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I  Overview

A  OBJECTIVES 

1  Content Goals 

Students should know that digital pictures are made of numbers and characters. 

Students should understand pixels and arrays. 

Students should understand grayscale and bit depth. 

Students should understand image file formats and header information. 

Students should have facility with basic image manipulation and processing. 

Students should understand the difference between continuous and discrete. 

Students should understand tradeoffs, such as spatial scale and color scale. 

2  Process Goals 

Students should be able to define a problem. 

Students should be able to propose a solution. 

Students should communicate information in writing. 

Students should be able to evaluate tradeoffs. 

Students should be able to solve a problem with constraints. 

Students should carry out steps of the engineering process. 

3  Attitudinal Goals 

Students should feel part of an engineering team in solving a problem. 

Students should enjoy being creative in designing their own image file format. 

Students should feel comfortable working on an engineering problem. 

4  CfAO Program Goals 

Students should draw on prior knowledge. 

Students should be able to observe and communicate. 

Students should gain preparation for jobs/careers. 

Students should make predictions about how an image will look after the numbers in the file are

manipulated in certain specified ways. 
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B  SCHEDULE  (9:00am-11:45am)  Two days, each 2 hr 45 min.

1  Day 1 

• Time for class to start and introductions (9:00-9:05) 5 min. (Mark) 

• Introduction to digital images and Design Task(9:10-9:20) 15 min. (Katie) 

• Thinking Tools / Starter activities (9:20-10:00)  40 min  (All)

• Break (10:00-10:15) 15 min. 

• Post-starter synthesis; Intro to focused investigation (10:15-10:30) 15 min. (Chris) 

• Focused Investigation: Image encoding (10:30-11:35) 65 min. (All facilitators) 

• Day 1 closing and homework assignment (11:35-11:45) 10 min. (Ian) 

Homework: Image file writeup and self-reflection paper. 

2  Day 2 

• Day 1 refresher/Introduction to day 2 (9:00-9:10) 10 min. (Katie) 

• Investigation: Image decoding (9:10-9:50) 40 min. (All) 

• Prepare for Sharing    (9:50-10:10)  20 min. (All)

• Break (10:10-10:25) 15 min. 

• Jigsaw Sharing (10:25-10:55) 30 min. (All facilitators) 

• Synthesis and Closing (10:55-11:20) 25 min. (Chris) 

• Feedback and Post-activity homework assignment (11:20-11:30) 10 min. (Chris) 

Homework: Lab writeup.
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II  Full activity description

1  General Materials: 

• Nametags for students and guest teachers. 

• Name written in one of three colors (for breakout discussion groups on the 2nd day) 

• A number (1, 2, 3, or 4) for each of the four starter groups 

• A letter (A, H, K, L, M, N, P, U, W) for each of the investigation groups 

2  Introduction to digital images and Inquiry

Time: 9:10-9:25—20 min. 

Facilitator: Katie 

Time: 15 min. 

Materials: 

• “Engineering task” problem statements

Strategy:   (See powerpoint slides “opener_day1.ppt”). 

1. Introduce facilitators and team members; ~ 1 min per member

2. Introduce digital images: 

1. “Today we will be exploring digital images, which are a way to transmit pictures.” 

2. “When/why might someone want to transmit a picture?” 

i. Photo of people to send to far-away relatives 

ii. Save photo for later, to remember what one looked like years ago 

iii.Memories of old times 

3. “What kinds of information do and don’t pictures contain?” 

i. Do contain things seen 

ii. Do not contain things heard, smelled, tasted, or touched 

4. “How is a digital camera different from an old-fashioned film camera?” 

i. The way it stores the picture: Film camera—photo-sensitive chemicals on

specialized paper. Digital camera—image file (jpeg) with numbers. 

3. Introduce the inquiry activity using modified CfAO PDP script for engineering. 

1. Today and Thursday we are going to do an inquiry about digital image files.

2. This might be different from other classes but inquiry can be a lot of fun and very

rewarding if you stay engaged in the activity. 

3. We will first do a series of "starters" to start us thinking about saving and transmitting

digital images.  During these starters you will work alone and write observations or

questions you have on sentence strips as you think of them.  Then we will do a focused

investigation in small teams in which each team will have to encode an image in order to

transmit it to another team.  We will then share what we've learned with each other, and

then go on to apply it in the computer lab.

4. The processes you will go through will be similar to "real" engineering, in which there is

no one right answer, and many different solutions can be equally valid.  Evaluating

tradeoffs and working under constraints are two important engineering processes we will
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practice. 

5. It's okay if it doesn't come easy.  If you get stuck, it's okay--take a drink, walk around

and look at what the other teams are doing.  Getting stuck is natural and usually a sign

that a real break-through is about to happen.  It means you're pushing the boundaries of

you're learning. 

6. The role of the facilitators is to guide your learning and help you figure out what and

how you want to investigate, not to tell you what's going on. 

4. Show rough schedule.

5. Introduce the specific engineering task to be undertaken today

1. E.g., “You're all going to get an image.  You will have to make some sort of

measurements in order to describe this picture using numbers and/or letters.  

2. “Eventually you will need to create your own 'image file' and turn another group's

measurements into a picture.”

6. Pass out the images and design goal/engineering task sheets

1. “Take five minutes to brainstorm about how you would turn this picture into a 'file'/set

of numbers.”

2. “Now we're going to do some 'research activities'/'thinking tools' to give you some ideas

about how you'll complete this task. “

3. "There are four stations set up and numbered around the room..."

4. "Each of you have a number on your nametag, one through four.  When I say to, go to

the labeled station that matches the number on your nametag.  You will have ten minutes

at that station, and you will then rotate around the room in a clockwise fashion." 

5. "Go!"”

3  Thinking Tools (i.e., “Starter” activities)

(9:25-10:05)—40 min. (Katie, Chris, Ian, Elisabeth) 

1. All four starters are done in parallel, rotating every 10 minutes. 

2. Have a floater hang up sentence strips as they are generated throughout the Starter process.

3. If only three facilitators are available, Starter 1 can be done with the class as a whole and the

students can then rotate between the last three Starters

4. The floater (or a facilitator) should ring a bell at the end of each ten-minute activity

4  Starter 1: Flags

Communicating in pairs to draw a copy of a flag 

Order: Do this starter in parallel with the other starters

Facilitator: Katie 

Time: 10 min. 

Grouping: Each group must have 2 students, so N = # of students / 2.  An observer floater pairs with an

odd-numbered person.

Materials: 

• Various obscure flags, printed one per 8.5”x11” page. Download flags from

http://inquirydesign.atwiki.com/file/open/21/flags.ppt.pdf. 
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• N sets of rainbow colored markers (red/orange/yellow/green/blue/purple/black per set) 

• N*2 manilla file folders 

• N blank white 8.5”x11” pages 

• Blue tack or masking/duct tape 

• N*5 sentence strips

Set-Up: 

Place one flag in each of N manilla file folders. Place one blank sheet of paper in each of N manilla file

folders. Hand each pair of students a file folder with a flag, a file folder with a blank sheet of paper,

and a set of colored markers. Give the students sentence strips for writing questions or observations. 

Have a floater hang up sentence strips as they are generated throughout the Starter process.

Strategy:

Pair the students with a neighbor and hand each pair the materials. 

1. Directions: 

1. “Do not look into the manilla folder until I say it’s okay.” 

2. “You each have a copy of a flag. One partner will describe the flag and the other partner

will draw it.” 

3. “Rules: Both partners may speak to each other. Neither one may look at the other’s

paper. You only have a few minutes.” 

4. “Go!” (Facilitator watches clock and gives them 3-4 minutes total.) 

2. After students are done drawing flags: 

1. “One member from each team needs to stick the original flag and the drawing to the wall

over here with this tape/tack.” 

2. “Look at your flag as well as your classmates’ flags. Without talking (so that they are

your own ideas), write questions/observations on sentence strips.” 

3. Things for facilitator to write on sentence strips if students don’t come up with them: 

i. Well-defined shapes like stripes or triangles were easier to transmit than vague

shapes like tree or shield. 

ii. It is hard to explain a complicated picture in words. 

iii.The color of blue in the marker was not the same color of blue in the flag. 

5  Starter 2: One image many pixellation and grayscale ways

Examining several images of the moon, each with different spatial or grayscale resolution 

Order: Do this starter in parallel with other starters

Facilitator: Chris 

Time: 10 min. 

Grouping: N = # of students / 3 

Materials: 

• Images printed on paper of the moon at different spatial resolution 

• Images printed on paper of the moon at different gray resolution 

• N magnifying glasses 

• N*5 sentence strips 

• N markers 

8



Set-Up: 

Arrange the images face-up on a table or taped to a wall so that students can walk by and look at each

of them. Pass out magnifying glasses, markers, and sentence strips to students. Give the students

sentence strips and markers for writing questions or observations. 

Have a floater hang up sentence strips as they are generated throughout the Starter process.

Strategy:

1. Directions: 

1. All of these images are of the same object but how the image has been recorded is

different 

2. Examine each of the images, use the magnifying glass if necessary.

3. Record your observations about how the image changes. 

4. Look for changes in the level of detail. 

5. What advantages and disadvantages can you think of for the different ways of recording

the image? 

6. Be sure to write whatever other questions, thoughts, observations you have on the

sentence strips.

2. Things for facilitator to write on sentence strips if students don’t come up with them: 

1. The dark parts all blend together and the light parts all blend together.

2. The number of colors is changing.

3. The craters are harder to see when it is all the same color. 

4. When the pixels are really big I can't see what it is. 

5. Can't see the pixels in the image that looks most like the real moon. 

6. Becomes harder to see details as pixels get larger. 

7. Edge becomes less round when fewer pixels.

6  Starter 3: Photometer playground

Learning what the photometer measures and how to use it without introducing measurement bias 

Order: Do this starter parallel with starters 1, 2, and 4. 

Facilitator: Katie 

Time: 10 min. 

Grouping: There are 8 photometers, so N = 8 

Materials: 

• Images printed on paper of grayscale gradients 

• 3 light bulbs (different wattages: 40, 100, 300W) 

• 3 bulb holders 

• 3 power strips to screw light bulbs into and to act as a switch 

• Extension cords 

• N photometers 

• N light boxes, made of the following: 

• N cardboard boxes, of approximate size 17.5”x11.5”x9.5” (the kind used to hold reams

of printer or photocopier paper), without the lids 

• N pieces of transparent plexiglass, must be larger than the approximately 17.5”x11.5”
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box openings 

• N 100-W light bulbs 

• N bulb holders 

• N powerstrips 

• To build a light box: Place one powerstrip, light bulb, and bulb holder in each

box. Place a piece of plexiglass on the top of each box. 

• N*5 sentence strips 

• N markers 

Set-Up: 

On one or two (adjacent) table(s), plug in each of the bulbs about 5 feet (or more) apart from each

other. Give each student a photometer. Set up the N light boxes around the room. Give the students

sentence strips and markers for writing questions or observations. 

Have a floater hang up sentence strips as they are generated throughout the Starter process.

Strategy:

1. (5 min.) First have all students come together around the 3 different-wattage bulbs, and hand

each a photometer. Directions: 

1. “Do not talk, so that these are your own questions/observations.” 

2. “These light bulbs are 40W, 100W, and 300W. More watts means brighter means more

photons. Point the photometer at each bulb and think about what the photometer

measures. Write questions/observations on sentence strips.” 

3. “Now try moving the photometer closer to and farther away from one bulb. Watch the

reading. Write questions/observations on sentence strips.” 

4. “Now try tilting the photometer at an angle towards and away from the bulb. Watch the

reading. Write questions/observations on sentence strips.” 

5. “Write any other questions you may have on a sentence strip.” 

2. (5 min.) Now move to the light boxes. Give each student a couple of pages with gradients

printed on them. Directions: 

1. “Do not talk, so that these are your own questions/observations.” 

2. “Switch on the light in your light box. Use the photometer to measure what happens

when you use darker versus lighter squares to block the light.” 

3. “Write your questions/observations on sentence strips.” 

3. Things for facilitator to write on sentence strips if students don’t come up with them: 

1. The photometer measures light levels. 

2. The distance between the bulb and the photometer affects the reading. 

3. The angle between the bulb and the photometer affects the reading. 

4. The darkness or lightness of the paper between the bulb and the photometer affects the

reading. 

7  Starter 4: One image many file formats

Being exposed to different file formats/standards 

Order: Do this starter in parallel with starters 1 and 2 and 3 

Facilitator: Ian 
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Time: 10 min.

Grouping: N=8

Materials:

•  Images & ASCII/hex printed on paper of a smiley face in six different file formats (SVG, EPS,

PGM, FITS, PNG, JPEG)

• If available, several laptops/computers:

•  loaded with the “happy” images 

• along with the software to view the images, such as the Gimp or

• IrfanView for PC 

• Preview, Graphic Converter, and Ds9 for Mac 

•  and software to view the text 

• a text editor 

•  and a hex editor, such as 

•  Neo for PC or 

•  0xED for Mac 

•  N*5 sentence strips 

•  N markers 

Set-Up: 

Arrange the pages with the images and their corresponding text (ascii or hex) happy-face-up on tables.

These images are arranged into six 'mini-stations' with several copies of each file format; this forces the

students to move around the starter area and better encourages them to interact and discuss their

observations

If available, also have the laptops on and open, with the folder containing the images open and the

images

open in imaging software and text. Give the students sentence strips and markers for writing questions

or

observations.

Have a floater hang up sentence strips as they are generated throughout the Starter process.

Strategy: 

1. Directions: 

1. On this computer, and printed out on these pages, are what look like several copies of

the same image.  However, each image has actually been saved in a different file format

-- that is, the computer uses different data to represent each file.  The back of each page

shows the computer code representing that file; you can also view this on the

computers. 

2. Take these papers and take turns at the computers and take a look at these different

representations.

2. Arrange the pages with the images and their corresponding text (ascii or hex) happy-face-up on

tables.

If available, also have the laptops on and open, with the folder containing the images open and

the images

open in imaging software and text. Give the students sentence strips and markers for writing

questions or
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observations.

3. Have stimulating questions prepared to ask the students if they have nothing to say themselves. 

1. For example: 

2. What are the advantages/disadvantages of some of these formats? 

3. How does format X "work?" 

4. Which of these formats would be good/bad for a particular task (representing a drawing,

a photograph, using small amounts of disk space, capturing high levels of detail, etc.) 

4. Things for facilitator to write on sentence strips if students don’t come up with them: 

1. All the pictures look the same even though the text/numbers are different.

2. Some image files are ascii and others are hex.

3. Imaging software shows the pictures while text/hex editor software shows the numbers. 

4. Pictures are numbers.

8  Break and Sentence-Strip Organization

Order: Day 1 after the starters 1-4. 

Facilitators: All 

Time: 15 min. 

Grouping: No groups 

Materials: 

• The following category headings (or other categories, as appropriate) written on sentence strips:

• Transmitting images 

• Spatial information 

• Color/grayscale information 

• Image file formats 

• Measuring light levels with a photometer 

• Tradeoffs 

• Other 

• Large, tear-off easel paper

• Blue tack or masking tape 

Set-Up: 

During the starters and break, organize the sentence strips into the categories listed above and tape or

blue-tack them to the large paper sheets under their category headings. Insert teacher-written sentence-

strips if crucial questions/observations were missed by students. 

Add the facilitator-made sentence strips if students did not come up with those particular

questions/observations. 

9  Post-Starters: Starter Synthesis 

Order: Day 1 after the break

Facilitators: Chris/All 

Time: 15 min. 

Grouping: No groups 

Strategy:
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1. [Discuss the various issues raised in each grouping of sentence strips, highlighting themes and

complimenting them on their good questions/observations] 

2. [Some comments about what we learned and what ideas started flowing during the starters.] 

3. [Discuss how they relate to the upcoming project]

10  Focused Investigation: Image Encoding 

Order: Day 1 after the starter synthesis. 

Facilitators: All 

Time: 65 min. 

Grouping: N=8 M=30

Materials: 

• N light boxes (the same ones used in Starter 3: See instructions for building them there.) 

• M papers w/ an investigation image printed on back where M=total number of students

(additional copies needed for jigsaw sharing; only N copies are needed for the focused

investigation.) 

• N lists of scientific goals (a different one for each group, and appropriate to the image at each

light box) 

• N lists of the cost-per-character formula 

• N rulers 

• N compasses 

• N protractors 

• Color filters and/or cellophane, for any advanced group that gets a color image 

• N clear plastic transparencies with pre-printed grids of 0.5”, 0.75", 1", 1.25", 1.5" squares 

• N card-stock papers with 0.5”, 0.75", 1", 1.25", 1.5" square cut-out opening 

• Tape (pretty much any kind that doesn't leave residue: Scotch, masking, etc....) 

• Stapler 

Set-Up: 

Spread as far as possible, each team is at a station set up on a 2’x4’ desk or so. Place the image next to

the set-up. Place all materials (light boxes, photometers, rulers, compasses, protractors, transparencies,

color filters, card-stock papers, tape, stapler) on a front table.  If possible, one section of the room

should be darkened so the photometers see less background light.

Strategy:

Send each group to a station near a light box (although they do not have to use the light box). Each

group gets an image, a scientific goal description

(http://inquirydesign.atwiki.com/file/open/21/ImageGoals.pdf), and a list of budget rules and

constraints. Other materials are available at the front. 

1. Timeline: 

1. 0-15 minutes: let the students do things freely, probably considering the

schedule/budget. 

2. 20 minutes:  make sure that all teams have begun taking at least exploratory data by this

point 

3. 50 minutes: warn all groups that only 10 minutes remain

1. Students form teams of 2-3 at the N stations. Let N=the number of teams. 
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2. Directions: 

1. “Each team has an image, a description of your scientific goals, and a list of budget

rules/constraints.” 

2. “Your task is to encode your image in such a way that another team will be able to draw

it. Just like the flag starter, but you will transmit the information in writing rather than

speaking.” 

3. “You also have budgetary constraints as follows: ...” 

4. “You are acting like an engineering team that is designing a scientific camera to use for

some specific astronomical goal.” 

3. Note: For this part I found that setting the photometer dial to the “2mW” scale gave the

maximum resolution (3 digits). Facilitators check. 

4. Students prepare a final record of their image, including scale information and other header

information. 

5. Also, need to give lesson on scaling before the first time they try to draw the image. 

6. In the end, I found a good set-up as follows: Choose the 1” grid and the 1” square hole (since

that fits the photometer nicely). I stapled the transparency-grid to the image so it wouldn’t move

around. The purpose of the cardboard page with a square hole cut out is to control radiometry:

Tape the cardboard to the storage tub with the square hole directly above the bulb. The

measurer has no choice but to move the paper around to fit the place being measured directly

above the light (at the hole position). This controls for brightness-vs-distance very nicely. 

11  Day 1 closing and homework assignment

Order: Day 1 after the starter synthesis. 

Facilitators: Ian 

Time: 10 min. 

Grouping: No groups

Materials: 

• Copies of the day 1 homework assignment to pass out

Strategy:

1. Directions: 

1. "All of you have made and recorded measurements of an image.  Your homework

assignment for Thursday,which I will pass out in a moment, consists of two parts." 

2. "First, your group will need to meet (or confer by email or telephone) to decide on a way

to make a written 'file format' of your image data.  This 'file' needs to have all the

information necessary for another group to turn the 'file' back into an image again --

because that's exactly what's going to happen on Thursday.  Your group will need to

consider the tradeoffs and restrictions imposed by the process -- for example, numbers

of brightness levels.  "

3. "After deciding on a file format to use and properly writing out your 'file,' each of you

are to individually write a description of the various choices you made in your

measurements and 'file format' and the reasons for these decisions." 

4. “What questions do you have?"   

5. If no questions, ask one or two students, e.g., “what are you going to bring on

Thursday?”

6. “Be sure to save your nametags (or leave them here) for Thursday.”

7. Hand out the homework assignment.
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12  Introduction to Day 2

Order: Day 2 at the start. 

Facilitators: Katie/Ian

Time: 10 min. 

Grouping: No groups

Strategy:

1. Get students’ attention. Use powerpoint slides as visual aide (“opener_day2.ppt”). 

2. First collect homework; as day one is briefly reviewed and the second day's activities are

introduced, other facilitators quickly look over homeworks to determine which groups will need

extra assistance and how many prepared “contingency image files” will need to be distributed

(for groups who did not bring in an image file).

3. “Last time we did some starters to get us thinking about the different issues in recording and

transmitting images.” 

4. “Then we encoded an image towards a particular goal.” 

5. “Today we will attempt to answer the question: is it straightforward to turn a set of numbers

into a picture?  This happy face seems reasonably simple, but maybe a more complicated image

would be more trouble to decipher.”

6. “This is definitely a task that's been done in the real world.  This picture shows the first picture

ever sent back from Mars from the spacecraft Mariner 4.  The engineers and scientists at NASA

were so eager to see what the planet looked like, they couldn't even wait for the officially

released science image. Instead, they printed out the raw numbers sent back by the spacecraft

onto strips of paper and colored-by-number to form the first picture.  This picture is still

hanging at the Jet Propulsion Laboratory in Pasadena, California.”

7. “Today you are all going to be 'real-time data encoders,' just like those early NASA engineers.”

8. [At this time, pass out image files, which have been properly vetted by the other facilitators.]

13  Focused Investigation 2a: Image Reconstruction 

Order: Day 2 at the start. 

Facilitators: All 

Time: 40 min. 

Grouping: N=8 

Materials:

• 8.5”x11” paper for drawing

• N rulers 

• N protractors 

• N compasses 

• N papers with pre-printed grids of 0.5”, 0.75", 1", 1.25", 1.5" squares 

• N sets of pastel chalks, 10 gradations of grayscale 

• N sets of pastel chalks, 10 gradations of color 

Set-Up: 

Pass out the paper and pastel chalks. Leave the other materials at the front for any teams to choose to
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use. Give each team an image file from a different team.

As each group finishes reconstructing an image, it is photocopied by an observer/facilitator and handed

back to the group that originally encoded it.  Individually, groups transition to the next step.

Strategy:

1. Each group receives the record from a neighboring group, and uses the information to

reconstruct the image. 

2. As needed, groups may verbally request the other group that wrote the record for further

clarifying information. 

3. Color table is their choice—grayscale or color pastel chalks are available 

4. When each group finishes, 3 photocopies are made of: 

1. the 'file format' they used 

2. the image they reconstructed from the 'file format' data 

5. This group proceeds to the next step, and the copies are given to the group they originally came

from

14  Focused Investigation 2b: Prepare for sharing

Facilitators: Ian/All 

Time: 20 minutes

Grouping: N=8 

Materials:

• large tear-off sticky papers for presentation posters

• Group's original “science goal” and “budget constraints”

• Group's original "image file" from homework 

• Group's image as reconstructed by another team 

• Sharing rubrics

Set-Up: 

As each group finishes reconstructing an image, it is photocopied by an observer/facilitator and handed

back to the group that originally encoded it. 

They are given a copy of the sharing rubric, told to write their name on it, and to prepare for the sharing

activity.

Strategy:

1. Give each student : 

1. a copy of the rubric,

2. a large sticky note for writing upon 

3. a copy of their written 'file format' (the homework assignment) 

4. a copy of the image another group reconstructed from this group's 'file format' 

2. Directions: 

1. "You will all have three minutes to present your image, your decisions about turning it

into a file, and any reflections based on the image the other group reconstructed from

your 'file'."
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15  Jigsaw Sharing

Facilitators: All 

Time: 30 minutes

Grouping: three groups, each with a member from each engineering team 

Strategy:

1. “Each of you will have three minutes to : 

1. “Share your image and goal, and your encoding process and choices.”

2. “Show and describe your image file format choice”

3. “Demonstrate good communication skills.”

4. “[Maybe] comment on whether you met your budget or not.”

2. “This is exactly what you will do as a leader of an engineering team.  Any large engineering

project will have many 'design reviews,' in which you have to convince the project managers

that you know what you're doing and that they shouldn't cancel your project altogether.”

3. Facilitators evaluate students based on rubric

16  Synthesis, Closing, and Post-Activity Homework

Order: Day 2 at the end

Facilitators: Chris 

Time: 20 min. 

Grouping: No groups

Materials:  

• Feedback forms

Strategy:

1. Get students’ attention. Use powerpoint slides as visual aide (“synthesis.ppt”). 

2. Lecture on content goals, following the slide content.  Generally address the following topics: 

1. Pictures are numbers 

2. Grayscale and bit-depth 

3. Image file formats and header information 

4. Basic image manipulation and processing techniques 

3. Pass out the final lab report assignment.  Discuss it, then ask questions to ensure that the

students understand what they need to do.

4. Hand out feedback forms; take five minutes for students to fill them out.

5. As students finish feedback forms, they can leave.

17  Bonus activity: Image exploration/manipulation on computers 

To be done only if you have an additional day, or extra class time to fill!

Time:  35 minutes

Materials:

• N computers, Microsoft Windows operating system, with pre-loaded software: 

• (1) Any text editor (i.e. Notepad) 

17



• (2) IrfanView (www.irfanview.com—a fast, free, easy download) 

• (3) Free Hex Editor Neo (http://www.hhdsoftware.com/Products/home/hex-editor-

free.html) 

• Handouts of example .pgm image file (see Appendix) 

Set-Up: 

Each computer should be pre-loaded with the Gimp; PCs should also have Hex Editor Neo and Macs

0xED for Hex editing (these are all freely available on the Internet).

Strategy:

Pass out handouts about .pgm digital image file format. 

1. Students type their image into the computer, using the pgm format. 

2. Ask students (at computers) to make the entire image darker by manipulating the numbers. 

3. Share how they did this. 

4. Now that they are started, have students complete assessment worksheet. 

18
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Image: Sun with sunspots (S) 

 

Overall scientific goal: Differential rotation rate of sun 

 

Intermediate step: Map of location of sunspots 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

rotation rate of the sun.  The sun’s equator does not rotate at the same rate as the sun’s poles; this 

is called differential rotation.  The image you have is a close-up picture of some of the sun’s 

sunspots, take with the Swedish 1-m Solar Telescope on the Canary Island La Palma in 2002.  

The sunspots remain present on the surface of the sun long enough to rotate around the sun at 

least once, so they can be used to measure the differential rotation rate. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the differential rotation rate of the sun to be measured.  Think of it as designing an instrument to 

measure and record images of the sun, with the goal of measuring the differential rotation rate.  

Do this by digitizing this image of the sun in a way that allows another group to reconstruct the 

image towards the goal of measuring the differential rotation rate of the sun. 

 

 

Image: Sun with sunspots (G) 

 

Overall scientific goal: Temperature of sunspots with respect to the photosphere 

 

Intermediate step: Brightness of sunspots with respect to the photosphere 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

temperature of the sun’s sunspots.  A sunspot is a large dark region on the surface of the sun with 

a high magnetic field that slows down convection that would normally bring hot material to the 

sun’s surface.  Consequentally, sunspots are cooler in temperature than the surrounding area 

(called the photosphere).  The image you have is a close-up picture of some of the sun’s 

sunspots, take with the Swedish 1-m Solar Telescope on the Canary Island La Palma in 2002.  

The temperature of the sunspots with respect to the photosphere is related to the darkness of the 

sunspots with respect to the bright photosphere. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the temperature of the sunspots with respect to the photosphere to be measured.  Think of it as 

designing an instrument to measure and record images of the sun, with the goal of measuring the 

sunspot temperature.  Do this by digitizing this image of the sun in a way that allows another 

group to reconstruct the image towards the goal of measuring the temperature of the sunspots. 

 

 



Image: Full moon (S) 

 

Overall scientific goal: Relief topography (elevation) of the moon 

 

Intermediate step: Mapping maria and terrae 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to create a map of 

relief topography (elevation) of the moon.  As a first-order approximation, the darker areas 

(maria, or “seas”) are lower in elevation, and the lighter-colored areas (terrae, or “highlands”) 

are higher in elevation.  This is due to the fact that the lower-elevation areas were filled with 

volcanic lava which then cooled, leaving behind darker-colored basalt rock.  The image you have 

of the near side of the moon was taken with the Galileo robotic spacecraft in December 1992.  A 

photograph of the moon is an image of reflected light across the moon’s surface. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the maria and terrae to be mapped.  Think of it as designing an instrument to measure and record 

images of the moon, with the goal of mapping the topography.  Do this by digitizing this image 

of the moon in a way that allows another group to reconstruct the image towards the goal of 

mapping the topography of the moon. 

 

 

Image: Full moon (G) 

 

Overall scientific goal: Temperature of different surface rock on moon 

 

Intermediate step: Albedo of different surface rock on moon 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

temperature of different surface rock on the moon.  If sunlight falls on the rock with the same 

intensity and angle, then darker rock will have a higher temperature.  Therefore, temperature of 

the rock is related to its brightness, or albedo.  Albedo is the fraction of light reflected by an 

object (Albedo = Amount of Reflected Light / Amount of Incident Light).  The image you have 

of the near side of the moon was taken with the Galileo robotic spacecraft in December 1992.  A 

photograph of the moon is an image of reflected light across the moon’s surface. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the albedo of the moon to be measured.  Think of it as designing an instrument to measure and 

record images of the moon, with the goal of measuring the temperature.  Do this by digitizing 

this image of the moon in a way that allows another group to reconstruct the image towards the 

goal of measuring the albedo of the moon. 

 

 



 Image: Jupiter (S) 

 

Overall scientific goal: Rotation period of Jupiter 

 

Intermediate step: Mapping locations of cloud features 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

rotation period of Jupiter.  The planet’s visible surface consists of clouds at different altitudes.  

These clouds are rotating in different rates and directions around Jupiter: some eastward, some 

westward.  Meanwhile, the planet as a whole is rotating, more rapidly than the clouds’ speeds.  

The image you have of Jupiter was taken by the Cassini robotic spacecraft in December 2000.  

One way to measure the rotation period of Jupiter is to measure the locations of some prominent 

cloud features at different times, then take the average to be the rotation period. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the rotation rate of Jupiter to be measured.  Think of it as designing an instrument to measure and 

record images of Jupiter, with the goal of measuring the rotation rate.  Do this by digitizing this 

image of Jupiter in a way that allows another group to reconstruct the image towards the goal of 

mapping the locations of cloud features. 

 

 

Image: Jupiter (G) 

 

Overall scientific goal: Height of cloud layers 

 

Intermediate step: Brightness/darkness of cloud layers 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the height 

of cloud layers on Jupiter.  The lighter-colored bands are called zones and the darker bands are 

called belts.  The zones are colder and are likely gas that has ascended to higher altitudes.  The 

belts are warmer and are likely gas that has descended to lower altitudes.  The image you have of 

Jupiter was taken by the Cassini robotic spacecraft in December 2000.  The brightness and 

darkness of the cloud layers can be used to determine the high and low altitude clouds. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the brightness of the clouds to be measured.  Think of it as designing an instrument to measure 

and record images of Jupiter, with the goal of measuring the relative heights of the cloud layers.  

Do this by digitizing this image of Jupiter in a way that allows another group to reconstruct the 

image towards the goal of measuring the brightness of the cloud layers.  

 



Image: Jupiter (C) 

 

Overall scientific goal: Chemical composition of Jupiter’s atmosphere 

 

Intermediate step: Colors of cloud features 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

chemical composition of Jupiter’s atmosphere.  The planet’s visible surface consists of clouds of 

different color, altitude, and chemical composition.  The image you have of Jupiter was taken by 

the Cassini robotic spacecraft in December 2000.  Color gives clues about the chemical 

composition of the clouds. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the cloud colors of Jupiter to be measured.  Think of it as designing an instrument to measure 

and record images of Jupiter, with the goal of measuring the chemical composition of the clouds.  

Do this by digitizing this image of Jupiter in a way that allows another group to reconstruct the 

image towards the goal of determining the chemical compositions of cloud features. 

 



Image: Saturn (S) 

 

Overall scientific goal: Studying ring structure of Saturn 

 

Intermediate step: Mapping rings of Saturn 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the ring 

structure of Saturn.  The ring structure (locations, gap size, gap locations) is set somewhat by 

Saturn’s moons, and therefore studying the rings is important for understanding dynamics of the 

moons.  The image you have of Saturn was taken by the Cassini robotic spacecraft in May 2007.  

The rings are visible due to reflected light from the sun. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the ring structure of Saturn to be mapped.  Think of it as designing an instrument to measure and 

record images of Saturn’s rings, with the goal of studying the structure.  Do this by digitizing this 

image of Saturn in a way that allows another group to reconstruct the image towards the goal of 

mapping the ring structure. 

 

 

Image: Saturn (G) 

 

Overall scientific goal: Chemical composition of Saturn’s rings and atmosphere 

 

Intermediate step: Albedo of rings and atmosphere of Saturn 

 

Description: 

 

You are a member of an engineering team.  Your team is working on a project to study the 

composition of Saturn’s rings and atmosphere.  The brightness, or albedo, can be measured to 

help study composition.  Albedo is the fraction of light reflected by an object (Albedo = Amount 

of Reflected Light / Amount of Incident Light).  The image you have of Saturn was taken by the 

Cassini robotic spacecraft in May 2007.  Different chemical species have different albedos; 

therefore, the albedo can be used as a first approximation for composition. 

 

Your task is to come up with a way to digitize this image that transmits sufficient information for 

the albedo of the rings and atmosphere of Saturn to be measured.  Think of it as designing an 

instrument to measure and record images of Saturn, with the goal of measuring the chemical 

composition.  Do this by digitizing this image of Saturn in a way that allows another group to 

reconstruct the image towards the goal of measuring the albedo. 
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