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This thesis was created in parts. A thesis made using this method usually consist of three parts,
but for this thesis, the second and third part were combined into one larger part. The first part was
completed in spring 2015, and is worth a third of the total amount of credits for the thesis. The
second and final part was completed in 2018. The method of creating a thesis in parts was taken
to testing in the Information Technology degree program in 2014.

The focus of the first part of the thesis was on the measurement methods of human hearing, and
what technological solutions are available for people with hearing impairments. The purpose of the
first part was to get familiar with not only the subject of the study, but also with the research methods
used in the study.

The combined second and third part of the thesis details the methods, results and conclusions of
a usability study conducted on a web-based user interface of a customer information management
system. The goal was to determine what usability problems exist in the current version of the target
system, and to evaluate which of these problems are perceived as most critical, specifically by
users working directly with customers. The study was conducted using three evaluation methods
after a use case was selected to limit the scope of the study.
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1 INTRODUCTION

The method of creating a thesis in parts was taken to testing in the Information Technology degree
program in 2014. The idea behind creating a thesis in parts is to divide the workload over the course
of the studies, with the first part done typically during the second year of the studies. In an ideal
situation all three parts would be of the same topic, but it is possible to choose different topics for

each of the thesis’ parts.

Writing a thesis in parts made it possible to divide the total workload over several semesters, with
clear goals on when each part was to be done. Dividing the work into parts makes working with the
thesis less intimidating than having to do all of it in one go. Additionally, having the option of
choosing different topics for the separate parts of the thesis makes it possible to get familiar with

different areas of interest over the course of the studies.



2 SUBJECT, GOALS AND RESULTS OF THE THESIS’ PART 1

The focus of the first part of the thesis (appendix 1) was on the human ear and hearing. The study
describes some common hearing measurement methods, and what assistive technology is availa-
ble for people with hearing impairments. The topic was chosen for the thesis due to the growing

number of hard of hearing population in Finland.

The purpose of the first part was to get familiar with not only the subject of the study, but also with
the research methods used in the study. It served as an opportunity to learn the basics on how
sound is formed and how it can be recorded, stored and manipulated in electrical format. Part 1 of

the thesis was also useful in refining information searching skills.



3 SUBJECT, GOALS AND RESULTS OF THE THESIS’ PART 2 + 3

For the combined second and third part of the thesis (appendix 2), “Company A” requested a
usability study on their customer information management system. The goal of the study was to
answer the question, “What improvements would bring most value to the system from the end

users’ point of view?”

To evaluate the state of the system’s usability, a heuristic evaluation was conducted on the views
included in the use case using one evaluator. The end users were consulted with a user
questionnaire (23 responders) to determine what problems the users in general saw as most
limiting in their day-to-day operations. Finally, 8 users took part in usability tests to determine how
end users operate in the system and what concrete problems they face when performing tasks

such as the ones in the use case in the system.

The study offered valuable insight to how the users operate the system and offered ideas to where

in the system improvements could still be made.



4 CONCLUSIONS

The first part of the study was focused solely on theory, and served mostly as training in information
search and writing techniques. Learning about the difficulties hard of hearing people face and what
types of assistive technology they currently have available was a good reminder to keep in mind

when designing things to not rely on sound cues alone when designing user interfaces.

The second and third part of the study were great learning opportunities in how to plan and
moderate user tests. The different study methods highlighted how different people think and
operate differently even within the same system. After conducting the study, the evaluator is better
equipped to conduct heuristic evaluations as well as plan and moderate usability tests on user
interfaces. Learning about the system and end users habits in the system will also help in any future

projects involving the system that the evaluator may take part in.
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1 JOHDANTO

Huonokuuloisuus ja kuulon heikentyminen ovat ongelmia, jotka vaivaavat kasvavaa osuutta Suo-
men vaestosta (1). Useimmiten fyysisesti kivuttomana haittana (2, s.6) huonokuuloisuutta ei miel-
leta elamalle kriittiseksi ongelmaksi, vaikka huonokuuloisuus ja sen seurannaisvaikutukset voivat
tuottaa henkildlle itselleen suuria hankaluuksia. Tanskalaistutkimus (3, $.95-96) osoittaa, etta huo-
nokuuloiset ja kuurot kokevat olevansa tyopaivien jalkeen henkisesti ja fyysisesti vasyneempia kuin
tutkimukseen osallistuneet normaalikuuloiset.

Taman tyon tarkoituksena on tutustua &aneen ja kuuloon fysiologisena ilmiona, seka kayda lapi
yleisimpia kuulokyvyn mittauksessa ja arvioinnissa kaytettavia menetelmia ja teknologioita. Lisaksi
tarkastellaan aanta vahvistavien kuulolaitteiden ja sisakorvaistutteen perustoimintaa ja kayttotar-
koituksia.

Ty tehdaan osaksi uuden mallin mukaista kolmiosaista opinnaytety6ta Oulun Ammattikorkeakou-

lulla.



2 AANI JA KUULEMINEN

Aéni on aaltomaista, painemuutosten aiheuttamaa molekyylien varahtely. Aaniaaltoja ei voi muo-
dostua ilman valittajaainetta, joten tyhjidssa danta ei ole. (4, s.11.) Adnen ominaisuuksia kuvataan
tyypillisesti kolmella eri suureella; voimakkuudella (dB), taajuudella (Hz) ja nopeudella (m/s).
Aanen voimakkuus korreloi sen paineen vaihtelujen, eli varahdyslaajuuden, suuruutta. Mita suu-
rempi vaihtelu aanen eri hetkien paineiden valilla on, sitd suurempi on korvilla havaittava aani(5,
s.11). Aénen paineen vaihtelua voidaan mitata Pascalien avulla. Koska inmisen kuultavissa oleville
aanille ovat ominaisia aanen paineen suuret vaihtelut, paine muunnetaan mittatuloksia kasitelta-
essa aanenpainetasoksi eli danitasoksi, jota kuvataan logaritmisesti desiBelein. DesiBeliasteikossa
aanen varahdyslaajuutta verrataan toiseen, sovitun varahdyslaajuuden omaavaan aaneen. Nolla-
tasoksi ja yleiseksi vertailukohteeksi kuulon tutkimuksissa on valittu aani, joka on erittain hiljainen,
mutta 1000Hz taajuudella vieléd normaalikuuloisen ihmisen havaittavissa. (4, s. 11-12.)

Taajuus eli frekvenssi (engl. frequency) on &anen varahtelyn nopeutta. Matalissa aanissa aanen
varahtely on hidasta, ja korkeissa vastaavasti nopeaa. Adnen varahtelynopeuden yksikkd on hertsi

(Hz). Yksi hertsi vastaa yhta varahdysta sekunnissa. (6, s. 22.)

mf‘"“ﬂ\/\«hh /\'\

J‘__,J"llk
WU\J”’V\

KUVA 1 Yksittéisen taajuuden omaavaa dénté kutsutaan dédnekseksi. Puhtaita &&neksié ei luon-
nossa esiinny(2, s. 18), koska &énet ovat Iéhes poikkeuksetta sekoittuneet yhteen tai useampaan
muuhun taajuuteen. Kuvassa vasemmalla tietokoneella tuotettu 4400Hz &énes, ja oikealla luon-
nossa tavanomainen seosééni, 0,004s otoksella.

2.1 lhmisen kuulo

Normaalikuuloinen ihminen kykenee kuulemaan erivahvuisia aania taajuusalueella 20Hz-20 000Hz
(2, 5.12). Voimakkaita aania ihminen saattaa havaita ja kokea myds tuntoaistin kautta (7 ). Aéni-
tason muutoksia ihminen pystyy havaitsemaan parhaimmillaan noin 1dB tarkkuudella(4, s. 27), jo-
ten desibelien esittaminen desimaalien tarkkuudella on yleensa tarpeetonta ja lukemat pyoristetaan
kokonaisiin desibeleihin (4, s. 12).



Ihmiskorva ei kuule kaikkia taajuuksia samalla tavalla (kuva 2). Ihmisilla kuuloherkkyys on huono
kuuloalueen molemmissa aaripaissa, joten myos normaalikuuloiselle erittain korkeiden ja erittain
matalien taajuuksien kuuleminen on haastavaa. Huonokuuloisilla kuuloherkkyys on alhainen yh-
della tai usealla normaalin kuuloalueen taajuusalueella. lan myota kuuloherkkyys laskee ihmisilla

tyypillisesti etenkin korkeilla taajuuksilla(5, s. 2).
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KUVA 2 Kuulotutkimuksessa dénen ja kuulon ominaisuuksia voidaan esittéa audiogrammilla, joka
muodostetaan &énelle ominaisten suureiden, taajuuden (Hz) ja &&nenpainetason (dB) ympérille.
Kuvassa havainnollistettu kuvitteellisen testihenkilon korvien taajuusherkkyyttad alueella 120Hz-
8000Hz.

Suunta-aistimus korvissa muodostuu korvien keskinaisten aanten voimakkuuksien erosta. Lahella
vasenta korvaa syntynyt aani kuuluu voimakkaammin vasemmassa korvassa kuin oikeassa. Kor-
vanlehdet ja paa aiheuttavat voimakkuuseroja korviin saapuviin aaniin, mika mahdollistaa aanen
tulosuunnan arvioinnin. Korvanlehtien poimuinen muoto johtaa siihen, etta eri suunnista tulevia

aania vahvistetaan eri tavoin, miké edelleen tukee suunta-aistimuksen syntymista. (5, s. 15-16.)



2.2 lhmisen korva
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KUVA 3 Ihmiskorvan rakenteita yksinkertaistettuna.

Ihmisen korvan anatomia jakautuu kolmeen osaan: sisa-, vali- ja ulkokorvaan (Kuva 3). Ulkokorvan
muodostavat korvan ulospain nakyvat osat. Korvanlehti keraa ympariston aania ja vahvistaa niita
noin 5dB verran suuntaamalla aanet korvakaytavaan. Korvakaytavaa peittaa ohut ihokerros, jonka
suojaksi seruminaali- ja talirauhaset muodostavat korvakaytavan pintaan korvavahaa. Korvakay-
tava ja ulkokorva paattyvat tarykalvoon. (8, s. 15-17)

Tarykalvo erottaa korvakaytavan valikorvaontelosta. Tarykalvon sisapintaan on kiinnittynyt valikor-
van vasaran varsi, joka varahtelee tarykalvon véarahdellessa siihen kohdistuvan paineen muutosten
mukana. Tarykalvon vauriot voivat aiheuttaa merkittavia kuulo-ongelmia. Korvakaytavan tukkiutu-
minen tai koko tarykalvon puuttuminen johtavat n. 30dB kuuloalenemaan. (8, s. 16-17; 9, s. 71.)
Vasara, alasin ja jalustin muodostavat kuuloluuketjun, joka toimii yhdessa kuuloluihin kiinnittynei-
den kahden pienen lihaksen kanssa toiminnallisena vipusysteemina. Kuuloluuketju valittaa tarykal-
von varahtelyt ja sisakorvaan johtavan soikeaan ikkunaan. Valikorvaan voi kuitenkin valittya aa-
nienergiaa myos kallon luita pitkin nk. luujohtokuulona. Kuuloa mitatessa voidaan keskittya joko
ilmajohtokuuloon tai luujohtokuuloon riippuen siita, tutkitaanko sisa-, vali- vai ulkokorvan toimintaa.
(8,5.18-20; 9, 5.71; 10, 5.144.)

Sisékorvassa sijaitsee kuulon kannalta tarkeé simpukka. Spiraalimainen simpukka eli koklea on n.
35mm pitkd, kierteista paataan kohden kapeneva kolme kaytadvaa sisaltava rakenne. Lopullinen

kuuloaistimus muodostuu kuuloaivokuorella. (9, s. 75-76.)



2.3 Kuulovikojen kolme paatyyppia

Kuuloviat jaotellaan yleisesti kolmeen eri paatyyppiin, konduktiiviseen, sensorineuraaliseen ja se-
katyyppiseen vikaan. Suomessa huonokuuloisia arvioidaan olevan n. 700 000 (1).
Konduktiivisessa kuuloviassa aani ei paase etenemaan ulkokorvasta sisakorvaan. Syita konduktii-
viselle kuulovialle voivat olla esim. synnynnainen korvakaytavan epamuodostuma, vahatulppa tai
muu korvakaytavan tukkeutuminen esimerkiksi tapaturman, korvatulehduksen tai korvatulehduk-
sen jalkitilan johdosta. Konduktiivinen kuulovika aiheuttaa yleensa enintaan n. 60 dB kuulovian eika
se valttamatta alenna puheen erotuskykya merkittavasti. Ulkoinen kuulokoje on usein riittava tuki.
(11,s.19)

Sensorineuraalinen kuulovika on joko kokleaarinen eli sisakorvaperainen tai retrokokleaarinen eli
hermo-/keskushermostoperainen. Sensorineuraaliset kuuloviat ovat muita kuulovikoja tavallisem-
pia, usein korkeisiin taajuuksiin painottuvia vikoja. Keskushermoston kuulovian syita voivat olla
vanheneminen, rappeumasairaudet, kasvaimet, tapaturmien jalkitilat seka synnynnalliset syyt.
Sentraalisiin kuulovikoihin ei yleensa liity kuulokynnysmuutoksia, mutta ne aiheuttavat ongelmia
etenkin arsykkeiden tunnistamisessa ja sita mydten puheen erottelemisesta. (11, s. 19.)
Sekatyyppinen kuulovika on yhdistelma sensorineuraalisia ja johtumistyyppisia ongelmia. Harvinai-
sempana kuulovian tyyppina on myos olemassa sentraalinen kuulovika, jossa kuulemisen ongel-

mat johtuvat ongelmista aivokuorella tai aivorunkotasolla (8, s. 32.)



3 KUULON MITTAAMINEN JA ARVIOINTI

Kuuloa mitattaessa tuloksia verrataan kansainvalisesti sovittuihin, nk. normaaleihin kynnysarvoihin
(taulukko 1). Kokemus kuulemisesta on hyvin henkilokohtainen ja toisen ihmisen kuulon arviointi
voi olla hankalaa etenkin silloin, kun testattava henkilo ei nuoren ikansa tai muun esteen vuoksi
kykene kommunikoimaan ymmarrettavalla tavalla eika siten pysty aktiivisesti osallistumaan kuulo-
tutkimukseen. Tutkimusmenetelmat, joissa potilaan itse iimoittamat vastaukset toimivat tutkimus-

tulosten pohjana, ovat nk. psykoakustisia tutkimusmenetelmia (2, s. 35).

Kuulovian vaikeusaste mitattaessa kuuloalenema 0,9kHz, 1kHz, 2kHz, ja 4kHz taajuuksien kes-
kiarvosta

Lieva 25<x<40dB

Keskivaikea 40 <x<60dB

Vaikea 60 <x<80dB

Erittain vaikea >80 dB

TAULUKKO 1 Kuulovian vaikeusasteen luokittelun raja-arvot mitattaessa paremmin kuulevaa kor-
vaa. (12.)

3.1 Psykoakustiset tutkimusmenetelmat

Psykoakustisen mittauksen tulokset voivat vaaristya etenkin tapauksissa, joissa mitattavan keskit-
tyminen on jostain syysta herpaantunut, jos tama ei ole ymmartanyt ohjeita, tai mikali tama ei jos-
tain muusta syysta ole kykeneva ilmaisemaan kuulleensa aaneksen sen kuulemishetkelld. Mittauk-
sen epatarkkuus ja testattavien kuulokokemusten yksildlliset erot huomioon ottaen kuulokynnys-
mittauksissa on 5-10dB eroavaisuudet normaalista kuulokynnyksesta hyvaksyttava ilman, etta
eroavaisuuden katsottaisiin viittaavan korvasairauteen tai huonokuuloisuuteen. Vasta kun mitatta-
van kuulokynnysarvot ovat yli 15dB normaalia huonompia, voidaan ne luotettavasti katsoa poik-
keaviksi. (2, s. 33-34.)



3.1.1 Kuulokynnysmittaus eli adnesaudiometria

Aanesaudiometriassa tutkittavan korvaan toistetaan audiometrilla daneksia kuulokkeilla tai aani-
kentan avulla. Adnesten taajuutta ja voimakkuutta vaihdellaan testin aikana, ja tutkittava ohjeiste-
taan ilmoittamaan aina, kun tama kuulee toistetun aaneksen. Vastausten perusteella muodoste-
taan kuva tutkittavan kuulosta. (8, s. 31.)

[Imajohtotutkimuksessa aanekset toistetaan testattavan korvaan ilmajohtoisesti, jolloin saadaan
selville tutkittavan kuulon yleinen tila. Mikali tutkittavan kuulo osoittautuu ilmajohtotutkimuksessa
huonommaksi kuin 15dB, télle voidaan tehdd myds luujohtotutkimus. Luujohtotutkimuksessa aa-
neksen toistossa tutkittavalle kaytetdan nk. luuvarahtelijaa eli luujohtokuuloketta, jolta &ani etenee
luujohteisena suoraan tutkittavan sisékorvaan. Tuloksia vertaamalla voidaan paatelld, onko kuulo-
aleneman syy sisakorvassa vai ulko- tai valikorvassa. (8, s. 31.)

Kun audiometrialla mitataan yhta korvaa kerrallaan, ja toisen korvan kuulo on selvasti heikompi
kuin toisen, voidaan mittauksessa kayttaa hyvaksi nk. peitedanta. Peitedani on kapeakaistaista
kohinaa jota toistetaan korvaan, jonka kuuloa ei olla mittaamassa. Tall6in testattavan toinen, mah-
dollisesti paremmin kuuleva korva, ei voi kuulla testattavaan korvaan syotettya aanta ja vaaristaa
testituloksia. Luujohtotutkimuksessa peiteaanen kaytto on valttamatonta tutkittaessa yhden korvan
kuuloa kerrallaan, koska luujohdetun aanen kohdistaminen vain toiseen korvaan on mahdotonta.
(8, s.31-32)

3.1.2 Puheaudiometria

Puheaudiometria on tekniikaltaan ja periaatteiltaan pitkalti samanlainen testaustapa kuin aanesau-
diometria. Testeissa tutkittavalle syotetaan eri voimakkuuksilla ennalta nauhoitettuja sanoja, ja tut-
kittavaa pyydetaan toistamaan kuulemansa sanat. Testattavan toistamia sanoja verrataan talle to-
dellisuudessa toistettuihin sanoihin, ja vastausten paikkansapitavyydesta lasketaan sanaerotusky-
vyn prosenttiluku. (2, s. 34.) Normaalikuuloisella sanaerotuskyky on suomenkielisilla 100 prosenttia
20dB voimakkuudella(13, s. 119).

Puheaudiometriassa tarkeaksi tekijaksi muodostuu testauksessa kaytettyjen sanojen lista. Testat-
tava saattaa arvata oikein yleisimpia sanoja, vaikka kuulisi sanoista todellisuudessa vain pienen
osan, mik& vaikuttaa suoraan testituloksiin. Se, mita sanoja testattava todennakéisemmin arvaa

oikein riippuu paljolti testattavan taustasta. Testituloksiin vaikuttaa esimerkiksi testattavan henkilon



kielitausta. Aidinkielenaan ruotsia puhuvan puheaudiometriatestauksen tekeminen suomen sanas-
tolla voi tuottaa huonommat tulokset kuin ruotsin sanalistoilla, vaikka testattava olisikin kaytan-
ndssa kaksikielinen. (13, s. 118-119.)

Puheaudiometrialla, kuten myods aanesaudiometrialla, voidaan selvittaa sanaerotuskyvyn lisaksi
myos testattavan puhekuulokynnys, eli alhaisin aanenvoimakkuus jolla testattava viela kykenee

luotettavasti kuulemaan puhetta. (2, s. 34.)
3.1.3 Adanirautakoe

Aanirautakokeessa testattavan kuuloa arvioidaan eri tavoin &anirautoja apuna kayttden. Aani-
raudalla voidaan tuottaa iimateitse kulkevaa @anta, tai sen voi asettaa kiinni tutkittavan paahan,
jolloin saadaan aikaan &ani tutkittavan sisakorvassa luujohtokuulona. Erilaisia aanirautakokeita on
useita, joskin ne eroavat toisistaan lahinna aaniraudan tai -rautojen testinaikaisessa sijainnissa.
Riippuen siitd, kuuleeko tutkittava daniraudan tuottamaa aanta paremmin ilma- vai luujohtokuulona
voidaan paatelld, missa kohdassa kuuloelimistda aani lakkaa kulkeutumasta normaalisti eteenpain,
eli miss& kuulon heikentymén syy mahdollisesti sijaitsee. (13, s. 97.)

Esimerkiksi Weberin kokeessa 256Hz aanirauta asetetaan soimaan tutkittavan paan keskelle,
yleensa otsalle tai paalaelle. Adniraudan soidessa tutkittava arvioi, kuuleeko &anen tasaisesti mo-
lemmissa korvissa tai vahvempana toisessa korvassa. Normaalikuuloinen tai symmetrisen kuulo-
vaurion omaava henkild kokee &4nen jakautuvan tasaisesti molempiin korviin. Adnen kuuluminen
paremmin toisessa korvassa viittaa huonokuuloisen korvan johtumistyyppiseen kuulovikaan, tai
parempikuuloisen korvan sensorineuraaliseen vikaan. (8, s. 28-29.) Sekatyyppisen kuulovian diag-
nosointi Weberin kokeella on kuitenkin vaikeaa (13, s. 97). Aanirautakokeilla voidaan pyrkia selvit-
tamaan, onko kuulovika sensorineuraalinen vai konduktiivinen, mutta aaniraudan aanenvoimak-
kuuden saatelyn ongelmien vuoksi menetelma ei ole riittava kuulovian vaikeusasteen maarittele-

miseksi. Silla ei myoskaan saada tietoa tutkittavan puheenerottelukyvysta.
3.1.4 Lasten kuulontutkimukset

Siina tapauksessa, etta tutkittava ei kykene riittavaan kielelliseen vuorovaikutukseen suoriutuak-
seen aanes- tai puheaudiometriasta, voidaan tutkittavan kuuloa arvioida menetelmilld jotka eivat
vaadi tutkittavan tietoista vastaamista. Tallaisten kuulojarjestelméan ja rakenteen tutkimusmenetel-
mien lisaksi kayttokelpoisia tutkimusmenetelmia lasten kuulon arvioinnissa ovat kayttaytymisaudio-
metria, leikkiaudiometria, seké lasten puheaudiometria. Kayttaytymisaudiometriassa seurataan tut-

kittavan reaktioita erilaisiin &aniin, ja leikkiaudiometriassa lapsi opetetaan leikin kautta antamaan



vastauksia kuulon arviointia varten. Lasten puheaudiometriassa lapsi iimaisee kuulleensa ja ym-
martaneensa sanoja joko toistamalla sanat kuten aikuisten puheaudiometriassa, tai tama voidaan

opastaa kayttdmaan kuvia tai esineita apuna. (13, s. 126-131.)

3.2 Kuulojarjestelméan ja sen rakenteen tutkimismenetelmat

Kuulojarjestelman rakenteellisilla testeilla saadaan lisatietoa kuulojarjestelman toiminnasta ja mah-
dollisista ongelmista. Testattavan yhteistyokyky ja ohjeiden taydellinen ymmartaminen eivat vai-
kuta testituloksiin, joten tulosten luotettavuus on parempi teknisissa kuin psykoakustisissa tutki-
musmenetelmissa. Puheen erotuskyvyn arviointi vain kuulojarjestelman rakenteellisen toimivuuden
tutkimusten perusteella on kuitenkin toistaiseksi mahdotonta (2, s. 38). Kattava ja tarkka kuva tut-
kittavan kuulosta saadaan kayttamalla hyvaksi erilaisia fysiikallisia ja psykoakustisia testeja. (10, s.
140.)

3.2.1 Korvan tahystys (otoskopia)

Korvan tahystykselld eli otoskopialla saadaan selville tietoa korvakaytavan ja térykalvon tilasta.
Otoskopiassa kayvat ilmi mahdolliset korvakaytavan tukkeumat, esimerkiksi vahatulpat tai vieras-
esineet. --huonokuulousuus 35-36 Tarykalvosta tutkitaan otoskopiassa sen eheys, vari, valohei-
jaste, asento ja likkuvuus(8, s. 27). Tutkimuksessa keskitytaan ulkokorvan ja tarykalvon toimintaan
ja eheyteen, mutta silld voidaan havaita myos esimerkiksi valikorvan tulehdus tarykalvon varin

muutoksena(8, s. 28).
3.2.2 Kuvantaminen (rontgen, magneettikuvaus)

Kuulojarjestelmaa voidaan pyrkia kuvantamaan ja tarkastelemaan esimerkiksi rontgen- tai mag-
neettikuvauksella. Kaytanndssa nailla menetelmilla ei yleensa saada riittavaa tietoa diagnoosin te-
kemiseks. Kuulojarjestelman vauriot ovat yleensa sisakorvan aistin- tai hermosoluissa, ja niiden
kuvantaminen nykymenetelmillé on kaytannéssa mahdotonta niiden mikroskooppisen koon vuoksi.
(2,s.36.)

3.2.3 Impedanssimittaus (tympanometria, stapediusheijastemittaus)

Tympanometriassa eli taryontelon iimanpainemittauksessa selvitetaan tarykalvon ja valikorvan toi-
mintavalmiutta. Tympanometrialla mitataan korvakaytavan ilmanpaineen muutosten vaikutusta

korvan tarykalvon varahdysherkkyyteen. Terveen korvan tarykalvo jaykistyy ulkoisen iimanpaineen



laskiessa tai noustessa sisaiseen paineeseen nahden, ja tarykalvon jaykistyminen aiheuttaa tary-
kalvon impedanssin muutoksen. Korvan impedanssiin vaikuttavat kolme osatekijaa, kitka, massa
ja elastisuus. Elastisuuden merkitys impedanssiin on kolmesta osatekijasta suurin kaytettaessa
220Hz aanesta, jonka vuoksi se on tavallisesti kaytossa mittauksessa. (10, s. 141-142.)
Tympanometrian tulokset esitetdan tympanogrammina. Siita kay ilmi, likkuuko térykalvo normaa-
listi sisaan- ja ulospain iimanpaineenmuutosten mukaan. Normaalituloksessa kayran huippu on la-
hella ymparistossa vallitsevaa ilmanpainetta (8, s. 35). Poikkeavat tulokset voivat viitata esimerkiksi
valikorvan sisaisiin ei-toivottuihin nesteisiin tai tarykalvon reikaan, jotka voi toisaalta my0s joissain
tapauksissa havaita otoskopialla. Tympanometrian tuloksista voidaan liséksi paatella korvatorven
toimintakuntoa, silla iimastoitu eli normaalipaineinen taryontelo vaatii korvatorven toimivan normaa-
listi. (10, s. 142-144.) Menetelmaa ei voida kayttaa mikali tarykalvossa on avoin ilmastointiputki,
koska sen kautta ilmanpaine paasee tasautumaan mittauksen aikana ja tuloksena saatu kayra on
aina tasainen (8, s. 35).

Stapediusheijastemittauksessa mitataan kuuloluuketjuun vaikuttavan stapediuslinaksen jaykisty-
misen aiheuttamaa korvan impedanssimuutosta. Mittauksessa korvakaytavassa kaytetaan pai-
netta, jossa varahdysherkkyys tarykalvolla on suurin, eli yleensa ympardivan ilman painetta. Sa-
man tai vastakkaisen puolen korvaan toistetaan aaneksia tai kohinaa, jotka laukaisevat kuuloluu-
ketjua jaykistavan stapediusheijasteen. Stapediusheijastemittauksella saadaan tietoa heijasteen ja

kuuloluuketjun toiminnasta. (10, s. 144.)
3.2.4 Otoakustiset emissiot

Sisakorvan uloimpien karvasolujen supistumisesta aiheutuvaa, kudoksia pitkin tarykalvon varahte-
lyksi kulkeutuvaa otoakustista emissiota voidaan mitata korvakaytavasta. Emissiot ovat hyvin heik-
koja ja niiden luotettava havaitseminen vaatii adnen vahvistusta ja keskiarvoistusta, ja sita myoten
pitkaaikaisia mittauksia. Otoakustinen emissio voi laueta spontaanisti ilman ulkoista arsyketta tai
se voidaan laukaista transientilla aanella, esimerkiksi 80us kestoisella aanipulssilla. Kehon nor-
maalit pienitaajuiset kohinat, kuten hengitys ja verenkiertoaanet, suodatetaan pois ja emissiovaste
selvitetaan ylipaastosuotimen avulla. Otoakustisen emission toteamisen ongelmat voivat johtua si-
sakorvan uloimpien karvasolujen ongelmien tai mahdollisen kuulovaurion lisaksi myos lievasta va-
liaikaisesta valikorvan hairiosta, eika emissiota yleensa pystyta laukaisemaan transienttiaanilla jos
tutkittavan kuulokynnys on 20-30dB HL huonompi. (10, s. 147-149.)



3.2.5 Sahkofysiologiset mittaukset

Kuulojarjestelmasta voidaan keréata tietoa myds erilaisilla séahkofysiologisilla mittauksilla. Oikein
asetetuilla elektrodeilla voidaan mitata aanen aiheuttamia biosahkoisia reaktioita esimerkiksi aivo-
kuorivasteena, kun arsyke toistetaan useita kertoja ja mittatulokset keskiarvoistetaan vasteen Ioy-

tamiseksi muun aivosahkatoiminnan joukosta. (10, s. 150-157.)



4 KUULON TUKEMINEN TEKNOLOGISILLA RATKAISUILLA

Huonokuuloisen kuulemista voidaan tukea tekemalla korvaan tulevista aanista voimakkaampia, tai
syottamalla aani implantin avulla sahkoisina impulsseina kuuloketjun sisempaan, paremmin toimi-
vaan osaan. Kuulovian tyyppi ja huonokuuloisen elamantavat ja mielipiteet maarittavat sen, mil-
laista laitteistoa taman kuulemisen tukemiseksi voidaan ottaa kayttdon. Adnen voimakkuuden kas-
vattamisessa yleisessa kaytossa ovat esimerkiksi korvantauskuulokojeet ja korvakaytavakuuloko-
jeet, joissa kuuloa tehostava vaikutus perustuu laitteen lapi kulkevan danen mekaaniseen vahvis-
tamiseen. Kuulokojeiden tehokas kayttd vaatii kayttajan perehdyttamisen laitteen kayttoon. Jois-
sain tapauksissa voi olla aiheellista, ettd myos laitteen kayttajan omainen saa laitteen kayttoon
vaadittavan opastuksen, jotta tama voi tarpeen vaatiessa tukea laitteen kayttoa jos kayttaja itse ei

vaikkapa muistiongelmien vuoksi selviydy yksin tehokkaasti laitteen kaytosta.
4.1 Ainta vahvistavat kuulolaitteet

Erilaisia aanta vahvistavia kuulokojeita on monia. Ne jaetaan rakenteiden perusteella korvantaus-,
korvakaytava-, silmalasi- ja taskukuulokojeisiin (8, s. 105).

Korvantauskuulokoje on kaikista kuulolaitteista yleisin. Siina varsinainen kuulokoje sijaitsee kayt-
tajan korvan takana. Laite vastaanottaa &anen oman mikrofoninsa kautta, vahvistaa aanen, ja va-
littaa sen sitten kayttajan korvakaytavalla sijaitsevaan korvakappaleeseen. (14, s. 88.) Nykyaikaiset
aanta vahvistavat kuulokojeet saadetaan tietokoneen avulla ohjelmoimalla kayttajan kuuloon sopi-
vaksi. Nain taataan se, etta kayttaja saa kuulokojeella tukea juuri niille taajuusalueille, joiden kuu-
lemisessa hanelld on todettu ongelmia. (--8, s. 104.)

Suuressa osassa korvantaus- ja korvakaytavakuulokojeita on sisaanrakennettuna induktiokela,
joka mahdollistaa aanisignaalin tuomisen kuulokojeeseen langattomasti magneettikentan avulla.
Kayttaja voi induktiivisen kuunteluasetuksen (T-asetus) kautta kuunnella induktioyhteensopivia lait-
teita, joita voivat olla esimerkiksi radio, televisio tai puhelin. T-asennossa eli induktiotilassa oleva
kuulokoje toistaa vain induktiokelalla vastaanotettua signaalia, joten sen avulla voidaan eliminoida
ympariston halyaanet kuuntelun helpottamiseksi. (8, s. 104-105.)

Joissakin tapauksissa korvakaytavaan sijoitettava korvakappale ei ole kayttokelpoinen ratkaisu.
Syita tahan voivat olla korvanlehden tai korvakaytavan rakenteelliset ongelmat, tulehdusriski esi-
merkiksi leikkauksen seurauksena, tai kuulolaitteen kayton tarpeen valiaikaisuus. Toisaalta my0s
kuulolaitetta tarvitsevan hienomotoriikan ongelmat voivat tehda pienen kuulokojeen kaytosta vai-



keaa tai jopa mahdotonta. Talldin voi olla tarkoituksenmukaista ottaa kayttoon esimerkiksi kommu-
nikaatiovahvistin. Kommunikaatiovahvistin on kannettava laite, jonka vahvistaman aanen kayttaja
kuulee kuulokkeiden kautta. (14, s. 88.)

4.2 Erityiskuulokojeet

Erityiskuulokojeiksi katsotaan luujohtokojeet ja implantoitavat kuulokojeet. Naissa kuulokojetyy-
peissa kayttajalle syotetty aani johdetaan suoraan tai valillisesti sisakorvaan, jolloin aani ohittaa
suuren osan kuuloelimistosta. Tallaisten kuulokojeiden toiminnallisuus ei karsi ulko- ja valikorvan
ongelmista, joten niista voi olla hyotya etenkin tapauksissa joissa syy kuuloalenemaan on kuulo-

ketjun ulkoisissa osissa. (14, s. 88.)
4.2.1 Sisakorvaistute (Cochlear Implant)

Sisakorvaistute on tyypillisesti kaksiosainen laite, jonka ulkoisen osan sijainti vastaa laajemmin
kaytossa olevia korvantauskuulokojeita ja implanttiosa asennetaan kirurgisesti laitetta tarvitsevan
paahan. Sisakorvaistutetta voidaan kayttaa silloin, kun ulkoisilla @anta vahvistavilla laitteilla ei
saada riittavia tuloksia. (14, s. 88.)

Tyypillisessa sisakorvaistutteessa aani vastaanotetaan laitteen ulkoiseen osaan, puheprosessoriin,
mikrofonin avulla. Korvan taakse kiinnitetty puheprosessori kasittelee aanta ja lahettaa sen edel-
leen langattomasti ihon |api sisakorvaistutteen implanttiosaan. Puheprosessorin ja implanttiosan
valisessa tiedonsiirrossa kaytetaan tyypillisesti apuna sahkomagneettista induktiota tai radioaaltoja
(15, s. 17). Sisakorvaistute syottaa aanen kayttajan kuulohermon paatesoluille stimuloimalla kuu-
lohermoa elektronisesti simpukan sisa- tai ulkopuolelle asennettujen elektrodien avulla, josta sah-
kéinen impulssi etenee kuuloaivokuorelle ja muodostuu kuuloaistimukseksi (8, s. 107). Sisakor-
vaistutteen implanttiosa saa toimintaansa tarvittavan sahkovirran langattomasti paan ulkopuoli-
sesta vastaanottimesta (16).

Sisakorvaistutteita asennetaan paaosin syntymakuuroille lapsille ja kuuroutuneille aikuisille. Suo-
messa istutteita asennetaan vuosittain noin 40-50. Hoidolla voidaan parhaillaan mahdollistaa riit-
tava kuulo puheen ymmartamiseksi, mutta sisakorvaistute ei kuitenkaan palauta tai luo kayttajal-
leen normaalikuuloa. Sisakorvaistutehoidon teho on riippuvainen potilaan kuulohermon toimintaky-
vysta ja siita, miten hyvin aivot kykenevat kasittelemaan ja hyddyntdmaan kuulopohjaista tietoa.
Potilailla, jotka ovat kuuroutuneet puheen oppimisen jalkeen on puheen ymmarrystd varten jo ke-
hittynyt hermoverkko kuuloérsykkeiden kasittelyé varten, mika mahdollistaa puheen kuuntelun uu-

delleenoppimisen sisakorvaistutteen ja harjoittelun avulla. Syntykuuroille istutteen asentamisesta



ei valttamatta ole enaa hyotya neljannen ikavuoden jalkeen, koska kuulojarjestelman plastisiteetti
on jo laskenut niin merkittavasti ettei potilaan voida olettaa oppivan kuuntelemaan puhetta edes
sisakorvaistutteen avulla. Syntykuurolle lapselle sisakorvaistute pyritdéédn asentamaan ennen toista
ikavuotta. (8, s. 108.)

4.2.2 Aivorunkoistute eli aivorunkoimplantti

Aivorunkoistute on tekniikaltaan pitkalti samanlainen kuin sisakorvaistute. Simpukkaan asennetta-
vien elektrodien sijaan aivorunkoistutteen implanttiosan elektrodit asetetaan kirurgisesti aivorungon
kuulohermon tumakkeiden paalle. Aivorunkoistute on kaytossa lahinna neurofibromatoosipotilailla,
ja istute asennetaan tyypillisesti kasvaimen poistoleikkauksen aikana. (8, s. 109.) Erillista aivorun-
koistutteen asennusleikkausta ei yleensa lahdeta tekemaan leikkauksen monimutkaisuuden ja tu-
losten verrattaisen heikkouden vuoksi, vaan kuulon tukemiseksi pyritdan kayttamaan sisakorvais-

tutetta mikali kuulohermo sen sallii (17).
4.2.3 Valikorvaistute

Vélikorvaistute on sahkdmagneettinen varahtelija, joka asennetaan kirurgisesti kayttajan valikor-
vaan joko kiinni kuuloluihin tai pyorean ikkunan kalvolle. Istutteella stimuloidaan valikorvan raken-
teita kuulohavainnon tuottamiseksi. Sita voidaan kayttaa, kun sisakorvan toiminta on riittdva, mutta
seka- tai aistimistyyppinen kuulovika estaa aanen paasyn sisakorvaan eika ulkoisten kuulokojeiden

kayttd ole mahdollista tai kaytanndllista. (8, s. 107.)



5 YHTEENVETO

Tyon tarkoituksena oli tutustua aaneen ja kuuloon fysiologisena ilmiona, seka kayda lapi yleisimpia
kuulokyvyn mittauksessa ja arvioinnissa kaytettavia menetelmia ja teknologioita. Lisaksi pyrittiin
tarkastelemaan aanta vahvistavien kuulolaitteiden ja sisakorvaistutteen perustoimintaa ja kaytto-
tarkoituksia.

Tyon peruspohjana toimineen kirjallisuuden ik& ja alkuperaiset kayttotarkoitukset muodostuivat
tyon aikana ongelmiksi. Kuulolaitteista ja kuulosta kirjastoista helposti saatavilla oleva kirjallisuus
keskittyy kuulolaitteiden kayttajien tukemiseen ja opastamiseen, joten nykyaikaisen teknisesti pai-
nottuneen tai edes kuulolaitteiden teknistd toimintaa sivuavan materiaalin 16ytaminen osoittautui
haastavaksi. Tyon aikana pyrittiin tarkistamaan teknologian nykytasoa kuulolaitteiden saralla inter-
netin avustuksella, mutta se, kuinka paljon kuulotutkimuksen ja kuulon tukemisen laitteistot ovat
viime vuosina edenneet jai viela tyon aikana epaselvaksi ja pohjamateriaalin ika voi osaltaan vai-
kuttaa lopullisen tuotoksen paikkaansapitavyyteen.

Kuulolaitetekniikkaan liittyvien materiaalien iasta huolimatta tyon aikana korvan ja kuuloelimiston
perusrakenteet tulivat tutuiksi, ja erilaisten kuulokojeiden perustarkoitus ja toiminnot kavivat ilmi
useiden eri lahteiden avulla tarkasteltuina. Audiologia havaittiin tieteenalana laajaksi ja mielenkiin-
toiseksi siina maarin, etta opinnaytetyon sisaltoa oli karsittava reilusti alustaviin suunnitelmiin nah-

den.
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For this thesis, Company A requested a study of the usability of the web-based user interface of
their customer information management system “System X”".

The goal was to determine what usability problems exist in the current version of the target system,
and to evaluate which of these problems are perceived as most critical, specifically by users
working directly with customers. The study was conducted using three separate evaluation
methods after a use case was selected to limit the scope of the study.

Nielsen’s heuristics were used to evaluate the usability of the system’s views in the selected use
case. To gauge the general opinion the user base had of the systems usability, current and
prospective users were asked to fill in a questionnaire with questions related to which parts of the
system they already liked and where they thought improvements should be made. Finally, usability
testing was conducted along with short user interviews to highlight what the actual users perceived
to be the biggest challenges in the usability of the system. The questionnaires were filled in by 23
respondents. 8 users of differing experience and skill levels took part in the usability tests and the
concurrent user interviews.

The results of all three data gathering methods suggest that the system’s usability is good, but
there is some room for improvement. The end users participating in the study were generally happy
with how the system works. Based on the study, current users would most appreciate
improvements in the system’s search function, specifically how the results are displayed in and
automatically sorted by the system. Users would also like to see improvements in system speed
and stability.
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1 INTRODUCTION

Company A requested a usability study on “System X". The goal of the study was to answer the
question, “What improvements would bring most value to the system from the end users’ point of

view?”

The target system is a customer information system designed specifically for Company A’s
customers’ needs. Its user interface is web based, allowing users to access the system via the
internet browser of their choosing. Through System X's different modules, Company A’s customer
companies may, for example, manage customer information, invoicing and claims. The system may
also be used to receive and manage a variety of data from connected data systems. The version
of the system that was chosen for evaluation and testing includes 10 modules in total, all of which

have different functionalities and contain a number of views.

Pictures of the user interface were not included in this public report of the usability study due to
privacy reasons. Throughout the usability study end users taking part in the user questionnaire, in
the usability testing, or both, reported usability problems unrelated to the use case selected for the
study. While these comments are to be addressed internally in the company, some have been left

out of this public version of the study.

The usability study begins with section 2, “Material and methods”, which is a short introduction to
the methods used in the study. An overview of the information collected during the study was
gathered to section 3, “Results”. Section 4 “Conclusions” details the interpretations of what the
study results mean and how they may be used to answer the original question, “What improvements

would bring most value to the system from the end users’ point of view?”



2 MATERIAL AND METHODS

The version of the system that was chosen for evaluation and testing includes 10 modules in total,
all of which have different functionalities and contain a number of views. A use case was chosen
to limit the scope of the study to select views in the customer and invoicing modules. To evaluate
the state of the system’s usability, a heuristic evaluation was conducted on the views included in
the use case using one evaluator. The end users were consulted with a user questionnaire (23
respondents) to determine what problems the users in general saw as most limiting in their day-to-
day operations. Finally, 8 users took part in usability tests to determine how end users operate in
the system and what concrete problems they face when performing tasks such as the ones in the

use case in the system.

2.1 The use case

Due to the modularity and amount of views in the evaluated system, a full evaluation of the system
was deemed unnecessarily time consuming for this study. Instead of evaluating every view in the
system’s user interface separately, a use case was selected to limit the amount of views to be
evaluated. Company A requested that current users of the system be contacted for a list of common
tasks their customer support personnel perform in the system while being on the phone with their

customers, and that list of tasks should be used as a base for the use case.

The usability study was limited to System X, so some suggested use cases were discarded
because testing them would have required access to connected external data systems. Some of
the suggestions included concepts and terminology that would have required extensive knowledge
of information exchange policies and Company X’s industry field in general. The selected use case
can be understood with minimal knowledge of the field, which made it possible to run usability tests

with users who had never seen the system before.

The selected use case was as follows:



A customer by the name Firsthame Surname (social security number X) calls, because they want
to get invoices every X months. During the call, it becomes apparent that some of the customer’s
information in the system has become outdated. Therefore it is necessary to check and correct the

following customer information in the system:

invoicing period. The customer wants to receive invoices every X months.

invoice type. The customer wants to receive their invoices in an electronic format.

phone number. The customer’s current phone number is X.

e-mail. The customer’s current e-mail address is X.

The use case was used to limit the screens to be evaluated in the heuristic evaluation of the system,
as well as the task testers had to complete during usability testing. The test customer information

marked as Xs in the use case description varied between tests.

2.2 Usability evaluation with Nielsen’s heuristics

Before conducting user tests, the system’s usability during the chosen test case was evaluated

using Nielsen’s heuristics.

2.2.1 Heuristic evaluation

In a heuristic evaluation of a user interface, evaluators go over the user interface step by step to
determine how well the user interface conforms to a predefined set of heuristics. The heuristics
feature a list of principles which help the evaluator stay focused and remember what they are
looking for when evaluating the user interface (Kuoppala, Parkkinen, Sinkkonen, Vastaméki, 2006).
Different heuristics may have different areas of focus, and as a result, some heuristics are more
suited for certain types of user interfaces than others (Barnum, C.M. 2010).

To perform a heuristic evaluation, the evaluators must first familiarize themselves with the
heuristics. Each evaluator studies the target user interface, paying special attention to the possible
problems discussed in the chosen heuristics. After individual evaluations are done, the findings are
gathered together and the final severity rating for each found problem is determined, for example

by using a mean in a set of ratings. (Nielsen, 1995; Leavitt, Scneiderman, 2006).



Another method of evaluation considered for the study was studying the system in light of World
Wide Web Consortium’s Web Content Accessibility Guidelines (World Wide Web Consortium,
2008). The heuristic approach was chosen for this study over other options as the focus of the
study was more on current users’ opinions on the system, not on how accessible the system

currently is.

2.2.2 Nielsen’s heuristics

Nielsen’s 10 Usability Heuristics for User Interface Design were chosen as an evaluation tool for
the study for two main reasons, most importantly because they are commonly used in usability
studies; remaining popular even a decade after their initial release (Barnum, C.M. 2010). Also, the
evaluator had prior experience with this set of heuristics and could start using the heuristics as a

tool with little preparations.

Nielsen’s heuristics comprise of “10 general principles for interaction design” (Nielsen, 1994):
1. Visibility of system status

Match between system and the real world

User control and freedom

Consistency and standards

Error prevention

Recognition rather than recall

Flexibility and efficiency of use

Aesthetic and minimalist design

© o N o o R W N

Help users recognize, diagnose, and recover from errors

—_
o

. Help and documentation

2.2.3 How the heuristics were used in this study

The heuristic evaluation was conducted on the screens that were needed to complete the chosen
use case. The evaluation was done by a single evaluator. Instead of using multiple evaluators, end
users were invited to participate in the study as testers to highlight what the actual users perceive

to be the biggest challenges in the usability of the system.



Each view included in the use case was studied separately during the heuristic evaluation. The
views evaluated (in order of appearance) were:

- login screen

- index

- customer - total situation

- customer - edit customer information

- invoicing - invoicing base

The evaluator studied the appearance and functionalities of the views while referring to the list of
heuristics to detect possible usability problems. The screens were examined using the web browser
Chrome, as this was one of the recommended browsers for accessing the user interface of the
system. Each view was studied with and without color to check for accessibility problems color blind
people may face in the system. The scalability and behavior of the views in different resolutions
were tested by resizing the browser window and using the browser’s built-in zoom-functionality.
The usability problems detected with the heuristic evaluation method were marked with a severity

rating from 1 to 4, as merely cosmetic (1), minor (2), notable (3), or dire (4).

2.3  User questionnaire

Current and prospective users of the system were presented with a questionnaire on which parts
of the system they saw as reliable and good, and which parts they thought still needed some
improvements. The goal of the questionnaire was to screen for reoccurring themes in how users
perceived the system in its current state. Current users were presented with a list of 8 questions,
and prospective users with 4. The questionnaires were provided in Finnish. Users could answer
the questionnaire by sending their answers via e-mail or by writing their answers on a print-out of

the questionnaire. Translations of the questions in English can be found in the tables below.

The goal in forming the questions was for the questionnaire to elicit descriptive, honest answers.
To achieve this the questionnaire included open-ended questions and enough space that the
person filling the questionnaire would instinctually understand more than a couple of words were

expected in the answers. An effort was made to keep the questions as neutral as possible, as
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opinions in the questions may make the respondent react to the opinion instead of the question.
(Brace, I. 2008; Presser, Couper, Lessler, Martin, Martin, Rothgeb, Singer, 2004).

The questionnaires were answered anonymously, so there is a possibility that some users
answered the questionnaire multiple times. Those who were not certain which questionnaire to fill
in were instructed to choose the current user version if they had even once clicked on something

either in the production or testing version of System X. None of the questions were mandatory.

Current users

1. How much (in hours) do you use System X during a usual week at work?
How long have you been a user of System X?

How easy do you think it is to start using the system?

Have you received sufficient training to use the system?

Which of System X system’s features or views do you use the most?
How would you describe System X to a new colleague?

Which parts of the system do you think work well?

© N o gk w N

Which parts of the system do you feel still need improvements?

Prospective users

1. What features do you most hope System X system would offer?

2. Do you think that there is some feature still missing from the system? If so, what feature?
3. What do you think it would be like to start using the system?

4, How do you think it would affect your daily work if the company you work for started using

System X?

2.4 Usability testing

Usability testing was conducted to better understand how the end users operate the system, and

which parts of the system they are currently displeased with.
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241 Testing method

In usability testing, users were asked to complete tasks pertaining to the selected use case in the
system. As the user attempted the tasks in the target system, their computer screen and speech

were recorded for note taking purposes.

For moderating the testing, a loose interpretation of the concurrent think aloud method was applied.
In this method the tester is asked to think aloud at the same time as they perform tasks in the
system, with no input from the test moderator. Asking the user to talk at the same time as they are
performing the tasks could have caused problems if the tests had been timed, as talking diverts
some of the testers attention away from the tasks. For this study, tracking task completion speed
was deemed unnecessary, as the goal was to learn about the users’ opinions, habits and

preferences. (Romano Bergstrom, 2013).

2.4.2 Planning and piloting

Planning for usability testing began early on in the study. This is because it became apparent it
would not be possible to understand how end users experienced the system without seeing how
they use it. After the first version of the test script was finished, it was reviewed by the head of
customer support to ensure proper tone when interacting with the testers. A pilot test was run using
the script, and the ensuing recording was reviewed and revised before the test script (appendix 1)
was finalized. The version of the test script that is included in this report was translated from Finnish,

which was the language used in the testing.

243 Recruiting

The testers were Company A’'s employees, later referred to as ‘internal testers’, and end users from
companies where System X is currently either in use or in testing (with a version suitable for testing
the use case), later referred to as “external testers”. The goal was to find testers with different skill
levels, categorized in the following three groups:

1. Group A: people who were not previously familiar with the system.

2. Group B: people who were already familiar with the system, but usually performed tasks

different from the ones included in the use case.
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3. Group C: people who regularly performed tasks similar to the ones described in the use
case.
Potential external testers were asked to answer the following questions:
1. How and how much do you use System X on a daily basis?
2. Do you have access to a test version of the System X?

3. When would you be available to take part in the study?

External testers were invited to take part in the study based on their answers to the three questions.

Internal testers were selected based on work history and availability.

According to Jakob Nielsen, user tests are most cost effective when done with approximately five
users (Nielsen, Landauer, 1993). In this study the number was slightly higher at a total of eight
testers, as the testing was done with three groups of users at different skill levels. It was deemed
unnecessary to test with five users per group because the groups were so similar to one another.

The test results were predicted to have some overlap between groups.

244 Testing

A test script (appendix 1) was followed during testing. The tests were performed in Finnish. The
testers took part in the testing at their own work stations via Skype Meetings. The testers were
asked to share their screen during testing, and the testing sessions were recorded and saved to

ensure proper notes could be made of each testing session.

The tests were carried out in different environments based on which environments the tester had
access to during tests. Before each test, an imaginary test customer was created into the test
environment so that each tester would perform the same tasks on their customers. The testers who
used the same test environment as the previous tester, performed the test tasks on the same test
customer, with adjustments made into the task list. For example, if tester A and B were using the
same test environment, the test customer was created once for tester A, who would be told to
update the customer e-mail to testmail@test.com. Tester B, who was to do the tests after A, would
receive instructions to update the same customer’s information but with another email address,

such as test@usability.fi.
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After all testers had completed the test tasks, they were asked to answer questions concerning the
test case and the system in general in a short interview. After completing the whole test script along
with its questions, the testers were encouraged to email any of their own questions or additional
information they may have forgotten to mention to the test moderator, but no tester sent in any

further comments after the tests.
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3 RESULTS

Each part of the study was conducted separately. The results were later compared to the other
parts to scan for reoccurring themes and thus ensure improvements could be planned and made

where the end users wanted them most.

3.1 Results of the heuristic evaluation

The majority of the possible usability problems detected with the heuristic evaluation method were
marked down as merely cosmetic (1) or minor (2) on the severity scale from 1 to 4. Most problems
with a severity rating of 3 linked to the sixth (“Recognition rather than recall’) and seventh
(“Flexibility and efficiency of use”) heuristic. 1 out of the 54 possible problems were marked with
the highest severity rating, 4. The problem with a rating of 4 had to do with a faulty character check
that caused data loss in cases where the user tried to use certain characters in a field. This problem
affected a single field in one of the forms inspected. The results of the heuristic evaluation were
gathered into separate tables by the view that the problem appeared in. Problems that occurred in

more than one view were gathered into one table (table 1).

Heuristic | Severity | Description

H2,H7 |3 Changing the system language is not possible after logging in.

H6 3 Information displayed in the system often has no explanation attached to
it. User has to remember what the different (often system specific) terms

mean.

H6 3 Explanations are missing from several buttons and actions. User is given
a list of actions but no explanation as to what these actions do.

H6 3 General search bar has no label on it. User has to know what text to input
as search criteria, where the search is applied, and what key/button to
press to initiate the search.

H3 3 Canceling a search is not possible.

H1 2 Poor readability. The size of the text and buttons are not adjustable.

Users may have to use the browser’s zoom functions or other tools to see
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properly. Insufficient contrast on parts where white text is put on yellow

background or vice versa.

H7 2 Moving between form fields with the TAB key is unpredictable.

H1,H3 |2 Pressing the ESC key while editing an entry (such as customer
information) causes the entry to close without saving or asking the user

for confirmation on whether they meant to close the entry or not.

H6 2 User has to remember where each action can be performed in the
system. User has to remember what search terms to use when searching

for help in the user manual.

H7 1 Using the zoom function in Chrome causes the background color to

behave in unexpected ways.

H8 1 Light background color may be too bright for some users. There is no

night mode or other color adjustments available.

H2,H7 |1 Parts of the views, notices and buttons display incorrectly or not at all if

loading images is blocked in the browser.

H1,H9 |1 “‘No data to display”. All of the system’s views display this message even
before any searches have been ran. Instead, there should be something
similar to “run a search to look for data.” The current message is not

informative.

Table 1: Usability problems that recurred in multiple views

3.2 Results of the questionnaire

The total of responses to the questionnaire was 23, with 21 responses from current users and 2

from prospective users.

3.21 Prospective users

In the first question, “What features do you most hope System X system would offer?* both

respondents commented they hoped the system would allow them to click less while using the
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system. One respondent suggested this could be achieved by automating common tasks, so the
system would not require the user to confirm everything with a click of their mouse. The other
respondent wanted to be able to use a keyboard instead of a mouse as much as possible.
Prospective users did not give any answers to the second question, “Do you think that there is
some feature still missing from the system? If so, what feature?” In response to the third question,
“What do you think it would be like to start using the system?*, one respondent commented that
they thought starting to use the system would go “fairly well, since others are already using it.”
Another respondent thought starting to use the system would be challenging, yet interesting. Only
one response was given to the final question, “How do you think it would affect your daily work if
the company you work for started using System X”, to which the respondent commented that they

believed taking up the system would “help them a lot” in their daily work.

3.2.2 Current users

The questionnaire for current users received 21 responses.

3221 Q1 & Q2 How much do you use System X during an ordinary week at work (in

hours)? How long have you been a user of the system?

Out of 21 respondents, 12 used the system approximately or over 20 hours during a regular week
at work. 14 had used the system for approximately or over 2 years, 7 for approximately or under a

year.

3.2.2.2 Q3 How easy do you think it is to start using the system?

Of all the respondents 10 would have described starting to use the system as easy, 6 would have
described it as easy with some reservations, and 5 felt that starting to use the system is not easy
atall.

(Starting to use the system was) easy, though it took some time to

understand what affects what (in the system).

- A system user of less than a year
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The amount of time the respondent had been a user of the system had no clear connection to
finding it easy at the beginning. 4 out of 5 of the users who described starting to use the system as
difficult also mentioned that they had not yet received sufficient training to use the system properly,

or that they had not received training and had since learned to use the system on their own.

3.2.2.3 Q4 Have you received adequate training for using the system?

9 out of 21 said that they have received sufficient training to use the system. 7 out of the 9 thought
that starting to use the system would be easy, with 1 describing it as difficult. 5 of the 21
respondents explicitly expressed interest in additional training either in general system use or in a
specific feature they use regularly in the system. 8 of the respondents mentioned that they have
learned how to use the system mostly or completely on their own, or that they had learned how to

use the system during testing before the system was taken to production use.

3.2.2.4 Q5 Which of the System X's features do you use the most?

All 5 users who described the system as difficult to start using mentioned invoicing as one of the
main modules that they use. All but one of all respondents said they use more than one module in

the system.

3.2.2.5 Q6 How would you describe System X to a new colleague

14 out of 21 respondents used words such as logical, easy to use and clear when describing the
system. 8 out of 21 respondents said that the system is slow and/or told of an error or feature in
the system that hinders their using of the system. All of these respondents had approximately or

over a year of experience in using the system.

18



3.2.2.6 Q7 What is good about System X? Which of its features do you think work

especially well?

Automatization in the system is mentioned in different forms in several of the comments. Users like
how information gets automatically updated between different parts of the system, and how the

processes guide the user with their step-by-step structure.

The responses to this question varied, with the majority of comments reading as positive in tone.
One respondent mentions that the “system works well when it works”. Respondents who would
readily have described the system as easy to start using in a previous question only included
positive comments in this question. Despite the question being on what the users liked about the
system, the respondents’ complaints in this question included notes about problems with
information updating between specific modules; problems in usability in certain views; and irritation
about system speed. One respondent mentioned the “system’s logic, after you learn to understand
it” as their favorite part of the system. 3 users specifically mention the way information is divided

into modules as something that helps them navigate the system.

‘I don’t necessarily have to remember what name each module is, as long as

| remember the color.”

- A user of approximately a year who would describe starting to use the

System as easy with some reservations

3.22.7 Q8 What improvements should be made to System X? Which of the system’s

features do you most wish for improvements in?

All but one respondent included at least one improvement suggestion in their answers for this
question. System speed and/or search speed were mentioned 9 times in the respondents’ answers.
Another reoccurring complaint was with organizing several searches in the system. One
respondent expressed frustration with how they have to open several browser tabs to navigate all
the information they need in their daily tasks with the following comment:
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‘I have to open several tabs to see all the necessary information while being
on the phone with a customer. From the billing module I see the invoices that
are waiting to be paid, from invoicing I find the invoices that are only just
forming... Often, at the end of the phone call, | have several browser tabs

open for a single customer.”

- Respondent with 2 years experience who would not describe the system as

easy to start using

3.3 Results of usability testing

The users participating in the usability testing were divided into three categories based on their
experience in the system for result comparison. Each category performed the same tasks and were
asked the same questions at the end of the test session. A total of 8 testers participated in the
tests. Group A had two internal testers; Group B one internal and two external; and Group C had

three external testers.

3.31 GroupA

Group A consisted of internal testers who were not previously familiar with the system. Testers in
this group managed the set task with little or no help from the test moderator despite their limited

previous experience in the system.

Tester A1 expected the system to allow for displaying and editing the information in places similar
to what the tester was used to in another similar system. The tester expressed their wish for more
instructions within the user interface. The tester was trying to change the customer information
directly from the customer's Total situation screen, which only displayed the information. The total
situation screen offered no clear link to the place where the information could be edited, which kept
the tester from finding the correct place to edit the information right away. The tester felt that "things
were difficult to find at first, but easy after a bit of practice". They had not used System X before for

more than "trying to log in a couple of times".

Tester A2 had never used the system on their own. They had only seen glances of the system on

other users’ screens. A2 found the required information by guessing where it might be, and
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described the system as “reasonably fast” at the end of the testing session. The tester attempted
to edit customer information in the customer’s Total situation view, but when this did not work, found
the appropriate place to edit the information. A2 could not find one of the updatable information

fields, and had to be pointed to the right module before finding the correct field.

3.3.2 GroupB

Group B included both internal and external testers who were already familiar with the system, but
usually performed tasks different from the ones included in the use case. Testers in this group did

not require any assistance to complete the test tasks.

Internal tester B1 had approximately two years of experience in working in System X customer
support. The tester started by going to the Invoicing module, where the invoicing information was
displayed but not editable. The tester corrected the required fields and double-checked them
without a problem after locating the right module. The tester expressed irritation at how the system
would not always let the user correct information where it was displayed. They commented that so
long as the user knows where to look, the way the information is made available in the system

works well.

The external tester B2 uses the system daily at work and had used other similar systems before
starting to work using System X. The tester used the browser's zoom function during testing,
because they felt they could not get the information they wanted to display on the screen otherwise.
They expressed frustration at the way text was displayed in the system, especially how in some
table headers the header text was long and took up a lot of space, while the actual content in the
cell was considerably shorter. The tester wished the system would warn the user about having to
fill in certain fields before they could save the customer’s information. The tester liked how the

system is divided into modules, and commented that “the different tabs are self-explanatory”.

External tester B3 uses the system daily at work and has approximately 2 years of experience in
the system. The tester faced no problems during testing but commented that there have been times
when “the system took so long that | forgot what | was doing”. B3 said they are happy with how

easy itis to find things in the system.
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3.33 GroupC

Group C consisted of three external testers who regularly performed tasks similar to the ones

described in the use case.

Tester C1 had less than a year of experience in using the system and no prior experience in any
similar systems. The tester commented on how they were confused by what the system’s “Context”
function as a concept meant, and that they were unhappy with the system’s speed. They felt the
invoicing module was unreasonably slow and caused their browser of choice (Internet Explorer) to
crash. The tester did not trust that the information they changed during testing would update as it
should. They performed multiple checks to make sure the data was displayed correctly in different
modules after updating the customer information. The tester liked the system’s index page/home

view, and said that the best part of the system was the customer’s Total situation view.

Tester C2 has been using the system for approximately two years and had several years of
experience with similar systems before working with System X. The tester described the system as
"works well and is relatively easy to use." In their opinion "new employees learn to use the system
at a fast pace, and can quickly take calls (from customers) and perform tasks in the system even
during calls." The tester wished the invoicing method would be visible in the customer’s Total
situation view. Their favorite part of the system was that “processes work step-by-step” and are

easy to use.

Tester C3 had approximately 3 weeks of experience in using the system. They mentioned system
speed as the biggest problem they have had with using the system. The tester described the
problem as follows: “Sometimes when a customer calls and they are in a bad mood, it is difficult to
get information out of the customer. We may only have an invoice number to work with when trying
to figure out what the customer’s situation is, and then when we go to search for the invoice by the
number, the search takes a long time and eventually crashes.” The tester was happy with how the
system worked as a whole, offering comments such as ‘it's easy to edit and save things”, and

“moving between the modules is easy”.
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3.4 Summary of the results of all three methods

A common theme through all data gathering methods was that finding information and functions in
the system is seen as difficult in the beginning, but at the same time the users felt that after a little
practice the system was easy to use. The system is complex and has some minor usability
problems, but the majority of users who took part in the study would still have described the system
as easy to start using. Especially the system’s modular structure and the module and view headers

were seen as helpful when navigating the system.

To help new (and old) users to navigate the system, the system could offer more instructions and
tooltips during use. New users would also benefit from training, in the form of courses or possibly
an interactive “getting started” tutorial built inside the system. Some kind of an interactive search
tool similar to Microsoft Word'’s “Tell Me” function might help the users find what they are looking
forin the system. However, based on the results of the user questionnaire and the discussions held
during user tests, | would suggest focusing improvement efforts on the system’s current search

functions first.
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4 CONCLUSIONS

After the heuristic evaluation it seemed that the most notable usability problems in the system had
to do with readability and the memory load that the system puts on the user. The system is complex
and uses industry and system specific language, and many of the system’s functions have no
explanations attached. The user has to know the exact name of what they are looking for to be able

to search for functions or pieces of information in the system.

According to the heuristic evaluation, the biggest problems in system readability and accessibility
have to do with how text is displayed; what language is used; and how the user may operate the
system via keyboard input. The text size and system language should have been made adjustable,
and more attention should have been given to keyboard controls, namely how TAB- and ESCAPE-

buttons functioned in the system.

Text readability and the problems with using a keyboard as the main tool for navigation did not
come up in the user questionnaire as much as one might have expected based on the heuristic
evaluation of the system. Instead, the user questionnaire highlighted a problem not accounted for
in the heuristic evaluation; 8 out of 21 respondents mentioned problems with the search function

or system speed as something they would like to see improvements in.

In the user tests, all testers managed to complete the test tasks with little to no help from the test
moderator. New users were unable to instinctively tell where they could edit the information
displayed on the screens, while more experienced users knew either by heart or by glancing at the
screens where they could check and update the information described in the use case. All testers
could have benefitted from either tooltips or direct links to the places where the displayed data
would be editable. For example, the customer’s Total situation view displays a customer’s basic
information such as name and phone number, but clicking on these (which both testers in group A
tried) does not let the user edit the information, nor does the user interface give any explanation as
to why the data is not editable.
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Suggested improvements

The main functions of the System X user interface are to display data to the user, as well as let

users add to and correct data in the system. Displaying data is done largely by using tables, and to

find the relevant records the users have to do different searches in the system. Any problems

present in the search functions are repeated every time any user does searches in the system, and

several users reported their frustration at how the searches are automatically sorted in a way that

was not helpful to them. Another common complaint was that the searches took too long or even

failed completely.

The search function is a vital part of the system and further refining it would be appreciated by both

current and future users. The problems in the search function that need addressing are:

Search speed. A problem that was highlighted both in the questionnaire and user tests was
that users are dissatisfied with the system’s speed. Searches should be optimized to
reduce the time the user has to spend waiting for a search to be completed.

Search cancellation. The users should be given the option of canceling a search they
already started so they can backtrack when they realize they might have used search terms
that will not bring the results they want. Users may, for example, accidentally enter a search
term in the wrong field and start a search before realizing their mistake. Currently the
system forces the user to wait until the search is completed before letting them revise the
search. Giving users this option would make the system feel more responsive and
searching would become faster.

Presets for search sorting. Users reported having to re-sort certain search results every
time they performed a search, because the system’s default way of sorting the information
differed from how the users wanted the search results to be displayed.

Unlocking certain fields for searching or sorting. While the majority of search results can
be limited or sorted by any field chosen to be displayed in the search, this is not the case
for every search view. For fields where search filtering or results sorting is not possible,
there should be an explanation for why the field is unavailable for the function, and
instructions for how to get around this.

Search result headers. The headers in the search results are sometimes much longer than
the content of the field itself. Users should be given the option to adjust the width of the
different fields in the results, or for example offer automatic line breaks, hyphenation or
abbreviations (with explanations) for the longer header texts.
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4.2 Evaluation of the methods used in the study

For this study, the initial heuristic evaluation was not strictly necessary, as the focus was on the
end users experiences with the system. When looking at the results of different evaluation methods,
itis clear that if the usability study had been based solely on heuristic evaluation techniques without
involving the actual end users, it would have been impossible to tell what usability problems the
end users regularly faced in the system. However, conducting the heuristic evaluation helped with

getting familiar with the system and the use case.

The user questionnaire done after the heuristic evaluation was a step in the right direction, though
the questionnaire itself could have been constructed in a better way. The questions were mostly
open ended and allowed for free responses, which may have made the questionnaire easier for
the respondents, but also made comparing the different responses difficult. Additionally, some of
the questions could have been formatted differently. In question 3, “How easy do you think it is to
start using the system?”, the respondent is inexplicitly told that starting to use the system is easy.
While the statement is formatted as a question it steers the respondent into commenting on the
wording of the question. One respondent answered to this question along the lines of “Easy? As
ift”, which clearly expresses their frustration with the system as well as exposes the poorly worded

question.

Out of all the methods, the usability tests were the most helpful in determining how the end users
operate the system in real life. The tests offered more relevant information to the study than the
heuristic evaluation, as all problems discussed during the tests were things that the end users
noticed in their daily work. The one complaint about the usability tests was that the use case was
too compact, with the majority of testers finishing it in less time than it took to explain how the
testing was to be done. In any future usability studies, it would be good to look for a few different

tasks or a more complex use case to do the testing with.

26



REFERENCES

Barnum, Carol. 2010. Usability testing essentials: ready, set... test!. Elsevier.

Brace, lan. 2008. Questionnaire design: How to plan, structure and write survey material for

effective market research. Kogan Page Publishers.

Kuoppala, Hannu - Parkkinen, Jarmo - Sinkkonen, Irmeli - Vastamaki, Raino. 2006. Kaytettavyyden

psykologia. Helsinki: Edita Prima Oy.

Leavitt, Michael - Shneiderman, Ben. 2006. Research-Based Web Design & Usability Guidelines.
Date of retrieval 14.3.2018

https://www.usability.gov/sites/default/files/documents/guidelines_book.pdf

Nielsen, Jakob. 1995. Severity ratings for usability problems. Date of retrieval 15.3.2018

https://www.nngroup.com/articles/how-to-rate-the-severity-of-usability-problems/

Nielsen, Jakob - Landauer, Thomas K. 1993. "A mathematical model of the finding of usability
problems," Proceedings of ACM INTERCHI'93 Conference (Amsterdam, The Netherlands, 24-29
April 1993), pp. 206-213. ACM.

Nielsen, Jakob. 1994. Enhancing the explanatory power of usability heuristics. In Proceedings of

the SIGCHI conference on Human Factors in Computing Systems (pp. 152-158). ACM.

Presser, Stanley - Couper, Mick - Lessler, Judith - Martin, Elizabeth - Martin, Jean - Rothgeb,
Jennifer - Singer, Eleanor. 2004. Methods for testing and evaluating survey questions. Public
opinion quarterly, 68(1), 109-130. Date of retrieval 14.3.2018

https://doi.org/10.1093/poqg/nfh008

Romano Bergstrom, Jennifer. 2013. Moderating Usability Tests. Date of retrieval 28.3.2018
https://www.usability.gov/get-involved/blog/2013/04/moderating-usability-tests.html

27



World Wide Web Consortium. 2008. Web content accessibility guidelines (WCAG) 2.0. Date of
retrieval 20.3.2018
https://www.w3.org/TR/WCAG20/

28



TEST SCRIPT APPENDIX 1

<< Check connection and sound >>

<< Introductions >>

Do you have access to System X user interface in a test environment? Please open the system’s
login screen and share the screen.

<< After the screen sharing is working and the tester got to the right page, move on >>

Before we start, is it alright with you that this Skype-call be recorded?

(If there are any questions, mention that the recording is for note taking purposes and will not be
used for anything other than this usability study. Personal information, such as the names of the

testers, will not be shared and they will be excluded from the final report.)

<< After getting permission, start recording >>

We start by going over a few basic things, but let's keep the rest of this testing session more
conversational. The testing will take approximately 30 minutes, so we will have plenty of time to

talk about anything that comes up during testing after we’re done with the planned tests.

During testing | will ask you to do tasks in the system. While you do so, | ask you to describe what
you're trying to do. For the testing, it would be best if you could “think aloud” as much as possible
while you're doing the tasks. This way we will get a better understanding of how users see the

system.

In this testing, you shouldn’t worry about whether you know how to do something in the system or
not. The only thing you have to remember during testing is that we're testing System X, not its
users. If, for example, you cannot find a certain button or a button does something unexpected,
we’ve found a usability problem, which is what we are looking for. The purpose of the testing is to
find these problems so we may make improvements to the system where improvements are most

needed.

Do you have any questions before we start?

<< Answer possible questions >>
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Let's proceed to testing.

I'm sending over the tasks you will be doing as text over Skype. Read the text aloud before you
start doing the tasks. The idea is that you will perform the tasks on your own. | may ask some
questions while you are doing the tasks, but will not otherwise intervene with the testing.

You may now proceed to read the task aloud and begin testing.

<< To ask after the testing: >>

What was the most difficult part of the task?

What parts of the system do you think work well?

What kind of improvements do you wish would be made in System X?
How much and how have you used System X before testing?

How much and how have you used systems similar to System X before testing?
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