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ABSTRACT

This research explores the impact of choice on sixth grade students’ learning through online
climate change curriculum. In the curriculum, students investigate human activities that might
contribute to rising global temperatures. We compared students who were able to choose which
activities to investigate (Choice) with those who had activities assigned (Standard). A two-way
ANCOVA indicated that, when controlling for pretest scores, students in the Choice condition
demonstrated slightly higher learning gains than those in the Standard condition. Further, there
was a significant effect of teacher on learning gains. These results point to the need to better
understand how teachers facilitate student interaction with online curriculum and support
students in making productive choices.

OBJECTIVES

Despite widespread agreement among scientists that anthropogenic global climate change is
happening (Anderegg, Prall, Harold, & Schneider, 2010; Cook, Nuccitelli, Green, Richardson,
Winkler, Painting, Way, Jacobs, & Skuce, 2013; Oreskes, 2004), there is a great deal of debate in
the national media as to whether or not climate change is occurring and what its causes are. This
research examines how sixth grade students develop the skills they need to understand climate
change and what actions they can take to mitigate its effects through the use of an online
curriculum.

For this study, we developed an interactive online unit entitled Global Climate Change 2018
(hence referred to as GCC unit or online curriculum) that is aligned with the Next Generation
Science Standards for sixth grade. The GCC unit was designed to help students develop
conceptual understanding of how climate change occurs and the role human activities play. The
GCC unit was also designed to allow for students to have choice in the investigations they carry
out while working through the curriculum.

Engaging sixth grades students in this content is critical, because middle school is often a point
when many students become disengaged from science and begin to see science as an abstract
subject disconnected from their lives (Eccles & Wigtfield, 2002; Osborne et. al., 2003). Because
it is a socioscientific issue, an issue with its foundations in science that has significant impact on
society (Ratcliffe, 2003), global climate change is an ideal entry point for helping students
connect science content to their everyday lives. It might also be a viable point to help students
develop critical science agency. Barton and Basu, (2009) posit that students develop critical
science agency when they “(a) gain deep understandings of science and the processes, skills, and
modes of inquiry associated with the content of science, (b) identify themselves as experts in one
or more realms associated with science, (¢) and use science as a context for change, such that



Bradford, A., McBride, E., Bland, D., & Linn, M. C. (2019, April 8). Paper presented at the 2019 annual meeting of the American Educational
Research Association (AERA). Toronto, Canada.

their identity develops, their position in the world advances, and/or they alter the world to what
they envision as more just” (p. 389). The GCC unit is designed to help students learn disciplinary
content, position themselves as experts, and use science as a tool to make changes in their own
lives to limit contributions to global warming from their households and communities. This study
aims to examine how online curriculum, designed with the capability for student choice, can
promote students’ science understanding and enhance the connections students make between
science content and their daily lives. We compare two experimental conditions to understand the
benefit of student choice: students in the Choice condition are able to choose three of the
activities to investigate, while students in the Standard condition are assigned three activities.

In addition to student choice, this study explores the role of teacher implementation in the
facilitation of student choice and learning outcomes. The field of project-based learning (PBL)
has noted the importance of the teacher in supporting and providing opportunities for student
choice. Bencze and colleagues (2006) examine the ways in which teachers’ conceptions of
science impact their methods of science instruction and their comfort with student led projects.
The researchers posit that the teacher’s own lack of exposure to the nature of and doing of
science contribute to how little they bring those components into the classroom. (Bencze,
Bowen, & Alsop, 2006). Fallick et. al. found that the use of a continuous professional
development (CPD) was necessary to support teachers in developing a sense of ownership and
the ability to customize a PBL curriculum. With CPD, teachers were better able to support
students in the free-choice component of the curriculum. (Fallik, Eylon, & Rosenfeld, 2008).
These findings suggest the importance of examining teacher implementation of curriculum
featuring student choice.

THEORETICAL FRAMEWORK

The Knowledge Integration (KI) framework informed the design of the curriculum used in this
study as well as the assessment on pretest and posttest items. The KI framework acknowledges
that students come to school with varied ideas about scientific phenomena. Within this
framework, developing understanding involves eliciting students’ prior ideas about a
phenomenon, providing opportunities for students to add ideas to their repertoire, distinguish
among those ideas, and reflect upon their current understanding. (Linn & Eylon, 2011). Previous
studies using a Web-based Inquiry Science Environment (WISE) unit on Global Climate Change
(GCC) have shown that students can develop conceptual understanding of climate change
through interacting with simulation models (Applebaum, et. al., 2017) and using the scaffolded
KI framework (Vitale, et. al., 2016). This study builds on previous research by exploring how
choice can support students not only in integrating multiple scientific ideas, but also in
integrating science ideas with their ideas about the impacts of their daily activities.

METHODS

This work uses a comparison study design to examine the impact of choice on student learning.
Students were randomly assigned to either the Choice or Standard condition by the WISE
software. Students in each condition engaged with different versions of the curriculum, as
described below and shown in Figure 1.

Materials and data source
The study was implemented with four middle school teachers in two different Bay Area schools
and all of their students (N=497). Teacher A (N= 132) and Teacher B (N=191) teach at a school
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in a small city. Teacher C (N=92) and Teacher D (N= 82) teach at a school in a large suburb.
Both schools serve a low-poverty population. The researcher was in the classrooms during the
study, but the teachers had full control of instruction and were able to decide whether or not they
had students do activities outside of the online curriculum.

Curriculum

This study was conducted using a recently redesigned version of the Web-based Inquiry Science
Environment (WISE) unit on Global Climate Change. The online curriculum was designed to
help students develop an understanding of how solar radiation from the sun warms the Earth and
how greenhouse gases impact that energy cycle. In the unit, students develop understanding by
participating in a variety of inquiry activities. They are prompted to answer multiple choice and
free response questions to elicit their existing understandings and make predictions. They engage
with visualizations, text, and virtual models (e.g Netlogo; Wilensky, 1999) to introduce new
ideas.

Students use the NetLogo model (Figure 2) to determine which human activities do and do not
have an impact on greenhouse gas emissions and global warming. The NetLogo model allows
students to observe and collect data about specific actions, for example, simulating the effect of
walking to school instead of driving or of littering. For a full list of choices, see Figure 2.The
students in the Choice condition are able to choose three of the activities to investigate, while
students in the Standard condition are assigned to three activities.

Assessment

Pretests and posttests were administered to students before and after interacting with the
curriculum and were done using the WISE software. Two items were used to determine pretest
and posttest scores used in analysis. The Car item prompted students to explain how the
temperature inside a car would compare to the outside temperature on a cold but sunny day. This
is an analogy for the greenhouse effect. The Human Action item prompted students to explain
actions they could take to minimize their impact on global warming. These two items examine
students’ conceptual understanding of the mechanism of global warming and the connections
students make between that understanding and their own daily activities. Knowledge integration
rubrics (shown in Tables 1 and 2) were used to score student responses to each item. Each item
was scored on a scale from 1 (low) to 5 (high), and total pretest and posttest scores range from 2
to 10.

RESULTS

We included the 407 students across all classrooms who completed the pretest, posttest,
and engaged with the Global Climate Change unit. Overall, students demonstrated learning
gains from pretest to posttest (mean difference = 0.36, t=5.08, p<0.0001). The distribution of
pretest and posttest scores are shown in Figures 3 and 4.

To examine the effects of teacher and the choice condition on the learning outcomes, we used a
two-way ANCOVA with pretest score as a covariate, and teacher and condition as factors.
Pretest score was used as a covariate to control for students beginning the unit with differing
prior knowledge of climate change.
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The interaction term between the choice condition and teacher was not significant (F(3,
398)=0.49, p=0.69, = 0.004). However, significant main effects for both the choice condition

(F(1, 398)=4.29, p=0.04, p= 0.011) and teacher (F(3, 398)=33.66, p<0.001, 1= 0.202) were

observed. Post-hoc pairwise comparison of posttest means for each teacher were performed
using Tukey’s HSD. Significant differences in posttest means were found in all teacher
comparisons, except Teacher C and D (see Table 3).

These differences suggest the importance of teacher implementation in the effectiveness of the
GCC unit and the role that student choice can play in increasing student learning gains and
knowledge integration. Teachers C and D had very different implementation styles than Teachers
A and B. Our classroom observations indicated that Teacher A occasionally gave instructions to
the entire class about slowing down the pace at which they were moving through the online
curriculum, but did not often interact with pairs or bring in other activities. Teacher B primarily
interacted with students individually when they had questions about something in the GCC unit,
but did not often interact with the whole class or intersperse other classroom activities outside
the online curriculum. Conversely, Teachers C and D both used lesson plans that integrated
activities outside of the online curriculum. Teacher C posted large sticky-notes around the
classroom for students to share insights and questions, and encouraged students to talk with each
other to develop understanding. Teacher C also framed the importance of the students’ choice of
investigation through examples of students using science to impact policies in their communities.
Teacher D often began classes with warm-ups and whole class discussions to review and unpack
content contained within the GCC unit.

The effect of teacher and their implementation style was much greater than that of being in the
choice condition. However, when looking within a teacher’s students, the choice condition still
had a small, but statistically significant positive effect on the students’ learning outcomes. To
better understand why, we examined data regarding the rationales that students had for making
the choices that they did. We developed a coding scheme to categorize the ways in which
students were justifying the human activities they chose to investigate. The five categories were
moral decisions, tradeoff reasoning, a normative or non-normative science idea, a personal
experience with the chosen activity, and personal interest of curiosity in the choice. Table 4
provides detailed descriptions of each category with sample student responses. We observed that
of the rationales provided by students, 14% were moral, 11% were tradeoff, 41% were a science
idea, 14% were personal experience, 30% were curiosity. We examined the effect of these
different categories of choice rationale on the students’ learning outcomes and found that the
only statistically significant predictor was if the pair had made at least one choice that was
justified by personal curiosity. When controlling for pretest scores, those students who made at
least one choice rationalized by personal curiosity scored higher than those who did not make

any choices for this reason (F(1, 201)=6.09, p=0.01, #»= 0.03).

SIGNIFICANCE AND FUTURE WORK

This study demonstrates that allowing students to choose their investigation enabled them to gain
deeper understanding of global climate change. Using the framework of knowledge integration
helped students develop a conceptual understanding of climate change. Importantly, students
connected that understanding to their own activities and choices, personalizing insight into the
human contributions to climate climate. Further work needs to be done to understand the student
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experience of having choice, and the relationship between certain types of choices and the
reasoning they elicit from students. This deeper understanding will allow us to begin
understanding why certain choices have an impact on student learning.

This study also reinforces the importance of the decisions teachers make when implementing
online inquiry instruction and supporting students to make productive choices about their
learning. When teachers interspersed their own activities into the online curriculum and
encouraged interaction between groups of students in the classroom, the students demonstrated
higher learning gains. More work needs to be done to understand the productive moves teachers
make when implementing an online curriculum and supporting student choice. Closer
observation of these teacher moves would provide insight into the supports that could be
embedded within online inquiry curriculum design to support student choice. More importantly,
these observations could also inform how to empower teachers to customize online curriculum
and adjust instruction to respond to student choices.
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FIGURES

All Students:
e  Take Pretest (individually)

(pairs)

e  Solar Radiation and Greenhouse Effect models

Choice Condition (pairs):

Students choose three investigations to
perform using the choice Human Action
model (Figure 2).

Standard Condition (pairs):
Students are randomly assigned three
investigations to perform using the
choice Human Action model (Figure 2).

All Students:
e Reflection Activities (pairs)
e Plan Climate Change Action Project (pairs)
e  Take Posttest (individually)

Figure 1. Study Design
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TABLES

Score | Level Examples

1 Off Task I don’t know

2 Irrelevant/Incorrect Even though the car was parked in the cold day for 1 day, the air
is still warmer because the same car was parked in the sun for
many days. The larger number of days that the car is parked in
the sun balances the cold day it's left out and therefore warmer
than the air around it

3 Partial The car would be warmer because the sun rays would hit the

Normative isolated
idea(s) without a valid
link

inside of the car and heat up.

4 Simple Since it has been parked in the sun for a week and it is a cold
Elaborate a day, it will be warmer than the outside air. Different parts of the
scientifically valid link | car trap the heat that comes from the sun's rays. Then, the air

exits through the windows. But, some of the hot air stays because
of the windows reflecting it back in. So, naturally, it will be
warmer than the outside air.

5 Complex Solar radiation will go through the window glass. In the car, the

Elaborate two or more
scientifically valid links

solar radiation turns into heat. Then, the heat will convert into
Infrared Radiation. The IR can't pass through the glass, so it will
bounce around , heating up the car until the door or window is
open. So, the car's air will be warmer than the air outside the car.

Table 1. Car KI Rubric
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Score | Level Examples
1 Off Task I don’t know
2 Irrelevant/Incorrect Somethings to do to stop global warming is you can not litter
and tell people to stop doing so. You can also reduce smoking
if you do it.
3 Partial use electric cars and bikes or other non fossil fuels
Normative isolated
idea(s) without a valid
link
4 Simple I could bike to more places or walk because it releases less Co2
Elaborate a than traveling in a car.
scientifically valid link
5 Complex I could ride my bike so I don't produce Co2. I could use

Elaborate two or more
scientifically valid links

electric cars to prevent Co2 emissions. I could also be
vegetarian so there weren't so many cows on planet earth. [
could plant a tree to soak up Co2. Finally, I could recycle and
compost. If I do all these things, (which I already do most of
them) we can make earth great again!

Table 2. Human Action KI rubric
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95% CI
Teacher Mean Posttest Score Std. Lower Upper
Comparisons Difference Error Bound Bound
Bvs. A -0.55% 0.15 -0.95 -0.16
Cvs. A 0.52%* 0.08 0.97
0.1
7
Dvs. A 0.97* 0.18 0.51 1.43
Cvs.B 1.08* 0.17 0.64 1.51
Dvs. B 1.53* 0.17 1.08 1.98
Dvs.C 0.45 0.19 -0.04 0.94
*p<0.05
Table 3. Post-Hoc Tukey HSD Mean Comparisons for Teacher
Code Description Sample Student Work
Moral The choice is justified by a sense that the [ We choose littering because the
human activity is right or wrong, and has | animals could get killed by that.
an impact on other entities.
Tradeoff The choice is justified by evaluating the It is super simple to do, all you have

ease/difficulty of implementing the
activity and the level of impact the activity
could have.

to do is flip a switch, no lifestyle
changes needed.

Science idea

The choice is made by drawing on a
normative or non-normative science idea
held by the students.

We chose this because we think this
can affect global warming because
trees soak up carbon dioxide and let
out oxygen.

Personal The choice represents an activity that I chose it because 1 walk to school.
Experience | either the student or someone they know

engages in.
Personal The choice is justified by describing it as | We wanted to figure out the
Curiosity interesting or the students have a general | difference between driving to school

curiosity about the impact of the activity.

and walking to school.

Table 4. Choice Rationale Coding Scheme






