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ABSTRACT 
 
There are growing concerns among leading national and local organizations about American 
scientific literacy, fundamental understanding of science, and the value of scientific research. 
These organizations, including the University Corporation for Atmospheric Research, have been 
at the forefront to change this trend. In an effort to improve scientific literacy, research 
conducted by Sam Droege, amongst others, suggested using citizen science and public 
participation as one instrumental method to engage the public. Urban Tree Phenology (UTP), a 
project of Project BudBurst and the USDA Forest Service, is one such citizen science program 
that sought to educe the public, including the professionals and the amateurs among them, in 
collecting urban tree phenophase data. UTP participants monitored and reported the stages of 
phenological events, such as First Leaf and Leaf Fall, of twenty-four native and cultivated urban 
tree species. Data collected will support the long-term research of plant ecology, climate change, 
public health, urban heat islands on tree physiology, and urban tree management. UTP, using the 
architectures of online learning, has developed two instructional tutorials to assist data collection 
(Phase 1). The instructional tutorials were published online, in print and PowerPoint formats, at 
www.UrbanTreePhenology.com. By completing these tutorials, participants will gain the skills 
necessary to provide urban tree phenological data to national research databases via the Internet. 
Phase 2 will test and review the instructional materials developed, and in Phase 3, the 
administrators of UTP will distribute promotional materials, to national research organizations, 
and to participants of the Project BudBurst national citizen science campaign. 
  
The Significant Opportunities in Atmospheric Research and Science (SOARS) Program is managed by the University Corporation for 
Atmospheric Research (UCAR) with support from participating universities.  SOARS is funded by the National Science Foundation, the National 
Oceanic and Atmospheric Administration (NOAA) Climate Program Office, the NOAA Oceans and Human Health Initiative, the Center for 
Multi-Scale Modeling of Atmospheric Processes at Colorado State University, and the Cooperative Institute for Research in Environmental 
Sciences. SOARS is a partner project with Research Experience in Solid Earth Science for Student (RESESS). 

http://www.urbantreephenology.com/
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1. Introduction 
 

There is growing concern that the American public is lacking scientific literacy, a 
fundamental understanding about science, the scientific endeavor, and the value of scientific 
research (National Geographic Society, 2006; National Oceanic and Atmospheric 
Administration, 2007; University Corporation for Atmospheric Research, 2008; Earth System 
Science Literacy Initiative, 2009). As scientists and educators seek to interest the public in 
research and science, citizen science projects are quickly emerging as viable tools to engage 
diverse audiences. Citizen science projects offer opportunities for all people to participate in 
observing natural phenomena and contribute qualitative and quantitative information to online 
databases, which are analyzed by scientists. Citizen projects often include simple exercises such 
as counting bird species that nest or frequently feed in a specified area (Nestwatch, Cornell 
Ornithological Laboratory, 2009), reporting the magnitude of stars in constellations observed at 
different locations to measure light pollution (Great World Wide Star Count, University 
Corporation for Atmospheric Research, 2009), or submitting information about the timing of 
events in plant species’ growth cycles (Project Budburst, 2009). The more complicated projects 
require close collaboration between amateur and professional scientists, such as in the prediction 
of the spread of non-native organisms in the ocean using invasion probability models (Invasive 
Tracers, McGill University, 2009). Through their participation in citizen science projects, 
volunteers provide large volumes of data derived at times and places that scientists cannot not 
access on their own.  As a result of contributing their labor, citizen scientists gain science literacy 
by directly partaking in the scientific process. As Silverman (2008) found, scientists benefit as 
well from the added flexibility and feasibility to accomplish clearly defined research objectives. 
With the appropriate tools and incentives to participate, significant improvements can be 
achieved in how we, as scientists and policy makers, conduct research, communicate our science, 
and inform public decisions, while keeping science and service in the public domain. 

 
Project Budburst is a valuable tool for urban forest professionals, such as the staff of 

urban parks departments, arborists, and volunteers on their management committees. They are 
responsible for designing, growing, and sustaining gardens, parks, and woodlands that in ensure 
public recreation, aesthetic enjoyment, health, and ecological function, especially in the face of 
climate change.  Project BudBurst has developed the capability to support citizen science 
participation, particularly in urban forestry, with support from the USDA Forest Service Urban 
and Community Forestry Program in the southern region1. Current research in urban forest 
phenology has shown that data are not collected “at a scale (i.e., temporal or spatial) that can 
support research or management of our nation’s urban forests,”according to Dudley R. Hartel 
(personal communication, April 10, 2008). Furthermore, there is no available datasets that can 
provide an effective link between local plant observations and climate change drivers (Morisette 
et al., 2009). Land-surface phenological studies, characterized by the use of satellite remote 
sensing products (Friedl et al., 2006), need to take a synoptic view of vegetation dynamics, 
which extends from ecosystems to regions and continents (Morisette, 2009; Reed et al., 1994; 
Zhang et al., 2003). Morisette states, “Increasing spatial extent often implies consideration of 
more than one species … and understanding how discrete life events among different species 
will impact various measurements.” The developers of Project BudBurst believe these land-
                                                 
1 Urban Forestry South (Region 8 in Atlanta, the Southern Research Station, and Integrating Human and Natural 
System - SRS-4952) 
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surface phenological studies are unsuitable for citizen science initiatives, and localized 
approaches to phenological observations are ideal. They recommend using ground-level spatial 
observations, which are traditionally used in plant phenological studies (Schwartz, 2003).   

 
Ground-level scales of observation or vegetation phenology investigations can serve to 

efficiently transfer scientific information to, and enhance scientific literacy among, the public, 
the nation’s resource managers, and policy makers. Vegetation phenology refers to individual 
observations, including the public and/or urban forest professionals, of the timing of specific life-
cycle events, such as bud burst, leaf coloring and senescence, flowering, and seed/fruit dispersal 
(Project Budburst, 2009). Unlike land-surface spatial observations, vegetation phenology can 
sustain public participation in reporting in-situ observations over weeks, months, and even years. 
Land-surface spatial observations offer few opportunities for contribution from the public and/or 
urban forest professionals in scientific inquiries. Their large-scale examinations seemingly 
divorce themselves from public discourse, unless they are accompanied by ground truthing 
techniques. In comparison, vegetation phenology offers just these types of support and, 
frequently, amateur data quality mirrors that of the paid professionals (Sam Droege2, Citizen 
Science Toolkit Conference, 2007). Droege found that, with experience, citizen science data 
increases in accuracy, and citizens are likely to pursue multiple investigations at once. In 
addition, many of the citizen science volunteers of vegetation phenology are more likely to 
continue their data collection efforts for years at the ground level versus their paid counterparts 
at the land-surface spatial observation level, who are more apt to leave for other career 
opportunities and projects (Droege, 2007). 

 
Vegetation phenology offers an interdisciplinary investigation of climate change and 

plant phenophases. Urban forest phenological data are important to research scientists using the 
USA National Phenology Network (USA NPN), National Center for Atmospheric Research 
(NCAR) and National Ecological Observatory Network (NEON) databases, because 
phenophases, the observable stages in the annual life cycle of plants or animals, are directly 
affected by changes in temperature, precipitation patterns, and the length of day. According to 
the Intergovernmental Panel on Climate Change (IPCC) 2007 Assessment Report, global average 
surface temperatures have risen by 0.74° C during the last 100 years, and changes in climate 
have altered plant phenophases (Schwartz 2006). Individual plant species are especially 
vulnerable to the changing timing and duration of physiological life processes (Project Budburst, 
2009).   Endangered plant species and coral reefs face greater dangers than species that are more 
adaptable to warmer climates. Warmer and shorter winters are resulting in earlier onset of spring 
temperatures, birds and other species responsible for dispersing seeds and fruits are now 
migrating into new geographical regions, and changes in other phenological schedules are 
occurring (Haggerty et al., 2008). These spatial and temporal shifts often translate into 
asynchronous responses to climate change among interdependent species. Observing and 
understanding these responses at the ground level can help scientists, urban forest professionals, 
arborists, and policy makers to make informed decisions about resources management, while 
keeping the decision-making process within the public domain (Rosales et al., 2008: p. 3). 
Vegetation phenology data can more precisely support research studying the effectiveness of 
urban forests in controlling air pollution, sequestering carbon, mitigating urban heat island 

                                                 
2 United States Geological Society Patuxent Wildlife Research Center 
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effects, and managing the relationships between urban trees and human health issues (e.g., 
allergies, asthma, and skin cancer). 

 
The tool developed by Project BudBurst to further this campaign study is the Urban Tree 

Phenology (UTP) special project. The USDA Forest Service Urban and Community Forestry 
Program support UTP. UTP links urban forest professionals, the scientific research community, 
and the public in an effort to improve scientific literacy and the appreciation of scientific 
research by recruiting and training observers of phenological changes in urban settings. UTP has 
accomplished this by developing two online education tutorials, a print-based tutorial and a 
Microsoft PowerPoint tutorial, that encourage the collection and reporting of urban tree 
phenological observations. The intended outcomes of these UTP resources are increased public 
engagement in phenology observation and heightened awareness about the potential connections 
between climate change, human health (e.g., allergies, asthma, and skin cancer), urban heat 
islands, and urban tree management (e.g., watering, insect/disease).  
 
 

2. Approach 
 

The development of the two UTP online educational tutorials was informed by research 
about how citizen scientists learn and the effect of instructional design on participation. 
Comprehension of learner-centered instructional modules was an essential first step in the 
process. Differences in learning styles have been found to hinder instructional design in the same 
way that their similarities support their effectiveness. Choosing the appropriate way to present 
information — the instructional methods — determines whether learning occurs (Clark et al. 
2008). In addition to differences in learning styles, other important learning determinants must 
be taken into account, including the learner’s time, background, and the personal significance of 
the instructional topic. Working within the scope of these controls, UTP has developed tutorials 
for urban forest professionals and citizen scientists intended to promote their participation in 
observing phenological changes, and providing flexibility in their management objectives.  

 
The print-based and PowerPoint tutorials each employed concepts of e-learning in their 

development. e-Learning is the “instruction[s] delivered on a computer by way of CD-ROM, 
Internet, or intranet that features content relevant to the learning objective and are intended to 
help learners perform their jobs in a way that improve bottom-line goals” (Clark et al., 2008). 
Supplementing these instructional tutorials with the concepts of e-learning offers urban forest 
professionals choices on how to elicit their own and the public’s participation in data collection. 
Individual preferences and the limited capacity of our cognitive systems may determine 
information retention, but with the aid of these modules, participants are afforded the opportunity 
to use the modules individually or together for maximum benefit. 

 
Learning styles should be considered in determining how instructional materials are 

presented. UTP utilized the cognitive learning theory and the architectures of e-learning to 
compensate for the differences. The cognitive learning theory explains that mental processes 
transform information received by the eyes and ears into knowledge and skills in human memory 
(Clark et al., 2008). Building on these mental transformation processes, the modules also used e-
learning receptive and directive architectures. The receptive type of e-learning, though lower in 
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user interactivity, is employed in the PowerPoint tutorial. Characteristically, receptive e-learning 
is viewed as information acquired and is most frequently used to inform training goals, 
commonly achieved with PowerPoint (PPT) presentations. For learning to occur, participants 
must be responsive and active to initiate the mental processing required to grasp the information 
presented. The simplicity of the PPT tutorial reduces the amount of mental processing needed to 
follow the directions. The PPT tutorial provides a brief synopsis of the data collection 
instructions while communicating Urban Tree Phenology information needed to build procedural 
skills required for data collection. Additionally, it is well suited for presentations with limited 
time to interested urban forest professionals and citizen scientists. 

 
The second print-based tutorial was produced using the directive architecture of e-

learning. According to Clark et al. (2008), directive lessons follow a sequence of “explanation-
example-question-feedback,” often in a systematic manner. Directive types of e-learning apply 
higher user interactivity than receptive e-learning (such as the PPT tutorial) through this 
sequence of teaching actions or opportunities. In addition, greater instructional detail was 
incorporated into the tutorial using this approach than in the PPT.  The print-based tutorial 
included instructions for collecting urban tree phenological data of 24 trees along with 
phenophase field guides, the UTP site description checklist, and the UTP Data Collection Guide. 
Phenophase field guides are available via 
http://www.windows.ucar.edu/citizen_science/budburst/plantlist.php.  

 
The print-based tutorial was developed first, and the PowerPoint tutorial second. This 

order of production was chosen, because it provided the largest amount of detail, which was re-
staged for use in the PowerPoint tutorial. This approach provided flexibility in planning the 
instructional design of both tutorials and the amount of information that was needed for each 
tutorial. Taking into account the differences in learning styles and the limited capacity of the 
human cognitive span (Clark et al., 2008), establishing a range for the learner’s interactivity and 
time commitment between the modules was necessary. The two modules provide the option to 
choose the module that best matched the learner’s goals while reducing constraints that inhibit 
progress toward the collection of phenological data. 
 
 
 

3. Results  
 

The two products of the first phase of Urban Tree Phenology, tutorial development, are 
presented below. Figure 1 shows a screen display of the print-based tutorial, and Figure 2 shows 
the screenshot of the PowerPoint tutorial. The complete tutorials have been published online at 
the following link [link here]. Supporting documents to the tutorials including the UTP Site 
Description Checklist and relevant background information are obtainable via [link here].  

 
The print-based tutorial contains a detailed presentation of how to collect and report 

phenological changes of the twenty-four urban tree species on the UTP tree list. It contains a 
definition section of technical terms used in the tutorial, an overview of UTP and the data 
collection initiative, and the expected outcomes of participation in UTP. This tutorial also 

http://www.windows.ucar.edu/citizen_science/budburst/plantlist.php
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includes a list of recommended materials needed to observe the phenological changes, and the 
procedure to accomplish this task. 
 
Figure 1: Print-based tutorial  
 

 
 
 
 

The PowerPoint tutorial is well suited for presentation to groups of urban forest professionals 
and citizen scientists. The tutorials offer a brief description of the UTP, examples of the tree 
species on the UTP tree list, as well as the some phenophases of interest and an overview of 
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complete phenological observations. A promotional slide is also included, which is intended to 
motivate participation in this endeavor. 
 
Figure 2: PowerPoint tutorial 
 

 
 

 
4. Discussion 

 
The production and publication of the two UTP tutorials sought to integrate successfully 

the best practices in online learning. This effort has attempted to meet the needs of the urban 
foresters and the public that they serve.  According to Clark et al. (2008), e-learning is 
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potentially valuable in its ability to afford instructional methods that: (1) integrate collaboration 
with self-study and (2) provide dynamic adjustments of instructions based on learning [goals and 
outcomes]. Clark et al. (2008) surmised that, under the right conditions, participants who learn 
and work together in their observation of phenological events could produce better data than 
participants could accomplish working alone. However, sufficient research has not specified the 
conditions for optimizing collaborative learning. The UTP data collection initiative is the ideal 
situated to facilitate the evaluation of collaborative action that is lacking in the current research. 
Joint observations of local phenological events can maximize learning from UTP, while 
providing high quality data for national research databases. Consistent with online learning best 
practices, feedback from collaborative participant learning outcomes will determine the 
instructional design development. 

 
There are pitfalls in the concepts of e-learning used in this project. In Clark et al. (2008), 

it is noted that participants may lose sight of the investigation tasks or they may abuse the media 
format of e-learning. The designers of UTP acknowledged this and incorporated Clark et al.’s 
finding that projects should consider detailed job and task analysis as a prerequisite in their 
instructional models. To avoid the risk of presenting knowledge, instructions, and techniques out 
of context, UTP designed its educational tutorials to facilitate the near transfer of information 
across skill levels. Near transfer is a procedural e-learning goal intended to teach systematic 
tasks that can be performed similarly each time. This means that citizen scientists who lack the 
specific knowledge of tree phenology, as compared to the urban forest professionals, can still 
participate in the data collection effort because of the clarity of the tutorials and their simplistic 
learner-centered instructional design. 

 
 The tutorials are important products of the first production phase of UTP, yet they have 
not yet been tested or reviewed by the targeted audience of urban forest professionals and citizen 
scientists. However, the tutorials will constitute a significant portion of UTP’s second production 
phase. They provide the framework on which testing and reviews can be performed. Participants 
who observe and report phenological events for any of the twenty-four urban tree species will 
provide valuable data that will be used to examine the effectiveness of the tutorials, and to 
determine if they accomplish UTP’s goals.  

 
During the testing period, the administrators of UTP will review and update the tutorials, 

as necessary. Reviews will be conducted of the instructions provided in each tutorial, from 
participant feedback, and based on research and citizen science objectives of Project BubBurst, 
USDA Forest Service and national research databases. Periodical reviews will be taken in an 
effort to:  1) improve the quality of instructions including the clarity of the tutorials, 2) provide 
instructions that enhance learning and data collection rather than hinder these UTP goals, 3) 
develop materials that consider learning differences among individuals, 4) retain participants and 
increase participation, and 5) increase the tutorials’ accessibility. Based on the architectures of e-
learning (Clark et al., 2008), periodical reviews will offer UTP the opportunity to increase the 
tutorials’ interactivity based on these architectures.   

 
Promoting the UTP tutorials to urban forest professionals and citizen scientists is important 

in order to encourage data collection of urban tree phenological changes, and to increase the 
number of participants involved in this citizen science campaign. This will be the third phase of 
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the UTP project. The administrators of UTP will distribute promotional materials, including 
sample data collection instructions, within the USFS, national research organizations, and to 
participants of the Project BudBurst national citizen science campaign. In this promotional 
phase, Project BudBurst staff will adapt the tutorials for other audiences. Tutorials marketed to 
users will also serve as vehicles to recruit and train observers of the phenological events. In 
addition, participants will add to the number of reviewers of UTP and its tutorials. Through the 
promotional efforts, UTP will furthermore be able to advance its overarching goals to provide 
data to investigate climatic changes, produce informed citizens participating in scientific 
exploration, and encourage ground-based observations of local phenological events. 
 
 

5. Summary 
 

As concerns about American scientific literacy and participation enter the national sphere 
of public policy and research, citizen science projects have emerged as practical tools for 
engagement. Citizen science projects offer all people opportunities to participate in scientific 
observations and provide qualitative and quantitative information to scientists. These simple 
projects often have amateur and professional scientists working together in a public service, for 
example, in submitting information about the stages in a plant species’ growth cycle. Projects of 
greater difficulty have closer collaboration between citizen scientists and the professionals who 
analyze the data. With the assistance of citizen science volunteers, scientists can have access to 
large volumes of data that, at times, they are unable to retrieve on their own. By providing the 
right tools and incentives to participate, significant improvements can be achieved in how 
research and public decisions communicate science and inform the public.  
 

Successful citizen science projects include scientific investigations that utilize ground-
level scales of observation. Ground-level scales of observation refer to individual observations 
made by citizens, reporting in-situ data over weeks, months, and even years. Unlike other spatial 
observation scales, ground level studies require public contributions of data to develop adequate 
data sets. One citizen science program that attempts to capitalize on the high quality of citizen 
science data is Urban Tree Phenology (UTP). UTP is a joint endeavor of Project BudBurst and 
Urban Forestry South (USDA Forest Service). UTP is designed to engage urban forest managers 
and citizen scientists in the observations of common tree phenophases in our nation’s urban 
areas. UTP participants monitor and report the stages of phenological events, such as First Leaf 
and Leaf Fall, of twenty-four native and cultivated urban tree species. The data support the data 
collection efforts of national databases such as the USA NPN, NCAR and NEON databases. 
 

To promote the collection of scientifically meaningful environmental measurements, 
UTP developed two training tutorials to advance the recruitment of participants, both volunteers 
and professionals, who will make and report accurate observations. The tutorials, in print and 
PowerPoint formats, are published online at www.UrbanTreePhenology.org. The tutorials were 
developed based on the concepts of best practices in online education and learning (e-learning). 
According to Clark et al. (2008), e-learning is potentially valuable in its ability to afford 
instructional methods that: 1) integrate collaboration with self-study, and 2) provide dynamic 
adjustments of instructions based on learning. By completing these tutorials, urban forest 
professionals and citizen scientists will gain the skills necessary to provide urban tree 

http://www.urbantreephenology.org/
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phenological data to national research databases via the Internet. Data collected will support the 
long-term research of plant ecology, climate change, public health, urban heat islands on tree 
physiology, and urban tree management. 
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