
For students to be successful in STEM, they need 
statistical literacy, the ability to interpret, evalu-
ate, and communicate statistical information (Gal 

2002). The science and engineering practices dimension of 
the Next Generation Science Standards (NGSS) highlights 
these skills, emphasizing the importance of students’ abil-
ity to analyze data and form evidence-based conclusions 
in response to complex questions. Recent research sug-
gests that most high school students can create a graph and 
calculate a mean but cannot describe what data represent, 
reason about data, or use data to generate evidence-based 
conclusions (Bakker and Gravemeijer 2004; Garfield and 
Ben-Zvi 2007; Sampson, Enderle, and Grooms 2013). This 

research recommends shifting instructional focus toward 
using more intuitive notions to make sense of data, detect 
patterns, and use data to confirm or refute scientific hy-
potheses before moving to more precise statistical defini-
tions and calculations.

Correspondingly, the Science, Biostatistics, and Cancer 
Education (SBCE) Distributions Module was developed by 
a team including education researchers (the authors of this 
article), a statistician, software engineers, and high school 
teacher leaders to provide students with the tools to infor-
mally reason about distributions of science-related data to 
form evidence-based arguments while building a bridge to 
formal statistical instruction. 

Students use authentic data to form evidence-based  
conclusions and think like a scientist
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The SBCE Distributions Module
The module first introduces students to data, discussing what 
data are and why data are needed to make accurate conclu-
sions. Then it introduces distributions of data displayed 
in stacked dotplots and the statistical terminology used to 
describe distributions. Finally, the module teaches basic 
resampling procedures, a more transparent approach for as-
sessing statistical differences between two distributions of 
data (Cobb 2007).

The SBCE module consists of three teacher presentations, 
two student activities, and two case studies and takes ap-
proximately six to eight classes to complete. The module (see 
overview, Figure 1, p. 60) provides opportunities for students 
to apply the NGSS science and engineering practices with 
emphasis on Analyzing and Interpreting Data and Engaging 
in Argument From Evidence. 

Throughout the module, students use SeeIt, an online 
tool that enables them to display, analyze, and compare dis-
tributions in dotplots and make statistical inferences using 
resampling techniques. SeeIt is preloaded with all data nec-
essary for the case studies, and users can also upload their 
own data. SeeIt, as well as other needed materials, including 
teacher presentations, activities, and case studies, are freely 
available online (see “On the web”). Materials include teacher 
presentations, complete with slides, embedded videos, cor-
responding speaker notes, and an assessment tool, as well as 
a student page (see “On the web”) where students can access 
all materials and data needed for the module.

High school biology, mathematics, and statistics teachers 
tested the module and provided feedback. This article high-
lights one presentation, student activity, and case study from 
the module. 

Sample presentation: Thinking with data
The presentation begins with the teacher asking, “What are 
data?” and “How are data useful?” and then proposing the 
discussion question: “Are teenagers more healthy than they 
were 20 years ago?” The provided speaker notes offer teacher 
prompts to stimulate discussions, asking how students would 
define “healthy,” what they would measure to assess health, 
and what they would expect these data to look like if teenag-
ers were in fact healthier today. The purpose is to stimulate 
class discussion about what data are needed and how they 
can be used to answer this type of question. 

Students are then shown two short videos about why 
data are necessary for drawing conclusions and how, with-
out careful examination of data, people often jump to 
the wrong conclusions. One video describes how, be-
fore the Crimean War (1853–1856), war casualties 
were assumed to be directly due to combat. But 
while serving as a nurse during 
the war, Florence Night-
ingale compiled 

mortality data into graphs showing that diseases acquired in 
unsanitary hospitals killed more soldiers than battle wounds. 
Students learn that her graphs helped persuade governments 
to improve hospital conditions, spurring class discussion 
about the advantages of visualizing data in graphs over pre-
senting data in tables. The presentation concludes with slides 
that teachers use to introduce dotplots and the statistical ter-
minology used to describe distributions (e.g., mean, median, 
skew, symmetric, etc.).

This presentation may seem overly simple, but it was 
based on research literature (Bakker and Gravemeijer 2004; 
Garfield and Ben-Zvi 2007) citing the importance of allowing 
students to think about data using nonstatistical terminology, 
focusing on the skills needed to discover patterns in data and 
the “stories” that data can tell, without being hindered by the 
barriers of technical statistical language and computations. 
This counters the typical instructional focus of teaching stu-
dents to construct graphs and perform computations, which 
often results in students being able to answer computational 
questions (e.g., what is the mean?) without being able to de-
scribe what stories data can tell (Connery 2007; Garfield and 
Ben-Zvi 2007). The teacher presentation provides students 
with the basic terminology needed to describe distributions 
of data and empowers them to draw evidence-based conclu-
sions and use data to tell a story in the following activities and 
case studies. 

Sample student activity: How high can you 
reach?
To practice reading dotplots, students measure their reach 
height and record it on a dotplot, males on one dotplot and 
females on another (Figure 2, p. 61). This simple procedure 
helps students see how individual pieces of data are combined 
into the aggregate data set, a skill more difficult for students 
than often perceived (Bakker and Grevemeijer 2004; Gar-
field and Ben-Zvi, 2007). Dotplots offer an advantage over 
more conventional representations such as histograms or 

box plots that immediately 
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FIGURE 1

Outline of SBCE Distribution Module teacher presentations, student activities, 
and case studies.

Name Type of activity Summary Time estimate

Thinking With Data Teacher 
presentation

Introduction to data, tables, and graphs. ½–1 class period

How High Can You 
Reach? 

Student activity Students measure how high they can reach and 
plot the data on a dotplot.

½–1 class period

What the Heck Is 
Up With That Neck? 
Part 1

Case study Students investigate the evolution of giraffes’ 
necks by examining distributions of data (neck 
length).

1 class period

Making a Call Teacher 
presentation

Students are introduced to resampling techniques 
for determining if two distributions are statistically 
different.

½ class period

Resampling Reach Student activity Students use data they collected on students’ 
reach to learn about graphing and resampling.

½ class period

What the Heck Is 
Up With That Neck? 
Part 2

Case study Students continue to investigate the evolution of 
giraffes’ necks by using resampling techniques to 
examine difference in male and female giraffes’ 
neck mass. 

1 class period

Understanding 
Cancer

Teacher 
presentation

Students learn how disease works, about risk 
factors, and what can be done to reduce exposure.

1–2 class periods

Doll and Hill Case study Students are provided with authentic data 
collected by the first researchers to investigate 
the relationship between smoking and lung cancer. 
Students use these data to compare the number 
of cigarettes smoked per day and over the course 
of a lifetime by males with lung cancer, females 
with lung cancer, males without lung cancer, and 
females without lung cancer. Students use SeeIt 
to visualize and resample the data in order to 
draw conclusions about the relationship between 
smoking and lung cancer. 

1 class period

Note: Time estimates were based on 50-minute class periods. Actual time may vary due to the level of the student. 
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Thinking With Data

aggregate data points, forming a more 
abstract representation (Bakker and 
Gravemeijer 2007). Students then com-
pare and contrast the male and female 
distributions using the statistical termi-
nology learned in the presentation. 

The use of student-generated data en-
sures students understand what the data 
represent (e.g., males tend to reach higher 
than females). Allowing students to use 
data they understand so they can focus on 
identifying patterns in the data, interpret-
ing the data, and forming conclusions is 
key to the module. One teacher who com-
pleted the module said: “The use of the 
[reach] data was a great way to continue 
as the students understood the data, how 
it was collected, and how we used the 
data.” In contrast, the common approach 
of giving students pre-existing data, 
which requires them to understand more 
advanced skills, may create a barrier for 
students, preventing them from applying 
the basic skills that are the primary focus 
of the activity. 

Furthermore, this activity helps stu-
dents feel comfortable with data and 
practice forming evidence-based argu-
ments before moving on to a case study 
where the data are more complex and 
ambiguous and students must defend 
their conclusions using the data.  

Sample case study: What the 
Heck Is Up With That Neck?
Now students move on to a case study 
that uses real data to answer an authen-
tic science question. Students investigate 
the question, “Why are giraffe necks so 
long?” Many students believe the answer 
is simple, due to the widely taught competing browsers hy-
pothesis (that long necks help in feeding). However, the ad-
aptation is actually more complex than many realize. 

Students are first asked what data they would collect to 
investigate the competing browsers hypothesis and what the 
data should look like if the hypothesis were correct. They are 
then given a data set (simulated from Simmons and Altwegg 
2010) that includes heights of 100 feeding episodes for female 
giraffes and told that females have an average height of 4.2 
meters (and average shoulder height of 2.8 meters). Students 
use SeeIt to graph the data (Figure 3, p. 62), describe the 
distributions, and make evidence-based conclusions about 
whether the data support the hypothesis. 

FIGURE 2 

Students measuring the height of their reach for the How High Can You 
Reach activity.

Students form their conclusions without using any com-
plex statistical procedures. Instead, they simply examine the 
dotplots. Students should be prompted to look at the distri-
bution of data and where most of the data points fall. Teach-
ers can prompt students to think about how often giraffes 
feed from branches below their average height (about 85% of 
the time) and how often from branches below their shoulders 
(about 47% of the time). 

As is often the case in science, there is no single correct, 
unambiguous answer to whether the data support the hy-
pothesis. Students should notice that the data show that gi-
raffes occasionally feed from “high” branches (above their 
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FIGURE 3

Data from the What the Heck Is Up 
With That Neck? case study. 
This SeeIt graph shows the distribution of the height 
of 100 feeding episodes of female giraffes. From this 
graph, students can see that giraffes typically eat 
from heights below the average height of a giraffe 
(4.2 meters, shown by the green line and yellow 
square), as well as below the average shoulder height 
(2.8 meters). 

shoulders), but female giraffes spend almost half of their 
time bending down to eat food that is below shoulder level. 
Students may conclude that that the data support the hypoth-
esis because the giraffes occasionally eat from high 
branches and this may help them when food 
is scarce. Alternatively, students may say 
that the large amount of time giraffes 
spend bending down to eat suggests 
that long necks may not be entirely 
an adaptation for food. Teachers 
should emphasize to students 
that these data do not support 
only one correct conclusion 
and that the focus is on using 
the data to support their con-
clusion.

Although the data used in 
this case study are simple, con-
sisting of only one distribution, 
the interpretation is ambiguous. 
Students’ initial tendency is to say that 
the data “proves” something rather than 

to use data as evidence to justify a conclusion (Sampson et al. 
2013). The ambiguity in this case forces students to back up 
their arguments with evidence, avoiding this common pit-
fall in data interpretation. Furthermore, student learning is 
enhanced because students are confronted with data that go 
against what they already believe, making them more likely 
to remember what they learned and showing the importance 
of examining data rather than just trusting what they have 
been told. Part two of the case study, completed after stu-
dents have been taught resampling techniques, has students 
investigate an alternative hypothesis proposed by Simmons 
and Altwegg (2010), which shows that male giraffes tend to 
have longer necks than females, suggesting that long necks 
may result from sexual selection and male giraffes’ use of 
necks as a weapon during intrasexual combat (Figure 4). 
This sexual dimorphism supports the hypothesis that long 
necks help giraffes in battle, and consequently male giraffes 
with longer necks mate more frequently, passing down their 
genes for longer necks. 

The other case studies in the module, like this one, have 
students use authentic data to answer real science questions, 
forcing them to think like a scientist. As one teacher-tester 
said, “I really liked the application of using real data and the 
connection to adaptations and evolution. The students were 
able to investigate real hypotheses and determine if the data 
supported them.”

Evaluation results
This module was tested by 21 teachers and 730 students na-
tionwide. Students were assessed before and after complet-
ing the module on their ability to read dotplots, interpret 
data and draw conclusions, and visualize and analyze data 

in SeeIt. The assessment provided students with 
a research scenario and data displayed in 

dotplots and asked them to provide an 
argument for why the data do or do 

not support the hypothesis. On the 
18-point assessment, there was a 

statistically significant increase 
in students’ scores with an av-
erage gain of 4.4 points after 
completing the module. This 
suggests that the module im-
proves student understanding 
of univariate data and distri-

butions, as well as their ability 
to use data to form evidence-

based conclusions. On a survey, 
teachers reported that after com-

pleting the module, their students 
could describe a distribution of data, 
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Thinking With Data

compare and contrast distributions, form evidence-based ar-
guments, and apply critical-thinking skills. Detailed evalua-
tion results are available online (see “On the web”). 

Conclusions 
The SBCE Distributions Module introduces students to data 
and distributions and teaches them to form evidence-based 
arguments. One teacher commented: “It is a great way to 
show students what real science is. They are given data and 
are shown how to analyze it and draw real conclusions.” This 
module and a second one introducing bivariate data and cor-
relations are available online. These materials provide teach-
ers with resources to teach students to analyze authentic data, 
answer real science questions, and think like a scientist. ■
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On the web
Module resources: http://sbcesepa.org/modules-v2/module-1
SeeIt: http://centerforbiophotonics.github.io/SeeIt3/
Student page: http://sbcesepa.org/students
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FIGURE 4

Data showing the neck masses of 32 
female giraffes and 32 male giraffes. 
These SeeIt graphs display distributions of the neck 
masses of 32 female giraffes and 32 male giraffes, 
allowing students to visually compare the data. 
Students should notice that males tend to have 
heavier necks than females, providing evidence 
supporting the hypothesis that giraffes’ long necks 
may result in part from male giraffes using their 
necks during intrasexual combat.

Allowing students  
to use data they  

understand so they can  
focus on identifying patterns  

in the data,  
interpreting the data,  

and forming  
conclusions is key  

to the module. 
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