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A. Goals and Objectives

Research Question:  Do civil and environmental engineering students’ understanding of personal and professional social responsibility change through engineering core classes?

The purpose of this research is to assess how civil and environmental engineering (CEE) students’ understanding of social responsibility develops during undergraduate studies and varies based upon the teaching methodologies used within core classes.  In this study two experiences of social responsibility are being considered; a general social responsibility that an individual may embody, and the responsibility contextualized by the CEE profession.  There are multiple courses in the CU Boulder Civil Engineering department that seek to instill professional and ethical responsibility and an awareness of the societal impacts of engineering (Bielefeldt, 2011) using various teaching methods.  This study will assess changes in students’ perceptions of social responsibility each semester and correlate teaching method with changes in students’ perceptions.  It must be noted that the understanding of social responsibility is not a dichotomous variable, but a continuum of surface knowledge up to a deeply rooted, core value.  This study will employ mixed methods assessment to examine the impact of engineering teaching methods on students’ understanding of social responsibility.

B. Project Motivation
The global and societal problems that future engineers may face are likely to be complex, requiring a broad range of skills in addition to technical proficiency.  The burden to prepare these future engineers falls mainly upon academic institutions.  The National Academy of Engineering (NAE) report Educating the Engineer of 2020, recommends reinventing the engineering educational systems by including more interaction with community and industrial partners, more diverse teaching methods such as case studies, and increased focus on engineering problems in developing countries (NAE, 2005).  To respond to these challenges, engineering educational systems need to be studied and the results used to guide the preparation of future engineers.

The Accreditation Board of Engineering and Technology (ABET) establishes standards for accrediting undergraduate and graduate engineering programs.  ABET requires that graduates from accredited programs possess an understanding of professional and ethical responsibilities, and the impact of engineering solutions in a global context as two of their eleven “criterion c” metrics (ABET, 2008). Similarly, in the American Society of Civil Engineers’ (ASCE) Body of Knowledge 2nd Edition (ASCE, 2008), a new vision for civil engineers in 2025 calls for more than just technical competency;  twenty-four outcomes establish the entry level skills required for a professional civil engineer.  Two of the professional outcomes (19.Globalization and 24.Professional and Ethical Responsibility) reference the ability to justify engineering decision, made with an understanding of the global societal context, through developed personal, professional and ethical standards (ASCE, 2008).  The American Academy of Environmental Engineers (AAEE) established a Body of Knowledge for Environmental Engineering that sets outcomes for understanding societal impacts with a sound professional and ethical foundation (American Academy of Environmental Engineers (AAEE), 2009).

Engineering Education research is providing the tools for academic institutions to review their engineering programs and better prepare future engineers.  Traditionally, engineering is taught using deductive processes, relying heavily on lectures on theory followed by practice problems, but studies have shown that inductive methods promote higher level thinking, greater depth of understanding, and enhanced problem-solving capabilities more in line with natural learning processes (Prince & Felder, 2006).  No one teaching method is purely deductive or inductive; consequently, this study will examine teaching/learning methods as a continuum from strongly deductive to strongly inductive (Figure 1), and the impact of these methods on engineering students’ understanding of social responsibility as engineers. .
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Learning through service (LTS) is an effective method for introducing social responsibility to engineering students.  LTS is an umbrella term that encompasses SL, which is curricular and directly related to course learning objectives, and also extracurricular PBSL such as Engineers without Borders (EWB).  LTS is “a form of active learning where students work on projects that benefit a real community or client while also providing a rich learning experience” (Bielefeldt, Paterson, & Swan, 2009).  LTS is a main focus in this study because the reflection inherent in LTS helps students to understand the role of engineering in the context of larger social issues (Oakes, 2009).  Many studies have been conducted showing the benefits of LTS on students’ academic, personal and professional advancement (Ejiwale & Posey, 2008), (Bielefeldt, 2006).  Non-engineering studies have found that incorporating SL into courses in any discipline helps “students develop a heightened sense of civic responsibility and personal effectiveness” (Astin, Vogelgesang, Ikeda, & Yee, 2000).

The purpose of this study is to examine the impact of inductive teaching methods on engineering students’ understanding of personal and professional social responsibility that will be required to address the engineering problems of the future.  The results will help academic institutions design their engineering programs to produce more effective and competent engineers, in line with the standards expected of the relevant professional organizations like those established by the ASCE.

C. Theoretical Framework
According to social constructivist frameworks, “…cognition is a collaborative process, thought is internalized discourse, and the purpose of inquiry regarding cognitive development is to examine the transformation of socially shared activities into internalized processes” (Palincsar, 1998).  The use of inductive teaching methods aligns well with the framework for this study because, within a group setting, students are engaged in active learning; they define their own learning needs in light of course requirements and are helped to delve more deeply into the course subject material.  This framework enables an investigation into students’ processes of inquiry and the impact of experiential learning on their awareness of social considerations in engineering.  Students entering into these courses with preconceived notions of personal and professional social responsibility will be introduced to new ideas and information that may challenge those existing beliefs.  Learning occurs as a result of their efforts to resolve conflicting social views and beliefs (Piaget, 1985).

Under the constructivist framework, knowledge is developed through interactions among people and their environment (community, resources, etc.) (Greeno, Collins, & Resnick, 1996).  The assessment tools used will identify which aspects of the environment have the greatest influence on a student’s understanding of social responsibility.  The situated cognition framework states that all knowing happens within a given context, therefore the two cannot be divorced (Brown, Collins, & Duguid, 1989).  The context of each classroom and teaching/learning method will be an important consideration in this study.

D. Specific Hypothesis
1. Civil and environmental engineering freshman and senior students engaged in project-based service learning achieve a significantly greater increase in understanding of both personal and professional social responsibility than do freshmen and senior students taught using other teaching methods.

2. Because the CU CEE curricula focus heavily on technical fundamentals during the Sophomore and Junior years, there will be no increase in understanding of social responsibility among students who do not participate in extracurricular service activities.

E. Experimental Methodology
· Data Gathering:  Given the theoretical framework that we are using for this project, will include voluntary students’ responses to survey questions and guided reflections.  A Pre-Post survey will explore students’ experiences with respect to each chosen engineering course.  The Pre-Post survey questions will be constructed from similar surveys in other fields such as the Intercultural Development Inventory (IDI, LLC, 2011), the Community Service Attitudes Scale (Shiarella, McCarthy, & Tucker, 2000), and the Wabash National Study of Liberal Arts Education Student Experiences Survey (Center of Inquiry in the Liberal Arts at Wabash College, 2007).  Questions from these surveys will be adapted to address three main constructs; ethics, community service, and societal impacts of engineering.  The survey will not take more than 15 minutes, with four or more questions per construct.  Negatively worded questions will also be used for reverse confirmation.  Some demographic questions will be included in the survey to identify any extracurricular activities that may contribute to a student’s understanding of social responsibility such as EWB.  The resulting student responses on the survey will be correlated with teaching methods to test hypothesis 1. 

Example questions for the Pre-Post survey are:

Rate how helpful your course/project experience this semester was in enabling you to understand the impact of your engineering design/solution in a societal and global context? (Carberry, 2010)

Rate your level of agreement (1= strongly disagree, 9=strongly agree) with the following statement:  It is appropriate that people do not care what happens outside their country.  (IDI, LLC, 2011)

In February, students will be asked to write a 500 word, guided reflection essay about their exposure and development of social responsibility ideals throughout their undergraduate career, providing ethnographic data about which experiences students identify as contributing most to their self-perceived changes in understanding of social responsibility; addressing hypothesis 2.  This reflective essay will be given in February so that students will have had time to digest their experiences from the Fall semester. 

The final aspect of data collection for this study will provide longitudinal support for perceived changes in engineering students’ understanding of social responsibility by examining selected reflective assignments from the first-year introductory engineering course (CVEN 1317) for Sophomore, Junior and Senior students who are still in the CVEN program.  Connecting themes from these essays with the surveys and reflective essays obtained during this study will be examined for evidence of how students have developed since the freshman course.

· Data Processing:  Synthesis of the collected data will require a variety of assessment tools in order to extract any relevant information.  The Pre-Post surveys will use a 9-level Likert-type Scale and statistical methods will be used to find if changes in student responses are statistically significant.  The reliability and validity of the survey will be determined using the Principle Components Analysis (PCA).  In order to evaluate the reflective essays, a new assessment rubric and code book will be developed, drawing from existing rubrics of similar topics such as the British Columbia Ministry of Education Performance Guidelines: Social Responsibility (British Columbia Ministry of Education, 2001), the VALUE Civic Engagement Rubric (Rhodes, 2010), and the VALUE Ethical Reasoning Rubric (Rhodes, 2010).  

· Course Selection:  As part of the ABET accreditation process, engineering faculty and students have rated each course with respect to the eleven ABET guidelines (a-k) (ABET, 2008).  Classes were chosen where the professor or the students gave a high importance rating for the outcomes related to understanding societal impacts of engineering or professional and ethical responsibility.  Classes were also chosen from each year of study through the undergraduate curriculum and use varying forms of inductive teaching methods.  The following courses were chosen to be studied:

	Course Number
	Title
	Term
	Year
	Approx. Course Enrollment
	Teaching Method(s)

	GEEN 1400
	Engineering Projects
	Fall/Sp
	Freshman
	
	PBL/PBSL

	CVEN 1317
	Introduction to Civil and Environmental Engr.
	Fall
	Freshman
	40
	CBL

	CVEN 3414
	Fundamentals of Environmental Engr.
	Fall/Sp
	Jr./Soph.
	70/70
	Deductive 

	CVEN 3698
	Engineering Geology
	Sp
	Soph.
	80
	Deductive

	CVEN 4434
	Environmental Engineering Design
	Sp
	Senior
	40
	PBL/PBSL

	CVEN 4899
	Civil Engineering Senior Project Design
	Fall
	Senior
	80
	PBL


CBL = Case-Based Learning; PBL = Project-Based Learning; PBSL = Project-Based Service Learning

· Possible Issues/Limitations:  Assessing conceptual change is complex and values, in particular, are typically resistant to change.  By limiting this study to engineering students in the CU CEE department, sampling size is small. Subjects must volunteer to participate. In most courses, no time is allotted to gather data; students already busy with academic and personal responsibilities will need to make time to compose the 500-word essay. Given the small number of students available for the study, and the structure of the engineering program, finding time to gathered the data and students willing to volunteer time to participate may prove challenging. 

Mixed influences are another issue common in human belief assessment and are an issue in this study.  How can this study isolate which factors impacted students’ understanding of personal or professional social responsibility?  Some students may have been, or are continuing to be engaged in multiple activities influencing their sense of social responsibility other than the courses being studied.  Since there is not a ‘control’ group that goes through the same course without inductive learning methods to compare to, it will be difficult to identify all contributing factors to a student’s conceptual change.

F. Project Timeframe
	Task
	Jun.-Aug.
	Sept.-Dec.
	Jan.–Mar.
	Apr.-May

	File for IRB approval
	X
	
	
	

	Develop Pre-Post Survey
	X
	
	
	

	Conduct Pre-Post Survey
	
	X
	X
	X

	Analyze Freshman Reflective Essays
	X
	
	
	

	Analyze 1st Semester Surveys
	
	
	X
	

	Administer Guided Reflection Essay
	
	
	X
	

	Analyze Guided Reflection Essay Responses
	
	
	
	X

	Analyze 2nd Semester Surveys
	
	
	
	X

	Report Findings
	
	
	
	X



G. Project Outcomes
a. Further personal development
This study will provide baseline data for my doctoral study, using the CU program to sample different teaching methodologies and identify effective methods for teaching social responsibility.  This study will result in the design of reliable assessment tools for use in future multi-institutional studies of methods for preparing civil and environmental engineers.  If the results of the study point to LTS as an effective instructional tool, I plan to delve more deeply into LTS as a component in both undergraduate and graduate curricula for engineers.  

Beyond this study, I plan to examine other contextual issues, such as domestic or international projects, that may affect engineering students’ conceptual changes or their predisposition to engage in service experiences.  Finally, I will examine the persistence of the conceptual change beyond graduation in a multi-institutional survey of alumni who have engaged in LTS.   

b. Support STEM education within the home department
The results from this study will help inform faculty on how to design courses to promote personal and professional social responsibility in their students.  The student-driven growth of extra-curricular, socially-oriented projects (such as EWB) has sent a clear message to engineering departments that this is what many students expect  in their education.  EWB was born at CU Boulder in civil engineering, and the curriculum around Engineering for Developing Communities (EDC) is still being developed at the undergraduate level.  One of the five objectives of the civil engineering undergraduate program is: “Graduates will be active in civic engagement.”  Objectives are intended to be accomplished within 3 to 5 years of graduation, per ABET requirements. This project will determine if our curriculum is adequately preparing students to meet this objective.  The department will be able to point to this study as evidence that they are producing well-rounded engineers to tackle global issues of the future. 

c. Benefit the CU community
The university has developed the Flagship 2030 core initiative 8, which focuses on serving Colorado, the community and graduates (University of Colorado at Boulder, 2010).  It is critical to ascertain if students believe that service is even important.  This study will provide evidence that the CU program is developing these values in their students in alignment with their mission. 

The mission of the College of Engineering and Applied Science (CEAS) is “to generate new knowledge in engineering and related fields and to equip students from diverse backgrounds as future leaders and responsible citizens in these fields for the betterment of individuals and society” (University of Colorado at Boulder, 2007)  The development of responsible citizens requires teaching social responsibility to students and this study will provide support, if it is successfully occurring, or guidance on how to increase students’ understanding through more inductive teaching methods.

1

Bibliography
ABET. (2008). Criteria for Accrediting Engineering Programs Effective for Evaluation During the 2009-2010 Accredidation Cycle. ABET Engineering Accreditation Commission.
American Academy of Environmental Engineers (AAEE). (2009). Environmental Engineering Body of Knowledge. AAEE.
ASCE. (2008). Civil Engineering Body of Knowledge for the 21st Century: Preparing the Civil Engineer for the Future, 2nd Edition. ASCE.
Astin, A. W., Vogelgesang, L. J., Ikeda, E. K., & Yee, J. A. (2000). How Service Learning Affects Students. Los Angeles: Higher Education Research Institute.
Bielefeldt, A. (2006). Increasing International Awareness of Engineering Students. American Society for Engineering Education Conference and Exposition Proceedings (p. 1222). Chicago: ASEE.
Bielefeldt, A. (2011). ABET Self-Study Report fo the Bachelor of Science in Civil Engineering at the University of Colorato at Boulder. 
Bielefeldt, A., Paterson, K., & Swan, C. (2009). Measuring the Impacts of Project-Based Service Learning. American Society for Engineering Education Conference and Exposiion Proceedings. Austin: ASEE.
British Columbia Ministry of Education. (2001). BC Performance Standards: Social Responsibility: A Framework. Ministry of Education.
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated Cognition adn the Culture of Learning. Educational Researcher, 32-42.
Carberry, A. (2010). National Engineering Students' Learning Outcomes Survey (NESLOS). Tufts University.
Center of Inquiry in the Liberal Arts at Wabash College. (2007). Wabash National Study of Liberal Arts Education: Student Experiences Survey. Center of Inquiry in the Liberal Arts at Wabash College.
Ejiwale, J., & Posey, D. (2008). Enhancing Leadership Skills through Service Learning. American Society for Engineering Education Conference and Exposition Proceedings. Pittsburgh: ASEE.
Greeno, J., Collins, A., & Resnick, L. (1996). Cognition and Learning. In Handbook of Educational Psychology (pp. 15-46). New York: Macmillan.
IDI, LLC. (2011). Intercultural Development Inventory. 
Institute for Supply Management, Inc. (2011). ISM Ethics and Social Responisibility. Retrieved June 17, 2011, from ISM Website: http://www.ism.ws/SR/content.cfm?ItemNumber=4755
NAE. (2005). Educating the Engineer of 2020: Adapting Engineering Education to the New Century. Washington DC: The National Academies Press.
Oakes, W. (2009). Creating Effective and Efficient Learning Experiences while Addressing the Needs of the Poor: An Overview of Service-Learning in Engineering Education. Amercian Society for Engineering Education (ASEE) Conference and Exposition Proceedings. Austin.
Palincsar, A. S. (1998). Social Constructivist Perspectives on Teaching and Learning. Annual Review Psychology, 49: 345-75.
Piaget, J. (1985). The Equilibration of Cognitive Structures: The Central Problem of Intellectual Development. Chicago: Univ. Chicago Press.
Prince, M., & Felder, R. (2006). Inductive Teaching adn Learning Methods: Definitions, Comparisons, and Research Bases. Journal of Engineering Education, 123-138.
Rhodes, T. e. (2010). Assessing Outcomes and Improving Achievement: Tips and Tools for Using Rubrics. Washington, D.C.: Association of American Colleges and Universities.
Shiarella, A. H., McCarthy, A. M., & Tucker, M. L. (2000). Development and Construct Validity of Scores on the Community Service Attitudes Scale. Educational and Psychological Measurement, 60(2), 286-300.
University of Colorado at Boulder. (2007). Engineering 2020: Vision for Excellence. Boulder, CO: CU Boulder.
University of Colorado at Boulder. (2010). A Strategic Plan for the University of Colorado at Boulder: Flagship 2030, Serving Colorado Engaged in the World. Boulder, CO.


image1.png
Deductive W > Inductive

—_—

Lecture Inquiry Case- Problem- Project- Service-  Project-
Learning Based Based Based Learning Based
Learning Learning Learning Service

Learning




