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Abstract

Location Based Navigation System (LBNS) is a specific Location Based Ser-
vice (LBS) purely for navigational purpose. These systems resolve position of
a user by using GNSS/GPS positioning technologies, to which supplementary
information on goods and services are tagged. The navigation services have
become popular and can be installed on mobile phones to provide route in-
formation, location of points of interest and user’s current location. LBS has
continued to face challenges which include “communication” process to-
wards user reference. Location Based Service System conveys suitable infor-
mation through a mobile device for effective decision making and reaction
within a given time span. This research was geared at understanding the state
of LBS technology acceptance and adoption by users in Nairobi Kenya. To do
this a quantitative study was carried out through a questionnaire, to investi-
gate mobile phone users’ response on awareness and use of LBS technology.
Testing the growth of this technology in this region compared to predictions
in previous studies using Technology Acceptance Model (TAM), it is evident
that many users may be aware of GPS functionality in mobile phones but are
certainly yet to fully embrace the technology as they rarely use it. This points
to some underlying challenges towards this technology within this part of the
World, thereby recommending for deliberate monitoring and evaluation of
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LBS technology for sustenance growth based on user satisfaction and accep-
tance for improved usability.
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1. Introduction
1.1. Background

Technology is dynamic and its importance is inevitable in our day to day lives; it
brings together tools to promote development, usage, and information exchange,
making tasks easier and solving many problems for mankind [1]. In the last
decade paper map has given way to digital format in electronic devices, where a
lot of information and data are tagged to location in digital maps, of which many
are accessed through screens of mobile devices [2]. Recently, digital maps have
become more than just visualization tools in navigation systems, and now utilize
the processing power found on mobile devices to provide users with additional
navigational and routing information tailored to user’s needs, hence birth of Lo-
cation Based Services [3] [4].

Previous studies predicted exponential growth in LBS technology over the
world [5] [6] [7] [8]. This was supported by a survey where Google Maps
(Google Inc., USA), an LBNS application, was ranked top smart phone mobile
application in use in the USA as shown in Figure 1. LBNS, as with any other
technology, is an application of scientific knowledge developed for practical
purposes in applied sciences, geared to benefit and make it easy for end user [9].
Therefore, end users determine the acceptability and adoption of any technology

if they choose to embrace it [10]. Technology can be accepted or rejected, and
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Figure 1. Mobile phone application rating (Global web index, 2013).
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with rapid growth of LBNS in other parts of the world as predicted. This paper
tests the hypothesis that the same holds true for Nairobi, Kenya. The research
adopted a Technology Acceptance Modeling (TAM) technic to assess this hypo-

thesis [11], with a quantitative study carried out in Nairobi, Kenya.

1.2. System Components

LBNS is a specific Location Based Service purely for navigational purpose [12].
The architecture of these applications is a six-tier, comprising user, geographic
data/spatial data, mobile device, telecommunication service, Internet, and
GNSS/GPS systems [13] as illustrated in Figure 2.

The users of these systems are not only the holder of mobile phones, but also
companies such as Uber who use LBNS for their operations. These are end con-
sumers of information that is stored, shared, analyzed, and distributed by the
system. Geospatial data forms a very important component in the architecture
too, forming a backbone of these systems as every information and feature
on/over/underneath the earth surface is spatially defined with respect to the
earth. One cannot provide competent LBNS without good spatial data infra-
structure [14] [15]. Geospatial data is information that identifies geographic lo-
cation of features and boundaries on Earth, such as natural or constructed fea-
tures, oceans, and more. Spatial data is usually stored as coordinates and topol-
ogy and is data that can be mapped having an implicit or explicit association
with a location relative to the Earth. Mobile device is another key component of
these systems. A mobile device (or handheld computer) is a computing device
small enough to hold and operate in one’s hand [16]. Many mobile devices have
decent processing power, with some as powerful as mid-range laptops. These

mobile devices can process data fast and render map images seamlessly. Typically,
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Figure 2. Components of LBNS.
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any handheld computer device will have an LCD flat screen interface, providing
a touchscreen interface with digital buttons and keyboard or physical buttons
along with a physical keyboard [17]. Many such devices can connect to the In-
ternet and interconnect with other devices such as car entertainment systems or
headsets via Wi-Fi, Bluetooth, cellular networks or Near Field Communication
(NFC) [18]. Telecommunication service is an important element in LBNS, it is a
means of exchange of information/data by electronic and electrical means within
a wide area of coverage [19]. It enables connection of computers anywhere in the
world via dedicated routers and servers. A complete telecommunication ar-
rangement is made up of two or more stations equipped with transmitter and
receiver devices, which transmits signs, signals, messages, words, writings, im-
ages and sounds or information of any nature by wire, radio, optical systems,
internet, such are computer networks that use Internet protocol suite (TCP/IP)
[20]. Internet connection is an equally vital part of the architecture, this trans-
mits and receives all kinds of information such as text, graphics, voice, video,
and computer applications [21]. The connectivity options available include 3G,
4G, 5G, and Wi-Fi, and these have all helped the growth of LBNS [22]. Naviga-
tion applications have become popular being able to be installed in mobile
phones to provide direction, location of point of interest and user position [23],
GNSS/GPS systems have provided autonomous geo-spatial position of a hand-
held device with global coverage where they use satellites to deliver geo-spatial
position [24]. They allow small electronic receivers to determine their location
(longitude, latitude, and altitude/elevation) to high precision (within a few me-
ters) using time signals transmitted along a line of sight by radio from satellites.
The system can be used for providing position, navigation or for tracking posi-
tion of something fitted with a receiver (satellite tracking). Geographical com-
munication utility such as GPRS and GPS are deployed as part of the LBS system
[25]. GNSS/GPS, complimented by GPRS navigation solutions help give accu-
rate information on user’s location, and this supports LBNS resolve distance to
services and utilities, and help optimize routing information [26]. These systems
resolve position of a user by using GNSS/GPS positioning technologies, to which
auxiliary data on facilities and services are attached [27]. According to Garg ef al
(2013), the ability to incorporate geographical positioning elements in mobile
systems has in a greater way boosted advancement in the use of LBS in smart-
phones [28]. This is also supported by Deidda et al (2013) who stated that LBS
depend on geographic positioning to reveal information to users [29].

1.3. LBS Challenges

Even though LBS development has grown exponentially, challenges continue to
exist [30]. Basiri ef al (2016) acknowledge on the existence of these LBS chal-
lenges and categorize them into “technical and non-technical” [31]. With tech-
nical comprising: positioning, cost of service, location privacy, power consump-
tion, user interface, whereas non-technical comprise social acceptance, commer-

cial and business model, privacy concerns, human factors, and cultural differ-
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ences, all which solutions can be achieved through scientific investigations.
Among the existing challenges in LBS is “communication” process on a user
point of view where Location Based Service system convey suitable information
through smartphone (mobile device) for effective decision making and reaction
within a given time span [30].

Mobile phone is a telephone which access cellular radio system within a wide
area, without physical connection to a network [32]. Mobile phones can be used
for a variety of purposes, including making voice calls, business transactions,
gathering information through radio and television broadcast, for money trans-
fer and banking among other services [33] [34] [35]. Mobile phones have
evolved from basic cellular phone with limited processing capacity to smart
phone which are characterized by greater processing capacity, sophisticated op-
erating systems, and the ability to host many applications including LBS applica-
tions [36]. Smart phones often have larger screens that enable better viewing of

content, including maps and images rendered by LBS.

1.4. Technology Acceptance and Adoption (TAA)

Technology acceptance and adoption is a measure of whether end users embrace
the subject technology by utilizing it for their tasks indicating how valuable the
technology is perceived. TAA is important for further development of any new
technology to facilitated improvement efficiency, service delivery and realize
value for money [37]. Several theories have been proposed to explain consumer
acceptance of new technologies and their intention to use it [38], these include
the Theory of Diffusion of Innovations (DIT), which could measure on innova-
tion through certain period of time within a social system [39]. Theory of Task
Technology-Fit (TTF), emphasizes on efficiency, effectiveness, and quality of
technology innovation [40]. Theory of Reasonable Action (TRA), considers how
technology molds the user behavior towards the technology [41]. Theory of
Planned Behavior (TPB), deals with the control behavior that is perceived to
have been introduced by the technology [42] [43]. Decomposed Theory of
Planned Behaviour is subject to norms and perceived behavior and is normally
used for products that exist in the market [44]. Technology Acceptance Model
(TAM) is specially tailed for modelling user acceptance on information systems
or technologies gauged on potential users’ perceived usefulness of the technolo-
gy [45]. Technology Acceptance Model 2 (TAM2) considers social norms for a
newly developed technology through pre-implementation to post-implementation
[46], whereas Technology Acceptance Model 3 (TAM 3) considers system cha-
racteristics, social influence and facilitating condition [38] [47].

This research chose to utilize TAM for measuring acceptance and adoption of
LBS technology based on the fact that the target population was based on utiliza-
tion of mobile phones and not LBS the sample population thereby was consi-
dered as potential users of LBS technology. In TAM perceived use and perceived
usefulness is considered as contributor to individual’s intention to use this tech-

nology, hence provides a general framework as indicated in Figure 3, that can
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Figure 3. Technology acceptance model factors.

easily related to factors that impact on use of novel technology, as compared to
other models [48].

1.5. Aim of Paper

This paper was aimed at testing the hypothesis that “LBS technology was to have
a rapid growth worldwide”, that was presumably to mean that this technology
acceptance and adoption would be high, proportionate with awareness and ac-
tual usage. Based on this, the paper was to investigate and determine through
mobile phone users in Nairobi, Kenya utilizing Technology Acceptance Model
(TAM) to determine whether the null hypothesis holds true or not.

2. Methodology
2.1. Study Area

Nairobi, Kenya’s capital city, was chosen for the study. Nairobi, laying at 1°09'S
36°39'E and 1°27'S 37°06'E in the eastern part of Africa as shown in Figure 4. It
occupies 696 square kilometers and has a population of 3.1 million [49]. Cur-
rently it has a population of about 4.397 million people [50]. Nairobi is Kenya’s
commercial, transport, communication, and administrative center. It also serves
as a transport corridor to the northern states of Sudan, Ethiopia to Egypt. It links
to western and central African through Uganda, Rwanda, Burundi and Demo-
cratic Republic of Congo. It also links to western and central African countries
of Uganda, Burundi, Rwanda, and Democratic Republic of Congo. To the east it
connects to the Republic of Somalia, whereas to the southern states through
Tanzania all the way to South Africa as well as to Mombasa port in the southern
part of Kenya. It links flight services to major destinations throughout the world
and has train services to Uganda and Southern Sudan which is still under con-
struction. Nairobi city is split into eight divisions, namely Makadara, Kamukun-
ji, Starehe, Lang’ata, Dagoretti, Westlands, Kasarani and Embakasi. Nairobi’s
Central Business District falls in Starehe Division [49], and is the main transport
and communication node for Nairobi County as shown in Figure 5, as well as
the whole country. It is estimated that 2.2 million people in Nairobi (70% of the
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Figure 4. Nairobi city.

population) own a mobile phone [49]. The population in Nairobi has a higher
per-capita income than the rest of the country, and for this reason mobile phone
penetration is higher in Nairobi as compared to the rest of the country, this
made Nairobi ideal for this study.

Nairobi had approximately 70% of its population accessible to mobile phone
services in Figure 6 [49]. That implies that about 30% of its population is not
accessible to mobile phone services.

This also suggests that it is this population that is not qualified to this service
and evidently being minors below 15 years of age, as shown in Figure 7 where
the mean is greater than the median and is less than the mode. It depicts a devia-
tion from normal distribution, with age ranging from 0 years to over 80 years of
age with about 0.1% being 3571 not specifying their age. Table 1 with reverse
cumulative frequency at 69.7% close to 70% indicate ages 15 and above, leaving
30% between ages 14 years to 0 years of age not possessing mobile phones, this

age bracket lies between infancy to primary education level.

DOI: 10.4236/jcc.2021.910005

66 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2021.910005

C. B. Wasomi et al.

Table 1. Female and male population of Nairobi by age.

Age Range Male Female Total Reverse Cumulative %
0-4 199,381 197,780 397,161 100.0%
5-9 151,900 154,977 306,877 87.3%
10 - 14 119,951 127,014 246,965 77.6%
15-19 115,772 154,292 270,064 69.7%
20-24 211,089 266,307 477,396 61.1%
25-29 234,596 228,157 462,753 45.9%
30-34 182,623 141,506 324,129 31.1%
35-39 134,459 95,173 229,632 20.8%
40 - 44 89,109 57,492 146,601 13.5%
45 - 49 65,901 41,102 107,003 8.8%
50 -54 41,682 24,894 66,576 5.4%
55-59 24,304 14,981 39,285 3.3%
60 - 64 15,061 10,105 25,166 2.0%
65 - 69 7358 5664 13,022 1.2%
70 - 74 4462 4240 8702 0.8%
75-79 2424 2519 4943 0.5%
80+ 3348 5175 8523 0.4%
Age NS 1810 1761 3571 0.1%
Total 1,605,230 1,533,139 3,138,369
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Figure 5. Nairobi hub for transport and trade.
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Figure 7. Population distribution of Nairobi by age.

Population distribution for Nairobi is provided by Figure 7 with a mean age
of 23.26 years and standard deviation of 15.04 years. It is a bi-modal curve with
two peaks at 0 year and 25 years which is as well as the mode for the population
and a median at 23 years. The age ranges from less than 1 year to over 80 years

of age and above with about 0.1% that being 3571 their age not specified.

2.2. Technology Acceptance and Adoption

The paper utilized Technology Acceptance Model (TAM) technique invented by
Davis (1989) by relating TAM variable to the study variables to determine level
of acceptance and adoption of this application [45]. This research endeavors to
investigate on the state of LBS technology in Nairobi, Kenya through a quantita-
tive study deploying simple random sampling method of by-passers in Nairobi
central business district (CBD) for three working days, with a sample population
of 300 persons utilizing a questionnaire as an instrument for survey.
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2.3. Questionnaire

A questionnaire survey was carried out to investigate users’ acceptance and uti-
lization of this technology based on mobile phone usage, awareness and exploi-
tation of LBS. A simple questionnaire comprising four sections namely intro-
duction, general section, technical section and person details. An introductory
statement explaining the motive of the research work with assurance on confi-
dentiality of the respondents’ answers, a general section which had general ques-
tions on mobile phones, technical section involving knowledge on LBS and GPS
systems and lastly with personal details section that inquired on age, level of
education among others but excluding respondents’ identity. Permits were ob-
tained from National Commission for Science, Technology, and Innovation
(NACOTSI) and Nairobi County Government. The first section introduced a
respondent to understand the objective of the questionnaire, whereas the general
section dealt with communication media where mobile phones were featured.
The technical section dealt with technical aspect as Location Based Services
(LBS), with the last dealing in personal details of respondents. The study en-
gaged four survey research assistants, two males and two females for gender

balance.

2.4. Sample Size Determination

The population focused were individuals who own mobile phones and utilizes it
for various tasks. According to the Kenya National Census of 2009, Kenya with a
population of about 38.6 million people had about 17.8 million mobile phone
users which is approximately 46% of the entire population whereas Nairobi the
capital city with a total population of 3.1million people had 2.2 million people
owning a mobile phone which is about 70% of the population, as indicated in
Table 2 [49].

Nairobi being a city and a business, commercial, communication and admin-
istrative center has a population with financial capability to acquire and utilize

the devices. The research interest is to reach as many mobile phone users as

Table 2. Population accessible to mobile services.

Region Total Population Mobile Phone Users %
Kenya 38,610,097 17,968,269 46.5%
Nairobi 3,138,369 2,208,180 70.4%
Central 4,383,743 2,650,721 60.5%
Coast 3,325,307 1,512,680 45.5%
Eastern 5,668,123 2,583,759 45.6%
North Eastern 2,310,757 335,275 14.5%
Nyanza 5,442,711 2,636,892 48.4%
Rift Valley 10,006,805 4,185,248 41.8%
Western 4,334,282 1,755,132 40.5%
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possible within a limited spatial extent for the evaluation of LBS technology,
hence Nairobi CBD formed the most ideal locality for the study. Nairobi CBD
comprising areas within Kencom House, Hilton Hotel, Achieves, and Ambassa-
dor Hotel were earmarked for questionnaire distribution. It forms a communi-
cation center and links to other parts of the city, which hosts many people on

transit to various areas in the city in search of goods and services [51].

2.5. Field Survey

The research adopted a simple random sampling method of passers-by through
Nairobi CBD using a simple, precise, and short questionnaire. Evaluation was
carried out through a quantitative analysis using SPSS and Microsoft Excel. The
sample size was determined by consideration of Nairobi County vastness and
sample area chosen where it was easy and cheap to circulate the questionnaire
and as per the permission granted from Nairobi County Administration. Nairobi
CBD being a communication terminal and interchange for many commuters
and businesspersons, a link to business premises, administrative functions, en-
tertainment among other activities was the most ideal choice. The days chosen
were working days from Tuesday to Thursday starting at 7 am to 6 pm. A simple
random sampling method was adopted where any person walking through this
area could be picked. The respondent filled the questionnaire and returned to
the survey assistants in less than five minutes. The responses were fed in Micro-
soft Excel for loading in SPSS for analysis thereafter. The results of the analysis
based on answers provided helped form a view on where key areas for interroga-
tions on mobile phone applications were to be explored. Notable results ob-
tained included user attachment to mobile device, rating on ways of communi-
cation, awareness to positioning capability in mobile phones, inquest on travel

and information seeking habits.

2.6. Technology Acceptance and Adoption

Using Technology Acceptance Model, the research implemented a direct rela-
tionship between TAM variables and questionnaire variables to determine on
acceptance and adoption of LBS technology based on questionnaire survey out-
come as outlined in Figure 8. Based on six main segments of TAM, External Va-
riable (EV) was linked with preference to mobile phone as a media to commu-
nication and information dissemination being an external cause of LBS by the
fact of hosting it. Perceived Use (PU) was related to GPS awareness having
knowledge of GPS technology and being able to clearly identify whether it exists
on one’s mobile phone or not. Perceived Ease of Use (PEOU) was associated
with mobile phone enslavement being the time one is attached or hangs with
mobile phone and also dependent on one’s education attainment level with con-
sideration of college education and higher levels presuming these levels to have
at least some working knowledge on LBS and GPS. Attitude (A) was linked to
social activity of users as they always/often/sometimes move or travel from one

location to another. Behaviour Intention (BI) related to enquiries by user as they
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Figure 8. Relationship between TAM variables and questionnaire variables.

always/often/sometimes find direction as they move to new locations, with Ac-
tual Use (AU) being associated to always find location using one’s mobile phone
and always Use of GPS functionality on mobile phone.

3. Results
3.1. Quantitative Analysis of Mobile Phone Users

Out of 300 questionnaires issued, 276 responses were obtained this was 92% re-
turn rate, of which 204 were male and 57 were female with 15 not stating their
gender. This shows bias as a huge difference exists in gender response based on
unwillingness to respond to the survey emerging mostly from female partici-
pants. The Mean age of respondents was about 27 years with a standard devia-
tion of 7.8 years, age ranging between 15 to 54 years, with mode at 24 years and
median at 25 years. The number of respondents starts dwindling as from age 28
years onwards terminating at 54 years as shown in Figure 9.

The respondents came from as far as Rwanda and Uganda, which are neigh-
bouring countries to Kenya as indicated in Table 3, about 0.8% while 254 res-
pondents 92%, the bulk reside in various part of the country.

Respondents from Kenya were distributed in various parts of the country in-
cluding Central Kenya, Western Kenya, Nyanza region, part of the Rift Valley,
Eastern and Coastal region, with a majority from the study area, Nairobi County
as portrayed in Table 4 and visualized in the distribution map of respondents’
area of residence in.

Respondents who reside in Nairobi were 46% of the total from Kenya whereas

those from other counties were 54% as illustrated in Figure 10. The counties
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Table 3. Respondents’ country of residence.

Country
Kenya
Uganda
Rwanda

No Response

No. of Respondents Percentage
254 92.0%
1 0.4%
1 0.4%
20 7.2%
276 100.0%

Table 4. Respondents’ county of residence.

County No. of Respondents Percentage Cumulative Percentage
Baringo 4 1.6% 1.6%
Bomet 3 1.2% 2.8%
Bungoma 7 2.8% 5.5%
Busia 3 1.2% 6.7%
Elgeyo Marakwet 2 0.8% 7.5%
Embu 2 0.8% 8.3%
Homa Bay 6 2.4% 10.6%
Kajiado 7 2.8% 13.4%
Kakamega 5 2.0% 15.4%
Kericho 3 1.2% 16.5%
Kiambu 28 11.0% 27.6%
Kilifi 1 0.4% 28.0%
Kirinyaga 2 0.8% 28.7%
Kisii 3 1.2% 29.9%
Kisumu 4 1.6% 31.5%
Kitui 2 0.8% 32.3%
Laikipia 1 0.4% 32.7%
Machakos 12 4.7% 37.4%
Makueni 3 1.2% 38.6%
Meru 2 0.8% 39.4%
Migori 3 1.2% 40.6%
Mombasa 1 0.4% 40.9%
Murang’a 4 1.6% 42.5%
Nairobi 118 46.5% 89.0%
Nakuru 4 1.6% 90.6%
Nandi 4 1.6% 92.1%
Narok 1 0.4% 92.5%
Nyeri 7 2.8% 95.3%
Siaya 6 2.4% 97.6%
Taita Taveta 1 0.4% 98.0%
Trans-Nzoia 1 0.4% 98.4%
Uasin Gishu 4 1.6% 100.0%
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40

Number of Respondent

Figure 9. Questionnaire respondents by age.

Figure 10. Respondents residential address.

close to Nairobi had a large contribution to the number of respondents than
those farther away as shown in the map in Figure 11.

Based on gender, Figure 12 indicates low participation from female respon-
dents at 21% compared to male counterpart at 74% while 5% did not respond.

Dealing with respondents of both female and male sex, the survey engaged a
gender balanced composition of research survey assistants of two female and two
male to avoid any biases towards a particular gender. Figure 13 shows propor-
tion by which each survey assistant interacted with participants, MM (Female)
covered 16% of the interactions, after losing out 26No. of responses to a
pick-pocket who snatched her handbag which contained questionnaire res-
ponses. NM (Female) covered 25% whereas JM (Male) covered 30% with KEM
(Male) covering 29%.
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Figure 13. Survey assistants interaction with respondents.

Figure 14 shows interaction of each survey assistant with different gender. It
shows proportion of each gender interaction with the research survey assistants,
proportionate to their coverage. The interaction for each research survey assis-
tants outreach ratio for female to male at worst 1:6 and 2:5 at best.

Education consideration is highlighted in Figure 15 which shows a big major-
ity of respondents as well educated with over 88% that is 213 respondents having
attained secondary education and above. Education level by gender was also
proportionate with female being few but similar in variation at different educa-
tion levels. Majority of respondents 102 in number being 40% had attained Uni-
versity Education to Postgraduate. Those who had no formal education were just
one respondent only and eight respondents at 3% had primary education. Those
who did not respond were 14 respondents at 4%.

In Figure 16 there is a strong correlation of education background for both
female and male respondents, as it uniformly varies at different stages of educa-
tion levels distributed proportionately.

User relationship with mobile phones in terms of time of possession of these
devices or by which a user is in contact. It can be illustrated in Figure 15 that
68% that is 187 respondents have their mobile phone for over 12 hours, with
about 18% that is 50 respondents have it from 8 hours to 12 hours, 7% being 18
respondents handle it as from 4 hours to 8 hours, 4% that being 12 respondents
within 1 hour to 4 hours, 1% that is 3 respondents under 1 hour while 2% that is
6 respondents did not respond on this question, this is shown in Figure 17.

Mobile phone was picked out as the most favorite form of media for informa-
tion transmission and dissemination at 89.2% rating as most used, followed a
distance second by Computer & Internet at 55.9% rating, Television at 53.7%
and Radio at 46.4% as shown in Figure 18, with the worst being letters with a
rating of 2% as most used median. Newspaper and Landline Telephone have
22.7% and 22.5% respectively.

3.2. Personal Habits

Inquest on mobile phone personal habit was made where respondents’ travel,

inquire on direction and time of day, are as shown in Figure 19. It can be seen
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Figure 16. Education level by gender.

that 104 respondents always travel, 80 respondents often travel while 60 respon-
dents sometimes travel as compared to 18 and 2 respondents who rarely and

never travel respectively, with 12 respondents not answering back to the ques-

tion on travel habits.
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Correspondingly Figure 20 shows 38% of the respondents always travel,
29% often, 22% sometimes travel while 6% rarely and 1% never travel, with
about 4% not responding to the question on travel. This implies 89% at least
always/often/sometimes travel.

On inquiry for direction, 20 respondents always enquire, while 35 respondents
often enquire and 107 respondents sometimes enquire on direction issues, whe-
reas 72 and 17 respondents rarely and never enquire on direction respectively
with 25 respondents not answering to the question as indicated in Figure 19.
Similarly, Figure 21 demonstrates that 7% inquire on direction, 13% often and
39% sometimes inquire on direction while 26% rarely and 6% never inquire on
direction with 9% not responding to the question on direction inquiry. There-

fore 59% always/often/sometimes inquire on direction.
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On issues on time, 80 respondents always enquire on time of day, while 31
respondents sometimes enquire and 46 respondents sometimes inquire on time,
whereas 51 and 40 respondents rarely and never enquire on time respectively
with 28 respondents not answering to the question as shown in Figure 19. Evi-
dently Figure 22 shows that 29% always inquire on time of day, 11% often and
17% sometimes inquire on time of day whereas 18% rarely and 15% never ask on
time of day thus 57% always/often/sometimes inquire on time of the day.

In terms of cost of mobile phones, Figure 23 shows that about 210 respon-
dents had mobile phones that cost less than Ksh 10,000/= that was approximate-
ly 78%, while about 76 respondents about 22% had mobile phones that cost over
Ksh. 10,000/=.

No Response
10%

Figure 22. Time of day inquiry.
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Figure 23. Mobile phone cost.
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Mobile phones come in different makes from various manufacturers, with
different features on board. These form preference for choice that user make
when purchasing mobile phones, this is indicated in Figure 24. On a Likert scale
rating from extremely important to not important. Among the factors outlined
is price which indicates 37.3% representing 103 respondents prefer price as ex-
tremely important factor, 58% that is 160 respondents prefer functions on mo-
bile phone. Smartphone and brand are considered at 26.8% being 74 respon-
dents and 24.6% being 68 respondents respectively. Touch screen at 15.2%
representing 42 respondents with the least in consideration being small screen

size preference at 5.1% being 14 respondents.

3.3. LBS Awareness and Usage

Mobile phone is a hardware that hosts various applications, which assist users
with a variety of tasks in real life. Among the applications are given in Figure 25,
where internet access, clock and SMS service are rated over 60% as always used
application followed by voice call, money transfer and alarm at 45.3%, 42.4%
and 34.8% respectively. The least in choice is TV viewing on mobile phone at
6.5%. Find location is a navigational application which belongs in the LBS fami-
ly, was rated at 10.1% as always used. Other applications on always used rating
included calendar at 34.4%, picture and video at 26.8%, social media at 12%.

From the pie chart in Figure 26, it reveals that 72% that is 198 respondents
were aware of GPS functionality on their mobile phone, with 13% representing
35 respondents not aware about it at all. It is also evident that 5% being 15 res-
pondents were not sure, 6% that is 17 respondents had no idea about GPS with
4% that is 11 respondents not responding.

From Figure 27 illustrate use of GPS functionality on mobile phone where
22% representing 61 respondents always/often/sometimes use GPS functionality

on their mobile phones while 8% which is 21 respondents rarely and never use
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Figure 24. Mobile phone purchase factors considerations.
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this functionality. A big number of about 70% representing 198 respondents did
not react to this question on use of GPS functionality on mobile phone.

The response on whether one minds being located by the fact that mobile
phone position is determined with GPS attachment hence the user location
known. These split respondents almost in the middle with those for being 35%
signifying 92 respondents while against on revelation of their location at 32%
signifying 84 respondents. Only 1 respondent 1% felt it is not important with
about 32% being 84 respondents not reacting to the question on locating user
position by mobile phone as shown in Figure 28.

For gender parity, it is apparent that more females did not mind their location
being known with 17 respondents for while 15 respondents against as revealed
from Figure 29. For male a higher number 77 respondents minds on their loca-

tion being determined while 67 respondents would not mind. The number

Not Important
1%

Figure 28. Mind your location determination.
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Figure 29. Mind your location by gender.
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of respondents who did not react to this is very high for female at 24 respon-
dents higher than the yes and no, while for male was at 60 respondents just
slightly below the yes and no proponents. It was almost balance in equal propor-
tion with both genders splitting almost in the middle for and against as demon-

strated in Figure 29.

3.4. Technology Acceptance Model (TAM)

The percentage scored from questionnaire response were used to analyze where
the mean was determined with the consideration of all six segments referred
from Figure 8. These were External Variable (EV), Perceived Ease of Use
(PEOU), Perceived Use (PU), Attitude (A). Behaviour Intention (BI) and Actual
Use (AU) were mapped to the research variables scores as indicated in Table 5.
With a sample size (n) of 9, the mean (p) was 0.628% at 95% confidence level,

using a T-distribution left hand tailed curve as the sample size is less than 30.

Table 5. Technology acceptance model for LBS.

(TAM) Research Variables x xX-u (x-p)?
EV Mobile phone use 0.84 0.21233 0.04509
PEOU Time with phone 0.86 0.23233 0.05398
Education 0.77 0.14233 0.02026
PU GPS Aware 0.844 0.21633 0.04680
Phone has GPS 0.717 0.08933 0.00798
Attitude (A) Travel 0.884 0.25633 0.06571
BI Ask Direction 0.413 —-0.21467 0.04608
AU Find Location 0.101 —0.52667 0.27738
Use GPS 0.22 —-0.40767 0.16619
XX 5.649 0.72946
Sample Size (n) 9
X 0.628
Standard Deviation (o) 0.30196
Standard Error (&) 0.10065 0.17091709
Degree of freedom n-1 8

95% Confidence Level

Error margin 0.23805

X —u -0.3179 Left tailed distribution curve
Population Mean (1) 0.30976
u 0.38962
u 0.86572

0.390 < £ <0.866
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4. Discussion

4.1. Quantitative Analysis of Mobile Phone Users

The sample population captures 92% respondents from Kenya distributed from
various counties apart from Nairobi. With about 1% of the respondents coming
from out of the country, namely from Uganda and Rwanda. Nairobi as study
area constituted 43% of sample population, thus 57% was Generated Population
(GP) where this GP are non-Kenyan, Kenyan from other counties and those who
did not respond as shown in Figure 30. The GP may have been due to the cen-
tral nature of the study area in terms of Transportation, commercial, industrial,
and administrative hub. The Sample population may not be fully representative
of the study area population, but it captures the intentions of this research study
in navigation issues with location based services, providing a much needed
feedback as sample population has potential need for location and direction
seeking.

From the respondents we note that the ratio of female to male is approx-
imately 1:4 which is significantly different from the population with ratio 1:1 as
in Figure 31 [49]. This indicator that less female participated in the survey as
compared to their male counterparts. The anomaly would be either out of bias-

ness from the survey assistants or lack of willingness from female participants to

Non Kenyans

1%—\

No Response
_ 7%

Figure 30. Respondents’ residential address.

Figure 31. Proportion female to male ratio (Census 2009, KNBS).
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take part in the survey. The study had deliberately engaged survey assistants
based on gender at a ratio of 1:1 to eliminate any kind of biasness in terms of in-
teraction with participants. Low female participation may be attributed to lack of
tolerance for any discussion or interruption on one’s activity and also not being
ready to divulge information one may not be ready to especially personal details
within the questionnaire.

The respondents were from ages 15 years to 54 years, this also raises questions
on why not from 0 year of age to over 80 years. This would appear so as we
know that from infancy to 3 years of age is a population which requires home
based care, school going children start from 3 years all the way to about 13 years
and 14 years in lower and upper primary education. This bracket of the popula-
tion is also directly under the care of parents or guardians and may not be al-
lowed to have mobile phones. It is also a known fact that in learning institutions
especially primary and secondary, mobile phones are prohibited and at the same
time this population is totally controlled in terms of their movements by parents,
guardians, and schools’ administration. Hence appearing in any public place on
a working day when they are supposed to be in class is difficult. It is also indica-
tive from the respondents that the number of respondents aged 15 years to 19
years is small, this is still the age group engaged with their studies and will be
difficult to encounter in public places during working days especially during
academic calendar. Equally there was a big population cut out of the survey from
ages 55 to over 80 years, this bracket falls in the retirement bracket and may not
be busy commuting for goods and services within the city. The survey captured
the active age group, which is still in active service of nation building, the cate-
gory of population which is productive to the country’s economic activity and
carrying out their daily business around and within the city. This could have
contributed to low sample mean age of 27 years as compared to about 30 years
for the population data from age 15 years. This is because a big number of
youths of age 20 - 30 years embrace new technologies and are in possession of
mobile phones. The results also show a big section of respondents falling within
ages 20 - 54 years, who are presumably in a category perceived to be financially
stable mostly in employment or active business and able to meet the expense of
mobile phones. This young population has a great need to communicate, do
business in a more efficient and effective ways, and source for goods and services
in a more efficient ways and hence do everything possible to have or acquire
mobile phones to ease their efforts. From age 30 years, the number of respon-
dents decreases tremendously towards age 54 years. This reflects the population
of Nairobi as the elderly dwindle in numbers from retirement age of 55 years
onward to over 80 years.

The distribution curve for both population and sample population as from age
15 years and above are unimodal and have similarities with positive skewness
and positive kurtosis. With sample population having a mean of 27.8 years, a
mode of 24 years and medium 25 years. Sample population is not normally dis-

tributed, and has a mean age is greater than mode age greater than median age
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hence positive skewness. Population data has a mean of 30.7 years with a mode
of 25 years and median of 28 years. It has a positive skewness with mean greater
than median and greater than mode, with also a positive kurtosis.

Based on census data of 2009 (KNBS), Nairobi has 70% population accessible
to mobile phones service while 21% are not accessible, 9% were not asked on the
same implying either minors or incapable to have access to this service [49]. This
shows that population from age 15 years to over 80 years and over who are about
2,187,366 out of the total population of 3,138,369 comprise 70% of the entire
population and are supposedly in possession of mobile phones leaving out the
minors at 30% who may not or have controlled access to these services.

The impression that mobile phones are enslaving users was tested by the du-
ration the gadget is in contact with its user in the day. This seems to be true, as
about 69% of respondents are in possession of mobile phone for over 12 hrs
which is a better part of their active daily time with about 19% who have it from
8 hrs to 12 hours. This highlights over dependency on mobile phones, a confir-
mation of over dependence to this device. It is a general opinion that many feel
disorganized, useless, wasted time and lost-out among many other feelings on
not having the mobile phone especially if just forgotten at home or lost.

Popularity of mobile phone technology can be noticed through its choice as
most preferred form of media for information transmission and dissemination
at 89.2% rating as most used, followed a distance second by Computer & Inter-
net at 55.9% rating, Television at 53.7% and Radio at 46.4%. The worst being
letters with a rating of 2% as most used median. Newspaper and Landline Tele-
phone have 22.7% and 22.5% respectively, just reinforcing the fact on usefulness
of mobile phones. This also emphasizes on the technological advances in infor-
mation transmission and dissemination and the need to have smaller and porta-
ble devices that can assist human in many ways but consolidated in one piece
through this digital age. With its rapid growth in acceptance, mobile phone has
become a platform where many applications solving many tasks are being loaded
to.

The mobile phones are not any cheap, but the population which is accessible
to the service can just give an impression of worthiness and importance of these
gadgets to users. Functionality, Smartphone, brand apart from cost are among
features considered on acquiring of mobile phones, putting applications such as
GPS and LBS in the fore just amongst those that are exposed to respondents’ ef-
ficacy indicating respondents’ itch for new technology.

From previous studies it is evident that growth of mobile phone in Kenya had
been exponential starting from 1999 where the population using mobile phones
was 15,000 to 2009 were those with mobile phones went above 17,000,000 and
over 20,000,000 in 2019 as indicated in Figure 32. This is an indicator of popu-
larity mobile technology has received from consumers in this part of the world.
This also supports preference by respondents’ selection of mobile phone as the

best in information transmission delivery and distribution.
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Figure 32. Mobile phone growth in Kenya.

4.2. Personal Habits

Travel, enquiry on directions and time are just among the many habits that you
would get from a common population. It was apparent that for those respon-
dents who indicated that they always/often/sometimes travel were about 88%,
and those who always/often/sometimes inquire on direction were 59% while
those always/often/sometimes inquire on time of day were 57%. It may be pre-
sumed that 29% from the 88% who travel either travel within familiar areas or
may be using the technology to access their areas of travel or destinations as they
do not enquire for directions. That is such a small number bearing in mind on
the hype LBS technology has received so far. It is evident from the study that a
small percentage of respondents use this technology despite having prior know-
ledge of its existence, hence underlying issues that does not attract them to it.
These are challenges that need to be addressed to alter the unwillingness to

adopt this technology at hand.

4.3. LBS Awareness and Usage

Mobile phone is a hardware that hosts various applications, which assist users
with a variety of tasks in real life. Among the applications are internet access,
sms service, voice call, calculator, clock, navigation applications, GPS, docu-
mentation and filing applications among others. Internet access, clock and SMS
service were rated highly with “Find location” a navigational application which
belongs to LBS family, was rated low as always used on a Likert scale of always
used to never used. Bearing in mind predictions and hype exhibited towards
these applications, this indeed is below expected usage levels. Judging from high
numbers of users who seek for direction, a marginal number on usage depicts
low rating on acceptability and adoption on use of this technology for direction

and location seeking. Marginal use of this technology indicates some underlying
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issues or challenges which need to be addressed within this part of the world to
promote acceptance. The user needs to be relooked at and solutions determined
for its growth. It is also clear that a huge number of respondents were aware of
GPS functionality on their mobile phone and were knowledgeable about the
functionality but did not use it as part of their solution to find direction to new
places of visit was evident by a small percentage of respondents who al-
ways/often/sometimes use GPS functionality with a big number that had rarely
or never used GPS functionality.

A big majority of respondents being well educated having attained secondary
education and above, could have embraced new emerging technologies hence
sophisticated applications with the use of mobile phone would not be a challenge
for most of them. LBS technology is thereby not a challenge, the only challenge
would be on what information they get and how do they get it. They do also un-
derstand very well what LBS and the connection to GPS and what can be ob-
tained from these technologies.

It is noted that female majority may not mind locating their position as op-
posed to male counterparts where majority are opposed to their location being
determined by the fact of GPS functionality determining the position of the mo-
bile phone on the earth surface. This clearly infringes in a user’s privacy which is
never taken lightly by many. They would have varying reason as to why one
would have their location private. Many respondents did not respond to this
question creating an impression that they may be confused on that matter, as
much as it is important to find location it would be equally detrimental to de-

termine their position if a third party is to have the same.

4.4. Data Reliability

The participants came from a wide range of addresses as far as Uganda and
Rwanda which are neighbouring countries, others coming from other counties
scattered across the country including Nairobi County. A large set of the sample
population came out of the study area which had not been the intention of the
research study. This also implies that the sample population was not a true re-
presentation of subject population. This sights weakness in sampling method
adopted in the study as it introduced generated population. This can be attri-
buted to the nature of sample area, Nairobi CBD being a transit point of travel
and a commercial center, it attracts other population from elsewhere. A large
percentage came from the sample area whereas outliers were distributed
throughout the country. This generated population could be attributed to people
seeking goods and services within this administrative and commercial centre.
The intention of this study was not dampened though as this still formed the
travellers who are potential GPS and hence LBS users. Since some responde