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INTRODUCTION

The Importance of Helping Students Become Prof icient in Science
The new aim of science education in the United States is for all students to become 
profi cient in science by the time they fi nish high school. Science profi ciency, as defi ned 
by Duschl, Schweingruber, and Shouse (2007), consists of four interrelated aspects. 
First, it requires individuals to know important scientifi c explanations about the 
natural world, to be able to use these explanations to solve problems, and to be 
able to understand new explanations when they are introduced. Second, it requires 
individuals to be able to generate and evaluate scientifi c explanations and scientifi c 
arguments. Third, it requires that individuals understand the nature of scientifi c 
knowledge and how scientifi c knowledge develops over time. Finally, and perhaps 
most important, it requires that individuals be able to participate in scientifi c prac-
tices (such as designing and carrying out investigations, constructing explanations, 
and arguing from evidence) and communicate in a scientifi c manner. Science profi -
ciency, in other words, involves more than an understanding of important concepts; 
it also involves being able to do science.

In the past decade, however, the importance of learning how to participate in 
scientifi c practices has not been acknowledged in state standards. In addition, many 
states have a  empted to make their science standards “more rigorous” by adding 
more content to them rather than designing them so they emphasize the core ideas 
and crosscu  ing concepts described by the National Research Council (NRC) in A 
Framework for K–12 Science Education (NRC 2012). The increasing number of science 
standards, along with the pressure to “cover” them that results from the use of 
high-stakes tests targeting facts and defi nition, has unfortunately forced teachers 
“to alter their methods of instruction to conform to the assessment” (Owens 2009, p. 
50). Teachers, as a result, tend to focus on content and neglect the practices of science 
inside the classroom. Teachers also tend to move through the science curriculum 
quickly to ensure that they cover all the standards before the students are required 
to take the high-stakes assessment.

The current focus on covering all the standards, however, does not seem to be 
working. For example, The Nation’s Report Card: Science 2009 (National Center for 
Education Statistics 2011) indicates that only 21% of all 12th-grade students who 
took the National Assessment of Educational Progress in science scored at the pro-
fi cient level. The performance of U.S. students on international assessments is even 
bleaker, as indicated by their scores on the science portion of the Programme for 
International Student Assessment (PISA). PISA is an international study that was 
launched by the Organisation for Economic Co-operation and Development (OECD) 
in 1997, with the goal of assessing education systems worldwide; more than 70 coun-
tries have participated in the study. The test is designed to assess reading, math, and 
science achievement and is given every three years. The mean score for students in 
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the United States on the science portion of the PISA in 2012 is below the international 
mean, and there has been no signifi cant change in the U.S. mean score since 2000 
(OECD 2012; see Table 1). Students in countries such as China, Korea, Japan, and 
Finland score signifi cantly higher than students in the United States. These results 
suggest that U.S. students are not learning what they need to learn to become profi -
cient in science, even though teachers are covering a great deal of material.

TABLE 1
PISA scientifi c literacy performance for U.S. students 

Year
U.S. mean 

score*

U.S. rank/Number 
of OECD countries 

assessed Top three performers

2000 499 14/27 Korea (552)

Japan (550)

Finland (538)

2003 491 22/41 Finland (548)

Japan (548)

Hong Kong-China (539)

2006 489 29/57 Finland (563)

Hong Kong-China (542)

Canada (534)

2009 499 15/43 Japan (552)

Korea (550)

Hong Kong-China (541)

2012 497 36/65 Shanghai-China (580)

Hong Kong-China (555)

Singapore (551)

*The mean score of the PISA is 500 across all years. 
Source: OECD 2012

In addition to the poor performance of U.S. students on national and international 
assessments, empirical research in science education indicates that a curriculum that 
emphasizes breadth over depth and neglects the practices of science can actually 
hinder the development of science profi ciency (Duschl, Schweingruber, and Shouse 
2007; NRC 2005, 2008). As noted in the Framework (NRC 2012),  
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Introduction

K–12 science education in the United States fails to [promote the 

development of science profi ciency], in part because it is not organized 

systematically across multiple years of school, emphasizes discrete facts 

with a focus on breadth over depth, and does not provide students with 

engaging opportunities to experience how science is actually done. (p. 1)

The NRC goes on to recommend that science teachers spend more time focusing 
on key ideas to help students develop a more enduring understanding of biology 
content. They also call for science teachers to start using instructional strategies 
that give students more opportunities to learn how to participate in the practices 
of science. Without this knowledge and these abilities, students will not be able to 
engage in public discussions about scientifi c issues related to their everyday lives, to 
be consumers of scientifi c information, or to have the skills needed to enter a science 
or science-related career. We think the school science laboratory is the perfect place 
to focus on key ideas and engage students in the practices of science and thus to help 
them develop the knowledge and abilities needed to be profi cient in science.

How School Science Laboratories Can Help Foster the Development of Science Prof iciency
Laboratory activities look rather similar in most high school classrooms (we defi ne a 
school science laboratory activity as “an opportunity for students to interact directly 
with the material world using the tools, data collection techniques, models, and 
theories of science” [NRC 2005, p. 3]) (Hofstein and Lune  a 2004; NRC 2005). The 
teacher usually begins a laboratory activity by fi rst introducing his or her students 
to a concept through a lecture or some other form of direct instruction. The teacher 
then gives the students a hands-on task to complete. To support students as they 
complete the task, teachers often provide students with a worksheet that includes 
a procedure explaining how to collect data, a data table to fi ll out, and a set of 
analysis questions. The hope is that the experience gained through completion of the 
hands-on task and worksheet will illustrate, confi rm, or otherwise verify the concept 
that was introduced to the students at the beginning of the activity. This type of 
approach, however, is an ineff ective way to help students understand the content 
under investigation, learn how to engage in important scientifi c practices, improve 
communication skills, or develop scientifi c habits of mind (Duschl, Schweingruber, 
and Shouse 2007; NRC 2005). Most laboratory activities therefore do li  le to promote 
the development of science profi ciency.

One way to address this problem is to change the focus of laboratory instruc-
tion. A change in focus will require teachers to place more emphasis on “how we 
know” (i.e., how new knowledge is generated and validated) in addition to “what 
we know” about life on Earth (i.e., the theories, laws, and unifying concepts). Science 
teachers will also need to focus more on the abilities and habits of mind that students 
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need to have in order to construct and support scientifi c knowledge claims through 
argument and to evaluate the claims or arguments made by others (NRC 2012). As 
explained in the Framework (NRC 2012), argumentation (i.e., the process of propos-
ing, supporting, and evaluating claims) is essential practice in science: 

Scientists and engineers use evidence-based argumentation to make the 

case for their ideas, whether involving new theories or designs, novel ways 

of collecting data, or interpretations of evidence. They and their peers then 

attempt to identify weaknesses and limitations in the argument, with the 

ultimate goal of refi ning and improving the explanation or design (p. 46).

The NRC therefore calls for argumentation to play a more central role in the 
teaching and learning of science.

In addition to changing the focus of instruction, teachers will need to change the 
nature of laboratory instruction to promote and support the development of science 
profi ciency. To change the nature of instruction, teachers need to make laboratory 
activities more authentic by giving students an opportunity to engage in scientifi c 
practices instead of giving them a worksheet with a procedure to follow and a data 
table to fi ll out. These activities, however, also need to be educative for students in 
order to help students develop the knowledge and abilities associated with science 
profi ciency; students need to receive feedback about how to improve, and teachers 
need to help students learn from their mistakes.  

The argument-driven inquiry (ADI) instructional model (Sampson and Gleim 
2009; Sampson, Grooms, and Walker 2009, 2011) was designed as a way to make lab 
activities more authentic and educative for students and thus help teachers promote 
and support the development of science profi ciency inside the classroom. This 
instructional model refl ects research about how people learn science (NRC 1999) 
and is also based on what is known about how to engage students in argumenta-
tion and other important scientifi c practices (Berland and Reiser 2009; Erduran and 
Jimenez-Aleixandre 2008; McNeill and Krajcik 2008; Osborne, Erduran, and Simon 
2004; Sampson and Clark 2008).  

Organization of This Book
The remainder of this book is divided into two parts. Part I begins with two text chap-
ters describing the ADI instructional model and the development and components 
of the ADI lab investigations. Part II contains the lab investigations, including notes 
for the teacher, student handouts, additional information for students, and checkout 
questions. Four appendixes contain standards alignment matrices, timeline and pro-
posal options for the investigations, and a form for assessing the investigation reports. 
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