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Introduction

Description of Participants

These participants were all eighth grade students from Orinda Intermediate School in Orinda, 
California.  All students were pulled from one teacher’s science class during various periods 
throughout the day.

Primary Objectives

There are many objectives for this cognitive lab session, which can be grouped into two 
overarching themes: 1) approaches to computer-based testing, and 2) students’ understanding 
of ecosystems concepts.

Approaches to Computer-Based Testing

1. How well do students interpret line graphs showing time-series data for multiple 
populations?

2. When making predictions for population size change of multiple interacting species in an
ecosystem, do students perform better when drawing curves or choosing from a set?

3. What are students’ own perspectives on the benefits and drawbacks of drawing vs. 
choosing predicted population curves in these types of graphing activities?

4. How well can students plot time-series data for multiple populations in an ecosystem?
5. What are students’ own perspectives concerning interaction with data and graphs in a 

digital tablet learning environment?

Ecosystems Concepts

1. What sorts of predictions of population change do students make when analyzing plots 
of time-series data for multiple populations?

2. How well do students understand interspecific competition and camouflage?
3. How well can students classify interspecific interactions as particular relationships when 

analyzing plots of time-series data for multiple populations?
Despite this grouping, there is obviously a bit of overlap between many of the objectives across 
groups.

Task 1: Interpretation: Two Populations Over Time
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General Task Description

FIgure 1. Two Populations Over Time

With a focus on line graph interpretation, this task contained two parts.

In Part 1, students were asked to examine the graph shown in Figure 1.  These students were 
told that each period represents ten years of time.  Following a brief pause for students to 
inspect the graph, they were then told to focus on Period 2 and discuss how each population 
had changed, and what might have caused this change for each population within the given 
time period.

In Part 2, students were asked to describe the nature of the relationship between these two 
populations, especially in terms of any interaction between the two populations as apparent in 
changes of population size represented in the graph.

Summary of Student Responses

When initially interpreting the population curves on this graph, most (4/5) of the students 
assumed the curves represented human populations of two nations (and the fifth student made 
no indication as to the membership of the populations represented by the curves).  All students 
were asked to reconsider their initial answers with the consideration that the populations were 
two species in the same ecosystem, and most seemed to assume that the two species did not 
have a direct interaction affecting each other’s population size.

Concerning the nature of the relationship between the populations, only one of the five students 
thought (correctly) that these two populations were engaged in a predator-prey (or similar 
antagonistic) relationship.  Most students mentioned one or more external factors as the cause 
of change in size of the two populations.  This could be the result of students focusing too 
intently on the changes occurring in Period 2 as opposed to analyzing all four periods of the 
graph.

Back     to     top     of     document



Task 2: Analysis/Prediction: Introducing Competition

General Task Description

Figure 2a. Introducing Competition
(Draw Curves)

Figure 2b. Introducing Competition (Choose
from Set of Curves)

With a focus on prediction about changes in size of three populations following the introduction 
of a competitor, this task contained two parts.

In Part 1, students were shown the graph in Figure 2a, and told that it shows the populations 
of fish and otters in an aquatic ecosystem, with each period representing ten years of 
time.  Students were asked to describe the relationship between the otters and fish 
based on the population curves shown in Periods 1 and 2.  After giving a description, 
students were asked to notice the introduction of cormorants to the ecosystem at the 
end of Period 2, and told that cormorants also eat this type of fish.  They were then 
asked to predict (verbally) what might happen to the fish and otter populations in 
Periods 3 and 4 now that cormorants are also eating the fish.  Finally, students were 
asked to illustrate their predictions by drawing population curves for each of the three 
species across Periods 3 and 4.  After drawing the curves, the students were asked to 
explain the reasoning behind the drawn curves (in addition to the previous verbal 
prediction).

In Part 2, students were shown Figure 2b and asked to choose one of three sets of 
curves that would be the most likely outcome of introducing cormorants to the 
ecosystem.  After choosing one of the three curve sets, students were asked to explain 
their choice.
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Summary of Student Responses (Drawing)

These are the screen images harvested directly from students’ completed tasks.

Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish

Only one student (Red Fish) made a moderately sophisticated initial observation of the changes
in population sizes for the two species across Periods 1 and 2.  Similarly, only two students 
(Red Fish and Yellow Fish) made sophisticated predictions of the changes in population size for
all three species in Periods 3 and 4 (following introduction of cormorants).  Remarkably, Yellow 
Fish correctly predicted a decline in both the fish and otter populations - the former due to an 
additional predator and the latter due to competition for a single food supply.

To illustrate their predictions, students seemed to fall on two ends of the spectrum: three 
students drew curves fairly well, and two (Green Fish and Blue Fish) drew their curves quite 
poorly.  However, despite initial curve drawing performance, all students did well (Yellow Fish 
did exceptionally well!) explaining the curves they had drawn.  It is also interesting that more 
students were able to draw fairly accurate predictive curves than were able to verbalize a 
prediction of population change in the same time period.  

Summary of Student Responses (Choosing)

These are the screen images harvested directly from students’ completed tasks.  Note: the 
“middle” option is the most likely outcome.
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Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish

As shown, three of the five students chose the “correct” outcome - the most likely outcome of 
change in population size for all three species.  Interestingly, both Green Fish and Blue Fish 
focused on the change in fish population size as the foundation for making a choice of the three 
outcomes, with one choosing correctly and the other incorrectly.  Also of note is the fact that 
Yellow Fish chose incorrectly, but made a fairly convincing argument for the likelihood of this 
“incorrect” outcome:

It depends, if the otters and cormorants are competing, on which one would probably 
be better at getting fish.  But if the cormorants were better, then what would happen is 
that the otters would decline because the cormorants were eating all their fish.  The 
cormorants would start out kind of the pattern that the otters had been doing with the 
fish [in previous periods] and the otters would just decline.  Once there’s not enough 
fish the cormorants will go down also.

Task 3: Analysis/Prediction: Introducing Camouflage

General Task Description
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Figure 3a. Introducing Camouflage
(Draw Curves)

Figure 3b. Introducing Camouflage (Choose
from Set of Curves)

With a focus on prediction about changes in size of three populations following the introduction 
of one species that provides camouflage for another, this task contained two parts.

In Part 1, students were shown the graph in Figure 3a, and told that it shows the populations 
of frogs and snakes in a marsh ecosystem, with each period representing ten years of 
time.  Students were asked to describe the relationship between the frogs and snakes 
based on the population curves shown in Periods 1 and 2.  After giving a description, 
students were asked to notice the introduction of grass to the ecosystem at the end of 
Period 2, and told the grass provides camouflage for the frogs around the edge of the 
marsh.  They were then asked to predict (verbally) what might happen to the frog and 
snake populations in Periods 3 and 4 now the frogs had some camouflage.  Finally, 
students were asked to illustrate their predictions by drawing population curves for each
of the three species across Periods 3 and 4.  After drawing the curves, the students 
were asked to explain the reasoning behind the drawn curves (in addition to the 
previous verbal prediction).

In Part 2, students were shown Figure 3b and asked to choose one of three sets of 
curves that would be the most likely outcome of introducing grass to the ecosystem.  
After choosing one of the three curve sets, students were asked to explain their choice.

Summary of Student Responses (Drawing)

These are the screen images harvested directly from students’ completed tasks.
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Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish

Students were much quicker in their observations of the relationship between frogs and snakes 
(predator/prey) than in the previous task, and all students were correct in their observations 
(with varied levels of sophistication).  Additionally, with the exception of Orange Fish, most 
students jumped directly to drawing population curves while verbalizing their predictions.  This is
likely a direct result of the similarity of this task to the previous task.  Of note is the fact that 
Yellow Fish briefly asked whether the frogs could eat grass before launching into a predictive 
curve drawing.  Similarly, during initial observations, Green Fish noted that the snakes’ diet 
must not be limited to frogs.  Further probing elicited a connection the student made between 
the graphs of frogs and snakes with those of fish and otters: the amplitude of change in snakes 
and frogs is much more subtle.

Students were also generally much more elaborate with their explanations of the curves they 
drew (also likely a direct result of the similarity of tasks), such as the following from Red Fish:

I think the grass would just go up because neither one of these things eats grass.  I 
think the frog population is going to take less of a dive than it normally would, and then 
its going to take the advantage over the snakes.  Snakes will slowly die out, because 
the frogs are getting the camouflage, and the snakes already ate a bunch of them, and 
there are so few and they can barely catch those because they can hide better.

Summary of Student Responses (Choosing)

These are the screen images harvested directly from students’ completed tasks.  Note: the “top”
option is the most likely outcome.
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Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish

As you can see, only two of the five students chose the “correct” outcome - the most likely 
outcome.  However, once again, almost all students (Blue Fish excepted) gave good 
explanations for the choices they did make (regardless of whether the choice was correct or 
incorrect).  In fact, Yellow Fish made a good argument for choosing the bottom option over the 
top option:

With the top one, the problem is, if the grass is helping the frogs hide but not the 
snakes, then why would the snakes suddenly get better at finding frogs once grass is 
introduced?  The grass is also not likely to decline.  The grass isn’t staying as steady, 
but it’s pretty consistent.  The frogs suddenly have a big growth because they can hide 
from the snakes.  And once the snakes start to be able to find them, the snakes go 
back up and the frogs go down.

Activity Reflection: Drawing vs. Choosing Curves

General Task Description

Students were asked to reflect upon the previous two prediction activities by focusing on the 
difference between drawing curves and choosing from a set of predefined curves.  Each student
was asked which of the two methods they liked better (and why) as well as which of the two 
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methods were easier (and why).  Students were also asked to think of situations where the 
method they had chosen as more difficult might actually be a better method for making 
predictions about population change.

Summary of Student Responses

Three of the five students liked drawing curves better than choosing from a set of curves.  Most 
of the explanations given about the preference for drawing over choosing involved the amount 
of precision or specificity inherent in drawing over choosing, but Blue Fish had a rather unique 
explanation:

I liked drawing better than choosing.  I thought that there were many more explanations
for when you had to choose, and I think it made things more difficult because you had 
to take into account all the things that these graphs could be.

As a counterpoint, Green Fish, who liked choosing better, had this to offer as a reason for 
choosing over drawing:

I liked picking from a choice better [...] because it was easier because you could use 
logic and think about what would happen.  And when you drew it you didn’t know other 
things that could happen.  There could have been other things happening, but with the 
graphs you know that there’s only what’s going on that’s shown.  So you can think 
about what might have happened.

With Blue Fish as the obvious exception, four of the five students said that choosing from a set 
of curves was a much easier task than drawing the curves from scratch.  The reasoning Blue 
Fish gave as to why drawing is easier: “I think it’s easier to make your own theories about stuff 
so you can make your own conclusions.”  As a counterpoint, Red Fish has this to say as to why 
choosing is so much easier:

Choosing is easier, because it’s like a multiple choice question.  Say this is on a test, 
someone would say, well, one of them has to be right.  Drawing would be harder if it’s 
on a test because you don’t know how much leniency the teacher might give.

Finally, each student was asked to think of situations where the option that they thought to be 
more difficult might actually be the better choice for making predictions about population 
outcomes on graphs.  Luckily, students were quite interested in this “brainstorming” approach to
talking about interacting with line graphs, and as such they gave some rather insightful 
responses.

Red Fish
I think [drawing] would be better in a more advanced setting, like an AP class.  Use choosing for
normal science classes and drawing for advanced classes, so show exactly how “into it” they 
really were.
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Orange Fish
Sometimes on tests, [drawing would be better] because you could explain yourself more, there 
could be more than one right answer [....]  Because with these there are only three options, but 
with drawing  you can do anything you want, so if you think that one’s pretty close but not a 
perfect fit, you could make it what you think it is.

Yellow Fish
[Concerning] precision [when drawing], it’s easier to choose a general idea but it’s better to 
have precision sometimes to make it exactly like you want.

Green Fish
Sometimes you would think about it more.  You just see these three options, it’s easier to think 
about them, but if you drew then you would think about endless options.  And you would also 
have to use what you saw before [the existing curves in previous periods].  If you draw it you 
have to look at the whole graph.

Blue Fish
Probably in tests, because you can’t take every student’s perspective on things and say it’s 
right.  Well it could be potentially, but you can’t...[It’s easier to grade a multiple choice item]

Back     to     top     of     document



Task 4: Interpretation: Species Interaction Types

General Task Description

Figure 4.  Classifying Various Interspecific Interactions

With a focus on interpretation of line graphs for classification of interspecific interactions 
between pairs of species, this task contained two parts.

In part 1, students are told that the four line graphs shown in Figure 4 represent different 
interactions over time between pairs of species populations in four different ecosystems, with 
each graph representing two different populations in an ecosystem, and each pair of 
populations belonging to a different ecosystem.  Students are asked to describe what they think 
is happening to each population in each of the graphs, and why.

In part 2, students were asked to classify each set of interactions shown in Figure 4 as a type of 
relationship that typically happens between species in an ecosystem -- by choosing one of the 
six options shown in the right-hand column.  If necessary, students were shown a list     of   
definitions for each of the relationship types.  After classifying all four interactions, students were
asked to explain each of the four classification choices.

Summary of Student Responses
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Students seemed to struggle with initial interpretations and descriptions of the interactions 
happening in these four graphs.  In fact, many did not attribute changes in the sizes of the 
populations as a result of interspecific interaction.  For example, when describing Graph D, Red 
Fish remarked: “something happened that made blue species go downhill and gave red species 
an advantage.”  As shown below in Table 1, most students were familiar with the concept of 
mutualism, and this is reflected in their initial descriptions, as this relationship was the only one 
that most identified as an actual interaction, and two students actually referenced the same 
example (sharks and remoras).

It seems as though there were some major misconceptions inherent in students’ attempts to 
describe these paired population curves, perhaps the most egregious being a remark made by 
Green Fish about Graph A:

The blue probably feed or hunt the red, but something else is probably also happening 
because it’s surging up but not so much.  It must be really dependent on the red 
population.

What’s interesting here is that the description really sounds plausible, but it is completely 
incorrect.

These are the screen images harvested directly from students’ completed tasks (as a result of 
Part 2).

Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish
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Table 1 shows results of correct responses per student and per graph.  As you can see, most 
students did well, with at least 3 or 4 correct responses.  Also, it is apparent that Graphs B and 
D were the most recognizable, as most (or all) students classified these relationships correctly.

Graph A
(Amensalism)

Graph B
(Mutualism)

Graph C
(Commensalism)

Graph D
(Antagonism)

Red Fish (+/-) (+/+) (+/+) (+/-)

Orange Fish (0/-) (+/+) (+/0) (+/-)

Yellow Fish (0/-) (+/+) (0/+) (+/-)

Green Fish (+/-) (+/+) (0/0) (0/-)

Blue Fish (+/-) (+/+) (+/0) (+/-)

Table 1. Students’ classification selections (correct responses are boldface)
When explaining their classification choices, most students gave fairly shallow or literal 
interpretations of the graphs.  There were to exceptional responses, though.  The first came 
from Yellow Fish, concerning commensalism:

In C, [the blue line] seems pretty steady, so not affected much, but [the red line] starts 
to go up a lot, so maybe because of [the blue species] it’s benefitting from them.  Like 
maybe this is a predator [blue] and this is a decomposer [red].

Yellow Fish went on to explain that the decomposers benefit from all the carcasses and parts 
that the predators would leave behind.  This is a fairly sophisticated line of thought.

The second exceptional response came from Green Fish, the only student that requested (and 
subsequently viewed) the list of definitions of species interaction.  This student became focused 
on the difference between species interacting and affecting each other, and read a lot more into 
the different paired curves.

Finally, however, it seems apparent that none of the students paid close attention the variation 
in scale present in the multi-axis population graphs.  This is likely because four graphs were on 
one screen, and this made the numbers very small and therefore probably less noticeable.

Task 5: Plotting Data

General Task Description
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Figure 5a. Blank Graph Frame Figure 5b. Labeled Graph Frame

Figure 5c. Time-Series Data for Two Populations in an Ecosystem

This task had an emphasis on plotting tabular time-series data for two populations.  Students 
were asked to examine a printed copy of the data table shown in Figure 5c.  Students were then
asked to plot these data on the blank graph frame provided (Figure 5a), making sure to label 
and number axes and gridlines as they saw necessary.   Students were not shown the labeled 
graph frame (Figure 5b) unless they struggled with labeling the blank graph frame.

Summary of Student Responses

These are the screen images harvested directly from students’ completed tasks.
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Red Fish Orange Fish Yellow Fish

Green Fish Blue Fish

Despite obvious size issues related to labeling the X-axis, as well as a general issue with scale 
and multiple axes for varied population sizes, the students plotted data on this graph frame well.
Many students demonstrated good strategization surrounding the plotting of two different scales
of populations on the same graphs, despite the lack of anyone generating a multi-axis line graph
on their own.  Yellow Fish came closest, providing two scales on the same axis (after asking if 
creating two different scales would be OK), and the plots generated by this student are quite 
precise and accurate.

Red Fish took an interesting approach, meticulously plotting the points for Population A, then 
commenting: “Population B is really small, so it’s basically going to be all in there [under the 500
line].”  Red Fish then quickly drew a smooth curve to approximate the data plots, and, when 
compared to the individual plots made by Orange Fish, the curve is mostly accurate (except for 
the upswing at the end).

Other interesting strategic approaches included Green Fish asking if the tablet should be turned 
vertically to better accommodate the data in the table.  After sticking with the horizontal 
orientation, Green Fish proceeded to graph both populations simultaneously, covering each 
time point in order.  After a few timepoints, Green Fish asked if it would be possible to graph 
one population at a time (due to an apparent struggle with reading the tabular data in an order 
that went against the arrangement of the table).  This student seemed to be really thrown off 
course by having to plot two populations on the same graph -- earlier posing the question: “I 
have to put both populations in the same graph, right?”
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Finally, Blue Fish struggled the most with labeling the graph, as is evidenced by the fact that this
was the only student to have to switch to the pre-labeled graph.  However, Blue Fish had quite 
an articulate explanation as to why the labeling was so difficult:

It’s kind of difficult for me to figure out because the scales are so different - ones in the 
hundreds and the other in the thousands.  I could go up by hundreds, but that would 
give me less precise graphings for population B.

Further, after switching to the pre-labeled graph frame, Blue Fish had two interesting reactions: 
“Well this will definitely be easier with one scale on each side!” and “Should I use a different 
color for B?”

Task 6: Approaches to Data/Graph Interaction

General Task Description

Figure 6. Completed Multi-Scale Line Graph for Two Populations

This final task was more conversational in that it was intended to evoke student’s perspectives 
and preferences for interacting with graphs and data in a digital tablet environment.  They were 
shown a completed graph (Figure 6) for the same data they had just plotted themselves, and 
they also still had access to the printed copy of the tabular data for these populations (Figure 
5c).

In order to evoke these perspectives and preferences, students were asked one or more 
questions as time allowed.  Following is a list of questions (with slight dynamic variations) asked
to one or more students:
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● What would you do if:
○ Data were outside the bounds of the current graph frame?
○ You needed to add more populations to the graph?

● Can you think of any reasons why you might need to highlight specific parts of a 
completed graph to make notes about that section of the graph?

● What do you think should happen if you make a mistake while you are plotting data on 
the graph?

● What if someone shared a graph with you?
○ What would you want to be able to do with it?

● What would be the best way to plot data on an interactive graph?
● How would you use a graph like this to solve problems?

Summary of Student Responses

Students were quite responsive during this second “brainstorming” session, providing 
substantial responses to many of the posed questions.  We can cover the questioned topics in 
order.

Data Beyond Bounds

Interestingly, Red Fish’s first thought to solve such a problem was to create a new data table, 
but following some clarification, decided that erasing labels and making them at different 
intervals (to account for the new scales) would be a good approach.  Orange Fish provided a 
similar response, noting that changing the labels to account for the new scales would be the 
best approach.

Adding Populations

Upon first glimpse of the completed graph (Figure 6), Green Fish made a remarkable comment, 
prior to any prompting:

Oh!  You could graph it by putting one population on each side!  But then wouldn’t it be 
kind of confusing to compare them?  I don’t know...  It makes me think that the red 
population is as big (same numbers) as blue population.  I think it would be better to 
have two different graphs, right next to each other, with the numbers.  I think it would be
easier to do it that way.

When asked specifically about adding populations (beyond two) to the graph, Green Fish 
added: “I would definitely use different colors, and I would, well would they all be in the same 
range?  If not I wouldn’t know where to put them.”  Orange Fish had a similar response: “It 
depends on the scale.  If they’re around the same, I’d use the same graph.  If they’re higher, I 
might try and make the numbers closer together so I could do both of them.”  Along the same 
lines, Blue Fish remarked: “Make the graphs bigger so there’s more space and nothing gets 
crowded or messy.”

Highlighting and Annotation
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Students had a variety of interesting (and surprising!) comments about potential uses and/or 
reasons for highlighting and/or annotating completed graphs.  Orange Fish thought it would be 
useful to make notes on sections that a student might be unsure of [maybe to check back later?]
or if there were data points that just didn’t look right [like a statistical outlier].

Green Fish felt that both highlighting and annotating would be useful for studying specific time 
periods, noting that students should be able to zoom in by year, or maybe even down to the 
month.  (This, of course, would all depend on the granularity of available data!)

Finally, Blue Fish provided two separate comments, the first involving individual study, 
remarking that highlighting and annotation would be useful “to find out more about environment 
species is in...maybe history of a drought or something.”  Blue Fish was also asked specifically 
about how notes could be useful in a collaborative environment, and the student thought that 
marginal notes could be useful, perhaps by “find[ing] a way to send in questions that could pop 
up on screen and prompt conversation.”

Making Mistakes

Understandably, some students were a bit hesitant to expand on the idea of making a mistakes 
(and how it can be a good thing), but several students contributed some interesting ideas to the 
realm of learning from mistakes while interacting with data.  Red Fish felt that “You should be 
able to fix your mistakes until you finish, [but] once you push “accept” it’s done and you can’t 
move it anymore.

Both Green Fish and Blue Fish were intrigued by the idea that an interactive graphing app 
would be able to tell if you were making a mistake, in fact Green Fish posed a rather technical 
question in this regard: “Would it know what data you were plotting?”  Both students felt that the 
application should readily notify the student as plotting mistakes were made.

Graphs Shared with You

Only two students had the opportunity to discuss the idea of having completed graphs shared 
with them by other students (or perhaps teachers), but both provided substantial insight.  Green 
Fish was adamant that the data table should be shared along with the graph, as looking at both 
would be necessary to validate the plot.  Along this same vein, Blue Fish would like to be able to
“Interact with it to add or fix things (like the smart boards we have now)” and “be really 
interactive, moving stuff around.”

Best Way

Some students were asked to consider an ideal graphing tool, and think about what would be 
the best possible way to plot data using a digital tablet.  Orange Fish commented: “I want it to 
be as accurate as possible but still see changes and see what’s going on in it.  [Also, I] don’t 
want it to be on a scale that looks weird.”  Yellow Fish was more specific about ways of 
interacting with a graph while plotting data: “Maybe if there was something on each grid line, a 
dot you could drag, and it would make lines between the dots.”
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Solving Problems

Finally, a couple students were able to think about how these interactive graphs might be helpful
when solving problems (either individually or collaboratively).  Orange Fish offered the following 
insight about individual problem solving:

I’m not completely sure what I would try to do.  Depending on what I’m trying to solve, I 
would look at the graph and look at the points, see how much it rises or falls, depending
on what year.

Green Fish, on the other hand, offered commentary on the potential for collaborative problem 
solving: “...we could all get on to [a shared space] and look at each other’s [graphs].  Maybe 
even work on [different versions of each others’ graphs].

Final Summary
For a final summary of this cognitive lab session, I will address each of the primary objectives, 
followed by additional insights drawn throughout the generation of this report.

Approaches to Computer-Based Testing

Objective One

How well do students interpret line graphs showing time-series data for multiple 
populations?

These students tended to interpret the population curves in line graphs in a more shallow 
manner, using literal descriptions of the curves themselves.  Some did provide more insight into 
the reason why individual populations curved a particular way over time, but rarely connected 
two populations through interspecific interactions.

Objective Two

When making predictions for population size change of multiple interacting 
species in an ecosystem, do students perform better when drawing curves or 
choosing from a set?

Surprisingly, more students drew better curves than selected correct curve sets, despite the fact
that many students agreed that choosing was fundamentally easier than drawing curves.  This 
is due in part to a distractor set on Task 3 that was more difficult (drawing mistaken choices 
from a majority of the students).  The strong connection between drawing and precision makes 
a strong case for the superiority of drawing as a mechanism for explanation of predictions about
multiple population size changes in a given ecosystem.  It would be interesting to see if this 
holds true in other subject areas (such as the global economy or world health issues) as 
students interact with multiple time-series data sets in a multi-axis line graph.

Back     to     top     of     document



Objective Three

What are students’ own perspectives on the benefits and drawbacks of drawing 
vs. choosing predicted population curves in these types of graphing activities?

A majority of students liked drawing better (mostly due to the level of precision and control 
provided by this mechanism), and felt choosing was easier (in part due to the “guessing” factor).

Objective Four

How well can students plot time-series data for multiple populations in an 
ecosystem?

These students plotted data quite well, given a table containing data with multiple scales.  They 
did struggle a bit with strategizing about how to construct and label axes from scratch when 
multiple y-axis scales are involved.  All came up with various workable solutions, even if they 
weren’t perfect, and managed to plot the data well within the frames they had constructed.

Objective Five

What are students’ own perspectives concerning interaction with data and 
graphs in a digital tablet learning environment?

Students provided excellent insight at two different points within the cognitive lab session, with 
ample ideas for improvement (leading to different and better tasks in future cognitive lab 
sessions!).  Details of many of the ideas can be found below in the “Additional Insights” section.

Ecosystems Concepts

Objective One

What sorts of predictions of population change do students make when 
analyzing plots of time-series data for multiple populations?

Many students struggled with prediction, either through inaccuracy or lack of detail.  However, 
the explanations they generated (verbally and through drawn curves) were more sophisticated 
than expected, even though many were inaccurate.  This indicates misconceptions affecting 
prediction of outcomes, but not with ability to explain established predictions.  So, students can’t
currently predict well when multiple (more than 2) populations of an ecosystem are involved.  
With proper scaffolding or formative feedback, these students could likely improve the accuracy 
of their predictions, as indicated in the improvement (through repetition) between Task 2 and 
Task 3 in this session.

Objective Two

How well do students understand interspecific competition and camouflage?
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Based on the improvement of prediction and explanation between Tasks 2 and 3, I would say 
that students generally have a better grasp on camouflage than interspecific competition.  They 
understand competition fairly well, though.

Objective Three

How well can students classify interspecific interactions as particular 
relationships when analyzing plots of time-series data for multiple populations?

Students initially struggled with the classification process, and despite many correct 
classifications, the lack of sophistication in explanations of most of these classifications of 
interspecific interactions indicates that further (more detailed) investigation of this issue is 
necessary.

Additional Insights

Despite the microscopic sample of students in this session, ample rich data were gathered from 
them across all topics touched upon in each of the tasks and reflection activities conducted in 
this cognitive lab session.  Insights from these data are given below in rough association with a 
particular topic from the lab session.

Initial Interpretation of Line Graphs (Populations)

As noted in the summary of students responses, most students initially assumed the curves 
represented human populations of two nations, and further assumed (upon shift of focus to 
species in an ecosystem) that the two species did not have a direct interaction affecting each 
other’s population size.  In fact most students mentioned one or more external factors as the 
cause of change in size of the two populations.

This leads me to believe that students need more context presented with population curves 
when used as content for interpretation on task items in order to foster precision and accuracy 
in responses/outcomes from students on these tasks.  Regardless of the context (here national 
populations and species populations), students were typically adept with at least shallow 
interpretations of the curves in the line graphs.

Population Prediction: Drawing Curves vs. Choosing Sets

As noted in the initial summary of student responses, students were able to draw fairly accurate 
predictive curves than were able to verbalize a prediction of population change in the same time
period.  This leads me to believe that many students might find a drawing-centric practice task 
to be a good mechanism for investigating predictions of various population interactions in 
ecosystems -- or predictions of any sort of multi-category time-series dataset.

Further, many students provided more elaborate explanations for their predictions (both drawn 
and chosen) on Task 3 (camouflage) than on Task 2 (competition).  While there can be some 
attribution to the likelihood that students generally have a firmer grasp on the effects of 
camouflage on interspecific interaction, this can’t be isolated as the sole factor.  Task familiarity 
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must have attributed to students’ increased elaborations as a function of repetition of the task.  I 
think it is necessary to investigate these elaborations further to achieve a more detailed 
understanding of the cognitive factors surrounding prediction, drawing, and choosing.  Of course
one way to conduct this investigation is to swap the order of the tasks, and even provide a third 
task that is not of an ecosystems context (such as global economic trends or epidemiological 
data).

In Task 2, one student made an excellent argument in favor of the likelihood of one of the 
“incorrect” curve set choices.  In Task 3, a majority of students chose the hard distractor instead
of the “correct” curve set, with all three students justifying their “incorrect” choice at least 
moderately well.  This represents a rather complicated problem.  With prediction of population 
curves, many different outcomes are justifiable, so the traditional method of multiple choice 
testing with one correct response and multiple incorrect responses of varied difficulty may not 
be possible.  

This reiterates the necessity of designing drawing-centric practice tasks for exploratory 
learning with data.

Student Reflections: Drawing and Choosing

Based on student responses from Tasks 2 and 3, as well as their reflections in this section, it 
seems as though there are arguments in favor of both sides of choosing from a set of static 
curve sets as a mechanism for prediction of changes to populations.  On the positive, the static 
curve sets allow for a logical approach to a prediction within a finite set of choices, whereas 
drawing allows for precision and control in a relatively open-ended environment for prediction.  
A major problematic aspect of the curve sets is the potential for guessing.  To ameliorate this 
problem, or really just avoid it altogether, I can think of three possible solutions for using a 
combination of drawing and choosing as a practice and/or assessment task for prediction within 
such multi-category time-series datasets:

1. Draw or modify prediction curves.
2. Select curve set and modify (with explanation).
3. Rank potentially viable curve sets and justify rankings with explanations.

With option 1, students could draw prediction curves from scratch as a continuation of the 
displayed plots.  A (potentially) less difficult option would be the modification of a set of curves 
(or initially flat/straight lines) representing each population/category.

Option 2 would work similarly to option 1, with the exception that a student would choose 
between any number of static curve sets.  The chosen (selected, dragged, etc.) curve set would 
appear in the primary graphing space, and the student could more closely examine the curve fit 
in conjunction with previous data.  After closer examination of the chosen curve sets, the 
student could either: a) choose a different curve set, or b) modify one or more curves of the 
chosen set to better fit his or her prediction.

For option 3, students could be shown a variety of curve sets (either embedded in multiple 
versions of the graph or separated and aligned with a single partially completed graph).  For 
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those curves that were potentially viable predictions (i.e. the “correct” choice and moderate-hard
distractors), the student would provide rankings (best to worst, numerically), followed by a 
detailed explanation to justify the chosen ranking for each curve set.  Alternatively, the student 
could be required to rank ALL sets, even those that are not potentially viable predictions.  In 
either case, an examination of the reasoning underneath the student’s explanations would 
produce ample information for the formative assessment process, especially for teasing out 
students’ misconceptions (and scaffolding their conceptual change).

One student brought up an interesting perspective about drawing curves as an assessment 
task: “Drawing would be harder if it’s on a test because you don’t know how much leniency the 
teacher might give.”  The point of interest here is the relationship between the teacher as 
assessor/evaluator and the level of autonomy said teacher would have to make decisions about 
leniency.  If the teacher had low to moderate expertise in the content at hand in the graphing 
exercise, how well can he/she actually make decisions about what levels of accuracy and 
precision in any given set of drawn curves is actually good enough?  Perhaps some assistance 
could be provided to the teacher during these evaluation tasks.  For each drawn curve for each 
category of data in a multi-axis line graph, the teacher could be given ranges (even low, 
medium, and high!) for accuracy (and therefore precision).  This could work sort of like onion-
skinning, with a translucent version of the “low-medium-high” accuracy/precision curves placed 
over the actual drawn curves of any given student (or group of students) the teacher wished to 
evaluate.  In fact, with proper computer-based analysis of the shape and position of each drawn 
curve, the evaluating teacher could also be assisted with judgements about any number of 
variables of correctness in precision and accuracy of plotting.  This idea resonates with one 
student’s comment about drawing curves: “you can’t take every student’s perspective on things 
and say it’s right.  Well it could be potentially...”

Another relevant point can be derived from one student’s response about the utility of choosing 
versus drawing curves: “Use choosing for normal science classes and drawing for advanced 
classes, so show exactly how “into it” they really were.”  This is an interesting (and fairly 
sophisticate) perspective: using tasks of different difficulties for students of different ability levels
-- and it seems like common sense.  The most interesting point, though, is the idea of using 
drawing to find out how “into it” students are.  This could mean engagement with science (or 
whatever content is associated with the data).  This could mean self-regulation of learning, or it 
could mean expertise acquisition.  In any case, this issue deserves further investigation in future
cognitive labs (as well as a thorough review of the literature).

Finally, a part of one student’s comments about drawing and choosing resonates with attention 
and cognitive load factors for working with graphs: “If you draw it you have to look at the whole 
graph” The assumption here is that if you’re choosing from a set of curves that you’re less likely 
to look at the curves in the initial time periods of the main graph.  This concept is ripe for 
experimental investigation.  However, in future cognitive labs, this issue (whether or not 
students rely on established curves to help choose from the curve sets provided -- and why/not) 
should be directly addressed through a revision of the tasks involving choosing curve sets.  It’s 
tempting to test this issue directly, and one way to do it would be to have two separate tasks 
(with different datasets), the first of which is choosing curves, and the second of which is 
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drawing curves.  Another variable that might be in play here is whether or not the student has 
generated the curves in the early periods of the graph.  For example, if a student has plotted the
data in Periods 1 and 2, will he she pay more or less attention to these periods when choosing 
curve sets for Periods 3 and 4?

Interpreting Interspecific Interaction

As noted in the summary of student responses for this task, students seemed to struggle with 
initial interpretations and descriptions of the interactions happening in these four graphs, with 
many failing to attribute changes in the sizes of the populations as a result of interspecific 
interaction, such as: 

The blue probably feed or hunt the red, but something else is probably also happening 
because it’s surging up but not so much.  It must be really dependent on the red 
population.

To reiterate, what’s interesting here is that the student’s description really does sound plausible,
but it is completely incorrect (according to the intended parameters of the task).  What is the 
cause of this incorrect plausibility?  It’s tough to say, but one of the implications is that when 
students interpret these paired line graphs in the context of interspecific interactions, they seem 
to frame their interpretation from the perspective that the ONLY thing affecting changes in the 
size of each population is the actions of the other population.

Consider the example of the black walnut, which releases toxins to clear out the soil around its 
roots (leading to amensalism relationships with negatively affected species in the ecosystem).  
The actual population curve for the walnut trees goes up due to other factors that have nothing 
necessarily to do with these affected populations.  However, in the graph of the two populations 
(quite similar to Graph A in Task 4), there appears to be a (+/-) relationship between the curves 
at first glance.  This leads us back to another issue noticed during this cognitive lab session: 
none of the students paid close attention the variation in scale present in the multi-axis 
population graphs.  Again, this is likely because four graphs were on one screen, and this made 
the numbers very small and therefore probably less noticeable.  The blame, therefore, cannot 
necessarily be placed entirely upon the assumed ignorance of the students.  Due to space 
limitations of the tablet screen, this begs the question: Does comparison of four graphs provide 
a learning benefit for the students, or can the classifications and explanations be conducted one
at a time?

Obviously in a dedicated graphing/data visualization app, much more fluidity and interactivity 
can be offered for efficiency of screen real estate than the PDFs used in the cognitive lab 
sessions, but for now perhaps a rudimentary zooming feature can be implemented with our 
current technological capabilities.  From an assessment perspective, the benefit of having 
multiple graphs in a single space for comparison is that it is likely easier to track a student’s 
investigation and comparison of these multiple graphs, and from a user experience perspective 
(as well as a cognitive load perspective), a combined view (with appropriately intuitive 
interactivity) is the best option.
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Additionally, remember that the one student that requested (and subsequently viewed) the list of
definitions of species interaction became focused on the difference between species interacting 
and affecting each other, and read a lot more into the different paired curves.  This leads me to 
believe that a sequential viewing of single graphs in an environment with readily available 
definitions and examples of all the the different relationship types might be a better approach to 
this classification task.  From a measurement perspective, tracking a learner’s consultation of 
definitions and examples as he/she makes classification decisions would be beneficial, 
providing rich data streams for the formative assessment process, especially an automated 
process with an intelligent guidance system.

At any rate, this activity/task should be overhauled for future cognitive lab sessions.  A question 
of primary importance is how can such an activity work better as a test item (task) in a formative
assessment scenario?

Task 5 (Plotting Data)

Students obviously struggled with multi-axis line graphs for multi-category time-series data, but 
in such a specific way: an inability (or unwillingness) to conceptualize the graphing process with 
multiple y-axes at different scales.  While these students had just been exposed to the concept 
of multi-axis graphs at different scales in the previous activity, as already noted these number 
labels were easily overlooked due to small size.  So, it is likely that most of these students had 
not been previously exposed to such graphs, so a general lack of conceptual understanding is 
probable.  This sentiment resonates with one student’s remark: “Well this will definitely be easier
with one scale on each side!” and the fact that the only student that did actually use two scales 
(albeit on the same axis) only did so after asking if creating two different scales would be okay.  

Moving forward, it is obvious that students can plot data, even for two different populations on 
different scales.  One potential improvement for this task in future cognitive labs is as follows:

1. Provide the student with a completed two-population graph (as in Task 6) and the 
associated data table.  Ask the student to check the plots for accuracy -- and several 
intentionally embedded mistakes should be discovered and fixed.

2. Ask the student to make observations about any potential interactions between the two 
populations.

3. Give the student a new table that includes a third population.  Ask the student to plot the 
third population on the same graph (they must generate a new scale on one of the axes 
to do this).  Once the student is done, they must make observations about the potential 
relationship(s) between these three populations, specifically focusing on the different 
scales of population size.

4. Give the student a food web that contains all species in the ecosystem.  Ask the student 
if seeing the food web gives them any more insight into the population curves.  Ask them
to highlight the relationships they see directly reflected in the graph.

5. Ask the student if any additional (i.e., indirect) connections in the food web might be 
reflected in the graph, and if so ask them to identify and explain these connections.  
Perhaps a printed version of the completed three-population line graph should be 
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provided to the student for comparison with the food web (presented digitally for 
interaction purposes).

Task 6 (Discussing Graphs)

First and foremost, the primary insight that students’ conversations around graphs and 
interactive data provided is the necessity to reframe the perspective of these conversations to 
that of a discussion surrounding the use of these graphs and interactive data in three types of 
activities: 1) tests, 2) homework, and 3) collaborative and individual tasks conducted during 
class time.  Grounding these mechanisms (graphing procedures and interactive data) in these 
three contexts should provide students with a more familiar platform that can lead to much more
effective brainstorming.  Further, it goes without saying that additional visual examples should 
provided to students.

Based on students’ discussions about dealing with data outside the bounds of current ranges in 
the graph, it is intriguing that changing one or more existing scales to account for data beyond 
bounds seems to be (conceptually) so much easier for students than accounting for different 
scales simultaneously (i.e., with multiple populations on same graph, or including adding 
additional populations on a graph).  This reinforces the point made in the previous section, and 
provides additional support for the new cognitive lab task outlined there.

Highlighting and Annotation

Students identified many different reasons to highlight sections of a multi-category time-series 
line graph (or include some sort of annotation), including: 

● marking sections of the plots that the student is unsure about (in order to check back 
later)

● identifying one or more data points that seem out of place (such as outliers or possibly 
data entry errors)

● studying specific time periods within the graph, with students having the option to drill 
down to smaller time scales

● investigating the context of curves (such as the environmental factors surrounding one 
or more populations) in a graph

Obviously there is quite a bit of semantic territory covered in the various reasons described 
here, but despite this fact, it is apparent that highlighting annotation are worthwhile functions to 
consider including in an interactive data/graphing application used for learning activities in a 
digital tablet environment both in and out of the classroom.  Further clarity of this issue will be 
sought in future cognitive labs as noted in the previous section.

Making Mistakes

Concerning what should happen when a student makes mistakes while plotting data in a line 
graph, two main points arose from the summary of student responses:

● Students should be able to fix all mistakes until they are finished
● Students should be readily notified when mistakes are made
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In many instances, especially, of course, practice activities, students should certainly be able to 
fix many if not all of their mistakes during the course of plotting data in interactive graphs.  
Perhaps in stricter “testing” environments, students could fix certain mistakes (those with a 
particular relationship to the construct(s) being assessed) while other mistakes (inconsequential 
to the construct) could be ignored.  A good analogy here is typographical errors -- the 
importance of which depends on the level of grammatical accuracy associated with the task.

Another perspective on fixing mistakes is that many times not allowing immediate changes can 
provide better patterns of “correct vs. incorrect” across an entire set of plots.  This, of course, 
depends on the mechanism or procedure for measurement: Can patterns of performance be 
readily predicted from partially completed plots or not?  Further insight should be attained in 
future cognitive labs by reframing the context of this question within the 3-scenario framework 
described above.

Similar to the debate implied above concerning how many mistakes students should be able to 
correct, the quickness with which students should be notified of any given plotting error (or any 
other type of mistake associated with interactive graphing) depends substantially upon the 
context for assessment (and the constructs being assessed).

In both cases -- students fixing mistakes and notification of students upon the occurrence of 
mistakes -- a deeper, focused literature review should be conducted to support decisions for 
moving forward with the investigation of cognitive factors surrounding this issue.

Furthermore, one student, when discussing how the relationship between students, mistakes, 
and the interactive graph should work, mentioned the idea of a student no longer being able to 
fix mistakes once a graph had been “submitted” or “turned in.”  This is obviously aligned with a 
more traditional concept of handing in homework: Once it’s turned in, there’s no turning back, so
to speak.  This begs the question of how this traditional perspective can be transformed in a 1:1 
digital tablet environment.  More thought should be put into how the submission/acceptance 
process might play into automated formative feedback (and teacher feedback) in such a 
technological environment.

Graph Sharing (both directions)

While students primarily discussed the concept of having a graph shared with them, the idea of 
bi-directional graph sharing is important to consider.  The most important aspect of graph 
sharing identified by these students is the fact that graphs should be paired with the data they 
visualize in order for students to double-check the accuracy of the graph.  Certainly there are 
situations (e.g., particular assessment scenarios) where students would be required to interpret 
graphs without having the original data available, but either way this pairing of data with graphs 
in collaborative scenarios (both synchronously and asynchronously) warrants closer study.  How
can this data/graph pairing function in an elegant manner?  Future cognitive lab sessions should
directly investigate this issue to a much higher degree of specificity.

Back     to     top     of     document



Also concerning collaboration is the idea of what students are capable of doing (and would want
to be able to do) with completed graphs that are shared with them by other students.  In future 
cognitive lab sessions, specific tasks should investigate this concept.  For example, students 
could be given a problem solving activity involving a graph that is given to them by another 
student on their team.  This problem solving activity involves interpreting the graph, identifying 
any mistakes, and giving feedback to the teammate on many fronts within the realm of the 
problem to be solved.

Best Way To Plot Data

Students did not have much to say about the best ways to plot data on a digital tablet, but this is
likely because these questions were posed at the end of the session and students felt rushed, 
unable to dedicated as much time as they would have liked to thinking the process through.  
Additionally, a lack of concrete examples for students’ consideration was likely a limiting factor.  
Students did mention the concept of nodes on each grid line of the x-axis (since we were 
dealing with time-series data) -- nodes that could be dragged into place easily with fingers.  This
aligns well with the idea of nodes that snap to the grid upon addition to the graph, and serves as
a potential happy medium between drawing from scratch and choosing from static sets.  In any 
case, future cognitive lab sessions should place this cognitive design issue in a more prominent 
space of the investigation.

Also, scale is obviously a major concern with students, which, in this case is a good thing.  
Specific to plotting data on tablets (especially with multi-category time-series data), the issue of 
primary concern is how to best integrate multiple scales along the y-axis.  Of course, with 
different data sets (and contexts) a similar concern could be raised for the x-axis (e.g., 
comparison of multiple time scales).  In any case, future cognitive lab sessions should directly 
address this issue to tease out specific cognitive factors associated with learning from multi-
scaled graphs or visualizations.

Problem Solving

Finally, students’ responses generated some insights about problem solving, both individually 
and collaboratively.  The students who were able to respond about individual problem solving 
typically were not sure about exactly how they could use graphs or data visualizations for 
individual problem solving, from both the technological and scientific perspectives.  Again, as 
mentioned in the section above on graph sharing, specific problem solving tasks should be 
generated for use in future cognitive lab sessions the the intent of gaining a further 
understanding of the cognitive factors associated with using graphs and visualizations in 
individual problem solving activities.  Of course, a deeper review of the cognitive science 
literature -- and whatever might also be found in the information design literature as well -- is in 
order as well.

Two very interesting points were made by students concerning collaborative problem solving 
with data and graphs (especially student generated plots):
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● working in a shared space to look at each other’s graphs, potentially even working on 
different versions of each other’s graphs

● finding a way to send in questions that could prompt a conversation
In short, student-generated graphs -- as well as completed graphs provided to students as 
content for tasks -- should be treated as artifacts that can be shared, compared, transformed, 
and annotated.  These transformations should be “versioned” or “archived” so that a revision 
history of the graphs can be compared amongst students.  Annotations should be attached or 
embedded directly to/within the graphs (and/or the data tables) in order to best foster both 
synchronous and asynchronous conversations amongst collaborating team members -- as well 
as evaluators, assessors, and mentors of the collaborative learning process.  Future cognitive 
lab sessions should directly investigate how this collaborative support structure can best be 
implemented, targeting specific (as yet to be determined) answers concerning this infrastructure
for collaborative problem solving.
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