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Abstract: This paper reports a cognitive resource analysis of middle school students’ 
understanding of energy flow and matter cycling in ecosystems. We discuss students’ 
resources that we uncovered through our analyses, highlighting how those that emerged 
through analysis of the second cohort of students extend our previous work. Five major topic 
areas of cognitive resources were identified in one cohort and confirmed in a second.  
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Introduction  
This project focused on the scientific domain of ecosystems, with a special interest in how students understand 
and think about the flow of energy and cycling of matter. We emphasized the role of prior knowledge in 
learning and accepted scientific inaccuracies as characteristic of students’ initial phases of learning (Smith et al., 
1994). Our Knowledge in Pieces (KiP) framework, representing a class of learning theories (Hammer, Elby, 
Scherr & Redish, 2005; diSessa, 1988; Clark & Linn, 2003), takes a fragmented approach to describing student 
knowledge. Students’ possess knowledge fragments that some call phenomenological primitives (diSessa, 
1988), resources (Hammer et al., 2005) or simply ideas (Clark & Linn, 2003). 

In previous work, we explored how a KiP framework can be used to examine students’ understandings 
in this domain (Minshew, Barber-Lester, Derry, & Anderson, 2017). In contrast to misconceptions literature, 
which suggests that learning is a process of replacing misconceptions with expert knowledge (Smith et al., 
1994), a KiP perspective allows for the reorganization of resources. In other words, resources are not necessarily 
extinguished but reorganized when students learn scientific concepts. In this study, we extended a previous 
analysis (Minshew et al., 2017) to a second cohort of students.  The research question was: 1) What resources 
related to flow of energy and cycling of matter in ecosystems do students in Cohort Two bring with them to the 
classroom and how do those resources compare to those exhibited by the students in Cohort One?  
 
Research design 
Participants were sixth graders (n = 208) at a rural STEM-focused middle school in the southeastern United 
States. Data was collected over two academic years, 2015-2016 (Cohort One) and 2016-2017 (Cohort Two). 
Our initial analysis (Minshew et al., 2017) based on data from Cohort One was extended by this analysis of data 
from Cohort Two. Each year a representative sample of 12 students were interviewed before engaging in the 
Compost Unit. In interviews students explained models they constructed representing their understandings about 
energy and matter in ecosystems. Interviews were analyzed qualitatively through successive steps of coding, 
creation of data matrices and summaries. 
 
Results 
Our analysis of Cohort Two students’ interview data revealed that they had resources in the same major topic 
areas (food chains, decomposers, waste, energy, and matter) initially found in Cohort One, providing 
confirmatory evidence for resources identified in our initial analysis. Analysis of data from Cohort Two also 
revealed five specific resources that were not initially noted in our analysis of Cohort One. Table 1 provides an 
overview of both discovered and confirmed resources. Resources in Table 1 are organized by major topic area; 
columns on the right side indicate in which cohorts a resource was discovered (), confirmed () or absent 
(blank).  
 
Conclusions and implications 
Our study focused on the knowledge that students brought with them concerning energy flow and matter cycling 
in ecosystems. Analysis of students’ interviews from a model-based assessment task uncovered resources in five 
major topic areas. These had been previously identified in Cohort One and confirmed by this analysis in Cohort 
Two.  Students in Cohort Two expressed additional specific resources in the topic areas of energy and matter 
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which were not initially identified in Cohort One. However, a post-hoc analysis revealed that some of these 
were present in Cohort One.  

The use of a KiP framework to examine student understanding is novel in the science domain of energy 
and matter in ecosystem. This resource-oriented view of student understanding pushes both researchers and 
educators to focus on the wealth of experiences that students bring with them to the science classroom. These 
resources are potentially powerful and important assets to be engaged in the pursuit of advancing scientific 
understanding.   
 
Table 1: Identified resources related to flow of energy and cycling of matter for both Cohorts One & Two 
 

Topic Area Resource Cohort 
1 

Cohort 
2 

Food Chains There is a relationship between sun/sunlight and producers   
Animals eat other animals   
Animals eat plants   
Decomposers are a part of the food chain   

Decomposers Bacteria, worms, and mushrooms are decomposers   
Decomposers break things down   

Waste Animals and humans generate waste   
Some waste can be broken down and is connected to soil   

Energy The sun is central to energy   
Rain and clouds are connected to energy   
Organisms need energy   
Plants need energy to make their own food/perform photosynthesis   
Animals eat to get energy   
Electricity is connected to energy   
Decomposers get energy from breaking down dead organisms or 
organic waste 

  

Energy flows through an ecosystem   
Matter Everything is matter/matter takes up space   

Matter exists in different states   
There is organic and inorganic matter   
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