Empirical Data Collection and Analysis
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1 (i) What is the System International? Why are Sl units standardized for better
communication and collaboration?

e System International {SI): It is the internationally accepted system of units used for scientific
and everyday measurements.

¢ Standardization Importance: Sl units ensure uniformity and accuracy across global
measurements, avoiding confusion and errors. —

Example: Scientists worldwide use the mete‘r (m) forlength'and kllogtam‘(kg) 'for mass.
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1 (ii} In a race, why i is it eﬁse‘ntial to useseconds or minutes as the unit of measurement
instead of hoursl?\ N NN
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. Reason’ Seconds and minutes provide finer precision in measuring short intervals, which is
critical in races where every second matters.

Example: A 100-meter sprint is typically completed in under 10 seconds, making seconds the
most suitable unit.

1 (iii) Differentiate between accuracy and precision.
e Accuracy: How close a measurement is to the true value.

e Precision: Consistency of repeated measurements, regardless of correctness.
Example: Hitting the center of a dartboard is accurate, while hitting the same point
repeatedly, even if away from the center, is precise.
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1 (iv) A chemist has a samp(le\of mass()\(lﬂs‘lagbgra AHo’w "will he convert this mass to
milligrams? | I\‘ (-.\ VIS hov
o Conversmn: f ‘M%Han’l iDOO 000 milligrams.
0.003kg 1,500 000 = 3,000 mg

Example: 0.003 kg = 3,000 milligrams.
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1 (v) What is the use of preﬁxes in measurements? QW)
¢ Use: Prefixes represent multlples ar fractmns of a unlt 5|mpllfy|ng the expression of large or

small quantities. _ \\ VA
Example: Kilograrm. (10°g grams) mllllgram (1072 grams), and nanometer (10~° meters) make it

easier to work with different scales.

1 (vi) What are the advantages of using scientific tools like measuring cylinders, stopwatches,

and thermometers in measurements?
e Advantages:

1. Ensure accuracy in measurements.
2. Provide reliable data for experiments.

3. Simplify complex tasks.
Example: A measuring cylinder accurately measures liquid volumeiquilliliters.

2. How to calculate the accu racy of _meav_.;u rements? )\ |
¢ Calculation Method ‘ \ N

1 Cﬁrﬁjpﬁré the measured value with the true value.

2 Use the formula:
Accuracy (%) = (Measured Value / True Value) x 100.
Example: If the true value is 50 g and the measured value is 49.5 g:
Accuracy = (49.5 / 50) x 100 = 99%.

3. Evaluate how tools for measurements are helpful in performing scientific technigues.
¢ Evaluation: Measurement tools improve precision, repeatability, and reliability in
experiments, ensuring valid conclusions.
Example: A digital thermometer provides precise temperature readings essential for

chemical reactions.
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4. How does scientific notation enhance the abllrty ta cammumcate about extremely large
and small numbers? Convmce \

e Explanation: Scleni1'|ﬁc notatron condenses large or small numbers into powers of ten,

5|mpllfqug aali:uiatlons and communication.
Example: The mass of an electron (0.000000000000000000000000000911 kg) is expressed
as 9.11 x 107 kg in scientific notation, making it easier to read and share.




5. Why do scientists realize the need for a standardized system af measurement?
* Need: Standardized systems like SI units, prevent c;cnfusnon prorngte ‘global collaboration,
and ensure consistent results across drFferent regions,
Example: Using the meter for IengtI'rgT@bally avoids discrepancies that could arise if different
units (I|ke feet or qches) Wereused
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16.1: E"F'e"mentfnl Tashnidhes

1. What are experlmental techniques?

Experimental techniques are methods used to design and perform experiments to collect empirical
data systematically. These include observation, sampling, and controlled experiments.

Example: A controlled experiment tests the effect of fertilizer on plant growth under specific
conditions.

2. Why is a controlled experiment important?

A controlled experiment isolates variables to ensure that the results are due to the independent
variable, improving reliability.
Example: Testing the effect of light on plant growth by controlling soil type and water supply.

3. What is the role of sampling in data collection? - ey

Sampling involves selecting a representatlve group ﬂ'om a‘ p(mulatl‘qri i‘o ﬁtudy trends or patterns. It
saves time and resources. K\
Example: Surveying 100 househofds
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\understénd atymde water usage.

4. How does repl(caqdn énﬂance experlmental reliability?
"
N
Replication mvolves repeating an experiment to verify results, reducing the impact of random errors.

Example: Conducting a chemical reaction three times to confirm consistent yields.

16.2: Data Representation
1. Why is data representation important in analysis?

Data representation organizes raw data into visual formats like charts or graphs, making it easier to
identify trends and patterns.
Example: A bar graph compares monthly rainfall across different cities.

2. What are the common methods of data representation?

Common methods include tables, line graphs bar charts and ple cHarfs eachsuuted to dlfferent
types of data. _ T\ e\ \ W)
Example: A pie chart shows the- percentage dlstrlbutton of household expenses.

3. What s the role of ?captélr plots in data analysm'-‘
NN

Scatter plots wsuallze relatlonshlps between two variables, helping to identify correlations.
Example: A scatter plot shows how study hours impact test scores.

4, How do histograms differ from bar charts?




Histograms represent continuous data grouped |nt0 mtervals whlle bar charts represent categorical

data. o M\l W/ C
Example: A histogram shows the frequency distrlbutlon of student ages in a school.
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16.3: Accuracy aﬁd N‘ecnsmn

1. What is the difference between accuracy and precision?
e Accuracy: Closeness of a measurement to the true value.

¢ Precision: Consistency of repeated measurements, even if not accurate.
Example: A dartboard throw near the bullseye is accurate, while multiple throws in the same
spot are precise.

2. Why is accuracy important in experiments?

Accuracy ensures the validity of results, making conclusions reliable and applicable.
Example: Using a calibrated scale for weighing chemicals in a lab experiment.

3. How can precision improve experimental outcomes'-‘ -y \

4. What are the sourc?s of]grrprs that aﬂect accuracy and precision?

[\
Sources mcludti hunian errors, faulty equipment, and environmental factors like temperature and
humidity.

Example: Using an uncalibrated balance introduces systematic error, affecting accuracy.




1. Importance oﬂAFI\:pracU and'- Precmon in Scientific Experiments
Definition of Acturaty and Precision

e Accuracy refers to how close a measured value is to the actual or true value. It ensures that
the results are valid and trustworthy.

¢ Precision refers to the consistency of repeated measurements, regardless of whether they
are accurate. It ensures that results are reproducible.

Importance in Experiments

1. Ensuring Valid Results: Accurate measurements provide results that can be confidently used
for analysis and conclusions.

2. Reproducibility: Precision ensures that experiments yield the same results when repeated,

reinforcing the reliability of findings. N e
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3. Error Detection: Analyzing both accuraov and grel:lsion \helpsi |de’nt|fy and correct sources of
error, such as callbrauon issues: or hun@n mtstakes“’ = :
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Factors Affecting Accuraoy ﬂnd Prétlslom
Instru\'@p“ daﬂbranon Poorly calibrated instruments can cause inaccurate results.

2. Human Errors: Mistakes in recording data or taking measurements affect both accuracy and
precision.

3. Environmental Conditions: Factors like temperature and humidity can introduce variability in
experiments.

Example:
In a chemistry lab, using a calibrated electronic balance ensures accurate weight measurements,
while consistently recording the same weight for repeated samples ensures precision.

Conclusion

Accuracy and precision are fundamental in scientific research, ensurlng that results are’ both valid
and reproducible. Proper training, reliable eqmpment and carefu} ob&ervatlon Lan inimize errors.

2. Experimental Technlques‘{a, ,d T‘heir Role in Emplrlcal Data Collection
Definition of Exp?rlmgntallTechmques

Experimental techmques are systematic methods used to collect and analyze empirical data. These
techniques involve designing experiments, controlling variables, and ensuring reliable
measurements.

Types of Experimental Techniques




1. Controlled Experiments: Test a single varlable whlle keeprng others constant to |dent|fy
cause-and-effect relationships. "'.f ) \ \
Example: Testing the effect of fernllzer on plant gmwth by keeplng soil, light, and water
constant. 0\ \ N>

2. Samplmg] ﬂnyélvés selectl ng a representatlve subset of a population to study trends and
make predlctlons
Example: Surveying 200 people in a city to estimate the average household income.

3. Replication: Repeating experiments to ensure reliability and reduce random errors.
Example: Conducting a medical trial on different groups to confirm the efficacy of a drug.

4. Observation: Collecting data by closely observing phenomena without interference.
Example: Studying the behavior of animals in their natural habitat.

Importance of Experimental Techniques

1. Data Reliability: Proper techniques ensure that the data collected is accurate and free from
bias.

2. Error Reduction: Controlling variables and repllcatlng expenments mmln:u_ 'es errors

3. Improved Analysis: Systematic techmques lqad to better representatlon and interpretation
of data, enhancing ccmqlus' nsf B T § e B

Challenges in Expenmr:nta] |Techniques B
(\ NN
. Sampllﬁg Blas Poorly chosen samples can skew results.

e Instrument Errors: Faulty or uncalibrated tools can affect data accuracy.
e Environmental Interference: External factors may influence results unexpectedly.

Example:
In a physics experiment, using precise instruments like a micrometer screw gauge ensures accurate
measurements of small dimensions, while replicating the experiment ensures consistency.

Conclusion

Experimental techniques are essential for collecting valid empirical data. Proper planning, controlling
variables, and reliable equipment ensure that experiments yield meaningful and reprodumble
results. 0\




16.1: Experlmentﬂl TeJ:hniques

1.

What is a controlled experiment?

a) An experiment with no variables

b) An experiment where all variables are kept constant

c) An experiment where one variable is changed while others are kept constant &
d) An experiment with multiple outcomes

What is the main purpose of sampling in experiments?
a) To test all individuals in a population

b) To avoid data collection

c) To select a representative group for analysis &

d) To reduce accuracy

What is replication in an experiment?
a) COpylng results from another stqdyf ';= \ A\

c) Changing varlables rﬁrdWay\
d) Sklppu]g ther"i:q){liroh group )

Why are t“ontrols used in experiments?

a) To replace the need for data

b) To compare results against a standard condition &
c) To eliminate the need for a hypothesis

d) To ensure all variables are changed

What is the role of observation in data collection?
a) Avoids bias

b) Allows collection of direct empirical data &

¢) Confirms hypotheses without experiments

d) Eliminates the need for replication

What is a systematic error?
a) Random variation in data <\ 1<)

b) Consistent error due to faulty mstruments or prucedures @' =
¢) Human error durlng data collectm' Q! WO -
d) Data entry mlstake \\ () N

What is tne dii‘ference between qualltatwe and quantitative data?

a) Both involve numbers

b) Qualitative data describes qualities, while quantitative data involves numerical
measurements &

¢) Quantitative data is always accurate

d) Qualitative data cannot be analyzed




8. Which of the following is an example of qualltatwe data?' \ (CLO
a) 20 kg weight o0 A\l W/
b) Temperature of 37°C T\ QLW

¢) Red color of a soluticm V
d) 50 cm helgqt (i ] AR \

9, Wh\ir is. Yandom samplmg important?
a) To ensure bias in data collection
b) To represent the population accurately &
c¢) To reduce sample size
d) To test all variables simultaneously

10. What is the purpose of a hypothesis in an experiment?
a) To analyze results
b) To conclude the study
c) To provide a testable statement or prediction &
d) To eliminate errors

16.2: Data Representation

a) To hide errors in dat ' \ AL
b) To mal e qlata e‘agler to understand and analyze &
c)To reduce the need for accuracy

d) To avoid detailed explanations

12. What type of graph is best for showing trends over time?
a) Pie chart
b) Bar graph
c) Line graph
d) Scatter plot

13. What does a histogram represent?
a) Categorical data
b) Frequency distribution of continuous data &
c) Correlations between variables
d) Relationships in a population

14. Which graph is best for showmg parts of a whole'-‘ W[
a) Line graph o\~ LA\
b) Pie chart ﬁf VR VY
c) Sc:atterJ plqt M I_ |
d) Table\

15. What is the purpose of a scatter plot?
a) To show data distribution
b) To display relationships between two variables «
c¢) To represent parts of a whole
d) To summarize categorical data




16.

17.

18.

19.

20.

What is a data table? —~ 1)
a) A graph showing trends e .."I [ (¢
b) A structured arrangement of data in rows and coiumns W

c¢) Avisual representatlon of frequency '

d) A summary lc:)f er1r0rs

What Wp]e of data does a bar graph represent?
a) Continuous data

b) Categorical data &

c¢) Correlated data

d) Quantitative data only

What is the advantage of using graphs for data representation?
a) Reduces the need for data collection

b) Ensures data is always accurate

c) Simplifies the interpretation of complex data &

d) Avoids errors

What does a frequency polygon represent? .~
a) Relationship between variables . S 12\ (O
b) Frequency distribution in a Ime graph fotm"" W

c) Percentage of a whole| \ -
d) Continuous varlable'l'l

l|
Whati ls, the *pt!lrpoﬁe of Iabellng axes in a graph?

a)To make the graph visually appealing

b) To clarify what each axis represents &
c¢) To reduce the need for a legend

d) To identify errors in data

16.3: Accuracy and Precision

21.

22.

23.

What is accuracy?

a) Consistency of results

b) Closeness to the true value &
¢) Randomness of measurements
d) Ability to replicate results

What is precision? QAN N .
a) Closeness to the true value S\ VLV

b) Consistency i in repeated measurements @

c) Reductﬁm oﬁ erro ro\-

d) Acctiraey of instruments

What is a source of error that affects accuracy?

a) Random variations

b) Systematic errors like instrument calibration issues &
c) Repeated measurements

d) Statistical analysis




24,

2B,

26.

27.

28.

29,

30.

Why is precision important in expenments’

a)Ensuresresultsare correct . () 4\ T\ OV

b) Avoids systematic errars A7\ OQ WY
c) Ensures results are consmtent ahd reproducnble V4
d) Ellmlnates arllerﬂors \W\WD

Whlch té more desirable in scientific experiments?
a) Accuracy only

b) Precision only

c) Both accuracy and precision &

d) None of the above

What is a random error?

a) An error caused by faulty instruments

b) An error caused by unpredictable variations <
¢) An error caused by bias

d) An error that can be eliminated

How can accuracy be improved?

a) Increasing sample size

b) Using a poorly calibrated mstrument .
¢) Using reliable andrcahbrated equipment 7 A
d) Reducing sample{sm ARRERAE

What dqés é'ILw standard deviation in data indicate?
a) Low accuracy

b) High variability

c) High precision &

d) Poor measurements

How does precision relate to data reliability?
a) Ensures true values

b) Ensures reproducibility of results &

c) Eliminates all errors

d) Shows random variations

Which is an example of precision but not accuracy?
a) Measurements close to the true value

b) Repeatedly measuring the same mcorrect value w
c) Eliminating all errors N\ A~ (AU Y
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d) A scatter plot show__mg‘-,j;relnds',._" " \ ) i




