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Data and interpretation:
Knowing the difference

by Elaine Kennedy

Multiple, alternative
interpretations of data are not

only possible but probable.

Dialogue 13:3 2001

onsider the following statements.
Statement 1: A is a human being.

B is a gorilla. Between and A and
B are many similarities, but A has many
superior attributes when compared with
B.

Statement 2: The similarities show
that both A and B had a common origin.
The superiorities suggest that A evolved
from B over millions of years.

Statement 3: The similarities show
that both A and B had a common ori-
gin: the creator God. The superior at-
tributes of A show that God chose to
create human beings in His own image,
and this was not the case with the cre-
ation of animals.

Statement 1 is data—observable, know-
able, and open to experience. Statements
2 and 3 are interpretations of the facts,
one by an evolutionist and the other by a
creationist.

This simple illustration reveals that
knowledge or information can be divid-
ed into two separate concepts: data and
interpretation. Since data is subject to
alternative interpretations, students and
researchers must carefully distinguish
between the information that consti-
tutes the collected data and the “infor-
mation” derived from the data that is
presented as evidence in support of a
hypothesis. Scientists endeavor to be as
objective as is possible in this regard,
but several factors (biases) influence the
selection and interpretation of the data.

The distinction between data and in-
terpretation is no less important in the
science classroom than it is in the sci-
ence laboratory. The greatest difficulty
with the process of separating data from
interpretation lies within the context of

textbook assignments. Textbooks are the
prime sources of information in any
classroom; however, in the science class-
room the information that is provided is
often more interpretation than data.
Students need early training with re-
spect to identification of data in exer-
cises using textbooks. The development
of such exercises will require additional
effort on the part of teachers, but should
yield more analysis on the part of the stu-
dents and less explanation on the part of
the teacher as the class progresses.

Knowing the difference

What is data? What is the difference
between data and interpretation? Data
consist of measurements and observa-
tions used as a basis for reasoning, dis-
cussion, or calculation.! Observable data
are usually regarded as unalterable facts,
but may or may not be true. As technol-
ogy and science progress, “facts” will be
discarded, modified, or replaced with
new data. For example, measurements
may form a basis for identification, i.e.,
an interpretation, of an object or phe-
nomenon. Fossils of extinct organisms
are often identified, based on measure-
ments of various structures on the body
parts that have been preserved. The ac-
curacy and precision of the measure-
ments make correct identification diffi-
cult because with many of the extinct
shelly fauna scientists do not know
whether or not large organisms that
have similar structure to small organ-
isms represent different species, gender,
or developmental stage. The actual
identifications or calculations are not
data; they are interpretations. Much of
the controversy that exists in the scien-
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tific literature is generated by a rather sig-
nificant problem: interpretations drawn
from limited databases. This point needs
to be emphasized in every unit that is
studied in any science classroom.

The complexity of data and
interpretations

As an illustration of the complex in-
terplay between data and interpreta-
tions, consider two steps involved in the
process of merely identifying rocks and
minerals.

Step 1. Interpretations of light properties
of minerals. Light properties of minerals
are described from the microscopic ex-
amination of a very thin slice of rock
(commonly referred to as a “thin sec-
tion”). Polarized light (light waves that
vibrate in only one patrticular plane) is
used to conduct a series of tests on the
light properties of each mineral in the
thin section. The tests provide a visual
database of light-transmission patterns.
Mineralogists use these patterns to de-
termine the mineral composition of the
sample. The identification of the miner-
als is an interpretation based on the
light property data.

Step 2. Determination of rock type. By
examining the contact of one mineral
with another and measuring how much
of each mineral is present, the rock
type can be determined. A geologist
who identifies the rock considers the
mineral identifications “data” even
though the rock identification is actual-
ly an interpretation of an interpreta-
tion. (The mineralogical “data” were de-
termined originally from the light prop-
erty data.) The point is that the scope of
what constitutes data is actually quite
narrow.

Just how valid is identification? Iden-
tifications can be made using compari-
sons with standards. For example, three
thin sections may have the same miner-
al composition but the mineral contacts
may be very different. If the mineral
grains are interlocking, the rock is an ig-
neous rock. If the mineral grains are al-
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tered, distorted, elongated, and aligned,

it is a metamorphic rock. The same miner-

als cemented together form sedimentary
rock. When terms and procedures are
well defined, identification is fairly easy
and relatively reliable.

Since data is limited to what we can
measure or directly observe, teachers
need to foster their students’ ability to
interpret the data so that they can de-
velop reliable conclusions. An interpre-
tation is an explanation, a means of pre-
senting information in understandable
terms. Interpretations are limited by the
availability of data and by the bias of
the observer.

Muitiple levels of interpretation

Several levels of interpretations exist.

For example, the name, oolite, not only
identifies a particular rock type but also
implies an entire history of environ-
mental requirements and depositional
conditions for its formation. How can a
name acquire that much interpretative
information?

1. A thin section made of round, bea-
dlike particles all cemented togeth-
er must first be identified with re-
spect to its mineralization. There-
fore, the first level of interpretation
is to identify the mineral composi-
tion of the little beads. For the pur-
poses of this illustration, we will
identify them as particles of calci-
um carbonate.

2. The identification of the structure
of the round, bead-filled rock is
based on recognition of a central
object that may be a piece of some
other kind of rock or perhaps a bit
of shell material around which the
calcium carbonate has precipitated.
This structural information cou-
pled with the roundness of the par-
ticles identifies the beads as colites.
At this point, one might think that
the exercise is finished and the
identification is as simple and
straightforward as the mineral
identifications. However, a third

level of interpretation is introduced
to explain how the oolites were
formed.

. The third level relies on observa-

tions in modem environments. Ge-
ologists know that oolites are typi-
cally formed near a shore by the ag-
itation of warm, shallow, saline wa-
ters.

. Researchers apply this knowledge

to oolitic rocks found on a moun-
tainside. In other words, geologists
take what they know about the
modern setting and interpret the
ancient setting accordingly. They
assume that the oolites on the
mountain formed at that site some-
time in the past in the same way
that oolites form in the ocean or
the Great Salt Lake in Utah. That
interpretation implies that oolites
do not form in any other way. The
reasoning seems quite logical and
the conclusion seems obvious;
however, this association may not
be true.

The exercise is not over. This set
of interpretations is now added to
other data with multiple interpre-
tations to bring us to the final de-
scription of a particular rock expo-
sure. This process is duplicated at
other exposures or outcrops of rock
over a broader region to develop a
model.

. Geologists use other rock types and

additional data to develop models
to describe geologic events in
Earth’s history. For example, ce-
mented quartz grains are called
sandstones. Patterns in sandstone
may be due to a process known as
cross-bedding. Typically, cross-beds
are formed as currents (wind and/
or water) deposit sand and silt on
the lee slope of dunes. By integrat-
ing a broad range of data and inter-
pretations (the minerals, rocks, 0o-
lites, and cross-bedding) geologists
can now develop that fifth level of
interpretation: modeling. Models
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provide scientists with a general-
ized framework for developing pre-
dictions and assessing events that
may have occurred in the past.?
Thus the distinct difference between
data and interpretation must be utilized
when evaluating research. Data are actu-
al measurements and observations. In-
terpretations try to identify or explain
what is measured and observed. The va-
lidity of an interpretation is based on
how well the interpretation accommo-
dates the available data. Interpretations
may change as the database changes.
This interplay between data and inter-
pretations is what make science so suc-
cessful and progressive.

Blas during data acquisition

Scientists are aware that they are sub-

ject to error and misconception. Hence
they try to maintain an attitude of objec-
tivity in research.® This commitment to
objectivity has created a sort of aura
around scientists and, unfortunately, sci-
ence has developed a popular image of
“infallibility.” People often prefer to be-
lieve that scientists are objective and
deal with absolutes. Some even think
that when a scientist draws a conclu-
sion, all competing theories have been
refuted and questions have been re-
solved. Thus a false sense of security in
science develops. Some scientists do lit-
tle to dispel this image. To complicate
matters, the scientific community has
adopted the position that any research-
er having a religious bias is nonscientif-
ic; therefore, by definition, creation-sci-
ence cannot be true science. Such an at-
titude fails to recognize its own bias.*

Here are some biases that influence

science—some technical, some subtle
and unconscious factors.

1. Sampling constraints. The first prob-
lem in gathering data is sampling
bias. Every scientist has some pre-
conceived ideas about the research
that influences the selection of
data. Random sampling helps min-
imize problems,® but even then
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Can you find the data?

The article below is typical of the science news published in newspapers around the
world. It contains a lot of information but not all of it is scientific data. Circle or underiine
the data as you read through the “news” and then check your answers on page 18. What

can you conclude from just the data?

Rich Fossil Deposit Found

The New York Times, March 27, 1984. (Reprinted by permission.)

What is believed to be the richest de-
posit of early Ice Age fossils ever found
in North America has been partly uncov-
ered in a quarry near Apollo Beach, Fla.
It is expected that the deposit will ulti-
mately yield as many as 60 species.

However, only after the deposit has
been fully excavated, and the specimens
assembled and prepared for study, will it
be possible to assess the full significance
of the find, researchers say.

Those fossils found to date range
from Ice Age elephants (mammoths and
mastodons) to long necked camels and
what appears to be a new species of lla-
ma. There are bones from large birds re-
sembling the California condor, the An-
dean vulture, and a big extinct turkey
vulture.

Although the site is now near the
edge of Tampa Bay, Dr. S. David Webb
of the Florida State Museum in Gaines-
ville suspects, from the typical habitat of
such birds, that the animals were all liv-
ing far inland. The sea may have been
“pretty far out in the Gulf,” he said in a
telephone interview on Monday.

Webb, a recognized authority on Ice

there are choices made that favor a
particular hypothesis.

2. Systematic errors. A scientist may
have a “blind spot”: a failure to rec-
ognize data. For example, it is com-
mon for a paleontologist who spe-
cializes in fossil snails to collect a
wider variety of gastropods than

Age animals, said the specimens all
seemed to be of the primitive types that
lived from 1.5 million to 1.9 million
years ago.

The find was made by Frank Garcia,
an amateur paleontologist, regarded by
Webb as “one of our best in Florida.”
Last fall, Garcia found a few tantalizing
specimens in the pit, from which sea-
shells were being excavated for road sur-
facing. This encouraged him to dig
deeper and, between two thick shell de-
posits, he found a highly concentrated
bone deposit two feet thick.

The bones appear jumbled and disar-
ticulated, rather than as intact skeletons
lying where the animal died. Such depos-
its in Alaska have been attributed to water
action that swept many animal remains
into a single streambed. Webb believes
the deposits should provide much infor-
mation on faunal exchanges between
North and South America soon after the
Isthmus of Panama rose from the sea and
provided a bridge between the continents.

Species found in the pit seem to dis-
play links to animals that evolved on
both continents.

anyone else on the mountainside.
However, that same individual will
have fewer clams and corals than
other fossil collectors. These other
fossils can have a significant im-
pact on the interpretation of that
site, but the bias of the researcher
eliminates that input.
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Besides the problems involved
with obtaining data, the processing
of data can introduce systematic
technical bias.®* An unrecognized
faulty procedure or an incorrectly
applied mathematical formula or
statistical analysis in the processing
of data introduces a systematic er-
ror or bias into the results.

. Technological constraints. Scientists

now have the ability to incorporate
large quantities of data and inter-
pretations into computer-generat-
ed models through analyses involv-
ing pattern recognition. However,
gigantic databases do not necessari-
ly mean that models adequately re-
flect complex systems and process-
es. The development of simplified
models with computer-generated
systems produces technological
bias because the simplified parame-
ters place limits on the application
of the model to real systems.”

. Quality of data. Analysis of data in-

troduces bias due to the qualitative
or subjective interpretations that
are included. For example, in the
analysis of potassium-argon data,
the quantity of potassium and ar-
gon can be measured very accurate-
ly and precisely. However, it is diffi-
cult to know just what that data
means, and the conclusions rela-
tive to age depend heavily on nu-
merous assumptions and problems

Answers to page 17

The scientific data included in the
news item are: (1) in a quarry near
Apollo Beach, Florida, (2) disarticulat-
ed fossil bones were found, (3) some
of which belonged to large birds. (4)
The fossil bones were located between
two shell deposits (5) that were two
feet thick.
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that arise within the context of the
methodology.? Current technology
does not measure the age of the
rock directly, thus the conclusions
are biased. Descriptive data are
even more problematic.

S. Financial constraints. Scientific meth-
od requires rigorous testing before
any theory can be accepted. How-
ever, time and monetary con-
straints limit the crucial testing
process. New data are incorporated
into current theory because it is
easier to get material published if it
is generally accepted by the scien-
tific community. The funding pro-
cess has an incredible influence on
research today.® No papers pub-
lished, no money for research. It's
that simple. The rigorous testing
proposed by the scientific method
is not cost-effective; so ideas and
concepts are rushed into print and
cited in subsequent publications.
Monetary pressures are increasing
the technical bias by limiting the
experimental process. Students
should be aware that research
funding has significant control
over published research.

Implications for sclence
and religion

When it comes to the interface be-
tween science and religion, several
points need to be noted. First, not all
data are accurately measured, and some-
times it is difficult to differentiate be-
tween data and interpretation. Certain-
ly, multiple, alternative interpretations
of any database are not only possible
but probable. Interpreting data can be
very complex; however, the simplest
scenario is usually preferred to the more
complex one in the development of the-
ories. Second, bias is present in any in-
terpretation because all scientific inter-
pretations are at least partly subjective.
Third, we need to understand the nature
of science and how scientists work. Peo-

ple sometimes get discouraged because
scientific interpretations are changing
constantly, so they don’t know what to
believe. However, that is the nature of
science; that is how it advances. Once
one truly grasps this aspect of science,
one is reluctant to base theological be-
liefs on specific data or scientific con-
cepts. Fourth, while science may be use-
ful and provide relevant information, it
should not dictate anyone’s theology. If
science is allowed to dictate theology,
then every time scientific interpretations
change, theology must be altered, wheth-
er that alteration is consistent with one’s
belief system and experiences or not. At
the same time, theology should not dic-
tate anyone's science. Concepts such as
“fixity of species,” based on personal the-
ology held by many in the 17th and 18th
centuries,'® and “flat earth” theory are
some of the ideas that contributed to
conflict between science and theology.
The Bible can supply legitimate working
hypotheses and constraints for science.
In fact, Scripture as an information
source suggests avenues of investigation
that would not be considered by most
non-Christian persons. Such research
should acknowledge any scriptural bias
that may be present and all the data
must be fairly evaluated.

Conclusions

Scientists are fairly confident that
they know what they are doing. Howev-
er, especially in the area of origins, sci-
ence alone cannot assess the complete
database because the scientific approach
does not consider the possibility of su-
pernatural involvement in nature and
in the history of our Earth. Most scien-
tists believe there are irreconcilable con-
flicts between science and Scripture."
For example, Ayala states, “To claim that
the statements of Genesis are scientific
truth is to deny all the evidence.”'? The
evidence does not prove either a long or
short history for life. The evidence avail-
able provides very limited information.
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The data are not the primary problem in
reconciling science and Scripture. It is
the interpretation of the data that pre-
sents conflicts. It has also been said,
“Not only is the present the key to the
past, but the present is the key to the
future.”’ Both the historical accounts of
a worldwide Flood and the prophetic
accounts of Christ’s second advent pro-
claim the falsity of that concept.'

For Christians, the Bible provides a
source of information that suggests
there is a better way to approach sci-
ence. From this perspective, some har-
mony between science and Scripture
may be recognized. In fact, Christians
expect harmony because they recognize
God as the Creator of nature and its sci-
entific “laws.”
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