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Abstract— Although citizen science projects can engage a very 
large number of volunteers to collect volumes of data, they are 
susceptible to issues with data quality. Our experience with 
eBird, which is a broad-scale citizen science project to collect 
bird observations, has shown that a massive effort by volunteer 
experts is needed to screen data, identify outliers and flag them in 
the database. The increasing volume of data being collected by 
eBird places a huge burden on these volunteer experts and other 
automated approaches to improve data quality are needed. In 
this work, we describe a case study in which we evaluate an 
automated data quality filter that improves data quality by 
identifying outliers and categorizing these outliers as either 
unusual valid observations or mis-identified (invalid) 
observations. This automated data filter involves a two-step 
process: first, a data-driven method detects outliers (ie. 
observations that are unusual for a given region and date). Next, 
we use a data quality model based on an observer’s predicted 
expertise to decide if an outlier should be flagged for review. We 
applied this automated data filter retrospectively to eBird data 
from Tompkins Co., NY and found that that this automated 
process significantly reduced the workload of reviewers by as 
much as 43% and identifies 52% more potentially invalid 
observations. 
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I.  INTRODUCTION  
Citizen science enlists the help of volunteers from the 

general public (citizen scientists) in scientific research [1]. Data 
collected by citizen scientists can be achieved at little cost, 
enabling scientific research to gather data over longer periods 
of time and across broader spatial extents [5]. Engaging citizen 
scientists in meaningful projects also broadens the public 
understanding of the scientific process, which in turn can lead 
to better-informed decision making at all levels of society [23]. 

Recruiting volunteers in broad-scale citizen science projects 
to gather biodiversity information can generate enormous 
quantities of data across broad spatial and temporal domains 
[22]. However, maximizing the information gathered from 
citizen-science data depends on finding the proper balance 
between data quantity and quality [7]. Data quantity is essential 
because obtaining sufficient volumes of data of low per-datum 
information can contain as much information as data with high 
information content but gathered in smaller amounts [16]. Due 
to the importance of data quality, citizen science projects must 
take into consideration the ease of the data gathering process, 
the ability to limit data entry errors and identify questionable 

observations, and the offering of incentives to contributors to 
submit high-quality observations [26].  

The most significant data quality issue in broad-scale 
citizen-science is individual variability in detection and 
classification of organisms to species. While large citizen-
science projects can engage a broad network of tens of 
thousands of individuals contributing their observations, each 
participant has different identification skills. Data collected by 
inexperienced citizen scientists is often of lower quality due to 
their lack of expertise in accurately detecting and identifying 
organisms. On the other hand, data collected by experts is 
much more accurate though not completely free of mistakes. 

Our strategy for addressing data quality in broad-scale 
citizen science is to examine contributions from many citizen 
scientists in a given geographic region. We can then identify 
general observational patterns for a specific geographic region, 
which allows for quality filters to emerge from the data. 
Furthermore, the expertise level of a citizen scientist can be 
used to screen that individual’s contributions to a broad-scale 
citizen-science project. For instance, if an individual is a novice 
and he is frequently reporting rare, difficult-to-detect birds, 
then his records may be flagged more frequently for review 
than an expert’s records. However, the expertise level of a 
participant needs to be estimated, which can be accomplished 
by using data mining techniques based on their historical 
observations.  Thus, the challenge is to identify outliers (i.e. 
observations of a species that is unusual for a location or date) 
and categorize these outliers as either unusual valid 
observations, or mis-identified (invalid) observations. 

In this work, we describe a case study in which we evaluate 
the effectiveness of an automated data filter using eBird 
(http://www.ebird.org) as our exemplar broad-scale citizen 
science project [22].  Our automated data filter combines two 
parts -- an emergent filter, derived from observed frequency 
patterns in the data, and a data quality model from our prior 
work [27] that predicts the observer’s expertise. This observer 
expertise model was previously only evaluated on its ability to 
predict observer expertise and species observations. Our 
current work applies the observer expertise model from [27] 
for a different purpose – namely that of data quality control. 
The main contribution of our current work is the evaluation of 
the effectiveness of the overall automated data filter in a 
retrospective study using data from Tompkins Co., NY.  This 
evaluation of data quality control, which was not performed in 
[27], is particularly challenging for eBird because there is no 
real ground truth (i.e. it is never known whether all species at a 
given location were detected and identified by the observer). 
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B. Data quality model 
The eBird data are provided by tens of thousands of 

observers with a wide range of expertise in identifying birds 
and with variable effort made in contributing to eBird. For 
example, at one extreme, several thousand observers with high 
identification skill levels contribute “professional grade” 
observations to eBird, whereas at the other extreme tens of 
thousands of participants contribute data of more variable 
quality. While there is much variability in the number of 
checklists that eBird volunteers submit, the top third of eBird 
contributors submit more than 90% of all data. Although the 
identification skills of this subset of contributors are unknown, 
it is probably skewed to the more skilled because individuals 
who regularly contribute tend to become better observers [6].  

This inter-observer variation must be taken into account 
during analysis because valid outlier observations (i.e. those 
observations that are unusual but valid) could provide 
potentially important information on unique or changing 
patterns of occurrence. Since eBird engages a significant 
number of skilled observers who are motivated to detect rare 
species or are skilled in detecting elusive and cryptic species, 
being able to accurately distinguish their observations from 
those of less-skilled observers is crucial. The challenge is to 
obtain an objective measure of observer expertise that can be 
used to classify unusual observations. 

In this case study, we investigate using a data quality model 
based on an observer’s predicted expertise. In order to predict 
expertise, we use the Occupancy-Detection-Expertise (ODE) 
model from our prior work [27] because it was successful at 
accurately predicting an observer’s expertise. The ODE model 
is a probabilistic graphical model [11] that extends a well-
known model in Ecology called the Occupancy-Detection 
(OD) model [13]. We will provide an overview of the ODE 
model by first describing the OD model and then showing how 
to extend it with observer expertise in the ODE model. More 
details about the ODE model can be found in [27]. 

1) Occupancy-Detection model 
Ecologists often build species distribution models (SDM), 

which predict the occupancy of a site by a species. Occupancy 
determines if a geographic site is viable habitat for a species 
and it depends on environmental covariates such as 
temperature, precipitation and land use. A general form for 
SDMs is shown as the occupancy function ݂௢௖௖ in Equation 1, 
in which the Boolean random variable ܼ௜  represents the 
occupancy of site i, ࢏ࢄ are the set of environmental covariates 
(i.e. features), and ࢻ are the parameters of the model. Many 
different machine learning approaches have been used to 
model ݂௢௖௖ሺ࢏ࢄ;  .ሻ. In our work, we use logistic regressionࢻ

 
      ܲሺܼ௜ ൌ 1ሻ ൌ ݂௢௖௖ሺ࢏ࢄ;  ሻ      (1)ࢻ
 

Data for SDMs are often collected by observers who 
record occurrences of species in the field. Detecting the 
species in the field can pose a major problem, particularly if 
the members of the species are camouflaged, only appear at 
night, or are evasive. If an observer wrongly reports a species 
to be absent at a site when it was in fact present at that site, 
species distribution models built from such data will 
underestimate the true occupancy of that species for that site. 

To address this issue, Mackenzie et al. [13] proposed the 
OD model, which models the relationship between occupancy 
and detection. In the OD model, the true occupancy of a site i 
is represented as a latent variable ܼ௜ and each site is visited 
multiple times. Each visit t results in an observation   ௜ܻ௧  , 
corresponding to an observation of the species at site i on visit 
t. The detection process is shown in Equation 2, where the 
detection function ݂ௗ௘௧  depends on a set of detection 
features ࢚࢏ࢃ , examples of which include the effort expended, 
the time of day, and the current weather conditions. 

 
 ܲሺ ௜ܻ௧ ൌ 1ሻ ൌ ܼ௜ · ݂ௗ௘௧ሺ࢚࢏ࢃ;  ሻ  (2)ࢼ

 
In Equation 2, the Boolean random variable ௜ܻ௧  is 

influenced by both the true occupancy of a site and by the 
detection function   ݂ௗ௘௧ሺ࢚࢏ࢃሻ , which we model using a 
logistic function with parameters ࢼ. 

The OD model makes two key assumptions. First, the 
population closure assumption [14] assumes that the species 
occupancy status at a site stays constant over the course of the 
visits. Second, the OD model does not allow the observers to 
report false detections. False detections occur when observers 
incorrectly report a species to be present at a site when in fact 
the species does not occupy that site. 

 
2) Occupancy-Detection-Expertise model 
The detection process can also be affected by the expertise 

level of an observer. The ODE model extends the OD model 
by adding an expertise component. In this expertise 
component, as shown in Equation 3, the function  ݂௘௫௣ 
predicts ܧ௝, which is a binary random variable representing the 
expertise of birder j (i.e. taking values expert or novice), from 
a set of expertise features ࢐ࢁ. Examples of expertise features 
include features derived from the birder’s personal 
information and history of observations, such as number of 
years in bird watching, number of observations submitted to 
eBird and number of observations invalidated. We model ݂௘௫௣ሺ࢐ࢁ;  .ࢽ  ሻ using a logistic function with parametersࢽ

 
      ܲ൫ܧ௝ ൌ 1൯ ൌ ݂௘௫௣ሺ࢐ࢁ;  ሻ                (3)ࢽ

 
The detection function in the ODE model is now 

influenced by the detection features ࢚࢏ࢃ and by the expertise 
of the birder that supplied observation  ௜ܻ௧ . Equation 4 
illustrates the detection process in the ODE model, where the 

 
Figure 5. The graphical model representation of the OD model.  
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notation ܤሺ ௜ܻ௧ሻ  returns the index of the birder submitting 
observation  ௜ܻ௧ . 

 
 ܲሺ ௜ܻ௧ ൌ 1ሻ ൌ ܼ௜ · ݂ௗ௘௧ሺ࢚࢏ࢃ, ,஻ሺ௒೔೟ሻܧ  ሻ (4)ࢼ

 
By adding the expertise variable to ݂ௗ௘௧ሺ࢚࢏ࢃ, ,஻ሺ௒೔೟ሻܧ  ,ሻࢼ

we distinguish the detection process of expert and novice 
birders. In effect, we use a mixture model in which one 
mixture component models the experts’ detection process and 
one models the novices’ detection process. Furthermore, in 
order to improve the model fit on the eBird data, we also 
modified the assumptions of the OD model to allow false 
detections by both experts and novices 

Given the observations from a set of labeled expert and 
novice birders, we estimate the ODE model parameters using 
Expectation Maximization [3]. With the learned ODE model 
parameters, we can perform inference to predict a birder’s 
expertise based on their checklists.  In deployment, we update 
the ODE model annually. 

IV. EVALUATION 

A. Data description 
For this case study we analyzed eBird data from Tompkins 

Co., which is an average sized county (1,270 km2) in the 
ecologically rich Finger Lakes Region of west-central NY. 
Participation in eBird is high in this county, with more than 
48,000 checklists representing almost 700,000 observations. A 
regional expert developed a checklist filter for this county, 
which was the basis for all following comparisons. To evaluate 
the expert-defined filter and automated data filter, we applied 
both filters to eBird data collected from January 1, 2003 to 
June 23, 2011. 

B. Emergent data filter 
To generate the emergent data filter, we calculated the 

frequency of occurrence based on all data reported for that 
species at the county level and date range, and compared with 
eBird submissions. This frequency was calculated as follows. 
First, a day-of-year value was assigned to each checklist 
ranging from 1 to 365, and then a raw daily frequency was 
associated with this day. However, there were large variations 
in the raw daily frequency, which ranged from 3 to 125 

checklists. To account for this variation, we replaced each raw 
daily frequency with a value computed by taking the highest 
raw daily frequency of a day within a sliding 7-day window (3 
days before to 3 days after the current day). In this study, we 
calculated the day-of-year frequencies for every species 
observed in Tompkins Co., NY based on eBird data gathered 
from 2003 to 2011. We used a frequency threshold of 5%. 

C. Estimating an observer’s expertise level 
For our analysis, we used observations from the original 

eBird Reference Data [15] from New York State during May-
July in years 2009 and 2010. To train the ODE model, we used 
the observations from a list of birders with their expertise 
levels labeled. The eBird project leaders manually labeled the 
expertise of these birders using a variety of criteria including 
personal knowledge of the birder, the number of misidentified 
observations, the frequency of poor spatial accuracy in 
checklist submissions and manual inspection of their eBird 
submissions. There were a total of 134 expert birders and 229 
novice birders used to train the ODE model. 

We divided the checklists into training and test sets 
according to the observers submitting them. Birders that 
submitted checklists from Tompkins Co. in 2009 and 2010 
were placed into an independent test set while labeled birders 
were placed into a training set. The test set consisted of 176 
birders. We trained the ODE model and then used the trained 
model to predict the probability of a birder from the test set 
being an expert. To get a more reliable estimation of observer 
expertise, we applied the ODE model to 18 species (8 common 
species and 10 uncommon species) and the final expertise 
prediction was based on the average score over all 18 species. 

V. RESULTS AND DISCUSSION 

A. Emergent data filter 
In all cases examined, the expert-defined checklist filters 

for Tompkins Co. accepted observations over a broader 
temporal window than the emergent data filters. Three general 
categories for the expert-defined filter were apparent. First, an 
expert may have had a particular interest or knowledge of 
certain species and these filters could be very accurate (e.g. 
Figure 8B American Tree Sparrow Jan. - May). Second, the 
expert-generated filter may accurately describe the bird’s 
biology, which may be quite different from what eBird 
contributors report. For example, Chipping Sparrows (see 
Figure 8A) are a common breeding bird in Tompkins Co., 
which are often found in close proximity to lawns and 
gardens, and have a very distinctive plumage and song. 
However, immediately after the breeding season (end of July) 
they stop singing, disperse, and begin to molt into a less 
distinctive plumage. They become more cryptic and harder to 
detect, which would lower the probability that they are 
reported to eBird. The final category included expert-defined 
filters that accepted observations, even when it was very 
unlikely that the bird would be encountered. For example, 
although expert filters allowed either Swamp or Savannah 
Sparrow to be reported for any month of the year in Tompkins 
Co., observations falling outside the typical pattern of 
occurrence, especially during winter, should be reviewed.  

 
Figure 6. The graphical model representation of the ODE model.  
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predicted expertise reported more American Tree Sparrows 
earlier in fall than observers of high predicted expertise, and 
their observations fell outside the general patterns of the 
frequency graphs. This example shows the significant 
contribution that the automated filter process could have for 
identifying outlier reports for birds that are relatively common, 
and which would normally pass as valid records under the 
expert-defined filter model. 

Table 1 provides examples of a variety of bird species with 
difference occurrence patterns in Tompkins Co. and the 
percent of expert/novice observations that were flagged by the 
emergent filter. These results indicate that expert observers 
tend to identify more unusual birds than novice observers. Use 
of the automated data filter would significantly reduce the 
number of flagged records that must be reviewed since it 
accepts records from expert observers. 

 
Table 1. Example of 9 bird species with different occurrence patterns in 
Tompkins Co, NY. The second and third columns are the percentage of 

expert/novice observations flagged by the emergent filter. 

Bird Species Number of 
Observations 

% 
Expert 

% 
Novice 

Common Raven1 448 96 4 
 Pine Siskin2 128 97 3 
Acadian Flycatcher3 61 82 18 
Savannah Sparrow3 86 79 21 
Black-throated Blue 
Warbler3 

128 77 23 

Cerulean Warbler4 91 65 35 
Wilson's Warbler5 65 77 23 
Ruby-crowned 
Kinglet5 

41 83 17 

Hermit Thrush6 162 88 12 
    
1Species that occur year round at frequencies below the 
emergent filter.  
2Species that occur periodically in the county. 
3Species that are locally common breeders in the county. 
4Species that are locally uncommon breeders in the county. 
5Migrant species that are locally common when they pass 
through the county. 
6Species that are locally common breeders and uncommon 
throughout the year. 
 
Table 2 shows the number of flagged records from all three 

filters. The emergent data filter significantly increased the 
total number of observations for review to 35425, but when 
the emergent filter was combined with the ODE model in the 
automated data filter, the number of flagged records decreased 
by 93% to 2303. When compared to the expert-defined filter, 
the automated data filter decreased the number of flagged 
records by as much as 43%, showing the potential of the 
automated data filter for substantially reducing the workload 
of reviewers. Under current expert-defined filters, each 
reviewer spends approximately 5 hours per week reviewing 

flagged records; this cost reduces to 2.85 hours (i.e. 2.15 hours 
saving per week) with the automated data filter. These savings 
become even larger due to the fast growth of eBird project. 

 
Table 2. The number of flagged records from Tompkins Co., NY and the 

estimated number of hours needed to review them.   

Filter Type Number of 
Flagged 
Records 

Estimated 
number of 
hours to review 

Expert-defined filter 4006  101 hrs 

Emergent data filter 35425 890 hrs 

Automated data filter 2303  58 hrs 

 
Although the automated data filter can substantially reduce 

the number of records to be reviewed, it must also not 
carelessly discard any truly erroneous records that should 
indeed be reviewed. In order to measure the accuracy of the 
automated data filter in our retrospective analysis of eBird 
data from Tompkins Co., we compared how many of the 
records in region C were designated as valid or invalid after 
being reviewed. Figure 9 (left) illustrates the fraction of valid 
and invalid records among all the records in region C, and 
then the amounts broken down by experts and novices (middle 
and right pie charts). Only 137 flagged records (5%) from 
experts were invalid, while 848 records (65%) from novices 
were invalid. The automated data filter would have allowed 
the 137 flagged expert records to pass through, but all 848 
novice records would have been flagged. 

The analysis above only covers region C and gives a partial 
picture as to the accuracy of the automated data filter as the 
2303 records flagged by the automated data filter are in both 
regions B and C. Records in region B were not reviewed, and 
as a result, we did not have any ground truth as to their 
validity. However, we can estimate the number of invalid 
records by making the assumption that, as in region C, novices 
submitted invalid records 65% of the time. This assumption is 
conservative because misidentifications tend to increase in 
region B as compared to region C. Under this assumption, 
65% of the 2303 records flagged by the automated data filter 
were invalid (i.e. 1497 records). This amount is higher than 
the 985 invalid observations flagged by the expert-defined 
filter by as much as 52%, thus showing how effective the 
automated data filter is at identifying truly erroneous outliers. 

 
Figure 9. The fraction of valid and invalid records among all records in region 

C (left), then broken down by expert records (center) and by novice records 
(right). The number of records in each pie slice is shown in parentheses. 



VI. CONCLUSION 
Data quality is a major challenge in any sensor network, 

especially when the sensor network consists of a massive 
number of volunteer observers that have differing abilities to 
accurately identify birds. This paper assessed the performance 
of a more automated process for addressing a major data 
quality need in broad-scale citizen-science projects: filtering 
misidentified organism occurrences. Our automated data filter 
was based on both the patterns of submissions within a 
predefined spatial and temporal extent, as well as the 
contributor’s skill level.  

We presented the results of applying the automated data 
filter retrospectively to historical records from Tompkins Co., 
NY. Our automated data filter allowed us to reduce the 
workload of reviewers by about 43% as compared to the 
existing expert-defined filter, which results in about 2.15 
hours savings per week for a reviewer. The automated data 
filter also identified as many as 52% more invalid outliers than 
the expert-defined filter. These results demonstrate that our 
automated process has the potential to play a critical role in 
improving data quality in broad-scale citizen-science projects. 

 For future work, we will test these results more broadly 
across the US. In addition, we will model an individual’s 
expertise regionally, as a birder can be an expert observer in 
their home region, but less so outside of that region. 
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