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1. Background

In traditional engineering disciplines, international collaborations have developed naturally around specific research areas, and funding support has helped nurture these partnerships. However, since engineering education research is a relatively new area, we simply have not yet identified the key research areas most likely to benefit from international collaboration. Analysis by Lucena, Downey, Jesiek, and Ruff (forthcoming) suggests that engineering education research can only emerge as a field when a given region or country comes to agree on what competencies are desired for its graduates. Only then can research on engineering education focus on achieving those competencies. One hypothesis explored by this work is whether international research collaboration possibilities are richest when two or more nations agree on select competencies and then build research partnerships to help support those competencies. 

Extensive networks are not currently in place to connect faculty in different countries interested in similar engineering education research areas. Prior U.S.-led efforts to build engineering education research capacity, including Rigorous Research in Engineering Education (NSF DUE-0341127), the Engineering Education Research Colloquies  (Journal of Engineering Education, 2006), and the ICREE conference (Borrego, Froyd, and Knight, 2007), have focused on engineering education research in general and with limited international components. These have not served to initiate many international research collaborations, and prior results indicate significant cross-national and cross-regional differences in the definitions, identities, and educational systems of engineering (Downey and Lucena, 2004). This diversity was evident at the 2007 ICREE conference. While participants benefited from discussing their work with attendees from other countries, it was apparent that their goals and value systems are different in ways that make international engineering education research collaborations more challenging than previously thought (Jesiek, Newswander, and Borrego, under review). To develop sustainable international engineering education research collaborations, we must understand the underlying similarities and differences to anticipate and overcome barriers to collaboration, while also identifying the specific benefits and opportunities that come from working together.

2. Theoretical Framework
The theoretical foundations of our work are broadly informed by the sociology of science. More specifically, institutional approaches to science studies help us theorize and understand the large-scale patterns and structures of science, including in temporal and spatial/geographic terms (Hess, 1997, Ch. 3). Our analysis also draws three theoretical insights from Fujigaki (1998). First, studying journal publications (and, by extension, conference proceedings) can help show how the macro-scale paradigms and structures of science are related to the everyday activities of researchers. Second, focusing on publications allows us to link quantitative analysis (based on methods like citation analysis) with qualitative studies, including those that use document analysis to probe the content of articles and direct ethnographic observations and interviews to study the working practices and interactions of researchers. And third, the continuous publication of articles in journals serves to establish and maintain boundaries, including around disciplines and what counts as scientific research. Given these insights, our study of engineering education research employs a mix of quantitative and qualitative methods, pays close attention to relating macro-scale trends with the activities of individual researchers and groups, and examines how the boundaries of engineering education research are constructed, negotiated, and maintained.

3. Research Questions
The research questions to be addressed are:

1. What kind of engineering education research is being done in what specific nations and regions worldwide? If we detect significant variability, how do we account for it?

2. Which specific engineering education research content areas are most likely to benefit American researchers through targeted international collaboration? 

3. What are proposed models for mutually beneficial engineering education research collaboration?

The outcome of this work will be increased capacity for international collaboration within specific identified engineering education research areas.

4. Methodology
A. Data Sources
One main data source for publication analysis are conference proceedings from approximately 10 international conferences targeted by Journal of Engineering Education and European Journal of Engineering Education for special AGCEER (Advancing the Global Capacity for Engineering Education Research) sessions on engineering education research
. These conferences represent regional diversity as well as a focus on engineering education research:

1. 2007 SEFI-IGIP, Miskolc, Hungary

2. 2007 ASEE Global Colloquium, Istanbul, Turkey

3. 2007 International Forum on Engineering Higher Education, Hong Kong, China

4. 2007 AAEE Conference, Melbourne, Australia

5. 2008 ASEE, Pittsburgh, USA
6. 2008 Intl. Conference of the Learning Sciences, Utrecht, The Netherlands (pending)

7. 2008 SEFI, Aalborg, Denmark

8. 2008 IGIP, Moscow, Russia

9. 2008 COBENGE, São Paulo, Brazil (pending)

10. 2008 ASEE Global Colloquium, Cape Town, South Africa

11. 2008 Indian Society for Technical Education (location TBA)

Our analysis is also informed by notes and ethnographic observations from a number of these conferences. And finally, we examine other journals and conference proceedings, including International Journal of Engineering Education, European Journal of Engineering Education, and SEFI Annual Conference Proceedings. For each source, papers from 2005-2007 that meet our research criteria were included in our publication database and analyzed.
B. Data Analysis Methods

Comparative publication analysis of conference proceedings uses keywords (author-identified or researcher-generated based on titles and abstracts) to identify the most common research topics by nation and region. To narrow our analysis, we include all systematic research publications yet exclude purely descriptive papers, such as those that describe the development of modules, labs, courses, and or curricula. To do so, we applied the following criteria from Scientific Research in Education (Shavelson and Towne, 2002):

1. Pose significant questions that can be investigated empirically.

2. Link research to relevant theory.

3. Use methods that permit direct investigation of the question.

4. Provide explicit, coherent chain of reasoning. 

5. Replicate and generalize across studies.

6. Disclose research to encourage professional scrutiny and critique.

These criteria were adapted as follows: all publications included in the data set must present empirical data (most often from surveys or learning assessments). However, very few publications identified a relevant learning theory and/or listed concise research questions. Excluding all papers not meeting these two criteria would have severely limited the size of our database and the generalizability of this research. Nonetheless, in future research we intend to analyze which criteria are met more often by engineering education research publications.

For each of the leading topics (keywords or keyword clusters) emerging from each region, we use the papers related to that topic to categorize the nature of the problem and the research strategies currently being applied to solve the problem. This is similar to other document analysis completed by Borrego (2007). In this case, the guideline for separating or combining keywords into groups was topics around which researchers could reasonably collaborate. For example, “engineering pedagogy” is too broad, but “teaching engineering design skills” is sufficiently focused. We hope that discussion of our abstract at the REES symposium focuses on our keywords as a means to organize and describe current engineering education research efforts. 

Other conference data sources such as summaries from the AGCEER sessions will be used to triangulate and refine these descriptions. Information about author affiliations will allow us to organize our results by country or region, leading to a valuable description of local engineering education research priorities and approaches. We will then compare the descriptions across regions and countries to identify common areas of interest. 

5. Major Findings

Preliminary analysis reveals significant cross-national and cross-regional research interests in nine areas (in roughly descending order of popularity): 
1. Curricula, including development, evaluation, and reform at all levels

2. Assessment, including outcomes-based and competency-oriented

3. Engineering design, including teaching and learning design-related skills, tools, etc.

4. Collaborative, cooperative, and team-based learning

5. Problem-, project-, and inquiry-based learning

6. Educational technologies, including for teaching, learning, distance education, etc.

7. Diversity, particularly with respect to gender and ethnicity

8. Laboratories, developing and innovating in/for engineering education

9. Intercultural skills and global competency
Some examples of local research strengths and potential for collaboration include: 

· Engineering education researchers at the UNESCO Chair for Problem Based Learning at Aalborg University in Denmark (Holgaard, Kolmos, and Du, 2007) have been meeting at conferences with researchers at University of Melbourne in Australia (Hadgraft, 1993, 1997). American researchers who are working to implement and study PBL, such as (LaPlaca, Newstetter, and Yoganathan, 2001), could benefit by building upon the knowledge already gained through prior work implementing PBL in other countries. 

· Researchers in Chemical Engineering at University of Cape Town (South Africa) (Fraser, Pillay, Tjatindi, and Case, 2007) are studying factors in the retention of underrepresented students, including conceptual understanding. These analysis could be helpful in expanding the findings of U.S. researchers working on difficult concepts (Miller, et al., 2006), and more generally bridging underrepresented student studies, which in the U.S. historically separate diversity initiatives from academic studies of student retention. 

· Research on intercultural skills and global competency is receiving notable attention, especially in the EU and US. In the EU, the Bologna Declaration and so-called “Dublin Descriptors” are building consensus around, and stimulating research on, specific global competencies. In the US, global competency and skills are being related to ABET EC2000 accreditation criteria. We propose that future research collaborations could focus on improving the ability of engineers to work across national and cultural boundaries.

· In parts of Asia, we are beginning to find that engineering education research is motivated by accreditation, or assessing specific learning outcomes. We hypothesize that assessment will be an important area for potential engineering education research collaborations between American and Asian faculty.

Models for research collaboration will emerge from comparing how at least two regions or countries have approached a specific challenge in engineering education research. We will consider how these approaches might complement one another through collaboration, and describe these generally as models of collaboration. We expect to find for example, that some regions have solved a problem that other regions or countries are just now facing. Problem-based learning and remote laboratories, for example, are two research areas that are more developed in Europe and Australia than they are in the U.S. Or, we might find that some regions or countries are solving problems differently (e.g., through quantitative or qualitative approaches). For example, at the recent ICREE conference, an international researcher questioned the American focus on generating and validating concept inventories for studying conceptual understanding. This led to an engaging discussion of the core purposes of conceptual understanding research which attendees identified as a particularly energizing session. Promoting the use of appropriate models for collaboration promotes this type of information sharing, links researchers to new study sites, connects researchers to one another, and expands the generalizability of findings. 

6. Recommendations and Future Plans

These research results will be translated into concrete implications for the design of future interventions such as workshops. More specifically, the results will first include a list of specific topics and regions to pursue for targeted collaborative research and capacity-building activities. Second, the models for collaboration will suggest design principles for these activities. For example, if educators in one country have developed innovative learning spaces such as labs, it would be important for workshops to meet in that country so that visitors could experience the learning spaces for themselves. We are continuing these types of analysis under US National Science Foundation grant DUE-0810990. This research will culminate in an international meeting that will bring together participants from the United States and at least one other country to focus on 2-3 specific research areas identified through the methods described above.
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