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Developing biomathematical predictive models
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This article describes a “jump 
and reach” activity during 
which students make pre-

dictions, collect data, and work 
with teammates to mathemati-
cally predict how high their peers 
can jump and how far they can 
reach. To begin, we introduce 
students to the term predictive 
modeling, a technique used to 
forecast future outcomes based 
on collected data. Students are 
then asked to brainstorm a way to 
collect data that will allow them 
to mathematically predict some-
one’s ability to jump vertically. 
Students may suggest measur-
ing physical attributes, such as 
height, weight, muscle size, and 
age to develop a mathematical 
model, based on these attributes, 
to predict how high an individual 
will be able to jump. 

Students select the muscles or 
physical attributes they believe 
would affect jump height. For 
example, students may choose to 
measure calf or thigh circumfer-
ence as a proxy for muscle size. It 
is important to note that students 
will be working in groups; thus, 
not everyone needs to volunteer 
to be measured. If students are not 

comfortable measuring or shar-
ing their personal measurements, 
they should not be forced to do so.  

This activity was developed 
with a biostatistician to focus on 
mathematical modeling within 
a relevant context. This activity 
was first completed with middle 
school teachers who lead after-
school STEM clubs (Blanchard et 

al. 2017). The teachers then led the 
activity with approximately 50 
students in grades 5 to 8 at four 
schools during two-hour after-
school STEM career clubs, held in 
a multipurpose room or gymnasi-
um. Figure 1 displays the agenda 
of the club meeting, including the 
suggested time required for each 
activity. The activity could also 

| FIGURE 1: Agenda for the jump and reach activity

Activities Time required

1.  Snack and attendance 5 minutes

2.  Split students into groups, ideally four or five per 
group

5 minutes

3.  Watch the basketball slam dunk videos
www.youtube.com/watch?v=ZsPsKLjw-SI, 
www.youtube.com/watch?v=fWgU0J0F_hE

5 minutes

4. Facilitate the Jumping Experiment 45 minutes

5.  Watch the sit and reach video
www.youtube.com/watch?v=uBrF5VfxrmM

5 minutes

6.  Facilitate the Reaching Experiment 40 minutes

7.  Professional speaker or career videos  
www.youtube.com/watch?v=04yGUJTCAzI,  
www.youtube.com/watch?v=-_XiAbAe7f4

10–20 minutes

8.   Group discussion and assessing content 
knowledge

10 minutes
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CONTENT AREA

Biomathematical predictive 
modeling

GRADE LEVEL

6–8

BIG IDEA/UNIT

Using physical exercises to 
teach students how to create 
biomathematical predictive models.

ESSENTIAL PRE-EXISTING  
KNOWLEDGE

Basic experience with 
measurement, predictions, 
data collection, recording, and 
computing averages. Predicting, 
collecting, analyzing, and 
interpreting data; basic algebraic 
reasoning (i.e., finding the value  
of x).

TIME REQUIRED

Two hours (could be broken down 
into two one-hour time slots or 
activities could be omitted based on 
need/time)

COST

Varies; some schools may already 
have instruments to measure 
vertical jump and sit-and-reach in 
their gymnasiums. Other materials 
can be bought for low cost (tape 
measures, tape, simple calculators, 
and scales).

SAFETY

Students should be warned against 
jumping and stretching if they 
have any injuries or other health 
concerns. Students should wear 
appropriate footwear.

be carried out during one to two 
class periods within the regular 
school day. (See Online Supple-
mental Materials for the agenda, 
video links, data sheets, and con-
tent questions.)

Getting started
Students were first divided 
into groups of three or four (ei-
ther self-selected or organized 
by teachers), in preparation for 
the jump and reach activities. 
Teachers could group students 
based on grade level or gender, 
if the teacher believes it would 
minimize body image issues and 
make students feel more com-
fortable.  Additionally, students 
can take their own measure-
ments for most variables. Stu-
dents were then shown a video 
clip (see Figure 1) of a seemingly 
“regular” guy from the audience 
who gets chosen to participate in 
a dunking showcase hosted by 
NBA legends. The slender, six-
foot-one inch basketball player, 
Jordan Kilganon, who is actually 
a professional dunker, shocks ev-
eryone when he comes onto the 
court and slam dunks the ball. 
As the video continues, Kilganon 
performs difficult variations of 
the slam dunk that continue to 
amaze the NBA legends.

After the video, ask students, 
“Did you think the guy from the 
audience would be able to dunk 
the ball like he did? Why or why 
not?” and “What makes one 
person able to jump higher than 
another?” These questions help 
prompt students to think criti-
cally about different characteris-

tics that affect vertical jumping 
ability.

Facilitate the jumping 
experiment
For this activity, a vertical jump 
board (Figure 2) will need to be 
secured to the wall, and students 
will need enough room to jump 
and land safely. (Note: The jump-
ing experiment could be com-
pleted on a shoestring budget 
with taped lines at 2.5 cm [1 in.] 
increments and stickers or pieces 

| FIGURE 2: A magnetic jump 
board with a person deter-
mining his standing reach 
height
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of tape that students could affix 
to the wall as they jump.) We so-
licited volunteers from the class 
to participate. Students who are 
unable or uninterested in jumping 
can take active roles in the record-
ing of data and making predic-
tions and calculations. The teach-
er should state that students are 
not required to jump if they feel 
uncomfortable. For students with 
physical impairments, instructors 
should help assign roles within 
the group (e.g., data collector, 
measurement expert) where they 
will be able to participate and 
make meaningful team contribu-

tions. Note: Some students with 
physical disabilities who are un-
able to complete the vertical jump 
activity might be able to partici-
pate in the sit-and-reach activity.

Carrying out the vertical jump
Students should begin by stand-
ing perpendicular to the jump 
board with the side of their arm 
touching the wall. With their feet 
remaining flat on the ground, 
students stretch their arm up the 
jump board as high as possible 
with their hand closest to the wall. 
To determine their standing reach 
height, group members record 

how high the student can reach on 
the Jump Activity Data Sheet (see 
Online Supplemental Materials).

Next, standing a few inches 
from the wall and holding a mag-
net or a sticker/tape, students 
should attempt to jump as high as 
possible using both their arms and 
legs to project their body upward. 
Students should attempt to place 
the magnet on the wall at the peak 
of their jump. Group members 
should record where the jumper 
placed the magnet.  To calculate 
the vertical jump height measure-
ment, have students subtract the 
standing reach height from the 
maximum jump height. Students 
should jump at least three times 
and take the average height of the 
jumps (review how to calculate 
average, if necessary). Student 
groups reach a consensus about 
three explanatory variables that 
affect someone’s ability to jump 
high. They will then measure and 
record these variables for the first 
jumper (e.g., height, weight, ath-
leticism, length of legs, width of 
thigh, and length of arms).  

 As a reminder, not every stu-
dent is expected to volunteer as 
a jumper, and no student should 
be put in a position of embarrass-
ment. To alleviate this concern, 
teachers could choose to divide 
students into groups after doing a 
quick poll about who would like 
to participate as jumpers. There 
will need to be two students in 
each group who are comfortable 
with being measured and com-
pleting the vertical jump trials.

Next, students develop an 
equation that relates the first 

Equation for predicting jump height
This is an example of one possible equation based on students’ 
explanatory variables.
Start with the first jumper’s vertical jump measurement (e.g., 12 
in. [30 cm]). Set this number equal to a function of the explanatory 
variables that were measured (e.g., height = 60 in. [152 cm]; weight = 
120 lbs. [54 kg]; female = 10; and male = 15) and attempt to arrange 
the function so that both sides are equal.
 

12 inches vertical jump = (120 lbs/60 inches tall) + 10 (for female 
jumper)

12 = 2 + 10
12 = 12

 
This will likely take multiple attempts, and students will have to ma-

nipulate the equation through addition, subtraction, multiplication, or 
division until their function equals, or is close to, the individual’s vertical 
jump height.

Next, students write the equation in words with vertical jump height 
on the left-hand side of the equation followed by the function using the 
jumper’s three explanatory variables.
 
Vertical jump height (in.) = (weight (lbs /height (in.) + gender (female 

is 10; male is 15) 
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jumper’s explanatory variables 
with their vertical jump height 
(see sidebar, Equation for predict-
ing jump height). They use this 
equation and set of explanatory 
variables to predict the vertical 
jump height for the other students 
in their group. 

Students then measure the 
same variables for a second 
jumper. Before the second stu-
dent jumps, other students in the 
group use the same equation they 
developed for the first jumper to 
predict the vertical jump height 
of the second jumper. Once the 
group has a prediction, the second 
jumper will complete the jumping 
test three times to assess the value 
of the equation. (Note: The second 
jumper should not be told their 
predicted vertical jump height, as 
it might inadvertently skew the 
results if students attempt to jump 
lower than their potential maxi-
mum height to fit the prediction.) 

After all groups have had a 
chance to go through the entire 
activity, the teacher should lead a 
group discussion. Probing ques-
tions include: “What variables did 
you choose to measure?” “Why 
did you choose those variables?” 
“Did your equation work with 
both jumpers?  Why or why not?” 
and “What would you change if 
you were going to conduct the ex-
periment again?”

The sit-and-reach 
experiment 
Students were then directed to 
watch a short video clip (see Fig-
ure 1) on how to complete the 

sit-and-reach measurement. The 
video features a man completing 
the sit-and-reach test, which mea-
sures a person’s flexibility of their 
lower back and hamstring mus-
cles. Following the video, teachers 
should ask students if they have 
any questions about how to com-
plete the sit-and-reach activity.   

Using the vertical height pre-
dictive activity as a model, stu-
dents similarly create a predictive 
model for the sit-and-reach using 
the Sit and Reach! Data Sheet (see 
Online Supplemental Materials). 
The setup and cost for this activ-
ity is minimal; students can set up 
this activity or teachers could set 
it up beforehand. A yardstick or 
flexible tape measure should be 
secured to the ground by placing 
tape (12 in. long [30 cm]) across 
the 15 in. (38 cm) mark perpendic-
ular to the yardstick. This activ-
ity could be done in a traditional 
classroom or in a more open space 
such as a hallway or gymnasium.

Carrying out the  
sit-and-reach
Students should brainstorm 
variables they think might af-
fect someone’s ability to sit and 
reach long distances. Then, using 
a volunteer from the group, they 
will test the student’s ability to 
sit and reach. The student sits on 
the floor, straddling the yardstick 
with knees extended, and with the 
heels of their feet on the 15 in. (38 
cm) mark (see tape as the guide) 
and 1 ft. apart (a ruler can be used, 
if desired). See Figure 3 for an ex-
ample classroom setup.  

The student reaches forward 

slowly, as far as possible, along the 
yardstick or meter stick. Group 
members should record the far-
thest reach (in cm/inches) of the 
first student, who must maintain 
contact with the yardstick for 
two seconds. The reach should 
be completed and recorded three 
times for each student and the 
average should be calculated af-
terward. The group chooses the 
variables they think will affect an 
individual’s sit-and-reach ability 
(e.g., leg length, arm length, age, 
athleticism, flexibility). For ex-
ample, students could assign a 1 
to someone who plays sports and 
a 0 to a person who does not par-
ticipate in sports.  They may even 
choose to assign a 1 for each of the 
sports that an individual plays 
(e.g., 1 [basketball] + 1 [soccer] + 1 
[football] = 3 [all sports]). 

The group then attempts to de-
rive an equation that uses student 
measurements to predict their sit-
and-reach ability, just as they did 
in the vertical jump experiment 
(see sidebar, Equation for predict-

| FIGURE 3: Sit-and-reach 
classroom setup
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ing sit-and-reach length). Stu-
dents then repeat the experiment 
with another volunteer to see how 
well the prediction works. Af-
ter all groups have had a chance 
to go through the entire activity, 
the teacher should lead a group 
discussion using probing ques-
tions such as “What variables did 
you choose to measure?” “Why 
did you choose those variables?” 
“Did your equation work with 
both students one and two? Why 
or why not?” and “What would 
you change if you were going to 
conduct the experiment again?”

Bringing in a STEM 
speaker
Near the end of the lesson, a rec-
reational sports manager spoke to 
the class to help connect students 
with a related career. A recreation-
al sports manager works closely 
with athletes and team organiza-
tions to recruit and hire individu-
als who are both physically fit and 
skilled in specific sports fields. 
At some of the most competitive 
levels of athletics (e.g., Olympics, 
professional leagues), a recre-
ational sports manager may use 

biomathematical probabilities to 
identify future athletes and pro-
mote their training early on. A 
quick online search will reveal in-
dividuals in your area (e.g., com-
munity leaders, local university 
contacts) with related careers such 
as sports statisticians, physical 
therapists, or medical researchers. 
We have found that students con-
nect with speakers if they are able 
to talk in person; however, we 
have also had success with virtual 
meetings through Google Hang-
outs or Skype. Additionally, our 
experience with interactions of 
STEM professionals and middle 
school students seems to indicate 
that students are most interested 
in asking questions of the pro-
fessionals and less interested in 
learning about the intricate details 
of the profession.

Assessment
Student content knowledge can 
be quickly assessed individu-
ally via multiple choice questions 
(see Figure 4). Students took this 
assessment on paper as an exit 
ticket. However, a variety of as-
sessment platforms could be used 
(e.g., Kahoot, Plickers, Socrative). 
Students were encouraged to help 
one another on their content ques-
tion responses, talking through 
and justifying their correct an-
swers with one another.

Extension
To extend the activity, add the fol-
lowing equation in the student 
data sheet for students to calculate 
the percent error of their calcula-

Equation for predicting sit-and-reach length 
This is an example of one possible equation based on students’ 
explanatory variables.
Start with the first student’s reach measurement (e.g,, 16 in. [40.64 
cm]). Set this number equal to a function of the explanatory variables 
that were measured (e.g., age = 12 years old; arm length = 76 cm; fe-
male = 10; and male = 5) and attempt to arrange the function so that 
both sides are equal.
 
16 inches reach = 10 (for female student) + (76 (arm length in centi-

meters) / 12 (age in years))
16 =  10 + 6.33

16 = 16.33
 

This will likely take multiple attempts, and students will have to 
manipulate the equation through addition, subtraction, multiplication, 
or division until their function equals, or is close to, the individual’s sit-
and-reach measurement. 

Next, students write the equation in words with sit-and-reach 
measurement on the left-hand side of the equation followed by the 
function using the reacher’s three explanatory variables.
 
Sit-and-reach measurement (in.) =  gender (female is 10; male is 5) +  

(arm length (cm) / age (years))
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| FIGURE 4: Multiple-choice questions

Content question Correct answer
1.  Which measurable factor would have the least 
effect on how fast a person can run?

a. Weight

b. Leg length

c. Muscle mass

d. Foot size

D

2.  __________________________  is the process of using 
known results to create, process, and validate a 
model that can be used to forecast future outcomes.

a. Descriptive modeling

b. Predictive modeling

c. Prescriptive modeling

d. None of the above

B

3. It is important to jump and record at least three 
times, instead of only once, to get the difference 
in your maximum jump height and standing reach 
height.  The average difference helps ensure 
_________________________.

a. accuracy

b. precision

c. reliability

d. validity

A

 4.  If an equation does not work the first time …

a. give up

b. revise and retest

c. start over

d. change your data

B

 5.  __________________________  is the branch of biology 
that deals with the normal functions of living 
organisms and their parts.

a. Anatomy

b. Botany

c. Epidemiology

d. Physiology

D

tion to determine how far off they 
were by using their equation to 
predict the actual measurements.
  
% error = ((actual measurement – 
predicted measurement)/actual 

measurement) × 100) 

MS-LS4-4 in the Next Genera-
tion Science Standards asks stu-
dents to “construct an expla-
nation based on evidence that 
describes how genetic variations 
of traits in a population increase 
some individuals’ probabil-
ity of surviving and reproduc-
ing in a specific environment.” 
While it may not be as essential 
or straightforward for humans, 
the concept of biomathemati-
cal probability works directly 
with populations of wild ani-
mals. Positive genetic traits for 
athleticism that are transmitted 
to offspring in the wild can lead 
to an increased ability to either 
catch prey or evade predators. 
This simplified model of natural 
selection based on individuals 
within a population supports the 
increased potential in reproduc-
tive success of the more athletic 
individuals in the wild. Using 
students’ bodies as a proxy, stu-
dents will begin to understand 
ways to help model and predict 
links between genetic variations 
of traits and increased survival 
and reproductive probabilities. •
ONLINE SUPPLEMENTAL 
MATERIALS
Agenda, video links, data sheets, 

content questions, Jump Activity 
Data Sheet, Sit-and-Reach Data 
Sheet—www.nsta.org/scope1904
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Connecting to the Next Generation Science Standards (NGSS Lead States 2013)

• The chart below makes one set of connections between the instruction outlined in this article and the NGSS. Other valid 
connections are likely; however, space restrictions prevent us from listing all possibilities.

• The materials, lessons, and activities outlined in the article are just one step toward reaching the performance expectation 
listed below.

Standard

MS-LS4 Biological Evolution: Unity and Diversity
www.nextgenscience.org/pe/ms-ls4-4-biological-evolution-unity-and-diversity

Performance Expectation

MS-LS4-4. Construct an explanation based on evidence that describes how genetic variations of traits in a population increase 

some individuals’ probability of surviving and reproducing in a specific environment.

DIMENSIONS CLASSROOM CONNECTIONS

Science and Engineering Practices

Analyzing and Interpreting Data Students collect data on volunteer team members’ vertical 
jump ability or sit-and-reach ability. 

Developing and Using Models Students use vertical height jump and physical 
characteristics to develop and test a predictive model.

Disciplinary Core Idea

 LS4.B: Natural Selection

• Natural selection leads to the predominance of certain 
traits in a population, and the suppression of others.

Students begin to understand ways to help model and 
predict links between genetic variations of traits and 
increased survival and reproductive probabilities.

Crosscutting Concept

Cause and Effect Students use explanatory variables as a cause that results in 
the height of jump or length of stretch.
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