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11  SSuummmmaarryy  

In this document we describe the methodology to be used in the validation of: (1) the 
user measurement of colour, transparency and fluorescence; (2) the adaptation of the 
interface design to user's mental model, where the two main actors are citizens and 
public administrations; and (3) the decision support system developed in the Citclops 
project. The proposed methodology includes a test of tasks with an interview, 
collecting both quantitative data of the completion of tasks and qualitative data. 
Validation of colour, transparency and fluorescence measurements will be performed 
by researchers in marine environmental sciences; the initial usability evaluation will be 
performed by a usability expert; and seven citizens and two experts responsible for 
water-quality will validate the usability of the interface and the decision support system. 
All tests will be made in a controlled environment. 

22  IInnttrroodduuccttiioonn  ((WWhhyy??))  

Citclops outreach and training activities need to ensure that citizens can participate in 
all stages of knowledge management: collection, validation, interpretation and 
information delivery. Applications need to be usable to enable citizens to collect data 
effortlessly and maximize user-experience when using the information delivered to 
them. Usability tests evaluate if users are able to carry out their tasks safely, 
effectively, efficiently and enjoyably. The methodology to be used in Citclops’s usability 
test will follow a test of tasks with an interview to collect both quantitative and 
qualitative data. 
 
Data quality control should be considered when evaluating the usability of collecting 
environmental crowd-sourced data. Data are coming from various sources/devices and 
are collected under different conditions, which will influence the quality of the 
observations and their use. For wider use, it is required to validate the observations by 
means of data quality control procedures. Data quality practice in oceanographic and 
marine data management includes both giving quality flags and error measurements 
such as the root-mean square error (RMSE).  
 
Regarding the interpretation and information delivery of crowdsourced data, the 
interest of adopting an environmental decision support system (DSS) relies on the 
capability of support of the decision making process around citizens who want to 
perform activities such as scuba diving, bathing, angling or kite surfing; and citizens or 
public administrations who want alerts, reminders or summaries on water quality. As a 
consequence, a systematic testing and calculation of the accuracy, precision and recall 
of the DSS are necessary prior to its release to the general public: to avoid potential 
harm if providing false positives and negatives, and to provide a relevant, high quality 
and robust DSS. 

33  UUsseerrss  ((TToo  wwhhoomm??))  

Two different user profiles will be evaluated: 
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• Citizens: scuba divers (3), fishermen (3), aquiculture (3), scientists (3), kite 
surfers (3), coast watchers (3) and beach users (3). 

• Public administration: staff responsible for water quality (2) or their advisors.  
 

Participants' requirements for the tests are: 
• Age: indifferent. 
• Gender: indifferent. 
• Computer skills: minimal mobile-phone/computer use skills are required.  
• Consent: users have to agree to participate in the test.  

44  TTeesstt  eennvviirroonnmmeenntt  

Three tentative test environments have been considered: 
 

• Alfacs Bay. Case study at Alfacs Bay, an estuarine embayment in Spain, on 
the southern side of the Ebro river delta (NW Mediterranean Sea).  

• Dutch Wadden Sea. The Dutch Wadden Sea Conservation Area, located in 
the Marsdiep next to the TESO ferry harbour (Island of Texel, Netherlands).  

• German Wadden Sea. The German Wadden Sea, in particular the National 
Park of Lower Saxony.  

In addition, an initial testing of the DSS will be conducted: 

• For citizens, on Barcelona beaches. 
• For policy makers, by a visit to staff responsible for water quality or their 

advisors. 

55  FFiieelldd  vvaalliiddaattiioonn  CCaalleennddaarr  

Validation tests of the first prototype will be performed in between July and September 
2013. 

66  RReesseeaarrcchheerr  rroollee  

During the evaluation, experts in the field will accompany users to (1) detect and 
record any user evaluation problems and comments, and (2) clarify the methodology. 
 

77  MMeetthhooddoollooggyy  

An evaluation of tasks will enable the observation of different user behaviours to 
validate the measurement of colour, transparency and fluorescence, the usability of the 
interface design, and the decision support system (DSS). The validation is composed 
of two parts: 
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• quantitative collection of the completion of tasks: success, failure, false success 
or false failure and/or root-mean square error or standard deviation (RMSE or 
RMSD) 
 

   (1) 
 

• qualitative data: it is composed of observations (notes on the difficulties, 
unusual behaviour or when the cause of the error is not obvious), behaviour 
(actions taken by the user and performance of tasks) and literals (subjective 
opinions about the experience and interface). 
 

 
The protocol of verbal reports (Ericsson and Simon, 1980) allows generating both 
quantitative and qualitative results. Qualitative results include behaviour and literals. 
The main benefit of this method is to identify the user’s mental model and their 
interaction with the DSS. In addition, an answer-response protocol is used to 
analyse user’s activity and identify which parts of the interface or the system are 
obvious or confusing. 
 
After the test, a usability questionnaire will be answered by the user with the following 
questions, based on Baltrunas et al. (2012): 
 
Q1: It was simple to use this system. 
Q2: The interface of this system is pleasant. We wanted to know how easily users 
can find their preferred points of interest using the system and get information 
about them. 
Q3: The organization of information provided by the system is clear. 
Q4: It was easy to find the information I needed. 
Q5: The system is effective in helping me to complete the scenario. 
Q6: It was easy to learn to use this system. 
Q7: Overall, I am satisfied with this system. 
Q8: I like using this system. 
Q9: This system has all the functions and capabilities I expect it to have.  
Q10: I am satisfied with the suggested points of interest. 
Q11: I can effectively find interesting suggestions when using this system. 
Q12: I understood the benefit of using the contextual conditions. 
Q13: It was easy to specify the desired contextual conditions. 
Q14: I am satisfied with the provided contextual explanations. 
Q15: I believe that the contextual explanations are useful. 
Q16: The contextual explanations provided by this system are clear. 

88  VVaalliiddaattiioonn  

Several applications of the Citclops mobile and web-based interface will be validated. 

88..11  CCoolloouurr  mmeeaassuurreemmeenntt  

Currently, besides multi- and hyper-spectral observations, colour measurements of 
natural waters are based on Forel-Ule (FU) scale (see Figure 1).  
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In Citclops, geo-referenced pictures of the colour of the sea from mobile devices and 
data coming from novel low-cost sensing systems will be used to extract information to 
expand previous and historic measurements (Wernand, 2011) and improve their 
quality and spatial density. 
 

 
Figure 1. FU colour scale comparison 

88..11..11  SScceennaarriioo::  aann  aapppplliiccaattiioonn  ttoo  ccoonnttrriibbuuttee  ttoo  oocceeaann--ccoolloouurr  rreesseeaarrcchh  
The colour of the sea can be coupled to the most important life form in the water, the 
phytoplankton, and is an indicator of the sea’s/ocean’s health (Wernand et al., 2013). 
To extend a historical ocean-colour database, we propose a crowdsourcing system 
that will involve people on holiday (scuba diving, on cruise, on the beach), commercial 
vessels and fishermen in data collection. At the same time, the acquired information 
will be analysed to facilitate marine research, and fed back to the provider to offer near 
real-time reviews of environmental descriptors (quality of swimming water, algal bloom, 
sea surface roughness, richness of plankton). This application needs to integrate (at 
least) date/time, position (GPS) and compass data (internal mobile instrument). 

88..11..22  TTaasskkss  
The set of tasks for measuring water colour using the FU scale include: 
 

a. Using a ‘plastic colour comparator scale’ (Coastwatch questionnaire). The 
plastic FU scale can be used to validate the mobile app scale. 

b. Using a mobile app. Open the Citclops app. Look through screen and 
compare the colour observed in the water with the FU scale colours. Measure 
the FU value by ‘clicking’ the most approximate colour observed on the smart 
phone FU scale. The app will take a digital image of the water surface 
immediately after ‘clicking’ on the colour. The app sends the number selected 
and the image to the database. In the post-processing, the RGB photo image 
will be converted to FU scale number and compared to the ‘clicked’ FU value.   
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Figure 2. Smart phone camera colour comparison 

88..11..33  VVaalliiddaattiioonn  
There are other sources to quantitatively validate users’ information: 
 

a. Visual comparison between the colour of the liquid/plastic FU scale 
(Coastwatch questionnaire) and the colour of natural waters (Figure 1); 

b. Visual comparison between the colour of the smart phone screen FU scale and 
the colour of natural waters (Figure 2); 

c. Image conversion from RGB to FU scale number (post-processing), this also 
includes automated oceanic observation platforms or vessel cameras (see 
Figure 3)  

d. Comparison of historic FU with newly collected data (area/site specific).  
Comparison of  both mobile and liquid/plastic FU scale collected (area specific) 
data with satellite data; tidal area comparison within 15 minutes, coastal area 
comparison within 1 hour and ocean area comparison within a week.  

 
Error analysis will be conducted using the RMSE of the angles used to calculate the 
FU-index. For more information on the calculation of the FU-index, see Wernand 
(2013) and Annex 3.  
 
 
 

 
Figure 3. Automated observations on vessels with cameras 
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Table 1. Validation of colour measurements.  

ID Colour of natural water 
 (FU-index) Reference  

1 Image conversion from RGB  Human observation from 
smart phone scale 

2 Image conversion from RGB  Satellite image conversion 
from RGB  

3 Human observation from smart 
phone scale  Historic data  

4 Human observation from smart 
phone scale 

Satellite image conversion 
from RGB  

51 Historic data   Satellite image conversion 
from RGB  

6 Human observation from smart 
phone scale 

Human measurement from 
liquid/plastic scale 

7 
Observation on platforms or 

vessel camera  
(image conversion from RGB) 

Satellite image conversion 
from RGB 

 
Measurements could be ranked by reliability considering the profile of the person 
depending on their profession (from 1 to 5, water quality observer=5, scientist =5, 
diver=3 or tourist=1) and how often they provide measurements that are flagged 
(measurement errors) or not.  
 
Regarding qualitative validation of FU measurements, the following qualitative 
validation will be considered: 
 
Is the APP satisfactory? What would you like to change or add?  

88..22  TTrraannssppaarreennccyy  mmeeaassuurreemmeenntt  

Transparency measurements require more complex tasks than colour estimations. 

88..22..11  SScceennaarriioo::  aann  aapppplliiccaattiioonn  ttoo  rreettrriieevvee  sseennssoorr  mmeeaassuurreemmeennttss  ffrroomm  mmoooorriinnggss  
It will use wireless personal area network (WPAN) technology to connect to a buoy and 
retrieve or consult data; the same application will upload the data to the Internet (via a 
technology similar to Google+ Instant Upload) when the user decides to do it or 
automatically. Interaction between smart phones and external sensors (e.g., for 
transparency and fluorescence) is involved. 

88..22..22  TTaasskkss  
Based on citizens’ collaboration, in Citclops it is planned to develop transparency 
measurement systems with three different approaches, focused on different user 
communities: 
 

a. Smart phone cameras (for the general public). There are two standard 
methods for the derivation of the diffuse attenuation coefficient (Kd) in remote 
sensing, which both are based on empirical relationships involving the blue-to-

                                                
1It could be useful for scientists who want to study the long-term variability of the colour.  
Comparing the historic data with satellite data acquired in the past, it could be very interesting 
to connect the past FU measurements with future ones. 
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green ratio of ocean colour. The initial idea is to use this approach and estimate 
Kd from the blue-to-green ratios extracted from the smart phone cameras. 

 

 
Figure 4. Low-cost, wearable, digital cameras are common in the diving community for transparency 
measurement. 
 

 
b. Underwater wearable digital cameras with added low-cost sensing systems 

(for people involved in underwater activities, such as snorkelling or scuba-
diving; see . The basic idea is to compare digital figures of a pattern drawn on a 
plate taken at different distances (following the methodology proposed in Simon 
and Piera, 2013). 

c. Low-cost moored instrumentation (for people involved in aquatic activities 
such as sailing, artisanal fishing or sea-kayaking) (see Figure 5). Details of the 
low-cost moored instrumentation system are described in Bardají and Piera 
(2013). 

88..22..33  VVaalliiddaattiioonn  
To quantitatively validate the completion of tasks, other types of measurements will be 
used: 

a. satellite data; and  
b. historic data of similar time and/or location (some of them measured using 

Secchi disks); spatial and temporal variability will be a result obtained from 
Citclops through a detection of trend changes in historic data. 
 
 

 
Figure 5. Low-cost moored sensor data reception and transmission 

 
The RMSE of the transparency value measured in meters will be computed taking as 
reference several measurements such as low-cost moored instrumentation, satellite 
data, underwater wearable digital cameras or smart phone cameras (in this order, see 
Figure 4). How to relate Secchi disk depth with Kd, measured in m-1, will be explored. 
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Transparency measurements are planned to be developed automatically with little 
intervention form the participants. The differences between users will rely on little 
details (for example, if they are aware on the sun position when they take Figures with 
the smart phone).  
 
Some of the procedures will be more reliable than others; however, several tests have 
to be developed to establish a definitive rank. Initially it is possible to establish the 
following order: 
 

1. Low cost moored sensor. The main problem will be the mooring maintenance: 
in those areas with active bio-fouling the measurements could be incorrect after 
a few days without cleaning the sensors. Expected volunteers that frequently 
visit the area (for example, artisanal fishermen) will be involved in periodically 
cleaning and/or replacing the sensors. 

2. Underwater wearable digital camera. The main problem will be on the 
methodological accuracy to take Figures perpendicularly to the target. Citclops 
participants are developing robust methods to estimate the water transparency 
taking into account this limitation 

3. Smart phone camera. The initial idea is to estimate water transparency from 
green-blue ratios empirically. It is necessary to evaluate with extensive 
sampling up to which point this approximation could be generalized or should 
be adapted depending on the application area.     

 
Regarding qualitative evaluation of tasks for transparency measurement, the following 
questions will be asked: 
 
Did you find the process easy? Would you trust the data? Why? What would you 
change? 

 
Table 2.Validation of transparency measurements 

ID Validation Reference 

1 Smart phone camera Underwater wearable digital 
camera 

2 Smart phone camera Low-cost moored 
instrumentation 

3 Smart phone camera Satellite 

4 Smart phone camera Historic data (similar time or 
location) 

5 Underwater wearable digital 
camera 

Low-cost moored 
instrumentation 

6 Underwater wearable digital 
camera Satellite 

7 Underwater wearable digital 
camera 

Historic data (similar time or 
location) 

8 Low-cost moored 
instrumentation Satellite 

9 Low-cost moored 
instrumentation 

Historic data (similar time or 
location) 

88..33  FFlluuoorreesscceennccee  mmeeaassuurreemmeenntt  

The inherent optical property fluorescence is among the most sensitive optical 
approaches and provides a characteristic fingerprint of spectral response of a sample 
illuminated by a dedicated light source of higher energy. In situ fluorometers are 
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successfully applied in the assessment of environmental status in research (including 
by Citclops partner UNIOL) and industry (Moore et al., 2009, and Citclops partner 
TriOS). Measured parameters include chlorophyll-a (chl-a) fluorescence as proxy for 
phytoplankton biomass, coloured dissolved organic matter (CDOM), and polycyclic 
aromatic hydrocarbons (PAH) fluorescence as a major component of oil and 
hydrocarbon products.  

88..33..11  SScceennaarriioo  
Fluorescence measurements will be performed in situ from different elevated locations 
(jetty, harbour, small vessel): a) by lowering an in situ fluorometer (comparable to the 
one in Figure 6) into the water where the smart phone is used as a data and control 
device, and b) taking water samples (e.g. with a water bottle on a core) and measuring 
them with a cuvette system attached to a smart phone. To provide the location of 
measurement, data should be taken with georeferences, as well as the indication of 
measurement time. 

88..33..22  TTaasskkss  
In Citclops, novel low-cost sensing systems will be developed (by TriOS and UNIOL 
Figure 6) and used to provide an easy way for citizens to perform adequate 
fluorescence sensing of CDOM and chl-a (see [www.TriOS.de]) – both major water 
quality indicators.  
 

 
Figure 6. Portable sensing system to measure fluorescence 

 
Smart phones will be used in two ways:  

a. straightforwardly as a user interface for affordable, separate sensors to be 
developed within the project and  

b. in a highly innovative way by using the camera as a sensor device and 
adopting a mobile phone LED excitation over a sample container. In case 
future smart phones were equipped with UV illumination in addition to flash 
lights (motivated for example by security reasons, like banknote validation), 
this would facilitate the monitoring proposed in the project even more.  

88..33..33  VVaalliiddaattiioonn  

There are other sources to quantitatively validate users’ information. These include 
laboratory measurements for chl-a and CDOM, as well as historic data on all 
parameters. Furthermore, satellite-borne products will be used. For the use of smart 
phones as described in 8.3.2 b., external UV light excitation is crucial, as the LEDs in 
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mobile phones do not cover this spectral range. Therefore, validation is described with 
emphasis on chl-a fluorescence in the following. Data comparisons to these sources 
as well as crosschecking in between the two fluorescence applications aimed for in 
Citclops are given in Table 3: 

• laboratory validation (from water samples): In vitro: Filtering a defined volume 
of water on a glass fibre filter with a nominal pore size of 0.6 mm (GF/F) and 
store at -80°C. Standardized methods can then be applied for the extraction of 
chl-a and calculation of the chl-a concentration in mg/m3 (e.g. Strickland & 
Parsons 1968). If the laboratory sample is taken at the same time and place as 
the fluorescence measurement was obtained, this is considered the most 
reliable means for validation. Furthermore, in vivo fluorescence measurements 
of a water sample in a cuvette with a benchtop laboratory fluorometer can be 
used for comparison with the field data. Yet, measurements need to be 
conducted at the same time, the liquid sample should not be stored longer than 
some hours. For laboratory measurements of CDOM, a filtrate (through a filter 
with a pore size of 0.2 µm) can be kept in glass bottles in the cool (4°C) and 
dark. Reference values to field data with the fluorescence system described in 
8.3.1 a. can then be obtained in the laboratory with a benchtop fluorometer. 
 

• historic data (similar time and/or location): For a certain location, long-term 
data provide general seasonal trends for different parameters. In case of 
phytoplankton biomass, the seasonal average may alter largely; therefore 
historical data cannot give an absolute value, but ensure that the measured 
data are within the normal ranges. 
 

• satellite data: Measurements of chl-a fluorescence by satellites are feasible. 
Usually, the naturally induced fluorescence of chl-a by the sun, visible in 
reflectance spectra as a peak in the red spectral region, is determined with the 
fluorescence line height (FLH). Furthermore, chl-a can be derived from remote 
sensing reflectance. As the phytoplankton community can change within short 
time scales (hours and days), but satellites provide scenes more in a weekly 
pattern, the comparison between satellite data and mobile phone data are 
merely giving a general seasonal fit, as do the historic data.  

The RMSE of fluorescence measured in mg/m3 will be computed using the references 
in Table 3. Yet, as phytoplankton biomass may change within hours, all comparisons 
to data derived with a larger temporal or spatial offsets to the fluorescence 
measurement need to be handled with care. Furthermore, phytoplankton can form 
dense patches in the water surface, in thin layers or throughout the water column. In 
this case, comparisons between a locally occurring algal bloom and the usual seasonal 
average chl-a concentration are not appropriate for validation. In this case, possibly a 
long-term dataset showing high frequencies of algal blooms during certain seasons 
may be of help to explain high chl-a measurements, but cannot act as validation to a 
discrete sample.  

Overall, validation of fluorescence measurements can be ranked for reliability as 
follows: 

1) Upon all validation measurements, discrete laboratory samples -taken and 
processed following standardised protocols- are the most reliable reference 
data for the measured parameters. These include also fluorescence 
measurements with benchtop laboratory fluorometers. 
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2) Prototypes for fluorescence measurements will be available at a later time than 
the validation procedure as described in 5). Until this time, portable 
fluorescence sensors (see Figure 6) will substitute low-cost fluorescence 
sensors attached to a mobile phone. These instruments are considered the 
most reliable ones. The low-cost fluorescence sensor is expected to provide as 
detailed measurements as the currently applied instruments (see D2.2). As 
outlined in D2.2, the construction of a cuvette holder for such as system would 
be a great advantage, and this would also allow further options for comparison 
of the different systems (e.g. measurement of a fluorescence sensor in situ 
versus fluorescence measurement with the same system but in a cuvette).  

 
3) Historical and satellite data are ranked last here, as especially in coastal zones 

the retrieval of single water components by satellites has proven to be 
challenging, due to the heterogeneity of water components in such areas. As 
an example, if phytoplankton does not provide the major portion of optically 
active water constituents, other particles or dissolved matter, may negatively 
influence accurate measurements of chl-a. Yet, these near-shore regions are 
core areas for Citclops fluorescence applications. Historical and satellite data 
do, however, provide a general estimation of seasonal averages and 
fluctuations of environmental parameters in coastal zones. 

  
4) Fluorescence measurements by using mobile phones as light source and 

detection device are expected to be ranked as equal to or worse than historic 
and satellite data, yet, this is part of the on-going research within Citclops and 
our aim is to provide reliable measurements. 

In case public data from moored long-term fluorescence measurements or local casts 
with commercially available fluorescence sensors are available, these can also be 
used for validation. 

Table 3. Validation of fluorescence measurements 
ID Validation Reference 

1 
Mobile user interface/ mobile 

camera (external fluorescence 
sensor) 

Laboratory data 

2 
Mobile user interface/ mobile 
camera (internal fluorescence 

sensor) 
Laboratory data 

3 
Mobile user interface/ mobile 

camera (external fluorescence 
sensor) 

Mobile user interface/ mobile 
camera (external fluorescence 
sensor) of other users at the same 
area and time 

4 
Mobile user interface/ mobile 

camera (external fluorescence 
sensor) 

Historic data 

5 
Mobile user interface/ mobile 

camera (external fluorescence 
sensor) 

Satellite 

6 
Mobile user interface/ mobile 
camera (internal fluorescence 

sensor) 

Mobile user interface/ mobile 
camera (internal fluorescence 

sensor) of other users at the same 
area and time 

7 Mobile user interface/ mobile 
camera (internal fluorescence Historic data 
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sensor) 

6 
Mobile user interface/ mobile 
camera (internal fluorescence 

sensor) 
Satellite 

7 
Mobile user interface/ mobile 
camera (internal fluorescence 

sensor) 

Mobile user interface/ mobile 
camera (external fluorescence 

sensor) 
 
The following ranking of user credibility can be set for fluorescence measurements: 
 

1) Priority reputation is given to environmental scientists and staff responsible for 
water quality with a background in fluorescence measurements. 
 

2) The general public is secondly ranked. No further division within this group is 
foreseen, in other words, users that conduct a first measurement are 
considered equally trustful to users that have already conducted multiple 
measurements. An exception may be made, if valid reference data are 
available and comply well with most measurements acquired by an individual 
frequent fluorescence user. 

 
Regarding qualitative evaluation of tasks for fluorescence measurement, the following 
questions will be asked: 
 
Could you handle the user interface easily? Did you have problems in attaching the 
cuvette/fluorescence sensor to the mobile phone? Did you find the process easy? 
Would you trust the data? Why? What would you change? 

88..44  UUsseerr--pprrooffiillee  ccoonnffiigguurraattiioonn  

Usability validation of the user-profile configuration will be carried out by users via A/B 
testing, Nielsen's heuristics (see Annex 1) and the multiple heuristic evaluation table 
(MHET) (see Annex 2). Additionally, the following items will be analyzed: 

• benefits of using a user profile, interactions and access to useful information; 
• appropriate vocabulary; 
• design focused on user needs and avoidance of excess of sections; 
• usefulness of links to other social networks.  

 
Users’ completion of tasks will be quantitatively validated recording success, failure, 
false success and false failure. Regarding qualitative usability validation, the following 
questions will be asked: 
 

• Do you recognize, before entering your profile data, the type of benefits that 
you can obtain?  

• Did you find the process easy?  
• What would you change in the user-profile configuration?  
• What kind of value do you think connecting your profile to other social networks 

would bring?  
• Do you have security concerns about the data stored in your profile? 
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88..55  DDeecciissiioonn  ssuuppppoorrtt  ssyysstteemm  

88..55..11  SScceennaarriiooss  
The following scenarios will be used for initial DSS validation, involving citizens and 
policy makers. 

88..55..11..11  CCiittiizzeennss::  aapppplliiccaattiioonn  ffooccuusseedd  oonn  uusseerrss  ooff  tthhee  bbeeaacchh  aanndd  ccoonnssiissttiinngg  iinn  
rraannkkiinngg  tthhee  bbeesstt  bbeeaacchheess  

Photos taken by citizens will be combined with the comments and ratings related to 
them (e.g., number of views, number of comments, favourites) to estimate the 
attractiveness of the water in question. Photos will be combined with Google Maps or 
equivalent services and, in cases, can become interactive images. For example, the 
detection of a Box jellyfish (sea wasps) coastal-water invasion or of an algal bloom 
could be graphically linked to the geographical area affected. 

88..55..11..22  CCiittiizzeennss::  aapppplliiccaattiioonn  ffooccuusseedd  oonn  tthhee  iimmpprroovveemmeenntt  ooff  ssccuubbaa--ddiivviinngg  
aaccttiivviittiieess  

Existing guides and applications recommend good diving spots, but they cannot track 
their quality status and crowdedness in time. Citclops will develop a participatory 
system that involves scuba-diving volunteers in collecting data; at the same time the 
reported information will be analysed to provide near real-time reviews of 
environmental descriptors to facilitate, e.g., choosing the best (more transparent, less 
polluted) places to dive. As an example of potential target users, the tiny Spanish 
Medes Islands protected zone is object of 65,000 annual dives. In the following a 
scenario of the use of this application is presented: 

 
Laia is a 30-year-old woman from Barcelona (Spain) who 
has a cottage in Tamariu (Spain). She enjoys going 
scuba diving twice a month with friends of her club: 
Costa Brava Diving. This Saturday, she planned to go 
scuba diving, but, as it has been raining the last two days 
in Tamariu, she suspects that the water will not be very 
clear there and prefers to go and dive somewhere else. 
She remembers some friends of her club talked about a 
mobile app called “Citclops” used to monitor water 
transparency. After installing the app and configuring her 
profile (see Figure 7), Laia gets a summary of the water 
quality conditions: photos taken by some friends the day 
before confirm her assumption that the water 
transparency in Tamariu is lower than normally.  

 
She opens the diving section of the Citclops app, where 
she finds several recommendations: one of them is to go 
diving in Begur (Spain) at 11 (see Figure 8). She clicks to 
have more details and to confirm that the transparency 
level is normal. Surprisingly, she also sees some 
amazing underwater photos of a friend of hers who lives 
in Begur. After saving the location as one of her 
favourites, she organizes a scuba diving expedition to 
Begur. She is so happy that she takes her new 
underwater wearable digital camera to share her own 
photos through the Citclops app. 
 

 
Figure 7. Mock-up of a scuba-
diver profile 
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Figure 8. Mock-up of a scuba-diving recommendation 

 
 
88..55..11..33  PPuubblliicc  aaddmmiinniissttrraattiioonn::  aapppplliiccaattiioonn  ffooccuusseedd  oonn  ppoolliiccyy  mmaakkeerrss  ccoonnssiissttiinngg  iinn  

aann  eeaarrllyy--wwaarrnniinngg  ssyysstteemm  ffoorr  wwaatteerr--qquuaalliittyy  aasssseessssmmeenntt  
 
Through an environmental decision-support system (EDSS), working on crowdsourced 
data, impacts of marine-water pollution and harmful conditions on citizens’ health and 
the economy can be minimized. Citclops will develop and validate an EDSS using the 
Alfacs Bay and the Wadden Sea as use cases; however the system is designed to be 
general enough to be able to be applied to other environmental systems. In the 
following a scenario of the use of an application based on this EDSS is presented: 
 
Jop is a policy maker who works at the Dutch Ministry of Transport, Public Works and 
Water Management (Rijkswaterstaat). He manages Dutch coastal zones. The quality 
of the water in those coasts fluctuates. The quality of bathing water in the Netherlands 
is generally good. Yet, problems do sometimes arise with blue algae and botulism, 
especially during periods of hot weather. Last week the weather was hot and Jop 
wants to check bathing-water quality. He opens Citclops’s webpage and sees an alert 
in a Wadden Sea area with a prediction of high levels of water fluorescence and an 
algal bloom (see Figure 9) if no actions are taken. In addition, he sees that there will be 
many plastics floating in the water. He checks historical data and confirms that in 
periods of hot weather the water quality of that area decreases considerably. After 
looking at this information, he informs local authorities about the issue and alerts some 
plastic collectors to prepare cleaning the zone. 
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Figure 9. Mock-up of a water-quality prediction system 

 

88..55..22  TTaasskkss  
Visualize the information/prediction/recommendation (see examples of the graphical 
DSS interface in Figure 7, Figure 8 and Figure 9). 
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88..55..33  VVaalliiddaattiioonn  
To quantitatively evaluate the DSS, its accuracy, precision and recall will be computed 
in several situations (see ).  
 

  Recommendation 
about: Profiles 

C
iti

ze
ns

 
Activities 

Bathing Coastwatchers 
and beach users 

Scuba diving Scuba divers 
Kite surfing Kite surfers 

Alerts Water quality All citizens 

Pu
bl

ic
 

ad
m

in
is

tr
at

io
n 

Alerts Water quality Staff responsible 
for water quality  

Table 4. DSS evaluation situations 
 
Regarding qualitative validation, the following questions will be asked: 
 

• Can you describe the type of content that is shown?  
• Would you trust the data? Why?  
• Do you think the recommendation is appropriate? What would you improve?  
• Do you think this information is useful (rate it from 1 (a lot) to 5 (no))?  
• Would you change the order of the recommendation / alerts? Why and how, if 

the case? 
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10 Definitions 

Accuracy The accuracy of a measurement system is the degree of closeness 
of measurements of a quantity to that quantity's actual (true) value. 

Forel-Ule scale The Forel-Ule comparison scale is a method to approximately 
determine the colour of bodies of water, used 
in limnology and oceanography. By means of mixing different 
chemical (The standard solutions are made with distilled water, 
ammonia, copper sulphate, potassium-chromate and cobalt-sulphate) 
a colour palette is produced in a series of numerically designated 
vials (1-21) which is compared with the colour of the water body. The 
result is a colour index for the water body that gives an indication of 
the transparency of the water and thus helps to classify gross 
biological activity. The colour graduations correspond to open sea 
and lake water colours, as they appear to an observer ashore or on 
board a vessel. The method is used in conjunction with the Secchi 
disk submersed to half the Secchi depth. 

Precision Also called positive predictive value, the precision is the fraction of 
retrieved instances that are relevant. Both precision and recall are 
therefore based on an understanding and measure of relevance. 

Recall Also known as sensitivity, the recall is the fraction of relevant 
instances that are retrieved. 

 

http://en.wikipedia.org/wiki/Measurement�
http://en.wikipedia.org/wiki/Quantity�
http://en.wikipedia.org/wiki/Value_(mathematics)�
http://en.wikipedia.org/wiki/Limnology�
http://en.wikipedia.org/wiki/Oceanography�
http://en.wikipedia.org/wiki/Color_palette�
http://en.wikipedia.org/wiki/Secchi_disk�
http://en.wikipedia.org/wiki/Secchi_disk�
http://en.wikipedia.org/wiki/Positive_predictive_value�
http://en.wikipedia.org/wiki/Relevance�
http://en.wikipedia.org/wiki/Sensitivity_and_specificity�
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11 List of Key Words/Abbreviations 

 
CDOM  Coloured dissolved organic matter 
DSS  Decision-support system 
FU  Forel-Ule 
JPEG  Joint Photographic Experts Group 
Kd  Diffuse downwelling attenuation coefficient 
LED  Light-emitting diode 
MHET  Multiple Heuristic Evaluation Table 
PAH  Polycyclic aromatic hydrocarbons 
RGB  Red green blue 
RMSE  Root-mean square error 
UV  Ultraviolet+ 
WPAN  Wireless personal area network (WPAN) 
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Annex 1 – Ten usability heuristics (Original) J. Nielsen 

Heuristics  

1. Visibility of system status: the system should always keep users informed about 
what is going on, through appropriate feedback within reasonable time.   

2. Match between system and real world:  The system should speak the user's 
language, with words phrases and concepts familiar to the user, rather than the 
system-oriented terms. Follow real-world conventions, making information appear in 
a natural and logical order.  

3. User control and freedom: Users often choose system functions by mistake and 
will need a clearly marked "emergency exit" to leave the unwanted state without 
having to go through an extended dialogue. Support undo and redo.  

4. Consistency and standards: Users should not have to wonder whether different 
words, situations, or actions mean the same thing. Follow platform conventions.  

5. Error prevention: is even better preventing a problem than display an error 
messages. Either eliminate error-prone conditions or check for them and present 
users with a confirmation option before they commit the action.  

6. Recognition rather than recall: Minimize the user's memory load by making object, 
actions and option visible. The user should not have to remember information from 
one part of the dialogue to another. Instructions for use the system should be visible 
or easily retrievable whenever appropriate.  

7. Flexibility and efficiency increases with the use of accelerators. Hidden from the 
novice user but may often speed up the interaction for the expert user such that the 
system can cater to both inexperienced and experienced users. Allows users to tailor 
frequent actions.  

8. Aesthetic and minimalist design: Dialogues should not contain information which 
is irrelevant or rarely needed. Every extra unit of information in a dialogue competes 
with the relevant units of information and diminishes the relative visibility.  

9. Help users recognize, diagnose an recover from errors: Error messages should be 
expressed in plain language (no codes), precisely indicate the problem, and 
constructively suggest a solution.  

10. Help and documentation: even though it is better if the system is intended be 
used without documentation, it may be necessary to provide help and 
documentation. Any such information should be easy to search, focused on the 
user's task, list concrete steps to be carried out and not be too large.  
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Annex 2 – Multiple Heuristic Evaluation Table (MHET). Beth F, 
et al. 

 
Heuristics 

1. Software-user interaction: Design supports user interaction with the software by 
providing appropriate and necessary information.   

2. Learnability: Design supports timely and efficient learning of features. 

3. Cognition facilitation: design supports the cognitive limitations of the human user.  

4. User control and software flexibility: design provides responses to user actions 
and is adaptable.  

5. System-real world match: design matches user expectations based on user 
community expertise and similar available products.  

6. Graphic design: design uses graphic elements to convey information and crates 
effects.  

7. Navigation and Exiting: Design facilitates software exploration and provides 
outlets to terminate actions. .  

8. Consistency: design elements provide standard and reliable terminology, actions 
and layouts.  

9. Defaults: Design provides default information. 

10. Software-System interaction: design supports software interaction with hardware 
components.  
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Annex 3 – Calculation of FU angles for the validation of user’s 
information  

 
Colourimetry is the science that describes colours in numbers, or provides a physical 
colour match using spectral radiometers to simulate the spectral bandwidth of the 
human eye. The colour is therefore expressed as a set of chromaticity coordinates (x, 
y) and displayed in a chromaticity diagram as shown in Figure A3.1. The transmission 
of the FU scale solutions was measured and the chromaticity coordinates were 
calculated by Wernand in his PhD thesis1 and by Novoa et al.2.   
 

 
Figure A3.1. Chromaticity diagram displaying the chromaticity coordinates of the FU 
scale. (Extracted from Rosen 3(1930), Wernand’s thesis (2011) and Novoa et al. 2013 
(FU NWV 2013) 

 
These coordinates are then represented in a Cartesian system as shown in Figure 
A3.2 and the angles of the FU chromaticity coordinates were used by Wernand (2011) 
to compare spectra measured at sea and by satellite remote sensors to the FU 
coordinates. Thus, the angle (in radians) between the vector to a point with certain FU 
coordinates (x, y) and the positive x-axis is calculated, using the arctangent  between 
two vectors as expressed in equation 1,  giving higher angles in an anti-clockwise 
direction (Figure A3.2) and negative angles in a clockwise direction. The radials are 
then multiplied by 180/pi to get angles (αi) in degrees. Hence, 
 

      
αM = arctan (yi -yW, xi - xW) modulus 2π    (1) 

 
    

 



 

Citclops_D3.1_Methodology_Users_validation_v1.0 (PUBLIC) , page 27 of 27 

where i € [1,21], αM is the angle to be calculated, and yi -yW and xi - xW are the 
chromaticity coordinates of the spectral measurement with respect to the white point 
(w).  
 
The RGB values extracted from an image taken with a smart phone can also be 
converted to the chromaticity coordinates using conversion matrices as explained in 
Wyszecki and Stiles’s book ‘Color Science: Concepts and Methods, Quantitative Data 
and Formulae’ Wyszecki, G. and W.S. Stiles (1982), and compared using the same 
procedure as the one explained in Wernand’s thesis (2011).  
The chromaticity values are being calculated again in order to digitalize the colours of 
the scale and develop the smart phone app. These values will be published in the 
European Optical Society in the upcoming months.  
 

 
 
Figure A3.2. A chromaticity diagram in a Cartesian system with known chromaticity coordinates relative to 
the white point of the scale colours FU1 to FU21 (shown in dots). An example of the chromaticity 
coordinates (xM – xW = -0.15, yM – yW = 0.1), again relative to the white point, derived from spectral 
information. This pixel can be labelled FU6, after applying equation 2 deriving the angle αM. 
 

 1 – Wernand, M.R., 2011. Poseidons paintbox, Historical archives of ocean colour 
in global-change perspective. PhD thesis, Utrecht University, pp. 240, ISSN 978-
90-6464-509-9. 
 2 - S. Novoa , M.R. Wernand, H.J. van der Woerd, The Forel‐Ule scale revisited 
spectrally: preparation protocol, transmission measurements and chromaticity. 
Subitted to JEOS May 2 2013. 
 3 - Rosen, M.T., Die Skala von Forel‐Ule zur Bestimmung der Farbe des Wassers. 
Nachrichten des Zentralburo fur Hydrometeorologie (Leningrad), 9, pp. 20 (1930) 
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