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Award Amount:  $40,000
Abstract:
The value and importance of environmental education has been endorsed both in the United States and internationally. Despite this, the majority of adult Americans demonstrate a lack of understanding of fundamental concepts related to the natural environment. It can only be imagined, how many high school and beginning college students know about environmental and ecological engineering and that engineering is a major career choice for students who want to make an environmentally and ecologically sustainable impact.

The objectives of this study is to research the attitudes and threshold concepts (key concepts or gate keeper concepts) of beginning engineering students towards the relationship between environment/ecology and engineering, specifically towards choosing either (a) engineering as a career to make an environmental impact or (b) choosing environmental and ecological engineering as a specific engineering profession. The project is situated in the context of life cycle analysis and the environmental impacts of design, manufacturing, use and disposal of products.

The study will be theoretically grounded in (1) ‘social cognitive career theory’ (SCCT) and the (2) theory of “threshold concepts” (TC). SCCT maintains that people’s interests in certain careers stem partly from their self-efficacy and outcome expectations. 

The study employs also an innovative research design: The researchers investigate students’ conceptionsand attitudes (and change of both) by asking students to co-design an educational game with them. Of particular focus will be the change of students’ conceptual understanding of core environmental and ecological concepts during the design process.

Expected outcomes include a better understanding of students’ attitudes and threshold concepts towards environmental engineering, and a baseline to design new interventions to support a stronger view of engineering as a career for environmental impact. This research project will also build the foundation for several NSF proposals.
2.  Project Goals
Briefly state your project goals:

The objectives of this study is to research the attitudes and threshold concepts (key concepts or gate keeper concepts) of beginning engineering students towards the relationship between environment/ecology and engineering, specifically towards choosing either (a) engineering as a career to make an environmental impact or (b) choosing environmental and ecological engineering as a specific engineering profession. The project is situated in the context of life cycle analysis and the environmental impacts of design, manufacturing, use and disposal of products. To meet our objectives, we administered a survey to 1700 first-year engineering (FYE) students in the Fall of 2008, and engaged them in participatory design of an educational game.  

Please list the project’s key results to date:
Key results can be divided into two categories: analysis of survey data, and elicitation of threshold concepts as an outcome of a series of student workshops focused on game design.  

· Key results from survey

During the first week of fall semester 2008, the research team administered the survey to all first-year students through their required introductory class (return rate: 1437). The survey was administered via a web-based survey tool, which created a unique key for each student. Students were asked to demonstrate attendance for their first day of class by completion of the survey. This baseline test asked for (a) environmental education in high school, (b) knowledge of various environmental issues and (c) student ratings of how important environmental issues are. In addition, students were asked questions about their attitudes towards change.  

In addition, data about each student who completed the survey was obtained from the Admissions Offices. In addition, students’ permanent zip code data were utilized to determine zip-code specific demographic information about the students, such as poverty level.  Zip-code relevant demographic data was obtained from the U.S. Census bureau from the latest U.S.-wide survey of 2000. The data were analyzed using frequency analysis and Pearson R correlation tests, which is designed to convey the magnitude and direction of the association between two variables. The analysis was carried out via excel and SPSS, a social science specific statistical software package.

We observed positive correlations between the high school science courses or high school environmental education, and the average environmental knowledge scores. There is no difference in average knowledge scores when comparing male and female students, or when comparing students from the United States (U.S.) with non-U.S. students.  We observe a negative correlation between the number of high school math courses and the average knowledge score.

The role of family income on student views of environmental issues was explored. Income levels were classified as follows: group 5 (annual income > $500,000), group 4 (annual income $100,000 - $499,999), group 3: (annual income $75,000 - $99,999), group 2 (annual income $35,000 - $74,999), and group 1 (annual income $16,000 and $34,999).  Students from families with different income levels exhibit disparate views on the importance of environmental issues. However, students whose family incomes were quite different (group 4 compared to group 1) did not exhibit statistically significant differences in how they viewed environmental issues. 
· Key results from game design workshops

The game design workshops were aimed at investigating how well students understand that their environmental/ecological impact is extremely high by choosing an engineering career and which concepts seem to be “threshold” concepts?

Specific questions include:

(i) What are threshold or gatekeeper concepts, which help students to transform existing knowledge into deeper conceptual understanding?

(ii) What is the baseline conceptual understanding of ecological and environmental engineering and life cycle assessment?
The following themes emerged by analyzing the non-numerical data. The research team employed a grounded theory approach, which includes open coding (applying key phrases to all textual information) and axial coding (grouping of the key phrases to larger units). Quotation marks indicate direct quotes by the students.

Results of LCAs are surprising and ‘troublesome’

During the workshops, the students read, interpreted and discussed a variety of different LCAs, which the research team selected. From the verbal and non-verbal reaction of the students, the research team was able to conclude, that results from the LCAs were surprising for students and made them question their previous conceptions. For example, the LCA on coffee consumption revealed very little variance of environmental impact of different forms of coffee, but adding a dairy product (such as milk or cream) made a large impact. 

Compromising functionality for environmental concerns 

Students felt comfortable talking about their perception of engineering, as a domain, which thrives for optimal or best performance and functionality. They expressed that the particular focus on LCA would mean that “functionality is made secondary” or that they would have to “only think of the environment”, which students expressed as a puzzle or contradiction to their understanding of engineering. The LCA is perceived as a borderline engineering related task. The researchers did not see much evidence that environmental issues are perceived as a required component of what makes a product ‘functional’. A different version of the same argument surfaces, when students express LCAs are more valuable for end-users and less valuable for engineers (“convince someone that one product is more ecologically friendly than the other [..] and trying to persuade them that buying a greener car is better”).

‘Just information’ – no means to tell how to act

Students were quick to determine, that to measure the environmental impact of a “course of action” or “process”, “merely gives you quantifiable results for a certain action”, but the LCA itself was perceived as not providing a roadmap, courses of possible actions nor even options for a decision (“by no means does it tell you what to do”) also it was acknowledged that it needs to be decided “which factors are most/least important”. Students understood LCA as a sophisticated form of analysis, yet they did show little understanding that the LCA is part of a larger picture within an engineering process, a starting point for creativity or problem solving. The analysis was perceived as an unrelated or stand-alone event in regards to other forms of engineering such as design or development. 

Cradle to cradle/cradle to grave – how it is made

A small number of students expressed that a LCA is connected to the larger process of making products (“the most important aspect of LCA is actually how a product is made”, yet “it is hard to explain energy/fuel cost in production of products [emphasis by student]. The emphasis on the production is particularly seen in the context of “decomposing a product”, so individual components can be addressed to decrease the environmental impact of a product. 

Intertwined process – Uncertainty and less-optimal-data-environments – no single component alone

LCAs are highly complex and much data, assumptions, and analysis is invested to create LCAs. For some students the most troublesome component for LCAs is the complexity. This shows itself either in realizing (a) the LCA alone have many components: “they are all multi-faceted; there is not one factor alone that determines whether a product or method is better” (b) that producing a LCA report required “a compilation of multiple tests”, (c) concerns about the accuracy of the analysis “understanding how the tests were done and under what circumstances so you can accurately interpret an understand the numbers” and no clear cut answer of how to trust whom or the results, etc., and (d) a feeling of overwhelmed with the amount of knowledge and information which is needed “I really don’t know all of the raw materials used in making a product”. 

3.  Project Dissemination (check any that apply)

(  The PE2020 seed grant has resulted in new collaborations with: 
Within Purdue: The School of Engineering, the Division of Environmental and Ecological Engineering and the School of Civil Engineering. 

As a follow-up study: we replicate the survey in other universities, which created new collaborations with 25 universities as of today (more partners are anticipated to join).

( Programs created with the PE2020 seed grant have been exported to the following groups:

Project web site: 

http://web.ics.purdue.edu/~jfang/Game3website/
Temporary game web site: 
http://bandanamanstudios.com/game3/index.html 

· Discussions on how to integrate the findings into curriculum are on the way with the DEEE

· A workshop for interested faculty is planned in late Fall 2009/ Early Spring 2010
4.  External Dissemination
Please check any of the following that apply and provide appropriate details below.

(  Published Papers (complete reference)

Strobel, J., Hua, I., Fang, J., Harris, C. (2009) Students’ Attitudes and Threshold Concepts Towards Engineering as an Environmental Career: Research by Participatory Design of an Educational Game. Proceedings of the Mudd Design Workshop VII: “Sustaining Sustainable Design”, May 28-30, 2009. Harvey Mudd College, Claremont, CA.
( invited for journal publication: Strobel, J., Hua, I., Fang, J., & Harris, C. (in press; 2010). Not all constraints are equal: Stewardship and boundaries of sustainability as viewed by first-year engineering students. Special Issue of the International Journal of Engineering Education, 26, No.2 or 3. 

Strobel, J. Hua, I., Fang, J., Harris, C. & Tracy, L. (2009) Students’ Attitudes and Threshold Concepts towards Engineering as an Environmental Career: Research by Participatory Design of an Educational Game. Proceedings of the ASEE National Conference, Austin, TX. (AC 2009-345)

Strobel, J. Hua, I., Harris, C., Fang, J. & Tracy, L. (2009) Students’ Attitudes and Concepts about Engineering as an Environmental Career: A Survey. Proceedings of the ASEE National Conference, Austin, TX. (AC 2009-442)
( Submitted Papers
ASEE 2010 (Abstract submitted), ICLS (Full Paper to premier Learning Science conference to be submitted: October 20, 2009).
( Conferences or Seminars

Strobel, J., Hua, I., Fang, J., Harris, C. (2009) Students’ Attitudes and Threshold Concepts Towards Engineering as an Environmental Career: Research by Participatory Design of an Educational Game. Presentation at the Mudd Design Workshop VII: “Sustaining Sustainable Design”, May 29, 2009. Harvey Mudd College, Claremont, CA.

Strobel, J. Hua, I., Fang, J., Harris, C. & Tracy, L. (2009) Students’ Attitudes and Threshold Concepts towards Engineering as an Environmental Career: Research by Participatory Design of an Educational Game. Presentation at the ASEE National Conference, June 15, 2009, Austin, TX.

Strobel, J. Hua, I., Harris, C., Fang, J. & Tracy, L. (2009) Students’ Attitudes and Concepts about Engineering as an Environmental Career: A Survey. Presentation at the ASEE National Conference, June 15, 2009, Austin, TX.

Strobel, J., Hua, I., Harris, C., Jun F., Tracey, L. (2008). Students’ Attitudes and Threshold Concepts Towards Engineering as an Environmental Career: Research by Participatory Design of an Educational Game. Invited poster presented at the ENG 2020 workshop, Purdue University (invited).

Strobel, J., Hua, I., Harris, C., Jun F., Tracey, L. (2008). Threshold Concepts and Attitudes in Environmental Engineering. Presented at the CHMED/SCIED doctoral seminar at Purdue University, November 5, 2008 (invited).

Harris, C., Fang, J., Hua, I. & Strobel, J. (2009) Not all constraints are equal: Stewardship and boundaries of sustainability as viewed by first-year engineering students". Invited Presentation at the Career and Technical Education Research Seminar, Friday, August 28, noon, BRNG 1255, Purdue University (invited).

(  Website  address: http://web.ics.purdue.edu/~jfang/Game3website/ 

(  Other (explain below)
Educational Game, to be found at temporary web site: http://bandanamanstudios.com/game3/index.html
5.  External Funding

(  Yes, we have applied for external funding
Funding agency:  NSF IEECI program, NSF CCLI program, NSF STEP program
Status:

(  Awarded (IEECI)

(  Pending (CCLI; STEP)
□  Denied

We are planning to submit a CCLI Type II in January.

6.  Assessments

The project was primarily a research project with an end-product of research results and an educational game. The data and their analysis are published in our papers.

As far as evaluation of our project goes: in regular intervals, the planning meetings contained discussions on our mile-stones and self-assessment.
7.  Future Plans
There are several future plans:

1. The main future plan is to bring the research into the K-12 level, particularly into middle and high school level, since career decisions are made in this age group (the core of our planned CCLI Type 2 proposal).

2. The project expanded its project to include other universities particularly with the survey component of the research.

3. The project team is devising a longitudinal study researching the progression of engineering students at Purdue University towards sustainability and engineering as careers.

4. The research team replicates the existing study to come closer to generalizability.

5. The research team will engage in conversations on how the research can impact the curriculum and out-of-curricula activities here at Purdue (hence the NSF STEP proposal) 
8.  Lessons Learned

What recommendations would you give to others interested in your project?
Our research provides some clear answers on the knowledge and attitudes of students in regards to environmental knowledge and the role of sustainability in engineering. The next phase would look into interventions, which can change these perceptions and lead to conceptual development and change. We are happy to talk with anybody about such interventions.

Recommendations for researchers: We need still to determine how persistent these attitudes and knowledge are in order to see in which context (of teaching or experience) they become different. Other research is still necessary to explore deeper conceptual structures and the impact of demographic factors.

