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Core Knowledge understanding and retention in low performers: Using a collaborative Robotics based STEM project and complementary Inquiry Physical and Life Science labs

Rationale
The idea for my action research is based on observations over 12 years of teaching Middle School Science and Math and integrating Science, Technology, Engineering and Mathematics (STEM
) into the Middle School curriculum in three different private Catholic schools I worked in. The schools, each, gave me the flexibility of modifying and enhance the science curriculum at will, so long as the students were grounded in grade level core materials as outlines in National Standards. I observed that there was universal acceptance and excitement in students to the new approach of hands-on, (the minds-on acceptance came later) projects. I found that some low performers seem to gain some increase in knowledge and overall satisfaction and retention. This outcome was also supported by Lam, Doverspike, Zhao, and Menzemer (2008) in their STEM program evaluation for Middle Schools students- comparing students who had IEP's compared to those students who did not. On the other side, when my students participated in guided inquiry science labs  also showed that low achievers also seem to gain from their experiences.  

In tweaking the projects I have presented over the years, with fluctuations in administration attitudes and class scheduling and ever limiting budgets, I felt that I could not readily promote one instructional method over the other with any confidence if I was asked to justify it for administrative support. I had my strong personal feeling and preferences about what I felt were in the best interest of the students in maintaining their interest, engagement and productivity and ultimately preparing them for their next educational level. The Endeavor program and my participation in it has brought the whole scheme of STEM into better focus for me on the nature of STEM and managing the process and with greater success. So my overall question for my research is:

Is there a marked difference in low performing students' retention of core knowledge while engaged in STEM projects when compared to when guided Inquiry labs is used with both instructional methods focusing on the same concepts?

In terms of this research, I selected a Robotics project based on overwhelming interest by my 7th and 8th grade students. As well as on a wide diversity of inter-related academic / curricular materials that could also be easily incorporated into inquiry science labs.
 The purpose for this research is to see how well low performing students, in a mixed student group, will retain, with understanding, select physical and life science core science knowledge when presented in a collaborative Robotic STEM project versus when the same concepts are presented to a different set of like students in Inquiry based science labs.
Literature Review
Inquiry
As a matter of background, STEM education projects are Constructivist in nature due to the open ended but yet structured environment that incorporate elements of mathematics, science, engineering and technology. But, many a times, the whole curriculum is called into action in the STEM projects with history and language arts components included. The entire Endeavor Program is based on this premise for instructing teachings into a more meaningful integration of subject matter for K-12. 
A diminishing trend in students seeking science and engineering careers in recent years has easily made the case that the incorporation of STEM in K-12 can help revitalize a more favorable perception of worth toward these careers and create a more scientifically literate populous.
 Students who engage in  true “constructivist” activities , whether it is called STEM or PBL, basically become responsible for their own learning, seeking out new knowledge and become better prepared to generalize the integrated knowledge base they develop which would result in  long term content retention compared to traditional instruction while developing strong problem solving skills and productively engaged in social interaction with a common goal (Deen, Bailey, Parker, 2010; Slavin, 2000). 

Modern school (K-12 ) science lab/activities are or should be Inquiry modeled. According to Atkins and Karpus (1962) the student engaged in Inquiry activities are provided with an open ended opportunity to interact with carefully chosen sets of materials (physical or written) and then asked to explore the characteristics of those materials and extend predictability to their behavior. In simple terms, students are not given cook book experiments to follow and fill in the blanks. Instead, they are given an open ended question with minimal guidance to explore within the limits of set materials, time, etc (lab experiment) by setting up testable hypothesis, variable identification, procedures, data collection and analysis and then make elaborations of possible behaviors and or applications. 
Since then there has been at least variations to Inquiry methodologies from modified cook book activities, to teacher directed inquiry to full student directed inquiry activities. The question arises as to whether a lab experience has to be either a traditional cook book type or open ended for meaningful investigations. 
Clark, Clough and Berg (2000) state that this is a false dichotomy. They noted that the two extremes miss the large picture of the pedagogically rich center for learning science. They promote the idea of modifying a cookbook lab to elicit student focus on key concepts through their hands-on, minds-on experience rather than getting lost in procedural details or having a mechanical approach to doing science methodology and /or having the teacher design labs from scratch. The main emphasis is to help nurture, in a student, their natural curiosity, encourage interactions through discussions of ideas; to help develop in the student a sense of questioning and pursuing exploration to find answers. For those students who need the procedural guide to accomplish tasks, Clark and Clough (1994)  accommodates them through the modification process of a lab by inserting relevant thought questions within the lab’s procedural steps in order to help a student maintain mental engagement. 

For example: 

Weigh the can plus the water. Record this mass. What is the importance of weighing the can again? or What would happen if the can was not weighed?


They argue that by injecting such thought questions, the students are forced to think about what they are doing and why. 

Even with these science reforms, the notion of following the “scientific method” expounded in school can be troubling to reconcile since science inquiry taught in schools today does not conform to what many professional or even amateur scientists do in their daily investigations. According to surveys on scientific practice, it was found that there was no universal methodology used (Knorr-Cetina, 1999; Latour, 1999;). __________  
found that some scientists create then test their hypothesis as is traditionally done is schools today- which is referred to by some teachers as the “fair test” lab; others make up their hypotheses after they analyze their collected data and still others do descriptive research where hypotheses are not made nor tested. Some even skip around going back and forth in the “scientific method” to accomplish their goal. The issue of what constitutes methodology for science and what should be presented to students in terms of its application in STEM rests with the teacher and his/her own science training and flexibility.

Since science is rarely, if ever, done alone, by an isolated individual, I also noticed that much of what I consider class successes where based more on the type of and specific interactions that students demonstrated in cooperative tasks for a common goal (Slavin, 1984); more so than the actual methodology used by the student. Students who are active learners consistently demonstrate their willingness to interact freely with teachers and peers within a collaborative (give and take) 
learning environment compared to students who passively wait to be told what and how to do things (Kittleson and Southerland, 2004; Anderson and David,1993; Gijlers and de Jong, 2005)
.  These studies found that all student team members retained some understanding of the concepts involved relative to the level of interaction they actively participated in.

I found that during science inquiry labs, students tended
 to rely almost exclusively on their natural inductive reasoning to try to reason out the use and applications of technology and lab “design” components while minimizing the importance and the need for their deductive reasoning abilities on the analysis components. This ultimately led many students’ inability to effectively explain causal relationships based on collected quantitative and qualitative data 
(Felder, R.,2002). Their de-emphasis on deductive reasoning was observed across integrated Science / Math topics. Students would comment that while they liked the open ended projects, they were really more interested in making something work rather than stepping back and analyzing data
 that would help them explain what was going on and looking for elaboration and modeling observed interactions within the system
. Many of these same students considered math and science as separate entities and their forced union a necessary evil to be dealt with within their likes and dislikes; strengths and weakness.  

Learning Styles
This attitude may be due to the differences in student’s learning styles
 found in the class (Tomlinson, 1999,2005 p. 11). According to Grasha (1996), learning styles are a blend of behavioral profiles that students have. Some students have more than one style of learning where the dominate style is usually shown in class. 

Grasha describes 6 learning styles: 

competitive --where a student enjoys competition for grades and recognition; collaborative—where a student learns best by working with others and sharing ideas and 

                         skills; 

avoidant—a not enthusiastic student, a loner with a fear of failure or simply 

                  overwhelmed;

 participant—enjoys learning and takes responsibility for getting the most out of a 

                       learning situation; 

dependent -– a student who relies on authority and guidelines on how to accomplish 

                      tasks, seeks specific answers and directions;

and independent—like to do things alone with no supervision or relying on teacher for 
answers.

Because of the diversity in learning styles found in my own classes, I also found that the disconnect between students doing and liking open ended/ integrated projects /labs and yet disliking analysis and elaboration has lead to below optimum retention and understanding of core science concepts by some and more directly on low performers. This is an issue worth exploring since, according to Felder (1993), an alignment must exist between student learning styles and teaching style which leads to a better material recall and understanding as well as more positive post course attitudes. On the other hand, the reliability of learning styles is questioned since they are not accurate and fixed within a individual. For Duff (2002), the question of the inter-relationship between student and teacher is nebulous at best 
. 

I have also found that the traditional disconnect between school subjects from the real world has unwittingly created a “not created here” mentality for some students which may also be reinforced by these students’ parents. I had a class of 8th graders a few years back where I introduced the integration of STEM into the science curriculum. After about 2 weeks into doing an integrated math/science project, the project was carried over between my math and science classes over a month and a half. Some students would complain about why we were doing math in science class and doing science in math class. This was followed a few days later by a small group of parents who came in and complained to the school principal about the same thing the students were complaining about and that I needed to separate them as it had been done traditionally way before I was hired. I could only laugh, to myself, at this apparent uniformed attitude by these adults, because half of these adults were themselves, teachers and or administrators in the public school system. Their traditionalist views of subject departmentalism had filtered down to their own children. I calmly pointed out to them that the Texas mandated education standards (TEKS) did required all students to apply their grade level science and math knowledge to real world problems through inquiry and modeling and that the project at hand did fit into that thread since in the real world, knowledge of math and or science and their application are not departmentalized.

With hands-on, minds-on being the dominant emphasis promoted by the major teaching professional organizations for their respective Science, Mathematics and Technology reforms (NSTA  NCTM and ITEA respectively) for over a decade, the current teaching and learning methodologies of Inquiry, Constructivism and Differentiated Instruction
. 
This
 project based learning (PBL) modality (Hmelo,C., Gotterer,G., Bransford,J., 1997) found in STEM activities forces students to deal with real world issues, on a smaller scale constructively. Real world problems are seen as not being cook book but rather pieces of a puzzle that needs to be put together by using different methods and tools to make it happen. Thus they
 tend to synthesize their mastery levels 
in the various courses and naturally bring to bear to problem solve and communication skills on their results. 

Robotics in the Classroom

In recent years, reports have come out stating that American students are not only poor math performers but are also falling behind in science when compared to other students internationally (Gonzales et al, 2004). With the new emphasis on STEM education to counter this “decline”, there has been a growing popularity in using robots in classroom to teach content.  Research suggest that robotics ties into a variety of disciplines ( Papert,1980; Rogers and Portmore, 2004). One tie in is the core concept of systems and the associated interactions and interdependencies ( Beer et al., 1999). Beer et all (1999) also states that robotics encourages cooperative learning. Robotics has a positive impact on both learning and motivation (Robinson, M., 2005) but promoting high interest and engagement which in turn promotes interest in mathematical principles and associated science careers( Rogers and Portmore, 2004). They also show that females
 are more likely to appreciate learning with robotics activities than in traditional learning settings. 

The students will have equal amount of time with the teacher prior to project /lab by reviewing core concepts, vocabulary and general over view of their respective activities. With the bulk of the student time engaged in their respective activities. The teacher will function as a facilitator for both groups. Both groups will carry out their respective activities within a series of 45 minute blocked classes. With approximately equal time frame to conclude their investigations.
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