 7 



8 DISCUSSION 
D u r i n g the execut ion of th i s research, a m ixed remote a n d in -person usab i l i t y assessment 

was conducted u s i n g bo th quantitat ive a n d qual i tat ive techniques. The impl i ca t ions of 

the dec is ions a n d approaches to th i s assessment need to be d i scussed , a long w i t h the 

chal lenges a n d l imi ta t ions of the product . 

The web map was designed u s i n g M a p B o x G L J S . Whereas the l ibrary promises to 

produce h igh ly interactive web maps , the implementat ion of the funct ional i ty was 

somewhat diff icult a n d problemat ic . For instance, imp lement ing the basemap switcher 

triggered several problems. In the beg inning, w h e n the switcher was used , the da ta was 

not reloaded. W h e n th i s was corrected, the entire map a n d dataset were reloaded, a n d 

the layer switcher was reset regardless of whether the da ta was loaded or not. T h i s is 

problemat ic i f the user decides to change the basemap after t u r n i n g some layers off. 

In total , the remote assessment cons is ted of 63 par t ic ipants . S ixty of the par t i c ipants 

performed a n unmodera ted remote assessment, whi le the three electr ical engineers 

performed a moderated remote assessment. There i s no str ict n u m b e r of par t i c ipants , bu t 

for a formative study, th i s n u m b e r depends on the n u m b e r of prob lems a n d the 

probabi l i ty of their occurrence for each part ic ipant . Ge isen a n d Bergstrom, (2017) suggest 

a m i n i m u m of 5 par t i c ipants where a staged usab i l i t y assessment i s performed. 

The low n u m b e r of e lectr ical engineers involved i n the usab i l i t y assessment was due to 

the diff iculty i n recru i t ing them a n d the fact that Ugandans prefer persona l to digi tal 

interact ion. However, th i s was compensated for w i t h the extensive interv iew sessions. 

One challenge w i t h the remote assessment method i s the l imi ted contro l over the 

environment i n w h i c h the par t i c ipants per form the given tasks . In the case of th i s 

research, whereas the person who was ana lys ing the da ta was i n Czech ia , the 

respondents were i n Uganda. To reduce the negative impacts of the chosen method, the 

eva luat ion was conducted w i th three g roups of s tudents at different t imes a n d was 

conducted under the superv i s ion of a lecturer. 

Screen recording also prov ided use fu l ins ights into what the par t i c ipants were doing 

du r ing the execut ion of the tasks . It was noted w h e n there were long pauses w i t h no 

activity between tasks . 

Another chal lenge was the i ssue of a power b lackout d u r i n g the first evaluat ion. Th i s 

b lackout meant that some par t i c ipants cou ld have lost some of their progress. It was not 

determined how m a n y people lost their work or h a d to repeat, a n d a n evaluat ion of the 

b lackout ' s impact on the resu l ts was not performed. However, it s h o u l d also be noted 

that s ince the respondents were enter ing their responses into a Google form that stored 

their progress, the s tudents may not have repeated the exercise. 

The eye-tracking experiment cons is ted of 11 respondents, of w h i c h one was left out 

because of insuff ic ient da ta collected a n d poor ca l ibrat ion. T h i s n u m b e r was more t h a n 
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sufficient as the n u m b e r of required respondents i n re lat ion to the n u m b e r and 

occurrence of prob lems was eight. 

S ince the research took on a m ixed approach to usab i l i t y da ta col lect ion, there was also 

a m ixed approach to the ana lys is of the data. The rate of correct responses was appl ied 

to bo th the remote assessment a n d eye-tracking experiment outputs . 

The exper iment was designed i n s u c h a way that the s t i m u l i were presented as a webpage 

that was accessible on the respondent 's monitor , a n d the responses were entered into the 

form a n d d isplayed on the monitor . One video was therefore recorded for the entire 

experiment, w i t h no events or way to determine w h e n the t asks began or ended. 

The n u m b e r of f ixat ions a n d t ime to the first f ixat ion per AOI were ca lcu lated for the entire 

s t imu l i . However, even though it i s possib le to per form a n eva luat ion of the f ixat ion count 

a n d t ime to first f ixat ion per task, th i s was not done because of the l imi ta t ion i n terms of 

t ime a n d the nature of the experiment design. 
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9 CONCLUSION 
The a i m of the thes is was to create a web m a p depict ing the access to electricity ut i l i ty 

in f ras t ructure i n the in formal sett lements of K a m p a l a a n d to per form the user experience 

w i th the developed web map. To achieve th i s goal, the thes is was div ided into three sub-

goals as descr ibed below: 

The first sub-goal was to develop the electricity ut i l i ty in f ras t ructure d i s t r ibu t i on web 

map for Kampa la . To do th is , it was necessary to es tab l i sh the desired funct ional i ty of the 

web map. Th i s was achieved by evaluat ing the ex ist ing web m a p s i n the energy sector of 

Uganda , evaluat ing engineering drawings f rom umeme, a n d conduc t ing interviews w i th 

selected engineers at umeme. 

The web map was developed w i t h M a p B o x G L J S , u s i n g electricity in f rastructure da ta 

collected under the Spotl ight K a m p a l a project a n d avai lable o n O S M . The funct ion ing web 

map w i t h interact iv i ty v i a pop-ups , hover effects, fi lters, a n d zooming, i n c lud ing the GUI 

w indows a n d native funct ional i ty , was pub l i shed for usab i l i t y assessment. 

The second sub-goal was to per form a usab i l i t y assessment to determine any 

prob lems w i t h u s i n g the developed web map. T h i s was done u s i n g a m ixed approach w i th 

bo th qualitat ive a n d quantitat ive ana lys is of subjective a n d objective feedback. B o t h the 

remote a n d in -person (eye-tracking) usab i l i t y assessments identi f ied the same challenges. 

However, the eye-tracking experiment prov ided further ins ights into why some 

par t i c ipants were not able to change the basemap a n d why the popu la t i on density legend 

was problemat ic to use. 

F r o m the usab i l i t y assessment, possible improvements to the interface design, 

funct ional i ty , a n d representat ion of features were determined by evaluat ing the identif ied 

chal lenges a n d t ak ing into cons iderat ion subjective feedback. 

In conc lus ion , a funct ion ing web map was developed u s i n g M a p B o x G L J S , a n d a 

usab i l i t y assessment was performed u s i n g a combinat i on of remote a n d eye-tracking (in-

person) methods. The complementary nature of the selected usab i l i t y assessment 

methods was observed, w i t h bo th methods able to identify a l l the problems, bu t eye-

t rack ing was able to give further ins ight into why some prob lems occurred. 
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