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Abstract. We present the design and implementation of
an empirical synchronous remote study for exploring the
relation between spatial ability and performance on web-
mapping services involving undergraduate University
students; digital natives. The study exploits Spatial
Thinking Ability Test to assess participants’ spatial ability
and to reveal if and to what extent it is related to their
ability to perform tasks on popular web-mapping services.
Participants’ performance was assessed on the basis (a) of
successfully executing tasks and (b) of how much time
participants needed to properly perform tasks. A usability
scale was used to measure participants’ subjective
perceptions of web-mapping services usability.
Moreover, participants were self-assessed in digital skills
using the Digital Natives Assessment Scale. Results
reveal differences among services in task accuracy
indicating that not only the web-mapping service but also
the nature of tasks guide participants’ performance.
Correlations between spatial ability, digital skills, system
usability, familiarity, and performance using web
mapping services tend to be low and not significant
leading to the assumption that success when interacting
with a web mapping service is underlined by other factors
as well.

Keywords. Spatial ability, web mapping service, digital
skills, system usability, familiarity, digital natives

1 Introduction

The paper describes the design and implementation of an
empirical study, conducted on-line, to explore whether
young people in their twenties with “engrained” digital
skills; digital natives (Prensky, 2001) and with basic
geospatial educational background interact fruitfully with
web mapping services, in other words, if there is a transfer
of digital skills and of spatial ability to map using skills.
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Three well known web-based mapping services (Google
Maps - GM, Bing Maps - BM, and HERE WeGo - HWG)
were used to measure participants’ performance along
two axes (a) accuracy; measuring whether participants
correctly performed the tasks, (b) efficiency; measuring
the time participants needed to correctly perform them.
Participants’ subjective perceptions of the services’
usability (user satisfaction) were measured, through the
System  Usability Scale (SUS; Brooke, 1996).
Participants’ spatial ability was assessed using Spatial
Thinking Ability Scale (Lee and Bednarz, 2012).
Additionally, participants were asked to self-assess their
digital skills by responding to the Digital Natives
Assessment Scale (DNAS, Teo, 2013). They also stated
their familiarity with each one of the three web mapping
services used in the survey.

Similar line of research regarding the effect of spatial
ability on map learning has been explored by Coltekin et
al. (2018), while the effect of map resolution and of spatial
abilities on map learning has also been studied (Sanchez
and Branaghan, 2009).

Web mapping services are nowadays used by a vast
number of users in their everyday life. The explosion of
their use is attributed to the interactivity, support for
collaboration, and ease of use of 2D and 3D mapping
(Veenendaal et al., 2017).

Usability testing is a widely used method for the
evaluation of systems, products or services. Usability is
defined as the “extent to which a system, product or
service can be used by specified users to achieve specified
goals with effectiveness, efficiency and satisfaction in a
specified context of use” (ISO, 2018) Effectiveness is
defined as the accuracy and completeness with which
users achieve specified goals, while efficiency is defined
in terms of resources (e.g., time, human effort, costs and
material) used in relation to the results achieved.

10f 10


https://orcid.org/0000-0003-1162-7389
https://orcid.org/0000-0002-0369-7099
https://orcid.org/0000-0001-7563-0793

Satisfaction indicates the extent to which the user
experience and responses that result from the use of a
system, product or service meet the user’s needs and
expectations (ibid).

Regarding the testing environment, usability tests have
been typically performed in laboratory conditions (in-lab)
involving a small number of representative users who
performed tasks using a service or prototype. However,
issues related to the limited number of participants tested,
as well as the high cost required for testing have led to the
development of remote testing techniques (Tullis et al.,
2002; Alghamdi et al., 2013). This study followed a
synchronous remote testing that involved communication
between test administrators and participants in real time
via technical means.

The paper is organized as follows. Section 2 presents
related work on STAT, DNAS, and usability of web
mapping services. Section 3 details the study design and
process. Section 4 presents the results of the statistical
analysis, while the last section discusses the findings.

2 Related Work
2.1 Spatial Ability Assessment using STAT

Vast volumes of research results on spatial abilities/ skills
assessment exploit batteries of psychometric tests, many
developed in the 70’s, which adopt narrow and
fragmented views of spatial abilities, whereas nowadays
spatial ability is considered an encompassing cognitive
ability than cross-cuts different facets of human cognition.

Spatial Thinking Ability Test (STAT) (Lee and Bednarz,
2012) is an instrument that can measure spatial ability,
while integrating geography content knowledge and
spatial skills. The test has been initially validated by a
sample of 532 students of different educational levels;
junior high, high school, and university (ibid.)

STAT has been used to assess spatial thinking of
university and high school students by researchers in
different countries worldwide (Bednarz & Lee, 2019). It
is an easy to use, adaptable to different cultural
environments and flexible to different settings making it
a suitable measure of assessing spatial thinking for the
current study, especially since participants have already
been exposed to concepts of space and spatial analysis,
included in STAT, via their field of studies (section 3.2).

2.2 Digital Natives Assessment Scale

DNAS (Teo, 2013) was initially developed to identify
whether and to what extent individuals assess themselves
as being digital natives. DNAS consists of four factors
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which seem to be sufficiently distinct and can encompass
the essence of being a digital native; (1) grow up with
technology, (2) comfortable with multitasking, (3) reliant
on graphics for communication, and (4) thrive on instant
gratifications and rewards.

It was validated by 1018 students and has been used in the
education sector in exploring students’ interactions with
technology and digital exposure and use.

2.3 Web-mapping Services Usability Assessment

We detail some studies of web mapping services usability
testing in chronological order.

Skarlatidou and Hakley (2006) organized two workshops
to perform usability testing of web mapping sites
(participants performed 6-7 tasks). The first evaluated
Multimap, Google Maps and Map Quest, whereas the
second, MSN maps, Yahoo! (European) maps,
ViaMichelin and StreetMap. The think aloud method, a
pre-test and a post-test questionnaire were used to gather
qualitative data. Quantitative data included completion
time for each task, total number of clicks, and success rate.
Qualitative results showed important usability issues
related to the website design, the maps size and design,
the symbols used, and the functionality offered.

Wachowicz et al. (2008) proposed a usability framework
for web mapping services of five abstraction levels
(hypothesis, typology, variables, elements, and
measures), each providing the theoretical basis for the
design and implementation of usability tests to measure
user satisfaction of web mapping services. An empirical
study involving two commercial web mapping route
planning services and three tasks, implemented the
proposed usability framework testing whether higher
degree of usability of web mapping services can be
associated with greater user satisfaction. User satisfaction
was measured on the basis of: speed of performance, rate
of interaction (number of interactions used to perform a
task), and rate of error (number of errors when performing
a task). The authors highlighted the difficulty in studying
user satisfaction without taking into account other factors
such as familiarity and operability.

Nivala et al. (2008) performed in-lab usability evaluation
of Google Maps, MSN Maps & Directions, MapQuest,
and Multimap involving 8 non-expert and 16 expert users
(cartographers and usability engineers). Non-experts
performed seven tasks and described the reasoning of
their actions using the ‘think aloud’ method. Experts were
given the list of tasks and were asked to record all
problems encountered during the tasks’ execution. The
identified usability problems were grouped based on their
severity. Based on the evaluation, the authors proposed
design guidelines for the identified usability problems.
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Khan and Adnan (2010) carried out in-lab comparative
study of two well-known web mapping services; Google
Maps and MapQuest. The evaluation involved six users
(four experienced and two novices) who performed four
tasks. The evaluation was based on completion time and
observations on the use of the two web mapping services.
Users also responded to a questionnaire for evaluating
parameters such as effectiveness, usefulness, user
reaction, consistency, visual clarity, and functionality and
to open-ended questions to further explain their opinions
of the services used.

Wang (2014) explored usability problems of Google
Maps, Bing maps, MapQuest, and Yahoo Maps. The in-
lab study involved 42 users who performed five tasks and
the whole process was recorded. The usability evaluation
was measured based on: the task completion time, the
whole time of the experiment for each participant, the
total number of clicks, and the task success rate. A post-
test questionnaire was used to identify errors and mapping
services usability problems related to the user interface,
the functionality, the search operations and the
visualization aspects.

Kavouras et al. (2021) performed comparative usability
analysis of four web mapping services; Google Maps,
Bing Maps, Here WeGo, and MapQuest. 167 university
students performed tasks on these services and results
indicate no significant differences between male and
female participants in terms of efficiency or effectiveness.
Substantial part of participants' performance and
interaction with web mapping services is mostly task-
than gender-driven; a “difficult” task seems to be the
overarching factor of participants' performance. Task
“difficulty”, however may depend on the service’s
usability issues.

Web mapping services have been typically evaluated
using laboratory testing approaches involving limited
number of users. Due to the widespread use of these
services, especially by young people, a study involving a
larger number of users interacting with these services in
familiar and less artificial environments (e.g., home,
work) where typically the tasks are performed in everyday
life, is considered important to give further insights into
significant usability aspects.

Thus, the present study took a different approach for
evaluating the usability of three well-known web mapping
services. A synchronous remote testing was conducted
involving 74 young users who performed five tasks in
their familiar environments. The test administrators acted
as facilitators interacting with the participants in real time
without observing their actions.
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3 Study Design and Process

Participants filled in a demographics questionnaire
followed by a session during which they answered to the
STAT Questionnaire and DNAS. Then, they were split
into two equally-numbered groups and they performed
five tasks on two different web mapping services each
group (three in total since Google Maps was used by both
groups) followed by a closing session where they assessed
each service’s usability. Participants were informed of all
the steps of the study beforehand. Test administrators
were available during the study in case participants had
any questions on the process, on the questionnaires, or any
problems in accessing the services. Before the survey,
participants’ questions were answered to minimize any
misunderstandings or misconceptions that could pose
limitations on survey results. The entire survey
questionnaire was created in Alchemer (2022).

3.1 Pre-test Questionnaire

The pre-test questionnaire was used to determine sample
demographics, such as gender, age group, the reasons why
participants use computers and smart devices (multiple
choice possibility from a list of answers e.g., social
networking, entertainment, education, work), web-
mapping service familiarity (5-point Likert scale) and
finally familiarity with the Boston area (5-point Likert
scale), where the web mapping service use scenario takes
place (section 3.5).

Finally, participants were asked on the kind of device they
were intending to use to perform the survey. Only two
answered they were going to use tablet or mobile phone.
They were both prompted to change to laptop or desktop
before moving on to the STAT and the Web Mapping
Services questionnaires.

3.2 Sample Description

The sample consists of 74 undergraduate students (40
male) of the School of Rural, Surveying and
Geoinformatics Engineering of the National Technical
University of Athens, Greece. Student participation was
consensual, voluntary, and anonymous without any
personal data collection.

All participants belong to the 19-24 age group, but one,
(25-30). Participants were enrolled, at the time of the
survey, in the fourth semester, which includes courses
such as Introduction to GIS and Analytical Cartography,
of a five-year (10 semesters) study cycle. The year before,
during the second semester, they had completed the
Introduction to Cartography course. They have acquired
some basic knowledge and training on maps, map
symbols, legend and scale, cartographic design, GIS
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principles and theory, spatial queries, spatial analysis etc.,
and that they comprise a homogeneous group, so no
differences in their level of geospatial knowledge exist
that could affect the results.

3.3 STAT Questionnaire

STAT Questionnaire comes in two versions, comprised of
16 items each, their differences being in the order of
multiple-choice options, and there are some figures
inversions. For this study, we used version A. The
questionnaire was translated into Greek. One master’s and
two PhD students, all in the field of GI Science, took the
test to validate it. They were asked not only to solve it but
also to evaluate the test language and terminology, the
clarity and meaning of the text in Greek. The time it took
them to complete the test was recorded to help the survey
administrators determining the time limits to impose on
the actual survey. Based on the three students comments
the translation and terminology were fine-tuned for the
final Greek online version.

3.4 Digital Natives Assessment Scale

DNAS consists of 21 items rated by a 7-point Linkert
scale ranging from “strongly disagree” (1) to “strongly
agree” (7). The scores are summed, thus ranging from 21
to 147, reflecting the degree of an individual’s perceptions
of being a digital native. DNAS items were translated into
Greek. The same individuals who validated STAT,
performed the similar endeavour of validating DNAS
translated version.

3.5 Web Mapping Services Usability Questionnaire

The usability questionnaire consists of two sections. The
first comprises the tasks that the participants had to
perform using the web mapping services, while the
second is the System Usability Scale (SUS) (Brooke,
1996).

3.5.1 Execution of Tasks

For this questionnaire section, two versions were created;
each of them evaluating the performance of participants
on a different pair of web mapping services. It was
decided that all participants use Google Maps (GM),
considered it is the most used mapping service worldwide
and thus it can serve as a benchmark of their performance.
The other two services were: Bing Maps (BM) and Here
WeGo (HWG). The sample was equally and randomly
divided into two groups who used the three services in
pairs. The tasks that the participants had to perform were:

e identifying a location (point)
geographical coordinates (Task 1),

using its
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e providing the postal address of a POI (Task 2),

e finding the shortest path (in terms of distance)
between two points (Task 3),

e finding the shortest walking path (in terms of
time) between two points (Task 4), and finally,

e locating the nearest point of interest to a specific
point (Task 5).

For Task 5 participants were asked the follow-up
multiple-choice question “How did you answer this
question?”, with three available answers: (1) by
viewing/examining the area and by changing the zoom
level (zooming in/ out), (2) by using a specific/ designated
functionality offered by the service, (3) by other means;
please elaborate. This provided an indication on how well
they know different functionalities of the services in
question.

The tasks have been chosen in line with the papers
referred in the related work section (2.3). Specifically:

e In Nivala et al. (2008), a typical scenario of web
mapping services use was presented to
participants: “A tourist plans to visit London and
uses a web mapping service to plan the trip in
advance.” Users had to perform seven tasks: (a)
locating a point of interest (twice), (b) locating a
point given a criterion, (c) finding a route, (d)
selecting the most suitable location, (e)
calculating a distance, (f) returning to a selected
location.

e In Wachowicz et al. (2008), participants had to
perform three tasks of finding: (1) the route by
car from location A to location B, (2) a POI near
location B, and (3) the car route from location A
to location B, via location C.

e In the study by Khan and Adnan (2010),
participants were asked to perform tasks: getting
directions, printing a map, finding a location, and
zooming and panning.

e Wang (2014), used the scenario where
participants were travellers visiting for the first
time the US capital, Washington, DC and they
had to perform the following tasks:

1. “Open” the service and choose the language
of display of the information.

2. Identify the White House (POI)

3. Find additional information about it, such as
a photo, its 3D model, etc.

4. Locate a specific hotel in the area and find
additional information about it, such as price
and website.

5. Choose the most suitable route from the POI
to the hotel.

Overall, tasks should be limited in number and should
reflect the context of using web mapping services (e.g.,
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locating a POI). A scenario that defines the “role” of the
participant when using the service (e.g., a visitor to a city)
may help in making the survey process more attractive
and enjoyable for participants.

Hence, all the tasks took place in the city of Boston, USA,
giving participants the following scenario: “You have
been admitted to MIT to attend some classes during a
summer school. During your visit, you will get to know
the city”. Boston was chosen because as a US city, the
mapping services are fully functional for that area and it
fulfils the prerequisite of performing the tasks in an
unfamiliar environment.

It was decided to test Google Maps first for all tasks for
both groups since participants are by far more familiar
with this web mapping service than any other tested in this
study, serving the purpose of not discouraging
participants in case they could not perform easily a task
and of not putting too much effort to task execution at first
attempt. Participants were told to use any functionality of
the platform to perform the task(s). Survey administrators
did not recommend any particular tool/method assessing
how well participants could exploit or were familiar with
the capabilities offered to them by each service.

For each task, the following data were recorded: (a) the
successful/ unsuccessful execution of the task (score 1 or
0 respectively) and (b) the response time (time to
complete the task regardless of success).

3.5.2 System Usability Scale

The second section includes the System Usability Scale
(SUS) (Brooke, 1996). The SUS scale is a Likert
psychometric scale, which consists of 10 closed-ended
questions, with answers ranging from absolute
disagreement (1) to absolute agreement (5). If the final
rating is over 85 the system, service, or product is
considered excellent to use. If it is between 70 and 85
acceptable to good, a rating of 50 to 70 indicates that it
has usability issues and needs improvement, and finally,
a system, service or product with a score less than 50 is
considered unusable (Bangor et al., 2008).

The study used the Greek translation of SUS by Katsanos
et al. (2012) who conducted surveys on the usability of
learning management systems (LMS). The most
important results of this research are: (a) the Greek
version of SUS seems reliable (Cronbach’s alpha=0.777),
(b) the scale has good internal coherence and is one-
dimensional.
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4 Results

This section shows the results of each questionnaire,
starting from the sample’s digital profile and DNAS
results (4.2), scores on STAT (4.3), performance on web-
mapping services (4.4), and finally closing with
correlations among these variables (4.5).

4.1 Data Pre-processing

All variables have been tested for normality with the
Shapiro-Wilk test. Since the majority of variables do not
follow normality assumptions, for most of the statistical
tests, non-parametric measures have been applied unless
otherwise indicated.

4.2 Participants’ Profile and Digital Natives Self-
Assessment

The reasons why participants use computers and smart
devices are depicted on Fig. 1, with education,
entertainment, and social networking being the three most
prevalent.

Familiarity with each of the three web-mapping services
is shown in Fig. 2, highlighting that participants are much
less familiar with Here WeGo than Bing Maps, with
Google Maps being the service participants are more
familiar with, as expected.

Regarding the degree of familiarity with Boston, only 7%
of the sample stated of having a moderate familiarity with
Boston, satisfying the prerequisite that participants are not
familiar with the area where the “scenario” took place.

Using PCs and Smart Devices

70
|

50 60

40

Count
30

20

10
|

Education  Entertainment ~ Social Media Work Other

Purpose

Figure 1. Reasons for using computers and smart devices
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Figure 2. Google Maps is the most familiar web-mapping
service among participants, with HERE WeGo being at the other
end of the spectrum

Finally, DNAS presents good internal consistency
(Cronbach’s a = 0.802). The mean score of the sample is
105.51+13.98 (Fig. 3). As the score can range from 21 to
147, we can state that participants are self-assessed as
moderate digital natives placing themselves above the
midpoint of the score spectrum.

100 110 120 130

DNAS Score
90

80
|

Figure 3. Boxplot of participants’ DNAS scores
4.3 STAT Results

Internal consistency of STAT is poor (Cronbach’s a =
0.549). However, accuracy of the participants’ answers
(Fig. 4) to each item in the Questionnaire are similar to
previous studies (Lee and Bednarz, 2012); items 7 and 12
being problematic in almost each one of them. Thus, it
was decided to leave the items intact and not to remove
any of them from the final score which is the sum of all
correct answers. Hence, our sample has a mean STAT
score of 10.62+2.45, and no outliers are detected as
confirmed by the boxplot (Fig. 5).
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Participants' Accuracy at each STAT Question
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Figure 4. Number of participants correctly answering each
STAT question
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Figure 5. Boxplot of participants’ STAT scores

4.4 Participants’ Performance on Web Mapping
Services

Figs. 6 and 7 show participants performance using the
web-mapping services. Scores equal the sum of tasks
accurately performed using each service; ranging from 0
to 5. It seems that participants performed better using
Bing Maps than the other two services. In what follows,
we present statistical tests results that support this
assumption.

© -
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12
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B Google Maps
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6 10
|

2
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Figure 6. Tasks Scores of 37 Participants using Bing Maps;
M=3.19 and Google Maps; M=2.54 (Group 1)

6 of 10



12
|

B Google Maps
B HERE WeGo

© -
< -
N_J .
o J
0 1 2 3 4 5

Score

10

Count
6

Figure 7. Tasks Scores of 37 Participants using Google Maps;
M=2.54 and HERE WeGo; M=2.11 (Group 2)

4.4.1 Correctness in Task Performance

We compare task accuracy under two conditions (1)
within groups; between GM and BM (Tab. 1)/ GM and
HWG (Tab. 2) and (2) between groups; BM and HWG
(Tab. 3).

Table 1. Differences in Success Rates between Google Maps
and Bing Maps (Group 1)

Task GM - BM 1\4Xc21\1emar ;e“
1 35.14% — 86.49% 1543  <.001
2 67.57%—7838% 150 221
3 56.76% —21.62%  7.58  .006
4 51.35%—64.86% 145 208
5 4324% - 67.57% 278 095

Table 2. Differences in Success Rates between Google Maps
and HERE WeGo (Group 2)

McNemar Test

Task GM - HWG X2 p
1 37.84% —51.35% 0.84 359
2 72.97% — 64.86% 0.57 450
3 62.16% —29.73% 7.56 .006
4 45.95% — 37.84% 0.80 371
5 35.14% —27.03% 0.27 .606

Table 3. Differences in Success Rates between Bing Maps and
HERE WeGo

Fisher’s Test

Task BM - HWG .
odds ratio p
1 86.49% —51.35% 5.91 002
2 78.38% — 64.86% 1.95 302
3 21.62% —29.73% 0.66 .595
4 64.86% — 37.84% 2.99 036
5 67.57% — 27.03% 5.48 .001

Results indicate better performance using Bing Maps over
HERE WeGo in three tasks (Tasks 1, 4, and 5) and over
Google Maps in one (Task 1), while participants are better
using Google Maps when performing Task 3 over the
other two services.
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Comparing between overall scoring in task performance,
we get the following results (Tab. 4) providing evidence
that participants did better in executing the tasks using
Bing Maps than using any of the other services.

Table 4. All tasks’ scores comparisons show statistically
significant difference between Bing Maps and Google Maps and

HERE WeGo both. Between the last two no such difference is
significant.

Tasks Scores Differences
Wilcoxon matched-pairs

gﬁg:‘s signed-rank test
N \4 p CI (95%)
GM - BM 37 78 .012 [-1.5,0.0]
GM - HWG 37 281 .066 [0.0, 1.0]
Between Wilcoxon signed-rank test
Groups N W p CI (95%)
BM - HWG 37 1036  <.001 [1.0,2.0]

4.4.2 Speed in Task Performance

We compare speed in task performance under two
conditions (1) task successful completion time within
groups; (a) in either of the two web mapping services (GM
or BM/ GM or HWG), and (b) in both the web mapping
services (GM and BM/ GM and HWG) and (2) task
successful completion time between groups; in either of
the two web mapping services (BM or HWG).

Since the majority of the tests indicated no significant
differences in speed, results are omitted due to space
limitations. Two statistically significant differences are
calculated between participants’ speed who performed
Tasks 4 and 5 correctly using Bing Maps as opposed to
those using HERE WeGo (Tab.5).
Table 5. Participants were faster using Bing Maps than HERE
WeGo to successfully perform Tasks 4 and 5; (Task 4: Md@im) =
84.5, Mdmwa) = 138.5, Task 5: Md@m) =97, Mdmuwa) = 213)
Between
Groups

Wilcoxon signed-rank test

BM-HWG N/N W p CI (95%)
Task 4 24/14  96.5 .032  [-96.0,-4.0]
Task 5 25/10  51.0 .007 [-164.0,-46.0]

From these results we cannot conclude whether
participants were faster, without sacrificing accuracy, in
any of the three web mapping services. Moreover, since
all tasks needed the same strategy and the same number
of steps in order to be executed successfully, regardless of
mapping service used, we can assume that participants’
speed is more or less the same using either service.

Since Google Maps was used first it the survey’s task
execution part, the repetition effect may have affected
task accuracy and speed, favouring the service that was
used second. However, no significant differences
(improvements) in participants’ accuracy (4.4.1) or speed
(4.4.2) are achieved when performing the tasks on the
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second service. This is only holds for Task 1 in Group 1
where participants’ success rate on Bing Maps is much
better than on Google Maps (Tab 1).

4.4.3 SUS Results

Descriptive statistics and internal consistency of the SUS
Questionnaire are shown on Tab 6 and 7, respectively.

Table 6. Mean, median and standard deviation of SUS Scores
for each web mapping service

Group 1 Group 2
SUS Scores
GM BM GM HWG
Mean 8547 7743 86.89 55.68
Median 85.00 77.50 87.50 57.50
SD 9.91 14.71 8.17 18.33

Table 7. Cronbach’s alpha per group and service

Group N Service Cronbach’s alpha (a)
GM 0.778
1 37
BM 0.869
GM 0.734
2 37
HWG 0.910

For all services, Cronbach’s alpha o>0.7 (Tab. 7), which
is considered an acceptable value of internal reliability.
Participants rated Google Maps higher than Bing Maps
and HERE WeGo (Tab. 6), the statistical tests indicate
that this difference is significant. The same holds between
Bing Maps and HERE WeGo (Tab. 8).

Table 8. SUS scores differences between services

Differences in SUS scores
Wilcoxon matched-pairs

gl;::;)ns signed-rank test
N A\ p CI (95%)
GM-BM 37 3825 <.001 [5, 13.75]
Paired t test

N t p CI (95%)
GM - HWG 37 9.45 <.001 [24.5,37.9]

Between Wilcoxon signed-rank test
Groups N W sig. CI (95%)
BM-HWG 37 10375 <.001 [12.5,30.0]

4.5 Correlations among variables

According to the Fligner-Killeen test of homogeneity of
variances, the two groups are homogeneous in terms of
their scores in task performance for Google Maps (y* =
3.15, df = 4, p-value = .533). Regarding SUS Scores for
Google Maps, both groups exhibit similar behaviour as
indicated by the Wilcoxon signed-rank test (W = 644.5,
p-value = .668). Therefore, correlations can be calculated
for Google Maps considering the sample as a whole
(N=74). Tab 9 shows correlations between STAT,
Familiarity with web mapping service, DNAS, and SUS
and tasks score - TS for each web mapping service.
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Table 9. Correlations between variables

STAT

N z Kendall's tau p
TSGM 74 3.19 0.29 001
TS BM 37 0.73 0.10 462
TSHWG 37 1.67 0.22 .095

Web Mapping Service Familiarity

N z Kendall's tau P
TS GM 74 0.86 0.09 .393
TS BM 37 2.07 0.30 038
TSHWG 37 -1.43 -0.21 151

DNAS

N z Kendall's tau P
TS GM 74 0.66 0.06 .509
TS BM 37 191 0.25 .056
TSHWG 37 1.64 0.21 101

SUS

N z Kendall's tau P
TSGM 74 0.21 0.02 .831
TSBM 37 1.62 0.21 .105
TSHWG 37 -0.18 -0.02 .860

Results indicate that spatial ability as assessed by STAT
is not correlated to user performance using web mapping
services. Significant yet small positive correlation is
calculated only between STAT scores and task accuracy
using Google Maps.

DNAS scores do not correlate with accuracy on either web
mapping service. DNAS has the shortcomings of all self-
assessment instruments; it reflects self-imposed beliefs
and conceptions that may not align with facts. Moreover,
web mapping services may not be at the core of services
and applications digital natives use and interact with as
opposed to social media apps.

Regarding participants’ familiarity with each web
mapping service and their performance using them,
correlations are insignificant too, with the exception of
task accuracy using Bing Maps. In the case of familiarity,
lack of correlations can be explained by the contradicting
results; task accuracy using Google Maps was not as high
as familiarity with it, task accuracy using Bing Maps was
somewhat better than familiarity with it, and task
accuracy using HERE WeGo was much better than its
familiarity.

Regarding services evaluation through SUS, participants
rated Google Maps higher than the other two.
Nonetheless, participants were more accurate using Bing
Maps than Google Maps, and no significant difference in
accuracy has been identified between HERE WeGo and
Google Maps (except for one Task).
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4.6 Data and Software Availability

Statistical analyses have been performed in R (R Core
Team, 2022) using: “tidyverse” (Wickham et al., 2019),
“descTools” (Andri et al., 2022), “gdata” (Warnes et al.,
2022), and “psych” (Revelle, 2022) packages. The
collected survey data in tabular form and the R code of the
statistical analysis workflow supporting this publication,
are available on figshare and are accessible via the DOI:
https://doi.org/10.6084/m9.figshare.22132940.v2.

The workflow underlying this paper was partially
reproduced by an independent reviewer during the
AGILE reproducibility review and a reproducibility
report was published at
https://doi.org/10.17605/0sf.i0/2em7v.

5 Discussion and Conclusions

Although this study’ extra-laboratorial synchronous
approach provided the opportunity of a large number of
participants, bears uncertainty to some extent. The fact
that administrators cannot control the environment where
the study takes place, the condition of leaving participants
unattended without knowing if they are distracted by other
devices or services in their familiar environments or even
the presence of other people in the same room are possible
factors of biased results.

Although digital natives are familiar with the use of digital
media, they are not as familiar with various functions of
web mapping services, nor they seem flexible or
adaptable enough to use successfully a service they are
not that familiar with.

Overall, multiple factors affect web mapping
performance: the service itself (interface and
functionalities), poor knowledge of participants of the
service, its interface and functionalities, and the
complexity of the task to be performed, among others.

Finally, regarding spatial ability, it may be the case that
successfully and quickly performing a task using a web
mapping service is affected by other factors and may not
be a spatial ability-related task but more of a digital task.
Thus, future research may focus on determining how
“spatial a task” is and how spatial ability relates to
successfully and rapidly executing it when using a web
mapping service.
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