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Executive Summary

These evaluation studies focused on the ways in which THREDDS is meeting the goals as expressed in the proposal description, including to extend and broaden participation in the THREDDS 2G project, to enable curriculum developers to build educational modules using THREDDS data, and to construct a framework for bridging the language of different disciplines. Evidence exists that progress on these goals is being made. 
· Many of the evaluation participants were new participants in THREDDS or represented new communities of practice.  
· The THREDDS team has implemented new support mechanisms through their workshops, which were seen as very useful.  Attendees were 100% Very or Somewhat Satisfied with their experience in the workshops.  Additional support mechanisms such as an online tutorial or virtual workshops are seen as valuable by evaluation study participants.

· THREDDS has made progress in engaging members of varied disciplines and in building bridges between technical and non-technical audiences.  This has been done through the implementation of GIS-friendly  infrastructure, and through encouraging data providers to consider the needs of varied audiences and the need for human-intuitive data labels through the TDS.  However, respondents continue to identify a need for less technical language, more support, more documentation, more automation and a GUI as helpful.

· Though THREDDS community members do not primarily identify themselves as educators, a significant fraction of respondents (28%) identify curriculum development or education as part of their professional activities.  In addition, 57% have served data to others for educational use.  Respondents value the ease of use THREDDS provides to allow the use of data from many providers in educational applications such as MyWorld of the VGEE.  
· THREDDS decreases the barriers to using data by providing the ability to find data, aggregate and subset data from multiple providers, to convert formats and to otherwise provide standardized operability among multiple organizations.

· A number of barriers to THREDDS use do still exist, as described in the web-based survey.  However, 96% of respondents are Very or Somewhat satisfied with their use of THREDDS.  Many comments describe the THREDDS team as responsive and hard-working.

I. Introduction

Real-time data access and data discovery tools are increasingly recognized as revolutionary for learning about and studying the environment. The temporal and spatial viewing systems embedded within these tools allow scientists to visualize data in ways they have never imagined before and allow users to access data rapidly, interactively, and consistently.  To realize this vision, Thematic Real-time Environmental Distributed Data Services (THREDDS) creates software to bridge the gap between data providers and users. THREDDS links communities by providing students, educators, and researchers with access to real-time and archived data from a variety of environmental data sources at different locations.  It accomplishes the linking of these communities through the use of different key THREDDS components. The catalog generator is one such key component. The generator scans file directories and generates THREDDS catalogs automatically. It gives users the ability to arrange and name their datasets, add metadata, and extract information from the datasets.

Another key component of THREDDS is the THREDDS clients, application programs that read THREDDS catalogs and data using some or all of the THREDDS data server types, such as Open-source Project for a Network Data Access Protocol (OPeNDAP), Abstract Distributed Data Environment (ADDE), and network Common Data Form (netCDF). These clients include the Integrated Data Viewer (IDV), an analysis program that is capable of advanced 3D visualization based on the VisAD library. It also includes the Visual Geophysical Exploration Environment (VGEE), an educational development framework that is build on top of the IDV. 

The THREDDS team realizes that in order to provide useful middleware to their customers and enhance data access capabilities, their products must be continually re-evaluated and improved. To better understand THREDDS impacts on its communities, to define its challenges, and to address its shortcomings, three evaluation studies were conducted among THREDDS partners.  Studies addressed the strengths of THREDDS, outlined THREDDS limitations, and provided suggestions and recommendations in relation to data access, technical challenges, community outreach, and collaboration.  

Focus of Evaluation and Goals

These studies were undertaken to provide evaluation support for the THREDDS 2nd Generation project funded through the NSF DUE.   Of the THREDDS sub-goals described in the proposal, the THREDDS goals most suited for evaluation foci include:

· Work within the context of DLESE Data Services to engage additional data providers, tool builders and educational content developers.

· Engage educational module creators in building a suite of instructional materials with access to data and tools, garner their feedback on future enhancedmnets to THREDDS.

· Construct a framework for bridging the differences among the “languages” of the disciplines.
In response, the goals of THREDDS evaluation are:
· to assess how THREDDS encourages or discourages its partners in building catalogs to enable data use,

· to determine how THREDDS encourages or discourages the use of its catalogs to discover data,

· to examine whether or not THREDDS improves data access and discovery and if so in what ways, and

· to investigate how THREDDS helps to bridge the gap between technical and non-technical audiences.
Evaluation Team
The THREDDS 2G evaluation team consists of several evaluators, and has been directed by Dr. Susan Buhr of the Cooperative Institute for Research in Environmental Sciences (CIRES) institute at the University of Colorado, Boulder.  Evaluators who worked on the project included Dr. Sanae Elmoudden, Ms. Susan Lynds, and Mr. Manual Geraldo Salvidar.  Data entry was performed by undergraduate students who were trained for attention to detail and quality control.  Qualitative data was analyzed with InVivo qualitative analysis software and quantitative data was analyzed with SPSS statistical software.  Web-based surveys were delivered via SurveyMonkey, a secure online survey software platform.  

Evaluation Studies
The major studies undertaken for the THREDDS project consisted of an initial qualitative set of phone interviews, a web-based survey of the THREDDS community and a second follow-up set of interviews of THREDDS stakeholders and users.  Between the first study and the second and third studies, the THREDDS team made improvements to the technical infrastructure and training opportunities available to the THREDDS community.  THREDDS investigators were included in the development of each study and reports were provided to the investigators at the conclusion of every study.  All studies were conducted with the approval and within the guidelines of the Human Research Committee at the University of Colorado, Boulder . 

II.  Initial Qualitative Study
Purpose:  
An initial qualitative phone interview study was conducted in order to derive an initial understanding of the ways in which THREDDS was meeting the subgoals as described above.  
Method and Participants:  
The evaluators conducted nineteen phone interviews that included representatives from several professional roles within the THREDDS community.   There were nine data providers (DP), four tool builders (TB), three who are both data providers and tool builders, and three educators from the Digital Library for Earth System Education (DLESE) community.

Participants for the interview were chosen with the help of Ben Domenico according to their active involvement with THREDDS software. To supplement our evaluation, we also observed ten participants in the curriculum developers’ discussion group at the 2005 DLESE Data Services Workshop. Fig 1.1 shows the number of the participants in each professional role. 
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Fig 1.1 Participant Professional Roles

Procedure  

Data informing this report were collected through 45-minute open-ended telephone interviews and observation of face-to-face DLESE workshop group discussion. The goal of the open-ended interviews was to generate formative feedback from participants by (1) asking participants some predetermined questions and (2) allowing them to initiate discussion at the end of the interview sessions so they could raise issues that might not have been anticipated in our interview questions.  

The evaluator used three instruments. Each instrument consisted of a set of open-ended interview questions particular to each professional role group. Role groups included data providers, tool builders, and educators. The three instruments are included in the full report.
Data were also collected through a questionnaire used in the curriculum developer discussion group at the 2005 DLESE Data Services Workshop.  Also included were observation data of the discussion among members of this group. The data gathered by the DLESE Data Services Workshop team targeted curriculum developers’ strengths, shortcomings, needs, and opportunities in using geosciences data. Subsequent discussion in this session dealt with these major themes. Appendix B provides the questionnaire that was given by the DLESE workshop team to the 10 curriculum developer discussion group participants. 

Interviews were conducted from mid-November 2004 through March 2005. Observation of DLESE workshop group discussion was completed on April 19th, 2005.  The results of both the interviews and the discussion group observation session were transcribed in the same period. The transcription of interviews and observation was then divided into units of analysis and coded into categories based on themes emerging from the data.

The main points presented herein include the strengths of THREDDS, the areas of THREDDS that could be addressed, and recommendations based upon participant interviews. More detail on each may be found in the body of the report.

Findings

Strengths
· THREDDS enables users to link to datasets easily.  Most participants who are data providers, tool builders, and DLESE educators acknowledge that THREDDS makes access to data much easier than it used to be. 
· THREDDS allows broad and real-time data availability in an unprecedented way. Educators especially appreciate the fact that they can link to up-to-the-minute and a variety of data. 

· THREDDS middleware facilitates data discovery. Most of the participants appreciate the ability to link to datasets through THREDDS without having to know the physical location of the data. 

· THREDDS middleware enables data formatting seamlessness. Most of the participants value the fact that THREDDS software handles format conversions which enables participants to access data easily and seamlessly.

· The THREDDS structure of the cataloguing standards enables participants to easily structure their own data as well as describe catalog structures to their own clients. 

· THREDDS allows users to access both archived and real-time data. 

· The THREDDS catalog generator is fairly easy to use. Most data providers indicate that they can create catalogs easily using the catalog generator.

· THREDDS enables the possibility to link to education metadata such as DLESE metadata (ADN). Data providers and tool builders who are aware of this feature say that it opens up data access to a wider audience. 

· The THREDDS catalog generator integrates easily with data provider software.

· THREDDS team members respond quickly to their collaborators when contacted. Most data providers and tool builders praise THREDDS team members for their one-on-one communication.

· Participants appreciated the evaluation as a means of communicating their thoughts to THREDDS. They see it as a way THREDDS is reaching out to its collaborators.
Areas to Address
· THREDDS team members need to be more systematic and proactive about communicating with their stakeholders. Most participants indicate that although THREDDS team members are very quick to respond when contacted, they lack ongoing communication and feedback mechanisms with their stakeholders. 

· THREDDS team members need to provide more feedback to their collaborators. Tool builders and some data providers report they do not receive feedback from THREDDS about their catalogs and tools, which results in a lack of lack of motivation to use THREDDS.

· THREDDS must include and communicate to stakeholders from the early stages and throughout the development and design phases. Data providers, educators/curriculum developers, and especially tool builders believe that not communicating throughout these stages is a setback to all communities involved.

· The THREDDS audience could be broadened, according to participants, if the THREDDS website and team did not use technical language that is only familiar to a handful of potential users. 

· The spread of THREDDS through different disciplines is hindered by the lack of shared meanings for acronyms, labels and other annotation. Data providers, tool builders, and educators point out that acronyms mean completely different things to different scientific and educational communities.

· THREDDS is positioned to have a role in setting up standards for interdisciplinary data access. Participants identify the lack of standards as a hurdle to THREDDS use. 

· THREDDS needs to document more than its metadata use. Some data providers and tool builders indicate that more documentation of data is needed within the datasets.

· THREDDS impact would be greater if its software were more user-friendly to install and use. 

· THREDDS can improve its data access and discovery by creating catalogs of catalogs. Most participants suggest that the lack of search mechanisms such as a web of catalogs discourages the use of THREDDS catalogs.

Recommendations:

· Engage stakeholders from the beginning stages of design and development. 

· Encourage collaborators to provide feedback regarding THREDDS middleware and community outreach. 

· Provide collaborators with feedback on their tools, which can encourage their willingness to be involved with THREDDS products. 

· Develop information systems and mechanisms to share ongoing development and collected feedback in a way that is appealing and informative to all collaborators. 

· Recognize community members for their involvement with THREDDS in publications or peer reviewed journal articles.

· Promote THREDDS’s ability to link to DLESE education metadata (ADN) to make collaborators aware of the broad range of THREDDS data access. 

· Pair tool builders with THREDDS developers in order to decrease technical language barriers.

· Interact with education audience in early stages to understand the vocabulary that is meaningful to them.

· Use language geared towards the education community.

· Play a role in the standardization of technical language among disciplines.

· Use rich annotations that describe the physical significance of the datasets with multiple levels of significance.

· Implement and enhance the catalogs search engine.

· Automate and make available a graphical user interface for catalog creation.

Full results and discussion on each of the findings may be found in the full report.

III.  Web-based survey
Following the initial qualitative study, the THREDDS team made some technical changes to the THREDDS infrastructure and implemented training workshops.  In order to assess the effects of these changes, and to be able to quantify the extent to which the themes uncovered by the qualitative phone interviews held true among the entire group, a web-based survey was administered to the THREDDS community.  Questions on the survey asked about the respondents’ professional role and activities, their use of scientific data, their use of THREDDS, their perceptions of the affordances and barriers to their use of THREDDS, or of the utility of THREDDS to their concerns (providing data or using data).  Professional roles were defined as curriculum developer, data representative, educator, scientific researcher, software tool specialist or other.  The complete survey is included as an appendix.  

The survey was sent to the list of workshop attendees, and to the THREDDS email listserves serving THREDDS users, data providers and other community members provided by the project team. The request was followed up by the evaluation team and the THREDDS Principal Investigator several times.  A total of 28 responses were received.  

Most questions allowed respondents to select all applicable options; hence, non-Likert (e.g., “Very Satisfied (( Very Unsatisfied”) items and non-dipolar (e.g., “Yes/No”) items can total >100%.  Some questions allowed respondents to provide additional open-ended comments.  These open-ended comments are reproduced in their entirety in the survey results in the appendix; all comments are sic.  

Summary of findings:

· Ninety-six percent of THREDDS users are “Very satisfied”or “Somewhat satisfied” with their use of THREDDS software. Sixty four percent of THREDDS users are Satisfied with using THREDDS-enabled client tools such as IDV or MyWorld.  Others used their own tools or found the question not applicable. When respondents were asked how satisfied with THREDDS they were overall, 93% said they were very or somewhat satisfied.  

· More than one third of respondents had attended a THREDDS workshop.  One hundred percent were satisfied or very satisfied with their experience.  Sixty four percent of respondents were interested in using an online tutorial training opportunity, while 43% and 46% of respondents would also be interested in attending an in-person or virtual workshop.

· Recent improvements to THREDDS such as availability of the THREDDS Data Server as a software package and imlementation of the WCS for access via GIS clients were seen as valuable by 68% and 54% of respondents respectively.  

· While none of the respondents identified their primary professional role as a curriculum developer or educator, a total of 28% identified curriculum development and education as part of their professional activities.  Most of the respondents used digital scientific data for tool development (79%) or for data provision services (89%), but 18% had also used digital scientific data for educational applications.  

· Of those who have used scientific data to achieve learning goals, more than half (57%) have served data to others for educational uses, 29% used scientific data for use in scientific inquiry by students in the classroom, and 14% said data was analyzed by students in the classroom. The most cited way that THREDDS data is thought to be useful for curriculum builders is in providing opportunities for data analysis (57%), with others citing use in interactive educational modules and student inquiry.
· Eighty-nine percent of respondents  used THREDDS-enabled sites to access data.  Respondents also use other data delivery sites as well.  More than half (54%) have accessed data through THREDDS more than thirty times, some continuously or orders of magnitude greater than thirty times.

· When data providers were asked how many times others have accessed their digital data using THREDDS, answers ranged from never (for newly set jup THREDDS data providers) to thousands and millions.  “We are seeing one million data requests in a seven day period.”

· Respondents describe centralized access, easy implementation of data services and easy format conversion as ways THREDDS improves access to data.  
· Barriers to THREDDS usage were varied; forty-six percent of respondents wrote in with their own suggestions, while the rest of respondents cited a need for more annotation and less technical language.  The full text of barrier descriptions is available in the survey results in the appendix.
· Seventy nine percent of respondents have built catalogs using THREDDS.  Affordances that would make catalog building easier include a more automated and easy to use catalog system or interface, more education for users, and a higher capacity catalog generator for large data repositories (39%).  
· Using the TDS has encouraged respondents to consider multiple types of users, as well as to include annotation and to develop human-intuitive data labels. 

IV.  THREDDS Follow-up Interviews
Purpose

 In order to confirm and extend the findings of the web survey , a series of phone interviews were conducted.  Participants were drawn from the web survey respondents and other important stakeholders as identified by the THREDDS team.  
Protocol
Interviews were conducted over theh phone, and the data transcribed, coded and analyzed for themes.  
THREDDS Phone Interview Script 
If you and/or your institution make data available, how frequently are your data accessed by THREDDS users?
1. What barriers to data access have you encountered while using THREDDS?

2. What can THREDDS do to encourage use of its catalogues?

3. What are two or three short-term enhancements you would recommend THREDDS make?

4. What are two or three long-term enhancement you would recommend THREDDS make?

5. Earlier this year, we administered a Web survey to THREDDS users.  The survey allowed respondents to make their own comments and suggestions.  The following were ideas offered by survey respondents to improve or enhance THREDDS.  Please give your feedback on the following suggestions:

· Develop a GUI

· Make THREDDS more customizable

Findings

Themes which emerged are detailed below:
	Source(s)
	Findings

	Web survey

and

Interviews
	Desirability of adding a GUI to THREDDS

· The issue of creating a standard THREDDS GUI first was raised by survey respondents (Q15, Q19)

· Some interviewees stated that a standardized GUI could shorten the THREDDS learning curve and/or make THREDDS more accessible to non-technical users (Dahlman, Rutledge)

· Other interviewees argued that the different needs of different organizations make it unfeasible for THREDDS to develop a single ‘universal’ GUI (Cinquini, Mendelssohn, Murray)

	Web survey

and

Interviews
	Meta-data tags & catalogue descriptors

· Both survey respondents and interviewees remarked that meta-tags and other descriptors of datasets and catalogues often are “jargony” and/or use organization-specific acronyms that can be difficult to decipher, thus leading to uncertainty regarding exactly what data is contained in a given dataset or catalogue (Q12 and Q15; interviews with Mendelssohn, Bermudez, Cinquini, Dahlman)

	Web survey

Interviews


	Frequency of access to THREDDS data

· Many respondents characterized their organizations’ efforts to make data available as being in the ‘prototype’ or preliminary stages (Q7)

· Most interviewees whose organizations make data available were not able to quantify access to their data.  Exceptions were Mendelssohn (NOAA) and Rutledge (also of NOAA)

· On the high end, Mendelssohn of NOAA reported data access requests in the hundreds of thousands per month

· On the low end, numerous survey respondents reports data access in the hundreds per month (Q7)


V.  Conclusions
The THREDDS 2G team has made progress on their goals of extending and broadening use of THREDDS.  Respondent identify many ways in which THREDDS decreases barriers to data access and discovery, and 96% are Very or Somewhat Satisfied with their use of THREDDS software.  Improvements in infrastructure and support have been made by the THREDDS team and are seen as valuable by the THREDDS participants.  A significant fraction of the THREDDS community is engaged in education or curriculum development as a professional activity.  THREDDS decreases the barriers to the use of data for educational purposes in important ways.  While potential improvements are identified by respondents, the THREDDS team and products are held in high regard by the THREDDS community.
VI.  Appendices:  Under separate cover
Initial Qualitative Study Full Report
Web-based Survey Questions

Web-based Survey Full Results
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