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Physics is at its most exciting when international teams are collaborating and competing to under-
stand new ideas, but the social component of science has long been overlooked. Ford (2008) sug-
gests that constructivist approaches to science education fall short unless they pair model con-
struction with appropriate critique. I attempt to bring these together in The Science Game, an extra-
curricular simulation of cutting-edge research. We asked students to investigate the properties of 
fat globules in milk, as seen under a microscope. The students developed knowledge claims based 
on Toulmin's Argument Patterns (Erduran, Simon, & Osborne, 2004). These claims, along with the 
data and warrant, were distributed and critiqued using symposia, pre-prints, a journal, and informal 
communication. I will give an overview of the students' work and evaluate the effectiveness of this 
approach for learning both knowledge and "grasp of practice" (Ford, 2008).  

Desert Island Science 

Approaches to science instruction typically assume a 
model of scientific knowledge-making that is based on 
the deliberate actions of an individual scientist. I refer to 
this as “Desert Island” science because it could be per-
formed equally well by a scientist isolated from society. 

In the “Desert Island” model, a scientist uses the body of 
scientific knowledge to construct a testable, true-or-false 
knowledge claim. She then creates

1
 a phenomenon, a  

reduced slice of nature amenable to experiment. The 
phenomenon passes judgment on the knowledge claim, 
which is subsequently modified or accepted (or rejected). 

Community Science 

A preferable, and more realistic model, includes the  
social aspect of science. In this model, knowledge claims 
are submitted to the community, which then critiques 
both the construction (A: the understanding loop) and the 
phenomenon (B: the experimentation loop). 

According to Ford (2008), constructivist approaches to  
science empower students with the authority to create 
knowledge claims but do not hold students accountable 
for the correctness of their claims. Thus, students may 
form incorrect beliefs. Before learners can construct  
scientific knowledge, Ford proposes that they must: 

1. Know that scientific knowledge is accountable to  
nature and experimentation 

2. Know how to adopt the roles of constructor and  
critic of knowledge claims 

3. Know that the interaction of construction and criticism 
produces knowledge 

1 Hacking (1983) argues that scientists “create the phenomena which 
then become the centerpieces of theory.” Experiments are human  
creations, and suffer from all the potential for bias, skew, and error that 
attend all our endeavors. Thus, experiments needs community scrutiny. 

Toulmin’s Argument Pattern 

As stressed in the NGSS, communication is an essential 

component of mastering scientific concepts (NGSS Lead 

States, 2013). The process of constructing and critiquing 

knowledge claims is difficult, and learners need an  

explicit model for this process. Erduran, Simon, &  

Osborne (2004) propose Toulmin’s argument model for  

science instruction. 

In this model, data is used to generate a knowledge 

claim. The knowledge claim depends on a set of  

assumptions and foundational concepts, which are called 

the warrant. A rebuttal is a counter-claim, or an exception 

to the claim. 

Assessing Argument Strength 

The strength of an argument, in this model, may be 

judged according to the quality and quantity of data,  

warrants, and rebuttals discussed. Erduran, Simon, & 

Osborne (2004) offer a useful rubric: 
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The Science Game 
The goal of this project was to develop a simulation of scientific exploration that pro-

vides a platform for students to engage in the social aspect of science (see left pan-

el). As an extracurricular activity, students were invited to investigate a “new state of 

matter”. They were taught explicitly the community model of science (see left panel) 

and prepared knowledge claims using Toulmin’s method (see right panel). 

The exploration needed to provide students with an  

opportunity to use relatively-familiar equipment to work 

with an exotic phenomenon. The fat globules of milk, 

viewed under a microscope, seemed appropriate. The 

milk was dyed pink to sustain the mystery, which led to  

its nickname, “milkshake”. 

The students embarked on a number of explorations. Younger students used cameras and 

digital image processing software to estimate the sizes, velocities, and spacing of the  

globules. Older students investigated the effects of adding other substances (alcohols,  

detergents, acids, etc) to the “milkshake”. One advanced student was able to use  

Einstein’s model of Brownian Motion to get a rough estimate of Avogadro’s Number. 

Once the students completed their experimental work, 

they used a worksheet based on Toulmin’s Argument Pat-

terns (see right panel) to formulate and support their 

knowledge claims. These claims were then shared  

orally with their lab groups, and via symposia and  

pre-prints with the rest of the students. Students were  

encouraged to critique each others’ work, attempt to  

replicate results, and write up their work. The best 

papers were published in our research journal, 3 Stars. 

In this activity, students clearly demonstrated improved 

understanding of the scientific process. The next steps 

with this project are to implement it as part of a regular 

science class and to use a diagnostic tool to quantify how 

this simulation affects students’ grasp of practice. 

  Figure 1: The “Desert Island” model of science 

  Figure 2: The “Community” model of science 
  Figure 4: Milkshake? 

 Figure 5: Observations  Figure 6: Our Print Journal 

 Figure 7: Toulmin’s Argument Pattern 

Level 1: Only simple claims and counter-claims 

Level 2: Claims with data or warrant 

Level 3: Claims with data/warrant and weak rebuttal 

Level 4: Claims with clearly identifiable rebuttal 

Level 5: Extended argument with multiple rebuttals 

 Figure 3: A New State of Matter? 


