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Research Question and Context


This study examines the effectiveness of using inquiry-based activities to address student misconceptions in thermodynamics and heat transfer.  While a wealth of data supports the effectiveness of inquiry-based methods for addressing science misconceptions with undergraduate physics students [1-4] , there has been very little parallel work in engineering education.  In this study, we develop inquiry-based educational modules to address engineering concepts and examine whether inquiry-based methods are similarly effective for teaching those concepts with a population of undergraduate engineering students.  

 The two misconceptions chosen in the initial proof of concept phase of the project relate to entropy and reversibility (the second law of thermodynamics) and distinguishing between those factors which influence the rate rather than the amount of heat transfer.  These topics were taken from a list of concepts identified by a Delphi study [5] as being both critically important and difficult to master.  Specific student misconceptions in these areas were refined through additional testing with undergraduate engineering students at Bucknell University and the Colorado School of Mines [6-7]
Theoretical Framework


This work fits within a broad constructivist framework and engages students in meaningful activities, typically cooperating with peers, to develop their conceptual understanding,   Our specific approach utilizes inquiry-based instructional techniques identified by a number of previous investigators for addressing misconceptions with undergraduate physics students.  While definitions of “inquiry-based” differ, all share the key characteristic that students pose and answer questions through physical experience and direct observation rather than by listening to lectures or following a highly prescribed laboratory procedure.  
Methodology

An overview of the inquiry-based activities being tested is presented in the appendix.  A one group pre-test-post-test design is used for this study.  Descriptive statistics are used to examine changes in students’ conceptual knowledge before and after inquiry-based activities.  Learning gains in courses which incorporate inquiry-based activities are compared to those found with similar courses taught without incorporating these activities.  Conceptual understanding is measured by the overall scores of participants on concept inventories that had been developed through prior NSF projects and tested for validity and reliability. Descriptive statistics are also used to examine performance on individual questions.  Because the assumptions for sample normality were not met, non-parametric tests were used to assess the statistical significance of the differences between pre- and post-test scores and performance on individual questions.  Additional assessments include use of the concept inventories 12 weeks after the activity to examine “long-term” learning gains.  Student interviews and surveys are also used to gain a richer assessment of students’ thinking than that which can be provided by the inventories alone.  


Findings and Recommendations


Representative data on student learning gains using inquiry-based methods are shown in Figure 1.  The results are reported as normalized gains, which indicate the improvement in students’ scores normalized by the highest possible gain in their original score.  The data show that students’ conceptual gains with inquiry-based activities were on average more than twice the gains found without these activities.  These results are comparable or better than those found for similar analyses of inquiry-based methods with undergraduate physics students.  
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Figure 1.  The Effect of Inquiry-Based Instruction on Student’s Conceptual Understanding for the 2005-2006 and 2006-2007 Academic Years

These initial results have formed the basis for a broader study which is just commencing with additional NSF funding.  That study will build on the successful results from the proof of concept work completed in phase 1 of the project and will examine the effectiveness of additional inquiry-based modules with an expanded number of engineering concepts and with a greater population of engineering undergraduates at diverse institutions.  If the results prove similarly positive, they should be of great interest to a number of engineering educators since the targeted misconceptions have previously been identified as both important and difficult for students to master by a panel of engineering educators.  
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Appendix: Overview of Inquiry-Based Activities
For step-by step instructions for these activities written both as a faculty manual and student handouts, please contact the corresponding author.

Heat Transfer Activity 1,  Boiling Liquid Nitrogen
Have available both boiling water and ice water (liquid part only).  Using electronic laboratory balances, place an insulated cup, such as a coffee cup, on each balance.  Fill each cup with an equal mass of liquid nitrogen; 100g works well.  Simultaneously add 50mL of ice-water to one cup and 10mL of boiling water to the other.  Observe the rate of liquid nitrogen boil-off, which is most easily seen as the rate of generation of “smoky” vapor, and then the final amount of liquid nitrogen remaining after 1 minute.  Students will observe that the boiling water initially produces a much bigger cloud of vapor than does the ice-water (faster initial heat transfer rate due to larger temperature difference).  However, after a minute, they will see that the ice-water was able to boil off more liquid nitrogen (more heat transferred).  

Heat Transfer Activity 2, Chipped Ice vs. Block Ice
Fill two 1000ml beakers with 600ml of liquid water, and place each on a stir plate.  Insert a data logging thermocouple into each, and allow each to come to room temperature.  Take two 40g samples of crushed ice and form one into a “snowball” while leaving the other loose.  Start the data recording and simultaneously place one ice sample into each beaker.  Observe the temperature change in the stirred water over time until all ice is melted and the beakers’ temperatures are again constant, typically in 10 minutes or less.  Students will observe that while the crushed ice does indeed cool the water more quickly due to higher surface area, both beakers reach the same final temperature.

Heat Transfer Activity 3,  Hot Blocks

Each student team will need access to an internet-connected computer with a web browser enabled with Flash Player 7 or above.  Students activate the simulation by visiting the following website http://www.facstaff.bucknell.edu/mvigeant/thermo_demos/heat_transfer.html.  The simulation allows students to place virtual metal blocks in an ice water bath and observe ice melt and temperature change in the water over time.  Students control the physical parameters in the simulation.  Questions guide students through assessing the impact of block mass, block surface area, and block temperature, but students are free to change the other variables alone or in combination as well and observe the outcome.  

A simulation was used in place of an experiment in this case due to the difficulty of generating sufficiently identical metal blocks at the proper temperatures.  The simulation can create the desired situations accurately and also allows the students to quickly “experiment” with a number of other situations of their own devising which would be difficult to do experimentally.

Thermodynamics Activity 1,  Carnot Engine

Each student team will need access to an internet-connected computer with a web browser enabled with Flash Player 7 or above.  Students activate the simulation by visiting the following website http://www.facstaff.bucknell.edu/mvigeant/thermo_demos/Carnot_page.html .  When the program starts, students will see a cartoon of a continuous power plant operating on the Carnot cycle.  The same amount of heat is always entering the system, but students may alter the temperatures of the heat sink and source as well as the level of friction in the process.  The simulation presents a graphical representation of the work accomplished and the thermal efficiency, as well as background information on other processes with similar efficiency and temperatures.  Students are asked to determine the highest efficiency they can possibly obtain, both theoretically and with realistic temperatures and components.  While students correctly predict that no process is 100% effective at converting heat to work, they typically misstate that any process can be very close to 100% efficient if friction is eliminated and a Carnot cycle is used.  
Thermodynamics Activity 2, Entropy of Mixing

Each student team needs access to an internet-connected computer with a web browser enabled with Flash Player 7 or above.  Students activate the simulation by visiting the following website http://www.facstaff.bucknell.edu/mvigeant/thermo_demos/mixing_page.html.  In the simulation, students have a system consisting of hot and cold water in two separate containers, and are asked how the system entropy changes when both are combined into a third vessel.  Students may mix virtual water at different temperatures (or the same temperature) or water and dye and observe the resulting entropy change.  Students can also “zoom in” to see the mixing at a molecular level.  










