	PEER Teacher Requested Resource

	Lesson Plan
	Homeostasis – the balance within us



Homeostasis – the balance within us
Summary: 
This lesson covers the physiology topic of Homeostasis for a high school audience. It includes a comprehensive PowerPoint over homeostasis: history, variables, control centers, threats, organ systems (parts & function), and regulatory mechanisms with several examples, links to YouTube videos for visual explanations, and also the disease diabetes in relation to homeostasis. Student project includes modeling an organ system. 

Keywords: Hemostasis, organ systems, internal environment, external environment, homeostatic variables, hormones, set point, sensory, integrator, effector, control center, feedback, feedforward, negative feedback, positive feedback, homeostatic imbalance
Subject TEKS: 

(11)  Science concepts. The student knows that biological systems work to achieve and maintain balance. The student is expected to:

(A)  Describe the role of internal feedback mechanisms in the maintenance of homeostasis;
Grade Level: 9-12
Learning Objectives: 

· The learner understand and can define homeostasis
· The learner understands the consequence of failing to maintain homeostasis and give examples of the diseases that ensue

· The learner can explain the difference between our internal and external environments

· The learner knows which variables must be maintained in homeostasis 
· The learner can explain the function and each part of a control center (sensor, integrator, effector)
· The learner can explain what is a homeostatic variable’s set point

· The learner understands where there threats to homeostasis come from

· The learner can name, identify and describe each organ system within the human body

· The learner understands how homeostatic variables are regulated by feedback and feedforward mechanisms

Time Required: One class period for PowerPoint and quiz, the project can be done at home over a week

Materials: 

· Computer, projector, speakers for PowerPoint presentation and YouTube videos
· Paper and pencil for quiz
· Construction materials for Organ System modeling (or students provide their own)

Background and Concepts for Teachers: 

· The word Homeostasis derives from the Greek words homeo (same) and stasis standing) to mean standing still. Homeostasis today means the state of balance within our bodies that all living organisms must maintain. This balance is necessary to stay alive and is a very important process. When balance is not maintained disease or death can occur. 
· The Ancient Greeks were the first to theorize about this, they believed that balance, harmony, and equilibrium were all important to life and a philosopher named Heraclitus was the first to believe that human beings are not fixed/unchanging beings but rather are constantly undergoing change. 
· Claude Bernard later theorized that all organisms strive to balance the changes we undergo to  stay alive and later Walter B. Cannon named this process “homeostasis” 
· All living organisms have basic needs that must be met to stay alive (ours include water, food, oxygen, heat, and pressure) and we get these things from our external environment. If we had these things available within us we wouldn’t need them. There is an important distinction in physiology and biology between our internal environment and our external environment. Our internal environment is our bodies (everything within our skin) and our external environment is everything that is not part of us but rather outside our skin. 
· To survive organisms must constantly interact with their external environment to get the things to meet their basic needs (water, food, oxygen, etc.). Organisms must also deal with a constantly changing external environment – our environment does not stay the same, we move around to other places, the weather changes every hour, the food available to eat depends on where you are (like the food in your fridge is different from the cafeteria) and organisms must strike up a balance between their constantly changing environment and the constant exchanges that must be made with the external environment. 
· As an example of homeostasis we use a fish bowl metaphor. Here the fish bowl is our body so our internal environment is the water inside the fish bowl and our external environment is everything outside fish bowl, the fish are the living cells within our body. To keep the fish alive we must meet their basic needs and fish require their internal environment (the water inside the fish bowl) to be maintained at steady levels of temperature, lots of oxygen and low carbon dioxide in the water, low waste in the water, and plenty of food given. To keep these things steady (maintain the balance in the water for these things) we use devices such as a heater, air pump, and filter. In the human body we also have variables (or factors like the temperature and oxygen levels) that must be kept at certain levels just like in the fish bowl and instead of devices we use organ systems to keep these levels balanced. 
· The variables we must maintain within our bodies are:
· pH – if the pH in our body were to drop too low we would have an acidic internal environment and if it were to raise too high we would have a basic internal environment neither of which we can stay alive at. Our body is closely regulated at a neutral pH range of 6.8 - 7.8 (some parts of our body need to be more acidic – mainly along our digestive tract). If our pH levels deviated from this set range for too long we would die.
· Concentration of nutrients – our cells are constantly undergoing metabolic functions even when we are sleeping, every second of every day our cells are working away to keep our bodies alive and functioning. They need a constant supply of nutrients and energy which is why people need food to live! We must constantly replenish our energy reserved to keep living. 
· O2  & CO2  levels – our bodies also constantly require fresh oxygen to keep living, oxygen plays an important role in the metabolic function called cellular respiration which is how our cells use glucose (from food) to create ATP – the energy for our body. If we did not get oxygen our cells wouldn’t be able to perform cellular respiration and we would run out of ATP and eventually die – we need ATP to power our cells. A byproduct of cellular respiration is carbon dioxide which if left to accumulate in our cells; it would be poisonous as it lowers pH to acidity. As we said earlier a deviation in pH can result in death, so it is very important to constantly remove carbon dioxide as it created (this is similar to the removal of waste in the fish bowl, if it accumulated the water would become toxic and the fish would die). 
· Temperature – our cells run best within a certain range of temperature, because the chemical reactions that they undergo require the help of proteins – and if our temperature dropped too low the proteins would slow down and no chemical reactions would occur, if the temperature raised too high the proteins would lose their shape (a process called protein denaturing) and become useless so that again no chemical reactions would occur and we would die.
· Water, salts, and electrolyte levels – we must maintain water level, salt level, and electrolyte level within our bodies. Human beings are 75% water and our water level is directly linked to the salt concentration in our body. If we raise the salt level in our blood our cells would shrivel up and if we lowered the salt level in our blood our cells would swell up and burst. So it is very important that the salt and water levels be maintained at a certain range! As we eat and salt enters our body we balance this increase by raising the concentration of salt in our urine and conversely if we do not eat enough salt and our salt levels drop in our body our kidneys conserve the salt in our body and decrease the salt in our urine. The concentration of electrolytes in our body is very important because certain electrolytes control important physiologic processes such as potassium (K+) which controls the rhythmic beating of our hearts. Imagine what would happen if we didn’t make sure to always have enough potassium in our body. 

· Waste removal – carbon dioxide isn’t the only waste product our bodies generate but it is still of tantamount important that we constantly remove the waste we generate to keep our body’s homeostasis balanced.

· Volume/Pressure – a constant volume & pressure is necessary for breathing and for our heart to beat, volume and pressure are linked together – if you raise the volume you raise pressure and if you decrease pressure you lower volume. This is especially important in our blood vessels, if the pressure and volume is too low “hypotension” not enough blood will be able to reach our body and blood carries fresh oxygen and nutrients so these cells will starve and die if this is not fixed soon but if the volume and pressure is too high “hypertension” a blockage can occur in the blood vessels causing a heart attack or stroke. 

· Each variable is important to maintain life and the maintenance of these variables – keeping them balanced despite the constant exchanges we undergo and the changes in our environment is what homeostasis is all about. So now we see why homeostasis is necessary for life. If we didn’t regulate each of these variables to keep them balanced within us our cells would cease to function and we know the consequence of that! 
· In the maintenance of homeostasis each variable has a set point – the level at which it must be maintained within our internal environment, if we drop too low or too high above the set point we are not maintaining homeostasis and our levels will not be balanced. 
· An example of this is the cells that line our stomach; they have special transporter proteins to bring the nutrients from digest food across the cell membrane into the cell to be utilized as energy. The cell membrane or plasma membrane is a specialized barrier that protects the cell by being impermeable to most molecules. If these proteins did not do their job nutrients would not be absorbed. These proteins work best at a certain pH which is the set point for these stomach cells. Once again, if the pH dropped too low/high from this set point the proteins would cease to function ( the cell wouldn’t get the nutrients and  energy it needs to function ( the cell would die ( eventually our whole body would die. 
· We must use a reductionist view to look at body function – look at the body in terms of the individual cells that make it up, because if the cells die our body dies, now cells are constantly dying in our body and out of the over 100 trillion cells we hardly notice because we have new cells ready to take their place but when the cells death is unplanned and there aren’t new cells ready to take over then our bodies die. 
· Threats to homeostasis were theorized to come from outside our bodies, our external environment, because we are constantly maintaining homeostasis within us but we cannot control factors in our environment like the temperature. We maintain our body temperature at its set point 98.7° but if we go outside into a hot, Texas summer day of +100° this is outside our temperature set point. To maintain homeostasis our bodies must balance this external threat of heat by lowering the temperature and we do this by sweating. We see a balance reached between the external threat and our internal environment to maintain the set point which is the purpose of homeostasis. 
· Sometimes our set points can change, for instance during a bacterial infection toxins released by the bacteria and our immune system will raise our temperature set point, causing a fever or pyrexia. This is believed to help our immune system better kill the bacteria so our immune system is more effective at higher temperatures, however our body cannot handle this high temperature above our set point so if the fever lasts too long our proteins could denature. 
· How does our body maintain homeostasis and regulate the variables? We use organ systems. Organ systems are made up of individual and separate organs that work together to perform a function. For instance, the respiratory system is made up of the parts: oral cavity, nasal cavity, larynx, trachea, pharynx, left lung, right lung, and diaphragm but all these parts collective work together to enable breathing. We have 11 organ systems: 
· Nervous system, endocrine system, muscular system, skeletal system, gastrointestinal (digestive) system, respiratory system, renal system, integumentary (skin) system, cardiovascular system, reproductive system, and immune system. 
· Each organ system has its own function, e.g. cardiovascular system controls our heart beat and carries nutrients and oxygen through the blood and picks up wastes from cells. 

· We have control centers that maintain homeostasis, they detect imbalances (or variances) in the variables, integrate that information to coordinate an appropriate response to balance the variance back to the set point, and the organ that performs the function to bring the variable back to the set point. Each of these parts has a name: the sensor is what detects the changes, the integrator is what receives information from sensors of an imbalance and decides how to fix it, and the integrator sends a message to the effector who actually produces the action that will balance the variable back to normal. An example of a control system can be temperature regulation in a house. We have thermometers as the sensor and detects when the temperature drops too low, this information is sent to the thermostat that sees the temperature was set to 75 and to maintain that level the temperature must be raised, so it sends a signal to the heater to turn on and raise the temperature back up. The heater receives the on signal turns on and begins heating the house to return the temperature to the set point. Similarly in our bodies, we have nerve receptors in our skin that detect changes in temperature like a thermometer, these receptors send a signal up the nerves to our nervous system and tell our brain “hey its really cold,” the brain sees this message and decides we must raise our body temperature to keep at 98.7° and sends a signal to our muscles (the effector) to begin shivering which generates heat. 

· We have two major control centers in our body: the nervous system and the endocrine system. They are in charge of maintaining homeostasis. They receive the signals from sensors and send out messages to the effectors. The nervous system (brain & spinal cord) receives all the sensory information about our environment from sensory receptors around the body (ears, touch, smell, hearing, taste) as an example, when we are hungry and need more energy receptors in our stomach send signals to the brain along nerves that “the stomach is empty we need food to stock on energy” the brain coordinates the movement to grab some food and sends this signal to the muscles via nerves to begin reaching for some food to take a bite. 

· The endocrine system works differently than the nervous system, instead of sending the messages along nerves the endocrine system sends out chemical messengers called hormones that travel in the blood to reach organs around the body (the organs are the effectors). For example, the hormone insulin is released whenever we eat food, sensors in the stomach signal to the endocrine system (specifically the pancreas) “hey food is on the way” and the pancreas (endocrine system) wanting to regulate the concentration of nutrients which has just increased because of digested food sends the insulin to the cells lining the intestines to tell them “get ready to absorb some nutrients” which will return the concentration of nutrients back to normal. When there is a failure to regulate homeostasis, in this case if the nutrients fail to get absorbed into the intestine and the concentration of nutrients in the blood stays too high above the set point we get the disease diabetes. There are video links in the PowerPoint that explain how diabetes and insulin work. 

· The nervous system and endocrine system have specific regulatory mechanisms to regulate the variables called feedback and feedforward. When the sensors detect deviations in the variables they send this information to the integrators – this is feedback. When the integrators preemptively send messages to the effectors before a variation occurs this is called feedforward.  
· There are two types of feedback = positive and negative. Negative feedback leads to a response from the integrator that will balance the deviation back to the set level by acting in the opposite direction of the deviation. For instance, when the temperature rises because of a hot day we produce sweat which will cool us down; the response was to lower the temperature to balance out the deviation of a rising temperature. 
· Positive feedback leads to a response from the integrator that will further push the deviation away from the set point by acting in the same direction as the deviation. This is a rare regulatory mechanism because it is dangerous to push variables outside of their set points. The best example of positive feedback is childbirth. When contractions start a hormone called oxytocin is released, oxytocin causes more contractions which again releases more oxytocin ( this culminates in several contractions closer and closer together to ultimately help deliver the baby.
· In this example, the contractions cause the levels of oxytocin to deviate from their set point and our endocrine system regulates this by releasing more oxytocin to push the variable further from the set point. We do this because if our endocrine system responded with negative feedback and balanced the level of oxytocin back to its set point then contractions would not build and labor would continue on, pushing the deviation further away from set point allows the stimulus of contractions to go away (when the baby is expelled the contractions stop). 

· When a variable becomes imbalanced we call this homeostatic imbalance. A prolonged homeostatic imbalance or when our control centers fail to maintain homeostasis (as they age over time) disease or death can occur. Some common disease that are due to homeostatic imbalances are: diabetes, dehydration, gout, hypoglycemia, and hyperglycemia but not all diseases are caused by homeostatic imbalance. 

Vocabulary / Definitions: 

· Hemostasis: a state of balance within our bodies despite changing conditions outside us
· Organ systems: different organs working together to perform a function
· Nervous system, Endocrine system, Muscular system, Skeletal system, Cardiovascular system, Gastrointestinal system, Respiratory system, Renal system, Integumentary system, Reproductive system, and Immune system
· Internal environment: everything with an organism’s body 
· External environment: everything outside of an organism’s body
· Homeostatic variables: variables that must be maintained at certain levels (set points) for the organism to live
· pH, nutrient concentration, O2 & CO2 levels, temperature, water/salt/electrolyte concentration, waste concentration, and volume/pressure
· Set point: target level that  a homeostatic variable is regulated around to maintain homeostasis
· Sensor: part of a homeostasis control center that detects changes in the variable when it falls below or above the set point
· Integrator: part of the homeostasis control center that receives information from the sensors and coordinates a correcting response for the effector to bring the variable back to set point
· Effector: part of the homeostasis control center that produces the response that will balance the variable back to its set point
· Control center: the unit that regulates variables to maintain homeostasis, consist of three parts – sensors, integrators and effectors
· Hormones: chemical signals/messengers in our body made by the endocrine system that produce changes to maintain homeostasis 
· Negative feedback: response that causes variables to change in the opposite direction of the deviation from set point
· Positive feedback: response that causes variables to change in the same direction as the deviation from set point
· Feedforward: response made in anticipation of a variable deviation from set point
· Homeostatic imbalance: an imbalance in any of the homeostatic variables that can lead to disease or death
Lesson Introduction / Motivation: 
Sloths! Watch these two YouTube clips about sloths
http://www.youtube.com/watch?v=J8b5v4USEWY     1:50 long, but you can stop at 1:30
http://www.youtube.com/watch?v=ndMKTnSRsKM   2:55 long
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Our lesson is on homeostasis – maintaining a balance within ourselves. Sloths are folivores (herbivores that specialize in leafs) that move incredibly slowly and as explained in the second video they move slowly because their leafy diet lacks nutrition 
If they sloths wanted to move faster they would need a more nutritious diet. Here we see an example of the balance that organisms seek to maintain within themselves. The sloths don’t have a lot of nutrients so they don’t move fast to conserve their energy and nutrients – if they moved quickly on this nutrient lacking diet they would need to constantly eat to replenish their nutrients and energy, instead they must sleep for 10 hours every day and use the bathroom once a week.  All life forms seek a balance within themselves and the sloths’ slow lifestyle is perfectly balanced to their diet. 
Presentation/Explanation: 
Slide 1: Title
Slide 2: Animation: click to make animated gif of seesaw disappear  

Slide 3: A history


Slide 4: A history

Slide 5: Unicellular to Multicellular

Slide 6: Animation: click to reveal bottom panel; note: O2 = oxygen CO2 = carbon dioxide
Slide 7: description


Slide 8: Animation: click to make reveal the four colored panels

Slide 9: Animation: click to make each variable appear (same for next 2 slides) note: the cellular process that cells undergo to generate energy using O2 is called cellular respiration and occurs in the mitochondria
Slide 10: Animation: click to make each variable appear (same for next slide); review: for a review of what an electrolyte there is a link to a YouTube video in the slide’s note section
Slide 11: Animation: click to make each variable appear

Slide 12: Maintaining Homeostasis 

Slide 13: Animation: click to make segue question box appear in bottom right corner; note: the graph of the enzyme’s pH and activity rate is not specific for the stomach cells pictured on the slide – stomach cells are acidic and have their set point at a lower pH than what is pictured which is a neutral (pH 7); review: the proteins that bring nutrients across the cell membrane are very important because the plasma membrane acts a barrier for cells and is impermeable to most molecules 
Slide 14: Threats to Homeostasis

Slide 15: Threats

Slide 16: Regulation of Homeostasis

Slide 17: Organ Systems table, note: in the top row Nervous system and Endocrine system share a row they are not combined but are two separate organ systems but were put together because their function is the same they act as homeostatic control centers 
Slide 18: Organ Systems Quiz: ask students to identify each organ system based on what they learned in the previous slide or go over each picture with the table, the answers for the quiz are in the note section (This quiz can be given for a grade during the presentation or at the end). 
Slide 19: Animation: click to reveal each component’s description
Slide 20: Animation: click twice to change the example from temperature of a house to temperature of a body; Video Link: there is an interactive video explanation on the bottom right hand corner which opens up a website with video explanations of homeostasis, click start in the top right hand corner to begin ( on the left hand slide is a navigation bar, click play on the second video titled “Analogy” the video has two parts you must click play (bottom right) to start the second half http://www.phys.unsw.edu.au/biosnippets/
Slide 21: Control Centers

Slide 22: Nervous system

Slide 23: Endocrine system; Video Links: the link on the bottom left hand corner “Homeostasis & Diabetes” is geared towards a high school level class, it is an interactive video, click on the link and it will open on a webpage and the video is interactive and requires a few clicks to answer questions (e.g. click on the pancreas) to move forward
http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_pre_2011/homeostasis/homeosts.shtml ; the second link on the bottom right hand corner is 4:19 long YouTube Video that is a more in depth explanation of diabetes and insulin and is a more advanced explanation http://www.youtube.com/watch?v=IrotOPgSkR4
Question for class: in the slide’s note section is a question for the class

Question: When you have diabetes what is the variable that becomes unbalanced?

Answer: Your concentration of nutrients specifically the level of glucose in your blood
Slide 24: Regulation Mechanisms, Example: there is an example in the note section for feedback and feedforward when you study for tests
Slide 25: Negative Feedback; Question for class: in the slide’s note section is a question to ask the class – 
Question: In the example on the slide, the hot sun is the threat to homeostasis, our negative feedback response to lower our temperature by sweating. If we were to get caught in a snow storm and the snow lowered our temperature would it be negative feedback if our body began shivering to warm us back up?

Answer: Yes! Even though the directions of the imbalance and corrective response have switched, now the threat to homeostasis is a lowering of our temperature and our corrective response is a raising of our temperature this is negative feedback because our corrective response to the imbalance is in the reverse direction 

Slide 26: Positive Feedback

Slide 27: Feedforward

Slide 28: Homeostatic Imbalance

Slide 29: End slide

Activity/Application:

Build an Organ System – 

Working in pairs or small groups students will make a model of an organ system (chose from the list below). 

Be creative in material use: cut out pieces from construction paper, build with legos, use modeling clay, paper-mache, different types of pasta, 3D computer modeling programs, etc. 

Students will present their organ system model to the class and must 1) name the parts (organs) that make up their organ system, 2) describe the function/role each part plays in the organ system, 3) describe the function of the whole organ system, and 4) describe how their organ system contributes to regulating homeostasis (what variables does their organ system regulate, does it work together with other organ systems, and what diseases occur when their organ system fails to regulate their variable). Students can include any amazing or fun facts about their organ system. 
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For the organ systems that have more parts that others i.e. endocrine system (8) versus cardiovascular system (3) more students can be assigned to the larger organ system or the organ system can be broken into parts for several groups to cover (i.e. the endocrine system can be broken into two groups each covering three or four different glands).

There is an extended Organ System Parts & Function table below – 

Note: since some organ systems have fewer parts than others, details on the organs’ substructures were added to give the students more to report on (i.e. the brain’s 4 lobes, spinal cord’s 4 segments,  heart’s 4 chambers, etc.) the students don’t need to include each subdivision’s function but should include in their model the location of each piece.  

Note: the muscular system is just muscles students assigned to this organ system can elaborate on the three different types of muscles: cardiac (found in the heart), smooth (found in the intestines) and skeletal (found around bones). 

Note: the skeletal system: the 206 bones of the entire skeletal system might be a considerable amount of effort to model and name, maybe consider a reduced amount for the students to do (e.g. skull, mandible, clavicle, sternum, humerus, radius, ulna, pelvis, sacrum, femur, patella, fibula, and tibia – see image above)
Note: depending on the maturity level of the class the reproductive organ system can be omitted. 

	Organ System
	Parts
	Function

	    1.  Nervous system 


	Brain (frontal lobe, parietal lobe, occipital lobe, temporal lobe), spinal cord (cervical, thoracic, lumbar, & sacral vertebrae), nerves (afferent & efferent) 

	Sensory input and integration; command and control by transmitting signals between different parts of the body

	    2.  Endocrine system
	Pineal gland, pituitary gland, thyroid gland, thymus, adrenal gland, pancreas, ovary & testes
	Secrets different hormones into the bloodstream to regulate the body

	    3.  Muscular system
	smooth muscles, cardiac muscles, & skeletal muscles
	Strength, balance, posture, movement & heat

	    4.  Skeletal system
	206 bones, ligaments, cartilage, & tendons
	Framework to support the body and maintain shape, permit movement, protect vital organs

	    5.  Cardiovascular system
	Heart (4 chambers: left & right ventricle and atrium), blood vessels (arteries & veins) & blood
	Transportation of nutrients between all tissues, organs and environmental interfaces

	    6.  Gastrointestinal system (digestive system)
	esophagus, stomach, liver, pancreas, gallbladder, intestines, & colon
	Digestion of food and absorption of nutrients

	    7.  Respiratory system
	nasal & oral cavity, pharynx, larynx, esophagus, trachea, left & right lung, & diaphragm
	Regulation of blood gases and exchange of gas with the air

	    8.  Renal system
	kidneys, ureters, urethra, & bladder
	Regulation of volume and composition of body fluids

	    9.  Integumentary system (skin)
	Skin, hair & nails
	Protection from microbial invasion and water vapor barrier

	    10.  Reproductive system
	reproductive organs
	Pass life on to the next generation

	    11.  Immune system
	Spleen, lymph nodes, bone marrow, & thymus
	Removal of microbes and other foreign materials, protects against disease


· The section “Homeostasis Throughout the Body” in this link: 

http://en.wikibooks.org/wiki/Human_Physiology/Homeostasis#Homeostasis_Throughout_the_Body  provides a good summary of the organ systems’ contribution to homeostasis. 

· This link has a basic summary of each organ system’s parts & function: http://biology.about.com/od/organsystems/a/aa031706a.htm 
· The PDF “Organs systems working together” has a table that shows how the organ systems interact and work together, students can use this chart to see how the interactions of their assigned organ system and include that information in their presentation. 
Assessment/Evaluation: 
A brief written quiz for students to complete at the end of the lesson, have students take out a piece of paper and pencil, pick words from the vocabulary list above for students to define, ask for an example of homeostasis regulation (e.g. when we go outside into a hot and sweat), and have students list three variables that are regulated to maintain homeostasis. 

Safety Issues:  

Students must be mindful with sharp objects when creating their organ system models. 
References: 

· Organ system identification diagram from http://www.proprofs.com/quiz-school/story.php?title=human-organ-systems
· Organ System Parts & Function Table from: Quantitative Human Physiology: An Introduction by Feher, Joseph J Jan 2012

·  “The Homeostasis Fishbowl” Copyright Kevin Patton, lionden.com http://www.lionden.com/homeostasis.htm
· Organ Systems http://biology.about.com/od/organsystems/a/aa031706a.htm
· Diabetes information page http://www.medicinenet.com/diabetes_mellitus/page3.htm
· Insulin Wikipedia page http://en.wikipedia.org/wiki/Insulin
· Electrolyte YouTube video http://www.youtube.com/watch?v=1XWnovm6JLs
· PDF “Organ systems working together” attached
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