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FIGURE 1.1 

The Inquiry Framework

Technical Substantive
Low High Low High

Scientific 
Knowledge

Fixed and absolute. Less fixed and 

absolute.

Subject to change 

as new knowledge is 

acquired.

Fixed when it pro-

vides utility, and ten-

tative when its lack 

of utility has been 

exposed.

Scientific 
Method

Linear, step-wise 

method used in the 

verification or cre-

ation of knowledge.

Series of steps used 

to investigate scien-

tific questions in any 

order needed.

Multiple methods of 

investigation without 

understanding of fac-

tors that determine 

method choice.

Multiple methods 

of investigation with 

understanding of fac-

tors that determine 

method choice.

Creativity in 
Inquiry

Knowledge created 

during scientific 

inquiry is objective, 

not the product of 

human imagination, 

inference, or creativ-

ity.

Human imagination, 

inference, and cre-

ativity are aspects of 

some parts of scien-

tific inquiry.

Human imagination, 

inference, and cre-

ativity are used in all 

aspects of scientific 

inquiry.

New ideas are exam-

ined through means 

that don’t follow 

prescribed methods.  

Knowledge can be 

created in the mind 

and then verified 

“after the fact.” 

Empirical 
Basis

Relationship among 

questions, methods, 

data, and interpreta-

tions not clear.

Relationship among 

questions, methods, 

data, and interpreta-

tions learned out of 

context.

Relationship among 

questions, methods, 

data, and interpreta-

tions learned within 

context of genuine 

problem-solving 

activities but not 

explicitly addressed.  

Relationship among 

questions, methods, 

data, and interpreta-

tions learned within 

context of genuine 

problem-solving 

activities and explic-

itly addressed.  

Subjective 
Nature

All scientists reach 

similar conclusions 

from the same inves-

tigation.

Scientists can reach 

different conclusions 

from the same inves-

tigation.

Scientists can reach 

different conclu-

sions from the same 

investigation based 

on prior experiences 

and “ways of know-

ing.” Factors that 

influence conclusions 

not clear.

Scientists can reach 

different conclu-

sions from the same 

investigation based 

on prior experi-

ences and “ways of 

knowing.” Explicit 

attention is drawn to 

factors that influence 

conclusions.
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Forming the question.
Investigating the known.
Articulating the expectation.
Carrying out the study.
Interpreting the results.
Reflecting on the findings.
Communicating the findings to the scientific community and to 

society.

•
•
•
•
•
•
•

FIGURE 1.2

The Inquiry Wheel
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“Science shouldn’t be viewed as a subset of disciplines. Some of the 
strongest scientific principles that have ever been tested have arisen out 
of a unification of many smaller tested ideas from the subdisciplines. 

For example, our understanding of plate 
tectonics and the fossil record has been 
important for solidifying our modern 
conception of Darwinian evolution,” 
explains Fryda. “Too many students see 
science as a set of disjointed, unrelated 
topics. I want my students to see science 
as a system of thought made up of many 
subsets,” he emphasizes.

Natural Science also enables students 
to fulfill the school’s graduation require-
ment that they become familiar with sci-
ences beyond biology (the other required 
course), should they not take a physics or 
chemistry class. The science department 
encourages students to take Natural Sci-
ence in 9th or 10th grade to give them 
the foundation for taking more rigorous 
sciences in higher grades. 

Hooking Students on Science

Fryda takes his Natural Science stu-
dents through an extended conceptual 
exploration that, viewed broadly, begins 
with Earth and expands out to the study 
of star life cycles. As a kind of counter-
point, the main physical principles of 
motion and energy are first studied at the 
macro, everyday level and then as minute 
forces at the atomic level.

To hook students on the inquiry-based 
nature of science and the importance of 

An Overview of Natural Science 

1st quarter: The physical concepts of density 
and pressure provide unifying threads that can 
explain the rock cycle, plate tectonics, Earth’s 
interior engine of molten rock, and the creation of 
weather.

2nd quarter: A study of Earth’s orbit, reasons 
for the seasons, and the phases of the moon 
challenge students’ preconceptions about these 
phenomena. Students also study the different 
views of gravity as explained by Sir Isaac Newton 
and Albert Einstein, as well as Johannes Kepler’s 
laws of planetary motion. The solar system is 
then positioned in an exploration of the stars and 
the scale of the universe.

3rd quarter: Students study Newton’s laws of 
motion and use motion detectors to learn about 
position, speed, velocity, and acceleration in their 
everyday lives. They also explore heat energy 
and examine potential and kinetic energy through 
roller coaster models.

4th quarter: Students explore the chemical 
universe, first by reviewing the changing notions 
about atomic structure. Then, through a close 
look at electrons’ role in explaining the bonding 
potential of atoms, students get a better under-
standing of the periodic table. Discussions about 
the nature of matter and investigations involv-
ing reactions of substances help solidify student 
understanding about chemical compounds.
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they are planning or writing responses to 
questions. These standards, Fryda claims, 
represent an often-overlooked element of 
scientific literacy in the classroom.

Science teachers tend to especially 
emphasize the standards of accuracy and 
precision, notes Fryda: “Science is very 
much about being specific enough that 
anyone could repeat the work.” To instill 
these two standards in students, Fryda 
challenges students to verbally explain 
how to make a peanut butter sandwich. 
“If they tell us to ‘put the peanut butter 
on the bread’ without first telling us to 
take the bread out of the package, we’ll 
get messy results,” Fryda says. He asks his 
students to look for similar “holes” after 
they have written their procedures for an 
experiment in science class.

Piecing Together Weather 
with Jigsaw Reading

Fryda and other Westside science 
teachers ask students to apply the same 
standards of critical thinking to their 
readings, which are taken from textbooks, 
popular science magazines, trade books, 
and the Internet. Reading with a critical 
eye is not always easy when the content is 
particularly dense and complex, however. 
Fryda notes, for example, that “weather is 
one of the most difficult sections to teach 
because it contains so many variables that 
interact with one another all at the same 
time. The big disconnect that students 

Universal Intellectual Standards

Critical thinking gurus Richard Paul and Linda 
Elder suggest that the following intellectual 
standards be applied to thinking “whenever one 
is interested in checking the quality of reasoning 
about a problem, issue, or situation.”

1. Clarity: Could you explain that point further? 
Could you express that point in another way? 
Could you give me an example? Clarity is the 
“gateway standard,” state Elder and Paul.

2. Accuracy: Is that really true? How could we 
check that?

3. Precision: Could you give more details? Could 
you be more specific?

4. Relevance: How is that connected to the ques-
tion? How does that bear on the issue?

5. Depth: How does your answer address the 
complexities in the question? How are you taking 
into account the problem in the question? Is that 
dealing with the most significant factors? 

6. Breadth: Do we need to consider another 
point of view? Is there another way to look at this 
question? What would this look like from the point 
of view of . . . ?

7. Logic: Does this really make sense? Does that 
follow from what you said? How does that follow? 
Before you implied this, and now you are saying 
that; how can both be true? 

Source: Adapted from “Universal Intellectual Standards,” 
by L. Elder and R. Paul, 1996. Copyright © 1996 by 
the Foundation for Critical Thinking. Available: www
.criticalthinking.org/resources/articles/universal-
intellectual-standards.shtml
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