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A New Mode
for Inquiry

Is the Scientific
Method Dead?

There has been renewed discussion of the scientific method, with many voices
arguing that it presents a very limited or even wholly incorrect image of the
way science is really done. At the same time, the idea of a scientific method is
pervasive. This article identifies the scientific method as a simple model for
the process of scientific inquiry. A more sophisticated model is briefly de-
scribed and then used to analyze an inquiry-based exercise. The use of such
new and empirically based models for the scientific inquiry process may as-
sist instructors and developers of science learning materials.

he scientific method is the
common working model
for the process of scientific
inquiry. But, as with any
other model, there are limiting
boundaries beyond which it fails.
There is a growing set of voices
critical of the traditional version of
the scientific method (Bauer 1992;
McComas 1996; Lederman 1998;

Giunta 2001). The two main com-
plaints are that it emphasizes only
a hypothetico-deductive mode for
doing science and that it suggests
that the process of science is de-
pendent on following a proscribed
set of steps. Regarding the first
point, it is true that some science
is conducted by formulating a rig-
orous hypothesis and then testing

William S. Harwood is an associate professor of science education at Indiana University,
201 N.Rose Avenue, ED 3068, Bloomington, IN 47405; e-mail: wharwood@Indiana.edu.

it. However, a great deal of good
science is not conducted in this
fashion. Moreover, even for sci-
ence that follows a hypothetico-
deductive process, the second com-
plaint remains an issue.

Many national science organiza-
tions strongly reject the notion of sci-
ence as a stepwise process (AAAS
1993; NRC 1996 and 2000; NSTA
2003). The Benchmarks and the
Standards, and other documents
created by national science organi-
zations, portray the process of sci-
entific inquiry as one fraught with
unexpected twists and turns. Still, the
scientific method model is so
strongly present in our culture that
students completing a summer re-
search experience will articulate the
scientific method as the way to do
science, even when they did not fol-
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The activity model for the process of scientific inquiry.

This model identifies 10 activities. In the course of an inquiry, scientists move among
these activities in unique paths and repeat activities as often as they find necessary.

low such a method during their re-
search experience (Bell et al. 2003).

Fundamentally, the scientific
method model is too simple to de-
scribe the process of scientific in-
quiry that many scientists use.
Some educators suggest, therefore,
that multiple methods should be
used for scientific inquiry
(Lederman 1998; McComas 1996).
This is an unscientific response.
Scientists explore complex systems
with models (Gilbert, Boulter, and
Elmer 2000), and the process of sci-
ence should be amenable to the
same approach. What we need, then,
are some new models.

A New Model

What should we expect from a new
model of the scientific inquiry pro-
cess? An analogy can be made to
models we use for acids and bases.
In first-year chemistry, we teach the

Arrhenius model of acids and bases,
where any species producing hydro-
gen ions is defined as an acid and any
species producing hydroxide ions is
defined as a base. This simple model
works well for the strong acids and
bases, but fails with common bases
such as ammonia. For a long time,
scientists tried to make do with the
Arrhenius model—as evidenced by
ammonium hydroxide, a name
given to a compound that does not
exist. A more sophisticated model
of acids and bases was needed, and
this was provided by the Lowry-
Bronsted model.

The Lowry-Broensted acid-base
model identifies acids as hydrogen
ion donors and bases as hydrogen
ion acceptors and describes a rela-
tionship between acids and their
conjugate bases (and vice versa).
This is more sophisticated than the
Arrhenius model and does an ex-

cellent job of describing the acid-
base chemistry that first-year stu-
dents need to understand. It also
fails, however. To describe the re-
actions of metal complexes and
other species, we need a different
model. The Lewis model provides
this new level of sophistication. In
the Lewis model, acids are de-
scribed as electron pair acceptors
and bases as electron pair donors.
This abstract idea is grounded in
other models.

Each of these three models of
acids and bases, however, describes
processes with increasingly abstract
sophistication. Scientists tend to use
the simplest one that will suit their
needs (there are other acid-base
models, of course). In the same way,
science educators need to develop
scientific inquiry models that are
more sophisticated and more use-
ful to the community (Songer, Lee,
and McDonald 2003).

In earlier work, my research
group developed an initial model
that was based on interviews with
academic research scientists from
various disciplines (Reiff, Harwood,
and Phillipson 2002). Using addi-
tional data from focus groups of
academic research scientists from
several midwestern institutions, I
refined and renamed the model and
improved the visual metaphor. One
application of this new model is to
describe the extent to which an in-
quiry-based exercise is aligned with
authentic scientific inquiry.

The Activity Model

The activity model of the scientific
inquiry process contains 10 activi-
ties in which scientists engage. In the
perspective of this activity model,
scientists engage in an activity as
often as necessary and move among
activities in a pattern dictated by
their specific needs. This differs sub-
stantially from the stepwise process
suggested by the scientific method
model. In the activity model (see
Figure 1), there is no set of steps that
defines “good science.” Rather, the
following 10 activities must be done



(and often more than once) to de-
velop and carry out inquiry:

+ Ask questions—This first activity
is shown in the center because ask-
ing general and divergent ques-
tions is the central feature of any
scientific inquiry.

¢ Define the problem—Limit the
arena that you explore. This is a
converging type of activity. For
example, your general question
might be, “What is the effect of
global climate change?” And then
you might define this issue by fo-
cusing on the effect of global cli-
mate change on the oceans or on
plant diversity.

¢+ Form the question—Develop a
question that can drive a research
study (a convergent process).

+ Investigate the known—Consult
books and articles that have
been published regarding your
area of interest. Scientists con-
sult experts in the field (other
scientists or people with spe-
cific expertise). The need to in-
vestigate the known comes up
frequently throughout the course
of a scientific inquiry.

¢+ Articulate an expectation—De-
velop an expectation for your
study. This sometimes may be a
formal hypothesis. More likely,
however, it will be a prediction or
a simple expectation such as, “if a
system is probed in a particular
way, the resulting behavior will
inform my inquiry.”

¢+ Carry out the study—Technically,
this is the most involved activity.
Choose the means to investigate
your question, gather or create
materials, and collect data. To re-
solve challenges and problems en-
countered in this activity, you will
have to do various other activities.

+ Examine the results—Data can
be obtained in various forms, de-

pending on the type of study. You
must be certain that your data are
valid. If you are uncertain, then
you should repeat the study or en-
gage in other activities to deter-
mine whether you can trust the
study results.

¢+ Reflect on the findings—Spend
considerable time thinking about
what your results mean. Ask
yourself how your results con-
nect with what is known and how
you explain them to colleagues
and other interested people.

¢+ Communicate with others—Sci-
entists rarely work in isolation,
so you shouldn’t either.
Throughout the course of an in-
quiry, scientists communicate
with peers in their lab and col-
leagues elsewhere. Many inquir-
ies involve collaborative efforts
of several scientists. Good com-
munication among them is an
essential feature of inquiry.
When the study is completed,
the last activity will be formal
communication through oral or
written presentations.

* Make observations—Scientists
single out this activity as some-
thing they do at many different
times in a scientific inquiry. Ob-
servations may be the starting
point for some inquiries, but you
also accomplish them when you
carry out the study and investi-
gate the known.

Applying the Activity Model

I examined a college biology class
exercise through the lens of the ac-
tivity model. The lab I chose was
recently published by authors with
whom I had no personal or profes-
sional interaction other than to
have obtained their permission to
discuss their work. I chose their
laboratory exercise because it was
specifically designed to help stu-

dents explore the scientific method
(Levri and Levri 2003). It is a good
lab exercise, but does not follow
the scientific method with its
stepwise approach as the authors
claim. Rather, their exercise is a
good fit with the activity model.

Levri and Levri’s students be-
gan their lab with a whole-class dis-
cussion of a broad question: What
happens when you eat spicy food?
Correspondence with the activity
model was immediate.

Asking broad questions (num-
bered as activity 1) is the central
hub of Figure 1. I have identified
16 stages, or points in time, where
Levri and Levri’s students move
from one activity to another. Fig-
ure 2, next page, shows how stu-
dents—Ilike scientists in an authen-
tic inquiry—move back and forth
through the activities, revisiting
several activities more than once.

Levri and Levri report that stu-
dents responded to the broad question
(What happens when you eat spicy
food?) by observing that they sweat
when eating spicy food. This was part
of making an observation (activity
10). Then, their discussion moved to
wondering why people sweat when
eating spicy food. This moved the pro-
cess toward defining the problem (ac-
tivity 2). Students’ prior experience
led them to suggest that sweating is a
response to increased body tempera-
ture (investigating the known, activ-
ity 4). Accessing prior knowledge
gained through reading, study, or ex-
perience is one way that scientists in-
vestigate what is known about a topic
(activity 4). Other means of investi-
gating the known include library re-
search, web searches, and consulting
experts on the topic. Based on this
prior knowledge, students suggested
that eating spicy food increases body
temperature (articulating an expecta-
tion, activity 5).

The class discussion described
in Levri and Levri guided their stu-
dents in several activities that sci-
entists use to define a problem and
eventually identify a question that
can drive an investigation. The
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Chronological map of activities students engaged in during the lab exercise.
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Students carried out
the study (activity 6) by
designing and implement-
ing specific experimental
procedures. In the class,
this was handled by small-
group discussion followed
by whole-class discussion.
The whole-class discus-
sion allowed everyone to
compare ideas and pick
the best from well-
thought-out plans and pro-
cedures. So, the students
spent a lot of time at that
point communicating with
others (activity 9). Discus-
sion resulted in an opti-
mum procedure for the

X study, and then data were
gathered. The data were
analyzed, and students
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movement between asking broad
questions, making observations, ar-
ticulating expectations, investigat-
ing the known, defining a problem,
and framing a question to drive an
investigation is not represented by
the scientific method. There is not
a set of steps to develop a hypoth-
esis, prediction, or expected out-
come from a study. Scientists have
the option of going back and forth
between activities until they feel
they are ready to carry out a study.

In Levri and Levri’s paper, stu-
dents articulated a clear expectation
that they could have used to design
and carry out a study. However, the
instructors understood that there
was insufficient clarity at that point
to allow students to move to that ac-
tivity. The instructors asked for
other ways to explain the sweating,
and this led to more discussion that

Articulate an expectation v
So a study/Exp o

Examine results ~

Reflect on findings oo
Communicate results ©

further defined the problem (activ-
ity 2). As experts, the instructors
provided students with the addi-
tional information that people also
sweat when they become nervous or
stressed and that, under these con-
ditions, there is no increase in body
temperature (investigating the
known, activity 4).

Then, they were able to refine
the question (activity 3): Does your
body temperature increase when
you eat spicy food? The expectation
(activity 5) was that measuring body
temperature would provide valuable
insight. They worded their ex-
pectations as follows: If body tem-
perature increases, then spicy food
increases body temperature and
one sweats. [f body temperature re-
mains the same, then spicy food
probably stresses the body, result-
ing in a sweat.
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discovered that taking
one’s temperature orally
resulted in wider variation
than did taking one’s tem-
perature under the arm or
in the ear (evaluating data,
activity 7).

Once students under-
stood this, they repeated
the study (activity 6) us-
ing the agreed-upon mea-
suring location (underarm or ear).
They evaluated (activity 7) and
plotted the new data using error
bars. The results provided support
for the idea that body temperature
increases, although it appeared that
body temperature increased
slightly just from the activity of
eating (reflecting on results, activ-
ity 8). There was a whole-class dis-
cussion regarding the meaning of
the results and final lab reports
wherein students responded to spe-
cific questions (communication
with others, activity 9).

Make an observation

Implications

The idea of a single scientific
method is pervasive in the litera-
ture used by educators. The simple
model of the scientific method,
however, is not able to fully de-
scribe the activities that scientists



engage in during a scientific in-
quiry. It also limits our ability to
describe exciting inquiry-based
laboratory instruction.

The activity model provides a
richer description of the process of
scientific inquiry, but continues to
describe a single approach to do-
ing science. I believe that this
model will help science teachers
and science teacher educators in
framing inquiry teaching and
learning. Students and teachers of
science may wrongly assume that
doing experiments is the only time
when they are “doing science.”

The activity model, however,
suggests that lessons focusing on
developing a research question or
improving information-gathering
skills (such as webquests, library
research, and talking with experts)
are aspects of scientific inquiry.
That is, such lessons are part of do-
ing science. Moreover, the activity
model suggests that working with
others and discussing issues, ideas,
and results of a study are activities
(communication with others) that
are part of doing science. Commu-
nication is not something that oc-
curs only in a formal manner at the
conclusion of a study.

This article demonstrates that
it is possible to use the activity
model as a means to examine and
describe inquiry-based lessons and
labs. It is less thorough and so-
phisticated than other curricular
evaluation methods (Kesidou and
Roseman 2002). This model has
the benefit, however, of being easy
to use for mapping the sequence
of activities engaged in by students
(see Figure 2).

A similar mapping of the stages
of inquiry, but in tabular form, has
been accomplished for descriptions
of authentic scientific inquiry con-
ducted by a geologist (Harwood
2004). Faculty and/or curriculum
developers can use this model as a
framework to determine whether
they have accomplished their goals
for setting up a given lesson or lab.
To make this determination, they

should ask themselves: Are students
likely to engage in the desired set
of activities? Do they have some
freedom to move among activities
as needed (unless restriction is a de-
sired feature of the lesson)?

So, is the scientific method
dead? I don’t think so. It will per-
sist for quite some time as a simple
model and one that is often used
as a guide for formal written sci-
entific reporting. The activity
model provides a more useful
model to describe and explore sci-
entific inquiry. It also provides an
effective means to examine one’s
teaching and to explicitly discuss
the real process of scientific in-
quiry with students. ®
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