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Using GIS Technology to Support 
K-8 Scientific Inquiry Teaching 

and Learning
A model program for using GIS technology is described in the context of 
science content to help K-8 teachers become proÞcient in learning and 
teaching through scientiÞc inquiry.

Valarie L. Akerson and Larry E. Dickinson

During the 1980s a revolutionary 
type of computer software called 
Geographic Information Systems 
(GIS) was developed for integrating 
envi ronmental  data bases wi th 
automated map makers, using 
satellites called Global Positioning 
Systems (GPS) (Audet, Hushold, & 
Ramasubramanian, 1993). GIS is 
a tool for spatial data analysis. The 
typical display of a GIS is a map-
based image where layers represent 
distinct components or types of 
information (Baker, 2000). These 
layers can be manipulated, making 
them accessible to more data than 
traditional cartography. Educational 
appl ications of GIS are gaining 
attention, and promise to impact 
classrooms. By emphasizing local 
information GIS can make learning 
about the environment relevant and 
meaningful in a global setting. GIS 
allows teachers to integrate scientiÞc 
disciplines in their research efforts to 
ask questions and solve problems about 
their environment. With the inclusion 
of remote sensing, desktop GIS, and 
Internet-based mapping, teachers are 
gaining opportunities to become fully 
immersed in the analysis of spatial 
data (Baker, 2000). Current science 

education research in GIS instruction 
calls for more teacher workshops to 
prepare teachers to learn about GIS and 
apply it in their instruction (Audet & 
Abegg, 1996; Paladino, 2000).

Using GIS requires a content area 
as a context (Baker & Case, 2000). 
The content area and social problem of 
salmon recovery supports the current 
elementary and middle school science 
curriculum and meets the ecosystems 
standard for national (AAAS, 1993; 
NRC, 1996) levels. The salmon 
recovery issue is also a good subject 
to study because there are so many 
local inßuences that can be explored 
through GIS technology.

The National Science Education 
Standards (NRC, 1996) recommend 
that all science teachers continue to 
develop their pedagogy and content 

knowledge through inquiry. Inquiry 
is deÞned as raising an investigable 
question, developing methods to 
answer that question, carrying out 
those methods, analyzing the data, 
and reporting Þndings and making 
conclusions. It has been traditionally 
thought of as difÞcult to prepare 
teachers to use inquiry methods to 
teach science. The goal of the current 
project was to provide elementary 
and middle school science teachers 
with content background and inquiry 
strategies for delivering effective 
inquiry instruction for environmental 
problems such as the salmon issue, 
through use of GIS technology.

Theoretical Background
Though i t has been deemed 

important to teach science using 
inquiry methods, it has also been found 
difÞcult to prepare teachers to do so, 
particularly elementary teachers who 
have limited science backgrounds 
and likely no experience in actually 
conducting a science investigation 
(Kielborn & Gilmer, 1999). Weaker 
preparation in science could make 
them weaker in their knowledge of 
science content (Atwater, Gardener, 
&  Kight, 1991; Schoeneberger & 

It has been 
traditionally thought of 
as difficult to prepare 
teachers to use inquiry 
methods to teach 
science.
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Russell, 1986), and less conÞdent 
about their skills in teaching science 
(Cox & Carpenter, 1989; Perkes, 1975; 
Tilgner, 1990).

Giving K-8 teachers experiences 
with scientiÞc inquiry has been shown 
to improve their understandings of 
inquiry, hopefully relating to their 
abilities to apply inquiry to their own 
teaching (Kielborn & Gilmer, 1999). 
Additionally, learning in context is 
important, (Saxe,1988), and thus, 
this project used a local controversial 
science issue as a context for inquiry. 
Baker and Case (2000) also found 
that content can provide a context for 
science teachers to learn to use GIS 
technology. Thus, the science content 
provided by investigating the salmon 
issue provided a context for both 
science inquiry and GIS technology 
learning.

The teaching methods used in 
the project are based on HarlenÕs 
(1997) recommendations. SpeciÞcally 
participants were (a) asked to express 
their ideas about content studied, 
(b) provided wi th opportuni ties 
for exploration and involvement to 
develop their knowledge and skills 
through hands-on inquiry activities, 
and (c) asked to reßect on their learning 
to help develop and assess change in 
knowledge.

Description of the Project
Five primary teachers (grades 

1-3), ten middle school (6-8), one 
para-educator, one school librarian, 
one high school and one college 
instructor enrolled in a specially 
designed summer course at a PaciÞc 
Northwest universi ty. Fi f teen of 
those teachers enrolled in the course 
as a part of their masterÕs program. 
All teachers but one enrolled in this 
particular course to learn more about 
the controversial environmental issue 

of salmon recovery. The librarian 
enrolled in the course speciÞcally 
to learn to use GIS technology. One 
teacher was speciÞcally a science 
teacher, the rest were generalists 
without special science training or 
knowledge. See Table 1 for a summary 
of participants.

The course instructor formed a 
partnership with a local company, Soil 
Search, LLC, who had a specialty with 
using GIS and GPS technology. The 
company provided the teachers with 
training in the use of ArcView GIS 3.2a 
for both data collection and analysis, 
as well as training with handheld GPS 
units (Garmin eMaps). The teachers 
received a full 7 hour day training 
from a GIS specialist from Soil Search, 
LLC, in using ArcView GIS 3.2a, and 
were required to use it during the rest 
of the course for data collection and 
analysis. The specialist was available 
by phone, email, and often gave face-
to-face individual consultations as 
teachers were learning the software. 
The specialist was also available at 
the end of the course for support in 
analysis of the data.

The course instructor provided 
instruction in inquiry teaching methods, 
as well as content surrounding the 
salmon recovery issue. In the PaciÞc 
Northwest this environmental issue 

is very controversial. Simply put, the 
issue surrounds whether, and which, 
species of salmon are endangered. 
Contributors to the demise of salmon 
include but are not l imi ted to: 
dams, hatcheries, changing water 
temperature, changing water quality, 
river habitat, ocean habitats, and over-
harvesting of Þsh at different points of 
their life cycles (Lichatowich, 1999). 
Additionally, others question whether 
there actually is a decrease in numbers 
of salmon, and raise the point that to 
fully recover salmon numbers life in 
the PaciÞc Northwest would have 
to return to colonial days. Thus, the 
science topic was ripe for inquiry, 
and GIS was an appropriate tool for 
collection and analysis of data.

Description of Activities

Teachers participated in a 7 hour 
a day, two week course that focused 
on learning to teach inquiry science 
using a real-world problem through 
GIS technology. On the Þrst day of 
the course the problem of salmon 
recovery was identiÞed and clariÞed, 
and teachers selected focus groups 
on which to conduct inquiries. Many 
issues were identi f ied that were 
contributors toward salmon recovery, 
but because of the size and time limits 
of the class, the focus was limited to 

Grade Levels Number of Teach Only Graduate
 participants Science Student

K-3 5 0 5

6-8 10 0 9

High School  1 1 0

College 1 0 1

School Librarian 1 0 0

Para Educator 1 0 0

Table 1. Summary of course participants.
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Þve topics. These Þve topics generated 
by the teachers for in-depth inquiry 
were: dams, agriculture and land 
development, hatcheries, water and 
environmental habitats, and Native 
American perspectives.

The course facilitators organized 
Þeld trips and speakers that would 
provide the teachers with diverse 
views regarding the salmon issues. 
Ideally, the teachers would seek the 
information themselves, but given the 
length of the course this organization 
was done in advance. Teachers did, 
however, conduct other research on 
their own during the course. The 
teachers heard from selected guest 
speakers regarding the Endangered 
Species Act and the Clean Water 
Act, visited dams to see what ways 
they were investigating protecting 
salmon, visited the Conservation 
District OfÞce, and salmon hatcheries 
to get perspectives on what is being 
done to produce more salmon that 
are genetically hardy and can keep 
characteristics similar to wild salmon 
(Levin & Schiewe, 2001). They also 
heard from a guest speaker from the 
Umatilla Tribe to hear viewpoints 
from Native Americans and the role 
salmon plays in their culture and 
economy. Additionally, the groups 
had afternoons to conduct inquiry 
into their own focus topics, and were 
charged with writing a summary 
report and presenting that report 
orally to their classmates so all shared 
beneÞts of their investigations. The 
culmination of the course consisted 
of the class debating and making a 
recommendation for resolving the 
salmon recovery issue.

Within the scope of the above 
framework, teachers also learned to 
use GIS to help collect, organize, 
analyze, and present their data. They 
spent one 7 hour session learning 

conceptually about GPS/GIS by using 
the Garmin eMaps, and then learning 
the ArcView 3.2a software for use 
during the rest of the workshop. 
They identiÞed Þelds and made data 
collection tables that would serve as a 
starting point for each focus group. The 
data collection tables were modiÞed 
and Þlled in during the remainder 
of the workshop as investigations 
proceeded. The data tables could then 
be connected to overlaying maps of 
areas in the PaciÞc Northwest that 
matched the data, for instance, for 
which dams in Washington State had 
what numbers of Þsh passing over it 
during certain years. On the Þnal day 
of data analysis the teachers were able 
to combine their data analyses into one 
layered map in which it was possible 
to compare numbers of Þsh going over 
each dam, to numbers of Þsh released 
in nearby hatcheries, to harvesting 
data, for instance. These numbers 
could then be converted to layered 
graphic data, enabling a comparison 
of different factors.

Data Collection

A three-item content questionnaire 
was given to all teachers pre and post 
instruction, as well as an eight-item 
questionnaire designed to tap their 
understandings of nature of science 

(See Appendix). There was a strong 
need for in-depth understanding of 
teacher conceptions and a desire to 
appropriately interpret questionnaire 
responses. Therefore ten graduate 
students were randomly selected 
to participate in semi-structured 
interviews, Þve pre-instruction, and 
Þve post-instruction. The teachers 
were provided with copies of their 
questionnaires, and asked to elucidate 
their points verbally to the interviewer 
(either a faculty member or trained 
graduate teacher). This approach 
allowed the use of the post-instruction 
interview data both to establish the 
validity of the questionnaires and 
facilitate the interpretation of changes 
in participantsÕ views. The interviews 
were audio taped and transcribed for 
later analysis.

The researcher maintained a log 
of daily class activities, as well as 
perceptions of teacher learning, use 
of technology, and inquiry. Teacher 
logs were collected and read for their 
developing ideas and understandings 
of the salmon recovery issue, inquiry 
teaching, and use of GIS technology.

Data Analysis

Initially the researcher analyzed pre-
instruction questionnaires for baseline 
knowledge about the salmon recovery 
issue as well as understandings of 
nature of science. The author sought 
patterns in her researcher log and 
teachersÕ logs for references to use 
of  technology, speci f ical ly GIS 
technology, in teachersÕ data collection 
and analysis. Next the interview 
transcripts were analyzed similarly, 
searching for patterns in teacher 
understandings of nature of science as 
well as salmon recovery, and reference 
made to GIS technology. Viewing 
the interview transcripts enabled 
the researcher to be assured she was 

There was a strong 
need for in-depth 
understanding of 
teacher conceptions 
and a desire to 
appropriately 
interpr et questionnaire 
responses.
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interpreting questionnaire responses 
appropriately, further enhancing the 
validity of the analysis. Post instruction 
questionnaires and interviews were 
similarly analyzed, resulting in a 
summary of general understandings 
held by the class pre and post-
instruction. The summaries were 
sought for patterns or categories, which 
were checked against conÞrmatory or 
contradictory evidence, and were 
modiÞed.

Pre and post summaries were 
compared to assess changes in 
participantsÕ understandings of salmon 
recovery issues, nature of science, and 
the use of GIS technology.

Results
Understandings of salmon recovery

There was quite a range of science 
backgrounds for the participants in the 
class. Teachers had taken from 3 science 
credits to 30. Many teachers in the 
class emphasized education or English/
language arts as their undergraduate 
majors. Thus, teachers were not science 
specialists. It is not surprising to see 
that their initial understandings of the 
salmon issue were not substantial. 
Table 2 summarizes the pre- and post-
instruction responses.

Vi rtual l y al l  teachers who 
participated in the institute substantially 
improved their knowledge of the 

salmon recovery issue. In their pre-
instruction responses to what issues 
they could identify that contributed 
to salmon demise only 4 issues were 
identiÞed, and these were restricted 
mostly to fourteen teachers stating that 
dams (14) were the cause of salmon 
demise, and ten (some identiÞed both) 
commenting that over harvesting 
was a contributor to salmon loss. 
After instruction many more issues 
were identiÞed, with the responses 
being mostly to contributions of (a) 
hatcheries (9), (b) dams (8), (c) culture 
and societyÕs views, including Native 
American (7), and (d) water use (6).

Pre-instruction responses to the 
questionnaire indicate that there were 
many misconceptions regarding the 
salmon life cycle. Several teachers 
did not realize that salmon were 
anadromous and spent time in both 
fresh and ocean water. They did not 
generally know the names of each 
stage of the life cycle. However, at 
the post-instruction questionnaire 
and interview all teachers were able 
to identify the appropriate life cycle 
stages, and all knew that salmon 
trekked from stream to ocean, and 
back to stream. Several included other 
details, such as the length of time 
different species of salmon spent at 
different points in their travels.

In response to the question of what 
remediations were already taking 

place for salmon recovery, prior to 
instruction teachers identiÞed only 9 
remediations, with the most common 
response being the controversial 
solution of breaching dams (11). 
Following instruction the types of 
recovery recommendations more 
than doubled, with nineteen different 
responses. The ßavor of the responses 
changed as well. While there were 
fourteen teachers who included dams 
on their post-instruction responses, 
none of them spoke solely of breaching 
dams, but more of modiÞcations that 
were being made on dams to make 
them more salmon friendly.

Understandings of nature of science

Teachers improved i n thei r 
understandings of nature of science 
(NOS), as evidenced from a comparison 
of their pre/post responses on the Views 
of Nature of Science Questionnaire 
(VNOS) (See Table 3 for an overview 
of their responses). Because teachers 
had a more informed view of elements 
of nature of science post instruction 
as pre-instruction, it is likely they 
will have a more informed view of 
inquiry.

Prior to instruction most (18) 
teachers could not state that science 
differed from other disciplines because 
it required evidence, and yet after 

Because teachers had a 
more informed view of 
elements of nature of 
science post instruction 
as pre-instruction, it is 
likely they will have a 
more informed view of 
inquiry .

 Pre- Post-
 instruction instruction

Number of Salmon issues identiÞed 4 20
Number Accurate Salmon 
 Life Cycle Descriptions 4 18
Number of Remediations IdentiÞed 9 19

Table 2. Comparison of pre- and post-understandings of salmon 
recovery issues
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instruction 9 teachers stated that 
science was di fferentiated f rom 
other disciplines because it required 
empirical evidence to make claims. 
Thus, teachers improved in their 
understandings of  the empirical 
NOS.

TeachersÕ conceptions of  the 
tentative NOS also improved. Prior to 
instruction one teacher believed that 
once a scientiÞc theory was developed 
it never changed. Others stated that 
science Þnds exact, Þnal answers. 
Following instruction 18 teachers 
believed that science was tentative, 
and with new evidence theories 
can change, while the teacher who 
believed that scientiÞc theories never 
change was now uncertain about her 
response.

Prior to instruction teachers did not 
hold complete understandings of the 
subjective NOS. From post-instruction 
responses it is evident that teachers 
improved in their ideas that science is 
somewhat subjective. Indeed, some of 
the subjectivity can be due to social 
and cultural inßuences, and teachersÕ 
viewpoints of the social and cultural 
element of NOS also improved.

TeachersÕ views of the distinction 
between observation and inference 
also improved. Following instruction 

teachers recognized that scientists 
could use their creativity in interpreting 
evidence when developing models 
that represent reality (i.e., an atomic 
model) whereas prior to instruction 
four teachers believed scientists had 
to actually observe and see something 
to be able to make a claim for their 
explanations.

Prior to instruction 15 teachers 
believed that theories are untested 
ideas, and laws are proven facts. The 
others believed that theories would 
become laws after they had been 
accepted, or Òbetter proven.Ó After 
instruction four teachers still held that 
idea, but Þve teachers held the accepted 
view that theory is an explanation for 
a law which is observable, and others 
had developed similar ideas that were 
closer to the accepted view.

Use of GIS technology for Inquiry

Four themes emerged from the 
data regarding how GIS technology 
can be used to support inquiry 
teaching and learning. First, it was 
found that teachers commented both 
verbally and in their logs about the 
role of technology, particularly GIS 
technology, on their learning of 
the inquiry teaching process. One 
representative comment was Òit 

seems that technology is making this 
data collection both easier and more 
difÞcult. It is more difÞcult at Þrst, but 
once I get the hang of it, I can organize 
my data quickly.Ó

Second, when teachers responded 
on nature of science surveys, they 
included the importance of GIS 
technology in helping to develop 
scientiÞc knowledge and thinking. 
For example, one teacher wrote on her 
questionnaire Òtechnology, like GIS is 
helpful in developing scientiÞc ideas 
because it can extend your senses, 
make it easier for you to observe 
different things.Ó Another said, ÒThe 
GIS is particularly nice because you 
can organize your data into different 
layers and see things you might not 
have otherwise seen in your data. It can 
help build scientiÞc knowledge.Ó

Thi rd, teachers ment i oned 
difÞculties associated with learning 
GIS. It appeared very important to 
have the support available to them 
to help overcome these difÞculties. 
One teacher mentioned in her log Òif 
it werenÕt for being able to contact 
Jason (the GIS specialist), I probably 
never would have Þgured out the GIS 
Þelds.Ó Another noted, ÒIÕm glad we 
had work time in the lab while Jason 
was there. If he wasnÕt there I might 
not have Þgured it out.Ó Another stated 
in an interview, Òusually I just donÕt 
have time or the resources to learn a 
new software program, no matter how 
beneÞcial it might be in the long run. 
It was good to have both the time and 
the support for learning the ArcView 
program.Ó

Finally, teachers commented on 
how they could at last see how inquiry 
teaching could be approached. They 
did not get Òbogged downÓ in data 
analysis, but rather could spend their 
time interpreting the data as it was 
displayed in different ways in their 

 Pre- Post-
 instruction instruction

Empirical 0 9
Tentative 4 18
Creative and imaginative 18 18
Subjective (theory-laden) 14 18
Social and cultural 3 11
Observation vs. inference 4 18
Theories and laws 0 5

Table 3. Number of teachers with adequate views of target NOS 
elements.
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ArcView program. One teacher stated 
in an interview ÒIt was helpful to be 
able to look for trends in the data and 
see patterns without having to do all 
kinds of wild calculations. It helped 
me in interpreting the data.Ó Another 
stated on her questionnaire, ÒI Þnally 
get inquiry! It seems I was always so 
focused on getting the results I never 
spent enough time Þguring out what 
the results really meant. And that is the 
real purpose of inquiry!Ó And Þnally, 
from the course evaluation, ÒThis was 
a great model for inquiry teaching. 
And using the GIS was scary at Þrst, 
but really helped when interpreting 
the data.Ó

Implications and 
Conclusions

It is apparent from this study that 
with time and support teachers can 
use GIS technology to enhance their 
inquiry science learning, and hope-
fully that will translate into a positive 
teaching experience for them as they 
put it into classroom practice. From 
this course the teachers were able 

to participate in a scientiÞc inquiry 
about a controversial topic that gener-
ated much interest. They were able to 
select areas of interest about which 
to design in depth inquiries, put 
together the information from their 
group and other groupsÕ inquiries via 
GIS technology, and analyze the data 
again using GIS technology, making a 
reasonable recommendation for 
resolving the issue based on these 
analyses. They were aware that their 
recommendations may have been 
different had they selected to focus 
on different contributing factors, and 
if they had more data and informa-
tion in their given topics as well as 
how they looked at the data. They 
gained a better understanding of the 
tentative nature of science, in part, 
because they could look at the data in 
different ways through the ArcView 
GIS software, allowing them to make 
better interpretations of the data. Thus, 
GIS technology in scientiÞc inquiry 
can possibly inßuence conceptions of 
NOS; a topic for future study.

From the teacher logs, course 
evaluations, questionnai re and 
interview responses, it is apparent 
that teachers had an enhanced view 
of inquiry teaching at the conclusion 
of the course. Additionally, from 
viewing their presentations and papers, 
it is apparent that the GIS technology 
component enhanced their ability to 
record, organize, and analyze data 
allowing them to make important 
interpretations for their inquiry. A key 
to the success of the GIS component 
was the specialist who was able to 
provide both group and individual 
support as teachers were using the 
GIS software. Another key to using the 
software to enhance inquiry learning 
was the requirement to do so, and 
the science content as the context. 

Without being required to learn the 
GIS software, and giving time and 
support to learning, it may not have 
been as convenient for teachers to learn 
the software. Additionally, without 
the problem-solving context in which 
teachers desired to Þnd answers to their 
foci, they may not have seen a need for 
learning or using the GIS technology. 
A desire to use the technology to Þnd 
an answer to their problems, coupled 
with time and support to learn the 
technology, helped the teachers use 
the technology to assist their authentic 
inquiry.

The authors of this paper recommend 
that teacher educators who want to 
promote use of technology by teachers 
Þnd authentic reasons for teachers to 
use such technology, to model how 

It is apparent from 
this study that with 
time and support 
teachers can use GIS 
technology to enhance 
their inquiry science 
learning, and hopefully 
that will translate into 
a positive teaching 
experience for them 
as they put it into 
classroom practice.

A desire to use the 
technology to find 
an answer to their 
problems, coupled with 
time and support to 
learn the technology, 
helped the teachers use 
the technology to assist 
their authentic inquiry.

that technology can be used to support 
goals teachers must already help their 
students meet (e.g. national science 
education inquiry standards), and to 
provide time and support to those 
teachers in learning such technology. 
The authors found the model contained 
within this report to be an effective 
way in helping teachers recognize 
how technology, particularly GIS 
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technology, can support their efforts 
in learning and teaching scientiÞc 
inquiry.
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Appendix

Pre and Post-Questionnaires (Content 
and Nature of Science).

Salmon Questionnaire
1. What issues can you identify that 

affect salmon recovery?
2. Please describe the life cycle of the 

salmon, including its migrations
3. What kinds of recommendations do 

you currently know of that are being 
made to help salmon recovery?

Nature of science Questionnaire

4. After scientists have developed a 
theory (e.g. atomic theory), does the 
theory ever change? If you believe that 
theories do change, explain why we 
bother to teach theories. Defend your 
answer with examples.

5. What does an atom look like? How 
certain are scientists about the struc-
ture of atoms? What speciÞc kinds of 
evidence do you think scientists used to 
determine what an atom looks like?

6. Is there a difference between a sci-
entiÞc theory and a scientiÞc law? 
Give an example to illustrate your 
answer.

7. How are science and art similar? How 
are they different?

8. Scientists perform experiments/in-
vestigations when trying to solve 
problems. Other than the planning and 
design of these experiments/investiga-
tions, do scientists use their creativity 
and imagination during and after data 
collection? Please explain your answer 
and provide examples if appropriate.

9. Is there a difference between scientiÞc 
knowledge and opinion? Give an ex-
ample to illustrate your answer.

10. Some astronomers believe that the 
universe is expanding while others 
believe it is shrinking; still others 
believe that the universe is in a static 
state without any expansion or shrink-
age. How are these different conclu-
sions possible if all of these scientists 
are looking at the same experiments 
and data?
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