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Part I — Multiple Choice
Choose the single best answer for each question.
1. The bits 01000001 are sent to three programs on a tablet: a calculator shows 65, a text viewer shows the letter A, and an image tool paints one gray pixel. Which statement BEST explains this?
A.  Two of the three programs contain logic errors, since one sequence of bits can hold only one value
B.  The tablet corrupted the bits in transit, so each of the three programs actually received a different sequence
C.  Bits are grouped to represent abstractions such as numbers, characters, and color, and the same sequence of bits may represent different types of data in different contexts
D.  Eight bits is too little storage to represent a character, so the text viewer substituted a default letter in place of the real data
Answer: ______
2. SproutBot, a greenhouse controller, accepts vent-opening percentages as binary values. To open the vents to 41 percent, what is the binary value of 41?
Predict first: write your answer before reading the choices → ______
A.  101001
B.  110001
C.  100101
D.  101010
Answer: ______
3. A monitor reads two sensors as binary: sensor P reports 1111 and sensor Q reports 10010. A technician assumes P is higher because it has more 1s. Which statement correctly compares the value of each reading?
Predict first: write your answer before reading the choices → ______
A.  P is higher: a binary value that contains more 1s always represents a larger number than one with fewer 1s
B.  P is higher: the binary value 1111 equals 16 in decimal, while the binary value 10010 equals only 15
C.  Q is higher: the binary value 10010 equals 22 in decimal, while the binary value 1111 equals 15
D.  Q is higher: 10010 equals 18 while 1111 equals 15, since a digit's place value, not the count of 1s, determines its contribution
Answer: ______
4. A weather station records wind speed, which changes smoothly and continuously. Its datalogger reads the current speed at regular two-second intervals and stores each measurement as bits. Which statement BEST describes this approach?
A.  The station stores the analog signal itself, since bits are able to hold continuously varying values directly
B.  The station uses sampling, measuring values of the analog signal at regular intervals, to approximate real-world analog data digitally, which is an example of abstraction
C.  The two-second gaps between readings make the data invalid, since analog phenomena cannot be represented digitally in any useful way
D.  The station's approach guarantees a perfect record, since measuring at regular intervals captures every value the wind speed ever takes
Answer: ______
5. An app has two bugs. Bug 1: a counter stored as a fixed-bit integer reports a wrong value after passing its largest representable number. Bug 2: a balance displays 27.550000000000004 instead of 27.55. Which diagnosis pairs the bugs correctly?
A.  Bug 1 is a round-off error in the counter; Bug 2 is an overflow error in the balance display
B.  Both bugs are syntax errors that were introduced by mistakes in the programmer's arithmetic statements
C.  Both bugs are caused by sampling the analog deposit amounts at intervals that are spaced too far apart
D.  Bug 1 is an overflow error from the fixed-bit integer limit; Bug 2 is a round-off error, since some real numbers are stored as approximations
Answer: ______
6. An app uploads photos over a satellite link capped at 500,000 bytes per photo. Each uncompressed photo is 4,000,000 bytes, the team's lossless compressor typically reaches about half that size, and a close approximation is acceptable. Which choice BEST fits?
A.  Lossy compression: it can usually reduce the number of bits more than lossless compression can, and minimizing transmission size matters most here while an approximation is acceptable
B.  Lossless compression: at roughly 2,000,000 bytes per photo, its typical result would already satisfy the satellite link's 500,000-byte limit
C.  No compression: satellite links transmit uncompressed data faster than compressed data of the same original size
D.  Either algorithm works equally well: fewer bits always means less information, so the two choices cannot differ in any way that matters
Answer: ______
7. A service archives program source files. If even one character of a restored file differs from the original, the program may fail to run. Storage costs matter, but faithful restoration matters more. Which compression policy BEST fits?
A.  Lossy compression for every file, since it reduces the archive's total size more than any alternative approach
B.  Lossy compression for large files and lossless for small files, since file size alone determines which algorithm is correct
C.  Lossless compression for every file, since it can usually reduce the number of bits stored while guaranteeing complete reconstruction of the original data
D.  No compression for any file, since data that have been compressed can never be restored to their exact original form
Answer: ______
8. A town's data shows households with rooftop solar panels are far more likely to own electric cars. A council member argues that installing panels causes residents to buy electric cars. What is the strongest objection to this reasoning?
A.  Digitally processed data are never capable of revealing any relationship between two different variables
B.  The data show a correlation, which does not necessarily indicate a causal relationship exists; additional research is needed to understand the exact nature of the relationship
C.  The conclusion would only become valid if the portal's data set had first been compressed with a lossless algorithm
D.  The portal's data must be biased, since publicly available data sets always undercount the number of car owners
Answer: ______
9. An app stores drone photos tagged with capture date, GPS coordinates, and altitude. Without opening any image, its search tool returns every photo of a field taken in October. Which statement BEST explains this?
A.  Metadata are used for finding and organizing information, and search tools can use them to locate information efficiently without processing the primary data
B.  The search tool decompresses every image and scans its pixels for visual evidence of the month in which it was taken
C.  Deleting the GPS coordinates from a photo would also delete the image itself, since metadata and primary data are stored as a single value
D.  The app's search feature can only work after every photo has been converted from a binary representation to a decimal one
Answer: ______
10. A race form collects T-shirt sizes in an open field, producing entries like 'M', 'med', 'Medium', and 'MEDIUM'. Action 1 replaces equivalent entries with 'Medium'. Action 2 deletes registrations of runners expected not to attend. Which evaluation is correct?
A.  Both actions qualify as data cleaning, since each one reduces the number of distinct values present in the data set
B.  Action 1 is invalid, since changing any recorded entry in a data set always changes the meaning of the data
C.  Action 2 is data cleaning, while Action 1 introduces bias into the results by favoring one spelling over the others
D.  Action 1 is data cleaning, making the data uniform without changing their meaning, while Action 2 alters what the data say and is not cleaning
Answer: ______
11. To report citywide air quality, a startup installs sensors only downtown and averages their readings. Reviewers object that this misrepresents outlying neighborhoods. The startup offers to double the downtown sensors. Which principle shows why this response fails?
A.  Data sets as large as a full year of sensor readings can only be processed using parallel computing systems
B.  Averages of numeric readings can only be computed after the readings have been imported into a spreadsheet program
C.  Problems of bias are often created by the type or source of the data being collected, and bias is not eliminated by simply collecting more data
D.  Sensor readings are a form of metadata, so they are not capable of describing the air quality itself
Answer: ______
12. A lab receives a pothole data set of millions of user-submitted rows. Which statements about processing it are correct? I. Challenges such as incomplete or invalid data and the need to clean or combine data apply regardless of size. II. Once a data set is large enough, cleaning becomes unnecessary because errors cancel out. III. If the set is too large for one computer, parallel systems may be required, and scalability affects how data can be processed and stored.
A.  I and II only
B.  I and III only
C.  III only
D.  I, II, and III
Answer: ______
13. An app stores each hiking trail with its length in miles. A program multiplies the length field of every record by 1.609 and stores the result. Which extraction or modification process is this?
A.  Transforming every element of a data set
B.  Filtering the data set to keep only a subset of the records
C.  Combining or comparing data to produce a single summary value
D.  Visualizing the data set through a chart, graph, or other representation
Answer: ______
14. A food bank wants which neighborhoods donate most per drive. Its three drives arrive in separate files: dates appear as '3/14/26', '14 March', and '2026-03-14'; some rows lack a neighborhood; no file covers them all. Which plan is best?
A.  Analyze only the largest of the three files, since combining multiple sources always introduces bias into the results
B.  Delete the date column from every file, since data that vary in format can never be made uniform afterward
C.  Use a program to clean the data by standardizing the date formats, handle the incomplete rows, and then combine the three sources, since a single source may not contain the data needed for a conclusion
D.  Skip the cleaning step and average across all rows as they are, since programs extract correct insight regardless of the condition of the data
Answer: ______
15. A league logs injuries in a spreadsheet. Organizing the records by week produces a table showing injuries trending upward, and a line chart of those totals convinces the board to add rest days. Which statement BEST describes what happened?
A.  Spreadsheet programs can store rows of data but are not capable of revealing any trends within that data
B.  Presenting totals in a chart changes the underlying data, so the board was shown different values than the table contained
C.  Insight extracted from a data set becomes trustworthy only after the data have first been compressed to remove redundancy
D.  Programs such as spreadsheets help efficiently organize and find trends in information, tables and charts can communicate the insight gained, and patterns can emerge when data are transformed
Answer: ______


Part II — Free Response
Answer in complete sentences; use precise data-representation and data-processing vocabulary from Big Idea 2.
FR1. A research station's dataloggers process sensor data. A wind sensor sent yesterday's peak gust as the binary value 101101. The station's older datalogger stores its storm-event counter as a fixed-bit integer; after a stormy season the counter passed its largest representable value and began reporting nonsense. Separately, the temperature summary displays an average of 3.7000000000000004 degrees instead of 3.7.   (8 points)
(a) Calculate the decimal value of the binary reading 101101, and explain how a digit's position determines its contribution to the value.



(b) Explain why storing the storm-event counter in a fixed number of bits led to the failure, name the error that occurred, and explain how some programming languages avoid this failure for integers.



(c) Explain why the temperature average displays as 3.7000000000000004, and why this is a consequence of how real numbers are represented rather than a mistake in the averaging algorithm.



FR2. CoastWatch lets volunteers log beach-litter sightings through a web form with open text fields. After one season the city has 12,000 rows: descriptions appear as 'plastic bottle,' 'PET bottle,' and 'bottle (plastic)'; hundreds of rows are missing the beach name; and 70 percent of submissions come from the one beach with easy parking. The city also keeps a separate tide-and-weather data set and wants to learn which conditions produce the most litter.   (9 points)
(a) Describe a sequence of processes a program could apply to the CoastWatch data to extract the information the city wants. Include at least THREE distinct data-processing methods, and connect each one to this data set.



(b) Identify TWO challenges present in the CoastWatch data other than bias, and for each, explain how a program could address it without changing the data's meaning.



(c) Explain why the 70 percent skew is a bias problem, why collecting more submissions the same way will not fix it, and why the litter data must be combined with the tide-and-weather set to answer the city's question.
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