
 ABSTRACT  

ATKINS, RACHEL MARIE. An Eye-tracking Study on Expert/Novice differences during 

Climate Graph Reading Tasks: Implications for Climate Communication. (Under the 

direction of Dr. Karen S. McNeal) 

 

The communication of climate change information is often a difficult task due to the 

interdisciplinary nature of the topic in addition to the challenges of communicating these 

topics with their intended audiences. Two aspects of communication that can be within the 

control of the communicator (often a science researcher) include the choice of content and 

method in which science is communicated. Graphs are a common representation used by 

scientists to communicate evidence of climate change. In order to present this information 

effectively, it is important to understand how novices (e.g., the general public) navigate this 

data differently than experts. In this study, students viewed graphs displaying climate change 

information to determine their gaze patterns while viewing and answering questions. These 

were compared to gaze patterns of scientific experts (geoscience graduate students). 

According to gaze and fixation data, experts focus more attention on task-relevant areas of a 

graph (legend, axes, data trends, etc.) than novices who focus their attention information such 

as graph title and understanding the question. Novice students who performed high on the 

pre-assessment performed more expert-like on measured metrics than their peers who 

performed lower on the pre-assessment.  

 Results from this study suggest that in order to close the communication gap between 

experts and novices while viewing climate change graphs instructors can: 1) provide 

opportunities for students to increase their knowledge of graph reading and climate content, 

2) offer scaffolding and training aimed to help students direct attention to data elements (i.e. 

axes, legends, data trends, etc.) 3) implement changes to graphs that simplify empirical to 



summary data and/or direct viewer attention to data elements either through visual emphasis 

(i.e. arrows, highlighting, etc.) or adjoining text.   
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INTRODUCTION 

Climate Literacy 

Climate change has received a lot of attention in recent years partially due to 

increased knowledge and understanding of Earth’s climate system and the influence of 

natural and human induced perturbations and resulting feedbacks, the sophistication of 

climate models and remote sensing techniques, and improved understanding of the impacts 

on the planet and human lives. The Environmental Protection Agency (EPA) defines climate 

change as “…any significant change in the measures of climate lasting for an extended 

period of time. In other words, climate change includes major changes in temperature, 

precipitation, or wind patterns, among other effects, that occur over several decades or 

longer” (EPA, 2016). One of the most commonly used measures for climate change is global 

warming. The EPA defines global warming as “the recent and ongoing rise in global 

average temperature near Earth's surface. It is caused mostly by increasing concentrations 

of greenhouse gases in the atmosphere. Global warming is causing climate patterns to 

change. However, global warming itself represents only one aspect of climate change” 

(EPA, 2016). The average temperature of our planet has increased 1.5 degrees F over the past 

100 years and is projected to increase another 0.5 to 8.6 degrees F over the next century 

(EPA, 2016). This projected increase in temperature is alarming due to the potential harmful 

impacts on water supplies, agriculture, power and transportation systems, the natural 

environment, and human health and safety (EPA, 2016; USGCRP, 2016; IPCC, 2016). Over 

97% of scientists publishing about climate topics are in agreement that the current global 

warming is anthropogenic (human-induced) (Cook et al., 2013). Despite the overwhelming 
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scientific agreement about the increase in temperature and evidence indicating anthropogenic 

(human-caused) effects on our climate, there is less agreement about anthropogenic climate 

change among non-scientist Americans than among non-scientists in most other countries 

(Weber and Stern, 2011).  Worldwide, level of education is the most accurate predictor of 

climate change awareness (Lee et al., 2015). Additionally, the public’s concern (Leiserowitz, 

2005) and risk perceptions (Kahan et al., 2011) vary with level of knowledge about climate 

science (Leiserowitz et al., 2010). However, depending on cultural worldview, increased 

knowledge may or may not increase peoples risk perceptions of climate change. A study 

conducted by Kahan et al. (2012) found a correlation between an individual’s cultural 

worldview and their perceived risk of climate change. For example, people aligned their 

climate risk perceptions with their peers who shared the same societal views (Kahan et al., 

2012). Moreover, political and religious affiliations often impact an individual’s knowledge 

and perceptions about climate change (McNeal et al., 2014c). Many students hold 

misconceptions about the underlying processes of Earth’s climate system (Sterman and 

Sweeney, 2002; Shepardson et al., 2009; Lombardi and Sinatra, 2010; Neibert and 

Gropengiesser, 2013; McNeal et al., 2014b). For example, students will often mistake 

singular weather events as climatic representations (Lombardi and Sinatra, 2010). The 

dynamics of the greenhouse effect are also commonly misunderstood along with the impacts 

that the greenhouse effect has on climate (Rebich and Gautier, 2005; Gautier et al. 2006; 

Shepardson et al., 2009; Libarkin et al., 2015). Deep time, as it relates to the past and future, 

is also among the topics in which students either fail to acknowledge or misunderstand 

(Rebich and Gautier, 2005; Libarkin et al., 2007; Lombardi and Sinatra, 2010). This deep 
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time understanding is of particular importance when understanding the differences between 

weather and climate along with interpreting graphs depicting rates of change over long 

periods of time. 

Graph reading and interpretation 

While researchers work diligently to understand our climate and better predict how it 

will behave in the future, the communication of this research is typically not tailored to non-

scientists (Somerville and Hassol, 2011). However, much work in climate change 

communication has been conducted to help scientists to tailor climate change messages 

(Bostrom et al., 2013) and research has shown that the use of imagery can be an effective 

way to promote understanding the importance of climate change along with one’s feelings 

about being able to prevent its negative effects from occurring (efficacy) (O’Neill et al. 

2013). Graphs have been found to be the most effective way of communicating the climate 

consensus of researchers (van der Linden et al., 2014). Concepts related to the essential 

principals of climate change literacy such as changes in sea level, temperature and 

greenhouse gas concentrations over long periods of time (NOAA, 2009) are frequently 

communicated using graphs (Winn, 1987). While some perceive a graphical representation of 

information to be easier to interpret, it can also trigger relatively complex cognitive 

processing if not designed appropriately (Carpenter and Shah, 1998; Huang et al., 2009, 

Korner, 2011). Greater differences in graph comprehension have been observed between 

more and less experienced individuals, particularly when more complex graphs are used 

(Maltese et al., 2015). In order to create more effective graphs and to better scaffold students 
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in interpreting them during classroom learning, it is important to understand how their 

intended audiences navigate these graphs.  

Freedman and Shah (2002) proposed that three components affect graph construction 

and interpretation; visual features, domain knowledge of the interpreter and interpretation 

propositions (outcomes) (Figure 1). Visual features, such as format and color, have less of an 

influence than other components on skilled graph viewers as they can make associations 

more readily. An individual’s overall ability to construct or interpret a graph is also 

influenced by their graph skills (i.e. their familiarity with x and y axes locations, familiarity 

with type of graph displayed, etc.). Domain knowledge, as it relates to appropriate content 

knowledge and experience with graphs, is automatically activated in experts, which makes 

overall graph construction and interpretation more fluid (Freedman and Shah, 2002).  

Domain knowledge and visual features both affect an individual’s ability to form meaningful 

interpretations of the data. Novices tend to describe general trends and ignore anomalous 

data, while experts identify more specific patterns and focus on anomalies because 

explanation is activated in experts (Freedman and Shah, 2002). This combined top-down 

(knowledge-driven)/bottom-up (stimulus-driven) approach is also supported by Fabrikant et 

al. (2010). Korner (2011) suggested that graph reading occurs sequentially in distinct stages 

with little information processing occurring during the initial viewing, during which the 

viewers are orienting themselves with the information provided. An expert-expert study by 

Roth and Bowen (2010) demonstrated that when the expert was familiar with the content 

displayed in the graph, they were able to focus more immediately on the task or main idea. 

Often experts constructing climate graphs are so intimately familiar with the content that they 
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may overlook potential problem areas for non-scientists. It is recommended that graphs used 

for communication contain summary statistics (averages) over empirical data and convey a 

simple message (Spence and Lewandowsky, 1990). It is also suggested that novices engage 

in frequent practice graphing real-world data to gain more expertise; the more students are 

exposed to data and graphing, the more expert-like they become (Curcio, 1987; Wang et al., 

2012). Peebles and Cheng (2003) recommend that rather than choosing a representation that 

is familiar to the intended audience, it is preferable to choose the representation that best 

displays the data. For example, instead of attempting to display complex radial data on a 

simpler bar or line graph, Peebles and Cheng (2003) recommend maintaining the radial graph 

structure, reducing data to be as simple as possible and provide scaffolding in the form of 

supplementary text or arrows highlighting key features of this graph. Once overcoming the 

initial unfamiliarity with the representations, these strategies may lead to greater benefits and 

comprehension of graphs by the viewer (Peebles and Cheng, 2003). It is also advisable to use 

the appropriate graph type to represent the provided data and to cater to the goal of the 

interpreter (Peebles and Cheng, 2003). Line graphs are appropriate for identifying 

quantitative trends, whereas bar graphs best represent relative relationships between data 

(Freedman and Shah, 2002).  

Eye tracking as a method for climate topics 

 Eye movements are a relatively involuntary response that can be measured and 

analyzed to determine engagement with a visual stimulus. Eye tracking has been used as a 

method for investigating questions in a variety of domains. It has been used to understand 

reading comprehension (Rayner, 1998, 2009), novice versus expert attention skills (Van Gog 
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and Scheiter, 2010), hierarchical map navigation (Korner, 2004) and decision-making 

(Muldner et al., 2009). Eye tracking has also been applied to graph reading and 

comprehension studies. An expert-novice study conducted by Yen et al. (2012) revealed that 

the viewing patterns of college science students did in fact differ from non-science students 

when comprehending questions and looking at various areas of science-related graphs. 

Finding that science students spent more time reading the question than non-science students, 

they suggest that science students spent more time “interpreting the questions thoroughly” (p. 

334). Linear graphs have also been shown to be easier to interpret than radial graphs as visual 

paths while scanning circular rings has been shown to be more likely to lead readers to an 

incorrect answer (Goldberg and Helfman, 2011).  

Eye tracking has been applied to various climate-related topics. Ho et al. (2013) 

explored how prior knowledge affects viewing of climate text and graphics. Students with 

higher levels of prior knowledge focused longer periods of attention on areas of interest than 

students with low prior knowledge. Beattie and McGuire (2012) investigated view patterns of 

individuals while viewing iconic images of climate change based on their levels of implicit 

and explicit attitudes towards the environment. They discovered that there is a correlation 

between implicit attitudes towards the environment and view time of positive and negative 

images of climate change. Specifically, they found that individuals had strong positive 

implicit attitudes towards low carbon footprint products were more likely to focus their 

attention on negative images of environmental damage and climate change than on positive 

images. McNeal et al. (2014a) used eye tracking to understand how students navigated and 

used the EarthLabs materials, an on-line climate change curriculum for high school students, 
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finding that students engaged mainly with text, not the images and had a particularly difficult 

time engaging with graphs depicting change over time. However, they also found that the 

majority of participants found charts, graphs and questions embedded in text to be most 

useful. They also found that attention to text decreased over time, suggesting that a reduction 

of text might increase overall engagement.  

Research questions 

 This study employs an exploratory design to understand how introductory Earth 

Systems Science students (novices) visually navigate climate change graphs. Novice eye 

movements were compared to experts who had more experience viewing these types of 

graphs. Questions we investigated in this study included: 1) How do expert and novice eye 

movements differ while engaging with climate change graphs? 2) How does the amount of 

time experts and novices spend when viewing climate change graphs differ? 3) To what 

extent do expert and novice qualitative interpretations of climate change graphs differ? 

 

METHODS 

Population 

The 58 participants in this study consisted of 45 undergraduates (categorized as 

‘novices’) and 13 graduate students (categorized as ‘experts’). Once obtaining human 

subject’s research approval from the Institutional Review Board (IRB), undergraduate 

students were recruited from an introductory Earth Systems Science course at North Carolina 

State University. Our novice participants consisted of 57.8% male and 42.2% female with a 

median age of 19. Novice participants also ranged in their class years from freshman 
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(42.2%), sophomore (26.7%), junior (11.1%), senior (13.3%) and fifth-year senior (6.7%). 

Ethnicities included white/Caucasian (86.7%), black/African/African American (6.7%), 

Asian/Asian American (2.2%) and other (4.4%). Experts were all 23 (23.1%) or older 

(76.9%), masters (38.5%) or PhD (61.5%) students, 38.5% male, 61.5% female and 100% 

white/Caucasian. Graduate students were either geology or atmospheric science students 

from the Marine, Earth and Atmospheric Sciences department at NC State University with at 

least a year of graduate experience prior to participating in this study. The researcher gave 

brief recruitment presentations to two lectures of undergraduates enrolled in different 

sections of introductory Earth Systems Science taught by different instructors asking students 

to participate in an eye-tracking study outside of class. Participants received compensation in 

the form of two $10 Amazon gift cards after completion of the pre-test and a 20-30 minute 

eye-tracking study. 

Experimental Design  

This study used four different graphs of varying type and complexity. Six questions 

were asked for each graph. Participants were asked to view graphs and answer questions 

using the concurrent verbal protocol (Bojko, 2013). Graphs all contained climate content and 

were modified slightly from their original Environmental Protection Agency (EPA) 

published version for consistency in color, line thickness and overall readability. The topics 

of the four graphs covered global greenhouse gas concentrations, sea level and global 

temperature change, temperature anomalies in the US, worldwide temperature anomalies and 

carbon dioxide concentrations. 
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The first graph included in this study was entitled Global Greenhouse Gas 

Concentrations Over Time (GGG), was a line graph that displayed three separate variables on 

two separate y-axes using different scales (Figure 2). The second graph showed Sea Level 

and Global Temperature Change over Time (SLGT) and was a combined bar and line graph 

with two separate y-axes using different scales (Figure 3). The third graph was Temperature 

Anomaly in the Contiguous 48 States (TA48) and was a bar graph with a single y-axis, but 

displayed anomalies instead of the raw data (Figure 4). The final graph was World Wide 

Temperature Anomaly and Carbon Dioxide Concentrations over Time (WWTA), was also a 

combined bar and line graph with two separate y-axes using different scales and also 

displayed anomalies (Figure 5). Graph names and abbreviations summarized in Table 2. 

A total of six questions were asked during the viewing of each graph of varying 

difficulty (Curcio, 1987; Friel et al. 2001). The first two questions asked of each graph were 

the same, “What is the main idea of this graph?” and “What trends do you see in this graph?” 

respectively. The last four questions were unique to each graph, but followed the same 

format among graphs. The third and fourth questions required the participant to use the data 

in the graph provided to formulate their answer. The last two questions asked participants to 

extrapolate the data provided or apply prior knowledge about the topic presented to answer 

the question.  

Participants were given an overview of the study before beginning. They were all 

aware that eye tracking was taking place and that their body movements needed to be limited 

in order to prevent disruption of data collection. The researcher explained that they would be 

viewing graphs and answering questions. Each graph was shown for a 5-second free viewing 
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period without a task. Once questions appeared on the screen, participants were asked to 

think out loud as they attempted to answer questions. There was no time limit to each 

question task. The participant advanced at his or her own pace to allow for complete thought 

development and graph exploration. The researcher was present in the room in order to 

answer any questions during the study. Experts and novices were not informed of research 

questions prior to the study. Individuals were also not told which group (expert or novice) 

they belonged to before data collection.  

Instrumentation 

Eye tracking data was collected using a Tobii TX300 eye tracker (Figure 6) attached 

to a 23-inch computer monitor, collecting at 300 Hz. Calibration was completed before each 

trial to ensure accuracy and precision as well as consistency among participant trials. 

Participants sit ~65cm from the monitor and gaze at the computer screen to view the 

provided graphs with an unobstructed view and aside from being told about the eye tracking, 

are often unaware that their eye movements are being tracked. This allows for the researcher 

to capture relatively natural eye movements. The system allows for corrective lenses to be 

worn without affecting results in most cases. A calibration was performed for each 

participant. The accuracy of their eye movements are displayed as green lines with the length 

of those lines representing the amount of offset between each samples gaze point and the 

center of the calibration dot on the screen where the participant was asked to look. If 

calibration lines were outside of the acceptable grey accuracy circle around each calibration 

point, a recalibration was performed. 
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This study used a graphing pre-test instrument to determine prior knowledge about 

graph reading, interpretation and construction. All students in each class completed the pre-

test prior to the announcement of an eye-tracking study opportunity. Two questions were 

asked about participant confidence with graph reading and interpretations using a Likert-type 

scale. Three questions were asked about prior experience with graphs and data interpretation, 

also using a Likert type scale. The final item assessed was graph reading and construction 

performance. Participants were asked to identify key parts of graphs (x- and y-axis, 

independent/dependent variables) and construct two separate graphs of differing complexity 

based on provided data. These pre-tests were scored out of 34 possible points with scores 

ranging from 32.35% to 89.29% and an average score of 69.81%. Novices were grouped into 

low (≤64.52%, n=12), moderate (64.52% < x < 76.47%, n=20) and high performers 

(≥76.47%, n=13). Experts had an average score of 81.22% (n=13). Prior to implementation, 

both the eye tracking study design and pre-test were reviewed for content validity by two 

additional researchers, a climate science expert and a geoscience education researcher. 

Additionally, two previous iterations of this study were piloted with 16 experts and 10 

novices. Modifications were made each time based on preliminary results of participant 

performance, ability to understand tasks, and test item comprehension. 

 

DATA ANALYSIS 

Eye tracking data can be analyzed using a variety of quantitative and qualitative 

approaches. Numerical values recorded in the Tobii Studio software can be analyzed using a 

variety of statistical methods. Eye movements can also be organized and analyzed 
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qualitatively using heat maps that display the location and duration of fixations in space. Two 

aspects of eye movements that are most often studied include saccades and fixations. 

Saccades are the short periods of rapid eye movement between fixations that redirect 

participant gaze from one fixation to another (Ramat et al., 2008). These can occur up to four 

times in a second and participants are effectively blind while they occur (Land, 2011). 

Fixations are the points between saccades where the eye is nearly stationary for a relatively 

long period of time (~70-100ms). These eye movements are of particular interest as it is 

during these points during viewing that processing takes place (Bojko, 2013). In addition to 

eye-movements, qualitative responses from think-out-loud tasks were collected and analyzed.  

Variables 

A number of variables were used for analysis in this study (table 2). The first 

variable, defined by experience, was ‘expert versus novice’. Experts were defined as 

geoscience graduate students with at least a year of graduate school experience. We 

recognize that in some contexts graduate students may be considered pseudo-experts or 

informed novices in their field of study, but for the purposes of this study they are referred to 

as ‘experts’. The novice population consisted of introductory students enrolled in an Earth 

Systems Science course. A second variable used for analysis was performance on the pre-

test. Novice pre-test scores were categorized into low, moderate and high performing groups. 

Other variables included age, participant’s year in college and gender. 

Metrics 

Four different eye-tracking metrics were used for this study (Table 2). These included 

total visit duration (view time) of the entire graph, amount of time to find the answer (time to 
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first fixation on answer), number of revisits between the title/question and the graph data and 

the difference in fixation duration between the title/question and the graph data.  

Quantitative Analysis 

Quantitative data for this study was analyzed using Tobii Studio 2012 Microsoft 

Excel 2013, and SPSS version 23.0. Tobii Studio has the ability to export the quantitative 

results from the eye-tracking data based on metrics chosen by the researcher. For example, if 

the interest is in the time it takes for a participant to first fixate on an answer, the researcher 

must first define the specific area of interest (AOI) in the Tobii software for the answer. Once 

AOI’s have been identified, they are selected and fixation data are exported to excel based on 

the metric of interest. Fixations can be defined using dispersion-based or velocity-based 

algorithms, however, for the purpose of this study, we used the Tobii I-VT (Velocity-

Threshold Identification) fixation filter. This uses the average of the left and right eyes and 

identifies a fixation when eyes move slower than 30 degrees/second over a period of at least 

20ms. Eye movements with duration times of less than 60ms were filtered out as non-

fixations as they resemble saccades. Missing data was interpolated using last observed data to 

fill in a straight line for missing data points for up to 75ms gaps. This 75ms value is shorter 

than an average blink.  

Before analysis, data was first cleansed for missing or inaccurate data (Bojko, 2013). 

In this study, four participants were completely removed due to their low sample percentages 

(<70% of their eye movements were captured by the eye tracker). Therefore, a total of 41 

participants were used for quantitative analysis. A low sampling rate can be caused by a 

variety of factors including the participant looking away from the screen, obstructing the 
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view of the eye tracker with their eye with hand gestures, dry contacts or scratched lenses 

that prohibit the eye tracker from determining the location of the eye for a period of time. 

The four participants removed did not differ significantly in demographics from the rest of 

the participants. All were white/Caucasian males with low, middle and high pre test scores 

and consisted of a freshman, junior and fifth-year seniors. Once these participants were 

removed, individual data points that were outside 3 standard deviations of the mean for each 

metric were also filtered out. The remainder of the data was included in analysis.  

Kolmogorov-Smirnov tests were performed to determine normality of data. For 

analysis of expert/novice data, independent sample t-tests were used for normally distributed 

metrics and Mann-Whitney U-tests were used when metric data was not normal. ANOVA 

tests for normally distributed metrics and Kruskal-Wallis tests were used to determine 

significance for data that were not normally distributed for these variables. 

 

Qualitative Analysis 

 The eye tracker records an x and y coordinate for each fixation that can be graphed 

and overlain on the image being viewed. These images are called heat maps and are used 

frequently in eye tracking research as a way to visualize participant attention. While heat 

maps can be helpful for visualization of data and quick analysis, one must be cautious when 

using them for analysis for many reasons. The first problem arises when using a heat map for 

comparison of two unequal groups. In order to accurately compare two groups, an equal 

number of individuals must be used for each visual. Heat maps used for this study were 

controlled for this by selecting a representative sample of novices using the median 13 
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novices to compare to the 13 experts. Researchers must also use caution when comparing 

results of untimed tasks. When an unlimited amount of time is given to view an image, a 

participant who takes longer to complete the task will have recorded more fixations than a 

participant who viewed for less time. This was controlled for in our study by using relative 

fixation duration. This normalizes the absolute number of fixations for the total number of 

fixations of that participant, making comparison between participants possible. 

 The analysis of qualitative responses was completed using a computer program called 

NVivo. All participants were included in the qualitative analysis, regardless of their eye 

tracking results. Recordings ranged in length from 5.18 to 25.45 minutes (M=10.16, 

SD=4.02, n=45) for novices and 7.85 to 15.30 minutes (M=11.15, SD=2.57, n=13) for 

experts. Transcripts were uploaded and organized within the program using manual coding to 

group responses into nodes. Common words used by participants were identified by the 

researcher and used to create a text search query. Results from this query were used to make 

inferences about expert and novice populations. In addition to the common words identified 

from NVivo, researchers also used direct quotes from participants to understand contextual 

differences between expert and novice responses. 

 

RESULTS 

Statistical results 

 This study used four different graphs, six different questions, two different 

populations (e.g., expert and novice) and a variety of variables (e.g., gender, year in school, 

pre-assessment performance, etc.) and to assess effect on the identified eye-tracking metrics, 
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including 1) ‘time to first fixation on answer AOI’, 2) ‘revisits between data and 

title/question’, 3) ‘total fixation duration on graph’ and 4) ‘difference in fixation duration on 

the data vs. title/question’. Upon analysis, ‘time to first fixation on answer AOI’ and ‘revisits 

between data and title/question’ had little to no significance. Variables collected for each 

participant included expert/novice status, gender, major (STEM, non-STEM), pretest 

performance, race, ethnicity, age and year in school (Table 2). Gender, age and year in school 

did not yield significant differences. In addition, major (STEM, non-STEM), race and 

ethnicity did not have enough diversity within the sample pool for statistical data analysis. 

 The analysis of expert/novice and pre-test score variables against ‘difference in 

fixation duration’ and ‘total visit duration’ resulted in significant results. Graph components 

were sectioned into question type and graph type. Graph type involved analyzing all data 

based on which of the four graphs was being displayed. Question type involved analyzing 

data based on which type of question was being displayed. Q1 was an open-ended question 

asking the participant to describe the main ideas of the graph. Q2 was also open ended, but 

asked for an identification of trends in the graph. Q3 questions (a and b) asked a question 

aimed at having the participant perform a visual lookup on the graph for an answer. Q4 

questions (a and b) asked the participant to apply prior knowledge about a topic to the graph 

or extrapolate data shown. 

 Significant differences were found between experts and novices when viewing the 

Sea Level and Global Temperature (SLGT) and Worldwide Temperature Anomaly (WWTA) 

graphs. Experts spent more total time viewing the graphs (SLGT, p=0.014; WWTA, 

p=0.099) (Figure 7) and had longer total fixation durations viewing the data as compared to 
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the title/question part of the graph (SLGT, p=0.020; WWTA, p=0.084) (Figure 8). While the 

GGG and TA48 graphs did not yield significant differences, they yielded similar trends. Less 

statistical significance was found when participants were compared based on pretest 

performance for total time, however, the Worldwide Temperature Anomaly (WWTA) 

(p=0.050) graph continued to be significant, along with Global Greenhouse Gas 

Concentration (GGG) (p=0.016) by difference in pre-test performance groups. Participants 

who performed high on the pretest tended to spend the most time on the graphs. While only 

two graphs, WWTA and GGG, were significant, it is important to note that this trend 

persisted throughout the majority of the graphs.  

 Expert/novice differences also persisted when looking at question type. Experts spent 

more time viewing the graphs during Q1 (p=0.070), Q4a (p=0.088) and Q4b (p=0.049) 

(Figure 9) than novices. While not all comparisons between expert and novices were 

statistically significant for each question, the majority of the data followed this trend. 

Question 3a (p=0.099) showed the opposite trend where novices spent more time on the 

graph then experts, potentially due to the difficulty level of the question which seemed to 

take novices much longer to comprehend. Experts also had significantly greater fixation 

duration differences for Q3b (p=0.010), Q4a (0.012) and Q4b (0.031) (Figure 10). No 

significance was found when examining groups separated by pretest scores under the 

difference in fixation duration metric, however, the majority of the data for this variable and 

metric also showed similar trends, but was not statistically significant. Statistics are 

summarized in Tables 3a and 3b. 

Heat map and gaze plot results 
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Figures 11 and 12 show heat maps comparing viewing patterns of experts and 

novices. Novice heat maps were normalized for participant numbers by selecting the median 

13 participants based on performance for each graph and metric to compare to the 13 experts. 

These heat maps agree with quantitative results reported above. Figure 11 shows the 

differences between experts and novices while viewing Q4b of the WWTA graph. Experts 

spent significantly more attention on the data trend line than novices (Figures 11a and 11b), 

where novices allocate more attention on the question. Figure 12 shows heat maps for 

fixation durations of experts and novices normalized for total time spent by participants on 

the selected graph. Figure 12b indicates that novices spend relatively similar fixation 

durations on the title/question and data. Conversely, experts (Figure 12a) are spending more 

of their fixations on the data, possibly viewing it as more important. 

NVivo Results 

 In Table 4, examples 1-4 show expert and novice responses grouped by graph type. 

Generally, expert responses tended to be much longer, which is in agreement with eye-

tracking data. When asked about the main idea of the graphs, expert responses showed 

enhanced synthesis of ideas about the graph and its contents using words that were not 

provided in the description of the graph or its contents to describe the behavior and 

relationships among data more often. The majority of the novice answers were very similar, 

if not identical to the provided title. 

 Examples 5-8 show expert and novice responses grouped by question type. These 

results are also consistent with the eye-tracking data, which has experts spending more time 

on the graphs. Not only are novice responses shorter, but in most cases, they also fail to bring 
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in crucial prior knowledge and apply skills allowing them to extrapolate accurately. When 

extrapolating, experts tended to take into consideration (or at least comment on) an increase 

in rate when calculating their extrapolated values. Novices tended to use a more constant rate 

or not comment on this at all. When answering questions asking to apply prior knowledge, 

experts tended to list multiple examples and elaborate more. Novices mentioned single 

examples and included popular topics such as global warming and polar bears more 

frequently. 

 To determine if there truly was a difference in linguistics between our expert and 

novice responses, we utilized NVivo to do a text search query, telling us the frequency in 

which words were used. After review of participant responses, it was evident that certain 

terms were recurring among participants. We selected a subset of these words to determine 

the frequency in which they were used throughout responses. Selected words are grouped 

into two categories, words that focus on the behavior of data (behavior) and words that focus 

on the relationships within and across data (relationship). Additionally, some common words 

included those provided by the researcher in either a question or graph title (provided), while 

some were newly introduced to the study by participants (new), therefore, we also broke 

these words into separate categories. Newly introduced behavior words (new, behavior) 

included oscillating, constant, rapid, varies, variation, rate and exponential. Newly introduced 

relationship words (new, relationship) included correlate, exponential, normal, baseline, 

comparison, affect, effect and correspond. Words that were provided by the researcher 

dealing with data behavior (provided, behavior) included trend, positive, negative, increase, 

decrease, change and anomaly. Words provided dealing with relationships among and across 
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data (provided, relationship) included cause, impact, positive and negative. All participants 

were run using a text search query within NVivo, including synonyms (n=58, experts = 13, 

novices = 45). We found that on average, experts used all of these words more often than 

novices. Particularly notable are the differences between the two populations and their usage 

of words describing how the data is behaving (behavior). The differences are most significant 

for behavior words provided by the researcher (experts = 55.38, novices = 40.20), followed 

by behavior words introduced by participants (experts = 30.92, novices = 22.16) (Table 5). 
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DISCUSSION AND CONCLUSIONS 

Research Question #1: How do expert and novice eye movements differ while 

engaging with climate change graphs? We observed differences between experts and 

novices using the following metrics, total visit duration (view time) of the entire graph and 

difference in fixation duration between the title/question and graph data. Novice students 

who performed highest on the pretest displayed eye movements that were more expert-like 

than those who scored moderately or poorly on the same assessment. This is consistent for 

both graph-type and question-type results. These results are also consistent with findings 

from Ho et al. (2014) where they found that higher prior knowledge correlated to longer 

fixation durations. Little to no differences were seen using the ‘number of revisits’ and ‘time 

to first fixation on answer’ metrics. We believe this is due to the exploratory nature of this 

study. As these metrics were not the only focus of this study, these metrics were not 

controlled for and may have been influences by other factors.  

Research Question #2: How does the amount of time experts and novices spend 

while viewing climate change graphs differ? The results of this study indicate that experts 

spend more time viewing graphs than novices. Experts spent more time on questions 1, 4a 

and 4b. Question 1 asked participants about the main idea of the graph. Expert explanations 

tended to be longer because they were providing more depth and breadth in their answers. 

The quantitative findings were supported by qualitative participant responses. Questions 4a 

and 4b asked participants to explain or make inferences based on information not provided 

on the graphs. Longer responses to these questions could be attributed to the fact that experts 

had more prior knowledge about climate change and could therefore better attend to these 
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questions. These results are in agreement with Freedman and Shah (2002) where novices 

provided simple explanations (generally shorter in length), describing general trends, rather 

than describing more specific patterns as did the experts. Furthermore, in a similar study with 

science and non-science student populations, science students tended to spend more time 

viewing graphs than the non-science students (Yen et al., 2012), supporting the results of this 

study. 

It is important to note that graphs with consistent significance were SLGT and 

WWTA, both of which had similar characteristics that differed from the other two graphs. 

The TA48 and GGG graphs were simple bar and line graphs, respectively, with both 

containing simple axes. Conversely, SLGT and WWTA were both combined bar-line graphs 

displaying different, but complementary information. Our data indicate that differences 

between experts and novices become more evident when viewing these more complex 

graphs. A similar finding was also observed in a study by Maltese et al. (2015).  

 

While differences on the order of seconds may not seem like a lot, these differences 

are extremely important when capturing the initial attention of a viewer. There is a period of 

120ms in which a viewer’s transient attention can be captured and drawn towards a visual 

stimulus (Megna et al., 2012). 

Research Question #3: To what extent do expert and novice qualitative 

interpretations of climate graphs differ? As discussed previously, expert responses tended 

to be longer because they were providing more in-depth explanations of data while 

sometimes bringing in prior knowledge to discuss the topic shown in the graph. Additionally, 
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we also saw differences in experts and novice responses where experts tended to describe 

general trends, while experts identified more specific patterns and focus, agreeing with 

Freedman and Shah (2002). Not only were expert responses longer and more descriptive, 

they also more frequently used more vivid language to describe the behavior of data (i.e. 

oscillating, rate, exponential, etc.) as well as the relationships among and between data (i.e. 

correlate, comparison, correspond, etc.). 

From our study, for novices to become more expert-like while reading graphs, they 

need to spend more time viewing them with guided practice emphasizing task-relevant data 

(Curcio, 1987; Wang et al., 2012). Graph interpretation becomes easier with practice reading 

and interpreting complicated graphs (Freedman and Shah, 2002). Implications to teaching 

and learning from our results suggest that it would be beneficial to emphasize the importance 

of attention to data and data extraction. In order to direct attention away from task-irrelevant 

information such as the title, it would be beneficial for students to formulate their own title to 

encourage them to voice their own ideas about what the graph is trying to convey. We are in 

support of the CI model proposed by Freedman and Shah (2002) and have modified their 

model to apply to climate graph interpretation challenges. Figure 1 includes the modified 

model for metrics assessed in this study and can be used for future research directions We 

recommend the following efforts be made to encourage students to become more expert-like 

while viewing, constructing and interpreting graphs, where instructors should 1) provide 

opportunities for students to increase their knowledge of graph reading and climate content 

(Freedman and Shah, 2002), 2) offer scaffolding and training aimed to help students direct 

attention to data elements (i.e. axes, legends, data trends, etc.) (Curcio, 1987; Wang et al., 
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2012) 3) implement changes to graphs that simplify empirical to summary data (Spence and 

Lewandowsky, 1990) and/or direct viewer attention to data elements either through visual 

emphasis (i.e. arrows, highlighting, etc.) or adjoining text. 

 

LIMITATIONS AND FUTURE WORK 

Limitations of this study include: the concurrent verbal protocol used may have 

influenced view times, which could attribute to experts taking longer to answer the questions. 

While this study tested for graph reading skill, it did not assess climate literacy and prior 

climate knowledge of expert or novices.  Furthermore, the influence of worldview and 

political affiliation was outside of the scope of the current study. Lastly, this study was quasi-

experimental in design where our population was a sample of convenience from a large 

enrollment introductory science course at a major university and our expert pool was 

composed of local graduate students in residence at the same university. 

As this project was exploratory in nature, the results and limitations of this study 

suggest that further experimental research is needed. Any of the aspects of Figure 1, such as 

those included under domain knowledge, visual features, and graph skills could be further 

investigated through a carefully controlled study as influencers of viewer interpretation 

outcomes. Suggestions for future work include an exploration of the following as they effect 

performance. The influence of graph type including bar graphs versus line graphs, the 

combination of bar and line graphs, and the effect of graph complexity. The influence of the 

inclusion of a concurrent versus retrospective verbal protocol in the eye-tracking study 

design, as verbal responses could potentially influence time spent on each task/graph. The 
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influence of the type of climate content covered (i.e. greenhouse gases, sea level rise, etc.) as 

some concepts may draw more heavily on prior knowledge or misconceptions than others.  

Furthermore, future research may focus on the influence of climate literacy on the 

interpretation and reading of climate graphs, the effect of graph modifications and addition of 

supplementary text and the effect of graph reading ability and climate literacy among a larger 

variety of populations (i.e., pre-service teachers, the public, K-12 students). Finally, future 

studies may choose to test for the influence of worldview and political affiliation on 

respondent view time and attention. 
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Appendix A. 

Graph Proficiency Questionnaire 

 

 

1) Your name: ____________________________________ 

 

 

2) How confident are you... 

 
Very 

Confident 
Somewhat 
confident 

Somewhat 
unconfident 

Very 
unconfident 

... with interpreting scientific graphs?         

 

 

3) How good are you at... 

 Novice 
Advanced 
beginner 

Competent Proficient Expert 

...interpreting scientific 
graphs? 

          

 

 

4) How often do you… 
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 Never Once a 
Year or 

Less 

Several 
Times a 

Year 

Once a 
Month 

2-3 
Times a 
Month 

Once a 
Week 

2-3 
Times a 
Week 

Daily 

...construct 
graphs using 
paper and 
pencil? 

                

...interpret 
existing graphs? 

                

...use 
computers for 
data analysis? 

                

...use 
computers for 
graphing data? 

                

...use Excel for 
data analysis? 

                

...use Excel for 
graphing data? 

                

...do other 
graphing or 
graph reading 
tasks? 
 

                

Please describe other graphing or graph reading tasks: 
 
 
 

 

 

 

 

5) How often do you… 
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 Never 
Once a 

Year 
or Less 

Several 
Times a 

Year 

Once a 
Month 

2-3 
Times a 
Month 

Once 
a 

Week 

2-3 
Times 

a 
Week 

Daily 

...read Wikipedia 
articles about a 
science topic? 

                

...read internet 
articles or blogs 
about a science 
topic? 

                

...read science 
magazines? 

                

...read science 
research 
articles? 

                

...read science 
text books? 

                

...do other 
science reading? 
 

                

Please describe other science reading: 
 
 
 

 

 

 

6) Circle the y-axis or axes on the following graph: 
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7) Circle the x-axis or axes on the following graph: 

               
 

 

8) What is an independent variable? 

 
 I am not sure. 

   ____________________________________________________________ 
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9) Circle the independent variable on the following graph: 

 

                          
 

 

10) What is a dependent variable? 

 
 I am not sure. 

   ____________________________________________________________ 

 

 

11) Circle the dependent variable on the following graph: 
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12) Please graph the participant data in the table below from the hypothetical online 

MEA 100 section. Make sure the graph is complete.  

 

 2012 2013 2014 2015 

Participants in 
online MEA 100 

243 251 193 355 

 

                                
 

 

13) Please graph the student data in the table below from a previous study. Make sure 

the graph is complete. 

 

 2014   2015   

 Left-
handed 

Right-
handed 

Ambidextrous  Left-
handed 

Right-
handed 

Ambidextrous  

Number of 
Students 

5 1 1 3 4 3 
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14) What did you find most difficult in completing the graphing tasks above? 



 

39 

Table 1. Summary of graphs and questions 

 

Graph name Abbreviation Type
Q1 What is the main idea of this graph?

Q2 What trends do you see in this graph?

Q3a In 2000, what was the approximate CO2 concentration?

Q3b
Over the last two millennium, what was the 

approximate total change in CO2?

Q4a

What type of activities took place beween 1800 and 

2000 to cause the sharp rise in global greenhouse 

gases?

Q4b

What could be a possible explanation for nitrous oxide 

not increasing as rapidly as the other greenhouse 

gases?

Q1 What is the main idea of this graph?

Q2 What trends do you see in this graph?

Q3a In 1950, what was the approximate sea level change?

Q3b
When do global temperature and sea level appear to 

have the closest correlation?

Q4a
What might global sea level change be in the year 

2050?

Q4b What might global temperature be in the year 2050?

Q1 What is the main idea of this graph?

Q2 What trends do you see in this graph?

Q3a
How many years has the temperature anomaly been 

more than 2 degrees F above average?

Q3b

During the first half of the century, were there more or 

less positive temperature anomalies as compared to 

the second half?

Q4a
What do you think the temperature anomaly graphs for 

other countries would look like?

Q4b

Based on the graph, should we expect to see more 

positive or negative temperature anomalies in the 

future?

Q1 What is the main idea of this graph?

Q2 What trends do you see in this graph?

Q3a
In 1920, what was the approximate carbon dioxide 

concentration?

Q3b

Describe the relationship between CO2 concentration 

and temperaure anomaly during the first half of the 

century as compared to the second half.

Q4a

What could you infer from this graph about how the 

temperature will change from average conditions into 

the future?

Q4b
If this trend continues, what are some impacts that 

humans might see in the future?

Questions

Worldwide temperature 

anomaly and carbon dioxide 

concentration, 1901-2014

WWTA

line graph, 3 

variables, 2 y-

axes with 

different scales

line + bar graph, 2 

y-axes with 

different scales

bar graph, single 

y-axis

line + bar graph, 2 

y-axes with 

different scales

Global greenhouse gas 

concentrations over time
GGG

Sea level and global 

temperature change
SLGT

Temperature anomaly in 

the contiguous 48 states, 

1901-2012

TA48
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Table 2. Variables and metrics summary 

Variables Categories Metrics Shorthand 

Experience 
Expert Total visit duration (view time) of 

entire graph 
Total visit duration 

Novice 

Pre-test 
performance 

Low performing Amount of time to first find the 
answer 

Time to first fixation 
on answer Moderate performing 

High performing 
Number of revisits between the 
question/title and data 

Revisits Age 18 to >23 

Year in 
college 

Freshman 

Sophomore 
Difference in fixation duration 
between data and question/title 
(data-question/title) 

Difference in fixation 
duration 

Junior 

Senior 

>Senior (fifth-year senior) 

Gender 

Male     

Female     

Other     

Prefer not to answer     

Major 
STEM     

Non-STEM     

Race 

White/Caucasian Am.     

Indian/Alaskan Native     

Asian/Asian Am.     

Black/African/African Am.     

Native Hawaiian/Pacific 
Is. 

  
  

Other     

Prefer not to answer     

Ethnicity 
Hispanic or Latino     

Non-Hispanic or Latino     
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Table 3a. Total visit duration statistical summary 

 Total visit duration metric 

 
Variable 

Graph or 
Question 

Mean St. Dev. St. Error p-value 

Ex
p

e
ri

e
n

ce
 

Expert 
GGG 

27.65 7.52 2.09 
0.326 

Novice 25.77 8.14 1.27 

Expert 
SLGT 

29.11 7.69 2.13 
0.014 

Novice 23.33 9.90 1.55 

Expert 
TA48 

25.35 8.18 2.27 
0.895 

Novice 24.41 6.27 0.98 

Expert 
WWTA 

29.98 8.25 2.29 
0.099 

Novice 26.45 9.63 1.50 

Expert 
Q1 

29.78 9.74 2.70 
0.070 

Novice 24.58 9.15 1.43 

Expert 
Q2 

25.60 7.64 2.12 
0.132 

Novice 22.56 9.53 1.49 

Expert 
Q3a 

17.47 3.40 0.94 
0.099 

Novice 20.47 6.00 0.94 

Expert 
Q3b 

31.81 6.71 1.86 
0.270 

Novice 30.16 9.17 1.43 

Expert 
Q4a 

30.59 9.90 2.75 
0.088 

Novice 25.26 9.07 1.43 

Expert 
Q4b 

32.87 10.72 2.97 
0.049 

Novice 27.09 12.80 2.00 

P
re

 t
es

t 
p

er
fo

rm
an

ce
 

Low 

GGG 

27.18 6.25 1.80 

0.016 Middle 22.47 7.91 1.86 

High 29.63 8.79 2.65 

Low 

SLGT 

23.20 5.62 1.62 

0.123 Middle 20.75 8.00 1.89 

High 27.71 14.68 4.43 

Low 

TA48 

26.18 5.49 1.58 

0.143 Middle 22.23 4.45 1.05 

High 26.07 8.67 2.61 

Low 

WWTA 

26.49 6.57 1.90 

0.050 Middle 22.93 6.85 1.61 

High 32.17 13.62 4.11 

Low Q1 27.90 7.83 2.26 0.111 
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Middle 21.30 7.97 1.88 

High 26.31 11.09 3.34 

Low 

Q2 

22.43 8.54 2.46 

0.378 Middle 19.95 7.08 1.67 

High 26.99 12.81 3.86 

Low 

Q3a 

22.05 6.26 1.81 

0.320 Middle 19.19 5.85 1.38 

High 20.86 6.07 1.83 

Low 

Q3b 

32.31 7.18 2.07 

0.036 Middle 26.64 6.76 1.59 

High 33.59 12.68 3.82 

Low 

Q4a 

25.73 6.12 1.77 

0.081 Middle 22.47 8.26 1.95 

High 29.73 11.99 3.79 

Low 

Q4b 

24.35 5.79 1.67 

0.073 Middle 23.18 10.03 2.36 

High 36.47 17.71 5.34 
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Table 3b. Difference in fixation duration statistical summary 

 Difference in fixation duration 

 
Variable 

Graph or 
Question 

Mean St. Dev. St. Error p-value 

Ex
p

e
ri

e
n

ce
 

Expert 
GGG 

8.94 7.09 1.97 
0.120 

Novice 6.32 4.50 0.70 

Expert 
SLGT 

16.05 6.37 1.77 
0.020 

Novice 10.13 8.10 1.26 

Expert 
TA48 

2.30 7.31 2.03 
0.172 

Novice -0.37 5.50 0.86 

Expert 
WWTA 

12.67 7.79 2.16 
0.084 

Novice 8.43 7.48 1.17 

Expert 
Q1 

13.02 9.25 2.57 
0.143 

Novice 9.15 7.80 1.22 

Expert 
Q2 

16.85 7.09 1.97 
0.308 

Novice 14.11 8.71 1.36 

Expert 
Q3a 

4.05 2.66 0.74 
0.223 

Novice 5.15 2.83 0.44 

Expert 
Q3b 

7.46 5.56 1.54 
0.010 

Novice 3.10 5.03 0.79 

Expert 
Q4a 

6.63 8.12 2.25 
0.012 

Novice 0.52 7.09 1.11 

Expert 
Q4b 

11.92 10.43 2.89 
0.031 

Novice 4.89 10.11 1.58 

P
re

 t
es

t 
p

er
fo

rm
an

ce
 

Low 

GGG 

6.50 4.50 1.30 

0.282 Middle 5.20 3.50 0.82 

High 7.95 5.72 1.72 

Low 

SLGT 

9.10 4.83 1.40 

0.189 Middle 8.50 7.45 1.76 

High 13.94 10.96 3.31 

Low 

TA48 

-0.18 7.00 2.02 

0.982 Middle -1.08 2.56 0.60 

High 0.59 7.35 2.22 

Low 

WWTA 

7.91 6.35 1.83 

0.111 Middle 6.40 6.45 1.52 

High 12.33 9.18 2.77 

Low Q1 9.44 8.58 2.48 0.500 
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Middle 7.68 7.65 1.80 

High 11.23 11.23 2.23 

Low 

Q2 

13.93 7.58 2.19 

0.130 Middle 11.63 5.87 1.38 

High 18.35 12.27 3.70 

Low 

Q3a 

5.59 2.80 0.81 

0.741 Middle 4.78 3.20 0.75 

High 5.27 2.35 0.71 

Low 

Q3b 

4.40 5.10 1.47 

0.128 Middle 1.30 3.10 0.73 

High 4.62 6.78 2.04 

Low 

Q4a 

-0.77 3.55 1.02 

0.742 Middle -0.47 5.59 1.32 

High 3.54 10.97 3.31 

Low 

Q4b 

2.47 6.74 1.95 

0.395 Middle 3.23 8.07 1.90 

High 10.25 14.29 4.31 
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Table 4. Expert and novice think out loud responses to questions about selected graphs. 

 

  Expert Novice 

What is the 

main idea of 

this graph? 

(SLGT) 

Example 1: “To show the change in global 

temperature correlated with the change in sea level. 

You can see how the temperature has been changing 

globally over time as well as how the sea level has 

been changing over time.” 

Example 1: “The 

sea level and global 

temperature 

change.” 

Example 2: “This correlates how the temperature 

change and the sea level has generally risen from 1880 

to 2010. We see that through that timeframes. We had 

about three degrees increase in the global temperature 

corresponding to about an eight-inch rise in sea level 

over that period of time. Pretty steady rise there.” 

Example 2: “The 

main idea of this 

graph is that it's 

displaying global 

temperature and sea 

level change over 

time.” 

What is the 

main idea of 

this graph? 

(WWTA) 

Example 3: “It's somewhat of a combination of the 

previous two that we saw, in that it's showing a 

temperature anomaly and greenhouse gas 

concentration. In this case, it's focusing on carbon 

dioxide. Instead of just the US temperature anomaly, 

it's the worldwide temperature anomaly. Overall, what 

you see is a correlation between the two. As the CO2 

concentration worldwide has increased, we've also 

seen an increase in the worldwide temperature 

anomaly.” 

Example 3: “It is 

worldwide 

temperature 

anomaly and carbon 

dioxide 

concentration from 

1901 to 2014.” 

Example 4: “This graph is showing both the increase 

in temperature anomalies since 1900 to 2010 and the 

increase in carbon dioxide concentration at the same 

time. The implication of this graph is that the two are 

linked, although there's no evidence shown here to 

support that, other than causation -- correlation, even.” 

Example 4: “The 

main idea of this 

graph is that it's 

showing carbon 

concentrations and 

temperature 

anomaly over time 

worldwide from 

1901 to 2014.” 

What might 

the global sea 

level change 

be in the year 

2050? 

(SLGT, Q4a) 

Example 5: “OK. Assuming the rate is flat, it's gone 

up two inches since 1980, so that's 20 years. Let's 

make it easier. From 1950 to 2010, it's gone up four 

inches. Assuming the same rate, then by 2050, it will 

have gone up to 12 inches from the base period of 

1880, although I think sea level rise is increasing, so 

maybe slightly above 12 inches.” 

Example 5: “Sea 

level change in 2050 

might be 10 inches.” 
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Example 6: “Let's take the last 50 years for an 

average rate, so 1960 was a little over 4 to 2010 to 8, 

so a little less than 4 inches. Actually, 1970 to 2010 

would be 40 years, so that's about 5 inches to 8 inches, 

so 3 inches, so 3 more inches to 8, so 11 inches. 

Maybe you'd make an argument for sea level rising 

even more rapidly because of the way things go, so 

probably, it would be 11 or 12 inches of accumulative 

sea level change.” 

Example 6: “It 

looks like it's going 

to be probably off 

the graph, so above 

10 inches.” 

If the trend 

continues, 

what are 

some impacts 

that humans 

might see in 

the future? 

(WWTA 

Q4b)  

Example 7: “Well, there are a lot of impacts to this 

question. Increased temperatures. We'll most likely 

see increase in extreme weather events, increase in 

precipitation as the atmosphere is able to hold more 

moisture, and increasing temperatures leads to more 

ocean acidification, which has an impact on corals and 

fisheries. More areas will become less inhabitable, so 

there will be migration issues. The sea level rise will 

cause some coastal areas to be uninhabitable. A lot.” 

Example 7: “There 

could be a global 

warming crisis. Ice 

caps could melt. I 

don't think the graph 

tells you that, but...” 

Example 8: “If there's continually increase in 

temperature anomalies, there could be various impacts 

including changing normal climate in an area. For 

example, there could be more droughts or other parts 

of the world marine or even in the continent in the 

United States, they might seem more rain in general as 

temperature's getting more and more, you get more 

precipitation. Also, affects most of the population in 

the world. In the seacoast or the sea line and as sea 

level rises, probably due to or definitely due to 

warming temperatures, then it will be affected by sea 

level rise.” 

Example 8: “I'd say 

that a lot of the ice 

near the North Pole 

and the South Pole 

will be melting, and 

the polar bears will 

die.” 

 

  



 

47 

Table 5. Summary of commonly used words. Total number of times, on average, that words 

from each category are mentioned throughout the study. 

  

Introduced 

by 

participants 

(new) 

Provided in a 

question or 

title 

(provided)  

Behavior 

words 

Expert 30.92 55.38 

Novice 22.16 40.20 

Relationship 

words 

Expert 23.62 21.31 

Novice 17.33 16.58 
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Figure 1. Construction Integration (CI) model for graph construction and interpretation 

(Freedman and Shah, 2002) modified for climate content and measured metrics. 

 

Figure 2. Global Greenhouse Gas Concentration graph (GGG) 
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Figure 3. Sea Level and Global Temperature Change graph (SLGT)
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Figure 4. Temperature Anomaly in the Contiguous 48 States graph (TA48)

 

  



 

52 

Figure 5. Worldwide Temperature Anomaly and Carbon Dioxide Concentration graph 

(WWTA)
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Figure 6. Tobii TX300 eye tracker setup 
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Figure 7. Total fixation duration based on graph type with standard error.

 

 

Figure 8. Difference in fixation durations (data-title/question) based on graph type with 

standard error. 
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Figure 9. Total fixation duration based on question type with standard error. 
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Figure 10. Difference in fixation durations (data-title/question) based on question type with 

standard error. 
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Figure 11. Total time spent: heat maps showing differences in total attention allocation 

between experts (A) and novices (B). Red indicates locations where more attention is 

allocated. Count calculation, radius = 205px, opacity = 75%.  

 

  

A 

B 
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Figure 12. Fixation duration: heat maps showing differences between data fixation durations 

and question/title fixation durations for experts (A) and novices (B). Red indicates locations 

where more attention is allocated.  

Relative duration calculation, radius = 205px, opacity = 75%. 

 

A 

B 


