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Abstract
There is little doubt that a laboratory experience can be beneficial in the learning process of undergraduate engineering students.  Relating the textbook and the lecture to hands-on observations can help resolve inhibitions in concept perception and produce clarity of key issues.  Unfortunately, time constrains faculty development and execution of laboratories and can reduce this potentially beneficial experience to little more then conducting tried and true experiments semester after semester.  As a result, students find old laboratory reports to be an equally expedient at fulfilling assignments leading to lot of busy work that neither the instructor nor the student benefit from.

This paper will overview approach, application, and benefit of abandoning the cookbook approach to conducting the undergraduate laboratory experience.  The concept relies on the undergraduate students, working in teams, to design and conduct experiments.  The instructor acts as a mentor and resource during the process, and insures quality of the laboratory exercise without having to be the sole responsive party.  By taking ownership of the experiment, the students’ learning is increased and the laboratory experience is enhanced.  This is due, in part, to experiments being tailored to the students’ needs and interests which is a result of their direct involvement.  Finally, concepts of team building and experimental design are introduced.  Surveys and testing of students involved in this approach suggest a strong positive outcome.  In addition to objective outcome assessment of participating groups, several years of applying this approach have defined pitfalls to be avoided. 

Introduction

An issue impacting the undergraduate laboratory experience is the enormous financial pressure faced by engineering departments struggling to address increased enrollments, static budgets, and the desire to maintain educational quality. (Ogot, et al., 2003).  Hands-on laboratories are typically expensive to develop and support.  Involving faculty in this activity generally reduces departmental productivity as laboratory classes produce fewer credit hours for the amount of contact time required.  
Still, there is little doubt that a laboratory experience can be beneficial to the learning process for undergraduate students.  The opportunity to relate the textbook and the lecture to observations made during a hands-on experience can help resolve inhibitions in concept perception and produce clarity of key issues.  Unfortunately, time constraints and productivity demands on faculty trying to develop and conduct laboratories can reduce this potentially beneficial experience to little more then a set tried and true cookbook experiments used semester after semester.  This situation is generally exacerbated by using graduate teaching assistants (GTAs) as a labor saving approach.  Often these individuals have little motivation to put forth more than a minimum effort to see that students attend labs and submit reports for quick grading.
This situation is compounded by the prevalence of linear thinking on the part of many faculty involved in undergraduate engineering education programs.  Such instructors presume that knowledge gained is directly proportional to the volume of assignments completed outside of the classroom.  While this is true if the level of work demanded of students is low to moderate, the productivity demands placed on undergraduates today can evoke a shift in the learning process where learning is actually diminished in favor of get assignments submitted. (Bella, 2003)  In short, undergraduates often perceive themselves as having excessive demands on their time, ability, and resources as a result of spending numerous hours on repetitive homework and cookbook laboratories.
In this environment, the student forgoes cognitive processes for the sake of making the deadline.  The result is what Bella (2003) refers to as a “plug and chug” mentality towards outside work.  The plug and chug approach to completing assignments allows you to get by without wasting time thinking, does not require the student to really understand what they are doing, and even protects their limited knowledge of the subject from being exposed.  This accommodation leads to a narrow focus upon assignments to the exclusion of inquiries, questions, and efforts that do not directly contribute top the immediate demands being faced.  In terms of laboratory exercises, resourceful students find old laboratory reports an expedient solution to fulfill lab assignments and the end result is a minimum of learning and a lot of busy work from which neither the instructor nor the student benefit.

Course Objectives
An obvious solution to the problems of the cookbook laboratory experience is changing the experiments performed each time.  However, there is an opportunity provided in this dynamic beyond just developing multiple, interchangeable subsets of cookbook laboratory exercises.  Specifically, with nominal effort on the part of the instructor, the undergraduate students can be exposed to an open-ended learning experience that also helps develop student skill sets outside of just the technical material being addressed. 

Integral to this process is an effort to provide a learning experience that meets the educational needs of the student from a technical perspective.  In fact, this author contends that the laboratory design can address several of the accreditation process mandates.  Specifically, accredited programs must demonstrate that their graduates have:

· an ability to apply knowledge of mathematics, science, and engineering (ABET Criterion 3a),
· an ability to design and conduct experiments, as well as analyze and interpret data (ABET Criterion 3b), 

· an ability to design a system, component, or process to meet desired needs (ABET Criterion 3c),

· an ability to function on multidisciplinary teams (ABET Criterion 3d),

· an ability to identify, formulate, and solve engineering problems (ABET Criterion 3e), and 

· an ability to communicate effectively (ABET Criterion 3g).  (ABET, 2003)

To facilitate the process, one should recognize that classroom discussion, collaborative teaching and learning, and cooperative team experiences are required to aid in the development of critical thinking skills of undergraduates.  They prefer group interaction, teamwork, and the opportunity for input.  Results suggest that such classroom learning environments were found interesting, informative, and effective.  They even promote professional development of the students in the areas of self-confidence, communication, and leadership, (Koehn, 2001)  These findings, and others, are why the National Science Foundation, the National Academy of Engineering, the National Research Council, and the others have worked to define a new engineering education paradigm that includes: 
· integration of subject matter, concepts, issues and principles including to subject matter covered previously,

· emphasis on inquiry-based learning and preparation for life-long learning with less dependence on lectures,

· stress integrative, systems thinking, coping with change, communications skills (listening, speaking, reading, and writing), teamwork and group problem-solving skills (from problem identification through analysis and resolution).  (Splitt, 2003)

Requiring students to work together in groups encourages extroverts, who enjoy interaction with others, to study and learn more while introverts benefit by developing teamwork skills.  Of course, freeloading can be a problem, but one that can be handled by requiring the teams to rate the performance of its members.  (Wankat and Oreovicz, 2003).  Input for students conducting the lab is another quality and participation check as are the observations of the instructor and GTA.  If students know their going to be held individually accountable for the final product, most will make a serious effort. (Felder and Brent, 2003)

There are also several reasons why a team approach might fail.  Lack of commitment by the instructor, GTA, or students results in infrequent meetings, lack of course resources, and an unsatisfactory laboratory experience.  Poor communications between instructors and the student team can serve to lead to missed goals, misdirected efforts, or inadequate preparations.  Further, if the student reward system is inadequate, motivation of the members will be low and outcomes less than desirable. (Buch, 2002)

Motivating student behavior is complicated by individuals having their own unique value set developed by previous experiences and subjective interpretations of past events.  Each student brings a unique perspective to a team.  Hence, each interprets events differently and in relation to their goals and the perceived value of anticipated outcomes.  (Ponton, 2002)  Providing an opportunity for individual and collective input into the educational process helps obtain student buy-in and increase the likelihood that the team experience will be a success.
Taking all of this into consideration, the environmental laboratory experience provided an undergraduate student in the civil engineering program at Mississippi State University was redesigned around the use of undergraduate student teams.  The class was divided into several teams of Lab Captains.  Each team was charged with the design, set up, instruction, monitoring, and data compilation of a lab performed by their fellow students.  The team was responsible for developing handouts, constructing apparatus, arranging transportation, making up reagents, and all other activities required to conduct the lab.   They were also required to develop a solution to the lab, but this was provided the instructor as a key for grading the lab reports submitted by the rest of the class.  To facilitate this process, a faculty member and a GTA worked with the group.

Course Design
At the outset it was decided that the environmental laboratory experience provided undergraduate students in the civil engineering program at Mississippi State University would be more than teaching them how to perform analytical tests.  It was acknowledged that students should know how to accurately characterize water and wastewater samples.  However, the benefit of such an effort was deemed minimal in comparison with the opportunity to expose the students to environmental management issues and treatment operations and processes.
To increase student interest in the laboratories conducted during the semester, a list of topics was distributed during the first class.  Students were asked to vote for the top two to four topics they wanted to research during the class.  Those topics receiving the most votes were used as a basis to design the semester’s laboratory experience.  
During the second class meeting, a list of selected topics was distributed.  The students were asked to select the topic they would be interested in working on as a Lab Captain.  The number of students on each experiment design team was limited so that each group had approximately the same number of members.  By having the students pick several topics during the initial topic identification process, it was felt that each student had a reasonable chance of getting one of their preferred topics to work on.  Once the Lab Captains for each topic was selected, the final schedule of laboratory exercise was developed by the instructor.  Scheduling was delayed until the teams were established in anticipation that some students would choose labs scheduled late in the semester rather than labs in which they were interested.
About two weeks before the laboratory exercise was to be performed, the team met with the faculty member and the GTA.  During this meeting, the faculty member defined specific tasks and deliverables for the team.  The group discussed the topic and possible laboratory experiments.  Samples of old lab handouts were provided.  Laboratory facilities and equipment opportunities were summarized.  Ultimately, a specific laboratory experiment was defined.
At this point, the graduate teaching assistant became the primary point of contact.  The students worked through the GTA to prepare the lab.  A dry run of the experiment was highly recommended, but not required, as the students grade for developing the lab was based on the way the lab went off.  They were aware that problems arising during the lab, or with the lab handout and the class report preparation, would reflect badly on their grade.  At the same time, a draft laboratory handout was required of the team for review by the instructor and GTA at least two days before the laboratory class met.  This gave an opportunity to insure handout quality.  It also helped insure the team was ready in advance for the class. 
During the laboratory class, the instructor or the GTA were present.  While this was partly a safety issue, it also provided an opportunity to evaluate lab preparation and general performance of the Lab Captains.  Observations made during this time were directed at determining if each team member was prepared and knowledgeable of the experiment.  The level of involvement in running experiments was also noted.  While some Lab Captain involvement was expected, the exercises were not demonstration activities and too much involvement by the team was deemed an indication that the lab was not properly prepared.

Immediately following the class, the Lab Captains were responsible for compiling and distributing the data.  Often, data from several sections of the class held over the week were combined to allow evaluation of more data with less work on the part of the students.  Once the data set was compiled and distributed, the lab captains provided the instructor with the solutions key.
Performance Assessment
To evaluate the effectiveness of this approach to developing and teaching an undergraduate environmental engineering laboratory, a survey was conducted of the students.  To help validate the data collected, two experiments were added during the semester using the traditional approach of having the instructor develop, prepare, and supervise the class activities.
Initially, the survey was administered following submission of each laboratory report by the class.  However, it was determined that the class had difficulty maintaining perspective over the semester.  So, a comprehensive survey at the end of the semester was adopted.  Several of questions were asked regarding the approach of using undergraduates to develop and conduct that lab exercise.  These questions are presented in Table1.  Others were directed at the overall laboratory experience, as presented in Table 2
.
	Table 1. Laboratory Captain Experience Evaluation

	Compare using class members as lab captains to the traditional approach of having the lab handed to you by a graduate student or professor.
	Yes
	No

	I like doing the labs this way?
	
	

	I feel there was too much expected of lab captains?
	
	

	I feel the lab quality suffered because undergraduates were used this way?
	
	

	I wish the class could have reviewed experiments as a group instead of letting the lab captains decide what we were going to do.
	
	

	I think you learned more doing labs this way?
	
	


	Table 2. Laboratory Course Evaluation

	Evaluate this semesters lab experience
	More
	Just Right
	Less

	Number of laboratory experiments?
	
	
	

	Number of field trips?
	
	
	

	Number of indoor experiments?
	
	
	

	Help from Professor and Grad Student in preparing lab exercise?
	
	
	

	The information learned for time spent compared to other CE labs?
	
	
	

	The information learned for time spent compared to non-CE labs?
	
	
	

	Time spent on lab reports compared to other CE labs?
	
	
	

	Time spent on lab reports compared to other non-CE labs?
	
	
	


In addition to the process, this survey provided an opportunity for the students to give feedback on the lab captains and the experience they had with each of the experiments.  They were asked to rate each laboratory with regard to the following statements:
· The lab seemed to be well thought out.

· The lab was properly set up (prepared) beforehand.

· Lab handouts were well prepared and clear.

· Handouts were available on time.

· The experiment was interesting.

· Questions and problems were reasonable.

· Data from labs were available on time

· The effort was educational and instructive.

· My level of effort in lab was reasonable

· I think this was a good lab for us to have done.

As part of this process, they were required to identify the exercise for which they had served as a Lab Captain.  While this data was used to establish part of the Lab Captains’ grades, it also provided a comparison of the traditional approach as two of the experiments were conducted by the instructor and the GTA in the conventional manner.
Analysis of Results
It was found that topics presented to the student should have a broad format as the students had basically a layman’s knowledge of the field.  Using environmental management terminology rather than proposing specific processes consistently attracted the most votes during the laboratory formulation process.  Examples of topics preferred by students included:
· Evaluation of Dissolved Oxygen in a Mechanical Wastewater Treatment System,
· Monitoring Water Treatment Facility Performance,
· Analyzing Stratification and Water Quality in Flowing Water, and

· Managing Organic Pollutants.

Topics that would have led to the same experiment, but were not well accepted by the students included:

· Aeration and Gas Transfer,
· Filtration,

· Stream Velocity and Dissolved Oxygen Measurement, and
· Carbon Adsorption.
From this, it was concluded that students were able to identify with environmental issues.  Interviews with students also suggested their avoidance of process experiments was a result of their anticipating the technical difficulty of the experiment and perceived lack of ability on their part.  Further, it was learned that students welcome an opportunity to leave the indoor environment to perform experiments.  As such, topics that appeared to required field trips were preferred over those that were presumed to require inside experimentation.

Combining the data for four years of laboratories conducted using this approach, we have found that students consistently rate overall laboratory experience higher if students are involved and have done a satisfactory job of developing and conducting the class.  Only if a team of Lab Captains is unsuccessful and developing and conduction a laboratory experience does the lab rate lower than a traditional cookbook experience.  Review of the data indicates that lack of preparation by the team is the primary reason for this occurring.  In general, this occurs when:
· The team feels that a dry run is not required to insure things are set up properly,

· A field collection site requires too much time to get to for that amount of data collected,

· A contingency was not developed to address the event that field conditions changed from what the Lab Captains had expected, and

· Equipment, instruments, transportation, or apparatus required for the experiment failed and a contingency for the failure was not available.

Regarding the overall experience of using laboratory teams and the Lab Captain approach, the data collected are summarized in the following tables:

	Table 3. Laboratory Captain Experience Evaluation Results

	Compare using class members as lab captains to the traditional approach of having the lab handed to you by a graduate student or professor.
	Yes
	No

	I like doing the labs this way?
	96%
	4%

	I feel there was too much expected of lab captains?
	10%
	90%

	I feel the lab quality suffered because undergraduates were used this way?
	26%
	74%

	I wish the class could have reviewed experiments as a group instead of letting the lab captains decide what we were going to do.
	14%
	86%

	I think you learned more doing labs this way?
	74%
	26%


	Table 4. Laboratory Course Evaluation Results

	Evaluate this semesters lab experience
	More
	Just Right
	Less

	The information learned for time spent compared to other CE labs?
	26%
	62%
	12%

	The information learned for time spent compared to non-CE labs?
	46%
	54%
	0%

	Time spent on lab reports compared to other CE labs?
	28%
	54%
	18%

	Time spent on lab reports compared to other non-CE labs?
	50%
	36%
	14%


It would appear that the students overwhelming preferred the opportunity to design the laboratory experiments.  Further, the students felt that the approach has a reasonable time commitment for the information and experience gained from it.  It can be presumed, in part, that this experience also improved the learning process as based on student evaluation.

In a more subjective process, evaluation of student performance on examinations during the lecture class associated with the laboratory appeared to improve as a result of the process.  Due to faculty and student networking on the design of the experiment, it was easy to relate the experiences of the laboratory experiment to the student observations.  Specific opportunities were developed if the laboratory schedule was carefully crafter so that topics covered in lecture occurred at about the same time in the semester as the lab.  While this is certainly possible if the conventional approach is used, the buy-in by the students appeared to enhance discussion during lecture periods.

Summary
In this time of limited educational resources and high expectations for the total quality of the undergraduate student experience, using the undergraduates as a resource can help with the success of the laboratory experience.  Employing students as Lab Captains is more than having extra hands to help set up a laboratory exercise.  It provides them with an opportunity to decide what they will study.  This buy-in increases interest and performance.  The experience of designing and conducting an experiment is consistent with the ABET criteria by which departments are being evaluated.  The approach also allows faculty and students to interact to their mutual benefit.
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