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INTRODUCTION 
Citizen science projects have grown dramatically in recent years. They combine Web-based social networks with 
community-based information systems to harness collective intelligence and apply it to specific scientific problems. 
Online communities of volunteers are now contributing data to projects that range from astronomy [1] to bird watching 
[2] and air quality [3].  Such projects are democratising science in that they enable public citizens to actively participate 
in scientific programs, and allow them to access and use both their own data and the collective data generated by others. 
 However, there are some inherent weaknesses to citizen science and crowd sourcing projects. The limited training, 
knowledge and expertise of contributors and their relative anonymity can lead to poor quality, misleading or even 
malicious data being submitted [4].  The absence of the “scientific method” [5] and the use of non-standardised and 
poorly designed methods of data collection [6] often lead to incomplete or inaccurate data. Also, the lack of commitment 
from volunteers in collecting field data [4, 7] can lead to gaps in the data across time and space. Subsequently, these 
issues have caused many in the scientific community to perceive citizen science data as not worthy of being considered in 
serious scientific research [8]. 
 Data cleansing and data quality improvement technologies can improve the data quality to a limited extent. For 
example, input data can easily be validated for syntactic compliance against schemas. The data can also be compared 
with historical data or related data to detect inconsistencies. However these approaches fail if there is no comparable data 
or no longitudinal data for trend analysis. An alternative and complementary approach to data quality enhancement 
services is to exploit social network analysis tools to calculate a measure of the data’s trust. A number of trust models 
and trust metrics have been developed by researchers in the context of Web 2.0 [9] – but to date, none have been applied 
to citizen science data. Our hypothesis is that trust and reputation metrics (e.g. recommender systems in online social 
networks) can provide a simple and effective mechanism for filtering unreliable data, and improving the quality and 
reliability of the community-generated data enabling its confident re-use by the scientific community. 
 In this paper, we describe a technological framework that combines data quality metrics and trust metrics to provide 
a measure of the reliability of citizen science data and to enable it to be re-used with confidence. This framework 
provides mechanisms for improving and measuring the quality of citizen science data through both subjective and 
objective assessments of the data. It also enables trust between individuals in an online citizen science community to be 
measured, inferred and aggregated to generate trust metrics for contributed data based on its provenance. In addition, the 
system provides querying, visualisation and reporting services that take into account the reliability of the data.  

OBJECTIVES 
The primary objective of this work is to develop software services for improving the quality and measuring the trust and 
reliability of citizen science data so it can be confidently re-used by scientists. More specifically the aims are: 

• To identify a set of criteria or attributes for measuring trust of citizen science data such as: 
o The contributor’s role and qualifications (student, volunteer, council worker, scientist); 
o The contributor’s ranking from other members (direct, inferred or calculated using social trust algorithms) 
o The quality and amount of past data that they have contributed; 
o The extent of training programs that they have completed; 
o Frequency and period of contributing; 
o Comparison/consistency with past data or trends. 

• To compare alternative trust models and algorithms for measuring trust and identify those approaches most 
applicable to citizen science projects; 

• To develop tools for capturing the trust-related attributes and for calculating trust within citizen science projects  
• To evaluate, analyse, refine and optimize these trust measurement algorithms, tools and services – in the context 

of chosen citizen science projects; 
• To measure the improvements in data quality that result from using trust metrics to filter or remove untrusted data 

or untrusted contributors; 

CASE STUDY 
The Coral Watch project is a citizen science project being managed by the University of Queensland that aims to 
“improve the extent of information on coral bleaching events and coral bleaching trends” [10]. Currently, the CoralWatch 
project has over 1300 members from 80 countries around the world. As of May 2010, its members have collected almost 
30,000 records. 
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 Figure 1 provides an overview of the CoralWatch client-server system architecture. The data is stored in a Postgres 
relational database with R-based statistical analysis tools plus geo-spatial indexing to support high-speed spatial queries. 
Browsers provide the Web interface to the CoralWatch system - enabling users to upload their data, view surveys and 
reports, download data and interact with other users. Authenticated users create a new survey by providing some 
metadata about the survey including the survey’s location, date/time, the weather conditions and water temperature. A 
validation process uses XML schemas and controlled vocabularies to validate the input data. After creating a survey, the 
user inputs observations of coral colours. Every time the user submits data for an observation, the data is instantaneously 
analysed on the server side. The charts generated from the data analysis show the colour distribution across the observed 
coral. The user can then detect whether there is a bleaching event happening in a particular reef by looking at the change 
in colour over time.  

 
Figure 1: Client-Server Architecture of CoralWatch 

 A Smartphone interface is being developed for uploading data from the field – including photos, GPS data, and date 
and time. Ontology-based scripts and programs are also used to harvest data from other repositories (e.g. IMOS satellite 
images) to provide related observational data. This data is used as a benchmark “ground truth” for quality of the 
volunteers’ data on CoralWatch. The system utilises web-mapping services such as Bing and Google maps for the 
geospatial presentation of coral bleaching surveys. A timemap framework is used to allow the integration of spatial and 
temporal objects into a map and a timeline simultaneously. This provides a tracking mechanism of bleaching events and 
speed at which they are happening.  

CALCULATING TRUST METRICS 
Once the data has been uploaded to the CoralWatch website, the next step is to perform data quality and trust measures. 
User interfaces have been developed to enable members of the network to assign trust rankings to other members that 
they know. Recommender trust models [11] are used to infer trust values between members who are not known to each 
other directly. The community trust on a member is calculated by a weighted aggregation of the attributes mentioned in 
the Objectives Section. The calculated community trust value is displayed as a 5 star rating in the user’s profile (Figure 2) 
– visible only to the system administrator. Users are not aware of the trust value that has been assigned to them and 
which are associated with the data uploaded by them. We are currently also implementing additional tools for capturing 
trust including tools for ranking individual data surveys through a mapping interface. 

 
Figure 2: User profile showing trust as 1-5 star rating. 

CONCLUSION 
There is a critical the need for automatic techniques to improve the quality and trust of citizen science data. This paper 
identifies a range of technologies from the data quality and social trust fields, that can potentially be combined and 
applied to improve the reliability of citizen science data. Preliminary investigations indicate that there is significant 
potential in applying social network analysis to measure trust and filter citizen science data to improve its quality, 
reliability and re-use. Future work includes examining the application and viability of Attack Resistance trust metrics 
[12, 13] in the context of citizen science data - to filter out bogus or malicious users from a social network and thus 
reduce the submission of invalid, bogus or deliberately misleading data. 
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