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Kevin Nguyen, Jenefer Husman, Maura 2–18 Students’ Expectations, Types of Instruction, and Instructor Strategies
Borrego, Prateek Shekhar, Michael Prince, Predicting Student Response to Active Learning
Matt Demonbrun, Cynthia Finelli, Charles
Henderson and Cynthia Waters

Engineering instructors’ adoption of active learning has been slow, despite significant evidence supporting its efficacy. A common
instructor concern is that students will respond negatively. This study measures the relationship between student response to
instruction and 1) students’ expectations for types of instruction, 2) students’ experiences of different types of instruction, and 3)
instructor strategies for using in-class activities. Student Response to Instructional Practices (StRIP) survey data from 179 students
at three U.S. institutions were analyzed using hierarchical linear regression modeling. Significant predictors in the final models of
student response were student expectations of active learning lecture and passive lecture, experiences of group based activities, and
instructor strategies for explaining and facilitating active learning. These empirical results support recommendations in prior
literature about best practices for reducing student resistance and demonstrate that instructors have great power to influence
student reactions to active learning and ultimately reduce student resistance. There was no evidence in this data set to support the
common concern that instructor or course evaluations are negatively affected by adopting active learning strategies.
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Daniel M. Ferguson, Kathryn W. Jablokow, 19–29 The Diverse Personas of Engineering Innovators
Matthew W. Ohland and Şenay Purzer

Over the past four years, fifty-three peer-nominated engineering innovators were interviewed about the process of creating
innovations and the personal characteristics of engineers who do so successfully. These interviewees were drawn from across all
engineering disciplines and all types and sizes of organizations where they were employed. Our main objective was to better
understand the behavioral characteristics that lead engineers to discover, develop, and implement innovations in products,
processes, or concepts. We call this behavior engineering innovativeness. This paper describes our rigorous process for discovering
the essence of engineering innovativeness and its characteristics. As portraits of engineering innovativeness, we present 10 unique
personas of engineering innovators gathered from our interviews. Identifying the behavioral characteristics of innovative engineers
and their personas is important to both the education of student engineers and the professional development of practicing
engineers. If engineers are expected to behave in an innovative manner in their academic and professional endeavors, then
understanding the behavioral characteristics and personas of ‘expert’ or ‘master’ innovative engineers is an essential first step in
learning to behave in an innovative manner or to become more innovative as an engineer. We discovered that there is not one type
of engineering innovator or a single group of characteristics that define engineering innovativeness; rather, there are many different
types of engineering innovators, as evidenced by the unique groupings of engineering innovativeness characteristics identified by
our experts.
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Gemma Rodrı́guez, Chunfang Zhou and 30–43 Creativity in Biomedical Education: Senior Teaching and Research Staff’s
Mar Carrió Conceptualization and Implications for Pedagogy Development

As an emerging new interdisciplinary area, biomedical education has been recently paid a growing attention to its curriculum
design. Creativity has been suggested as a key element in its pedagogy development. This paper will focus on a research question:
how do the senior teaching and research staff conceptualize ‘creativity’ in relation to their daily working experience and based on
such conceptualizations, what are the implications for pedagogy development in biomedical education? Theoretically, we will take a
departure from social-cultural approach to creativity that emphasizes shaping roles of environmental influences on creativity in a
specific context of interdisciplinary teaching and learning, such as biomedical education. An empirical study by qualitative
interviews (n = 15) with senior research and teaching staff at different Spanish institutions will further help to provide evidence that
guides to answer the research question. The data analysis shows that creativity should be an essential element in curriculum and
there are needs of creativity training programmes in biomedical education. Meanwhile, pedagogical changes should be towards
encouraging collaborative work, critical thinking, problem solving by creative problem-based learning scenarios, promoting
autonomy in applicable and useful projects, working with creative articles in their specific field with students, fostering students’
skills in experiment design at university, and developing new evaluation systems, which underpins the necessity of providing a
systematic educational environment for creativity development in future biomedical education.
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Brenda M. Capobianco, Eric D. Deemer 44–54 Analyzing Predictors of Children’s Formative Engineering Identity
and Chaihua Lin Development

This study examines elementary school students’ formative engineering identity development before and after students engage in
engineering design-based science instruction over the course of one academic year. Over 200 students in grades three through six
completed the Engineering Identity Development Scale (EIDS) on three occasions. Results indicated students’ growth in conceptual
understandings of engineering and increased career aspirations over time. Third and six graders demonstrated greater career
aspirations in engineering than fourth and fifth graders. No interaction effects for gender were found. Implications for studying the
impact of the integration of engineering practices on children’s identity formation are suggested.
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Nuria Torras-Melenchon, M. Dolors Grau, 55–65 Effect of a Science Communication Event on Students’ Attitudes Towards
Josep Font-Soldevila and Josep Freixas Science and Technology

This study investigates the effect of participation in the Knowledge Fair, a Science Communication Event at Catalonia (North East
of Spain), on the attitudes of secondary school students towards science and technology. Specifically, this study focuses on
answering the following research question: Did students change their attitude towards science and technology after participating in
the Knowledge Fair? A total of 1,293 students (aged 14–18 years) from 23 Catalan secondary schools participated in the study
following a quasi-experimental pre-test-post-test research design. Data were collected in April 2014 and April 2015, when the fourth
and fifth editions of the Knowledge Fair took place, through two questionnaires taken at the beginning and at the end of the
event. Four attitude components are evaluated: interest in learning science, technology, engineering, and mathematics (STEM)
disciplines; perception of science and technology education; perception about the importance of science and technology research for
society; and choice of the future field of study. For data analysis, descriptive statistics and statistical tests are used. The results of
the study show that the students developed more favourable attitudes towards science and technology after participating in the
event, with few significant differences between male and female students.
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Luis de-Marcos, Antonio Garcı́a-Cabot 66–73 Towards the Social Gamification of e-Learning: A Practical Experiment
and Eva Garcı́a-López

Gamification is the use of game mechanics and game design in non-game contexts to engage users and motivate action. Although
gamification has a great potential in higher education, existing research focuses on competitive approaches and presents contrasting
evidence. We present a social gamification approach and tool designed to address the situated motivational affordances of students
(relatedness, competence and autonomy). An experiment (N = 374) is conducted to test it in an undergraduate course, comparing
students’ performance with a traditional blended-learning approach. Students’ attitude towards the new tool is also analyzed.
Results suggest that social gamification can be used to improve the overall academic performance in practical assignments and to
promote social interaction. However, our findings also raise and important caveat. The creation of gamified experiences for higher
education requires a deep knowledge of the motivational affordances of students and a careful design of the rewards that are
introjected by students and that eventually stimulate participation.
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Jose Miguel Espı́, Jaime Castelló and 74–83 Air Flow Levitation System for in Class and Remote Learning of Control
Rafael Garcı́a-Gil Systems

In this paper an air levitation module used in control laboratories is presented. The proposed module offers the possibility of
remote interactivity with the hardware through the Internet to meet the growing demand for a much more flexible education or for
distance learning. In this laboratory, students have to design a PID control that keeps an object hovering at a desired height and
can test their designs on the levitation module in three different ways: sending the PID control to the module from a PC via USB,
programming the PID control in an external PLC, or sending the PID control to the module through Internet. In remote mode,
once transferred the designed PID control through Internet, students receive a real-time video broadcasting of the levitating object
to test the performed design. While other e-learning concepts work only with stored multimedia content, the proposed e-learning
mode provides real-time remote interactivity with the hardware. Use of this tool allows students to gain experience on the
implementation of PID control structures, testing their control designs repeatedly and to improve their self-learning capabilities.
Feedback and comments from students show that this tool improves the interest for this subject and encourages the learning
process.
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Francisco D. Guillén-Gámez, Javier Bravo- 84–90 Students’ Perception of the Importance of Facial Authentication Software
Agapito and Iván Garcı́a-Magariño in Moodle Tools

Nowadays, the use of facial authentication software in distance education could help to guarantee the proper login of students in
the Learning Management Systems. Also, facial software utilization in online activities will probably identify students and prevent
cheating. Thus, the current research analyzes the suitability of introducing a facial authentication software application in different
LMS tools. In order to reach this goal, the perceptions of 67 master students were analyzed. Students were divided into two
groups. The facial software was applied to the first group at the same time when this group did their coursework using Tests,
Glossaries, and Lessons Moodle tools. The second group did their course work using Forums, Task mailboxes, and Databases
Moodle tools without the surveillance of the facial software. Then, both groups were surveyed by a questionnaire related to the
students’ perception about using facial authentication software in Moodle tools. The data analysis revealed that the Moodle tools
in which the implantation of facial authentication software would be important are Tests, Glossaries and Lessons.
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Alejandra J. Magana, Juan D. Ortega- 91–105 Virtual, Local and Remote Laboratories for Conceptual Understanding
Alvarez, Ryan Lovan, Daniel Gomez, of Dynamic Systems
Johannio Marulanda and Shirley Dyke

Current cyberinfrastructure is changing the way scientists and engineers interact and work using digital technologies. In particular,
online experimentation systems are revolutionizing how scientists and engineers collect data, simulate physical behaviors, and
perform experiments. This study explores the role of virtual, local and remote laboratories in supporting students’ abilities to
conduct experiments with dynamic systems and observe their frequency response. We compare three different technologies that
afford students access to conduct experiments and perform computer simulations through local and remote laboratories. Our
sample consisted of 57 students from three groups of the same course, offered in subsequent semesters. The results suggest that
students increased their understanding of frequency response of dynamic systems with each of the learning tools. Similarly, students
reported positive perceptions about the use of these tools, but they identified computer simulations as being easier to use. Although
students’ perceptions of the acquisition of conceptual knowledge through the different experiences varied significantly across
experiments, results are inconclusive as to what specific tool—or sequence of tools they favored.
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Antonio Da Silva Fariña, Ana Belén Garcı́a 106–120 Development of Mobile Applications as Part of the Computer Science
Hernando and Carlos Ramos Nespereira Engineer Curriculum: Methodological and Assessment Considerations

Since the word ‘‘app’’ was named ‘‘Word of the Year’’ by the American Dialect Society in 2010, the demand for education in
mobile technologies has never been greater. This paper describes the experience gained while teaching mobile apps development as
a subject in a Computer Science engineering curriculum for three academic years. We provide a description of the teaching and
assessment processes adopted, based on a Problem Based Learning (PBL) approach and a weighted self/peer/teacher assessment
schema respectively, tackling the main issues that arise when considering these methodologies. Throughout these three course
editions a total of 37 students have followed the subject and instructors have given them a great degree of freedom to propose their
own projects. This has led to a high degree of motivation and ambition, and it has been rarely necessary to push any additional
functionality into their initial proposals. Moreover, the projects as a whole have covered not only a good sample of the most
important mobile computing aspects but also very different application areas. On top of this, we have also analyzed the
implications of introducing peer- and self-assessment components into the evaluation system. In this respect, we have concluded
that not only peer- but also self-assessment can be acceptably close and correlated to the marks given by the teachers. We believe
that our observations, results and experiences could be useful in inspiring other teachers when designing other higher education
courses (or parts of them), especially those sharing the basic characteristics of those described in this work.

Keywords: mobile computing; problem-based learning (PBL) methodology; teamwork; peer-assessment; self-assessment

Wen-Jye Shyr, Chi-Feng Feng, Po-Wen Liu, 121–127 Using the Technology Acceptance Model to Understand Behavioral
Tsung-Lin Chiang and Te-Jen Su Intentions in the Use of a Human Computer Interface (HCI) System

This study presents the technology acceptance model to assist universities in predicting the behavioral intentions associated with the
use of a human computer interface system for learning. A total of 41 students responded to a survey following the completion of
an eight-week teaching course. Data were collected to examine the path relationships among all variables (perceived usefulness,
perceived ease of use, attitude toward use, and behavioral intention to use) influencing the acceptance of the system learning. The
partial least squares method was used to test the measurement and the structural model. Path analysis verified that acceptance of
the human computer interface system was directly influenced by the learner’s ‘‘attitude toward use’’ and ‘‘perceived usefulness.’’
Rich content and the ease of use should be the focus when designing systems for university students, due to their effects on the
behavioral intentions of students.

Keywords: technology acceptance model; human computer interface

Victoria E. Garcia-Vera and Esther Chiner 128–137 Factors Influencing Graduate Students’ Preference of Software Tools for
Building Engineering Applications

Based on previous research on technology acceptance models, the purpose of this study was to examine the effect of four variables
(perceived ease of use, perceived usefulness, output quality and enjoyment) on students’ intentions to use Google Drive Spreadsheet
and Arquimedes software for budgeting and measurement purposes in the Building Engineering context, as well as students’
preferences to use each program. A sample of 92 students received training in both programs and evaluated them. Results suggest
that students prefer Google Drive Spreadsheet in the academic context and Arquimedes in the professional context. Findings also
show a significant effect of perceived usefulness and output quality on usage intentions of both applications, as well as an effect of
output quality on perceived usefulness. However, with respect to the rest of variables, differences were found between Google Drive
Spreadsheet and Arquimedes. While in the case of Google Drive Spreadsheet perceived usefulness and output quality worked as
mediators of enjoyment, and perceived ease of use had no significant effect on any variable, in the case of Arquimedes all the
variables had a significant effect on usage intentions. These results suggest that when a technology is perceived as very easy to
utilize, such as Google Drive Spreadsheet, the variable perceived ease of use has very little or no impact on individuals’ intentions
to use that technology. Findings are discussed in terms of its implications for practice and further research.

Keywords: technology acceptance models; technology usage intentions; higher education; building engineering; software application

Abe Zeid, Marina Bogard, Chitra Javdeka, 138–150 A Hybrid and Modular Curriculum Model in Advanced Manufacturing
Susan Steiger-Escobar, Shamsi Moussavi, for Liberal Arts Graduates
Valerie Kapilow, Elizabeth Watson, Claire
Duggan and Sagar Kamarthi

This paper presents a new innovative curriculum model in advanced manufacturing to transform BA graduates to enable them to
find good paying jobs in advanced manufacturing. The curriculum model is an accelerated one year certificate program with a total
of 25 credits. The certificate program offers two tracks: technology and innovation. The certificate courses are hybrid (offered both
online and face-to-face), modular (short duration courses with targeted topics) and stackable (modular courses build on each
other). The design of the courses provides flexibility to students to select the modules that match their interest and abilities. An
integral and important part of the program is a one-semester long industry internship that students must take to prepare them for
the new career. These internships are provided by the program industry partners. The certificate program is offered at a community
college to make it more affordable for the target audience. The main contribution of the paper is the design and delivery of a
technical curriculum for non-technical majors: BA graduates. This poses many design and delivery challenges as discussed in the
paper. The remainder of the paper presents the model in more details, its rationale, methodology, the challenges, and conclusions.

Keywords: liberal arts graduates; advanced manufacturing; curriculum design; career transformation; internships; industry partners

A. Sucena, J. Falcão Carneiro, F. Gomes 151–161 Screening Reading Abilities: A Comparison Between Engineering,
de Almeida and F. L. Viana Education, Health and Psychology in Portuguese College Students

A recent study indicated alarmingly low results in reading competencies of Portuguese engineering students. This paper intends to
evaluate if this tendency is restricted to engineering studies or if it is also present in other scientific domains. To this end, two
studies were conducted using a reading screening test. In the first study, 168 students from Engineering, Health, Psychology and
Education participated in an unconstrained time administration of the test. In the second study, the same test was administered in
a time constrained mode to 153 students from the same scientific areas.
It is concluded that the low results obtained for engineering students are also detected in other scientific domains. A comparison

between Engineering and other domains students show slight differences, although not reaching statistical significance. These
results emphasize the importance for screening tests able to quickly and economically assess college student’s reading ability. This
study proposes a low cost, low time consuming tool for evaluation of reading competences, along with normative results for
Portuguese speaking college population.

Keywords: engineering education; college education; reading abilities; non-technical skills; dyslexia



M. H. Forbes, A. R. Bielefeldt, 162–174 Divergent Requirements for Technical and Non-Technical Coursework
J. F. Sullivan and R. L. Littlejohn in Undergraduate Engineering Programs

Engineers need considerable understanding of humanities and social science to serve effectively and responsibly as professionals.
Undergraduate engineering education faces pressures to add technical and non-technical content and decrease total credit hours,
educational costs, and time to degree. This study characterizes how discipline-based engineering programs in the United States
distribute required coursework between technical and non-technical areas of study in comparison to math, chemistry, and physics
programs; the results could signal consensus or disparity in educational philosophy between and among institutions or disciplines.
The distribution of technical versus non-technical coursework was delineated for 103 US News & World Report top-ranked and
ABET EAC-accredited undergraduate programs in chemical, civil, electrical, and mechanical engineering based on 2013 catalog
requirements, as well as chemistry, math, and physics programs at the same institutions. Technical was defined as coursework in
engineering, math or natural science; non-technical was coursework outside of those disciplines. Findings reveal a wide range of
required technical and non-technical course loads for all disciplines. For engineering, technical requirements ranged from 62% to
86% (median 75%) of total degree; non-technical requirements ranged from 12% to 35% (median 20%). The math, chemistry, and
physics degrees were more balanced between technical and non-technical requirements. Differences in requirements suggest that
consensus does not exist amongst engineering educators from this sampling of programs regarding the appropriate allocation of
technical versus non-technical coursework for an undergraduate engineering education, and there are substantially divergent
interpretations of what constitutes adequate ‘‘general education’’ for an engineer. Additionally, students who desire more well-
rounded education might select non-engineering STEM majors.

Keywords: engineering curriculum; humanities; multi-institution; social science; undergraduate; United States; quantitative

Martin Jaeger, Desmond Adair, Abdullah 175–186 Impact of Sequencing Hands-on and Theory in a Concrete Structures
Al-Mughrabi and Mona Reda Design Course

The importance of identifying mistakes in concrete design, before a concrete structure is built, requires that engineering students
learn to review concrete design as effectively as possible. Although various educational approaches support developing the
necessary skills, virtually no empirical study is currently available to compare the effect of a different sequence of hands-on and
theory focused learning facilitation. In order to evaluate the learning effectiveness of reviewing concrete designs, experiments were
carried out utilizing a pre-test/post-test experiment design with an experimental group (first hands-on, then theory) of 45 students,
and a control group (first theory, then hands-on) of 109 students. Evidence was found for the assumption that a first hands-on
approach increases learning effectiveness of reviewing concrete design more significantly than a first theory approach. Furthermore,
the positive learning effect on students, who began the course with a hands-on approach, showed a continuing positive effect
throughout the ensuing theory focused learning phase. The findings may encourage engineering educators and educational
institutions to increase the learning effectiveness of reviewing concrete design by beginning the course with a hands-on focused
learning approach before focusing more on the involved theoretical concepts.

Keywords: learning effectiveness; concrete structures; design review; active learning

Jacek Uziak, M. Tunde Oladiran, 187–202 Requirements, Challenges and Consequences in Accreditation of
Magdalena Walczak, Julio Vergara and Engineering Programmes
Mabel Muñoz Ilabaca

Accreditation has been considered the principal quality assurance mechanism and an important aspect of engineering education. It
provides opportunities for change in both the curriculum of the programme and the pedagogy of delivery. However, the starting
point is with staff to acquire educational knowledge applicable to engineering education. It is argued that accreditation could
indeed be an opportunity for a change with positive consequences for the institution, faculty, department, curriculum, academic
staff, students and industry, and discusses the challenges during the accreditation process. The objective of this paper is to review
the paradigm shift from teaching to learning and how adjustment of a curriculum to a particular accreditation criterion affects the
stakeholders. It is acknowledged that accreditation may provide benefits in educational and organizational quality improvements as
it encourages awareness of the best practices, increases public confidence and ensures institutional accountability. However, it also
entails some inherent challenges such as additional costs, increased staff workload, uncertainty regarding its effectiveness and
possibly organizational concerns. Accreditation creates opportunities for change; including the fundamental adjustment in the
curriculum of the programme. However, a key element is staff trained to apply educational knowledge and principles for
engineering education, which is usually deficient in faculty members. A successful shift in the educational paradigm needs an
understanding of the rationale for the outcomes-based educational approach and philosophy as well as the concept of attributes
and non-conventional pedagogy.

Keywords: accreditation; engineering programmes, engineering education

Volkan Cakir and Adrian Gheorghe 203–215 Longitudinal Academic Performance Analysis Using a Two-Step Clustering
Methodology

The present study aims to examine the academic profiles of industrial engineering undergraduate students among a sample group
of military college engineering students (N=276) in order to determine the factors impacting academic performance; to compare
student groups that were identified by course scores, and to analyse performance changes over four academic years. The study
started with data collection, database creation and preparation for clustering study. A two-step clustering methodology was used
for grouping courses based on academic performance and context similarities. The clustering methodology results are validated by
discriminant analysis. Student movements among clusters over the four years are identified in the longitudinal cluster analysis part
of the study. Results showed that there is saturated cluster structure among students which has been preserved over years. It was
concluded that the importance of background knowledge and prior motivation are effective in the academic performance rather
than the change in environment. Although this study is the final stage of an ongoing project in which more than twenty officers are
involved, specific data collection process and the analyses are conducted by the authors.

Keywords: academic performance; longitudinal cluster analysis; military academy; EM Clustering

Desmond Adair and Martin Jaeger 216–224 Aggregating Student Peer Assessment During Capstone Projects

Student assessment of other student’s work has many potential benefits to learning for both the assessor and the assessed.
However, sources of peer assessment provide, quite often, subjective evidence, which can be conflicting, uncertain and even
ignorant. One of the key elements to providing an overall quality assessment of a student’s work derived from the assessment by
his/her peers is the use of an appropriate method of combining or fusing these heterogeneous evidence sources. Since the
development of the belief theory introduced by Shafer in the 1970s, many combination rules have been proposed in the literature
with two main methods selected here. The first is an evidential reasoning (ER) approach, the kernel of which is an ER algorithm
developed on the basis of the framework and the evidence combination rule of the Dempster-Shafer (DS) theory. It has been
claimed also in the literature that Dempster’s rule generates counter-intuitive and unacceptable results in practical situations, so an
approach based on the Dezert-Smarandache (DSmT) theory of fusion will also be explored, in particular the PCR6 rule of
proportional conflict redistribution. Results for peer assessment marks allocated by a student cohort, consisting of 20 students,
during their capstone projects, and, aggregated using each of these two approaches are compared with each other and with results
obtained by the more traditional Averaging Rule (AR) approach. It is clear from the findings that when subjective evidence is
aggregated then the simple AR approach as the accepted combination method is in doubt. It also seems that the DS method of
aggregation seems the best alternative to traditional averaging.

Keywords: evidence; capstone; aggregating; fusion



Youyi Bi and Tahira Reid 225–235 Evaluating Students’ Understanding of Statics Concepts Using Eye Gaze
Data

In engineering courses, exams and homework assignments are among the standard tools used to assess students’ performance and
comprehension of course material. However, they do not always provide opportunities to reveal whether students truly understand
related engineering concepts. This paper seeks to bridge that research gap by using eye-tracking technology to observe how
students solve statics problems. In a within-subject experiment, twenty participants were asked to solve nine statics problems shown
on a computer display. A non-invasive eye-tracker was used to record participants’ eye movements during the problem solving
process. Participants were then asked to explain how they solved three representative problems. The results show that different eye
gaze patterns exist between those who solved problems correctly and those who solved them incorrectly. For the specific concepts
involved in solving these problems, those who correctly understood the concepts also exhibited different eye gaze patterns than
those who did not. We also found that students’ spatial visualization skills positively correlate with their performance when solving
statics problems. This investigation showed that eye gaze data has the potential to serve as a diagnostic tool to discern how
students solve statics problems and understand related engineering concepts. These results may provide insight into students’
problem-solving strategies and difficulties, and help instructors choose more adaptive teaching methods for students.

Keywords: statics; problem-solving; concept inventory; eye-tracking

Oai Ha, Shane Brown and Nicole Pitterson 236–246 An Exploratory Factor Analysis of Statics Concept Inventory Data from
Practicing Civil Engineers

In many knowledge domains, the transition from novice to expert has been characterized by changes in knowledge structure.
Researchers have utilized a broad range of quantitative techniques and tools to investigate such changes. This study uses
exploratory factor analysis on Statics Concept Inventory (SCI) data collected from 95 practicing civil engineers to explore their
underlying, unobservable traits of basic statics concepts and compare to these from over 1300 students’ data. In comparison to
students’ responses, the analysis of the engineers’ data yielded a different number of underlying latent traits and different loading
patterns of the SCI items on each trait. The four-factor model resulted in a Cronbach’s alpha value of 0.84 for the whole scale, and
47.6% of total variation explained in the original set of SCI questions. Engineers’ data cluster around three student factors, Free
Body Diagram, Newton’s Third Law, and Representation, and the SCI questions were loaded in these factors based on the 3D
geometric features of the bodies. Engineers’ responses to the SCI may reflect the conceptual coherence associated with knowledge
of engineering practice. The engineers’ combination of discreet concepts into broader concepts in this study might suggest the
evidence about experts’ characteristics in processing, organizing, and storing knowledge in different chunks than novices.
Understanding experts’ knowledge structures will help inform the development of curricular materials and assessment instruments
for undergraduate engineering education.

Keywords: statics concept inventory; factor analysis; novice expert differences; engineering education

Jeffrey P. Walters, Benjamin Greiner, 247–260 Fostering Systems Thinking Within Engineers Without Borders Student
Emily O’Morrow and Bernard Amadei Teams Using Group Model Building

Engineers Without Borders-USA (EWB-USA) developed the Planning, Monitoring, Evaluation and Learning (PMEL) framework
to confront the complex challenges inherent in international community development projects. The first critical step of the PMEL
framework requires thoughtful exploration of ‘‘pathways’’ to community change: a series of proposed actions that lead to a set of
positive outcomes within the community. In this study, we investigate the benefit of using Group Model Building (GMB) as a way
to improve the outcome of brainstorming sessions, a key aspect of team decision making within this first step of the PMEL
framework. Here we posit an important mechanism for an improved outcome in brainstorming sessions would be a shift in student
mental models towards system thinking. In order to assess the value proposition of GMB in project decision making, a two-session
GMB workshop was held with a EWB-USA student team working on a rural water project in Peru. A mixed-methods approach
was used to extract and analyze participant mental models before and after the workshop to measure growth in systems thinking.
The results of the study indicate compelling shifts in participants’ mental models towards those of systems thinkers, including an
understanding of important factors and how they influence as a system to impact project sustainability. Marked changes in project
planning action items were also observed along with an alignment of their proposed change pathways. Overall, the project team
gained a more complete understanding and appreciation of project complexity and of the factors that contribute to project success.
Thus, GMB provides a useful technique to teach engineering students systems thinking, while possibly improving the quality, and
thus sustainability, of EWB community development projects.

Keywords: systems thinking; Engineers Without Borders; PMEL framework; group model building; system dynamics modeling

Gina C. Adam, Danielle B. Harlow, 261–271 Conceptual Understanding of the P-N Diode among Undergraduate
Susan M. Lord and Christian H. Kautz Electrical Engineering Students

Probing students’ conceptual understanding and misconceptions of key engineering concepts is a rich area of research. Given the
importance of modern electronics in today’s world, it is essential for many engineers, particularly device designers from electrical
engineering, to have a robust conceptual knowledge of how electronic devices work. The P-N junction diode is the building block
of more advanced semiconductor devices. This exploratory study investigates the representations that students use to describe the
behavior of a P-N junction diode. Participants were 3rd year students enrolled in a required introductory course in semiconductor
physics. Each student participated in a one hour individual semi-structured ‘‘think-aloud’’ interview where he/she had to
conceptually solve problems related to P-N junction diodes. Although these semiconductor physics courses aim to develop
foundational knowledge for future device design engineers; the results of this study suggest that even successful upper division
students majoring in electrical engineering may not have a good conceptual grasp of key concepts related to the diode by the end
of the course. For example, many could not correctly differentiate between the linear (or resistive) behavior of an N-N junction
and the non-linear behavior of a P-N junction diode. Half of the students in this study did not use their previous knowledge
including current-voltage (I-V) curves to perform reality checks. The students struggled with both the macro-level behavior of a P-
N junction diode and the underlying micro-level phenomena. By investigating the roots of students’ challenges, this study supports
the need for new teaching approaches to facilitate better conceptual understanding in introductory semiconductor physics courses.

Keywords: Diode; semiconductor physics; electrical engineering education; conceptual understanding; misconceptions

Kathleen E. Cook, Yen-Lin Han, Teodora 272–282 Effects of Integrating Authentic Engineering Problem Centered Learning
Rutar Shuman and Gregory Mason on Student Problem Solving

Problem-solving is a critical skill for engineers, and thus a critical skill for engineering programs to teach. Although various
approaches to address problem-solving exist, none uses nonlinear, unscaffolded, unstructured, open-ended problems provided by
practicing engineers. To address this shortcoming, such authentic engineering problems (AEPs) were incorporated into a heat
transfer course. AEPs are authentic problems developed by practicing engineering and are representative of the unstructured, open-
ended problems encountered in industry. To make space for students (N = 35) to work on AEPs in class, the course was inverted,
meaning that the standard course lecture content was moved online. This AEP Centered Learning (AEPCL) format was assessed
by three measures—talk-alouds, student self-evaluations, and solution evaluations. Across all assessments AEPCL led to improved
problem solving. Comparisons to the same course taught in a traditional format (N = 32) showed that these improvements came
with no cost to students’ understanding of the content or loss of ability to solve standard textbook problems.

Keywords: authentic engineering problems; problem solving; flipped classroom; heat transfer
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