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Abstract

Constructivist teaching techniques have been shown to work well in a variety of instructional settings, but many teachers remain skeptical because there is a lack of quantitative data supporting this model.  This study compared an undergraduate non-majors biology lab section taught in a traditional teacher-centered style with a similar section taught as a constructivist class. Weekly lab quiz scores, attendance, a science attitude test and analysis of videotapes were used to determine whether student interest and performance were affected by the teaching style used in the classroom.  Statistical tests showed many significant differences between the groups and demonstrated that the constructivist class had higher quiz scores, more appreciation of science, better attendance and increased participation in the lab activities than the traditional group.
Introduction

Most students in introductory science courses find the subject boring, difficult and generally unnecessary for non-science-oriented careers.  Many researchers feel that this difficulty stems from the passive role the students play in a traditional class (Zoller,2000).  If this is the case, then we must clearly modify the way we teach in order to develop students who are enthused about science and who really understand the material (Lord, 1998).  Even students headed for non-science-oriented careers need to have an understanding and appreciation of the role science plays in their lives.  After all, how many people think about the importance of the sun and photosynthesis as they eat their lunch?  How many artists consider the light-reflective properties that produce the colors they use to create masterpieces?

Often, non-major biology labs are taught in a traditional teacher-centered style.  The traditional classroom can sometimes resemble a one-person show with a captive but largely uninvolved audience.  Classes are usually dominated by lecture or direct instruction.  The idea is that there is a fixed body of knowledge that the student must come to know.  Students are expected to blindly accept the information they are given without questioning the instructor (Stofflett, 1998).  The teacher seeks to transfer thoughts and meanings to the passive student leaving little room for student-initiated questions, independent thought or interaction between students (VAST, 1998).  Even the lab activities, although done in a group, do not encourage discussion or exploration of the concepts involved.   This tends to overlook the critical thinking and unifying concepts essential to true science literacy and appreciation (Yore, 2001).  This teacher-centered method of teaching also assumes that all students have the same level of background knowledge in the subject matter and are able to absorb the material at the same pace (Lord, 1999).
In contrast, constructivist or student-centered learning poses a question to the students, who then work together in small groups to discover one or more solutions (Yager, 1991).  Students play an active role in carrying out experiments and reaching their own conclusions.  Teachers assist the students in developing new insights and connecting them with previous knowledge, but leave the discovery and discussion to the student groups (VAST, 1998).  Questions are posed to the class and student teams work together to discuss and reach agreement on their answers, which are then shared with the entire class.  Students are able to develop their own understanding of the subject matter based on previous knowledge, and can correct any misconceptions they have.  
While both teaching styles can lead to successful learning, it has been shown that students in the constructivist lab sections in Environmental Science and General Biology demonstrated more enthusiasm and interest in the subject matter, as indicated by student course evaluations (Lord, 1997).  Test and quiz scores also indicated better understanding of the subject matter by students in the constructivist sections.  In fact, repeated research has found that teacher-centered lessons can be nonproductive, and in some cases, detrimental to the students’ learning process (Zoller, 2000). 
Many teachers are hesitant to try the constructivist model, because it requires additional planning and a relaxation of the traditional rules of the classroom (Scheurman, 1998).  Teachers often feel as though they aren’t doing their job if the students are working together and actively discussing the material instead of busily taking notes (Sprague and Dede, 1999).  Since any new idea is likely to be rejected unless teachers examine their own theoretical framework and develop their own justification for the change, it was suggested that additional quantitative evidence in support of constructivism might encourage more teachers to embrace this teaching style (Shymansky, 1992).  Numerous studies have been completed to compare students’ learning in traditional and constructivist classrooms.  These studies generally based their conclusions on test or quiz scores and student comments or evaluations (Lord, 1997; Lord, 1999).  The use of a quantitative analysis based on videotapes of the labs, which takes into account the actions of both students and teacher, should provide a new outlook on these teaching styles, as well as offering another means of objectively comparing the results. 
 It was the aim of this study to compare two sections of a non-major biology course using not only the weekly quiz scores and attendance, but a quantitative analysis instrument, as well.  This was based in part on a test developed by Ned Flanders (1970), but was modified to cover more information on student participation and interaction. Some points from the Secondary Teacher Analysis Matrix (STAM) - Science Version (Gallagher and Parker, 1995) were incorporated, as well.  Videotapes of the lab sections were analyzed with this systematic evaluation form.  A Science Attitude Inventory developed by Richard Moore of Miami University (1996) was also administered.  It was believed that this would provide another valuable evaluation of different teaching styles in similar biology lab sections.
Methods

In order to assess the effect of these different teaching styles on student participation and test scores, two General Biology for Non-Majors lab sections being taught by Dr. Thomas Lord in the Fall 2000 semester at Indiana University of Pennsylvania were selected for comparison.  These two sections with the same lab instructor were used in an effort to reduce the variables between groups. Each lab section consisted of 23 students and met from 3:30 to 5:30pm on their respective days. Lab sections were equivalent with regard to SAT scores and science background of the students.  The Monday afternoon lab was used as the control population and was taught in the traditional style, with information presented in a lecture format and concepts explained by the instructor prior to lab or field work.  The Wednesday afternoon lab was the experimental population, and was taught as a constructivist class.  This group was asked to make observations and discuss relationships and concepts with team members.  They then presented their discoveries to the class before lab or field work began.  Both classes did the same chapters and lab activities from the same book each week.  They took the same quiz, as well, which was based on material covered the previous week.  It should be noted that the Wednesday group actually did the lab activities and took the quiz before the Monday group, due to the way the academic calendar was set up. 
  
Weekly quiz scores, which are averaged for each class, were compared to determine whether there was a difference between the groups.  Weekly attendance for both lab sections was also compared. Both lab sections were given the Science Attitude Inventory (SAI) developed by Dr. Richard Moore in 1970 and revised in 1995, in an effort to determine whether the teaching style used had any effect on the students’ interest in science (Opalka, 1998).   Because the teacher for these lab sections was also involved in the research, a Systematic Observation Report form (Appendix I) was used to analyze videotapes of both lab sections.   As discussed previously, this form was based in part on a test developed by Ned Flanders, but was modified and expanded to cover more information on student participation and interaction.  It also included some points from the Secondary Teacher Analysis Matrix (STAM) - Science Version, which was developed to evaluate and develop the use of constructivism in the classroom (Adams and Krockover, 1999).  This helped to avoid bias on the part of the instructor from having an effect on the results of this study and provided valuable information on student participation and interaction.
Results
Weekly quiz scores were compared using a t-test for comparison of means.  Average quiz scores from all students in each class were compared for each week of lab.  The results of this test showed a significant difference between the constructivist class and the traditional class, with the constructivist group displaying higher scores (Figure 1).  The quiz scores for the constructivist group were higher than those for the traditional group not just most of the time, but every week for the entire semester. 
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Figure 1.  Average weekly quiz scores in the two lab sections.
Results of the Science Attitude Inventory were also compared.  There was an emotional component and an intellectual component to this test.  The intellectual component measured the students’ understanding of science and its importance, while the emotional component looked at their appreciation and enjoyment of science.  The two groups had virtually identical scores on the intellectual component, which supports the similarity in previous science background.  The emotional score was higher in the constructivist group, however, indicating that they had a greater appreciation for the value of science than the traditional group.  This was supported by observations in the classroom during lab activities.  The students in the constructivist group were more enthusiastic and asked more questions about the activities.  
Weekly attendance for each lab section was analyzed to determine whether the teaching style used in the labs had an effect on the students’ interest and therefore their participation in the lab (Figure 2).  Data was analyzed using a t-test for comparison of means, which demonstrated that there was a significant difference between the two groups.  This was also in line with observations made in the lab sections.  Attendance was higher among those students in the constructivist class than in the traditional group over the entire semester.
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Figure 2.  Weekly attendance in the two lab sections.
Finally, videotapes of the lab sections were analyzed using a Systematic Observation Report based on a form developed by Ned Flanders (1970).  This data was analyzed using a two-way analysis of variance, after the data was transformed using the arcsine formula.  The analysis of variance showed a significant difference between the two labs in many categories, including amount of time spent lecturing, amount of student interaction, student participation (asking or answering questions) and silence or time when no discussion or activity is taking place.  Other categories that were analyzed included time spent by the instructor giving directions, time the instructor spent questioning the students, praise and encouragement given, hands-on lab or field work and time spent off-task by students.  No significant difference was found in this latter group of categories, indicating that the two lab sections spent approximately the same proportion of their class time engaged in these activities.  
Discussion
Several statistically significant differences were found between the two lab sections.  The weekly quiz scores between the constructivist group and the traditional group showed a clear trend.  As a class, the constructivist group scored significantly higher over the course of the semester than their traditional counterparts every week, even though both groups covered the same material, did the same activities and took the same quiz.  As noted earlier, the constructivist group took the quizzes before the traditional group and consequently did not have an opportunity to discuss test questions prior to the quiz.  The students in the constructivist lab spent time working through challenges and discussing various alternatives in small groups, rather than simply listening to the material presented by the instructor and taking notes.  For example, definitions of terms were not simply given; instead the students had to create their own definitions as a team and then explain these to the class.  Because the students in the experimental group were more actively involved in their learning experience, they retained more information and were able to recall and apply this information better than the control group.  
The results of the Science Attitude Inventory also demonstrated that the students in the constructivist lab had a better attitude about science than those in the traditional lab.  This was supported by student comments at the end of the semester.  Students in the Wednesday class commented repeatedly that they really enjoyed this science class, and stated that they learned more in the labs than they had in their lecture sections.  Their enthusiasm during lab activities could be clearly observed, as well.  Many students in the experimental population also asked whether Dr. Lord would be teaching during the second semester, because they wanted to get into his lab sections.  This was high praise indeed, since these students were non-majors and often didn’t need to take any more science courses.
Analysis of the attendance data for the two lab sections yielded interesting results that coincided with classroom observations.  As determined by the t-test, there was a significant difference in student attendance between the constructivist lab and the traditional lab.  Attendance was clearly higher in the constructivist group.  This would seem to indicate that interest was higher in the constructivist group, since they made a greater effort to be in class than students in the traditional group.  It appeared that members of the traditional lab section were not as interested in the class and didn’t care if they made it to lab.  Students in the traditional class were less motivated, since they did not belong to a “team” who counted on their participation, and therefore showed a decrease in overall attendance.  
Students in the constructivist group did, in fact, say that they enjoyed coming to lab because they were able to interact with other members of the team, making lab more interesting.  Comments from the student evaluations at the end of the course included “makes us think, not just look in the book” and “I liked the interaction”. Other valuable features of the course noted were the hands-on work with other students and the open discussion of the lab material.  Students in the traditional lab section either didn’t comment on the class at all, or complained that the labs were boring.  Consequently, it seems that constructivist teaching did help alleviate the boredom often associated with non-majors science classes and instilled more appreciation for the material that was covered.
  The video analysis showed some very clear differences between the traditional class and the constructivist class.  Ten different activities were monitored during the analysis and the statistical tests run on these showed many differences between the two groups.  Some activities, however, did not have statistically significant differences.  This indicated that certain activities were carried out at similar levels in both groups, demonstrating that there was not favoritism or special assistance given to one group or the other by the instructor.  Of the five teacher categories analyzed, only one showed a significant difference between the two groups (Table 1).  This category was the amount of time spent lecturing, which would be expected to be different, since that is one of the primary factors separating constructivist teaching from the traditional classroom.  Other teacher categories analyzed were giving directions, questioning students, giving praise or encouragement and lab or hands-on activities.  The lack of a significant difference in these categories demonstrates that both groups had similar opportunities in the two classes.  No more encouragement or direction was given to the constructivist group, in other words, to improve their performance, and the lab activities played a similar part in both classes. 
Table 1.  Percentage of class time spent on teacher behaviors in the lab sections.
	Teacher Behaviors (Video Analysis)

	Teaching Method
	Giving Directions
	Lecturing*
	Questioning Students
	Praise or Encouragement
	Lab or Hands On

	Constructivist
	18.5
	14.4
	11.8
	2.5
	20.1

	Traditional
	15.2
	26.8
	12.6
	3.3
	25.6


* Statistically significant difference
Four student behaviors were analyzed in the videos (Table 2).  Of these, three showed a significant difference between the traditional class and the constructivist class.  These categories included student questions or comments initiated by the teacher, questions or comments initiated by the students and student-student interaction.  The results of the statistical analysis indicated that the students in the constructivist lab section were more likely to answer questions when prompted by the professor, and were more likely to ask questions or participate in class discussions on their own.  They also spent more time working with their teammates discussing concepts and reaching conclusions.  The only student activity that did not show a significant difference between the two groups was the amount of time spent off-task or “fooling around”.  This number was actually very low in both groups.  This does indicate that, although the students in the constructivist groups spent a large part of their time interacting with each other, the generally remained focused on the activities in class and did not display the behavior problems often cited as a problem associated with constructivist learning situations.
Table 2.  Percentage of class time spent on student and general behaviors in the lab sections.
	Student and General Behaviors (Video Analysis)

	Teaching Method
	Questions (Teacher Initiated)*
	Questions (Student Initiated)*
	Student/Student Interaction*
	Off Task
	Silence*

	Constructivist
	8.1
	3.2
	20.5
	0.3
	0.5

	Traditional
	3.3
	1.3
	5.7
	0.1
	6.2


*Statistically significant difference
The final item analyzed on the videotapes was the amount of time spent in silence, when no discussion or activity was taking place (Table 2).  This item did show a significant difference between the two groups.  It was higher for the traditional group than for the constructivist group, because the traditional group was reluctant to answer questions posed by the instructor.  They participated less in classroom discussions, and did not interact as much with other students at their lab tables, even when working on group lab activities.  This was one item noted by students in the constructivist group when asked to describe what they liked most about the class.  Many students commented that being able to work together and discuss things with other members of their team made the activities more fun.  Consequently, they spent less time doing individual work, and more time discussing the activities in which they were involved.  This social aspect is a primary strength of the constructivist learning model.
Conclusions
The results of this study did support the value of constructivist or student-centered learning.  It was anticipated that the constructivist class would have a higher average on the weekly quiz grades, and this was supported by statistical analysis.  We saw better scores not only on occasion, but every single week in the constructivist group.  Results of the Science Attitude Inventory also demonstrated that the constructivist group had a better outlook on science at the end of the semester than the students in the traditional group. Attendance demonstrated a significant difference between the groups when compared using a statistical analysis, as well.  This indicated that more students in the constructivist class made an effort to attend lab on a regular basis.  
  Analysis of the videos made of each class showed that the traditional class exhibited less student participation and interaction than the constructivist class, while losing none of the hands-on activities or instructor support.  They did have more lecture time, but this is a defining factor for a traditional classroom.  Student comments from members of the constructivist group indicated a high level of satisfaction, and increased student participation was evident to any observer.  Students were more willing to volunteer answers and ask questions of the instructor in order to clarify material, and team discussions resulted in many new points being introduced.  The data we collected from this study certainly supported the benefits generally attributed to constructivist teaching.
Appendix I
Systematic Observation Report
Class__________________
Date__________________
Time__________________
Instructor______________
	Category
	Tallies
	Total
	Percent

	Teacher

	Giving Directions
	
	
	

	Lecturing
	
	
	

	Questions Students
	
	
	

	Praise/Encouragement
	
	
	

	Lab/Hands On
	
	
	

	Student

	Question/Comment (Teacher-Initiated)
	
	
	

	Question/Comment (Student-Initiated)
	
	
	

	Student/Student Interaction
	
	
	

	Off Task
	
	
	

	General

	Silence
	
	
	

	Total
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