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“In the varied topography of professional practice [in education], there is a high 

hard ground overlooking a swamp.  On the high ground, manageable problems 

lend themselves to solution through the use of research-based theory and 

technique.  In the swampy lowlands, problems are messy and confusing and 

incapable of technical solution. The irony of this situation is that the problems of 

the high ground tend to be relatively unimportant to individuals or to the society 

at large, however great their technical interest may be, while in the swamp lie 

the greatest problems of human concern. The practitioner [researcher] is 

confronted with a choice. Shall he remain on the high ground where he can solve 

relatively unimportant problems according to his standards of rigor, or shall he 

descend to the swamp of important problems where he cannot be rigorous in any 

way he knows how to describe?” (Schön, 1995) 

  

The new Framework for K-12 Science Education, developed by the National Academy of 

Sciences (NAS 2011), proposes markedly increasing the profile of engineering practices and 

concepts within the domain of K-12 science education. The challenge for developers of K-12 

science curriculum materials is to create educational experiences that ensure that students learn 

the mandated science core concepts and practices, while concurrently exposing students to the 

central tenets of engineering design and making clear the links between engineering, technology, 

science and society.  Though there are numerous commonalities between science and 

engineering, there are also significant points of departure that, if not addressed explicitly in the 

instructional materials, make it likely that “integrated” activities will instead end up focusing on 

either engineering or science, but not both.  In these cases students may either engage in 

engineering design without adequately answering the critical science questions of “Why does it 

happen?” and “How does one know?”, or they will learn the science in a more traditional 

manner, without linking the core concepts to everyday applications and phenomena.   

 

Georgia Tech’s NSF DR K-12 program, Science Learning: Integrating Design, Engineering and 

Robotics (SLIDER) is a research project to create, implement and study the effects on student 

learning of an 8
th
 grade Physical Science project-based inquiry learning (PBIL) curriculum.  

Built upon the foundation developed as part of the NSF-supported Learning By Design 

(Kolodner et al, 2003) and Project-based Inquiry Science (PBIS) (Kolodner et al, 2009) projects, 

the SLIDER curriculum is being designed to challenge students to solve engaging problems 

using engineering design processes and LEGO Mindstorm robots, while concurrently teaching 

science practices and core ideas.  As such, both PBIS and the new SLIDER curriculum are 

aligned closely with the philosophy of the new K-12 Science Framework.   
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The SLIDER project is working closely with regular public schools in Georgia to try to 

implement the curriculum in standards-based physical science classrooms.  These settings are 

beset with the constraints typical of many of our nation’s schools, ranging from over-crowded 

classrooms, to lack of teacher planning time, to an accountability system that stresses uniformity 

of instruction and regular standardized testing—all components of the “swamp” described by 

Donald Schön in the quote above.  All of these factors impact the fidelity of implementation of 

integrated curricula that require that teachers collaboratively plan, lead students in reflective 

discussion, and utilize regular formative assessment to inform day-to-day instruction.  This paper 

will describe SLIDER’s work on integrating the engineering design cycle and the scientific 

investigation cycle to achieve the goals of the K-12 science framework, and the substantial 

constraints present in the real world of schools. 

 

SLIDER Curriculum Model 

SLIDER’s curriculum design and instructional method is similar to the approach and protocol 

developed by the
 
NSF-supported Learning by Design (LBD) project and the subsequent Project-

Based Inquiry Science (PBIS) ™ project and series. These curricula are inquiry-based, problem-

based learning (PBL) approaches to middle school science education founded in constructivist 

learning theory that aim to address the social and cognitive aspects of learning (Kolodner, et al 

2003, 2009). They incorporate the cognitive model of case-based reasoning where students learn 

from the lessons they formulated during previous experiences (Kolodner, 1993). The students 

work collaboratively to solve problems, thereby learning in a group setting as well as 

individually.  Students identify what they know, what they need to learn more about, plan how 

they will learn more, conduct research, and deliberate over the findings all together in an attempt 

to move through and address a challenge or problem. There is a large amount of research 

extolling the benefits of curriculum and learning experiences that are part of PBL (CTGV, 1997; 

Boaler, et al; Krajcik, et al, 1998; Bransford, et al, 1999; Kolodner, et al, 2003b; Hmelo-Silver & 

Pfeffer, 2004; Hmelo-Silver, et al, 2007). This research has found that PBL can afford: more 

active learning of content; the development of problem-solving skills; increased ownership in 

learning; greater understanding of the nature of the scientific endeavor; more flexible thinking; 

improved collaboration skills; and opportunities for students to gain expertise in STEM. 

 

In many PBIS units, students work with a design artifact as they attempt to meet a challenge. 

Students redesign the artifact or device multiple times during the course of the unit as they try to 

meet the criterion of the design problem. Through the design of these artifacts, students engage 

in the behaviors and activities of designers, engineers, and architects--they analyze a challenge, 

generate ideas to answer the challenge, investigate the science and math concepts governing the 

challenge, build or test models to obtain feedback, reflect, and then redesign the solution based 

on feedback to better meet the challenge. A significant emphasis is placed on the importance of 

iteration in design and problem solving.  Figure 1 displays LBD’s Cycles of Activities, 

illustrating the iterative engagement in design and investigation that helps students meet their 

design challenges in PBIS units. 
  



 3 

 
Figure 1: LBD cycles of activities (from Kolodner, Gray & Fasse, 2003) 

 

Figure 1 also provides a sense of how students in LBD/PBIS classrooms have to migrate back 

and forth between engaging in the practices of science and engineering while they pursue the 

challenge anchoring the unit. To be more illustrative, 8
th
-grade students beginning a 5-week unit 

in force and motion first encounter a challenge to build a better version of a self-propelled model 

vehicle that can climb many obstacles and travel far. Thus, students start atop the cycle on the 

left. As they create and consider design options, the need to learn more about various wheel-

surface options arises. This shifts their work over to the right side cycle, where they design and 

run experiments with surfaces of different coefficients of friction. Through this inquiry into 

friction, the teacher targets the science content and skills included in typical science standards. 

Armed with their new knowledge, students shift back to the left side, and apply what they have 

learned about friction to their vehicle design. They iteratively build and test prototypes, 

presenting their new design and evaluating it against the challenge criteria. This back and forth 

occurs throughout the unit, covering a wide range of force and motion concepts that govern the 

various features and elements of the model vehicle.  

 

Curriculum Structures 

The SLIDER curriculum developers have designed a progression of specific SLIDER 

Curriculum Structures (SCSs) that explicitly scaffold student learning.  These SCSs, simplified 

from the Ritualized Activity Structures initially proposed by Kolodner, et al (2003), move 

students back and forth from the engineering design process of defining problems and designing 

solutions, to the science skills of asking scientific questions, acquiring knowledge, and 

constructing explanations. The SCSs are intended to help students understand and participate in 

the science and engineering practices referenced in the standards, while providing a format that 

helps students see their usefulness in solving the challenge. These structures also enable teachers 

to develop and assess the Science & Engineering (S&E) Practices contained in the new 

Frameworks for K-12 Science education. Table 1 displays how each SCS aligns with the 

associated S & E Practices. 
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Table 1: Alignment of SCSs and the NRC Framework’s S&E Practices 

 Science and Engineering Practices from Framework* 

SLIDER Curriculum 

Structures 

1 2 3 4 5 6 7 8 

Organize the Challenge         

Explore         

Share         

Explain         

Add to Your Understanding         

Reflect and Connect         

*Science and Engineering Practices 

1. Asking questions and defining problems 

2. Developing and using models  

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using math and computational thinking  

6. Constructing explanations and designing solutions 

7. Engaging in argument from evidence  

8. Obtaining, evaluating, and communicating information 

 

SLIDER Implementation, and the Constraints of the Regular Classroom  

The SLIDER NSF grant proposed to implement this new project-based inquiry-learning 

curriculum in three typical public middle schools (“typical” being defined as not lab-schools or 

controlled magnet programs) with the added complexity of using LEGO Mindstorm robots as the 

manipulative tool.  The SLIDER staff has years of experience coordinating the FIRST LEGO 

League competitions, promoting LEGO robotics within diverse school settings, and designing 

problem-based inquiry learning curricula.  The SLIDER research questions focused primarily on 

the impact of the newly designed curriculum on student learning, engagement, and self-efficacy, 

but also included the research question: 

 

“What type of support, both in instructional materials and professional development, is 

necessary to adequately prepare teachers to deliver this type of curriculum?” 

 

There is an inherent assumption in this question that providing enough materials and providing 

substantial amounts of professional development, both of which are things that universities are 

often adept at doing, should enable teachers to implement a curriculum that is in alignment with 

the type of curricula being promoted by the National Research Council in the Frameworks for K-

12 Science.  Moreover, they should be able to do it in normal school situations – a science 

curriculum that can only work in very controlled school settings, like science-focused magnets 

and charter schools, or highly affluent schools with small classes of attentive children, can be 

useful in helping establish how students learn under those conditions, but are of limited use when 

contemplating broader school reform.  The primary SLIDER research question about whether 

physical science concepts can be adequately and effectively taught using engineering design and 

LEGO Mindstorm robots fundamentally depends upon being able to implement the curriculum 
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consistently and with fidelity—criteria that can be immensely challenging to achieve within 

typical classrooms in low income schools.  

 

From the beginning it became clear that not only was SLIDER not dealing with one set of three 

schools, whose student data could be combined to create statistically significant groupings, we 

didn’t even have three distinct school case studies—we had eight different teachers, each his or 

her own case study, and each teaching multiple, and unique, sections of physical science.  And 

that list of teachers was likely to change each year, as part of normal school teacher turnover.  In 

essence, we were in Schön’s swamp, where all the most interesting and important questions lie, 

but where controlled implementation and measurement are next to impossible.   

 

Getting to Know the Swamp 

Teasing out student outcomes from the SLIDER intervention requires a method to document 

both the fidelity of implementation (FOI), and the variance present in the learning environment.  

The SLIDER research staff adopted the theoretical FOI framework from Century, Rudnick, and 

Reeman (2010) and began documenting differences in the learning environment (Gane & 

Hendricks, 2012).   Some illustrative differences among the schools, teachers and students are 

noted below. 

 

Variability in school environment: 

 Number of instructional days—ranged from 170-180. 

 Length of period—ranged from 45 to 75 minutes in the same school, which changed the 

school schedule between Year 1 to Year 2.  Physical science contact hours in that school 

varied from 128 hours in Year 1 to 225 hours in Year 2.  Other schools had 165 contact 

hours per year. 

 Class size—average of 14.5 for one teacher, to 26.4 for another teacher, with some classes 

having as many as 35 students in them. 

 Planning and professional development time—highly variable since different schools 

required teachers to engage in various activities (other than planning) during their 

planning period, and the budget constraints in recent years have led school systems to 

substitute furlough days for teacher workdays.   

 Administrator support—teachers reported high levels of variability in administrator 

support for changing instructional methods, although all principals and school system 

science coordinators had signed off on the project. 

 Grading requirements—differences in school system or school requirements for weighting 

various assignments, which impacts how project-based inquiry learning practices might be 

graded and valued. 

 Benchmark testing—variability in frequency and ramifications of standardized testing.  

The tests were generally created by the central office and were not aligned with the 

SLIDER curriculum. 

 

 Among teachers: 

 Values and practices related to PBL (based on Llewellyn’s (2007) Rubric for Becoming an 

Inquiry-Based Teacher)—Variability in how much teachers value various PBL strategies, 

and how much they are willing to engage in them. 



 6 

 Teaching efficacy (as measured using the Patterns of Adaptive Learning Scale (PALS) 

survey ((Midgley et al., 2000))—teachers vary in their belief that they are able to 

effectively teach all students. 

 Science content knowledge. 

 Classroom management skills. 

 

Among students: 

 Students with Disabilities (SWD)—there was a large variation in the percent of SWD, 

and how they were grouped in classes.  One school had a SWD population of 22% in 

Year 1, compared to a state average of 11%, and these students were often grouped into 

particular classes to enable the school to provide support in the form of an additional 

special education inclusion teacher. 

 Achievement scores, and Adequate Yearly Progress status. 

 Socioeconomic Status, though none of the original schools was affluent—schools ranged 

from a 65%-86% free and reduced lunch rate.  

 School transience rate, which is much lower in rural communities than in the urban areas, 

and varies depending upon the economy. 

 

As we have worked with the schools, talked with the teachers, monitored the school policies, and 

observed students in the classroom, it has become clear that even the list above does not capture 

the truly complex nature of the modern school or all the factors that can impact curricular 

reform.  Changes in Needs Improvement status can dramatically change the pressures on the 

principal, the morale of the teachers, and the level and nature of learning of the students, as all 

are part of one highly complex system.  The local community, and the support or criticisms that 

emanate from it, can also greatly impact the school. One SLIDER school is in a small rural 

community where the teachers are well known and respected, regardless of the student test 

scores, and there is little transience in either the student population or the teaching staff.  There, 

the teachers appear unconcerned about the AYP status of the school—quite the contrary, teachers 

sometimes welcome the additional resources the more at-risk designations provide. Not making 

adequate yearly progress can have a dramatically different effect on a school in a traditionally 

high achieving community, where the “failing” school label can cause local families to withdraw 

support (thereby exacerbating the decline), and local newspapers to editorialize about the 

shortcomings of public schools and the teachers, who are often not members of the local 

community.  Even well trained, reform-minded and highly competent teachers can struggle when 

the school perceives itself as under siege. 

 

Understanding the Swamp 

Clearly, educational researchers have studied school reform and the issues of what facilitates and 

hinders success in curricular and other interventions (Kurki, Boyle, & Aladjem, 2006; Borman et 

al, 2004).  Experts in educational policy and public policy also have studied the interaction of 

policies and practices of reform agendas within social and organizational contexts (Spillane, 

Reiser, & Reimer, 2002; Crawford & Ostrom, 1995).  Neither field alone describes all of the 

constraints that are present in our modern system of schools.  SLIDER has now begun to analyze 

this highly complex system using the research methodology of industrial engineering, a field that 

had its origins in studying manufacturing systems and where researchers have made great 

contributions studying other highly complex systems including transportation systems, financial 
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systems, health care, and even recently humanitarian support systems.  Our goal is to bring the 

industrial engineers together with the policy experts, education researchers, and education 

practitioners experienced in partnership-based reform efforts to develop a conceptual, theoretical 

framework, rooted in the real system of schools, that can help practitioners identify all the actors 

and their relevant attributes that are likely to impact the success of school and curricular reform 

initiatives.  By better understanding the environment in which we are working, we will be better 

able to determine the constraints that most affect the fidelity of curricular implementation. 

 

SLIDER in the Swamp 

While all of the original SLIDER schools provide invaluable insights into the nature of the 

complex system of schools that exists today in modern America, and all are inhabited by exactly 

the type of student who could most benefit from more engaging science instruction, we have 

been forced to at least partially retreat to the high ground to answer some of our research 

questions related to student learning.  It is crucial for at least one school to implement the 

curriculum with a high level of fidelity, both to enable us to judge its effectiveness, and also to 

allow us to determine which factors most affect a teacher’s ability to implement with fidelity.  

SLIDER school #4 is affluent and stable, has small classes, and the advanced students are taught 

by a highly experienced PBL teacher who has the freedom to experiment with new ideas.  From 

that high ground we can strive to understand how to effect change in the much more complicated 

lowlands. 
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