Supplementary Document #2 to accompany 
What kinds of questions do students ask while exploring data visualizations?


Coding Schema for Polar Explorer Student-generated Questions 


General Notes
If there are two questions in the same box that are clearly two separate thoughts they can be split apart into two separate rows for coding.   If there are two variants of the same question, or a restatement or clarification of the first statement, leave them in one row.  Sometimes a single sentence can encompass to separate questions.  
If it is not obvious what the question is talking about, look at the map for clues.  Also, read the text box.  The text box is sometimes the source of unusual vocabulary (e.g. resilience, biome). 
Some times it is helpful to scan across the full set of questions put forward by the participant in response to the given prompt to get a sense of the individual’s overall level of understanding or line of reasoning.  This can be especially helpful in cases where an unusual question could be read as either deeply ignorant or actually quite subtle and sophisticated, or where a question is vague and context is ambiguous. 
Sometimes it is helpful to rearrange the question into a form that more nearly parallels the forms shown in the coding schema:
· Example: Were there no casualties in areas without dots? [deadliest tropical cyclones] {if this is parsed as “does lack of dots mean lack of casualties?” it falls more clearly into the Data representation>Please explain coding category.}
The term “data” is used to encompass both social science and natural science data, both qualitative and quantitative data.   The term “data” is also used to encompass model output from computational models, although this usage is not universally accepted.[footnoteRef:1] [1:  Manduca, C., & Mogk, D. W. (2002). Using Data in Undergraduate Science Classrooms   Retrieved from http://d32ogoqmya1dw8.cloudfront.net/files/usingdata/UsingData.pdf
 
] 

Some longer responses have a setup (in which information from students’ prior knowledge or the map is stated), and a query.  Be sure you are coding the actual query and not the setup:
· Example:  Given the expanding orange zone, is there a pattern that has been seen to cause temperatures to drop (i.e. reverse the damage)?  [Temperature Anomaly °C] {“Given the expanding orange zone” is the setup.  The actual query was taken to be “is there something that has been seen to cause a reversal in the damage?”}
You will see some misunderstandings about Earth processes.  For this research project, such questions were coded on their own terms, irrespective of the misunderstandings, according to the form of the question. 
Consider the textbox and the map together as the stimulus that students are responding to. 

Coding Schema

(1a) No response:  A map title was written to indicate that they had viewed a map, but the box for question was blank. 

(1b) Not understandable:  coders could not understand what the student was asking.  

(1c) Response matches no codes.  There was a response, and it was a genuine (non-rhetorical) question, and the coders understood the question.  But it matched none of our categories.  

(1d) Non-questions:   There is a response, but it is not actually a question. [Conversely, a statement that does not end with a question mark may actually be a question (for example:  I wonder why…)]  Code here rhetorical questions that are not about the map or the data or the app. 
· Exemplar: No question - makes sense that surface area is warmest by the equator and cools as you move away
· Exemplar: The scale at the upper left is a little bit too vague
· Exemplar: Didn't understand this graphic because it doesn't really show much
· Problematic:  Why is impact spelled "inpact"?  {question mark is deceptive;  this is basically a criticism rather than a question.}
· Exemplar:  Should I have known that all glaciers are on the coast? [Greenland glacier elevation change]  {rhetorical question}



(2) Tool (app):  Questions about the application
· How can I find….?
· How can I find the place with specific temperature? Just like if I wanted to find place with 15.6degrees C.
· Is there a way to easily navigate to temps from this week during another year?  [Temperature Past Week]




(3) Data or data representation:  Questions about the data, how it was collected, processed and represented.  These questions are primarily about the human-created artifact that we call “data” or the human-created images that are on the table in front of the respondent, rather than about the things or phenomena that are “out there,” the referent, the Earth.  

To distinguish between “Data>Graphics/representation”  and “Earth>Other data”:   Code as one of the Data>Graphics/representation categories only if the question is about the data or graphics representation that is visually available in front of the student at this moment.   If the question is asking about a phenomenon that is not represented by or included in the data representation currently available to the student, code as “Earth>Other data.” 

· Data> Please explain: Please explain to me what I am looking at.  The sense here is that the respondent lacks an understanding of what earth phenomenon is being represented by this image, or how the graphic language of the image represents the Earth phenomenon.   Questions about the graphic language span a range from simplistic to sophisticated; the essence is that the questioner is asking for an explanation of how some aspect of the visually presented information (a color, a symbol, a line, a label) corresponds to an aspect of the real Earth system.   Also include here requests for the definition of a term or unit.
· Exemplar: Is the map showing the difference or the end temperature?
· Exemplar:  …. Is the area stated the area of the submerged coral? [Atolls]
· Exemplar: What do the lines represent that stretch across the map? 
· Exemplar:  Was not able to understand this map, Do dark areas show more energy?
· Exemplar: are the colors indicative of land and water? [deadliest tropical cyclones]  {Note that question pertains to the base map rather than the mapped data, but it is still a request for an explanation of what is being viewed.}
· Exemplar:  What is a sea level trend?
· Exemplar:  What are the units? [Flood count]
· Exemplar:  What are the places shown as vague black lines?
· Exemplar:  What is the meaning of the scale? How does the 1st-4th means the cost less?
· Problematic:  I am slightly confused by the graphs/ yellow lines used to show this. [Hurricane frequency]  {Problematic because there is no question mark. However, the gist is similar to other “Please explain” questions asking for an explanation of the graphic language.} 
· Exemplar:  Does the added grey mean that the ocean isn’t that deep in those places?  [Temperature (°C), asking as questioner stepped down through the water column]
· Problematic:  How precise are the changes in temperature within one color? [Temperature (°C)].  {Is this about how well can ocean temperature be measured (if so it would have been Data:  how measured), or about how precisely the measured values are reflected on the map.  Coders chose the latter, and thus this answer is here.} 
· Problematic:  Low latitude glacier? [Greenland Ice Sheet Elevation] {This is problematic because “low latitude glacier” is a term introduced in the textbox but not used on the map.  However, the question is a request for an explanation or definition of a term, so we code it as please explain for the purpose of the PoLAR project.} 

To distinguish Data> Please explain from  Data> How collected:   For questions about the data type, code as Data> Please explain if the question is asking for clarification about the basic construct that the data type is trying to capture and convey.  In other words, what is the essence of what the mapmaker meant by “human impact index” or “sea level trend” or other data type?   Code as “Data>How collected/determined/processed/measured”  if the question is asking how that construct was operationalized, for example, what measured parameters were included and excluded, how they were combined.

· Data> Why is this data type important?  - What was the reason for collecting this data type; what can one learn from this data type;  what can be done with this data type; what am I supposed to be seeing in this data type? Sense here is that the respondent knows what Earth phenomenon is being portrayed and can read the map, but is asking for help with meaning-making.  
· Exemplar: Why is post-glacial rebound an important topic to understand? 
· Exemplar:  What am I supposed to see?  [accumulated rainfall] 
· Exemplar:  Why is this important [outgoing long wavelength radiation (by year)]
· Exemplar:  Why does it matter that atolls are covered? [ocean atolls at risk of submersion]
· Exemplar:  Why is this included?  [Hurricane Frequency]
· Problematic:  Although one area may have a higher number of incidents of floods, isn’t the extent of the flood damage more valuable information?  [Flood count] {This question is more complicated, in that it is asking about the relative value/importance of the mapped data type (flood count) and another data type.}

· Data> How collected/determined/processed/measured?  Include questions about limitations or flaws in the data, as well as questions about the quality of the data. Include questions about what factors or parameters or instances are included or excluded in calculating indices or derived data types. 
· Exemplar: How can you collect so much data and were there some difficulties where you collected them?
· Exemplar:  How to determine the degree of human impact on Earth?
· Exemplar: How to determine deadliest? Is there a scale of the number of deaths?
· Exemplar:  How was the population data determined?  [Population density]
· Exemplar:  How did the measurement of everything happen?  [Temperature] 
· Exemplar: How are you compiling data based on events that happened >11,000 years ago? [Regions rising and falling: post glacial rebound hinge]
· Exemplar:  Does this map take into account attempts to preserve human influence? [Human impact] {asking about what parameters are included in a derived data type.}
· Exemplar:  How did you decide what counts as a large enough earthquake to put on the map? [Largest earthquake] {This question is about which instances to include and exclude from the map.}
· Problematic - Why is standard error so large in Disko/Melville? [Map - Greenland Glacier Elevation Changes]  {This is a question about the quality (or lack of quality) of the data.} 

· Data> Graphics/representation?:  Why is data being represented in this way?  These questions are more about graphic arts or cartographic technique or choice of representational symbols  than about the nature of the data or the Earth phenomenon. 
· Exemplar: Why are all other continents merged into one map?
· Exemplar:  Is there a better way to visualize the data? It looks like someone vomited on the map. [Hurricane Tracks]
· Exemplar: Why is this map formatted differently from the others? [Regions of rebound and subsidence.]
· Exemplar:  Any specific reason about N. Pacific being in red? [Hurricane frequency]
· Problematic:  Is there a simpler measure than Joules?  [Heat content]  {although not about graphic representation, it is still a question whether there mightn’t be a better way to represent the data.}
· Problematic: Why chose the year 1900?  Why not choose an earlier year to get a bigger picture?  [Pacific Tsunami Fatalities]   {Key word here is “choose,” showing that questioner is focused on why the cartographer made his/her choices.  Problematic because this choice was probably made because of a limitation of data, but not coded that way, because this is not the questioner’s focus.} 

To distinguish between Data> Please explain and Data> Graphics/representation:   In Data>Please explain, the sense is that the questioner doesn’t understand some aspect of what he/she is looking at and is asking for help.  In Data> Graphics/representation, the questioner does appear to understand what he/she is looking at, but is questioning why the cartographer has chosen to represent the data in this way, or asking questions about the effectiveness of the display/representation technique.    Questions with a puzzled tone are usually Data> Please explain, whereas questions with a whiney tone are more likely to be  Data> Graphics/representation. 

To distinguish between Data> How collected… and Data> Graphics/representation:   If the question is about what happened between the making of the first inscription (when an Earth phenomena was turned into a human artifact) and the making of the final set of numbers that were to be used to make the map, code as Data> How collected/determined/processed/ measured/.  This includes questions about limitations or imperfections or accuracy or quality of the data.  If the question is about what happened or how decisions were made as the fully processed digital data were crafted into a display to be accessed through the human visual system, code as Data>Graphics/representation. 




(4) Referent (Earth):  Questions about the referent system, the real Earth represented by the data. 

To distinguish between Earth> Causality and Earth> Consequences:  Begin by focusing on the phenomenon represented by the data visualization that is in front of the questioner at the moment that the question is posed.  Look at the data visualization and read the accompanying text. 
· Is the question about how the Earth got to be this way or might have gotten to be this way?  If so, code as Earth> Causality.  Earth> Causality questions focus on possible antecedents or influencers for the situation shown in the mapped data.   
· Is the question about events or processes that might follow from or result from or be influenced by the phenomenon shown in the mapped data?  If so, code as Earth>Consequences.  
· If the question does not actually relate directly to the phenomenon shown by the mapped data, you may be dealing with a case of Earth> Other data> Other data types not provided.  This is the kind of question that might be answerable by providing additional data layer(s).  
· If the question introduces an additional process or phenomenon (in addition to that shown on the map) and causality/influence between the new phenomenon and the mapped phenomenon could go either way, code as Earth> Relationship between phenomena. 

Earth>Causality:  Why is this aspect of the Earth (that I am viewing) the way it is?    What are the reasons or influences or processes that underlie the phenomena that I am looking at in the data visualization? 

· What controls phenomenon?:  What processes [control/accelerate/inhibit]  [the mapped phenomenon or data type]? or What process(es) cause(s) the variation in [the mapped Earth phenomenon or data type]?   The question is not directly tied to a specific feature or aspect of the data, but is a more general question about what controls/causes/influences the general phenomena of which this data type is a representation.  Note that “processes” can be human as well as natural. 
· Template: What processes [control/accelerate/inhibit] the [mapped phenomenon]….:
· Exemplar: What controls a hurricane? 
· Exemplar:  What causes Hurricanes?  [Hurricane Frequency]
· Exemplar:  What caused these to be so fatal?   [Deadliest tropical cyclones]
· Exemplar:  Why are some tsunamis stronger? [Historic Caribbean Tsunami] 
· Exemplar: What conditions are optimal for storm surges to be high?
· Exemplar:  What makes a place risky?  [Economic risk from hurricanes]
· Exemplar:  Where does the ocean salinity come from?  [Surface ocean salinity]
· Template: What processes control the variability in [the mapped phenomenon]…
· Why are hurricanes more frequent in certain areas? [Hurricane Frequency]
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]What causes more anomaly in different spots? [Temperature Anomaly]  
· Why do certain areas have a greater thickness than others?  
· Why do certain areas have warmer water more in depth but others don’t?  [internal ocean temperature] 
· Problematic:  What causes the water levels to rise so much between certain continents as opposed to others?  [Sea level trends]  {Because data type is about trends, it might be tempting to code this as Causality>temporal trend.  However, what the questioner has noticed by examining the data is that there is spatial variability across the map, not a temporal trend.}
· Problematic:  What is the biggest cause of green vs. red?  [Human impact] {because this is expressed as map colors rather than a high and low values of the mapped phenomenon, it might be tempting to code this as a Data category.  But coders infer that the questioner is asking about the Earth phenomenon, not about the graphic expression.}
Notes:
· Note that no specific areas/regions/spots on the map are mentioned in “What controls phenomenon?”
· Also, no possible controlling factors, mechanisms, or other relevant data types are mentioned.   In the case there the question mentions variability, what the questioner has noted from the map is simply that the map is not all one color or that the map symbols are not evenly spaced across the map, and is asking for an explanation of why that is.  
· If there is a strong overtone of human intervention in the “inhibiting” of the phenomenon, code it as Earth> Mitigation/adaptation/intervention.  So “what controls a hurricane?” belongs here, in “What controls phenomenon?”  But “How to prevent cyclone?”  belongs over in Earth> Mitigation/adaptation/intervention, because the implication is that human action could do the “preventing.” 

· Why Salient feature:  Why is this distinctive spot or feature or outlier the way it is?  Only one spot or area is mentioned.  Often the salient feature is the highest value or the lowest value.   The spot is often designated with a geography label (e.g. Europe, south of Greenland, North Atlantic).  (However, if the questioner goes beyond asking “Why?” and brings to the table a process or influence, code as “Process/mechanism/hypothesis” or “Relationship between phenomena.”)
· Exemplar: What is responsible for the random warm spot off the east coast?
· Exemplar: Why is the Indian Ocean the warmest? 
· Exemplar:  The most impacted areas seem to be Europe, why is that?  
· Exemplar: Why isn't temperature change really affecting the U.S. Midwest?  {note that in this case the spot is distinctive for an absence rather than a presence.}
· Problematic: Why is the west coast not affected by hurricanes? [Looking at the map, there seems to be an implied spatial comparison with the east coast.  However, since only one spot is explicitly specified, it gets coded as salient feature rather than as spatial pattern.]

· Why Spatial pattern/trend:  Why does the Earth exhibit this spatial pattern or trend that I observe in the data?   Spatial trend or pattern would include:  gradient (E/W,  N/S, onshore/offshore),   clustering,  association with a specific type of Earth setting (e.g. coastal), or shape.  Code a compare/contrast of two specified regions here also, even if there is not a clear gradient between them.  (However, if the questioner goes beyond asking “Why?” and brings to the table a process or influence, code as “Process/mechanism/hypothesis” or “Relationship between phenomena.”) 
· Exemplar: Why does the Indian Ocean get colder as you go East?  {spatial trend/gradient}
· Exemplar: Why are the hurricanes concentrated to the coast?  {spatial pattern/clustering}
· Exemplar: Why is the eastern half of North American more polluted than the western half?  {spatial comparison}
· Exemplar: Why in the center is it so dark but then jumps to light then dark again?  [Outgoing Longwave Energy (weekly)] {spatial pattern described}
· Exemplar:  Why did water near the gulf stream cool down while arctic waters got warmer? [Temperature Anomaly (°C)]   {compares/contrasts two regions}
· Exemplar:  Why are so many of the expansions so oddly shaped?  [Thermal expansion]
· Problematic: Why is the ocean hotter by the equator?   {problematic because there is a trend with latitude implied, but it’s not actually stated}


To distinguish between Salient feature and Spatial pattern/trend:  In both cases, the question draws specific attention to something that has been observed on a map, and asks why the Earth has the observed characteristic, but does not suggest any possible causal process or mechanism. 

· Look at the map!  Think critically about whether there was geoscience insight behind the question; if so, it is more likely to be a spatial pattern or trend.   Salient feature questions tend to have less substance behind them.  
· If  the question points to just one spot or area and asks why that spot or area is the way it is code as Salient feature. 
· If the question has a clear or implied sense of comparing one part of the Earth with another part, and asks why these areas differ, code as Spatial pattern/trend. 


· Why Temporal pattern/trend:  Why does the Earth change through time according to this pattern or trend  I have observed in the data?  Examples of temporal patterns would be fluctuating up and down, cyclic.  Example of temporal trend would be rising or falling or leveling off.  (However, if the questioner goes beyond asking “Why?” and brings to the table a process or influence, code as “Earth>Causality> Process/mechanism/hypothesis” or “Earth> Relationship between phenomena.”)
· Exemplar: Why does temperature change over time?
· Exemplar: What is causing sea level in the Atlantic Ocean to rise rapidly in the years 2005-2010?
· Exemplar:  Why is the North Atlantic so volatile in heat content?  [Heat Content]
· Exemplar:  It looks as if the change in temperature over the past 5 years is more drastic than changes over the past 25. Why is that?  [Temperature change over 5 years.]

· Process/mechanism/hypothesis:  The questioner must go beyond asking “why?” and put forward some kind of idea of their own about a process that might be causing or contributing to the Earth being the way it is shown in the data.  Does [hypothesis] explain [feature of data]? Does [process] influence/cause/accelerate/inhibit [the mapped phenomenon]?  How does [process] influence [mapped phenomenon]?
· Exemplar: How does glacial melt contribute to a decrease in temperature?
· Exemplar:  How does SES affect mortality? [Mortality from Hurricanes]
· Exemplar: Is global warming responsible for the Atlantic Ocean warming?
· Exemplar:  Does ocean pollution influence the change (increase) in temperature (water)?  [internal ocean temperature (present)]
· Exemplar:  Is the salinity content less near the Arctic because of melting glaciers?
· Problematic:  Why do the oldest civilizations (Europe, East Asia, North America) have had the most changes in temperature?  [temperature anomaly]  {Slightly problematic because the process is not stated; however there is an implied hypothesis that civilization generates heat and longest-existing civilizations would have had the most time for heat to accumulate.  Idea of older/younger civilizations was brought by the student.}
· Problematic:  Are people traditionally more attracted to the coast?  {Hypothesis is stated, but not the observation for which explanation is being offered (people tend to cluster the near coast on the population density map.)}
· Problematic: Are these melting glaciers the reason for internal ocean temperature heating around the glaciers?  {causality seems to be backwards, but that doesn’t matter for coding purposes; it is still a hypothesis that incorporates a process.}

· Departure from model:  Why is the Earth different from what I would have expected [doesn’t match my mental model]?  These questions often have a tone of surprise or puzzlement. 
· [bookmark: _GoBack]Exemplar: If global warming is occuring [sic], why aren't the ocean temperatures changing as much?  {model would have larger temperature changes}
· Exemplar:  What is causing this increase in heat to be so spread, instead of just around the equator?   {model would have heat accumulating at equator primarily} 
· Exemplar:  Why is the Arctic Ocean so much colder than the South Pacific Ocean? {model would have far N and far S equally cold}
· Exemplar:  Why are places of high elevation at risk from flooding? {model would be flooding occurs along coastline, at locations of low elevation} 
· Exemplar: Why are floods so common if the sea level is rising at such a low rate?  {Model: fast sea level rise would cause lots of flooding, and slow sea level rise would not} 
· Exemplar: Why are there more widespread economic loss compared to flood count?  {model would be that the economic loss would vary in a straightforward way with flood count} 
· Problematic:  Why are some areas near the equator colder than others?  {model would be temperature gradient from equator to poles, with uniform temp at any given latitude.  But model is not stated or implied.}
· Problematic:  I feel like there have been 35+ hurricanes in the US 1980-2000.  Why is the number smaller?  [Hurricane frequency]  {Problematic because this is an empirical model rather than a process- or concept-based model, which is what we have mostly seen in this coding bin.  But it is a model nonetheless.}


To distinguish between observational Earth questions and interpretive Earth questions:  Observational questions point out an observable feature of the data, and basically ask why is the Earth this way.  The observational question categories are:  Salient feature, Spatial pattern/trend, and Temporalpattern/trend.  Interpretation questions involve the student in contributing their own thinking about why an Earth feature is the way it is.   Interpretation categories are Relationship between phenomena, Process/mechanism/hypothesis, and Departure from model.   In some cases, the Earth feature that the data is interpreting is a salient feature, or a spatial or temporal pattern or trend.  In such cases, code at the higher order thinking skill, the interpretive question category.

Earth> Consequences:  Given that the Earth is the way shown in the data, what would be the consequence or implications?   Would the consequences of the way the Earth is shown in the data be good/bad?
· For life/living systems:  Does or how does [observed phenomenon] affect life: 
· Exemplar: Does the higher radiation affect life? 
· Exemplar: How do differences in salt concentration affect marine animals?  [Surface Ocean Salinity]
· Problematic: What matters more – how much rainfall a place gets, or the pH of the rain in a place? (with respect to climate change).  [Accumulated Rainfall (this week)]  {difficult to parse. Coded as climate change causes changes in amount of rainfall (shown in data) and in pH (drawn from prior knowledge); which of these has stronger consequences for life?} 

· For humans/ human systems:  Does or how does [observed phenomenon] affect humans?
· Exemplar:  Do areas with a higher population have a greater risk for disaster? [human population density]
· Exemplar:  Does expansion in the middle of the ocean have any affect on us? [Thermal expansion]

· For physical systems:  Does or how does [observed phenomenon] affect other physical Earth systems?
· Exemplar: What effect does intense population density have on climate change?  [Population density]

· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Unspecified/multiple:  The object/victim/recipient of the consequence is not specified.  Or the object/victim/recipient spans multiple systems (from among living, human, and physical systems)
· Exemplar:  What would happen if coral reefs were drastically reduced? [Atolls]
· Exemplar:  Are the atolls cleaning the water or rich in creatures? [Atolls]  {multiple systems, physical and living}
· Is gain in ice sheet elevation a good thing?  [Antarctic Ice Sheet elevation change]  
· What would go wrong if the atolls submerged? [Ocean atolls in danger of submersion] 
· Problematic:  How much ocean warming is dangerous?  [Temperature Anomaly (°C)]  {Read this as “How much ocean warming would have to happen before dangerous consequences would be experienced?”}


Earth> Relationship between phenomena.  Is there a [potentially meaningful] relationship between observable phenomenon A and observable phenomenon B?   One of the phenomena has to be on the Polar Explorer map or in the associated text; the other can be on a different Polar Explorer map or something they bring in from prior knowledge. Questioner is asking if there is a relationship, or what is the nature of the relationship, but there is no implication that the questioner has an opinion whether the new phenomenon is either a cause or a consequence of the mapped phenomenon.  
· Exemplar: Are salinity and heat linked?
· Exemplar: Is there a correlation between glacier size and temperature?
· Exemplar: Is there a correlation between the months and the amount of rainfall? 
· Exemplar:  would the internal ocean temperature be consistent with land temperature? 
· Exemplar:  how does rainfall relate to climate change?   [Accumulated Rainfall (this week)]
· Exemplar:  How specifically does a fracture zone interact with sea temperature if at all?  [Temperature (°C)]  {This is an example brought in from student’s own prior knowledge, not mentioned anywhere in the app.]

Earth>  Mitigation/adaptation/intervention:   Are humans doing anything about [a problem or situation shown in the mapped data]?  Can anything be done about [a problem or situation shown in the mapped data]?  
· Exemplar:  Is anything being done to help these atolls? [atolls]
· Exemplar: Can the impact on a country be reversed? [human impact]
· Exemplar:  What can vulnerable places do to fight mortality? [mortality from hurricanes]
· Exemplar: Can the impact on a country be reversed? [Human impact] 
· Exemplar:  What can you do about Asia? [Mortality from hurricanes]
· Exemplar:  How to prevent cyclones?  [Deadliest tropical cyclones]
· Exemplar:  How do you solve India’s population density? [Population density]


Earth>Other data?    Show me more/ tell me more. The respondent is asking about data from times and places, or data types not provided.  Or the respondent is asking for a sweeping generalization about the normal/typical/average that the Earth exhibits for this data type across time and/or space.   This is not classified under “Data” because the respondent seems to want more insight or information about the Earth, the referent, not so much about the data that is in front of them.  

· Other times/places:  How would [observed phenomenon] appear at different times? How would [observed phenomenon] change over time [for data shown at one timeslice]?  How would [observed phenomenon] appear at places that are not shown or are obscured?  “Other times” includes the future, the past, and times in between the provided data (e.g. seasonal data when only annual means have been provided).  
· Spatial:
· Exemplar:  Was there more change at the south pole where there is lots of ice (the text box covers it so I can't see)? 
· Temporal:
· Exemplar:  How often do the shorelines change?
· Exemplar: How do these temperature differences compare to changes in the past? [Temperature differences (atmospheric)]. 
· Exemplar: What temperature/anomaly is predicted for the next pentad?  [temperature anomaly] {The future is viewed as “another time.”  Request for information from the future would have to be model output rather than empirical observations, but model output is included within “data” in this coding scheme.}
· 
· Other data types not provided:  Respondent is asking for a data type or a data attribute or a type of information that is not provided (or that the respondent thinks is not provided). The other data type could be a graph, another map, or narrative information.   “Not provided” refers only the map and text that are in front of the questioner as the question is formulated; the requested data might be somewhere else in the app/atlas. 
· Exemplar:  How much money was spent on repairs of some countries? [flood economic loss] {Data given are in deciles, even after touching screen; student wants actual $}
· Exemplar:  Where is the plate line whose movement causes tsunami?  {asking for plate boundary locations}
· Exemplar:  What sea life lives at 3000m depth? [Temperature (°C)]
· Exemplar: how do socioeconomic elements factor into the amount of destruction a hurricane causes? [Hurricane frequency]  {This is about two phenomena, neither of which is on the map: (a) socioeconomic factors and (b) destructiveness of a given hurricane.}
· Exemplar:  Can you make a graph separating expansion from sea levels versus thermal expansion? [Thermal expansion]
· Problematic:  How will climate change affect sea animals living at this depth?  [Temperature (°C) looking at 4000 m depth].  {The ideal answer would come in the form of narrative information grounded in data and model output.}
· Problematic:  What was the fatality rate? [Deadliest Tropical Cyclones]  {in fact, that data was available by touching the dot, but student seems not to have been aware of that}


· What is typical/anomalous?  Questioner is asking for a sweeping generalization about the normal/typical/average values that the Earth exhibits for this data type across time and/or space.   
· Exemplar: Would this be considered a small amount of glaciers?
· Exemplar:  What should be the temperature of the ocean?
· Exemplar:  What are the average temperatures in these areas? 
· Exemplar:  Are these temperatures higher than they should be?  [Temperature (°C)]
· Exemplar:  what would the temperature be at with no climate change?  [Temperature Past Week]
· Exemplar:   What should the baseline heat of the ocean be?  [Heat content]
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