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 Scientific argumentation has been a much-studied topic in the research literature; however, the evidence 
predominantly focuses on the assimilation of scientific concepts through textual analysis. This study seeks to 
extend the discourse by examining how learners generate scientific evidence after working with a web-based 
global climate change simulation. Seventy undergraduate participants completed measures of pre-existing 
knowledge, then engaged in the simulation, and answered open-ended outcome questions where they 
substantiated their answers with evidence. Results supported the contention that evidence generated explicitly 
from the simulation was of a higher caliber in both its clarity and relevance. Moreover, the findings suggest that 
the influence of prior knowledge offered minimal effect on the quality of the evidence provided, irrespective of 
whether the evidence was informed by the simulation or not. This suggests that the immersive and interactive 
nature of the simulation supported the development of nuanced understanding and scientific evidence among 
learners. 
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INTRODUCTION 

A long-standing goal of the modern science education 
reform movement has been increasing the use of evidence in 
making arguments about scientific issues (National Research 
Council, 1996; NGSS Lead States, 2013; Rutherford & Ahlgren, 
1991). There have been an increasing number of studies of late 
examining public understanding of contested and often 
misunderstood scientific issues where researchers have 
focused on individuals’ views on topics ranging from 
genetically modified organisms, vaccines, to modern 
industrial farming (e.g., Bromme & Goldman, 2014; Feinstein, 
2015; Nisbet, 2009; Sinatra et al., 2014; Streefland, 2001). 
Much of this work has focused on how the public understands 
and interprets science as mediated through existing 
background knowledge and epistemic belief systems. Such 
questions were mostly investigated through empirical studies 
that used text to examine participants’ conceptual change on 
the contested scientific issues. However, there is scarce 
evidence of how the public interprets science or how prior 
knowledge and epistemic beliefs may influence conceptual 
understanding while interacting with scientific evidence in 
simulated, web-based activities, which provide different 
learning experiences from receiving information textually, as 

a reader. Therefore, we aim supplement this research by 
examining how students use prior understanding and/or new 
evidence generated using simulated empirical activities. This 
study will examine/investigate how undergraduate students 
used evidence to support their views on the contested issue of 
global climate change after being immersed in a dynamic web-
based simulation experience.  

This study centers on participants’ views on the causes of 
climate change (i.e., strictly naturally caused, strictly human-
caused, or a combination of both) and the evidence used to 
support their arguments. We were interested in whether the 
source of this evidence (i.e., from the simulation or from their 
prior knowledge) changed the nature of their arguments and 
evidence, as opposed to interventions that used text to affect 
knowledge or beliefs about climate change. In our mixed-
methods analysis, we examined how (or whether) participants 
used evidence to support a scientific claim after working with 
a climate change simulator and the substance of this evidence.  

THEORETICAL FRAMEWORK 

A central focus of this study is on changes to learners’ 
conceptual understanding of science and the use of evidence 
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during this change. This framework required an explicit 
examination of student ideas about scientific concepts and the 
rationale or justification for these ideas to have a better grasp 
of their learning (Hewson et al., 1998). Much of what we know 
about students’ understanding of controversial science topics 
has been through the lenses of models of conceptual change, 
such as the cognitive reconstruction of knowledge model (Dole & 
Sinatra, 1998). However, much of the focus on research using 
these models has been on the use of text in facilitating 
students’ understanding of science (e.g., Sinatra & Broughton, 
2011), rather than activities that require students to engage in 
more scientific processes (e.g., generating and interpreting 
data, generating research questions) as they would in a 
dynamic and immersive simulated experience. While there 
have been studies about climate change in secondary and post-
secondary science classrooms (e.g., Lombardi & Sinatra, 2012; 
Lombardi et al., 2012); there have been few studies in the area 
of open-ended, dynamic web-based simulation experiences 
among students with varying degrees of background 
knowledge and interest in science. The interactive simulation 
activities provide different learning experiences from 
traditional ways of learning, such as reading and lectures. By 
contrast, students have the opportunity to directly interact 
with scientific evidence, rather than being passive receivers of 
information. For example, by adjusting the level of greenhouse 
gas (GHG) emissions while controlling other contributing 
factors in the web-based simulator, students can view, both 
numerically and graphically, the resulting changes to 
temperature and sea level. The data output based on these 
adjustments can be seen in the Figure 1. By engaging in these 
interactive experiences, students can test the conclusions or 
descriptions from textbooks or lectures on their own, as well 
as gaining a fine-grained understanding of the topic, such as 
the unique effect of each contributing factor on the whole 
system. It is likely that such interactive experiences would 

impact students’ interpretation of the scientific evidence in 
aspects that are critical to conceptual change, including 
coherency, plausibility, credibility, and comprehensibility 
while improving their ability to draw on evidence in their 
arugmentation (Dole & Sinatra, 1998).  

Further, studies reporting the benefits of using simulations 
tend to report positive findings regarding student learning 
(e.g., Chao et al., 2016; Chen et al., 2014) but are limited in how 
they examine argumentation with controversial topics. 
McElhaney and Linn (2011) reported positive connections 
between effective student experimental strategy use within 
simulations and learning outcomes regarding kinematics. 
However, the learning outcome assessment/tasks in this study 
focused on participants’ interpretations of static, researcher-
created data and problem sets, as opposed to unique, 
participant induced evidence they generated through iterative 
and dynamic exploration of complex systems in a simulated 
environment. 

To expand this area of research, we drew upon Sinatra et 
al.’s (2014) notion of the dimensions of epistemic cognition. 
Our focus in this study was the justification (i.e., how relevant 
and clear the claims were) and source (i.e., where the evidence 
came from, which might include data generated from the news 
or a college course) dimensions of this framework. Within this 
framework, justification is critical for students’ understanding 
of these topics because this provides the evidence for why they 
hold their scientific beliefs. Two important aspects of 
justification are the relevance of that justification and the 
clarity of that justification. Relevance refers to how closely 
aligned the cited evidence was for a claim related to climate 
change. For example, a relevant piece of evidence related to 
climate change might include data on increasing fossil fuel use 
over the past century, while an irrelevant piece of evidence 
might include a discussion of the ozone layer, or seasons. 
Clarity refers to evidence that was supported by the scientific 

 
Figure 1. Data output from participant variable manipulation (Source: Authors’ own elaboration of C-Learns Simulation from 
Climate Interactive and MIT Sloan) 
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consensus and claims that are logical and accurate. For 
example, a clear piece of evidence related to climate may 
include discussion of increasing atmospheric carbon dioxide 
levels as it correlates with an increasing mean global air 
temperature, while an unclear piece of evidence related to 
climate change might be related to increasing human 
consumption of resources, without making the connection to 
the consumption with fossil fuels and resulting climate 
consequences.  

The other focus on students’ use of evidence highlights the 
sources of the evidence presented. When reading a text and 
being asked to provide scientific evidence, a logical source of 
evidence would come directly from the given text (Bråten et 
al., 2014). There is evidence to suggest that the types of texts 
(e.g., informational and persuasive) change how students 
process the text (e.g., Dinsmore et al., 2015) and how the 
quality of the assessed learning outcomes differ (Eason et al., 
2012). However, there is a dearth of evidence related to how an 
interactive, web-based simulation might influence which 
evidence, whether from the simulation or their prior 
knowledge is relied on more. 

Third, questions remain as to how the source of evidence 
relates to the resulting clarity and relevance of said evidence. 
In our study, we were interested in determining whether 
dynamic, web-based simulations provide students with the 
kinds of empirical experiences that help support them develop 
this evidence. By experiencing simulated climate change 
models that include data for students to examine and toggle in 
real-time, we believe that students’ evidence-based arguments 
about the causes of climate change will help them better justify 
their beliefs. Additionally, we wanted to determine whether 
their prior scientific or conceptual understanding influenced 
the clarity and relevance of their arguments.  

To summarize, the current study aims to provide empirical 
evidence on how engaging in dynamic, web-based simulations 
contributes to the quality of students’ use of scientific 
evidence and argumentation. The quality of students’ use of 
scientific evidence is operationally defined as clarity and 
relevance of the justification evidence in students’ 
argumentation. In considering how these activities provide 
engaging and comprehensive learning experiences that are 
likely to contribute to conceptual change, we believe that the 
quality of evidence generated and used from such activities 
would be higher than from other sources, such as prior 
knowledge. In addition, we are also interested in the extent to 
which prior knowledge is related to the quality of students’ use 
of scientific evidence after participation in the simulation 
activities.  

From this proposition, two hypotheses can be formed. 
First, prior knowledge could be a significant, positive predictor 
of the quality of evidence use. It is likely that students with 
more prior knowledge of the scientific topic would score higher 
on the quality of evidence usage considering their advantage 
of knowing more about the topic initially. The other plausible 
hypothesis is that prior knowledge might not be a significant 
predictor because it is probable that participants would rely 
mostly on the simulation activities that they recently 
undertook when citing evidence in their argumentation, thus 
introducing the discounting for prior knowledge as a vital 

source of information. Our research questions for this study 
were:  

1) Do the clarity and relevance of evidence used to discuss 
the cause(s) of climate change differ depending on 
whether the evidence was generated based on 
information directly from the simulation or 
information from participants’ prior knowledge that 
was not presented in the simulation?  

2) How does individuals’ prior knowledge of climate 
change before participation in the climate simulation 
influence the clarity and relevance of the evidence they 
present after their participation in the climate 
simulation? 

MATERIALS AND METHODS 

A critical component of this study was the online climate 
simulation called C-LEARN (https://www.climateinteractive. 
org/tools/c-learn/simulation/). This simulation allowed users 
to adjust climate inputs to find the impacts from these inputs 
included possible changes in atmospheric CO2 levels, 
temperature, and sea level and could be viewed numerically 
and graphed in relation to current conditions, as well as impact 
goals defined by the Paris agreement–an international 
agreement designed to mediate climate change (e.g., Rogelj et 
al., 2012). The inputs that users could manipulate included 
GHG emissions of developed and developing countries, 
reductions of these GHG emissions, and amount of 
deforestation (destruction of forests) and afforestation 
(establishment of a forest) in real-time scenarios.  

Seventy undergraduate participants were recruited from 
multiple biology and education courses from a mid-sized 
university in the southeastern United States to sample 
students with varied levels of interest and prior knowledge in 
climate science. Participants were mostly female (65.7%), 
Caucasian (68.1%), and from an assortment of majors 
including physical/life sciences (52.9%), education (43.3%), 
and the social sciences (10%) with an average age of 22.86 
years (standard deviation [SD] = 5.63) and an average grade 
point average of 3.22 (SD = .37).  

Prior to engaging in the climate simulator, participants 
completed instruments that measured demographics, general 
interest in science topics, and knowledge of climate change 
phenomena. During the simulation, participants were asked to 
think aloud for 30 minutes as they engaged in the simulated 
learning activities and then prompted to respond to three 
open-ended questions. Since only the prior knowledge and 
open-ended outcome questions are important to the current 
study, descriptions of the other variables (i.e., interest and 
strategic processing) are not included but are described fully in 
a separate paper (Dinsmore & Zoelllner, 2017).  

Regarding prior knowledge, 18 items were given to 
measure participants’ domain and topic knowledge using a 
graduated response model (Alexander et al., 1998). Items for 
the measure were sourced from science textbooks (e.g., 
Woodhead, 2001) and online resources (e.g., NASA global 
climate change website). This measure contained four levels of 
possible responses including: an in-domain correct response 
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(C), an in-domain incorrect response (IDI), an out-of-domain 
incorrect response (ODI), and folklore incorrect response (F). 
Below is a sample item from the measure: 

The most effective GHG at trapping heat near the surface 
of the Earth is as follows: 

1. Water vapor (C) 

2. Hotbed gases (F) 
3. Carbon dioxide (IDI) 
4. Oxygen (ODI) 

Correct responses were scored a 4, IDI responses were 
scored a 2, ODI responses were 

scored a 1, and folklore responses were scored a 0. 
Exploratory factor analysis (EFA) of these items yielded a one-
factor solution explaining 12.85% of the total variance with 
excellent latent reliability (H = .80; Hancock & Mueller, 2001). 
Analyses conducted used factor scores derived from this EFA. 

Regarding the outcome questions, each participant 
answered three outcome questions:  

1. Do you think planetary climate change occurs naturally 
or is caused by humans? Please provide as much 
evidence for your answer as you can.  

2. Did your interactions with the science simulator help 
you answer this question, and if so, how?  

3. Were there any specific strategies you used during the 
science simulation that helped you answer the first 
questions about whether climate change was natural or 
caused by humans?  

Only question one was used in this analysis, however, 
question two was used to provide additional validation for the 
source coding described subsequently.  

We coded their responses to question one with schemes 
related to source of the evidence, the clarity of the evidence, 
and the relevance of the cited cause of climate change 
described in Table 1. When examining for source, evidence 
was coded for whether it came from the simulation (e.g., a 

reference to data generated from the simulation) or came from 
someplace else (e.g., the news, a college course).  

Additionally, evidence was coded for its clarity. Clear 
responses were supported by the scientific consensus and 
logic. An example of this category can be seen below:  

Through the usage of oxygen, production of CO2 and 
heavy reliance on fossil fuels, it would be unreasonable 
to assume humans didn’t contribute in some way, 
shape, or form to the change in the earth’s climate. 

Responses were coded as “unclear” if they were not 
supported with a clear connection to evidence or were 
inaccurate. An example of an “unclear” response was: “I think 
that plants and animals also have an impact and that it is not 
all just humans even though they may be the largest 
contributing factor.” In this case, the participants were vague 
about the nature of the impact of plants, animals, and humans 
on climate. Finally, responses were coded for how the evidence 
participants used was related to climate change. Those coded 
“relevant” made strong connections between the evidence and 
their claims. Participant statements that were not directly 
relevant to climate change were coded “out of context.” An 
example of this kind of response was:  

Climate change is natural as well but not is such drastic 
amounts over such a short period of time. Thinking in 
only 100 years our oceans will not be basic or neutral, 
but slightly acidic. 

While there may be some accuracy in this response, the 
evidence presented is not directly related to the causes of 
climate change.  

Interrater reliability for source (k = .64), clarity (k = .60), 
and relevance (k = .56) were all acceptable, ranging from 
moderate to substantial agreement (Landis & Koch, 1977) 
across 21% of the total sample. Any disagreements were 
discussed and rectified in a conference between the first and 
second authors.  

Table 1. Coding scheme for question 1 regarding source, clarity, and relevance of evidence 
Nature of evidence Definition Example 
Source 

Simulation The evidence was explicitly linked to the 
simulation When working with the simulation, I found data that I interpreted as … 

Out of context The evidence was generated from a source other 
than the simulation (e.g., prior knowledge) 

There is evidence that the earth goes through different climates, and other 
cycles, so we can’t necessarily say that climate change is all human driven. 

Clarity 

Clear Evidence supported by scientific consensus 

It seems clear that industry has a large impact on climate change. CO2 
and plenty of other gases, including many pollutants, are emitted from 

factories, cars, and many other sources. These most likely affect climate 
change by being trapped in the planet by the atmosphere. 

Unclear Evidence either incorrect or unclear 

I believe that planetary climate change occurs naturally because of the 
change in weather. The weather varies from year to year. Due to the 

weather, plants can produce and grow more and can also not produce at 
all. 

Relevance 

Relevant Response related evidence in support 
specifically to cited cause climate change 

With the advent of the use of fossil fuels, automobiles, factory farming, 
and the toll population takes on the environment (and contributes), 

humans have definitely made an impact. 

Out of context 
Response used evidence un-related to the cited 
cause of climate change or is a result of climate 

change 

The ice caps are melting at an alarming rate and many animals are 
experiencing a disruption in their natural cycles due to the rising 

temperatures. 
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RESULTS 

Analyses of these data commenced on 112 pieces of 
evidence across 63 participants (7 of the participants did not 
provide any evidence in their outcome response and thus were 
not included). Total numbers and percentages of each code 
category are reported in Table 2. 

Clarity and relevance of evidence generated. Regarding 
research question one–the relevance and clarity of evidence 
generated from the simulation versus their prior knowledge–
analyses indicated that evidence generated from the 
simulation was both clearer and more relevant. Specifically, 
evidence generated from the simulation was more likely to 
result in clear (r = .26, p < .01) and relevant (r = .20, p = .03) 
evidence. For instance, participant 16 said, “Based on the 
simulation, changing the amount of 
deforestation/afforestation really changed the amount of CO2 
emission and abundance in the atmosphere”, which was coded 
as explicitly from the simulation, clear, and relevant, while 
Participant 48 said, “I think that it is also naturally done in the 
environment, that this planet goes through phases just as we 
go through seasons”, which was coded as not from the 
simulation, unclear, and out of context. These results are 
strong evidence that the source of evidence matters regarding 
the justification (i.e., clarity and relevance) of that evidence. 
Significantly, use of evidence that was directly linked to 
engagement in the climate simulation more often led to 
evidence that was clear and relevant as opposed to evidence 
that could not be directly linked to the engagement in the 
climate simulation. Thus, engagement in the simulation had a 
positive effect on participants’ ability to engage in effective 
argumentation about this controversial science topic. 

Influence of participants’ prior knowledge on the 
clarity and relevance of their evidence generated from the 
simulation. Regarding research question two–the influence 
of prior knowledge on participants’ use of evidence–these data 
did not support a significant or even moderate effect for prior 
knowledge on either the source or justification (i.e., clarity or 
relevance) of their evidence. Correlations and 95% confidence 
intervals between prior knowledge, source, prior knowledge 
for evidence sourced from the simulation to clarity and 

relevance, and prior knowledge for evidence sourced not from 
the simulation to clarity and relevance are displayed in Table 
3. Notably, none of the relations between prior knowledge, 
source, relevance, or clarity contained confidence intervals 
that did not include zero. For example, for evidence that was 
and was not sourced directly from the science simulation, prior 
knowledge related to the relevance of that evidence not at all 
or weakly (rs of -.02 and .094, respectively). While power could 
be an issue given the relatively small size, there was relevant 
power in this analysis (n = 85; β = .8) to detect a moderate effect 
size (r = .30). Given the critical role–and large effect–of prior 
knowledge in both reading outcomes more generally (e.g., 
Hall, 1989; McNamara & Kintsch, 1996) and the role of prior 
knowledge on the overall complexity of the structure of these 
participants’ outcomes reported elsewhere (Dinsmore & 
Zoelllner, 2017), the lack of moderate or large and significant 
effects for prior knowledge were quite striking.  

DISCUSSION AND CONCLUSIONS 

This analysis appears to support Sinatra et al.’s (2014) 
dimensions of epistemic cognition, specifically the justification 
and source dimensions of the framework. Our findings suggests 
that an open-ended, student-driven simulation experience can 
serve to enhance the quality of the evidence that students can 
draw upon to justify their claims. Additionally, we see this 
analysis as an important first step in developing further 
instructional scaffolds to encourage learners to develop 
evidence directly from the simulation as a source, rather than 
relying strictly on their prior knowledge or other sources, 
which resulted in lower quality evidence in this study.  

The results provide substantial evidence that science 
simulations can facilitate learners’ generation of evidence that 
is both clearer and more relevant than that from other sources 
(e.g., prior knowledge), when those learners make scientific 
arguments. Consistent with other studies on the use of 
simulations in science learning (Chao et al., 2016; Chen et al., 
2014), the current study added to the literature and supported 
that simulation-based activities provide opportunities for 
learners to interact with the learning content in a systematic 
and autonomous way, which can translate to a positive effect 
on learning. To our knowledge, the current study is the first to 
explore the effect of simulation-based activities on student use 
of science evidence. Clearly, there are still many important 
questions to investigate in this area. First, it is worth exploring 
the comparative effect of simulation-based over text-based 
activities on student interpretation, generation, and 
evaluation of science evidence. Future studies could 
investigate whether and under what circumstances engaging 
in science simulations has an advantage over text reading (e.g., 

Table 2. Number of percentage of codes in each code category 
Category domain Code category Frequency PT 

Source 
From the simulator 27 24 

Not from the simulator 85 76 

Clarity 
Clear 53 47 

Unclear 59 53 

Relevance 
Relevant 93 83 

Out of context 19 17 
Note. PT: Percent of total 

Table 3. Correlations and 95% confidence intervals between prior knowledge, source, and justification of evidence 

Variables r n 
95% confidence interval 

Lower limit Upper limit 
Prior knowledge and use of evidence directly linked to the simulation .087 112 -.10 .27 
Prior knowledge and clarity from evidence using the simulation .220 27 -.17 .55 
Prior knowledge and clarity from evidence not using the simulation .120 27 -.27 .48 
Prior knowledge and relevance from evidence using the simulation -.021 85 -.23 .19 
Prior knowledge and relevance from evidence not using the simulation .094 85 -.12 .30 

 



6 / 7 Zoellner et al. / Interdisciplinary Journal of Environmental and Science Education, 22(1), e2601 

use of refutation text), the more traditional way of facilitating 
conceptual change (Sinatra & Broughton, 2011), in improving 
student use of qualitative science evidence. These and related 
studies may deepen our current understanding of the cognitive 
processes enacted while engaging with controversial topics. 
Moreover, it is also important to learn about the optimization 
of integrated simulation-based activities into classroom 
instruction when teaching controversial science topics. 
Considering the unique advantages of simulation-based 
activities, including intuitive presentation of evidence and 
flexible manipulation of individual components of a science 
topic, they possess great potential to further enhance the 
effect of evidence-based science instructions, such as model-
based instruction (Chinn & Buckland, 2012) and instruction 
that promotes critical evaluation (Lombardi et al., 2013). 

Additionally, the quality of evidence (i.e., clarity and 
relevance) generated from this science simulation does not 
appear to rely on learners’ prior knowledge as with other 
instructional scaffolds such as reading. This finding suggests 
that students with various levels of prior knowledge tend to 
rely solely on the simulation in the search for evidence about 
a controversial science topic. This noteworthy finding offers 
insights into both teaching practices and future research 
agendas. These data indicate that simulations can help 
students use higher quality evidence in their argumentation, 
even if they lack background knowledge in climate change. In 
this way, a simulation such as the C-Learn simulator can serve 
as an instructional scaffold that students can engage 
independently to build the quality of their scientific 
argumentation skills, even those with less prior knowledge to 
leverage. Used as a stand-alone intervention or in conjunction 
with instruction, the simulation appears to support a stronger 
public understanding of science with citizens of varying 
interests and knowledge of climate change as the world faces 
it effects. From a research standpoint, it is worth exploring the 
unique characteristics of simulation-based learning 
experience compared to traditional classroom activities (e.g., 
reading comprehension) that may explain the different roles 
that prior knowledge plays in student science learning. In 
future studies, examining other cognitive abilities that are 
more closely related to real-time information processing, such 
as executive functioning, could add clarity to this intriguing 
phenomenon. 
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