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Studying Homeostasis in the Skeletal System 
Using Feedback Loops 

By Ashley Young, High School Science Teacher at Innovation Academy Charter School 

Overview 

In this activity, students use feedback loops to discover how the skeletal system helps the body 
maintain balance in blood calcium levels.  Students then make connections to the causes and 
treatments of the bone disease osteoporosis.    

Background 

This activity was used in a high school Anatomy and Physiology course within a unit on the skeletal 
system.  Before the activity, students had learned about the anatomy of bone tissue including the 
parts of bones and the types of cells that make up bones. 

Students can have difficulty with the study of bone anatomy, as many of the types of bone cells sound 
similar (osteoclasts, osteoblasts, osteocytes, etc.), and they can lose sight of how these cells work 
together to form and remodel bone tissue during growth and/or injury.   

This activity was designed to help students better understand how the different cell types help our 
body maintain homeostasis in blood calcium levels, as well as make connections to a well known 
bone disease - osteoporosis.  Connecting the study of bone anatomy to a disease most students have 
heard of helps student engage in learning the more difficult anatomy content and apply their learning 
to the outside world.  

One benefit to using systems thinking tools such as feedback loops is that they can be easily modified 
to students at different levels.  This activity has been modified for both honors students and students 
who need more support.   

Materials 
● Student handout (1 per student)
● Whiteboard and markers (1 per group)

Time Required 
Approximately 1.5 hours 

Activity outline 

Part 1 - Feedback Loop Review 

At Innovation Academy, students frequently use systems thinking tools such as behavior over time 
graphs, feedback loops, and iceberg models in their courses.  Anatomy and Physiology is a 
junior/senior level course, so students have been exposed to feedback loops before beginning the 
course.  Nonetheless, a quick review was done as the first part of the activity, as this was the first 
feedback loop the class had completed in the course this school year.   
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To review, students were first reminded about the difference between reinforcing and balancing loops. 
A major theme of the course is the study of homeostasis in the body, and students were asked in 
small groups to discuss which type of loop describes body processes that maintain homeostasis 
(balancing loops).  Next, students practiced writing a + (meaning same direction) or - (meaning 
opposite direction) on two example feedback loops.   

Part 2 - Draft Feedback Loops in Groups 

In the second part of the activity, students worked in groups of 2-4 to draft a feedback loop based on 
background information provided in the student handout.  As beginning a feedback loop can often be 
the most difficult part, students were given a stock to begin with.  Students were also instructed to 
think beyond a typical feedback loop only containing one loop.   

Honors students were given more information to add to their loop.  In this class, honors students could 
choose to work together on the entire loop, including the honors portion, or they could choose to work 
in another group and complete the honors portion on their own. 

After groups finished drafting their loops, groups shared out their ideas, and a class version was 
developed which students wrote on their student handouts.   

Part 3 - Individual Analysis Questions and Reflection 

Students completed and submitted the last portion of the activity individually for assessment.  Analysis 
questions 1-3 require students to draw and explain the feedback loop, and questions 5-8 require 
students to interpret their feedback loop to describe causes and possible treatments of osteoporosis.  
Three of the questions also contain a research component.   

As the final part of the activity, student were asked to reflect on their learning by creating an entry on 
their digital portfolio.  At Innovation Academy, students keep a digital portfolio for each class in which 
they document work and reflect on their learning and growth. Students who needed more support 
received an answer template to help with the reflection questions.   

Class Feedback Loop: 
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Example Student Work 

Feedback loop: 

Feedback loop with honors component: 
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Analysis Questions:
5) When an overactive parathyroid releases too much parathyroid hormone (PTH) it can cause
osteoporosis. When too much PTH is released the number of active osteoblasts decreases. Since
there is not enough active osteoblasts taking calcium from the blood to deposit to the bone, the bones
are not getting enough calcium to stay strong. Therefore the skeletal system develops osteoporosis
and the bones become brittle.

6) Osteoporosis is more common in older women because they have gone through menopause,
which causes the ovaries to release less estrogen. Since estrogen stimulates osteoblasts, the less
estrogen is released, the less osteoblasts are active. When there is not enough active osteoblasts
there is no calcium being taken from the blood and deposited into the bone. This causes there to not
be enough calcium in the bone, which results in osteoporosis.

8) For women post-menopause, taking estrogen supplements can help treat osteoporosis because 
estrogen stimulates osteoblast activity, creating more bone and bone calcium.  The risks include a 
much higher (up to 75% increase) chance of getting breast cancer, and it being discovered at a more 
advanced stage.  However some ways to keep this risk at a minimum are to exercise regularly, keep a 
healthy body weight, limiting alcohol and stopping smoking completely. 

Digital Portfolio Reflection:
I really enjoyed this assignment because it contained a systems thinking aspect to it and a follow-up 
analytical component. I am proud of the feedback loops I created and am the most proud of my 
responses to the analysis questions. For all of the questions, I worked hard to provide detailed and 
thorough responses, making sure to use my feedback loops as a means of explaining my analysis 
and to utilize information learned previously in the skeletal unit to make further connections. For the 
questions which required additional research, I explained what I had learned from my research to 
answer the question and made sure to cite the source in the APA format. 

As mentioned previously, this assignment helped me better understand osteoporosis and rickets, two 
diseases of the skeletal system. For instance, Questions 4 and 5, which required me to use my 
feedback loops to understand how hyperparathyroidism (the excessive release of PTH) can cause 
osteoporosis and understand why osteoporosis is more common in postmenopausal women (i.e. how 
menopause can cause osteoporosis knowing after menopause, women's bodies release less 
estrogen), helped me understand two causes of osteoporosis; in the process, I had to think about how 
osteoclasts and osteoblasts respond to excessive PTH release, as well as how osteoblasts respond 
to lower amounts of estrogen. Questions 6 and 7, which required me to research how 
bisphosphonates work and the consequences (both benefits and risks) of hormone replacement 
therapy, helped me understand two treatments of osteoporosis. The Honors question, which required 
me to use my feedback loops to understand how a vitamin D deficiency affects the blood calcium 
level, amount of PTH released, and consequently, osteoclast and osteoblast activity, helped me 
analyze how a vitamin D deficiency can cause rickets, and therefore, better understand the cause of 
rickets; this question was also an opportunity to think back to what we had learned in class about 
childhood bone growth. 

I found this assignment to be extremely interesting and enjoyable, and look forward to continuing to 
learn about organ systems of the human body and throughout those experiences, use systems 
thinking to understand and analyze the body's ability to maintain homeostasis. 
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Name: _______________________________ 

Osteoporosis Feedback Loops 

Each of our body systems helps us maintain a constant internal environment in response to 
environmental changes, which is termed homeostasis.  In this activity, you will draw a feedback loop 
showing how the skeletal system helps our body maintain homeostasis in blood calcium levels.  You 
will then use your feedback loop to make connections to the disease Osteoporosis.

Part 1 - Feedback Loop Review 

A feedback loop occurs when a change in something ultimately comes back to cause a further change 
in the same thing. 

● If the further change is in the same direction it’s a positive or reinforcing loop.
● If the further change is in the opposite direction it’s a negative or balancing loop.

(From:  http://www.thwink.org/sustain/glossary/FeedbackLoop.htm) 

When drawing a feedback loop: 

● Items in the loop have to be stocks that can either increase or decrease.  These items should
each be in their own box. 

● Boxes should be connected by arrows.  At the end of each arrow, draw a + (meaning “same
direction”) or - (meaning “opposite direction”) 

● Classify each loop as reinforcing or balancing.  Reinforcing loops have an even number of
negative links and balancing loops have an odd number of negative links. 

Practice: 

1. Write in a + or - on each arrow.
2. Classify the loop as either reinforcing or balancing.

Practice Loop #1 Practice Loop #2 

Part 2 - Draft Feedback Loop in Groups 

# of # of mature # of
cops in

# of
robberies 
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Aside from helping to build strong bones and teeth, calcium is used to help blood clot, assist in 
sending nervous system signals, and help muscles contract. Therefore, it’s important to maintain the 
right amount of calcium within the bloodstream.  Our body maintains blood calcium levels in several 
ways: 

1. Osteoclasts are cells that break down minerals in bone cells to release them into the
bloodstream. One of these minerals is calcium. Parathyroid hormone (PTH), released from the
parathyroid glands (these are found in your neck), stimulates osteoclasts to break down bone
tissue and release calcium into the blood.  Parathyroid glands release PTH in response to low
blood calcium levels.  HINT: one stock in this loop could be “number of active osteoclasts”

2. Osteoblasts are cells that build bone, and in the process take calcium from the blood and
deposit it into the bone.  PTH inhibits (stops) osteoblasts from being active.  Estrogen, mainly
released from the ovaries, stimulates osteoblasts.

HONORS STUDENTS - ALSO ADD TO YOUR LOOP: 

3. Vitamin D is needed to help our body absorb the calcium from the foods we eat.  Without
vitamin D, our small intestines would not be able to absorb as much calcium, meaning less
calcium would make its way into our blood.  When blood calcium levels drop, our body is able
to make vitamin D.  Note: Remember in a previous unit that we discussed how sunlight is
necessary for our bodies to make vitamin D.  You don’t need to include sunlight in this
feedback loop.

Draw a feedback loop showing how our body maintains blood calcium levels.  Do not draw one giant 
loop - start with the stock Blood calcium levels in the middle, and build loops off of this stock.  
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Part 3 - Individual analysis questions and reflection 

Please type the following questions and staple to this packet.  
 

1. Redraw the final feedback loop we drew as a class. 
 

2. In your own words, describe how the different stocks are related.  Be sure to discuss each 
stock as well as the meaning of the + or - on each arrow.   

 

3. In your own words using your feedback loop, describe what your body does when blood 
calcium gets too high.  Also describe what happens when blood calcium gets to low.   

 

4. How much calcium does someone your age need daily?  What are some examples of food 
rich in calcium?  Research your answer and cite your source.  

 

5. One disease of the skeletal system is osteoporosis, in which the bones become brittle and 
easily break due to low levels of calcium in the bones.  One cause of osteoporosis is 
hyperparathyroidism, an overactive parathyroid that releases too much PTH.  Using your 
feedback loop, explain why this could cause osteoporosis.   

 

6. Osteoporosis is more common in women that have gone through menopause.  After 
menopause, less estrogen is released from the ovaries.  Using your feedback loop, explain 
why osteoporosis is more common in older women.   

 

7. One treatment of osteoporosis is bisphosphonates. How do bisphosphonates work (research 
this)?  In your answer, be sure to refer to specific stocks and/or flows in your feedback loop.  
Also be sure to cite your source. 

 

8. Another treatment of osteoporosis is hormone replacement therapy, in which women past 
menopause take estrogen supplements.  Using your feedback loop, explain why this would 
help treat osteoporosis.  There are also risks associated with this treatment, though.  
Research and describe these risks (be sure to cite your sources).  

 
HONORS STUDENTS - also answer this question: 

9. Another disease of the skeletal system is rickets, which is the softening and weakening of 
bones in children because of a vitamin D deficiency.  Because the disease softens the growth 
plates at the ends of a child’s bones, it can cause skeletal deformities such as bowed legs.  
Using your feedback loop, explain why a vitamin D deficiency could cause weakened bones.   

 
Digital Portfolio Requirements: 

Introductory paragraph Discuss what homeostasis is.  Introduce this assignment, and how it 
fits into our current unit (the skeletal system). 

Your work Upload your feedback loop drawing and analysis questions to your 
digital portfolio page. 

Reflection paragraph What aspect of this work are you most proud of?  How did completing 
this assignment help you better understand the causes and treatment 
of osteoporosis?  Give specific examples from your work. 
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Analysis Questions Template 
 

Please type the following questions and staple to this packet.  
 

1. Redraw the final feedback loop we drew as a class. 
 

2. In your own words, describe how the different stocks are related.  Be sure to discuss each 
stock as well as the meaning of the + or - on each arrow.   

 
A + on the end of an arrow means…  

 

A - on the end of an arrow means…  

 

When blood calcium decreases, the amount of PTH released __________________ 

(increases/ decreases).  This then causes the number of active osteoclasts to 

________________________ (increase/ decrease).  This then causes the amount of blood 

calcium to _____________________ (increase/ decrease) 

 

If the amount of PTH released increases, this causes the number of active osteoblasts to 

_______________________ (increase/ decrease).  This then causes the amount of blood 

calcium to ____________________ (increase/decrease).   

 

Estrogen also affects the number of active osteoblasts.  When estrogen increases, the number 

of active osteoblasts ____________________ (increases/ decreases).  This then causes the 

amount of blood calcium to ____________________ (increase/ decrease) 

 
3. In your own words using your feedback loop, describe what your body does when blood 

calcium gets too high.  Also describe what happens when blood calcium gets too low.   
 

When blood calcium levels in your body get too high, your body will ________________ 

(increase/ decrease) the amount of PTH, which causes… 

 

When blood calcium levels in your body get too low, your body will ________________ 

(increase/ decrease) the amount of PTH, which causes… 

 
 

4. How much calcium does someone your age need daily?  What are some examples of food 
rich in calcium?  Use this website for your research. 

 
Someone my age needs _____________ mg of calcium a day.  Some examples of food with 

lots of calcium include… 
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5. One disease of the skeletal system is osteoporosis, in which the bones become brittle and 
easily break due to low levels of calcium in the bones.  One cause of osteoporosis is 
hyperparathyroidism, an overactive parathyroid that releases too much PTH.  Using your 
feedback loop, explain why this could cause osteoporosis.   

 
If the parathyroid releases too much PTH, this will cause the number of active osteoclasts to 

_____________________ (increase/ decrease).  Osteoclasts are cells that ….. [describe the 

function of osteoclasts].  This could cause osteoporosis because…. 

 

  

 

 

6. Osteoporosis is more common in women that have gone through menopause.  After 
menopause, less estrogen is released from the ovaries.  Using your feedback loop, explain 
why osteoporosis is more common in older women.   

 
After menopause, less estrogen is released from the ovaries.  If less estrogen is released, the 

number of active osteoblasts ______________________ (increases/ decreases).  Osteoblasts 

are cells that…. [describe the function of osteoclasts].  Therefore, osteoporosis is more 

common in older women because…  
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