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	Science and Technology/Engineering Standards, ITEA Standards
Engineering Design, 2.6 Identify the five elements of a universal systems model: Goal, Inputs, Processes, Outputs, and Feedback

Manufacturing Technologies 4.1 Describe and explain the manufacturing systems of custom and mass production.



	Additional Standards



	Understanding(s) Students will understand that …

A technological system produces results through the use of technology. (1 Hacker/Burghardt)  Items are produced utilizing manufacturing systems based on peoples needs for the items.  

	Essential Question(s)
How do we use systems as technological devices? What are the benefits and drawbacks of custom and mass production systems?

	Students will know…

The parts of the Universal Systems Model and identify a custom and mass production system 






	Students will be able to…

Identify a system and break it down into the parts of the universal systems model.  

Identify a custom and mass production system

	Stage 2:  Assessment Evidence

	Performance Task(s) (Summative)

USM Hydroponics Sheet, USM Parts Worksheet, Custom/Mass Production

	Other Evidence (Formative)

Participate in a discussion and about the parts of the Universal Systems Model and Custom/Mass Production


	
Stage 3: Learning Plan


	Learning Activities (more detailed description to follow)
	Resources/Materials

	1 Chill Seeds
	Balsam fir seeds 

Moist Paper towel and a zip lock bag

Refrigerator

	2- Watch Manufacturing

Time 1/2 class
	Exploring Technology Education Video Segment #11  (13:35-28:50 approximately 15 min)

	3- Show students the Hydroponics system

Time 1/2 class
	Ebb and Flow Hydroponics System

	4- Set up the system for growing activities

Time 2-3 Classes (parts may be done with different classes to expedite the process) 
	Ebb and Flow Hydroponics System

Balsam fir seeds

6 1/2 gallons of water

	5- Watch Manufacturing Systems

Time 1/2 class
	Exploring Technology Education Video Segment #12 (29:30 approximately 14 min)

	6- Discuss the Universal Systems Model and Relate it to the Hydroponics System

Time 2 classes
	Notes and USM Hydroponics Sheet

	7- Students will apply the systems model to a system of there choosing.

Time 1 class 
	USM parts worksheet

	8- Discuss Custom and Mass (continuous) Production Time 1 class 


	Learning Activity #8 notes

	9 Assignment Custom and Mass (continuous)  Production
Time 2 classes


	Assignment- Custom/Mass Production


http://masstec.org/ This document is based upon the Understanding by Design format by Grant and Wiggins.8, #9
Lesson Created/Original -09/10/2004
Modified last- 11/15/2006
Learning Activities 1 - The balsam fir tree seeds need to be chilled at a temperature between 34 and 41 degrees F for 40 days and keep seeds moist.  This is achieved by putting the seeds in a wet paper towel in a plastic bag in a refrigerator with a thermometer to monitor temperature

Learning Activity 2

Watch Introduction to Manufacturing, Segment #11 (13:35-28:50 approximately 15 min)

This tape provides a general introduction to manufacturing and a graphic representation of a systems model in relation to a system.

Learning Activity 3

Show the students the Hydroponics system and give a general over view of how it will work. Identify the parts for the students;

Lower tub- holds water and a pump, has a hose off of the side for changing the growing solution, a tube from the pump goes to the upper tub.

Upper tub- holds the pots, has holes in the bottom to allow water to flow into the lower tub at a very slow rate, long black tube allows water to flow to a specific level, water flows in so fast it drains through the bottom holes and up to the over flow valve

Pots- hold spacer media (lava rocks) and grow cubes sit on top of lava rocks, water level should reach the bottom 1/4 inch of the grow cube 

Grow cubes- hold the seeds, there is a hole in the middle to hold the seed.  

Timer- turns the pump on and off.

Explain how the system operates

The timer turns the pump on for about 30 minutes

The water flows into the top tub

The water fills the tub up to the over flow tube

The water goes into the pots thought the bottoms through the spacer rocks and up to the grow cubes

The grow cubes absorb the growing solution and feeds the seeds

The pump turns off after 30 minutes

The seeds sprout and grow Balsam fir trees

Learning Activity 4

Set up the system for the growing activities. The assembly of the system is time consuming and a little complicated. For ease time considerations, the system was assembled prior to planting activities.  You may if you want have the hydroponics unit be assembled by different classes to expedite the process. When the system is totally setup it is very easy to identify the parts, so students who did not get to participate in the assembly will easily grasp the set up.  
Chill the balsam fir seeds between 34 to 44 degrees for 40 days. This is done before the start of the unit.
Calculate the depth needed for the water to reach the grow cubes.  When the water has filled the upper tub the water level should consume the bottom 1/4 inch of the grow cubes.

Fill in the spacer media to 1/4 inch less than the height of the water level in the pots

Rinse the spacer media with water to remove dust particles (teacher did this activity due the lack of a sink in the room.) 

Cut the grow cubes into sizes that will easily fit into the pots.  

Insert the seeds into the growing cube; a few pairs of tweezers are needed to pick up the seeds

Put the grow cubes into the pots

Add 6 1/2 gallons of water (spring water was used to keep impurities to a minimum)

Set timer to come on for 30 minutes a day, turn on manually to show the students view the hydroponics system works

Learning Activity 5

Watch Manufacturing Systems, Segment #12 (29:30 approximately 14 min)

This video shows three different types of manufacturing systems.  

Learning Activity 6 

Engineering Design

2.6 Identify the five elements of a universal systems model: goal, inputs, processes, outputs, and feedback

Explain to the class the Universal systems model utilizing the notes below and the USM poster after the notes (the poster should be posted on the wall).

As the parts of the universal systems model are identified and discussed students should fill in the USM Hydroponics Sheet. The terms in bold are vocabulary words from the learning standard.  If there is more than one definition the first one is more in line with the frameworks.  The second term may be used to help clarify the concept.  

System-A group of interacting, interrelated, or interdependent elements or parts that function together as a whole to accomplish a goal. (4 MSTEF pg. 131)

System-a group of parts or components that work together to perform a task (3 Wright pg. 31)
Each technology has parts and that each part has a relationship with all other parts and to the whole. The parts work in a predictable way, and they are designed to achieve a goal. (3 Wright pg. 30)

The five elements of the universal systems model

Goal- The purpose toward which an endeavor is directed; an objective (2 dictionary.com)

2. The reason or purposes for a system (3 Wright pg. 734)

Inputs- Are the resources that go into the system and are used by the system (3 Wright pg. 32)

Seven types of input 

1 People-are the most important input to technological systems People bring to the systems specific knowledge and skills (3 Wright pg. 32)

5 Information-organized data that can be retrieved for use (3 Wright pg. 35) 

Because people use the information it is advantageous to introduce this type of input even though Wright lists it as the fifth type of input.  

2 Material- the tangible substance (chemical, biological, or mixed) that goes into the makeup of a physical object. One of the basic resources used in a technological system. (4 MSTECF Pg. 129)

Materials are the substances from which artifacts are made, (3 Wright pg. 32) 

Material- A natural or human made substance that is used to make technological products or systems (3 Wright Pg. 33)

3 Tools and Machines
Tools are the artifacts we use to expand what we are able to do, machines amplify the speed (3 Wright pg. 34)

Machine- A device with fixed and moving parts that modifies mechanical energy in order to do work (4 MSTECF pg. 129)
4 Energy- the capacity for doing work (4 MSTECF pg. 127)  

Energy- the ability to do work (3 Wright pg. 34)

6 Finances- the money and credit necessary for the economic system to operate (3 Wright pg. 35)

7 Time- all processes need time to be completed/happen

 

Process-1 Human activities used to create, invent, design, transform, produce, control, maintain, and use products or systems; 2 A systematic sequence of actions that combines resources to produce an output. (4 MSTECF pg. 130)

Process- the action part of the system.  It combines resources and produces a result, which is the output (1 Hacker/Burghardt pg. 127)

Process-: the steps needed to complete a series of identifiable tasks with a system

(3 Wright pg. 743)

Outputs- the product of the system.  It is the actual result.  If a system works correctly the output matches the desired result.  (1 Hacker/Burghardt pg. 128)

The desirable and undesirable results from operating a technological system (3 Wright pg. 38)

Additional output types intended and unintended, immediate and delay.

Feedback- is information about a systems output that is used to adjust the system. (1 Hacker/Burghardt  pg. 131)

Feedback and control- this process involves using information about the outputs of a process or system to regulate the system (3 Wright pg. 40)
USM Poster1

Engineering Design

2.6 Identify the five elements of a universal systems model: goal, inputs, processes, outputs, and feedback


Feedback
Goal         Inputs         Process         Outputs

USM Hydroponics Sheet

Name________________________ 


Period ___________



Date _____________ 




Day _____________

List the parts of the Universal Systems Model as they relate to the hydroponics system as we discuss the Universal Systems Model in class.  Some answers do not use every line.  You may write your answers on a separate piece of paper and attach it to this hand out when the assignment is complete if there is not enough space below.

Engineering Design

2.6 Identify the five elements of a universal systems model: goal, inputs, processes, outputs, and feedback

           Feedback







 ______________________

______________________

______________________

______________________
______________________
______________________
Goal              Inputs              Process              Outputs

______________________           1_____________________                 ______________________                     _________________

______________________           2_____________________                 ______________________                     _________________

______________________           3_____________________                 ______________________                     _________________

______________________           4_____________________                 ______________________                     _________________

______________________           5_____________________                 ______________________                     _________________

______________________           6_____________________                 ______________________                     _________________

______________________           7_____________________                 ______________________                     _________________

______________________           8_____________________                 ______________________                     _________________

______________________           9_____________________                 ______________________                     _________________

______________________           10_____________________               ______________________                     _________________

Evaluation USM Hydroponics Sheet

Goal









10

Input


4 points each with a max 40 points


40

Process

3 points each with a max 20 points


20

Outputs

5 points each with a max 15 points


15

Feedback

7 points and 8 points




15

Teacher may award bonus points for extra answers that are correct, no more than 1 point each correct answer for a maximum of 3 bonus points

Answers to USM Hydroponics Sheet 

Goal

To grow balsam fir trees from seeds
Inputs 
people/information

seeds 

grow cubes

water

hydroponics system

tweezers

water pump
people energy

electricity

sunlight

$300
40 days to chill seeds and time (amount of time needed for the plants to grow is not known at this time, this will be updated as the growing process is completed) for plants to grow
Process

set up the hydroponic system

determine and set water level

add water

plant seeds

timer turns on pump for 30 min

timer shuts off pump for 23 hrs, 30 minutes

cycling of pump on and off

balsam fir trees grow

check ph and ppm

Outputs  

growing balsam fir trees

trees help to clean the air

negative outputs from creating electricity

no trees

waste water

Feedback

trees grow or don’t 

ph and ppm monitoring devices

USM Parts Worksheet
Name________________________ 


Period ___________



Date _____________ 




Day _____________

 

Using the five elements and parts of a universal systems model: goal, inputs, processes, outputs, and feedback that we discussed in class, answer the following questions.  You may apply this to a system of your choice.  This must be a system that is in existence (this can not be a made up system.) All answers must be in complete sentences.  If you don’t think there is an item for the answer space then write a sentence explaining why there is not an answer.  The space to answer questions is very small; if you would like to place your answers on another piece of paper that is acceptable.  Please be sure your name is on the additional page and attach it to this piece of paper. 

 

Identify a system. 
7
(A group of interacting, interrelated, or interdependent elements or parts that function together as a whole to accomplish a goal. A system is a group of parts or components that work together to perform a task.)
 

  

1 What is the goal of the system? 
7 

(The goal is the purpose toward which an endeavor is directed; an objective, the reason or purposes for a system.)

2 Inputs (they are the seven resources that go into a system and are used by a system)


What skills, knowledge or information will the people need to operate the 
7

system?


What are the materials needed in the process?
7 

[Materials are the substances from which artifacts (items) are made. Material- the tangible substance (chemical, biological, or mixed) that goes into the makeup of a physical object. One of the basic resources used in a technological system.]

What are the tools and machines that are needed in the process?           
8

(Tools are the artifacts we use to expand what we are able to do.  Machine- A device with fixed and moving parts that modifies mechanical energy in order to do work.)
What sources of energy are needed to power the process? 
8 

(Energy- the capacity for doing work. Some examples may be mechanical (human), electricity, chemical (gasoline), thermal, radiant (light) or nuclear. Your answer may vary from these types of energy.)

Make an estimate/educated guess of how much money it costs for the system to operate.  
8

(Finances are the money and credit necessary for the economic system to operate.) 

How much time is required to operate the system? (to get an output from the process)               
8

 

 3 Describe to the best of your ability the process in your system.  
8


This would be a step-by-step explanation of what is done to get/achieve the output.  How are the inputs processed to achieve the output? 

(Process is the activities used to create, invent, design, transform, produce, control, maintain, and use products or systems; 2 A systematic sequence of actions that combines resources to produce an output.

4 What are the intended outputs of the system?
8

 (Outputs are the product of the system.  It is the actual result.  If a system works correctly the output matches the goal. The output is the desirable and undesirable results from operating a technological system.)

What are some undesirable results from your system (negative things that are a 
8

result of your system that happens but were not intended)?


Are there any unintended positive outputs to your system (unplanned good things 
8

that happen as a result of your system)? 


5 List the feedback used to adjust the system.  
8

(Feedback is information about a system, output that is used to adjust the system.)

Learning Activity 8

4.1 Describe and explain the manufacturing systems of custom and mass (continuous) production.

Custom production – (custom manufacturing) a manufacturing system that involves producing a limited quantity of a product to a customer specifications. (4 Wright Pg.729)

Custom manufacturing-This system involves producing a limited quantity of a product to a customer’s specifications.  Generally, the product is produced only once.  This system requires highly skilled workers and has a low production rate. This makes it an expensive system to operate.  Examples of custom manufactured products are tailor-made clothing, some items of furniture, and the space shuttle. . (4 Wright Page 658)

Examples- Cruise ship, space shuttle, clothing, furniture

Discuss the benefits and drawbacks of custom manufacturing and have a student note the benefits and drawbacks on the board.
Benefits

Items can be made to exacting specifications Uniqueness to a product

Drawbacks 
Higher cost 

More skilled workforce

Repair or replacement of parts can be higher because parts are not readily available

May be needed when a mass produced product is not available.

Mass production – the system of making many of the same items very quickly, usually by machine (5 Pierce/Karwarka Pg. 540)

Components of mass-produced products

Intermittent (job lot ) manufacturing

Parts move through the manufacturing sequence in a single batch (3 Wright pg. 658)

All parts are processed at each workstation before the batch moves to the next station (3 Wright pg.  658)

Parts are processed with a machine specially designed or used for a particular operation.  

In continuous manufacturing, a production line manufactures or assembles products continuously. The material flows down a manufacturing line that is specifically designed to product that product.  The parts flow from station to station in a steady stream.  This type of manufacturing handles a high volume and has relatively low production costs.  But, continuous manufacturing lines are fairly inflexible and can be used for very few different products. (3 Wright pg. 658)
Discuss the benefits and drawbacks of mass (continuous) production and have a student note the benefits and drawbacks on the board.

Benefits of mass production

Workers generally can have a lower skill level than a custom production system in turn lower product cost.  

Interchangeability of parts (universally sized parts), lower cost for repair or replacement

Tools are set up for one specific operation; less time is consumed for setup.

Drawbacks

Everything is the same, little difference between products. 

High cost to set up machines for specific operations (as compared to a high skilled worker with a conventional tool)

Identify the steps of manufacturing the trees.  Write them on the white board for the class to view and reference.

1 Chill seeds for 40 days 

2 Fill in spacer media

3 Cut the grow cubes into sections that will fit into the pots

4 Put the seeds into the grow cubes (utilizing tweezers)

5 Put the grow cubes with the seeds into the pots

6 Put water into the system

7 Plug in the pump to the timer

8 Monitor the PH and PPM for the system

9. Assemble the hydroponic unit.

10 purchase water

Custom/Mass Production 

Name________________________ 


Period ___________



Date _____________ 




Day _____________
In comparison to a liner company (a company that plants thousands of tree seeds at a time) our manufacturing process was a custom production manufacturing process.  Elements of a custom production manufacturing process are listed below.  Each question is worth 5 points.

Custom production – (custom manufacturing) a manufacturing system that involves producing a limited quantity of a product to a customer specifications. (Wright Pg.729)

Custom manufacturing-This system involves producing a limited quantity of a product to a customer’s specifications.  Generally, the product is produced only once.  This system requires highly skilled workers and has a low production rate. This makes it an expensive system to operate. (Wright Page 658)

Benefits of custom production- items can be made to exacting specifications, uniqueness to a product

Drawbacks- higher cost, more skilled workforce, repair or replacement of parts can be higher because parts are not readily available

Custom production may be needed when a mass produced product is not available

Assignment

Give an example of a product that you have used, or would like to use that has been produced utilizing a custom production method.

Approximately how many of the items were produced exactly the same?





Was the item produced to customer’s specifications?





If this item was produced utilizing mass production methods how much more would it have cost (a percent or money value is acceptable)?

How many workers were involved in the production of this item?




(turn the paper for terminology definitions and more questions)

Mass production – the system of making many of the same items very quickly, usually by machine (5 Pierce/Karwarka Pg. 540)
Components of mass-produced products- Parts move through the manufacturing sequence in a single batch (3 Wright pg. 658)

All parts are processed at each workstation before the batch moves to the next station (3 Wright pg.  658)

Parts are processed with a machine specially designed or used for a particular operation.  

In continuous manufacturing, a production line manufactures or assembles products continuously. The material flows down a manufacturing line that is specifically designed to product that product.  The parts flow from station to station in a steady stream.  This type of manufacturing handles a high volume and has relatively low production costs.  But, continuous manufacturing lines are fairly inflexible and can be used for very few different products. (3 Wright pg. 658)
Benefits of mass production

Workers generally can have a lower skill level than a custom production system in turn lower product cost.  

Universally sized parts, lower cost for repair or replacement.  

Tools are set up for one specific operation; less time is consumed for setup.

Drawbacks

Everything is the same, little difference between products. 

High cost to set up machines for specific operations (as compared to a high skilled worker with a conventional tool)

Assignment

Create a Mass Production system for manufacturing the Balsam Fir Trees.  List out the steps you would utilize to mass-produce the trees.  After the step has been completed the trees must move as a batch to the next step, you must note how the batch is moved from step to step (station to station), If it helps you may include self drawn pictures. With each step of the operation list the skill a worker would need to do the operation.   Your Mass Production system must have at least 7 steps in the process.

Step 1 -

Skills needed-

Step 2 -

Skills needed-

Step 3 -

Skills needed-

Step 4 -

Skills needed-

Step 5 -

Skills needed-

Step 6 -

Skills needed-

Step 7 -

Skills needed-

Step 8 -

Skills needed-

Step 9 -

Skills needed-

Step 10 -

Skills needed- 

In two steps (stations) identify where a universally sized part may be used.

In two steps identify where a special tool could be used to complete the operation.  

In two steps include a device for the items to be automatically delivered to the next step.  

Why balsam fir trees and hydroponics

Planting Balsam Fir Trees in a Hydroponics system is a hands on activity with the intention of each student having the ability to take home a useable item (a balsam fir tree). The 6th graders at Sharon Middle School meet between 7 and 8 times, in a quarter of the school year, once every 6 school days.  Over the quarter students can observe the plants growing from seed to a plant.  The hydroponics system can be broken down utilizing the Universal Systems Model and the students can very easily identify the parts of the USM with the system in the classroom.  

The hydroponics system utilized allows about 135 Balsam Fir Tree seeds to be planted.  There are about 75 to 80 sixth grade students that attend Tech Ed per quarter.  Germination is not at 100% so the total germination should allow each student to take home a plant.

Growing Balsam Fir Trees from seed in a hydroponics system is not a common activity in the classroom or in industry.   In my research I could only find one company that grew conifers in this type of environment and was unsuccessful in contacting them.  A person from a liner company (liners are small trees that can be planted) did give me some great information and I have noted it below under Balsam Fir Tree growing notes.  The first crop as of 12/28/05 (planted 11/28/05) has yielded about 75 germinated plants between sprouting out of the seed shell to 1” plants with needles.  As information about growing the trees grows the notes will be added to and posted on the net.  

Equipment notes, all items were purchased from a local hydroponics dealer, Harvest Moon, http://www.hmoonhydro.com/.  The specific items could not be found on there website but these notes should be able to guide a person to purchasing similar materials and supplies.  

Cost

$190
Ebb and flow system- Hydrofarm Horticultural Products- Megagarden, this item can be viewed at http://hydrofarm.com/content/hydrosys.html

$70
PH Meter- Milwaukee Sharp PH ph 40

$9
PH electrode Storage Solution

$9
Calibration Solutions PH 7.01

$60
TDS essential Digital TDS pen, manufacturer sunleaves (sunleaves.com)

$17.50
$8.50 Grow cubes- http://www.wormsway.com/detail.asp?sku=OHO322 I did not use these but a similar product, they had 104 seedling spots per sheet, 2 sheets needed for each crop

$7.00
Balsam Fir Tree seeds, $3.00 per 100 seeds plus $1.00 shipping and handling.  First crop required more than 100 seeds, but the second crop needed only an additional 100 seeds.  I purchased these from a seller on e-bay, the search title is Balsam Fir, abies balsamea the seller is farmboy2376.  I have purchased 2 sets of seeds, both were shipped quickly and I plan to continue purchasing from this source in the future

Additional Items that may be needed 

$88 
Grow lights 4 Agrosun full spectrum florescent light bulbs (this does not include a fixture to put the lights in), 

$30
Florescent light fixture

$20
Light timer

$13
PH up 1qt

$13
PH down 1qt

$18
All purpose hydroponics plant food

$544.50 Approximate start up cost, including plants and media for seeding 135 plants.  50% to 75% survival rate for seedlings.  This does not include an pots or dirt to transplant the tree’s into from the hydroponics system.

$ 27
Average cost per crop- $4 seeds, $10 growing media $13 ph up and down.  Items do not come in amounts for 135 plantings per round but these costs are an average.  This also does not count for grow bulb replacement.  

Balsam fir tree growing notes, this information was passed onto me from a commercial liner grower

Electro conductivity Meter- use to check the salt in the solution millisemin per centimeter 2.5 or under (not too salty) salt solution

Germination

No fertilization when germinating

Fridge between 34 and 41 degrees for 40 days and keep seeds moist

50% to 60% seed germination

105 seeds per square foot

Plant 1/3” deep

Be careful not to flood the seeds away

Keep moist but dry out too much

5 1/2 to 6 ph

fertilizer 27-1 9 or 27-1-9 solution by Scotts conifer growing solution

Hard water better

Calcium 4

Magnesium 20 to 30

150ppm nitrogen when growing

No nitrogen when sprouting 50 when growing to start

Information from Phil R Rabakiewicz- seeds that do not germinate rechill and they may germinate after rechilling 

Online resource

http://www.rngr.net/ The Reforestation, Nurseries and Genetics Team

Helpful literature from this site- The Container Tree Nursery Manual (http://www.rngr.net/Publications/ctnm)

System-A group of interacting, interrelated, or interdependent elements or parts that function together as a whole to accomplish a goal. (4 MSTEF pg. 131)

Goal- The purpose toward which an endeavor is directed; an objective. (2 dictionary.com)
Inputs- The resources that go into the system and are used by the system. (3 Wright pg. 32)

Material- The tangible substance (chemical, biological, or mixed) that goes into the makeup of a physical object. One of the basic resources used in a technological system. (4 MSTECF Pg. 129)

Tools- The artifacts we use to expand what we are able to do. (3 Wright pg. 34)
Machine- A device with fixed and moving parts that modifies mechanical energy in order to do work (4 MSTECF pg. 129)

Process-1 Human activities used to create, invent, design, transform, produce, control, maintain, and use products or systems; 2 A systematic sequence of actions that combines resources to produce an output. (4 MSTECF pg. 130)

Outputs- The product of the system (1 Hacker/Burghardt pg. 128)

Feedback- Information about a systems output that is used to adjust the system. (1 Hacker/Burghardt pg. 131)

Custom production – (custom manufacturing) A manufacturing system that involves producing a limited quantity of a product to a customers specifications. (4 Wright Pg.729)

Mass production – The system of making many of the same items very quickly, usually by machine (5 Pierce/Karwarka Pg. 540)
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