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Abstract. Recent advances in mobile and wearable technology in the
last few years have made the optimization of data collection processes
possible in diverse fields.

Users currently have access to small portable devices that are not only
sensitive to their activity, but also to their interaction with their envi-
ronment.

These growing technological advances are in constant development , and
have given way to the study and redesign of processes that can be tailored
to fit any particular needs. Even users that are far from urbanization,
without access to electricity can make use of these possibilities. These
technologies can substantially improve their productivity, by allowing
them to concentrate solely on their own tasks instead of on the inter-
actions with the computational method used to support their activities.
This study presents results and indicators relating to the application
these tools within the field of Flora information retrieval, in areas far
from urban centers.

Keywords: Mobile Computing, Wearable Computing, Context-Aware
Computing

1 Introduction

The smart mobile device user population has grown boundlessly in the last few

years. Globally, not just in Argentina, the current availability and widespread
access to these devices serves to forecasts the probability that in a few years
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(halfway through the next decade), every digitally active person will have these
devices or likely even more powerful computational environments (see [1-3]).

Moreover, the way users interact with this technology evolves so fast that in
most cases it is impossible to predict the environmental and social impacts it
may cause.

The ubiquity levels reached by the scientific and the information industry in
their applications have allowed a massive expansion in terms of what a common
user can virtually do with their own devices. A new demand for software products
that are ready-made for using these capabilities can be seen as a possible result
of this evolution.

On the other hand, given that the methods, techniques, and technologies
involved in the development of these kinds of products have been in constant
growth for the last few years, there is a wide range of possibilities relative to
the development of platforms. Being completely up to date in every project can
sometimes be a challenging task for professionals and students within this area
of specialization.

In this paper, we present not only the results of applying this technology to
a highly versatile domain, but also the benefits obtained from implementing this
technology to the flora surveying methods tasks done by botanologists in our
community.

Results were obtained after four years of research, with designs and devel-
opment in mobile and wearable software ([4]). The impacts of applying this
technology to the subject matter was then measured through a series of con-
trolled experiments performed by an interdisciplinary biologist and programmer
team.

Due to the encouraging results obtained from the experiments, these tech-
nologies were then incorporated by the biologists for their use in real case sce-
narios, and this allowed us to compare real results with the experimental results
obtained from the previous phases.

The next chapter describes the domain of the aforementioned application, in
order to facilitate an in depth comprehension of further sections. Chapter three
describes the application developed, while chapter four summarizes the experi-
mental results obtained with these applications. Finally, chapter five compares
the experimental results with the values obtained from their use in real case uses.
Conclusions and future works can be found in the last section of this document.

2 Application Domain

In terms of what the application domain is, this one in particular is based on
vegetation surveys. While many different methods of surveying, measurement
and ecological analysis exist, the need to rely on practical information is very
important in order to obtain results that match up with reality as precisely
as possible([5]). An adaptation of the ”Point Quadrant” method (detailed in
[6]) was used to adequately study the patagonian pasturelands, because this
is a non destructive objective technique that easily allows for the evaluation
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of the different plant communities. This method is based on registering along
a horizontal transect line, divided in 100 equidistant points, every single time
plant species come into contact with a needle’s tip as it is being let down in each
point([6,7]).

It should be noted that this method was implemented in remote areas far
removed from urbanization, where the possibility of accessing an internet con-
nection or even electricity is null. Biologists carry out three to six day surveying
campaigns. During these campaigns they travel to the different points of inter-
est within the area in one or more vehicles and perform an intensive supervised
data collection on the area. In each transect at least 100 elements are registered
concerning the species of flora found. The distance between the points of each
transect depends on the estimated vegetation coverage. In areas where the cov-
erage is greater than 65 %, it is recomended to record each step, between 45 %
v 65 % every two steps and less than 45 % every three steps, the latter being
the most common ([7]). The first point would be located at 200 m from the
roads and fencing in order to lessen the border effect produced by fragmentation
([8]). Besides the location of the transect, information pertaining the state of
soil, the species, notes and pictures are also registered. Each person in charge of
carrying out the survey, in deviating 200 m from the established pathways, must
also walk at least the complete length of the 300 m transect and return to the
vehicle; in doing so, they would have traversed approximately 800 m in total for
every survey (500 m from the first point to the last point of the transect and an
additional 300 m to walk back to camp, the latter only if a shorter route back
was available).

During campaigns the survey work starts at dawn and ends at sundown in
order to maximize the amount of work that can be done under natural lighting,
which is why the number of transects that can be successfully completed in a
single day varies depending on the season it takes place in. It goes without saying
that the person in this scenario has undergone taxing physical activity. In order
to paint a clearer picture concerning survey campaigns, in just three days a single
biologist will have walked 25 km, away from commodities like running water or
comfortable sleeping conditions, and having to work in low temperatures between
3 and 12C.

The purpose of illustrating the work conditions for these particular campaigns
is to give a graphic example on how these common occurrences in fieldwork
translate over to real life examples and how this can lead any scientist to commit
mistakes while working under strain. These mistakes can range from forgetting
the exact mnemotechnic code for a particular transect, or even missing the first
point by 15 km in unfamiliar terrain because they activated the wrong transect
in the application to begin with.

2.1 Development

Persistence is a basic need for Data Collection. Initially, the data was collected
using handwritten notes in templates printed for that purpose. Each sheet con-
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tains the data collected for one transect, which are then transecribed digitally to
a spreadsheet.

This method possesses a series of drawbacks for the scientist, given that each
printed sheet consists of a grid where columns represent points in the transect
(ome hundred columns) and rows represent species found during the trip. While
there is no fixed value of species, the number of species found is typically close
to twenty five, thus approximately thirty rows are printed in the template (see
Fig 1)

Fig. 1. Handwritten Template

The probability for human error increases as the regular long hours of field-
work progress, and as such the opportunity for committing mistakes like mis-
placing data in surrounding rows or columns also grows.

The same situation can occur while transeribing the sheets, where the scien-
tist is foreed to maintain high levels of concentration in order to avoid making
any possible mistakes, which can produce a significant amount of physical and
mental stress.

Moreover, as each cell has a very reduced area available, if more space is
required to record more information for any given data collection point, it would
have to be recorded elsewhere (like a second sheet), with a specific reference to
the data collection point it belongs to.

In order to provide support in this task, the applications have been developed
to make use of a computing area known as Contert-Awareness, which in turn
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enables the change to go not just from a paper form to a spreadsheet, but rather
a fully functional tool that can assist the data entry process completely.

A Context-Aware System is defined in [9] as a system that [.../ adapts accord-
ing to the location of use, the collection of nearby people, hosts, and accessible
devices, as well as to changes to such things over time.

In the same way, Awareness and Context are defined by [10] as the use of
context to provide task-relevant information and/or services to a user and define
context as any information that can be used to characterize the situation of an
entity, where an entity can be a person, place, or physical or computational object
respectively.

Based on these definitions, different categorizations of Awareness can be ap-
plied. Table 1 describes the type of awareness implemented for the applications
developed in this study.

Table 1. Implemented Awareness in each application.

Sensibility Sensing Method Application
Server Detection Wi-Fi Leaflab
Mobile Application Wi-Fi LeafL.ab Wear
Detection
Adaptive Behavior Continual survey of LeaflLab and
the species found LeafL.ab Wear.
Smart Suggest Analysis of the same LeafL.ab Wear.
transect in previous
visits.
Screen related Based on the Leaflab.
Information (Help) user in app
section location
Location Sensitivity =~ GPS Sensor. LeafLab and
Leafl.ab Wear.
Orientation Sensitivity Compass or LeafLab.
Geomagnetic Sensor
Hand Gesture’s Accelerometer. Leafl.ab Wear.
Sensitivity
Energy Level Internal System LeafLab and
Sensitivity Sensor LeafL.ab Wear.

In order to arrive at a viable solution, an application was developed (Leaflab
[11]) centered around data gathering and persistence phases, and was divided in
to two modules: Leafl.ab Mobile and Leafl.ab Server.

Based on the results yielded by the first version of this application, a second
version (Leafl.ab Wear, see [12]) was elaborated with more context-awareness,
as well as the possibility of adding a new device (a Smart-watch), which greatly
improved the efficiency of the system, and the user’s experience. Both of these
versions are briefly detailed below.
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2.2 Leaflab

LeafLab Mobile is a hybrid mobile application (see [13-15]) developed to run in
both Android and iOS based devices. The application was designed to be used
in tablets, with the purpose of bringing the user all the relevant information
without the need to navigate through numerous amounts of screens.

Context-Awareness was the cornerstone of this project, which meant making
the application responsive to a specific set of conditions, such as the entirety of
the transect, if the location corresponded to the data to be collected, device’s
details such as battery consumption and so on.

The application is composed by four general views (see Fig:2). The first view
depicts all the general data about the actual transect (amount of data already
collected, remaining transect length from navigation point, direction, and fast
access to typical tasks that can be done during this phase (to add an point of
interest or note, take a picture of the place and attach it to the transect, etc.).

57 1 1% 1 91%

Fig. 2. Principal views of Leaflab. From left to right: Initial view (no transects acti-
vated), General information and navigation of a transect, List of collection campaigns
and Miscellaneous.

In the next three views, the user can review the data that was collected
in previous campaigns (collection of transects), the geolocation points in the
actual transect, and to configure the set of relevant elements to be added in each
point/transect (in addition to flora information).

The first step (if the application already has the information about the species
to be collected), is to create and/or activate a transect. The shortcuts for the
previously mentioned tasks will be made available from the principal view solely
from this moment on.

To create a transect, the user can start it (create the first point) wherever
they consider best, and the application will record that exact position to assist
the user in future trips.
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If the user activate a previously created one (which means, is a new visit over
an already existent transect), the application will guide the user to the initial
point, and will automatically activate the Information Load view when the user
reach it.

The application will automatically maintain an up-to-date count of the com-
pleted points, so that the probability of inputting erroncous information between
adjacent points is greatly reduced.

If the user needs to add more information it can be done through the same
action menu by attaching it to the poiut or transect (depending on what user
requires), without the need for any additional tools (except for the collection of
physical samples), thus allowing a reduction in the time needed to accomplish
these kinds of tasks when compared to the traditional methodology that uses
physical template sheets.

In the other hand, LeafLab Server is a standalone application (the principal
view of a transcct can be scen in Fig 3), developed to synchronize with the
mobile pair and allows the user to have all the data that was collected in the
campaigns to be backed up into a database for that purposc.

CG2 T01 Sentido: 65° S-->N

Fig. 3. Principal view of LeafLab Server for a transect.

In addition to the data persistence, LeafLab Server can visualize the infor-
mation stored in the database distributed in a map according to their corre-
sponding real position (sce Fig 4), and access detailed information related to it,
which allows the user to query for species related items, and also gives theimn the
possibility of downloading all the information in the template-based data sheets
format that they are more familiar with.

The map makes use of the Google Map API (Application Programming In-
terface), and was implemented with the sole purpose of providing support for the
user in the selection of the transect or campaign being revised, through an easy
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to read spatial reference that could recognizes when regions had been previously
visited or not. While application’s map function doecs make use of the Google
Map API, it docs not provide any type of integration with GIS (Geographic
Information System) tools at this stage.

Fig. 4. View of initial points of some transccts on the map.

The synchronization function is not just intended to free the user of several
hours of digitization, but also to reduce the possibility of human error (caused
by distraction, tiredness or stress) during the task. The synchronization was
implemented using the two-phase commit protocol, in which a coordinator (in
this case, the mobile app) initiates the synchronization process, while the rest
of the participants (the LeatLab Server) are responsible for the transaction and
informing the coordinator whether or not the request was successfully completed
(by adding the data sent by the mobile application). The coordinator will abort
the transaction if the server sends an Error Message warning, or if the servers
take too long to submit a response. At this point, the mobile application notifies
the user if the operation succeeded or failed, where they can then choose whether
to make another attempt immediately or complete the synchronization at a later
time.

Wahile it is possible to use and synchronize the data base with data collected
between multiple devices, this version of the software doces not support concur-
rent connections, which means that the user can currently only synchronize onc
device at a time.

2.3 LeafLab Wear

In the same way LeafLab Mobile was focused in minimizing the manual ef-
fort needed for the data to be collected, LeafLab Wear was an Android Native
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project (developed making use of specific technology for Android based devices,
see [13, 14]) centered in the user experience ([16,17]), drastically improving the
transparency and efficiency of the system.

This project was based on a research about users cases, interaction, and time
consumption in the previous version of LeaflLab.

With this in mind, the LeaflLab Wear implementation expands the previously
described system with the addition of a Smart Watch application, making use
of their capabilities to minimize the time the user must spend interacting with
the tools that are meant to be used as support.

Leafl.ab Wear relies on fast and simple user gestures ([18]) to diminish direct
interaction with the mobile application, and therefore allowing the scientist to
focus in their job instead of on their tools.

Furthermore, new features like communication between devices (Smart Watch
and Tablet), smart suggestions based on the analysis of previously collected data
from the same point, and a fast selection function that is triggered via the stimuli
detected with the Smart Watch were also added.

The more frequently used functions by the scientists (such as selecting the
specific species found in a point, see Fig 5) can be quickly accessed via a list
shown in the hand-held Smart Watch or even with a simple gesture, so the tablet
just need to be used for more complicated or hardware specific tasks (like take
pictures).

Shortening the user interaction time window with the tablet device provided
the convenience of a longer battery life, which was especially beneficial given that
accessing electrical energy is something of an impossibility at the locations where
the surveys take place. This improves the overall work environment, because it
frees the user from the constant concern that the device will run out of energy
before the task can be fully completed.

In order for the application to display the desired characteristics, it became
necessary to implement other important aspects such as Distributed User In-
terfaces and coordination aspects between both devices by modifying the first
version of the application, which had originally only been contemplated to work
independently on its own (see [19, 20]).

The interfaces were semantically distributed (as detailed in [19, 21]), which
means that the elements the user can interact with in both the Tablet and the
SmartWatch are represented in such a way that their meanings remain the same
across platforms, even if it looks different from one device to another. Some of
the wearable device’s views can be seen in Figure 6.

The next section details the results obtained from different experiments, as
well as a comparison between the traditional methodology, and the first version
of Leafl.ab and LeaflLab Wear.

3 Preliminary Experiments

The experiments detailed in this section correspond to tests made to both
Leafl.ab versions before their use in production.
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List of Species " Scroll through List
of Species
Larrea divasicata
Tip type Tip Type
selection Selected
Fig. 5. Steps taken to complete a simple survey point.
3.1 LeafLab

In order to measure the performance of the mobile application in a real case, a
two phase experiment was designed taking the following

Localization: The tests were done in regions close to Telsen-Chubut (Provin-
cial Rute 4), which presents the normal conditions for the use of the appli-
cation.

Time Span: The experimentation process lasted three days, requiring two
days for the first phase, and one day for the second phase. The phases were
executed in different periods of the year.

Amount of data collected: The tests were executed using data corresponding
to ten transects. Due to the aim of each phase, one thousand points were
collected and analyzed for the first phase, whilst a series of measures were
collected over each of the ten transect’s initial points were collected for the
second one.

Test team composition: The team was composed by three developers, and a
biologist from the Universidad Nacional de la Patagonia ”San Juan Bosco”’s
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Fig. 6. Some of the views implemented for the wearable device.

Biology department, who was only familiarized with the traditional method-
ology, and had no background knowledge whatsoever regarding the applica-
tion.

This way, the user had to learn how the application worked during the survey
of the transects, and the team could collect data about the the system’s learning
curve.

In general terms, the measures taken correspond to the total time needed to
complete a transect, average time to complete a point, fastest survey method
(the traditional way or with the application), and the time required to reach the
first point of a transect.

3.2 LeafLab Wear

In order to verify the performance of the second version of the application with
the wearable component in a real time scenario, an experiment was designed
taking into account the the following aspects:

— Localization: With the objective generating comparable results, the tests
were performed in the same location and using the same transects as in the
experimentation for the first version.
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— Time Span: The time needed for the whole experimentation phase was one
day (from 5AM to 9PM), on February of 2017.

— Amount of data collected: The same transects used during the experimenta-
tion for the first version were revisited (10 transects, 1000 points).

— Test Team Composition: Again, the team was composed by three developers
and a biologist, but this time the biologist was already familiarized with
the first version of the application, but with no previous knowledge of the
wearable application.

As in the previous case, the user had to learn how the system worked with
the new device (Smart Watch) during the survey, which sped up the work flow
process because of how intuitive and easy to use the device application was.

In addition to the aforementioned measurements, the number of times the
mobile application was used to register a point, the number of times the smart
watch was used for the same task, the number of times the smart watch could
have been used, and remaining energy in both devices before and after the trip
was recorded.

4 Experimental Results

This section depicts the results of tests performed for each version of the ap-
plication. Table 2 shows the time that takes the user to reach the first point
of a transect, starting from the moment the applications were ready to guide
the user. At first glance, version one of the application seemed to have a better
performance, however the time lost in geolocation data acquisition and delays
produced by choosing a wrong transect (the user must manually choose and
activate each transect) was not measured. Taking these kind of problems into
account, the average time for the first version ascended to 4’42” (four minutes
and forty two seconds, complete data in the Real Case Scenario section). The
second version did take this into account, making the device sensitive to the
actual location in a continuous way, so that the user doesn’t need to wait for a
GPS acquisition delay (when the vehicle stops moving, the device already has
the user’s geolocation). This way, the possibility of activating the wrong transect
is also eliminated because the device automatically chooses the transect that is
in closest proximity. This implies that in the second version, the total time nec-
essary starts from the moment the vehicle stops until the user arrives at the first
point, in contrast with the first version where the user was more likely to forfeit
several minutes while the vehicle was no longer in motion or due to any of the
previously explained situations.

Table 3 displays a comparison between the traditional methodology and the
first version that was developed, depicting the points that were finished in the
least amount of time by each method.

For the second version only the time required to complete the task using
the application was recorded. Given that it was established that the use of the
application itself did not delay the task, the improvement gained by using it was
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Table 2. Time it takes to reach First Point of Transect

Transect  Time to First Point
LeafLab LeafLab 4+ Wear

1 2’ 30”7 6’ 35”7
2 0’ 53” 1’ 507
3 1’ 007 1’ 467
4 17127 2’ 25”
5 0’ 55”7 3’ 46”
6 0’ 407 4’ 26”7
7 0’ 34”7 3 347
8 17237 1’ 507
9 0’ 517 17 327
10 0’ 38” 17 437
Total 10* 36” 29’ 277

Table 3. Comparison between Leaflab v1 and the traditional methodology

Transect Less Time with
Traditional LeafLab (V1)
1 31 69
2 35 65
3 36 64
4 32 68
5 39 61
6 33 67
7 33 67
8 36 64
9 38 62
10 26 74
Total 33.9% 66.1%

measured instead. There was approximately a 35% increase in the speed of the
data collection.

5 Real Case Scenario

In the summers of 2016 and 2017, the previously mentioned tools were put to
use in an actual campaigns, providing the opportunity to collect a great deal of
data relevant to the established parameters.

Fig 4 is a map of the geographic distribution of the 200 transects that were
visited during the years 2016 and 2017, using both of the developed versions
of Leaflab. The first version was used during the 2016 campaigns. During the
experiment, sensitivity to context along the transect path was very limited be-
cause it had no previous records of the plant species found there due to it being
the very first trip. In the course of the following year’s campaigns, the second
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Table 4. Total Time to Complete a Transect

Total Time
Transect Lealliab  Leaflab (V2)
+ Traditional + Wear

1 97’ 39° 257

2 61’ 327 48"

3 50° 327047
4 38’ 31° 00"

5 44’ 28° 177
6 49’ 33" 497
7 38’ 257 127
8 30’ 25" 467

9 44’ 38 207
10 40’ 29" 36"
Total 491’ 216" 177
Point AVG 437 - 47 267 -307

version of the application (in conjunction with LeafLab Wear), used the 2016
context data related to the plant species found in each transect of the campaigns
in order to heighten the sensitivity to context information while the user walked
along each transect line. Fig 7 depicts the progress of the tools used during the
campaigns.

Fig. 7. ['rom left to right: printed sheets used in traditional methodology, first version
of LeafLab (Mobile), and the second version of LeafLab (Wear).

5.1 Hypothesis Test

Tables in [22] display the amount of time taken to complete cach transect for the
years 2016 and 2017, respectively. The classic statistic hypothesis t-student test
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{see [23]) was used to analyze the impact of these sample matches. Continnous
variables are being used, and large samples have been obtained (n;30), which
adjust to a normal distribution as can be observed in Fig 9.

This hypothesis test takes the following variables into account: Variable x:
Time required to finish a transect without context sensitivity.

Variable y: Time required to finish a transect using context scensitivity.

The null hypothesis and alternate hypothesis arce as follows:

HO: There are no significant differences in the observed measurements.

HA: There are significant differences in the observed measurements.

The hypothesis test results are shown in Fig 8 a. The null hypothesis was
disproved due to the drastically low p-value(less than a 5% significance level),
and because the sample averages differ greatly (sce Fig 8 b)..

Consale

Fig. 8. From left to right: T-Test results and Density plot for minutes in 2016(black)
and 2017(gray)

When analyzing the times registered for cach transccet completion, it was
found that after implementing the context sensitivity upgrade at least 23 min-
utes on average was reduced from the overall time required for the survey tasks
in each transect. The Shapiro-Wilk normality test when applied to the abso-
lute differences(Fig 9), vielded p-value>0.05. This allows for the difference vari-
able (x-y) affirmation, which corresponds to a normal distribution displaying a
23.0014 minute mean and a 13.44 standard deviation (9 b).

Console
> difference = x - y
> shapiro.test{difference)

\
Shapiro-Wilk normality test
data: difference
W = 8.S8R%, p-value = ©.1872

Fig. 9. From left to right: Shapiro-Wilk test and Difference Histogram
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The CohenD statistic (Fig 10) for the estimation of the effect size revealed a
large impact result(d>0.8).

Console
> cohen.d{x,¥, method=paired)

Cohen's d

d estimate: 1.9988846 (large)

3% percent confildence interval:
inf sSup

1.757385 Z.Z2387R7

Fig.10. Cohen'D statistic

The statistic results obtained reflect the data collection corresponding to 400
transects, where at least 100 species were registered for each transect, resulting
in a 40000 species registry, aided by suggestions based on context which made
their task more efficient. The total for the absolute difference between samples
registered for 2016 and 2017 measures up to 76.6 less hours of work when com-
pared to the traditional methodology.

6 Conclusions and Future Work

Completing the preliminary groundwork, and obtaining real life results confirmed
that the use of mobile applications and wearable technology vastly improve the
user’s experience and efficiency in these kind of tasks, when taking into account
aspects like context information, as well as the device sensors and autonomy.

During this investigation, the tools and equipment used during campaigns
were reduced to only two devices: one mobile device and one wearable device.
The user must charge each battery and a few portable power banks (depending
on the duration of the campaign) before setting out into the field.

In exchange, the user no longer needs to prepare and print datasheets or any
other resources, folders, writing utensils, cameras, compasses, and gps devices.
The development of this software truly innovated the productivity and workflow,
because where they had previously only been able to complete around 27 tran-
sects per season they were able to increment this number to 200 transects with
the application, which implies close to a 600% increase. Additionally, extracting
the information is as simple as connecting the tablet to a wifi network, and they
automatically have all their data available appropriately georeferenced, with the
corresponding image relations and without any fear of input errors.
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With this study we have been able to corroborate that when expanding the
context sensibility in this way, not only does it provide a better experience for
the user, but it also boosts the user productivity significantly.

Part of our investigation team is currently working on possible mobile ap-
plications in similar intensive data collection scenarios, where the manipulation
of multiple sample objects is required for both field and lab work. A possible
future goal would be to compare the data gathered in those new projects with
the results exposed in this article.

Furthermore, even though all of the described software products are already
in use, the possibility of including drones and image processing to improve the
efficiency and labor conditions of these scientists has been contemplated for
future proposals.
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