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Abstract This study investigated to what extent the

implementation of a Google Earth (GE)-based earth sci-

ence curriculum increased students’ understanding of vol-

canoes, earthquakes, plate tectonics, scientific reasoning

abilities, and science identity. Nine science classrooms

participated in the study. In eight of the classrooms, pre-

and post-assessments of earth science content, scientific

reasoning, and science identity were completed. In one

classroom, a staggered implementation of the curriculum

was completed to control for student and teacher variables.

In all nine classrooms, implementation of the GE curricu-

lum advanced students’ science identity, earth science

understanding, and science reasoning, but the curriculum

was most transformative in terms of scientific reasoning.

Two factors were identified related to student success.

Students with strong science identities and high reading

proficiencies demonstrated greater science learning out-

comes. Math proficiency and gender did not affect learning

outcomes.

Keywords Earth science � Google Earth � Data analysis �
Science explanation � Middle school

Introduction

Increasing access to satellite imagery tools such as Google

Earth is revolutionizing the work of scientists and changing

the way we understand Earth systems. Released in 2005

and downloaded over a billion times by 2011 (Google

2012), Google Earth allows users to access high-quality

global information and visualize spatial data patterns

(Elvidge and Tuttle 2008; Rakshit and Ogneva-Himmel-

berger 2008). While science teachers are increasingly

incorporating Google Earth (GE) into their teaching, the

majority of classroom applications limit students’

involvement to passive observation of locations in space,

missing the opportunity to enable learners to manipulate,

represent, and analyze spatial data (Bodzin et al. 2014;

Bodzin 2011; Hall-Wallace and McAuliffe 2002; Traut-

mann and MaKinster 2010). In response, project leaders

secured National Science Foundation funding to develop,

implement, and evaluate a GE-based curriculum designed

to foster teacher and student use of GE as a geoscientist

would—to view, explore, and create geospatial represen-

tations that advance earth science understanding.

Google Earth and Science Learning

The growing research literature on using GE to advance

science learning indicates the use of GE promotes spatial

thinking and advances science interest and understanding

(Bodzin et al. 2013; Thompson et al. 2006; Bailey and Chen

2011; Treves and Bailey 2012). Kulo and Bodzin (2013)

developed an 8-week energy unit where eighth-grade stu-

dents used GE to determine the best location for new solar,

wind, and geothermal power facilities. Using pre-/post-

content knowledge assessments, findings indicated a sig-

nificant increase in energy content knowledge with large
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effect sizes. Wilson et al. (2009) designed an inquiry-based

curriculum to introduce middle school students to landscape

change. Using GE, students explored changes in plant and

animal diversity over time at sites located across the globe.

Survey results showed that using GE provided a motivational

tool to advance students’ understanding of the relationships

between land cover and biological diversity. Cruz and Zel-

lers (2006) compared the use of GE and standard textbook

instruction when teaching undergraduate students about

landforms. Students in the GE condition demonstrated dee-

per understanding of the related science content. Barnett

et al. (2014) developed an urban ecology curriculum where

middle school students used GE to locate and analyze data

patterns regarding water quality, urban street trees, bioa-

coustics, and soil quality. While the data varied across the

three study years, the general trend in post-assessment results

showed an increase in understanding of urban ecology.

Gobert et al. (2012) developed GE curriculum to foster

undergraduate student understanding of Iceland’s geology

and geography. Using a pre-/post-design, learning gains

were identified, regardless of prior knowledge or gender.

Others researchers move beyond the goal of science

content learning and contend that the ability to use geospatial

technologies such as GE is a basic citizenship requirement

given the ubiquitous use of geospatial images and databases

across many professional fields (Bednarz and van der Schee

2006; NRC 2006; Makinster et al. 2014). While GE is but one

geospatial technology tool, it is widely recognized as the

easiest entry point for teachers and students to begin

exploring the field of geospatial technologies before pursu-

ing more sophisticated geospatial technologies such as

geographic information systems (Kolvoord et al. 2014;

Schulz et al. 2008; Whitmeyer et al. 2010; Blank et al. 2012).

Within the growing collection of GE curricula, few

attempts have been made to embed GE within a holistic

curriculum that scaffolds investigations to systematically

build students’ science content understanding, scientific

reasoning abilities, and science identities. Further, limited

research exists on what factors affect student success within a

GE-centered curriculum. Consequently, this study focused

on understanding to what extent the implementation of a GE-

based curriculum increased students’ science content

understanding, scientific reasoning abilities, and science

identity and identified factors affecting student success.

Background

Google Earth Curriculum

Project leaders developed a six-week, Google Earth-based,

middle school science curriculum covering volcanoes,

earthquakes, and plate tectonics. The curriculum targeted

three Next Generation Science Standard (NGSS) perfor-

mance expectations:

• MS-ESS2-2: construct an explanation based on evi-

dence for how geoscience processes have changed

Earth’s surface at varying time- and spatial scales;

• MS-ESS2–3: analyze and interpret data on the distri-

bution of fossils and rocks, continental shapes, and

seafloor structures to provide evidence of the past plate

motions;

• MS-ESS3-2: analyze and interpret data on natural

hazards to forecast future catastrophic events and

inform the development of technologies to mitigate

their effects (NGSS Lead States 2013).

Three modules with three investigations each were

developed to introduce and apply twenty-two earth science

concepts, seventeen discrete GE skills, and thirty-nine data

analysis opportunities (Table 1). In contrast to most cur-

ricula addressing an understanding of plate tectonics, the

GE curriculum in this study begins with volcanoes, pro-

ceeds to earthquakes, and ends with plate tectonics. This

was a deliberate attempt to (1) help students experience the

historical process of discovery scientific communities have

engaged in as they struggled to delineate the mechanisms

responsible for observable Earth processes, and (2) foster

students’ appreciation and understanding of a scientific

worldview.

All materials are available on the curriculum com-

panion Web site, which includes a curriculum overview,

teacher’s guide, introductory GE activity, introductory

video, GE (kmz) files, student field notebooks, notebook

grading rubric, challenge activities (assessments), and

answer keys. A detailed description of the curriculum, an

overview of the curriculum development process, and

analysis of students’ use of GE and development of

geospatial skills have been published elsewhere (Blank

et al. 2012; Almquist et al. 2012).

Table 1 GE curriculum investigations

Module one Module two Module three

Volcano hazards and benefits Earthquake hazards Continental drift

How volcanoes work predicting eruptions Geologic faults seismic waves Seafloor spreading tectonic plates
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Theoretical Framework

A Learning-for-Use design framework (a variant of the

Learning Cycle and the Five Es) guided the curriculum

development process (Edelson 2001). This design frame-

work was expected to promote engagement and motivation,

and foster the development of useful science understand-

ings that students could then apply in new contexts. Four

basic principles from cognitive science research guide the

Learning-for-Use design framework:

1. Learning takes place through the construction and

modification of knowledge structures.

2. Knowledge construction is a goal-directed process that

is guided by a combination of conscious and uncon-

scious understanding of goals.

3. The circumstances in which knowledge is constructed

and subsequently used determine its accessibility for

future use.

4. Knowledge must be constructed in a form that supports

use before it can be applied.

These principles form the foundation for a learning

process involving (1) motivation, (2) knowledge con-

struction, and (3) knowledge refinement. In this first step,

teachers motivate students by creating a need for specific

content understanding. Students recognize the usefulness

of what they are learning and then develop meaningful

constructs for applying new and valuable understandings.

In the second step, students build new knowledge

structures that are anchored to previous understandings.

In the third step, students organize, connect, and rein-

force knowledge structures (Anderson 1983; Glaser 1992;

Kolodner 1993; Schank 1982; Simon 1980).

As an example, the ‘‘Volcano Hazards and Benefits’’

module challenges students to consider, ‘‘Are all volcanoes

dangerous?’’ Students then use GE to visit a series of

volcanoes, explore their respective benefits and hazards,

collect data (e.g., volcano width, height, and slope), and

view a series of related animations highlighting volcano

types (e.g., cinder cone, shield, or composite). Students

then apply this knowledge to answer the initial question

and develop a plan for monitoring volcanic activity in

Yellowstone National Park.

Scientific Reasoning

Fostering students’ ability to cumulatively evaluate evi-

dence and construct science explanations through scaf-

folded investigations served as a central organizing feature

for the GE curriculum. Engaging students in the practice of

seeking evidence and reasons for their knowledge claims

deepens their content knowledge and understanding of

science as a social process where knowledge is constructed,

not compiled and memorized (Zohar and Nemet 2002; Bell

and Linn 2000). Consequently, each investigation in each

module included activities calling for the construction of

scientific explanations using evidence collected from GE.

To support teachers in establishing the use of scientific

explanations as a classroom norm, students used a claims,

evidence, and reasoning (Table 2) science explanation

framework (McNeill and Krajcik 2009, 2012; McNeill

et al. 2006).

Prior research has shown that when teachers explicitly

define a science explanation and then delineate and model

its components, students successfully construct science

explanations. Erduran et al. 2004; Lizottee et al. 2004;

Table 2 Claims evidence and reasoning (CER) scientific explanation framework

Station Elevation  m

1 West side –5700

2 Scar –3300

3 East side –5700

Question: Do you think the “scar” on the Atlantic Ocean floor is a ridge or a trench?

Claim: I think the scar is a ridge.

Evidence:

Reasoning: The elevation of the scar (station 2) is 
higher than the two stations (1 and 3) on either side. 
A higher elevation at station two indicates a scar. For 
a trench to be present, the elevation of station two 
would be lower than stations 1 and 3

Students make a testable statement in response to the 
question or problem posed

Students outline the data that supports their claim

Students provide a justification using appropriate and 
sufficient scientific principles for why the evidence 
supports the claim
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McNeill and Krajcik 2009). In the first GE module,

teachers introduced science explanations and explicitly

defined each component: claim—statement in response to a

problem or question posed; evidence—scientific data that

are appropriate and sufficient to support the claim; rea-

soning—justification using appropriate and sufficient sci-

entific principles showing why the data counts as evidence

to support the claim. Teachers then modeled how to con-

struct a science explanation using the CER framework,

completed science explanations for each investigation as a

whole-class activity, and evaluated those explanations as a

whole class providing explicit instruction on features that

make a strong or weak claim, evidence, or reasoning.

In the second module, students were again provided the

CER framework and grading rubric, but independently

developed science explanations and peer-edited their science

explanations using the grading rubric. In the third module,

students independently developed science explanations

without being provided the CER framework and self-asses-

sed their science explanations using a grading rubric.

Science Identity

In developing the curriculum, it was assumed that science is

inherently a ‘‘community of practice into which members

must be acculturated’’ and that a student’s science identity can

be a powerful predictor of science interest and persistence

(Calabrese Barton et al. 2013; Carlone and Johnson 2007;

Lave and Wenger 1991). Research by Tai et al. (2006)

reported that science interest and identity is often more

important than achievement in science courses for predicting

who will initiate and persist in a science major. They explain

this is because increased interest and motivation develops a

scientific self-concept (i.e., I am someone who is interested in

science) and a scientific possible self (i.e., I can see myself as a

scientist one day). Students with strong science identities can

imagine themselves as scientists, recognize themselves as

competent in the understanding of scientific principles, and

are often publically recognized by others for their abilities

(Britner and Pajares 2006). When students have a strong

vision of themselves as a scientist, they more often pursue and

persist in a science major or career.

Given these assumptions, each GE investigation chal-

lenged students to explore questions unique to specific

scientific careers (e.g., volcanologist and seismologist) and

included diverse images and narratives of working scien-

tists (e.g., female and African American).

Math and Reading Proficiency

Using education, labor, and census data, the US STEM

Education Model examined 200 variables unique to the

goal of increasing the number of students earning a STEM

degree (Wells et al. 2007). From their analysis, two dom-

inant variables were identified: proficiency in mathematics

and student interest in STEM. Students who are proficient

in math and interested in STEM are more likely to pursue

and successfully sustain a STEM major or career. Given

this finding, it was assumed that math proficiency would be

a significant factor in students’ earth science content

understanding and scientific reasoning outcomes.

Regarding reading proficiency, it is widely recognized that

‘‘The root of deep understanding of science concepts and

scientific processes is the ability to use language to form ideas,

theorize, reflect, share and debate with others, and ultimately,

communicate clearly to different audiences’’ (Douglas et al.

2006, p. xi). Students with proficient reading levels have more

access to content area text and, consequently, experience more

success in building science understanding and explanations

(Beck et al. 2002). Multimedia environments that offer a

variety of reading supports including animation, embedded

dictionaries, and videos can enhance content area reading

comprehension outcomes (Chambers et al. 2006).

Because the GE curriculum included rich and abundant

non-text learning episodes (e.g., GE, video, and flash ani-

mations) and an embedded ‘‘mouse-over’’ glossary for all

science vocabulary, it was expected that reading profi-

ciency would play a reduced role in students’ science

understanding and reasoning outcomes.

Research Questions

Using the curriculum described above, the following

research questions were explored:

1. Do students who complete the curriculum experience

increased knowledge of volcanoes, earthquakes, and

plate tectonics after module completion?

2. Do students who complete the curriculum experience

increased scientific reasoning abilities [as defined by

the claims, evidence, and reasoning (CER) strategy]

after module completion?

3. Do students who complete the curriculum experience

increased science identity after module completion?

4. Does science identity, math proficiency, reading pro-

ficiency, and gender influence earth science learning

outcomes?

Methods

Participants

Teachers were recruited from a large network of Pacific

Northwest middle school science teachers who had
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participated in STEM-related professional development

courses sponsored by the authors over the past 8 years.

Nine middle school science teachers participated in the

study, including five females and four males, all indicating

Euro-American as race. Most were experienced teachers

with seven having taught earth science for 15 years or

more. One was just beginning her second year of teaching.

Participating classes represented both rural and urban

communities and ranged in size from six to twenty-nine

students per class. 233 students completed the curriculum

and all associated assessments: 123 (53 %) males, 110

(47 %) females, 212 Euro-American students (90 %),

fourteen (6 %) Native American students, and seven Latino

students (Table 3). Students receiving free and reduced

lunch (FRL) ranged from 10 to 43 percent across classroom

sites.

Teacher Training

In April 2011, prior to beginning the curriculum, partici-

pating teachers attended a two-day orientation workshop.

There they became familiar with the curriculum framework

and resources, including the project Web site teacher’s

guides, field notebooks, and GE files. They worked through

portions of each module in order to gain a sense of how the

curriculum was set up and the various types of activities.

Teachers were encouraged to ask questions and offer

suggestions for curriculum improvements.

Curriculum Implementation and Technical Support

Teachers implemented the six-week curriculum during the

2011–2012 school year. Three teachers covered the mate-

rial in the fall semester, five in the spring, and one both fall

and spring, depending on where it fit into their course

schedules and other curricula (102 students in fall; 131

students in spring). As teachers implemented the

curriculum, they were provided ongoing technical support

from project staff. This assistance primarily concerned

hardware and software compatibility, bandwidth, and

Internet access issues. Teachers also ‘‘checked in’’ with

project leaders several times during their implementations

by videoconference to address questions pertaining to sci-

entific content and pedagogy.

Measures

All Classrooms

All students in the nine participating classrooms were

assessed for changes in science content understanding,

scientific reasoning, and science identity before and after

completing the curriculum.

Earth Science Content Understanding Assessment

The earth science content understanding assessment

instrument consisted of 30 selected-response (SR) items,

including eight items dealing with volcanoes, 10 items on

earthquakes, and 12 items on plate tectonics. All SR items

were selected from the Misconceptions Oriented Stan-

dards-Based Assessment Resources for Teachers

(MOSART) database (Sadler et al. 2010). Developed and

validated by a team of researchers in the Harvard Univer-

sity Science Education Department, MOSART assessment

items are available free to users in the areas of K-12

physical science and earth science content. The MOSART

earth science assessment instrument includes a series of SR

items linked to national content standards and the research

literature on students’ science misconceptions. Each of the

30 SR items in the assessment employed in this study had

four choices worth one point for a total of 30 possible

points.

Table 3 Classroom demographics by teacher

Teacher Female

students

Male

students

Total students/

teacher

Percent free and

reduced lunch (%)

Urban or

rural

Fall or spring curriculum

implementation

1 45 68 124 (6 classes) 30 Urban Fall (N = 60) Spring (N = 64)

2 6 5 11 19 Rural Spring

3 7 9 16 23 Urban Fall

4 2 4 6 10 Rural Spring

5 13 12 25 37 Urban Spring

6 10 7 17 10 Urban Spring

7 5 4 8 29 Rural Spring

8 7 7 14 43 Rural Fall

9 5 7 12 34 Rural Fall
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Scientific Reasoning Assessment

The curriculum endeavored to advanced students’ scientific

reasoning skills by promoting and scaffolding student use

of the CER strategy when constructing science explana-

tions. While several valid and reliable instruments exist to

measure scientific reasoning, none include the CER

framework used in the GE curriculum. Consequently, a

constructed-response item (CR) measuring students’ ability

to develop a science explanation was adapted specifically

for this project and administered as part of the science

understanding assessment (Fig. 1).

In the CR item, students considered four recordings of

seismic waves generated by an earthquake at point R and

recorded at two locations, W and X. Based on this infor-

mation, students were asked to select the seismograph

recording that was most accurate and then construct a

science explanation to support their decision. A successful

CER science explanation included an accurate and com-

plete claim, appropriate and sufficient evidence to support

the claim, and reasoning that linked the evidence to the

claim including relevant scientific principles.

The CR item was worth 12 points, including four points

for each CER dimension. Table 4 delineates the grading

rubric used including representative student responses. It

should be noted that an inaccurate claim received a score of

one, rather than a two, to maintain consistent values when

applying the rubric across all three criteria.

Science Identity Survey

The science identity survey instrument was adapted from

one developed by Aschbacher and Roth (2009) to measure

tenth-grade students’ interests, experiences, and attitudes

that influence science identity, science participation, and

college and career choices as part of the Caltech Precollege

Science Initiative. For the current study, project leaders

adapted the reading level (e.g., shorter sentences and

concrete and age-appropriate vocabulary) and eliminated

questions that did not apply to middle school age learners

(e.g., science course selection). The adapted survey inclu-

ded 11 Likert scale items and six SR items covering five

science identity dimensions: competence, recognition,

performance, perception of scientists, and interest in a

science career. For each Likert scale item, students rated

their reactions to statements as: agree strongly, agree

somewhat, disagree somewhat to disagree strongly

(Table 5).

Staggered Implementation Case Study

It was anticipated that (1) teaching style would affect stu-

dent outcomes, and (2) students would increase scientific

content knowledge during the course of the year as a result

of hearing stories on the news (e.g., tsunami in Japan) and

other engagements with plate tectonics-related content in

everyday life. Therefore, in one of the nine classrooms, a

staggered implementation case study was used to study the

impact of the curriculum while controlling for teacher

variables and threats to internal validity. The teacher hav-

ing the most students (124 of 233) in the overall study

agreed to participate in this case study. He was an expe-

rienced teacher, having taught science for 15 years. He

implemented the GE curriculum in six sections (A–F) of

seventh-grade science.

The six sections were divided into two conditions.

Condition One included 60 students in sections A, B, and

C. These students engaged in the GE curriculum during the

fall semester and in the regular curriculum during the

spring semester. Condition Two included 64 students in

sections D, E, and F. These students participated in the

regular curriculum during the fall semester and in the GE

curriculum during the spring semester (Table 6).

Students’ science content understanding and scientific

reasoning were assessed three times during the school year.

Pretests were administered at the beginning of the school

Fig. 1 Scientific reasoning assessment item
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Table 4 CER grading rubric

CER

component

Score

0 1 2 3 4

Claim Does not make a

claim

Makes an inaccurate claim

claim

—————

States that options A, C, or

D are the most accurate

seismographs

Does not apply Does not apply Makes an accurate and

complete claim

————–

States that option B is the

most accurate seismograph

Evidence Does not provide

evidence

——————

‘‘OK, well you

see I just took a

wild guess and

ya, I don’t know

what the answer

is so bye’’

Only provides inappropriate

evidence (evidence that

does not support the

claim)

—————

‘‘S waves are slower than P

waves’’

Provides some

appropriate, but

insufficient

evidence to support

claim. May include

some inappropriate

evidence

—————

Provides one of the

following pieces of

evidence: (1) The

seismograph shows

that the seismic

waves reached

location X before

location W

(2) Location X is

closer To point R

than location W.

May also include

inappropriate

evidence

————

‘‘It travels further and

faster to location

W’’

Provides appropriate, but

insufficient evidence to

support claim. No

inappropriate evidence is

provided

————

Provides both of the

following pieces of

evidence: (1) The

seismograph shows that the

seismic waves reached

location X

(2) Location X is closer to

point R than location W

—————

‘‘Location W was farther

away from the earthquake

than location X’’

Provides appropriate and

sufficient evidence to

support the claim

No inappropriate evidence is

provided

————–

Provides all three of the

following pieces of

evidence: (1) The

seismograph shows that the

seismic waves reached

location X before location

W. (2)

Location X is closer to point

R than location W is to

point R. (3). The seismic

waves are traveling at the

same rate of speed from

point R to points W and X

—————

‘‘The seismograph shows

activity on location X first.

Location R is closer to

location X than location W,

so there most likely will be

activity before something

happens to location W if

they are traveling at the

same speed’’

Reasoning Does not provide

reasoning

———–

‘‘I really do not

understand the

concept of this

question’’

Only provides inappropriate

reasoning or simply

repeats the evidence again

without reasoning

—————

‘‘If there was an earthquake

it would hit the house that

has an x right by it

because the flood has lots

of water and sometimes it

goes over cars’’

Provides reasoning

that links evidence

to claim but does

not include

scientific principles

—————

‘‘X got hit way way

faster than W

because it is closer

to the swelly thing

in the ground’’

Provides reasoning that links

evidence to claim.

Includes appropriate

scientific principles, but not

sufficient

—————

‘‘Seismograph B is more

accurate because location

X is closer to where the

location of the earthquake

is. So therefore X would

get the effects of the

earthquake before location

W which is portrayed in the

seismograph B and not any

of the others’’

Provides reasoning that links

evidence to claim

Includes appropriate and

sufficient scientific

principles. Includes a

generalization about the

relationship between

seismic waves generated by

the earthquake and the

recordings on the

seismograph using

scientific language

—————–

‘‘B is the most accurate

seismograph because even

though the seismic waves

are traveling at the same

rate of speed it would take

more time for the seismic

waves to travel to point W

than point X because point

X is closer than point W to

point R’’
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year; mid-tests were administered at the end of the fall

semester; and posttests were administered at the end of the

school year. The pre-, mid-, and posttests were administered

to all students at the same time. In addition, fall semester

reading and math Measures of Academic Progress� (MAP)

test scores (described below) were collected for these stu-

dents. Not all of the students were present during the

administration of each of the tests. There were 124 students

at pretest, 113 at mid-test, and 115 at posttest.

Measures of Academic Progress� (MAP) Test

Scores

Measures of math and reading proficiency were assessed

using the Measures of Academic Progress assessment

(MAP). MAP is a standardized, state-aligned, computer-

ized, adaptive assessment program for grades 3–10.

Developed by the Northwest Evaluation Association, the

MAP measures on- or off-grade proficiency and growth

over time in critical reading and math content. It is

administered annually by participating school districts to

all students in September, February, and May.

Based on the item response theory, MAP scores report a

RIT (Rasch unit) score that measures individual item diffi-

culty values and a percentile score that indicates where a

student falls in relation to the norming group for his or her

particular grade level. Scores depend on two things: how

many questions are answered correctly and the difficulty of

each question. Because the system adapts to the students’

responses based on the accuracy of their answers, the number

of questions varies for each student with an average of 20

items/test. MAPS data are available only for the case study

students as the other participating schools either did not col-

lect MAP data or did not consent to the use of the MAP data.

Analysis

Paired-Sample t Test

These analyses were conducted to compare pre- and post-

implementation test scores in science content understand-

ing and scientific reasoning. Levels of significance were set

at p\ .05. Effect sizes (ES) are reported as a standardized

metric for quantifying the effectiveness of the curricular

intervention where an ES of 0.2 is small, 0.5 is medium,

and 0.8 large (Bodzin 2011; Kantner 2009; Coe 2002).

Wilcoxon Signed Rank Test

This nonparametric related samples test is used when the

dependent data are ordinal, which is the case for science

identity outcomes. Consequently, this test was conducted

to understand any pre-/posttest differences in students’

content understanding and scientific reasoning abilities

related to science identity.

Table 5 Science identity

dimensions and representative

questions

Science identity dimension Representative survey questions

Competence I can understand difficult ideas in science

I am good at learning new things in science

Recognition My teacher thinks I could be a good scientist 1 day

I have received an award for doing well in science

Performance I can see myself as a scientist someday

I could be a good scientist 1 day

Perception of scientists Scientists have a chance to make a difference in the world

Scientists spend most of their time working indoors

Interest in science career Doing well in this class is important for my future career goals

I want to discover new things that help the environment or people’s health

Table 6 Numbers of students by gender in conditions and sections

Section Total students

A B C D E F

Pretest

Male 10 16 14 14 7 13 74

Female 8 4 8 14 12 4 50

Total 18 20 22 28 19 17 124

Mid-test

Male 10 14 11 12 8 11 66

Female 5 4 7 15 12 4 47

Total 15 18 18 27 20 15 113

Posttest

Male 9 16 10 13 9 8 65

Female 8 4 6 16 12 4 50

Total 17 20 16 29 21 12 115

Average

Male 9.7 15.3 11.7 13.0 8.0 10.7 68.3

Female 7.0 4.0 7.0 15.0 12.0 4.0 49.0

Total 16.7 19.3 18.7 28.0 20.0 14.7 117.3

84 J Sci Educ Technol (2016) 25:77–90

123



Between-Subject ANOVA

The factorial analysis of variance was used to test whether

the independent variables of pretest earth science content

understanding, gender, math proficiency, reading profi-

ciency, and science identity affected the posttest earth

science content understanding. Then, a general linear

model was used to explore the combination and degree

these items might play in predicting student earth science

content understanding outcomes. Partial eta-squared values

are provided to understand effect sizes. A small ES is 0.01,

medium is 0.06, and large is 0.14 (Cohen 1988, 1992).

Results

Earth Science Content Understanding: All Students

The paired-sample t test for science content understanding

for all students indicated statistically significant gains with

a large effect size (Table 7). Specifically, the average test

score increased from 65 % on the pretest to 94 % on the

posttest. The independent samples Mann–Whitney test

showed no difference in the distribution of scores for sci-

ence content understanding across gender. As well, no

differences were noted in a fall versus a spring curriculum

implementation or across schools.

Scientific Reasoning: All Students

One rater using the grading rubric in Table 3 first scored all

of the science explanations. Then, a second independent

rater scored 20 percent of the assessed science explana-

tions. Inter-rater reliability was calculated by percent

agreement. The inter-rater agreement was 100 % for claim,

97 % for evidence, and 93 % for reasoning. Scientific

reasoning scores for all students indicated statistically

significant gains with large effect sizes (Table 8). The

average scores for all students increased from 20 % on the

pretest to 47 % on the posttest—a 135 % change.

On the pretest, the majority of student responses inclu-

ded only a claim and one piece of evidence with no rea-

soning provided. On the posttest, the majority of students’

science explanations included a claim, evidence, and rea-

soning. For those students who struggled, this was either

because: (1) they did not include at least three pieces of

evidence, or (2) their reasoning was appropriate, but not

sufficient.

To be considered sufficient evidence, students were

expected to provide the following three pieces of evidence:

(1) The seismograph shows that the seismic waves reached

location X before location W; (2) Location X is closer to

point R than location W is to point R; and (3). The seismic

waves are traveling at the same rate of speed from point R

to points W and X. While most students successfully

identified the first two pieces of evidence, many failed to

include rate of wave speed.

Student science explanation scores were highest in those

classrooms where: (1) teachers reported high levels of self-

efficacy in creating and teaching science explanations; and

(2) teachers first modeled the construction of science

explanations as a whole-class activity (scaffold level 1)

followed by independent practice (scaffold level 2) with

guided peer editing (scaffold level 3) and self-assessment

opportunities (scaffold level 4) using the CER grading

rubric.

While this scaffolding was outlined in the curriculum,

many teachers reported that the development of science

explanations took too long so they elected to develop only

whole-class science explanations and eliminated the peer

Table 7 Paired-sample results for science content understanding—all students (N = 233)

Mean (30 points possible) SD t value (p\ .011) 95 % confidence interval of difference Effect size

Lower Upper

Pre 19.5 7.47 -10.73 -10.199 -7.03 1.604

Post 28.1 10.90

Table 8 Paired-sample results scientific reasoning—all students (N = 233)

Mean (12 points possible) SD t value (p\ .002) 95 % confidence interval of difference Effect size

Lower Upper

Pre 2.5 3.23 -10.36 -3.71 -2.52 0.96

Post 5.6 3.47
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edit and self-assessing of science explanations. These

proved to be critical decisions in terms of science expla-

nation outcomes. Teachers with the lowest student science

explanations scores employed limited scaffolding oppor-

tunities for students (Fig. 2). No differences were noted in

a fall versus a spring implementation.

Science Identity: All Students

Results for all students indicated that students’ perceptions

of themselves as scientists aggregated across the five

dimensions increased on average from pretest to posttest

(p = .022). When these results were disaggregated by

dimension, the related samples Wilcoxon signed rank test

showed that one dimension of science identity—perfor-

mance—significantly contributed to the variance observed

in posttest scores for science content understanding and

scientific reasoning. Students who viewed themselves as

capable of being a good scientist one day—performance—

had higher combined scores on the science understanding

and scientific reasoning. The Wilcoxon signed rank test

yielded no significant differences for the remaining science

identity dimensions. As well, no differences were noted in

a fall versus a spring implementation or across schools

(Table 9).

Earth Science Content Understanding and Math/

Reading Proficiencies: Case Study Students

Average September reading and math proficiency scores

for all case study students ranged from 226–238 in math

and 212–220 in reading (Table 10). In seventh grade, a

math MAP RIT score of 226 meets the state’s expected

performance level; a reading MAP RIT score of 218 meets

the state’s expected performance level. These results show

that all students met the performance expectations for

math, but not for reading. Students from Condition One

had an average reading score of 219 and an average math

score of 233. Students from Condition Two had an average

reading score of 219 and an average math score of 231.

To better understand any role that math and reading

proficiency might play in student earth science content

understanding outcomes, case study students’ pretest earth

science content understanding scores between the two

conditions were adjusted using the MAP math and reading

scores as covariates. The SPSS general linear model results

showed no statistically significant differences in pretest

scores at the p\ .05 level. The average score for students

from Condition One was 36.1 % correct and that for

Condition Two students was 34.3 % correct (Table 11).

All students were administered the mid-test right after

Condition One students completed the curriculum. As

anticipated, Condition One students (who had engaged in

the GE curriculum) scored, on average, significantly higher

at the p\ .05 level than did Condition Two students.

Specifically, Condition One students’ average score

increased by 8.4 %, whereas Condition Two students’

average score increased by only 1.5 % (Table 12).

Once Condition Two students completed the curriculum,

all students were administered the posttest. Condition Two

students’ average score increased 12.2 % from mid-test to

posttest, while Condition One students’ average score

decreased by 2.9 %.

When earth science understanding posttest scores were

adjusted by pretest score, and MAP reading and math

scores, the data continued to show a significant difference

in posttest scores between the two conditions (Table 13)

confirming that the curriculum was responsible for the

increased earth science content understanding.
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Fig. 2 Average science explanation score and level of CER

scaffolding

Table 9 Science identity

dimensions
Source Type III sum of squares df Mean square F Significance Partial g2

Performance 441.658 1 441.658 4.989 .028 .057

Competence .186 1 .186 .002 .964 .000

Recognition 155.130 1 155.130 1.752 .189 .021

Science career 29.363 1 29.363 .332 .566 .004

Perception of scientists 38.914 1 38.914 .440 .509 .005
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Factors Affecting Earth Content Science

Understanding and Scientific Reasoning: Case Study

Students

A between-subject ANOVA was used to further understand

how the independent variables of pretest earth science

content understanding, gender, math proficiency, reading

proficiency, and science identity dimensions affected the

posttest earth science content understanding and scientific

reasoning scores. Table 14 shows a significant main effect

for reading proficiency, F(1,8) = .001 and science identity,

F(1,87) = .022, p\ .05.

Science identity and reading proficiency explained 46 %

of the variance in earth science content understanding and

scientific reasoning scores. Students with strong science

identities and high reading proficiencies demonstrated

higher learning outcomes on the posttest assessments. The

ES for reading (.122) was medium strong, while the ES for

science identity was medium (.06).

Discussion

The GE-based curriculum examined in this study was

designed to foster teacher and student use of GE as a

geoscientist would—to view, explore, and create geospatial

representations that advance earth science understanding.

Four research questions were asked:

1. Do students who complete the curriculum experience

increased knowledge of volcanoes, earthquakes, and

plate tectonics after module completion?

2. Do students who complete the curriculum experience

increased scientific reasoning abilities (as defined by

Table 10 Average math and

reading MAP test scores and

rank by section

Section Reading score Reading rank Math score Math rank

Condition 1

A 220 3 232 3

B 214 5 231 4

C 224 2 238 2

Mean across sections 219 233

Condition 2

D 226 1 238 1

E 220 4 228 5

F 212 6 226 6

Mean across sections 219 231

Table 11 Earth science content

understanding pretest average

scores adjusted by MAP math

and reading scores—case study

students

Condition Adjusted mean Standard error 95 % confidence interval error of the difference

Lower Upper

Condition 1 36.1 .016 .329 .394

Condition 2 34.3 .016 .312 .374

Table 12 Earth science content

understanding mid-test average

scores adjusted by MAP math

and reading scores—case study

students

Condition Adjusted mean Standard error 95 % confidence interval error of the difference

Lower Upper

Condition 1 44.5 .021 .403 .487

Condition 2 35.8 .019 .321 .396

Table 13 Earth science content

understanding posttest average

scores adjusted by MAP math

and reading scores—case study

students

Condition Adjusted mean Standard error 95 % confidence interval error of the difference

Lower Upper

Condition 1 31.6 1.472 28.684 34.537

Condition 2 25.6 1.378 22.909 28.386
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the claims, evidence, and reasoning (CER) strategy)

after module completion?

3. Do students who complete the curriculum experience

increased science identity after module completion?

4. Does science identity, math proficiency, reading pro-

ficiency, and gender influence earth science learning

outcomes?

In answer to research questions one–three, implemen-

tation of the GE curriculum advanced students’ science

identity, understanding of volcanoes, earthquakes, and

plate tectonics and science reasoning abilities as defined by

the CER framework. The large effect size for science

content understanding is consistent with the findings of

previous GE-based curriculum research and confirm GE

can be a useful tool for advancing student science learning.

Still, the curriculum was most transformative in terms of

scientific reasoning. A 135 % increase in science reasoning

scores confirm this, but an average post-score of 47 %

suggests more work is needed to elevate the quality of

students’ CER science explanations. Of the three CER

components, scientific reasoning proved to be the most

challenging. Similar to McNeill et al.’s (2006) findings,

students’ reasoning was appropriate, but insufficient. Stu-

dents successfully related location and timing of the

observed seismic activity, but failed to relate the data

recordings on the seismograph to the seismic waves gen-

erated by the earthquake. Sandoval (2001) suggests insuf-

ficient evidence is particularly common for students when

they are trying to make sense of data within a new content

domain, as was the case for this curriculum.

As well, it is important to note the high standard devi-

ations observed in the science reasoning scores. Several

explanations are possible. While the CER strategy was new

for all participating teachers, each reported varying levels

of self-efficacy in using the CER framework. Five of the

nine did not feel completely successful in their modeling of

a science explanation because they were still developing

their explanations, and these results suggest the need for

continuing teacher professional development in formulat-

ing science explanations using sufficient evidence for

claims and reasoning and targeted classroom discussion

regarding science explanation criteria and establishment as

a classroom norm (Tabak 2004; Erduran et al. 2004).

Finally, the GE curriculum scaffolding for scientific

reasoning included explicit CER definitions, modeling, and

rationale, but science explanations were not connected to

everyday explanations—a component other researchers

have indicated as helpful in developing high-quality sci-

ence explanations (Moje et al. 2007; McNeill and Krajcik

2009). Adding this component into the GE curriculum and

related teacher professional development activities may

elevate future science reasoning outcomes.

In terms of research question four, two factors were

identified related to student success in using a GE-based

curriculum: (1) the capacity of students to see themselves

as scientists—a scientific possible self, and (2) reading

proficiency. Gender and math proficiency were not

important factors. Given that students’ math proficiency

levels prior to curriculum implementation were above the

expected state proficiency level while the average reading

scores were at or below the proficiency level in several

classes, this outcome is understandable, but problematic.

Even though the GE curriculum provided rich and abun-

dant non-text learning episodes (e.g., GE, video, and flash

animations), reading proficiency remained a stable factor in

science understanding outcomes. Cates et al. (2003) found

that low-proficiency readers become easily distracted in

technology-rich environments when more than one browser

window is open. Within the GE curriculum, students often

had a second window open. Future curriculum revisions are

planned to limit these kinds of distractions.

As well, developing science explanations requires stu-

dents to sift through competing relevant evidence—an

advanced literacy task. Perhaps this is an area where sci-

ence and language arts teachers can collaborate to effect

greater science reasoning and ELA Common Core out-

comes. Being able to ‘‘read, write, and speak grounded in

evidence’’ is a performance expectation outlined in the

English Language Arts (ELA) Common Core. What level

of reading proficiency is needed for construction of high-

quality science explanations? What strategies successfully

help students identify competing relevant evidence?

Table 14 Between-subject

ANOVA of gender, math, and

reading on posttest total scores

Source Type III sum of squares df Mean square F Significance Partial g2

Gender 13.560 1 13.560 .153 .697 .002

Math 155.130 1 155.130 .189 .098 .033

Reading 1043.787 1 1043.787 12.096 .001 .122

Science Identity 471.541 1 471.541 5.465 .022 .059

All math and reading scores were divided into quartiles based on the state’s expected performance levels:

below proficient, nearing proficient, proficient, and above proficient
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Regarding a scientific possible self, students with

strong science identities on the performance dimension

had higher science understanding and reasoning out-

comes. Spiegel et al. (2013) argue this is because stu-

dents with strong science identities are more receptive

and engaged with science materials as a form of self-

verification. In this study, low science identity students

selected ‘‘agree strongly’’ with the science identity

assessment item, ‘‘Being a scientist takes too much

time.’’ When students ‘‘… can’t see a clear, transparent

connection between their program of study and tangible

opportunities in the labor market.’’ they often discard the

idea of a STEM career (Harvard Graduate School of

Education Pathways to Prosperity 2011). Given the ple-

thora of jobs in science that require a two-year degree,

perhaps the curriculum would have been more successful

in developing positive science identities if science career

opportunities highlighted a full range of training and

career pathways. As it was, a review of the curriculum

revealed few examples of scientists working with a

2-year degree.

Targeting this aspect of science identity could increase

student engagement in the GE curriculum. Hidi and Ren-

ninger (2006) confirm that low science identity can be

enhanced by first triggering attention to a topic—situa-

tional interest. Providing near-peer scientific role models,

rather than interfacing only with working scientists well

into their careers, as was the case in the GE curriculum,

may help students appreciate that completing a science

career pathway is personally achievable. Possible future

research questions include ‘‘What kinds of interactions

with near-peers create situational interest?’’ ‘‘How many

interactions are needed?’’

Finally, it is interesting to compare these results with

Bodzin and Fu (2014). They implemented a climate

change GE curriculum with eighth-grade students and

also reported increased science understanding using a

pre-/post-design. In contrast to our results, Bodzin and

Fu found gender, students’ initial climate change

knowledge, and teaching years to be significant predic-

tors for students’ posttest scores—with students’ pretest

scores being the strongest predictor. Continued research

efforts focused on identifying factors that predict student

outcomes is recommended to help guide future GE

curriculum efforts.
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