
Students Designing their Own Laboratory Experiments –  
The Experience of 4 Semesters 

Joseph R.V. Flora1 and Adrienne T. Cooper1 

Abstract 

An undergraduate environmental engineering laboratory class was revised in Fall 1999 to include an 
open experiment in addition to traditional experiments. Each student group identified a problem, 
designed an experiment to address the problem, performed the experiment, and documented the results 
with laboratory reports. A variety of topics were selected, including remediation of acid mine drainage 
and evaluating indoor air quality, water quality of campus buildings, evaluating water quality in local 
rivers, and the performance of a hog farm lagoon. The students designed field experiments that required 
them to obtain samples from actual sites. An evaluative questionnaire was distributed to the students to 
assess the effectiveness of the open experiment in comparison to the traditional experiments for 
enhancing the student learning experience. A statistical analysis performed on the responses to several 
items on the questionnaire showed that students believed the open experiment provided a better learning 
experience compared to traditional experiments. Student responses to open-ended questions revealed that 
most students enjoyed the experience of performing an open experiment and that it should be included 
as part of the laboratory class. This topic fits the conference theme, “Bringing Reality into the 
Classroom,” as students become aware of contemporary environmental issues.  

Introduction 

The role of the laboratory course in engineering has traditionally been to allow the student to experience 
first-hand, either through demonstration or hands-on experimentation, the concepts discussed in the 
classroom. In general, these experiences are limited by the imagination of the instructor (and her 
predecessors), to well rehearsed and often tried techniques limited to the demonstration of an individual 
concept. While these exercises purportedly invoke the scientific method, there is little room for the role 
of inquiry and discovery on the part of the student. Open experiments, where the students identify both 
the questions and devise a means to test their hypotheses, bring the student actively into the process 
and provide opportunities for the development of higher order knowledge and critical thinking skills 
(Middleburg, 1995; Arce and Belancourt, 1997; Lyons et al., 1999). 

ECIV 350 (Introduction to Environmental Engineering) and ECIV 350L (Introduction to Environmental 
Engineering Laboratory) are junior-level undergraduate courses offered at the University of South 
Carolina – Columbia that are part of the requirements for the degree of Bachelor of Science in Civil 
Engineering. The prerequisite of ECIV 350 is General Chemistry and Calculus, while the co-requisite of 
ECIV 350L is ECIV 350. Both courses are taught once every school year during the Fall Semester. In 
addition to civil and environmental engineering majors, ECIV 350 draws students from other 
engineering and science disciplines. Students in ECIV 350L are primarily civil and environmental 
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engineering majors. At least 16 students were enrolled in each laboratory section, with two sections 
offered throughout the semester.  

Prior to Fall 1999, ECIV 350L was taught in the traditional manner. Students were given handouts 
that described the theory behind the experiments and the procedures to follow in performing the 
experiments. Experiments were then performed as part of a group, and individually written laboratory 
reports and/or memoranda were submitted based on the results of each exercise. There were at least six 
experiments performed throughout the semester. A laboratory safety seminar during the first meeting 
and two field trips were also scheduled during the semester. 

In Fall 1999, revisions were introduced to have a problem-based laboratory exercise that had more field 
orientation. The safety seminar and two field trips were preserved, the number of traditional 
experiments was reduced to five, and an open experiment was required. For the open experiment, each 
group identified a problem, designed an experiment to address the problem, performed the experiment, 
and documented the results with a laboratory report. Throughout the semester, deadlines were set that 
were associated with each milestone. The open experiment was the final laboratory exercise and was 
allotted 3-4 weeks of class time. A variety of topics were selected, including remediation of acid mine 
drainage, evaluating different absorbents for oil spills, evaluating water quality of campus buildings, 
and evaluating water quality in local rivers. An evaluative questionnaire was developed in conjunction 
with the college assessment office to evaluate the effectiveness of the open experiment compared to the 
traditional experiments in enhancing the student learning experience. The evaluation was in addition to 
the regular course and instructor evaluation administered by the college at the end of the semester. 

The open experiments were initiated by the instructor of record (Instructor I) during Fall 1999 and Fall 
2000, after which the instructor went on an overseas sabbatical leave. Instructor II continued the open 
experiments for Fall 2001 and Fall 2002. The overall format of the class was kept, but with the 
exception of a few significant differences between years and instructors. Instructor I had groups of 7-9 
students performing the open experiments during Fall 1999 and Fall 2000, while Instructor II had 
groups of 3-4 during Fall 2001 and Fall 2002. Smaller groups were used to address student comments on 
the Fall 1999 and Fall 2000 evaluations. Students during Fall 1999 to 2001 were allowed to choose their 
own groups, while students during Fall 2002 were assigned groups based on a Myers Briggs test and 
Kiersey Temperament Sorter. Instructor II allowed more freedom in scheduling the open experiments, 
giving the students the opportunity to obtain samples from farther locations within the state. The 
overall weight of the open experiment was reduced from 35% to 30% in Fall 2002 to introduce a means 
to assess learning from the field trip experience. 

The results presented in this paper are a follow-up from earlier work reported when the open 
experiments were initially introduced in ECIV 350L (Flora, 2000). 

Survey Results 

The composite responses of the 97 students that provided feedback for the questionnaire distributed 
during the Fall 1999, 2000, and 2002 semesters is analyzed. The questionnaire was not distributed 
during the Fall 2001 semester because of miscommunication between instructors. The students were 
asked to provide voluntary information about gender, class standing, and GPA. Information about race 
and ethnicity was not solicited as the early classes were very homogeneous. In addition, the students 
were also asked if they had previous exposure to performing experiments that had an open structure. 
Only 8% of the student respondents has this exposure, indicating that this was the first time most 
students were challenged to design their own experiment. 

Table 1 shows the composite student response to various items pertaining to learning, workload, and 
group dynamics. Statistical t-tests on the student responses showed that the open experiment enhanced 



learning compared to traditional experiments. Furthermore, it appeared that the total credit assigned to 
the open experiment justified the workload, and the groups worked very well when performing the open 
experiment.  

Table 1. Composite Student Response to Various Items on the Questionnaire. 

Items Mean 
Response1 

95% 
Confidence 
Interval1 

1. Compared to the traditional experiments, the open 
experiment helped me better understand basic 
environmental concepts. 

0.70 0.51 – 0.89 

2. Compared to the traditional experiments, the open 
experiment helped me better visualize the application 
aspects of theories learned in class. 

0.79 0.60 – 0.99 

3. Compared to the traditional experiments, the open 
experiment helped me better understand how to 
design and conduct experiments. 

1.11 0.92 – 1.31 

4. The total credit assigned to the open experiment 
(35%or 30% for report and memo) does not justify the 
workload. 

-0.09 -0.28 – 0.09 

5. My group worked together very well when we 
performed the open experiment. 1.32 1.14 – 1.50 

1Strongly Disagree=-2, Disagree=-1, Neutral=0, Agree=1, Strongly Agree=2  

In addition to the questions in Table 1, students were asked how many open experiments should be 
performed in future classes. The response average was 1.2, with a 95% confidence interval of 1.1 – 1.3.  

A one-factor analysis of variance (ANOVA) (Neter et al., 1990) was performed to evaluate if there were 
changes in the class composition between years, and if certain factors affected the response to items in 
Table 1 and the number of open experiments desired. Results are presented when the effects were 
significant (selected at a p=0.05 level). Throughout the years, there was a decrease in the number of 
females and the percentage of seniors taking the class increased. The increase in seniors was caused by 
the deliberate capping of the number of the students in ECIV 350L, thereby forcing juniors to take the 
class later.  

Although the number of students who believe the open experiment helped them understand basic 
environmental concepts compared to traditional experiments (Item 1) decreased throughout the years, 
most still believed it helped. There were differences in the perceived appropriateness of the credit for the 
open experiment workload (Item 4) between years and instructors (higher for Instructor II, despite a 
reduction in the overall weight of the open experiment in Fall 2002), which is probably due to differences 
in the level of difficulty of the selected open experiments and in the guidance provided by each 
instructor. Although, the suggested number of open experiments decreased throughout the years and 
was different between instructors, the suggested number is still close to 1.0. 



Gender, class standing, GPA, and prior experience in performing open experiments did not influence the 
student responses in Table 1, with the exception of female students believing more than male students 
that the open experiments helped them better understand basic environmental concepts compared to 
traditional experiments (Item 1). Lastly, if students had prior experience in performing open 
experiments, they suggested that more open experiments be performed as part of the class.  

The questionnaire also contained multiple open-ended questions to give students the opportunity to 
address the positive and negative aspects of the open experiment. Table 2 shows the questions asked, the 
major comments provided, and the percentage of students that provided the comment (shown in 
parenthesis before the comments). The percentage of students who did not provide any response to the 
question is also included. Several students gave multiple comments to each question. 

Table 2. Open-ended Questions and Major Student Comments. 

1. What did you like most about the experience of performing open experiments?  
(38%) Freedom to select the experimental topic. 
(24%) Freedom to design experiment / freedom to generate own procedures. 
(11%) Doing a field experiment / real world application. 
(0%)   No response. 

2. What did you like least about the experience of performing open experiments?  
(19%) Not knowing what to do / having to come up with procedures. 
(14%) Large groups. 
(12%) Topic selection. 
(11%) None / N/A / There is nothing I disliked. 
(6%)   No response. 

3. What suggestions would you give to enhance / improve the experience of performing open 
experiments?  

(20%) Everything is okay the way it is. 
(13%) Smaller groups. 
(13%) Provide a list of potential open experiment topics. 
(12%) More professor guidance. 
(8%) No response. 

4. What other topic(s) would you have wanted to work on as an open experiment? 
(20%) None / No suggestions / Not sure what to suggest. 
(13%) Experiments involving air quality monitoring / control. 
(8%)   Experiments involving soils. 
(13%) No response. 

5. Other comments/suggestions/complaints? 
(19%) I enjoyed the experience of performing an open experiment. 
(8%)   Too much weight assigned to open experiments / Too much time and effort 

involved for credit assigned. 
(65%) No response. 

 

The feedback shown in Table 2 indicates that although the students generally enjoyed the experience of 
performing an open experiment, many students would have appreciated more guidance from the 
instructors. About 13% of the student respondents expressed their desire to have worked in smaller 
groups. These respondents were composed primarily of students during the Fall 1999 and Fall 2000 
semesters when there were 7–9 students in a group. The Fall 2002 survey only showed 1 student with 
this feedback. Despite this key difference in the number of students within a group, there was no 
significant difference between the years on the perception of students that their group worked well (from 
item 5 in Table 1). Students being able to select their own groupmates (Fall 1999 and Fall 2000) as 



opposed to being assigned their group (Fall 2002) also did not impact the perception of students that 
their group worked well. 

Conclusions 

From the experience of four semesters, it can be seen that although most students have not been 
exposed to the concept of performing an open experiment, students generally enjoyed the experience. 
Most students believed that the open experiment is better at enhancing learning compared to the 
traditional experiments, and that at least one open experiment should be included as part of future ECIV 
350L classes. Despite statistically significant differences in some student responses to the questionnaire 
throughout the years and between instructors, the overall conclusions are not affected.  

The primary instructional staff in ECIV 350L during the Fall 1999 and Fall 2000 semesters were 1 
instructor (a professor) and 1 teaching assistant. With the hiring of a laboratory manager, the number 
of members within the group was reduced to address student suggestions. The resulting greater number 
of open experiments resulted in other logistical issues, which included the need for more resources to 
perform the experiments, coordinating and scheduling the experiments, and the additional demands on 
the instructor’s time. Reducing the number of students within the group did not appear to impact the 
usefulness of open experiments at enhancing learning. Thus, a balance between the students’ desire for 
smaller groups and the logistics of handling numerous open experiments will be sought in future course 
offerings 
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