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Introduction to Advanced Excel Functions

What are Advanced Functions?
Advanced Excel functions are powerful tools that enable complex data analysis, 
manipulation, and decision-making. They go beyond basic arithmetic to perform lookups, 
logical tests, statistical analysis, and data transformationτessential skills for engineering 
data analysis.
Why Advanced Functions Matter in Engineering:
ω Automation: Reduce manual calculations and minimize errors
ω Complex Analysis:Perform sophisticated data analysis quickly
ω Data Management:Handle large datasets efficiently
ω Decision Support:Create dynamic models and what-if scenarios
ω Professional Reports:Generate automated, updateable analysis
ω Time Efficiency:Complete in minutes what would take hours manually
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Categories of Advanced Functions:
1. Logical Functions:
ω aŀƪŜ ŘŜŎƛǎƛƻƴǎ ōŀǎŜŘ ƻƴ ŎƻƴŘƛǘƛƻƴǎ
ω 9ȄŀƳǇƭŜǎΥ LCΣ !b5Σ hwΣ bh¢Σ ƴŜǎǘŜŘ LC
ω ¦ǎŜΥ tŀǎǎκŦŀƛƭ ŎǊƛǘŜǊƛŀΣ ŎƻƴŘƛǘƛƻƴŀƭ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ŜǊǊƻǊ ƘŀƴŘƭƛƴƎ
2. Lookup and Reference Functions:
ω CƛƴŘ ŀƴŘ ǊŜǘǊƛŜǾŜ Řŀǘŀ ŦǊƻƳ ǘŀōƭŜǎ
ω 9ȄŀƳǇƭŜǎΥ ±[hhY¦tΣ HLOOKUP, INDEX, MATCH
ω ¦ǎŜΥ /ƻƳǇƻƴŜƴǘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ Řŀǘŀ ǊŜǘǊƛŜǾŀƭΣ ŎǊƻǎǎ-referencing
3. Statistical Functions:
ω !ƴŀƭȅȊŜ Řŀǘŀ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀƴŘ ǘǊŜƴŘǎ
ω 9ȄŀƳǇƭŜǎΥ !±9w!D9Σ a95L!bΣ STDEV, COUNT, MAX, MIN
ω ¦ǎŜΥ aŜŀǎǳǊŜƳŜƴǘ ŀƴŀƭȅǎƛǎΣ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΣ Řŀǘŀ ǾŀƭƛŘŀǘƛƻƴ
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4. Text Functions:
ω aŀƴƛǇǳƭŀǘŜ ŀƴŘ ŦƻǊƳŀǘ ǘŜȄǘ Řŀǘŀ
ω 9ȄŀƳǇƭŜǎΥ /hb/!¢9b!¢9Σ [9C¢Σ wLDI¢Σ aL5Σ ¢9·¢
ω ¦ǎŜΥ 5ŀǘŀ ŦƻǊƳŀǘǘƛƴƎΣ ǊŜǇƻǊǘ ƎŜƴŜǊŀǘƛƻƴΣ ƭŀōŜƭ ŎǊŜŀǘƛƻƴ
5. Date and Time Functions:
ω ²ƻǊƪ ǿƛǘƘ ǘŜƳǇƻǊŀƭ Řŀǘŀ
ω 9ȄŀƳǇƭŜǎΥ ¢h5!¸Σ bh²Σ 5!¢9Σ DATEDIF
ω ¦ǎŜΥ tǊƻƧŜŎǘ ǘƛƳŜƭƛƴŜǎΣ ŀƎŜ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ǎŎƘŜŘǳƭƛƴƎ
6. Mathematical Functions:
ω !ŘǾŀƴŎŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ōŜȅƻƴŘ ōŀǎƛŎ ƻǇŜǊŀǘƻǊǎ
ω 9ȄŀƳǇƭŜǎΥ wh¦b5Σ SUMIF, COUNTIF, ABS, POWER
ω ¦ǎŜΥ /ƻƴŘƛǘƛƻƴŀƭ ǎǳƳƳŀǘƛƻƴΣ ǊƻǳƴŘƛƴƎΣ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎ
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Engineering Applications:
ω Component Selection:Use VLOOKUP to find resistor values from standard tables
ω Quality Control:Use IF functions to flag measurements outside tolerance
ω Statistical Analysis:Use AVERAGE, STDEVto analyze measurement precision
ω Data Validation:Use logical functions to check data integrity
ω Automated Reports:Combine functions to create dynamic analysis sheets
Course Objectives:
Master advanced Excel functions to perform sophisticated data analysis, automate 
calculations, create intelligent spreadsheets, and develop advanced visualizations for 
engineering applications.
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Learning Approach:
ω ¦ƴŘŜǊǎǘŀƴŘ ŦǳƴŎǘƛƻƴ ǎȅƴǘŀȄ ŀƴŘ ŀǊƎǳƳŜƴǘǎ
ω tǊŀŎǘƛŎŜ ǿƛǘƘ ŜƴƎƛƴŜŜǊƛƴƎ-relevant examples
ω /ƻƳōƛƴŜ ƳǳƭǘƛǇƭŜ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ŎƻƳǇƭŜȄ ǘŀǎƪǎ
ω !ǇǇƭȅ ǘƻ ǊŜŀƭ-world engineering scenarios
ω LƴǘŜƎǊŀǘŜ ǿƛǘƘ ŀŘǾŀƴŎŜŘ ŎƘŀǊǘƛƴƎ ǘŜŎƘƴƛǉǳŜǎ



Logical Functions - IF, AND, OR

IF Function:
Performs logical test and returns different values based on TRUE or FALSE result.
Syntax:
=IF(logical_test, value_if_true, value_if_false)  

Arguments:
ω logical_test: Condition to evaluate (e.g., A1>5)
ω value_if_true: Value returned if condition is TRUE
ω value_if_false: Value returned if condition is FALSE
Example 1 - Pass/Fail Evaluation:
=IF(B2>=60, "PASS", "FAIL")  

ω LŦ ǎŎƻǊŜ ƛƴ B2is 60 or higher, returns "PASS"
ω hǘƘŜǊǿƛǎŜ ǊŜǘǳǊƴǎ ϦC!L[Ϧ
Example 2 - Voltage Tolerance Check:
=IF(ABS(A2-5)<=0.1, "Within Tolerance", "Out of Tolerance")  

ω /ƘŜŎƪǎ ƛŦ ǾƻƭǘŀƎŜ ƛƴ A2is within ±0.1Vof 5Vtarget
ω wŜǘǳǊƴǎ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘŀǘǳǎ ƳŜǎǎŀƎŜ



Logical Functions - IF, AND, OR

Example 3 - Conditional Calculation:
=IF(C2>0, B2/C2, "N/A")  

ω /ŀƭŎǳƭŀǘŜǎ B2/C2only if C2is positive
ω !ǾƻƛŘǎ ŘƛǾƛǎƛƻƴ ōȅ ȊŜǊƻ ŜǊǊƻǊ
AND Function:
Returns TRUE only if ALL conditions are TRUE.
Syntax:
=AND(logical1, logical2, ...)  

Example - Multiple Criteria Check:
=AND(A2>=4.9, A2<=5.1, B2="Active")  

ω wŜǘǳǊƴǎ ¢w¦9 ƻƴƭȅ ƛŦ ǾƻƭǘŀƎŜ ƛǎ пΦф-5.1VAND status is "Active"
ω !ƭƭ ŎƻƴŘƛǘƛƻƴǎ Ƴǳǎǘ ōŜ ƳŜǘ
OR Function:
Returns TRUE if ANY condition is TRUE.
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Syntax:
=OR(logical1, logical2, ...)  

Example - Error Detection:
=OR(A2<0, A2>10, B2="Error")  

ω wŜǘǳǊƴǎ ¢w¦9 ƛŦ ǾƻƭǘŀƎŜ ƛǎ ƴŜƎŀǘƛǾŜΣ ŀōƻǾŜ 10V, OR status is "Error"
ω !ƴȅ ǎƛƴƎƭŜ ŎƻƴŘƛǘƛƻƴ ǘǊƛƎƎŜǊǎ ¢w¦9
Combining IF with AND/OR:
Example 1 - Complex Pass/Fail:
=IF(AND(A2>=4.9, A2<=5.1, B2<100), "PASS", "FAIL")  

ω t!{{ ƻƴƭȅ ƛŦ ǾƻƭǘŀƎŜ ƛǎ пΦф-5.1VAND current is below 100mA
ω .ƻǘƘ ŎƻƴŘƛǘƛƻƴǎ ǊŜǉǳƛǊŜŘ
Example 2 - Warning System:
=IF(OR(A2>5.5, B2>150), "WARNING", "Normal")  

ω ²!wbLbD ƛŦ ǾƻƭǘŀƎŜ ŜȄŎŜŜŘǎ 5.5VOR current exceeds 150mA
ω 9ƛǘƘŜǊ ŎƻƴŘƛǘƛƻƴ ǘǊƛƎƎŜǊǎ ǿŀǊƴƛƴƎ
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Example 3 - Multi -Level Grading:
=IF(A2>=90, "Excellent", IF(A2>=75, "Good", IF(A2>=60, "Pass", "Fail")))  

ω bŜǎǘŜŘ LC ǎǘŀǘŜƳŜƴǘǎ ŦƻǊ ƳǳƭǘƛǇƭŜ ƎǊŀŘŜ ƭŜǾŜƭǎ
ω 9ǾŀƭǳŀǘŜǎ ŦǊƻƳ ƘƛƎƘŜǎǘ ǘƻ ƭƻǿŜǎǘ
Engineering Application - Component Testing:
Scenario:Test voltage regulator output
ω ¢ŀǊƎŜǘΥ 5.0V± 0.05V
ω aŀȄƛƳǳƳ ŎǳǊǊŜƴǘΥ 200mA
ω ¢ŜƳǇŜǊŀǘǳǊŜΥ .Ŝƭƻǿ 80°C
Formula:
=IF(AND(ABS(B2-5)<=0.05, C2<=200, D2<80), "PASS", "FAIL")  

Result:Component passes only if ALL three criteria are met
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Best Practices:
ω ¦ǎŜ ǇŀǊŜƴǘƘŜǎŜǎ ǘƻ ŎƭŀǊƛŦȅ ŎƻƳǇƭŜȄ ƭƻƎƛŎ
ω ¢Ŝǎǘ ŦƻǊƳǳƭŀǎ ǿƛǘƘ ƪƴƻǿƴ ǾŀƭǳŜǎ
ω /ƻƴǎƛŘŜǊ ŀƭƭ ǇƻǎǎƛōƭŜ ƻǳǘŎƻƳŜǎ
ω ¦ǎŜ ŎŜƭƭ ǊŜŦŜǊŜƴŎŜǎ ƛƴǎǘŜŀŘ ƻŦ ƘŀǊŘŎƻŘŜŘ ǾŀƭǳŜǎ ŦƻǊ ŦƭŜȄƛōƛƭƛǘȅ
ω !ŘŘ ŎƻƳƳŜƴǘǎ ǘƻ ŜȄǇƭŀƛƴ ŎƻƳǇƭŜȄ ƭƻƎƛŎ
Common Errors:
ω LƴŎƻǊǊŜŎǘ ŎƻƳǇŀǊƛǎƻƴ ƻǇŜǊŀǘƻǊǎ όҐ Ǿǎ ҐҐύ
ω aƛǎǎƛƴƎ ǇŀǊŜƴǘƘŜǎŜǎ ƛƴ ƴŜǎǘŜŘ ŦǳƴŎǘƛƻƴǎ
ω /ƛǊŎǳƭŀǊ ƭƻƎƛŎ
ω bƻǘ ƘŀƴŘƭƛƴƎ ŜŘƎŜ ŎŀǎŜǎ όȊŜǊƻΣ ƴŜƎŀǘƛǾŜΣ ōƭŀƴƪ ŎŜƭƭǎύ
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Nested IF Functions:
Multiple IF functions inside each other for complex multi-condition logic.
Syntax:
=IF(test1, value1, IF(test2, value2, IF(test3, value3, default_value)))  
Example 1 - Grade Classification:
=IF(A2>=90, "A", IF(A2>=80, "B", IF(A2>=70, "C", IF(A2>=60, "D", "F"))))  
ω 9ǾŀƭǳŀǘŜǎ ǎŎƻǊŜ ŀƎŀƛƴǎǘ ƳǳƭǘƛǇƭŜ ǘƘǊŜǎƘƻƭŘǎ
ω wŜǘǳǊƴǎ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜǘǘŜǊ ƎǊŀŘŜ
ω aŀȄƛƳǳƳ сп ƴŜǎǘŜŘ ƭŜǾŜƭǎ ƛƴ 9ȄŎŜƭ όǇǊŀŎǘƛŎŀƭ ƭƛƳƛǘ Ϥтύ
Example 2 - Resistor Tolerance Classification:
=IF(B2<=1, "Precision", IF(B2<=5, "Standard", IF(B2<=10, "General", "Low Quality")))  
ω /ƭŀǎǎƛŦƛŜǎ ǊŜǎƛǎǘƻǊǎ ōȅ ǘƻƭŜǊŀƴŎŜ ǇŜǊŎŜƴǘŀƎŜ
ω aǳƭǘƛǇƭŜ ŎŀǘŜƎƻǊƛŜǎ ōŀǎŜŘ ƻƴ ǘƻƭŜǊŀƴŎŜ ǾŀƭǳŜ
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Example 3 - Power Rating Selection:
=IF(A2<=0.125, "1/8W", IF(A2<=0.25, "1/4W", IF(A2<=0.5, "1/2W", IF(A2<=1, "1W", 
"2W+"))))  
ω {ŜƭŜŎǘǎ ŀǇǇǊƻǇǊƛŀǘŜ ǊŜǎƛǎǘƻǊ ǇƻǿŜǊ ǊŀǘƛƴƎ ōŀǎŜŘ ƻƴ ŎŀƭŎǳƭŀǘŜŘ ǇƻǿŜǊ
ω 9ƴǎǳǊŜǎ ŀŘŜǉǳŀǘŜ ǎŀŦŜǘȅ ƳŀǊƎƛƴ
Limitations of Nested IF:
ω 5ƛŦŦƛŎǳƭǘ ǘƻ ǊŜŀŘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ōŜȅƻƴŘ о-4 levels
ω 9ŀǎȅ ǘƻ ƳŀƪŜ ŜǊǊƻǊǎ ƛƴ ǇŀǊŜƴǘƘŜǎŜǎ ƳŀǘŎƘƛƴƎ
ω IŀǊŘ ǘƻ ƳƻŘƛŦȅ ƻǊ ŜȄǇŀƴŘ
ω /ƻƴǎƛŘŜǊ ŀƭǘŜǊƴŀǘƛǾŜǎ ŦƻǊ ŎƻƳǇƭŜȄ ƭƻƎƛŎ
Alternative: IFS Function (Excel 2019+):
Cleaner syntax for multiple conditions.
Syntax:
=IFS(test1, value1, test2, value2, test3, value3, ...)
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Example - Grade Classification (IFS):
=IFS(A2>=90, "A", A2>=80, "B", A2>=70, "C", A2>=60, "D", A2<60, "F")  
ω /ƭŜŀƴŜǊ ǘƘŀƴ ƴŜǎǘŜŘ LC
ω 9ǾŀƭǳŀǘŜǎ ŎƻƴŘƛǘƛƻƴǎ ƛƴ ƻǊŘŜǊ
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦƻǊ ŦƛǊǎǘ ¢w¦9 ŎƻƴŘƛǘƛƻƴ
NOT Function:
Reverses logical value (TRUE becomes FALSE, FALSE becomes TRUE).
Syntax:
=NOT(logical)  
Example 1 - Inverse Condition:
=IF(NOT(A2="Active"), "Check Status", "OK")  
ω ¢ǊƛƎƎŜǊǎ ŀŎǘƛƻƴ ǿƘŜƴ ǎǘŀǘǳǎ ƛǎ bh¢ Ϧ!ŎǘƛǾŜϦ
Example 2 - Combined with AND:
=IF(AND(A2>0, NOT(B2="Error")), "Valid", "Invalid")  
ω ±ŀƭƛŘ ƛŦ A2is positive AND B2is NOT "Error"
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IFERRORFunction:
Handles errors gracefully without displaying error messages.
Syntax:
=IFERROR(value, value_if_error)  
Example 1 - Division with Error Handling:
=IFERROR(A2/B2, 0)  
ω /ŀƭŎǳƭŀǘŜǎ A2/B2
ω wŜǘǳǊƴǎ л ƛŦ ŘƛǾƛǎƛƻƴ ōȅ ȊŜǊƻ ƻǊ ƻǘƘŜǊ ŜǊǊƻǊ
ω tǊŜǾŜƴǘǎ І5L±κлΗ ŜǊǊƻǊ ŘƛǎǇƭŀȅ
Example 2 - VLOOKUP with Error Handling:
=IFERROR(VLOOKUP(A2, Table1, 2, FALSE), "Not Found")  
ω [ƻƻƪǎ ǳǇ ǾŀƭǳŜ ƛƴ ǘŀōƭŜ
ω wŜǘǳǊƴǎ Ϧbƻǘ CƻǳƴŘϦ ƛƴǎǘŜŀŘ ƻŦ Іbκ! ŜǊǊƻǊ
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IFNAFunction:
Specifically handles #N/A errors (common in lookup functions).
Syntax:
=IFNA(value, value_if_na)  
Example:
=IFNA(VLOOKUP(A2, Table1, 2, FALSE), "No Match")  
ω wŜǘǳǊƴǎ Ϧbƻ aŀǘŎƘϦ ƻƴƭȅ ŦƻǊ Іbκ! ŜǊǊƻǊǎ
ω hǘƘŜǊ ŜǊǊƻǊǎ ǎǘƛƭƭ ŘƛǎǇƭŀȅ ƴƻǊƳŀƭƭȅ
Engineering Application - Measurement Validation:
Scenario:Validate sensor readings with multiple criteria
ω wŀƴƎŜΥ л-10V
ω tǊŜŎƛǎƛƻƴΥ ±0.01V
ω {ǘŀǘǳǎ Ƴǳǎǘ ōŜ Ϧ!ŎǘƛǾŜϦ
ω bƻ ŜǊǊƻǊ ŦƭŀƎǎ
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Formula:
=IF(AND(A2>=0, A2<=10, ABS(A2-B2)<=0.01, C2="Active", NOT(D2="Error")), "Valid", 
"Invalid")  
Complex Example - Component Selection Logic:
Requirements:
ω ±ƻƭǘŀƎŜ ǊŀǘƛƴƎ Ҕ мΦр × operating voltage
ω /ǳǊǊŜƴǘ ǊŀǘƛƴƎ Ҕ мΦн ×operating current
ω ¢ŜƳǇŜǊŀǘǳǊŜ ǊŀǘƛƴƎ Ҕ ƳŀȄƛƳǳƳ ŀƳōƛŜƴǘ Ҍ 20°C
ω /ƻǎǘ ғ ōǳŘƎŜǘ
Formula:

=IF(AND(B2>A2*1.5, D2>C2*1.2, F2>E2+20, G2<H2), "Suitable",   
IF(OR(B2<=A2*1.5, D2<=C2*1.2), "Insufficient Rating",   

IF(F2<=E2+20, "Temperature Issue", "Over Budget")))  
Result:Provides specific reason for rejection if component doesn't meet criteria
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Best Practices:
ω [ƛƳƛǘ ƴŜǎǘƛƴƎ ǘƻ о-4 levels for readability
ω ¦ǎŜ LC{ ŦƻǊ ƳǳƭǘƛǇƭŜ ǎŜǉǳŜƴǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎ
ω !ƭǿŀȅǎ ƛƴŎƭǳŘŜ IFERRORfor formulas that might error
ω 5ƻŎǳƳŜƴǘ ŎƻƳǇƭŜȄ ƭƻƎƛŎ ǿƛǘƘ ŎƻƳƳŜƴǘǎ
ω ¢Ŝǎǘ ŀƭƭ ǇƻǎǎƛōƭŜ ǇŀǘƘǎ ǘƘǊƻǳƎƘ ƭƻƎƛŎ
ω /ƻƴǎƛŘŜǊ ǳǎƛƴƎ ƘŜƭǇŜǊ ŎƻƭǳƳƴǎ ǘƻ ōǊŜŀƪ Řƻǿƴ ŎƻƳǇƭŜȄ ŦƻǊƳǳƭŀǎ



VLOOKUP Function

VLOOKUP (Vertical Lookup):
Searches for value in first column of table and returns value from specified column in same 
row.
Syntax:
=VLOOKUP(lookup_value, table_array, col_index_num, [range_lookup])  

Arguments:
ω lookup_value: Value to search for (e.g., component ID)
ω table_array: Table range to search in (e.g., A2:D100)
ω col_index_num: Column number to return value from (1 = first column)
ω range_lookup: TRUE/FALSE or 1/0
ÅFALSE (0): Exact match (recommended for most cases)
ÅTRUE (1): Approximate match (requires sorted data)



VLOOKUP Function

How VLOOKUP Works:
1. Searches for lookup_valuein first 

column of table_array

2. Finds matching row

3. Returns value from col_index_num

column in that row

4. Returns #N/A error if no match found

Formula to find resistance of R102:
=VLOOKUP("R102", A2:D6, 3, FALSE)  

ω {ŜŀǊŎƘŜǎ ŦƻǊ ϦR102" in column A
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ ŎƻƭǳƳƴ о όwŜǎƛǎǘŀƴŎŜύ
ω wŜǎǳƭǘΥ птлл

Example 1 - Component Specification 
Lookup:
Table (A1:D6):



VLOOKUP Function

Example 2 - Dynamic Lookup with Cell Reference:
=VLOOKUP(F2, A2:D6, 3, FALSE)  
ω [ƻƻƪǎ ǳǇ ǇŀǊǘ ƴǳƳōŜǊ ŜƴǘŜǊŜŘ ƛƴ ŎŜƭƭ F2
ω wŜǘǳǊƴǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜǎƛǎǘŀƴŎŜ
ω CƻǊƳǳƭŀ ǳǇŘŀǘŜǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǿƘŜƴ F2changes
Example 3 - Multiple Lookups:
Description: =VLOOKUP(F2, A2:D6, 2, FALSE)  
Resistance:  =VLOOKUP(F2, A2:D6, 3, FALSE)  
Tolerance:   =VLOOKUP(F2, A2:D6, 4, FALSE)  
ω wŜǘǊƛŜǾŜǎ ƳǳƭǘƛǇƭŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǎŀƳŜ ǇŀǊǘ
ω 9ŀŎƘ ŦƻǊƳǳƭŀ ǊŜǘǳǊƴǎ ŘƛŦŦŜǊŜƴǘ ŎƻƭǳƳƴ
Exact Match vs. Approximate Match:
Exact Match (FALSE):
ω CƛƴŘǎ ŜȄŀŎǘ ƳŀǘŎƘ ƻƴƭȅ
ω wŜǘǳǊƴǎ Іbκ! ƛŦ ƴƻ ŜȄŀŎǘ ƳŀǘŎƘ
ω ¢ŀōƭŜ ŘƻŜǎ bh¢ ƴŜŜŘ ǘƻ ōŜ ǎƻǊǘŜŘ



VLOOKUP Function
ω Use for:Part numbers, IDs, names, discrete values
ω Recommended for most engineering applications
Approximate Match (TRUE):
ω CƛƴŘǎ ŎƭƻǎŜǎǘ ƳŀǘŎƘ ƭŜǎǎ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻ ƭƻƻƪǳǇ ǾŀƭǳŜ
ω ¢ŀōƭŜ a¦{¢ ōŜ ǎƻǊǘŜŘ ƛƴ ŀǎŎŜƴŘƛƴƎ ƻǊŘŜǊ όŦƛǊǎǘ ŎƻƭǳƳƴύ
ω Use for:Grade ranges, tax brackets, tiered pricing
ω wŜǘǳǊƴǎ ƭŀǊƎŜǎǘ ǾŀƭǳŜ Җ lookup_value

Formula:
=VLOOKUP(7, A2:B6, 2, TRUE)  
ω [ƻƻƪǎ ǳǇ 7A(not exact match in table)
ω CƛƴŘǎ ƭŀǊƎŜǎǘ ǾŀƭǳŜ Җ тΣ ǿƘƛŎƘ ƛǎ 5A
ω wŜǘǳǊƴǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǿƛǊŜ ƎŀǳƎŜΥ нл !²D

Example - Approximate Match 
(Wire Gauge Selection):
Table (sorted by current):



VLOOKUP Function
Common VLOOKUP Errors:
#N/A Error:
ω [ƻƻƪǳǇ ǾŀƭǳŜ ƴƻǘ ŦƻǳƴŘ ƛƴ ŦƛǊǎǘ ŎƻƭǳƳƴ
ω {ƻƭǳǘƛƻƴΥ /ƘŜŎƪ ǎǇŜƭƭƛƴƎΣ Řŀǘŀ ǘȅǇŜ όǘŜȄǘ ǾǎΦ ƴǳƳōŜǊύΣ ǳǎŜ IFERROR
#REF! Error:
ω col_index_numexceeds number of columns in table_array
ω {ƻƭǳǘƛƻƴΥ ±ŜǊƛŦȅ ŎƻƭǳƳƴ ƛƴŘŜȄ ƛǎ ǿƛǘƘƛƴ ǘŀōƭŜ ǊŀƴƎŜ
#VALUE! Error:
ω col_index_numis less than 1
ω {ƻƭǳǘƛƻƴΥ ¦ǎŜ ǇƻǎƛǘƛǾŜ ƛƴǘŜƎŜǊ ŦƻǊ ŎƻƭǳƳƴ ƛƴŘŜȄ
Wrong Result:
ω range_lookupis TRUE but table not sorted
ω {ƻƭǳǘƛƻƴΥ {ƻǊǘ ǘŀōƭŜ ƻǊ ǳǎŜ C![{9 ŦƻǊ ŜȄŀŎǘ ƳŀǘŎƘ



VLOOKUP Function
Engineering Application - Standard Component 
Selection:
Scenario:Select standard resistor value closest to 
calculated value

Formula (with error handling):
=IFERROR(VLOOKUP(A2, StandardValues, 2, TRUE), 
"Custom Value Required")  
ω CƛƴŘǎ ŎƭƻǎŜǎǘ ǎǘŀƴŘŀǊŘ ǾŀƭǳŜ ǘƻ ŎŀƭŎǳƭŀǘŜŘ 
resistance in A2
ω wŜǘǳǊƴǎ ŎƻƳǇƻƴŜƴǘ ŎƻŘŜ
ω IŀƴŘƭŜǎ ŎŀǎŜǎ ǿƘŜǊŜ ƴƻ ǎǘŀƴŘŀǊŘ ǾŀƭǳŜ ƛǎ ǎǳƛǘŀōƭŜ

Standard Values 
Table (E12series):



VLOOKUP Function

Best Practices:
ω !ƭǿŀȅǎ ǳǎŜ C![{9 ŦƻǊ ŜȄŀŎǘ ƳŀǘŎƘ ǳƴƭŜǎǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ƴŜŜŘ ŀǇǇǊƻȄƛƳŀǘŜ
ω ¦ǎŜ ŀōǎƻƭǳǘŜ ǊŜŦŜǊŜƴŎŜǎ όϷύ ŦƻǊ table_arraywhen copying formulas
ω /ƻƳōƛƴŜ ǿƛǘƘ IFERRORto handle missing values gracefully
ω 9ƴǎǳǊŜ ƭƻƻƪǳǇ ŎƻƭǳƳƴ όŦƛǊǎǘ ŎƻƭǳƳƴύ Ŏƻƴǘŀƛƴǎ ǳƴƛǉǳŜ ǾŀƭǳŜǎ
ω /ƻƴǎƛŘŜǊ Lb59·-MATCH as more flexible alternative



HLOOKUP, INDEX, and MATCH Functions

HLOOKUP(Horizontal Lookup):
Searches for value in first row of table and returns value from specified row.
Syntax:
=HLOOKUP(lookup_value, table_array, row_index_num, [range_lookup])  
Difference from VLOOKUP:
ω {ŜŀǊŎƘŜǎ ƘƻǊƛȊƻƴǘŀƭƭȅ όŀŎǊƻǎǎ Ǌƻǿǎύ ƛƴǎǘŜŀŘ ƻŦ ǾŜǊǘƛŎŀƭƭȅ όŘƻǿƴ ŎƻƭǳƳƴǎύ
ω [ƻƻƪǳǇ ǾŀƭǳŜ Ƴǳǎǘ ōŜ ƛƴ ŦƛǊǎǘ wh² ƻŦ ǘŀōƭŜ
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ ǎǇŜŎƛŦƛŜŘ wh² ƴǳƳōŜǊ
Example - Temperature Coefficient Lookup:
Table (A1:E3):



HLOOKUP, INDEX, and MATCH Functions

Formula to find temperature coefficient of Aluminum:
=HLOOKUP("Aluminum", A1:E3, 3, FALSE)  
ω {ŜŀǊŎƘŜǎ ŦƻǊ Ϧ!ƭǳƳƛƴǳƳϦ ƛƴ Ǌƻǿ м
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ Ǌƻǿ о ό¢ŜƳǇ /ƻŜŦŦύ
ω wŜǎǳƭǘΥ лΦллпнф
When to Use HLOOKUP:
ω 5ŀǘŀ ƻǊƎŀƴƛȊŜŘ ƘƻǊƛȊƻƴǘŀƭƭȅ όŎŀǘŜƎƻǊƛŜǎ ƛƴ Ǌƻǿǎύ
ω ¢ƛƳŜ ǎŜǊƛŜǎ Řŀǘŀ ǿƛǘƘ ŘŀǘŜǎ ƛƴ ŦƛǊǎǘ Ǌƻǿ
ω [Ŝǎǎ ŎƻƳƳƻƴ ǘƘŀƴ ±[hhY¦t ƛƴ ǘȅǇƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴǎ
INDEX Function:
Returns value from specific cell in range based on row and column numbers.
Syntax:
=INDEX(array, row_num, [column_num])  



HLOOKUP, INDEX, and MATCH Functions

Arguments:
ω array:Range to retrieve value from
ω row_num: Row number within array
ω column_num: Column number within array (optional if single column)
Example 1 - Direct Cell Reference:
=INDEX(A2:D10, 3, 2)  
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ оǊŘ ǊƻǿΣ нƴŘ ŎƻƭǳƳƴ ƻŦ ǊŀƴƎŜ A2:D10
ω 9ǉǳƛǾŀƭŜƴǘ ǘƻ ŎŜƭƭ B4
Example 2 - Single Column:
=INDEX(C2:C10, 5)  
ω wŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ рǘƘ Ǌƻǿ ƻŦ ŎƻƭǳƳƴ /
ω 9ǉǳƛǾŀƭŜƴǘ ǘƻ ŎŜƭƭ C6
MATCH Function:
Returns position of value in range (not the value itself).



HLOOKUP, INDEX, and MATCH Functions

Syntax:
=MATCH(lookup_value, lookup_array, [match_type])  
Arguments:
ω lookup_value: Value to find
ω lookup_array: Range to search in (single row or column)
ω match_type:
Å0: Exact match (recommended)
ÅмΥ [ŀǊƎŜǎǘ ǾŀƭǳŜ Җ lookup_value(requires sorted ascending)
Å -мΥ {ƳŀƭƭŜǎǘ ǾŀƭǳŜ җ lookup_value(requires sorted descending)

Example - Find Position:
=MATCH("R102", A2:A10, 0)  
ω {ŜŀǊŎƘŜǎ ŦƻǊ ϦR102" in range A2:A10
ω wŜǘǳǊƴǎ Ǉƻǎƛǘƛƻƴ ƴǳƳōŜǊ όŜΦƎΦΣ о ƛŦ ŦƻǳƴŘ ƛƴ A4)
ω wŜǘǳǊƴǎ Іbκ! ƛŦ ƴƻǘ ŦƻǳƴŘ



HLOOKUP, INDEX, and MATCH Functions

INDEX-MATCH Combination:
Powerful alternative to VLOOKUP with more 
flexibility.
Syntax:
=INDEX(return_range, MATCH(lookup_value, 
lookup_range, 0))  
Advantages over VLOOKUP:
ω /ŀƴ ƭƻƻƪ ǳǇ ǾŀƭǳŜǎ ǘƻ ǘƘŜ [9C¢ ƻŦ ƭƻƻƪǳǇ 
column
ω bƻ ƴŜŜŘ ǘƻ Ŏƻǳƴǘ ŎƻƭǳƳƴǎ όƳƻǊŜ Ǌƻōǳǎǘ 
when columns added/removed)
ω /ŀƴ ǎŜŀǊŎƘ ōƻǘƘ Ǌƻǿǎ ŀƴŘ ŎƻƭǳƳƴǎ 
dynamically
ω CŀǎǘŜǊ ǇŜǊŦƻǊƳŀƴŎŜ ǿƛǘƘ ƭŀǊƎŜ ŘŀǘŀǎŜǘǎ
ω aƻǊŜ ŦƭŜȄƛōƭŜ ŦƻǊ ŎƻƳǇƭŜȄ ƭƻƻƪǳǇǎ

Example 1 - Basic INDEX-MATCH:
Table:

Formula to find resistance of R102:
=INDEX(C2:C4, MATCH("R102", A2:A4, 0))  
ω a!¢/I ŦƛƴŘǎ Ǉƻǎƛǘƛƻƴ ƻŦ ϦR102" in 
A2:A4(returns 2)
ω Lb59· ǊŜǘǳǊƴǎ ǾŀƭǳŜ ŦǊƻƳ нƴŘ Ǉƻǎƛǘƛƻƴ 
in C2:C4(returns 4700)



HLOOKUP, INDEX, and MATCH Functions

Example 2 - Left Lookup 
(impossible with VLOOKUP):
=INDEX(A2:A4, MATCH(4700, 
C2:C4, 0))  
ω CƛƴŘǎ ǇŀǊǘ ƴǳƳōŜǊ όŎƻƭǳƳƴ !ύ 
based on resistance value 
(column C)
ω [ƻƻƪǎ [9C¢ ŦǊƻƳ ƭƻƻƪǳǇ ŎƻƭǳƳƴ
ω ±[hhY¦t Ŏŀƴƴƻǘ Řƻ ǘƘƛǎ

Example 3 - Two-Way Lookup (Row and Column):
Table:

Formula to find Power in Week 2:
=INDEX(B2:D4, MATCH("Power", A2:A4, 0), 
MATCH("Week 2", B1:D1, 0))  
ω CƛǊǎǘ a!¢/I ŦƛƴŘǎ Ǌƻǿ όtƻǿŜǊ Ґ Ǌƻǿ оύ
ω {ŜŎƻƴŘ a!¢/I ŦƛƴŘǎ ŎƻƭǳƳƴ ό²ŜŜƪ н Ґ ŎƻƭǳƳƴ нύ
ω Lb59· ǊŜǘǳǊƴǎ ƛƴǘŜǊǎŜŎǘƛƻƴ ǾŀƭǳŜΥ лΦрм



HLOOKUP, INDEX, and MATCH Functions

Engineering Application - Component Database Lookup:
Scenario:Large component database with specifications
Formula with error handling:
=IFERROR(INDEX(Specifications, MATCH(PartNumber, PartList, 0), MATCH(Parameter, 
HeaderRow, 0)), "Not Available")  
Benefits:
ω CƭŜȄƛōƭŜΥ ²ƻǊƪǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ŎƻƭǳƳƴ ƻǊŘŜǊ
ω wƻōǳǎǘΥ !ŘŘƛƴƎ ŎƻƭǳƳƴǎ ŘƻŜǎƴϥǘ ōǊŜŀƪ ŦƻǊƳǳƭŀ
ω .ƛŘƛǊŜŎǘƛƻƴŀƭΥ /ŀƴ ƭƻƻƪ ǳǇ ƛƴ ŀƴȅ ŘƛǊŜŎǘƛƻƴ
ω 5ȅƴŀƳƛŎΥ .ƻǘƘ ǇŀǊǘ ŀƴŘ ǇŀǊŀƳŜǘŜǊ Ŏŀƴ ōŜ ǾŀǊƛŀōƭŜǎ
Best Practices:
ω ¦ǎŜ Lb59·-MATCH instead of VLOOKUP for complex lookups
ω !ƭǿŀȅǎ ǳǎŜ match_type= 0 for exact match
ω /ƻƳōƛƴŜ ǿƛǘƘ IFERRORfor error handling
ω ¦ǎŜ ƴŀƳŜŘ ǊŀƴƎŜǎ ŦƻǊ ŎƭŀǊƛǘȅ όŜΦƎΦΣ PartList, Specifications)
ω ¢Ŝǎǘ ǿƛǘƘ ƪƴƻǿƴ ǾŀƭǳŜǎ ǘƻ ǾŜǊƛŦȅ ŎƻǊǊŜŎǘ ƻǇŜǊŀǘƛƻƴ



Statistical Functions for Data Analysis

Basic Statistical Functions:
AVERAGE Function:
Calculates arithmetic mean of values.
Syntax:
=AVERAGE(number1, [number2], ...)  
Example:
=AVERAGE(A2:A10)  
ω /ŀƭŎǳƭŀǘŜǎ ŀǾŜǊŀƎŜ ƻŦ ǾŀƭǳŜǎ ƛƴ A2:A10
ω LƎƴƻǊŜǎ ǘŜȄǘ ŀƴŘ ōƭŀƴƪ ŎŜƭƭǎ
ω ¦ǎŜ ŦƻǊΥ /ŜƴǘǊŀƭ ǘŜƴŘŜƴŎȅΣ ǘȅǇƛŎŀƭ ǾŀƭǳŜ
MEDIAN Function:
Returns middle value when data is sorted.
Syntax:
=MEDIAN(number1, [number2], ...)



Statistical Functions for Data Analysis

Example:
=MEDIAN(A2:A10)  

ω wŜǘǳǊƴǎ ƳƛŘŘƭŜ ǾŀƭǳŜ όрǘƘ ǾŀƭǳŜ ƛŦ ф Řŀǘŀ Ǉƻƛƴǘǎύ
ω [Ŝǎǎ ŀŦŦŜŎǘŜŘ ōȅ ƻǳǘƭƛŜǊǎ ǘƘŀƴ !±9w!D9
ω ¦ǎŜ ŦƻǊΥ {ƪŜǿŜŘ ŘƛǎǘǊƛōǳǘƛƻƴǎΣ ƻǳǘƭƛŜǊ-prone data
MODE.SNGLFunction:
Returns most frequently occurring value.
Syntax:
=MODE.SNGL(number1, [number2], ...)  

Example:
=MODE.SNGL(A2:A10)  

ω wŜǘǳǊƴǎ Ƴƻǎǘ ŎƻƳƳƻƴ ǾŀƭǳŜ
ω wŜǘǳǊƴǎ Іbκ! ƛŦ ƴƻ ǾŀƭǳŜ ǊŜǇŜŀǘǎ
ω ¦ǎŜ ŦƻǊΥ 5ƛǎŎǊŜǘŜ ŘŀǘŀΣ ŦƛƴŘƛƴƎ ǘȅǇƛŎŀƭ ǾŀƭǳŜ



Statistical Functions for Data Analysis
Standard Deviation Functions:
STDEV.S(Sample Standard Deviation):
Calculates standard deviation for sample data.
Syntax:
=STDEV.S(number1, [number2], ...)  

Example:
=STDEV.S(A2:A10)  

ω aŜŀǎǳǊŜǎ ǎǇǊŜŀŘκǾŀǊƛŀōƛƭƛǘȅ ƛƴ Řŀǘŀ
ω ¦ǎŜǎ ƴ-1 denominator (sample)
ω Use for: Experimental measurements (most common in engineering)
STDEV.P(Population Standard Deviation):
Calculates standard deviation for entire population.
Syntax:
=STDEV.P(number1, [number2], ...)  

ω ¦ǎŜǎ ƴ ŘŜƴƻƳƛƴŀǘƻǊ όǇƻǇǳƭŀǘƛƻƴύ
ω ¦ǎŜ ŦƻǊΥ /ƻƳǇƭŜǘŜ ŘŀǘŀǎŜǘǎΣ ƪƴƻǿƴ ǇƻǇǳƭŀǘƛƻƴǎ



Statistical Functions for Data Analysis

Variance Functions:
VAR.Sand VAR.P:
Calculate variance (square of standard deviation).
Example:
=VAR.S(A2:A10)  

ω ±ŀǊƛŀƴŎŜ Ґ ό{ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴύч
ω {ŀƳŜ ǎŀƳǇƭŜ ǾǎΦ ǇƻǇǳƭŀǘƛƻƴ ŘƛǎǘƛƴŎǘƛƻƴ
Count Functions:
COUNT:
Counts cells containing numbers.
Syntax:
=COUNT(value1, [value2], ...)  

Example:
=COUNT(A2:A10)  

ω /ƻǳƴǘǎ ƻƴƭȅ ƴǳƳŜǊƛŎ ǾŀƭǳŜǎ
ω LƎƴƻǊŜǎ ǘŜȄǘΣ ōƭŀƴƪ ŎŜƭƭǎΣ ƭƻƎƛŎŀƭ ǾŀƭǳŜǎ



Statistical Functions for Data Analysis

COUNTA:
Counts non-empty cells.
Syntax:
=COUNTA(value1, [value2], ...)  

Example:
=COUNTA(A2:A10)  

ω /ƻǳƴǘǎ ŎŜƭƭǎ ǿƛǘƘ ŀƴȅ ŎƻƴǘŜƴǘ όƴǳƳōŜǊǎΣ ǘŜȄǘΣ ŜǊǊƻǊǎύ
ω ¦ǎŜ ŦƻǊΥ /ƻǳƴǘƛƴƎ ŜƴǘǊƛŜǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘȅǇŜ
COUNTBLANK:
Counts empty cells.
Syntax:
=COUNTBLANK(range)  

Example:
=COUNTBLANK(A2:A10)  

ω /ƻǳƴǘǎ ōƭŀƴƪ ŎŜƭƭǎ ƻƴƭȅ
ω ¦ǎŜ ŦƻǊΥ CƛƴŘƛƴƎ ƳƛǎǎƛƴƎ Řŀǘŀ



Statistical Functions for Data Analysis

COUNTIF:
Counts cells meeting specific criteria.
Syntax:
=COUNTIF(range, criteria)  

Examples:
=COUNTIF(A2:A10, ">5")          ' Counts values greater than 5  
=COUNTIF(A2:A10, "PASS")        ' Counts cells containing "PASS"  
=COUNTIF(A2:A10Σ ϦҔҐпΦфϦύ       ϥ /ƻǳƴǘǎ ǾŀƭǳŜǎ җ пΦф  

COUNTIFS:
Counts cells meeting multiple criteria.
Syntax:
=COUNTIFS(criteria_range1, criteria1, [criteria_range2, criteria2], ...)  

Example:
=COUNTIFS(A2:A10, ">=4.9", A2:A10, "<=5.1", B2:B10, "PASS")  

ω /ƻǳƴǘǎ Ǌƻǿǎ ǿƘŜǊŜ ǾƻƭǘŀƎŜ ƛǎ пΦф-5.1VAND status is "PASS"
ω !ƭƭ ŎǊƛǘŜǊƛŀ Ƴǳǎǘ ōŜ ƳŜǘ



Statistical Functions for Data Analysis

MIN and MAX Functions:
MIN:
Returns smallest value.
Syntax:
=MIN(number1, [number2], ...)  

MAX:
Returns largest value.
Syntax:
=MAX(number1, [number2], ...)  

Examples:
=MIN(A2:A10)    ' Minimum voltage  
=MAX(A2:A10)    ' Maximum voltage  

SUMIFand SUMIFS:
SUMIF:
Sums values meeting criteria.



Statistical Functions for Data Analysis

Syntax:
=SUMIF(range, criteria, [sum_range])  

Example:
=SUMIF(B2:B10, "PASS", C2:C10)  

ω {ǳƳǎ ǾŀƭǳŜǎ ƛƴ C2:C10where corresponding B cell is "PASS"
SUMIFS:
Sums values meeting multiple criteria.
Syntax:
=SUMIFS(sum_range, criteria_range1, criteria1, [criteria_range2, criteria2], ...)  

Example:
=SUMIFS(D2:D10, B2:B10, ">=4.9", C2:C10, "<=100")  

ω {ǳƳǎ ǇƻǿŜǊ ǿƘŜǊŜ ǾƻƭǘŀƎŜ җ4.9V!b5 ŎǳǊǊŜƴǘ Җ100mA
AVERAGEIFand AVERAGEIFS:
Similar to SUMIF/SUMIFSbut calculates average.



Statistical Functions for Data Analysis
Example:
=AVERAGEIF(B2:B10, ">5", A2:A10)  

ω !ǾŜǊŀƎŜ ƻŦ A2:A10where corresponding B value >5
Engineering Application - Measurement Analysis:
Scenario:Analyze 20 voltage measurements from power supply test
Data in A2:A21:
5.02, 5.01, 4.99, 5.03, 5.00, 4.98, 5.02, 5.01, 4.99, 5.00,
5.01, 5.02, 4.98, 5.03, 5.00, 4.99, 5.01, 5.02, 5.00, 4.98
Analysis Formulas:
Mean:              =AVERAGE(A2:A21)           ' Result: 5.005V
Median:            =MEDIAN(A2:A21)            ' Result: 5.005V
Std Deviation:     =STDEV.S(A2:A21)           ' Result: 0.016V
Minimum:           =MIN(A2:A21)               ' Result: 4.98V
Maximum:           =MAX(A2:A21)               ' Result: 5.03V
Range:             =MAX(A2:A21)-MIN(A2:A21)  ' Result: 0.05V
Count:             =COUNT(A2:A21)             ' Result: 20  
Within Tolerance:  =COUNTIFS(A2:A21,">=4.95",A2:A21,"<=5.05")  ' Result: 20  
Percent in Spec:   =COUNTIFS(A2:A21,">=4.95",A2:A21,"<=5.05")/COUNT(A2:A21)*100  ' Result: 100
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Interpretation:
ω aŜŀƴ Ґ 5.005V(very close to 5.0Vtarget)
ω {ǘŘ 5ŜǾ Ґ 0.016V(low variability, good precision)
ω !ƭƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘƛƴ ±1% tolerance
ω tƻǿŜǊ ǎǳǇǇƭȅ ƳŜŜǘǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ
Quality Control Application:
=IF(AND(AVERAGE(A2:A21)>=4.95, AVERAGE(A2:A21)<=5.05, STDEV.S(A2:A21)<=0.05), "PASS", "FAIL")  

ω !ǳǘƻƳŀǘŜŘ ǇŀǎǎκŦŀƛƭ ōŀǎŜŘ ƻƴ ƳŜŀƴ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ŎǊƛǘŜǊƛŀ
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SUMPRODUCTFunction:
Multiplies corresponding elements 
in arrays and returns sum of 
products.
Syntax:
=SUMPRODUCT(array1, [array2], [array3], ...)  

Basic Example:
=SUMPRODUCT(A2:A5, B2:B5)  

ω /ŀƭŎǳƭŀǘŜǎΥ όA2×B2) + (A3×B3) + 
(A4×B4) + (A5×B5)

Engineering Application - Total Power 
Calculation:
Data:

Formula:
=SUMPRODUCT(A2:A5, B2:B5)  
ω /ŀƭŎǳƭŀǘŜǎ ǘƻǘŀƭ ǇƻǿŜǊΥ όрΦл×0.5) + (3.3×1.2) + (12.0×0.3) + (5.0×0.8)
ω wŜǎǳƭǘΥ нΦр Ҍ оΦфс Ҍ оΦс Ҍ пΦл Ґ 14.06W
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Conditional SUMPRODUCT:
Use with logical conditions for advanced filtering.
Example - Conditional Sum:
=SUMPRODUCT((A2:A10>5)*(B2:B10))  

ω {ǳƳǎ . ǾŀƭǳŜǎ ƻƴƭȅ ǿƘŜǊŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ! ǾŀƭǳŜ Ҕр
ω όA2:A10>5) creates array of TRUE/FALSE (1/0)
ω aǳƭǘƛǇƭȅƛƴƎ ōȅ . ǾŀƭǳŜǎ ƛƴŎƭǳŘŜǎ ƻƴƭȅ ƳŀǘŎƘƛƴƎ Ǌƻǿǎ
Example - Multiple Conditions:
=SUMPRODUCT((A2:A10>=4.9)*(A2:A10<=5.1)*(B2:B10))  

ω {ǳƳǎ . ǾŀƭǳŜǎ ǿƘŜǊŜ ! ƛǎ ōŜǘǿŜŜƴ пΦф ŀƴŘ рΦм
ω aǳƭǘƛǇƭŜ ŎƻƴŘƛǘƛƻƴǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ό!b5 ƭƻƎƛŎύ
MAXIFSand MINIFSFunctions:
Find maximum or minimum value meeting criteria.
MAXIFSSyntax:
=MAXIFS(max_range, criteria_range1, criteria1, [criteria_range2, criteria2], ...)
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Example:
=MAXIFS(C2:C10, A2:A10, ">=4.9", B2:B10, "PASS")  

ω wŜǘǳǊƴǎ ƳŀȄƛƳǳƳ ǾŀƭǳŜ ŦǊƻƳ C2:C10where !җпΦфAND B="PASS"
MINIFSSyntax:
=MINIFS(min_range, criteria_range1, criteria1, ...)  

Example:
=MINIFS(C2:C10, A2:A10, ">=4.9", B2:B10, "PASS")  

ω wŜǘǳǊƴǎ ƳƛƴƛƳǳƳ ǾŀƭǳŜ ŦǊƻƳ C2:C10meeting criteria
LARGE and SMALL Functions:
Return nth largest or smallest value.
LARGE Syntax:
=LARGE(array, k)  

ω ƪҐмΥ [ŀǊƎŜǎǘ ǾŀƭǳŜ όǎŀƳŜ ŀǎ a!·ύ
ω ƪҐнΥ {ŜŎƻƴŘ ƭŀǊƎŜǎǘ ǾŀƭǳŜ
ω ƪҐоΥ ¢ƘƛǊŘ ƭŀǊƎŜǎǘ ǾŀƭǳŜΣ ŜǘŎΦ
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Example:
=LARGE(A2:A10, 2)  

ω wŜǘǳǊƴǎ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ ǾŀƭǳŜ ƛƴ ǊŀƴƎŜ
SMALL Syntax:
=SMALL(array, k)  

ω ƪҐмΥ {ƳŀƭƭŜǎǘ ǾŀƭǳŜ όǎŀƳŜ ŀǎ aLbύ
ω ƪҐнΥ {ŜŎƻƴŘ ǎƳŀƭƭŜǎǘ ǾŀƭǳŜ
RANK Function:
Returns rank of number in list.
Syntax:
=RANK(number, ref, [order])  

Arguments:
ω number:Value to rank
ω ref: Array of values
ω order: 0 = descending (1=highest), 1 = ascending (1=lowest)
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Example:
=RANK(A2, $A$2:$A$10, 0)  

ω wŜǘǳǊƴǎ Ǌŀƴƪ ƻŦ A2value among all values in A2:A10
ω м Ґ ƘƛƎƘŜǎǘ ǾŀƭǳŜΣ н Ґ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘΣ ŜǘŎΦ
ω ¦ǎŜ ŀōǎƻƭǳǘŜ ǊŜŦŜǊŜƴŎŜ όϷύ ŦƻǊ ǊŜŦ ǿƘŜƴ ŎƻǇȅƛƴƎ ŦƻǊƳǳƭŀ
PERCENTILE Function:
Returns value at specified percentile.
Syntax:
=PERCENTILE.INC(array, k)  

ω ƪΥ tŜǊŎŜƴǘƛƭŜ ǾŀƭǳŜ όл ǘƻ мύ
ω лΦр Ґ рлǘƘ ǇŜǊŎŜƴǘƛƭŜ όƳŜŘƛŀƴύ
ω лΦфр Ґ фрǘƘ ǇŜǊŎŜƴǘƛƭŜ
Example:
=PERCENTILE.INC(A2:A100, 0.95)  

ω wŜǘǳǊƴǎ ǾŀƭǳŜ ōŜƭƻǿ ǿƘƛŎƘ фр҈ ƻŦ Řŀǘŀ Ŧŀƭƭǎ
ω ¦ǎŜ ŦƻǊΥ {ǇŜŎƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘǎΣ ƻǳǘƭƛŜǊ ŘŜǘŜŎǘƛƻƴ
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QUARTILE Function:
Returns quartile value (25th, 50th, 75th percentile).
Syntax:
=QUARTILE.INC(array, quart)  

ω ǉǳŀǊǘΥ лҐƳƛƴΣ мҐнрǘƘΣ нҐрлǘƘ όƳŜŘƛŀƴύΣ оҐтрǘƘΣ пҐƳŀȄ
Example:
=QUARTILE.INC(A2:A100, 1)    ' First quartile (25th percentile)  
=QUARTILE.INC(A2:A100, 3)    ' Third quartile (75th percentile)  

Engineering Application - Statistical Process Control:
Scenario:Monitor production measurements, identify outliers
Data:100 resistance measurements in A2:A101
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Analysis:
Mean:              =AVERAGE(A2:A101)  
Std Dev:           =STDEV.S(A2:A101)  
Upper Control:     =AVERAGE(A2:A101) + 3*STDEV.S(A2:A101)  
Lower Control:     =AVERAGE(A2:A101) - 3*STDEV.S(A2:A101)  
Out of Control:    =COUNTIFS(A2:A101,">"&(AVERAGE(A2:A101)+3*STDEV.S(A2:A101))) +   

COUNTIFS(A2:A101,"<"&(AVERAGE(A2:A101)-3*STDEV.S(A2:A101)))  
95th Percentile:   =PERCENTILE.INC(A2:A101, 0.95)  

Outlier Detection Formula (in column B):
=IF(OR(A2>AVERAGE($A$2:$A$101)+3*STDEV.S($A$2:$A$101),   

A2<AVERAGE($A$2:$A$101)-3*STDEV.S($A$2:$A$101)), "Outlier", "Normal")  

Best Practices:
ω ¦ǎŜ SUMPRODUCTfor complex conditional calculations
ω /ƻƳōƛƴŜ ǎǘŀǘƛǎǘƛŎŀƭ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎ
ω ¦ǎŜ ŀōǎƻƭǳǘŜ ǊŜŦŜǊŜƴŎŜǎ όϷύ ǿƘŜƴ ŎƻǇȅƛƴƎ ŦƻǊƳǳƭŀǎ ǿƛǘƘ ŦƛȄŜŘ ǊŀƴƎŜǎ
ω 5ƻŎǳƳŜƴǘ ŎǊƛǘŜǊƛŀ ŀƴŘ ǘƘǊŜǎƘƻƭŘǎ ŎƭŜŀǊƭȅ
ω ±ŀƭƛŘŀǘŜ ǊŜǎǳƭǘǎ ǿƛǘƘ ƪƴƻǿƴ ǘŜǎǘ Řŀǘŀ



Introduction to Advanced Charts

What are Advanced Charts?
Advanced charts go beyond basic column, line, and pie charts to provide sophisticated 
data visualization capabilities. They include combination charts, secondary axes, 
specialized chart types, and advanced formatting techniques essential for complex 
engineering data presentation.
Why Advanced Charts Matter:
Complex Data Relationships:
ω 5ƛǎǇƭŀȅ ƳǳƭǘƛǇƭŜ Řŀǘŀ ǘȅǇŜǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ όŜΦƎΦΣ ǾƻƭǘŀƎŜ ŀƴŘ ŎǳǊǊŜƴǘύ
ω {Ƙƻǿ Řŀǘŀ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎ ƻƴ ǎŀƳŜ ŎƘŀǊǘ
ω ±ƛǎǳŀƭƛȊŜ ŎƻǊǊŜƭŀǘƛƻƴǎ ŀƴŘ ǇŀǘǘŜǊƴǎ
ω /ƻƳǇŀǊŜ ŀŎǘǳŀƭ ǾǎΦ ǘŀǊƎŜǘ ǾŀƭǳŜǎ
Professional Communication:
ω tǳōƭƛŎŀǘƛƻƴ-quality graphics for technical papers
ω 9ȄŜŎǳǘƛǾŜ ŘŀǎƘōƻŀǊŘǎ ǿƛǘƘ ƳǳƭǘƛǇƭŜ ƳŜǘǊƛŎǎ
ω /ƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎ ƛƴ ǎƛƴƎƭŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴ
ω 9ƴƘŀƴŎŜŘ ŎƭŀǊƛǘȅ ŦƻǊ ŎƻƳǇƭŜȄ ŘŀǘŀǎŜǘǎ



Introduction to Advanced Charts

Engineering Applications:
ω Dual-axis charts:Voltage and current on same time axis
ω Combo charts:Actual values (columns) vs. targets (line)
ω Scatter with trendlines:Correlation analysis, calibration curves
ω Dynamic charts:Update automatically with new data
ω Sparklines:Compact trend visualization in cells
Advanced Chart Types:
1. Combo Charts:
ω /ƻƳōƛƴŜ ŘƛŦŦŜǊŜƴǘ ŎƘŀǊǘ ǘȅǇŜǎ όŜΦƎΦΣ ŎƻƭǳƳƴ Ҍ ƭƛƴŜύ
ω {Ƙƻǿ ǊŜƭŀǘŜŘ Řŀǘŀ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƴŜŜŘǎ
ω 9ȄŀƳǇƭŜΥ aƻƴǘƘƭȅ ǎŀƭŜǎ όŎƻƭǳƳƴǎύ ǿƛǘƘ ŎǳƳǳƭŀǘƛǾŜ ǘƻǘŀƭ όƭƛƴŜύ
2. Secondary Axis Charts:
ω ¢ǿƻ ǾŀƭǳŜ ŀȄŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎ
ω /ƻƳǇŀǊŜ Řŀǘŀ ǿƛǘƘ Ǿŀǎǘƭȅ ŘƛŦŦŜǊŜƴǘ ƳŀƎƴƛǘǳŘŜǎ
ω 9ȄŀƳǇƭŜΥ ±ƻƭǘŀƎŜ όл-10V) and power (0-100W) vs. time
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3. Advanced Scatter Charts:
ω aǳƭǘƛǇƭŜ ǎŜǊƛŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƳŀǊƪŜǊǎ
ω ¢ǊŜƴŘƭƛƴŜǎ ǿƛǘƘ Ŝǉǳŀǘƛƻƴǎ ŀƴŘ R²values
ω [ƻƎŀǊƛǘƘƳƛŎ ǎŎŀƭŜǎ ŦƻǊ ǿƛŘŜ-range data
ω 9ȄŀƳǇƭŜΥ L-V characteristics of multiple diodes
4. Waterfall Charts:
ω {Ƙƻǿ ŎǳƳǳƭŀǘƛǾŜ ŜŦŦŜŎǘ ƻŦ ǎŜǉǳŜƴǘƛŀƭ ǾŀƭǳŜǎ
ω ±ƛǎǳŀƭƛȊŜ Ƙƻǿ ƛƴƛǘƛŀƭ ǾŀƭǳŜ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ǇƻǎƛǘƛǾŜκƴŜƎŀǘƛǾŜ ŎƘŀƴƎŜǎ
ω 9ȄŀƳǇƭŜΥ .ǳŘƎŜǘ ōǊŜŀƪŘƻǿƴ ǎƘƻǿƛƴƎ ŀŘŘƛǘƛƻƴǎ ŀƴŘ ǎǳōǘǊŀŎǘƛƻƴǎ
5. Box and Whisker Plots:
ω 5ƛǎǇƭŀȅ ǎǘŀǘƛǎǘƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ όǉǳŀǊǘƛƭŜǎΣ ƳŜŘƛŀƴΣ ƻǳǘƭƛŜǊǎύ
ω /ƻƳǇŀǊŜ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀŎǊƻǎǎ ŎŀǘŜƎƻǊƛŜǎ
ω 9ȄŀƳǇƭŜΥ aŜŀǎǳǊŜƳŜƴǘ ǾŀǊƛŀōƛƭƛǘȅ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ǘŜǎǘ ƳŜǘƘƻŘǎ
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6. Histogram:
ω {Ƙƻǿ ŦǊŜǉǳŜƴŎȅ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ Ŏƻƴǘƛƴǳƻǳǎ Řŀǘŀ
ω LŘŜƴǘƛŦȅ Řŀǘŀ ǇŀǘǘŜǊƴǎ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴǎ
ω 9ȄŀƳǇƭŜΥ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǊŜǎƛǎǘƻǊ ǾŀƭǳŜǎ ƛƴ ǇǊƻŘǳŎǘƛƻƴ ōŀǘŎƘ
7. Pareto Charts:
ω /ƻƳōƛƴŀǘƛƻƴ ƻŦ ŎƻƭǳƳƴ ŀƴŘ ƭƛƴŜ ŎƘŀǊǘ
ω {Ƙƻǿ ƛƴŘƛǾƛŘǳŀƭ ǾŀƭǳŜǎ ŀƴŘ ŎǳƳǳƭŀǘƛǾŜ ǇŜǊŎŜƴǘŀƎŜ
ω 9ȄŀƳǇƭŜΥ 5ŜŦŜŎǘ ŀƴŀƭȅǎƛǎ όулκнл ǊǳƭŜύ
8. Sparklines:
ω aƛƴƛŀǘǳǊŜ ŎƘŀǊǘǎ ǿƛǘƘƛƴ ŎŜƭƭǎ
ω {Ƙƻǿ ǘǊŜƴŘǎ ǿƛǘƘƻǳǘ Ŧǳƭƭ ŎƘŀǊǘ
ω 9ȄŀƳǇƭŜΥ vǳƛŎƪ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ ǿŜŜƪƭȅ ƳŜŀǎǳǊŜƳŜƴǘǎ
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Advanced Formatting Techniques:
Multiple Data Series:
ω 5ƛŦŦŜǊŜƴǘ ŎƻƭƻǊǎΣ ƳŀǊƪŜǊǎΣ ŀƴŘ ƭƛƴŜ ǎǘȅƭŜǎ
ω /ǳǎǘƻƳ ŦƻǊƳŀǘǘƛƴƎ ŦƻǊ ŜŀŎƘ ǎŜǊƛŜǎ
ω {ǘǊŀǘŜƎƛŎ ǳǎŜ ƻŦ ŜƳǇƘŀǎƛǎ
Error Bars:
ω 5ƛǎǇƭŀȅ ƳŜŀǎǳǊŜƳŜƴǘ ǳƴŎŜǊǘŀƛƴǘȅ
ω {ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΣ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊΣ ƻǊ ŎǳǎǘƻƳ ǾŀƭǳŜǎ
ω 9ǎǎŜƴǘƛŀƭ ŦƻǊ ǎŎƛŜƴǘƛŦƛŎ Řŀǘŀ ǇǊŜǎŜƴǘŀǘƛƻƴ
Trendlines and Equations:
ω [ƛƴŜŀǊΣ ǇƻƭȅƴƻƳƛŀƭΣ ŜȄǇƻƴŜƴǘƛŀƭΣ ƭƻƎŀǊƛǘƘƳƛŎ
ω 5ƛǎǇƭŀȅ Ŝǉǳŀǘƛƻƴ ŀƴŘ R²value
ω CƻǊŜŎŀǎǘ ŦǳǘǳǊŜ ǾŀƭǳŜǎ
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Reference Lines:
ω IƻǊƛȊƻƴǘŀƭκǾŜǊǘƛŎŀƭ ƭƛƴŜǎ ŦƻǊ ǘŀǊƎŜǘǎ ƻǊ ƭƛƳƛǘǎ
ω {ƘŀŘŜŘ ǊŜƎƛƻƴǎ ŦƻǊ ŀŎŎŜǇǘŀōƭŜ ǊŀƴƎŜǎ
ω {ǇŜŎƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘǎ ǾƛǎǳŀƭƛȊŀǘƛƻƴ
Dynamic Elements:
ω /ƘŀǊǘǎ ǘƘŀǘ ǳǇŘŀǘŜ ǿƛǘƘ Řŀǘŀ ŎƘŀƴƎŜǎ
ω bŀƳŜŘ ǊŀƴƎŜǎ ŦƻǊ ŦƭŜȄƛōƛƭƛǘȅ
ω LƴǘŜǊŀŎǘƛǾŜ ŜƭŜƳŜƴǘǎ
Course Objectives:
ω aŀǎǘŜǊ ŎƻƳōƛƴŀǘƛƻƴ ŀƴŘ Řǳŀƭ-axis charts
ω /ǊŜŀǘŜ ǎŎŀǘǘŜǊ Ǉƭƻǘǎ ǿƛǘƘ ŀŘǾŀƴŎŜŘ ŀƴŀƭȅǎƛǎ
ω !ǇǇƭȅ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘŀǊǘ ǘȅǇŜǎ ŦƻǊ ŎƻƳǇƭŜȄ Řŀǘŀ
ω CƻǊƳŀǘ ŎƘŀǊǘǎ ǇǊƻŦŜǎǎƛƻƴŀƭƭȅ ŦƻǊ ŜƴƎƛƴŜŜǊƛƴƎ ŘƻŎǳƳŜƴǘŀǘƛƻƴ
ω LƳǇƭŜƳŜƴǘ ŘȅƴŀƳƛŎ ŀƴŘ ƛƴǘŜǊŀŎǘƛǾŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴǎ
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Key Principle:
Choose chart complexity appropriate to your message. Advanced charts should clarify, 
not confuse. Use advanced features only when they add genuine value to data 
understanding.



Combination Charts and Secondary Axes

Combination (Combo) Charts:
Combine two or more chart types in single chart to display related data with different 
visualization needs.
Common Combinations:
ω /ƻƭǳƳƴ Ҍ [ƛƴŜ
ω .ŀǊ Ҍ [ƛƴŜ
ω !ǊŜŀ Ҍ [ƛƴŜ
ω {ǘŀŎƪŜŘ /ƻƭǳƳƴ Ҍ [ƛƴŜ
When to Use Combo Charts:
Different Data Types:
ω !Ŏǘǳŀƭ ǾŀƭǳŜǎ όŎƻƭǳƳƴǎύ ǾǎΦ ǘŀǊƎŜǘ ƻǊ ŀǾŜǊŀƎŜ όƭƛƴŜύ
ω LƴŘƛǾƛŘǳŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ όŎƻƭǳƳƴǎύ ǾǎΦ ŎǳƳǳƭŀǘƛǾŜ ǘƻǘŀƭ όƭƛƴŜύ
ω 5ƛǎŎǊŜǘŜ ŎŀǘŜƎƻǊƛŜǎ όŎƻƭǳƳƴǎύ ǾǎΦ Ŏƻƴǘƛƴǳƻǳǎ ǘǊŜƴŘ όƭƛƴŜύ



Combination Charts and Secondary Axes

Emphasis:
ω IƛƎƘƭƛƎƘǘ ƻƴŜ Řŀǘŀ ǎŜǊƛŜǎ ŘƛŦŦŜǊŜƴǘƭȅ
ω 5Ǌŀǿ ŀǘǘŜƴǘƛƻƴ ǘƻ ŎƻƳǇŀǊƛǎƻƴ ƻǊ ǊŜƭŀǘƛƻƴǎƘƛǇ
ω {Ƙƻǿ ŎƻƴǘŜȄǘ ŦƻǊ ǇǊƛƳŀǊȅ Řŀǘŀ
Creating Combo Chart:
Method 1 - Insert Combo Chart:
1. Select data range including all series
2. LƴǎŜǊǘ ǘŀō Ҧ /ƘŀǊǘǎ ƎǊƻǳǇ Ҧ LƴǎŜǊǘ /ƻƳōƻ /ƘŀǊǘ
3. Choose preset combo type: 
ÅClustered Column - Line
ÅClustered Column - Line on Secondary Axis

4. Chart appears with combination of types
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Method 2 - Change Existing Chart:
1. Create standard chart (e.g., column chart with multiple series)
2. Select chart
3. /ƘŀǊǘ 5ŜǎƛƎƴ ǘŀō Ҧ /ƘŀƴƎŜ /ƘŀǊǘ ¢ȅǇŜ
4. Choose Combo from chart type list
5. For each series, select chart type from dropdown
6. Check "Secondary Axis" box for series needing different scale
7. Click OK
Method 3 - Change Individual Series:
1. Select specific data series in chart (click on bars/line)
2. Right-ŎƭƛŎƪ Ҧ /ƘŀƴƎŜ {ŜǊƛŜǎ /ƘŀǊǘ ¢ȅǇŜ
3. Choose new chart type for that series
4. Repeat for other series as needed
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Example - Actual vs. Target:
Data:

Chart:
ω !Ŏǘǳŀƭ hǳǘǇǳǘΥ /ƻƭǳƳƴǎ όōƭǳŜύ
ω ¢ŀǊƎŜǘΥ [ƛƴŜ ǿƛǘƘ ƳŀǊƪŜǊǎ όǊŜŘύ
ω /ƭŜŀǊƭȅ ǎƘƻǿǎ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ǘŀǊƎŜǘ
Secondary Axis:
Used when data series have vastly different scales or units.
When to Use Secondary Axis:
Different Scales:
ω hƴŜ ǎŜǊƛŜǎΥ л-10 range
ω !ƴƻǘƘŜǊ ǎŜǊƛŜǎΥ л-1000 range
ω ²ƛǘƘƻǳǘ ǎŜŎƻƴŘŀǊȅ ŀȄƛǎΣ ǎƳŀƭƭ ǾŀƭǳŜǎ ŀǇǇŜŀǊ Ŧƭŀǘ
Different Units:
ω ±ƻƭǘŀƎŜ ό±ύ ŀƴŘ tƻǿŜǊ ό²ύ
ω ¢ŜƳǇŜǊŀǘǳǊŜ ό°C) and Pressure (kPa)
ω /ǳǊǊŜƴǘ όƳ!ύ ŀƴŘ wŜǎƛǎǘŀƴŎŜ όƪʍ)
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Example - Actual vs. Target:
Data:

Chart:
ω !Ŏǘǳŀƭ hǳǘǇǳǘΥ /ƻƭǳƳƴǎ όōƭǳŜύ
ω ¢ŀǊƎŜǘΥ [ƛƴŜ ǿƛǘƘ ƳŀǊƪŜǊǎ όǊŜŘύ
ω /ƭŜŀǊƭȅ ǎƘƻǿǎ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ǘŀǊƎŜǘ
Secondary Axis:
Used when data series have vastly different scales or units.
When to Use Secondary Axis:
Different Scales:
ω hƴŜ ǎŜǊƛŜǎΥ л-10 range
ω !ƴƻǘƘŜǊ ǎŜǊƛŜǎΥ л-1000 range
ω ²ƛǘƘƻǳǘ ǎŜŎƻƴŘŀǊȅ ŀȄƛǎΣ ǎƳŀƭƭ ǾŀƭǳŜǎ ŀǇǇŜŀǊ Ŧƭŀǘ
Different Units:
ω ±ƻƭǘŀƎŜ ό±ύ ŀƴŘ tƻǿŜǊ ό²ύ
ω ¢ŜƳǇŜǊŀǘǳǊŜ ό°C) and Pressure (kPa)
ω /ǳǊǊŜƴǘ όƳ!ύ ŀƴŘ wŜǎƛǎǘŀƴŎŜ όƪʍ)
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Creating Secondary Axis:
Method 1 - During Chart Creation:
1. LƴǎŜǊǘ Ҧ /ƻƳōƻ /ƘŀǊǘ Ҧ /ƭǳǎǘŜǊŜŘ /ƻƭǳƳƴ - Line on Secondary Axis
2. Excel automatically assigns line series to secondary axis
Method 2 - Add to Existing Chart:
1. Select data series to move to secondary axis
2. Right-ŎƭƛŎƪ Ҧ CƻǊƳŀǘ 5ŀǘŀ {ŜǊƛŜǎ
3. {ŜǊƛŜǎ hǇǘƛƻƴǎ Ҧ {ŜŎƻƴŘŀǊȅ !Ȅƛǎ όǊŀŘƛƻ ōǳǘǘƻƴύ
4. Secondary axis appears on right side
Method 3 - Change Chart Type:
1. /ƘŀǊǘ 5ŜǎƛƎƴ Ҧ /ƘŀƴƎŜ /ƘŀǊǘ ¢ȅǇŜ Ҧ /ƻƳōƻ
2. Check "Secondary Axis" box for appropriate series
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Formatting Secondary Axis:
1. Click secondary axis (right side) to 

select
2. Right-ŎƭƛŎƪ Ҧ CƻǊƳŀǘ !Ȅƛǎ
3. Set bounds, units, number format 

independently
4. Add secondary axis title: Chart 
5ŜǎƛƎƴ Ҧ !ŘŘ /ƘŀǊǘ 9ƭŜƳŜƴǘ Ҧ 
!Ȅƛǎ ¢ƛǘƭŜǎ Ҧ {ŜŎƻƴŘŀǊȅ ±ŜǊǘƛŎŀƭ

Example - Voltage and Power vs. Time:
Data:

Chart Setup:
ω ±ƻƭǘŀƎŜΥ [ƛƴŜ ŎƘŀǊǘ ƻƴ ǇǊƛƳŀǊȅ ŀȄƛǎ όƭŜŦǘΣ л-5Vscale)
ω tƻǿŜǊΥ [ƛƴŜ ŎƘŀǊǘ ƻƴ ǎŜŎƻƴŘŀǊȅ ŀȄƛǎ όǊƛƎƘǘΣ л-25Wscale)
ω .ƻǘƘ ǎŜǊƛŜǎ ǾƛǎƛōƭŜ ŀƴŘ ǊŜŀŘŀōƭŜ
ω 5ƛŦŦŜǊŜƴǘ ŎƻƭƻǊǎ ŀƴŘ ƳŀǊƪŜǊǎ ŦƻǊ ŘƛǎǘƛƴŎǘƛƻƴ
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Best Practices:
Visual Clarity:
ω ¦ǎŜ ŘƛŦŦŜǊŜƴǘ ŎƘŀǊǘ ǘȅǇŜǎ ŦƻǊ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ǎŜǊƛŜǎ όŜΦƎΦΣ ŎƻƭǳƳƴ Ҍ ƭƛƴŜύ
ω 5ƛǎǘƛƴŎǘ ŎƻƭƻǊǎ ŦƻǊ ŜŀŎƘ ŀȄƛǎ όƳŀǘŎƘ ŀȄƛǎ ŎƻƭƻǊ ǘƻ ǎŜǊƛŜǎ ŎƻƭƻǊύ
ω /ƭŜŀǊ ŀȄƛǎ ǘƛǘƭŜǎ ǿƛǘƘ ǳƴƛǘǎ
ω [ŜƎŜƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ŜŀŎƘ ǎŜǊƛŜǎ
Axis Formatting:
ω {Ŝǘ ŀǇǇǊƻǇǊƛŀǘŜ ƳƛƴκƳŀȄ ōƻǳƴŘǎ ŦƻǊ ŜŀŎƘ ŀȄƛǎ
ω !ƭƛƎƴ ȊŜǊƻ Ǉƻƛƴǘǎ ƛŦ ƳŜŀƴƛƴƎŦǳƭ
ω ¦ǎŜ ŎƻƴǎƛǎǘŜƴǘ ƛƴǘŜǊǾŀƭǎ
ω /ƻƴǎƛŘŜǊ ƭƻƎŀǊƛǘƘƳƛŎ ǎŎŀƭŜ ƛŦ ƴŜŜŘŜŘ
Avoid Confusion:
ω [ƛƳƛǘ ǘƻ н-3 data series total
ω 5ƻƴϥǘ ǳǎŜ ǎŜŎƻƴŘŀǊȅ ŀȄƛǎ ǳƴƭŜǎǎ ƴŜŎŜǎǎŀǊȅ
ω /ƭŜŀǊƭȅ ƭŀōŜƭ ǿƘƛŎƘ ǎŜǊƛŜǎ ǳǎŜǎ ǿƘƛŎƘ ŀȄƛǎ
ω /ƻƴǎƛŘŜǊ ǎŜǇŀǊŀǘŜ ŎƘŀǊǘǎ ƛŦ ǊŜƭŀǘƛƻƴǎƘƛǇ ǳƴŎƭŜŀǊ
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Engineering Application - RC Circuit Analysis:
Scenario:Plot voltage and current during capacitor charging
Data:
ω ¢ƛƳŜΥ л-5 seconds
ω ±ƻƭǘŀƎŜΥ л-5V(exponential rise)
ω /ǳǊǊŜƴǘΥ рлл-0 µA (exponential decay)
Chart:
ω tǊƛƳŀǊȅ ŀȄƛǎ όƭŜŦǘύΥ ±ƻƭǘŀƎŜ ό±ύΣ л-5Vscale, blue line
ω {ŜŎƻƴŘŀǊȅ ŀȄƛǎ όǊƛƎƘǘύΥ /ǳǊǊŜƴǘ όҡ!ύΣ 0-500µAscale, red line
ω ·-axis: Time (s)
ω {Ƙƻǿǎ ƛƴǾŜǊǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǾƻƭǘŀƎŜ ŀƴŘ ŎǳǊǊŜƴǘ
Formula Integration:
ω ±ƻƭǘŀƎŜ ŎŀƭŎǳƭŀǘŜŘΥ Ґрϝόм-EXP(-A2/1))
ω /ǳǊǊŜƴǘ ŎŀƭŎǳƭŀǘŜŘΥ Ґрллϝ9·tό-A2/1)
ω /ƘŀǊǘ ǳǇŘŀǘŜǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǿƛǘƘ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ŎƘŀƴƎŜǎ
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Common Mistakes to Avoid:
ω ¦ǎƛƴƎ ǎŜŎƻƴŘŀǊȅ ŀȄƛǎ ǿƘŜƴ ƴƻǘ ƴŜŜŘŜŘ όŎǊŜŀǘŜǎ ŎƻƴŦǳǎƛƻƴύ
ω aƛǎƳŀǘŎƘŜŘ ŀȄƛǎ ǎŎŀƭŜǎ ŎŀǳǎƛƴƎ ƳƛǎƭŜŀŘƛƴƎ Ǿƛǎǳŀƭ ŎƻƳǇŀǊƛǎƻƴǎ
ω ¢ƻƻ Ƴŀƴȅ ǎŜǊƛŜǎ όҔоύ ƳŀƪƛƴƎ ŎƘŀǊǘ ŎƭǳǘǘŜǊŜŘ
ω ¦ƴŎƭŜŀǊ ƭŀōŜƭƛƴƎ ƻŦ ǿƘƛŎƘ ǎŜǊƛŜǎ ǳǎŜǎ ǿƘƛŎƘ ŀȄƛǎ
ω LƴŎƻƴǎƛǎǘŜƴǘ ŦƻǊƳŀǘǘƛƴƎ ōŜǘǿŜŜƴ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ŜƭŜƳŜƴǘǎ



Advanced Scatter Charts and Trendline Analysis
Advanced Scatter Chart Techniques:
Multiple Data Series:
Display multiple relationships on same scatter chart for 
comparison.
Creating Multi-Series Scatter Chart:
1. Organize data with X-values in first column, 

multiple Y-series in subsequent columns
2. Select entire data range including headers
3. LƴǎŜǊǘ Ҧ {ŎŀǘǘŜǊ /ƘŀǊǘ
4. Each Y-column becomes separate series with 

unique color/marker

Example - Diode Comparison:
Data:

Chart:
ω ¢ƘǊŜŜ ǎŜǊƛŜǎ ό5ƛƻŘŜ !Σ .Σ /ύ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƳŀǊƪŜǊǎ
ω {Ƙƻǿǎ ŎƻƳǇŀǊŀǘƛǾŜ L-V characteristics
ω [ŜƎŜƴŘ ƛŘŜƴǘƛŦƛŜǎ ŜŀŎƘ ŘƛƻŘŜ
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Formatting Multiple Series:
1. Select individual series (click on data points)
2. Format Data Series pane
3. Customize for each series: 

Å Marker: Different shapes (circle, square, diamond, triangle)
Å Size:6-10 points for visibility
Å Fill:Distinct colors
Å Line:Different styles (solid, dashed, dotted) or no line

Advanced Trendline Options:
Adding Multiple Trendlines:
ω 9ŀŎƘ ǎŜǊƛŜǎ Ŏŀƴ ƘŀǾŜ ƛǘǎ ƻǿƴ ǘǊŜƴŘƭƛƴŜ
ω 5ƛŦŦŜǊŜƴǘ ǘǊŜƴŘƭƛƴŜ ǘȅǇŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǎŜǊƛŜǎ
ω /ƻƳǇŀǊŜ Ŧƛǘ ǉǳŀƭƛǘȅ ŀŎǊƻǎǎ ǎŜǊƛŜǎ
Trendline Types Review:
1. Linear (y = mx + b):
ω {ǘǊŀƛƎƘǘ ƭƛƴŜ
ω .Ŝǎǘ ŦƻǊΥ /ƻƴǎǘŀƴǘ ǊŀǘŜ ƻŦ ŎƘŀƴƎŜ
ω 9ȄŀƳǇƭŜΥ hƘƳϥǎ ƭŀǿ ό± Ґ Lwύ
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2. Exponential (y = ae^(bx)):
ω 9ȄǇƻƴŜƴǘƛŀƭ ƎǊƻǿǘƘ ƻǊ ŘŜŎŀȅ
ω .Ŝǎǘ ŦƻǊΥ w/κRLcircuits, radioactive decay
ω 9ȄŀƳǇƭŜΥ /ŀǇŀŎƛǘƻǊ ŎƘŀǊƎƛƴƎκŘƛǎŎƘŀǊƎƛƴƎ
3. Logarithmic (y = a ln(x) + b):
ω [ƻƎŀǊƛǘƘƳƛŎ ǊŜƭŀǘƛƻƴǎƘƛǇ
ω .Ŝǎǘ ŦƻǊΥ 5ƛƳƛƴƛǎƘƛƴƎ ǊŜǘǳǊƴǎΣ ǎŀǘǳǊŀǘƛƻƴ ŜŦŦŜŎǘǎ
ω 9ȄŀƳǇƭŜΥ {ŜƴǎƻǊ ǊŜǎǇƻƴǎŜ ŎǳǊǾŜǎ
4. Polynomial (y = ax^n+ bx^(n-1) + ... + c):
ω /ǳǊǾŜŘ ƭƛƴŜ ǿƛǘƘ ǇŜŀƪǎκǾŀƭƭŜȅǎ
ω hǊŘŜǊ н-6 (higher = more curves)
ω .Ŝǎǘ ŦƻǊΥ /ƻƳǇƭŜȄ ƴƻƴ-linear relationships
ω 9ȄŀƳǇƭŜΥ ¢ŜƳǇŜǊŀǘǳǊŜ-dependent resistance
5. Power (y = ax^b):
ω tƻǿŜǊ ǊŜƭŀǘƛƻƴǎƘƛǇ
ω .Ŝǎǘ ŦƻǊΥ tǊƻǇƻǊǘƛƻƴŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ŜȄǇƻƴŜƴǘ
ω 9ȄŀƳǇƭŜΥ tƻǿŜǊ ŘƛǎǎƛǇŀǘƛƻƴ όt Ґ I²R)
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Displaying Equation and R²:
1. Select trendline
2. Right-ŎƭƛŎƪ Ҧ CƻǊƳŀǘ ¢ǊŜƴŘƭƛƴŜ
3. Check boxes: 

ᵠDisplay Equation on chart
ᵠDisplay R-squared value on chart

4. Equation and R²appear on chart
Understanding R²(Coefficient of Determination):
ω wŀƴƎŜΥ л ǘƻ м
ω R²= 1.0:Perfect fit (all points on line)
ω R²= 0.9-1.0:Excellent fit
ω R²= 0.7-0.9:Good fit
ω R²< 0.7:Poor fit (consider different trendline type)
ω aŜŀǎǳǊŜǎ Ƙƻǿ ǿŜƭƭ ǘǊŜƴŘƭƛƴŜ ŜȄǇƭŀƛƴǎ Řŀǘŀ ǾŀǊƛŀǘƛƻƴ
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Using Trendline Equation:
Example - Sensor Calibration:
Data:Sensor output vs. known input
Trendline:Linear
Equation:y = 0.0485x+ 0.12
R²: 0.9987
Application:
ω ¦ǎŜ Ŝǉǳŀǘƛƻƴ ǘƻ ŎƻƴǾŜǊǘ ǎŜƴǎƻǊ ǊŜŀŘƛƴƎǎ ǘƻ ŀŎǘǳŀƭ ǾŀƭǳŜǎ
ω Lƴ 9ȄŎŜƭΥ ҐлΦлпурϝA2+0.12
ω IƛƎƘ R²confirms linear relationship and accurate calibration
Forecasting with Trendlines:
Extend trendline beyond data range to predict future values.
Steps:
1. Select trendline
2. CƻǊƳŀǘ ¢ǊŜƴŘƭƛƴŜ Ҧ CƻǊŜŎŀǎǘ
3. Enter periods: 

Å Forward:Extend into future
Å Backward:Extend into past

4. Trendline extends with dashed line
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Example:
ω IƛǎǘƻǊƛŎŀƭ ŘŀǘŀΥ мл ǘƛƳŜ Ǉƻƛƴǘǎ
ω CƻǊŜŎŀǎǘ ŦƻǊǿŀǊŘΥ о ǇŜǊƛƻŘǎ
ω ¢ǊŜƴŘƭƛƴŜ ŜȄǘŜƴŘǎ о Ǉƻƛƴǘǎ ōŜȅƻƴŘ ƭŀǎǘ Řŀǘŀ Ǉƻƛƴǘ
ω ¦ǎŜ ŦƻǊΥ ¢ǊŜƴŘ ǇǊƻƧŜŎǘƛƻƴΣ ǇǊŜŘƛŎǘƛƻƴ
Logarithmic Axes:
Essential for data spanning multiple orders of magnitude.
When to Use:
ω CǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ όмл IȊ ǘƻ м aIȊύ
ω tƻǿŜǊ ƳŜŀǎǳǊŜƳŜƴǘǎ όҡ² ǘƻ ²ύ
ω wŜǎƛǎǘŀƴŎŜ ǾŀƭǳŜǎ όʍ to Mʍύ
ω Any data spanning 3+ decades
Creating Logarithmic Scale:
1. Select axis (click on axis numbers)
2. Right-ŎƭƛŎƪ Ҧ CƻǊƳŀǘ !Ȅƛǎ
3. !Ȅƛǎ hǇǘƛƻƴǎ Ҧ [ƻƎŀǊƛǘƘƳƛŎ ǎŎŀƭŜ όŎƘŜŎƪ ōƻȄύ
4. Base: Usually 10 (default)
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Example - Frequency Response (Bode Plot):
ω ·-axis: Frequency (Hz) - Logarithmic scale
ω ¸-axis: Gain (dB) - Linear scale
ω {Ƙƻǿǎ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ŀŎǊƻǎǎ ǿƛŘŜ ǊŀƴƎŜ όмл IȊ - 100 kHz)
Error Bars:
Display uncertainty or variability in data.
Adding Error Bars:
1. Select data series
2. /ƘŀǊǘ 9ƭŜƳŜƴǘǎ όҌύ Ҧ 9ǊǊƻǊ .ŀǊǎ Ҧ aƻǊŜ hǇǘƛƻƴǎ
3. hǊ /ƘŀǊǘ 5ŜǎƛƎƴ Ҧ !ŘŘ /ƘŀǊǘ 9ƭŜƳŜƴǘ Ҧ 9ǊǊƻǊ .ŀǊǎ
Error Bar Types:
Fixed Value:
ω {ŀƳŜ ŜǊǊƻǊ ŀƳƻǳƴǘ ŦƻǊ ŀƭƭ Ǉƻƛƴǘǎ
ω 9ȄŀƳǇƭŜΥ ±0.05Vfor all measurements
Percentage:
ω 9ǊǊƻǊ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǾŀƭǳŜ
ω 9ȄŀƳǇƭŜΥ ±5% of measured value
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Standard Deviation:
ω .ŀǎŜŘ ƻƴ Řŀǘŀ ǾŀǊƛŀōƛƭƛǘȅ
ω {Ƙƻǿǎ ±1 standard deviation
Standard Error:
ω {ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ κ Ҟƴ
ω {Ƙƻǿǎ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴ ƳŜŀƴ
Custom:
ω {ǇŜŎƛŦȅ ŘƛŦŦŜǊŜƴǘ ŜǊǊƻǊ ŦƻǊ ŜŀŎƘ Ǉƻƛƴǘ
ω ¦ǎŜ ǊŀƴƎŜ ƻŦ ŎŜƭƭǎ ŎƻƴǘŀƛƴƛƴƎ ŜǊǊƻǊ ǾŀƭǳŜǎ
Engineering Application - Calibration Curve:
Scenario:Create calibration curve for temperature sensor
Data:10 known temperatures with 3 measurements each
Chart:Scatter plot with average values
Error Bars:Standard deviation of 3 measurements
Trendline:Linear with equation and R²
Analysis:
ω 9ǉǳŀǘƛƻƴΥ ȅ Ґ 0.0234x- 0.45, R²= 0.9995
ω 9ǊǊƻǊ ōŀǊǎ ǎƘƻǿ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜŎƛǎƛƻƴ
ω IƛƎƘ R²confirms excellent linearity
ω ¦ǎŜ Ŝǉǳŀǘƛƻƴ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǾŜǊǎƛƻƴ
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Best Practices:
ω ¦ǎŜ ŀǇǇǊƻǇǊƛŀǘŜ ǘǊŜƴŘƭƛƴŜ ǘȅǇŜ ŦƻǊ Řŀǘŀ ǊŜƭŀǘƛƻƴǎƘƛǇ
ω !ƭǿŀȅǎ ŘƛǎǇƭŀȅ R²to assess fit quality
ω ¢Ǌȅ ƳǳƭǘƛǇƭŜ ǘǊŜƴŘƭƛƴŜ ǘȅǇŜǎΣ ŎƘƻƻǎŜ ōŜǎǘ R²
ω ¦ǎŜ ƭƻƎŀǊƛǘƘƳƛŎ ǎŎŀƭŜǎ ŦƻǊ ǿƛŘŜ-range data
ω LƴŎƭǳŘŜ ŜǊǊƻǊ ōŀǊǎ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ
ω CƻǊƳŀǘ ƳŀǊƪŜǊǎ ŀƴŘ ƭƛƴŜǎ ŦƻǊ ŎƭŀǊƛǘȅ
ω [ŀōŜƭ ŀȄŜǎ ǿƛǘƘ ǳƴƛǘǎ
ω !ŘŘ ŘŜǎŎǊƛǇǘƛǾŜ ǘƛǘƭŜ ǿƛǘƘ ƪŜȅ ƛƴŦƻǊƳŀǘƛƻƴ
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Histogram:
Shows frequency distribution of continuous data.
Purpose:
ω ±ƛǎǳŀƭƛȊŜ Řŀǘŀ ŘƛǎǘǊƛōǳǘƛƻƴ
ω LŘŜƴǘƛŦȅ ǇŀǘǘŜǊƴǎ όƴƻǊƳŀƭΣ ǎƪŜǿŜŘΣ ōƛƳƻŘŀƭύ
ω 5ŜǘŜŎǘ ƻǳǘƭƛŜǊǎ
ω !ǎǎŜǎǎ ǇǊƻŎŜǎǎ ŎŀǇŀōƛƭƛǘȅ
Creating Histogram:
Method 1 - Built-in Histogram (Excel 2016+):
1. Select data range (single column of values)
2. LƴǎŜǊǘ ǘŀō Ҧ /ƘŀǊǘǎ ƎǊƻǳǇ Ҧ LƴǎŜǊǘ {ǘŀǘƛǎǘƛŎ /ƘŀǊǘ Ҧ IƛǎǘƻƎǊŀƳ
3. Excel automatically creates bins and counts frequency
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Method 2 - Data Analysis ToolPak:
1. 5ŀǘŀ ǘŀō Ҧ 5ŀǘŀ !ƴŀƭȅǎƛǎ Ҧ IƛǎǘƻƎǊŀƳ
2. Input Range: Select data
3. Bin Range: Optional (Excel creates automatic bins if blank)
4. Output options: New worksheet or range
5. Check "Chart Output"
Formatting Histogram:
ω !ŘƧǳǎǘ ōƛƴ ǿƛŘǘƘΥ wƛƎƘǘ-ŎƭƛŎƪ ōŀǊǎ Ҧ CƻǊƳŀǘ 5ŀǘŀ {ŜǊƛŜǎ Ҧ .ƛƴ ²ƛŘǘƘ
ω {Ŝǘ ƴǳƳōŜǊ ƻŦ ōƛƴǎΥ CƻǊƳŀǘ 5ŀǘŀ {ŜǊƛŜǎ Ҧ bǳƳōŜǊ ƻŦ ōƛƴǎ
ω wŜƳƻǾŜ ƎŀǇǎΥ CƻǊƳŀǘ 5ŀǘŀ {ŜǊƛŜǎ Ҧ DŀǇ ²ƛŘǘƘ Ҧ л҈
ω !ŘŘ ŀȄƛǎ ƭŀōŜƭǎ ŀƴŘ ǘƛǘƭŜ
Example - Resistor Value Distribution:
Data:100 measured resistor values (nominal мƪʍ)
Histogram:Shows distribution around млллʍ
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Analysis:
ω bƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŜƴǘŜǊŜŘ ŀǘ мллрʍ
ω {ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ǾƛǎƛōƭŜ ŦǊƻƳ ǎǇǊŜŀŘ
ω hǳǘƭƛŜǊǎ ǾƛǎƛōƭŜ ŀǎ ƛǎƻƭŀǘŜŘ ōŀǊǎ
ω vǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŀǎǎŜǎǎƳŜƴǘ
Box and Whisker Plot:
Displays statistical distribution showing quartiles, median, and outliers.
Components:
ω Box:Interquartile range (IQR) - 25th to 75th percentile
ω Line in Box:Median (50th percentile)
ω Whiskers:Extend to min/max within 1.5×IQR
ω Points:Outliers beyond whiskers
Creating Box and Whisker Plot:
1. Select data range (can include multiple columns for comparison)
2. LƴǎŜǊǘ ǘŀō Ҧ LƴǎŜǊǘ {ǘŀǘƛǎǘƛŎ /ƘŀǊǘ Ҧ .ƻȄ ŀƴŘ ²ƘƛǎƪŜǊ
3. Chart displays distribution for each data series
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When to Use:
ω /ƻƳǇŀǊŜ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀŎǊƻǎǎ ŎŀǘŜƎƻǊƛŜǎ
ω LŘŜƴǘƛŦȅ ƻǳǘƭƛŜǊǎ
ω !ǎǎŜǎǎ Řŀǘŀ ǎǇǊŜŀŘ ŀƴŘ ǎȅƳƳŜǘǊȅ
ω vǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ōŀǘŎƘŜǎ
Example - Measurement Method Comparison:
Data:Three columns (Method A, B, C) with 20 measurements each
Chart:Three box plots side-by-side
Analysis:
ω /ƻƳǇŀǊŜ ƳŜŘƛŀƴ ǾŀƭǳŜǎ όŎŜƴǘǊŀƭ ƭƛƴŜύ
ω /ƻƳǇŀǊŜ ǾŀǊƛŀōƛƭƛǘȅ όōƻȄ ƘŜƛƎƘǘύ
ω LŘŜƴǘƛŦȅ ƻǳǘƭƛŜǊǎ όƛƴŘƛǾƛŘǳŀƭ Ǉƻƛƴǘǎύ
ω {ŜƭŜŎǘ Ƴƻǎǘ ǇǊŜŎƛǎŜ ƳŜǘƘƻŘ
Waterfall Chart:
Shows cumulative effect of sequential positive and negative values.
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Purpose:
ω ±ƛǎǳŀƭƛȊŜ Ƙƻǿ ƛƴƛǘƛŀƭ ǾŀƭǳŜ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ǎŜǊƛŜǎ ƻŦ ŎƘŀƴƎŜǎ
ω {Ƙƻǿ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ŎƻƳǇƻƴŜƴǘǎ ǘƻ ǘƻǘŀƭ
ω .ǳŘƎŜǘ ŀƴŀƭȅǎƛǎΣ ǇǊƻŦƛǘκƭƻǎǎ ōǊŜŀƪŘƻǿƴ
Creating Waterfall Chart:
1. Organize data with categories and values (positive/negative)
2. Select data range
3. LƴǎŜǊǘ ǘŀō Ҧ LƴǎŜǊǘ ²ŀǘŜǊŦŀƭƭ ƻǊ {ǘƻŎƪ /ƘŀǊǘ Ҧ ²ŀǘŜǊŦŀƭƭ
4. Excel creates floating columns showing cumulative effect
Formatting:
ω {Ŝǘ ŀǎ ¢ƻǘŀƭΥ wƛƎƘǘ-ŎƭƛŎƪ ŎƻƭǳƳƴ Ҧ {Ŝǘ ŀǎ ¢ƻǘŀƭ όŎǊŜŀǘŜǎ ōŀǎŜƭƛƴŜ ŎƻƭǳƳƴύ
ω /ƻƭƻǊǎΥ LƴŎǊŜŀǎŜ όƎǊŜŜƴύΣ 5ŜŎǊŜŀǎŜ όǊŜŘύΣ ¢ƻǘŀƭ όōƭǳŜύ
ω /ƻƴƴŜŎǘƻǊ ƭƛƴŜǎΥ {Ƙƻǿ ŎǳƳǳƭŀǘƛǾŜ ǇǊƻƎǊŜǎǎƛƻƴ
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Example - Project Budget Breakdown:
Data:

Chart:Shows how budget is consumed by each 
category, ending at remaining amount
Pareto Chart:
Combination chart showing individual values 
(columns) and cumulative percentage (line).
Purpose:
ω LŘŜƴǘƛŦȅ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŦŀŎǘƻǊǎ όулκнл ǊǳƭŜύ
ω tǊƛƻǊƛǘƛȊŜ ƛƳǇǊƻǾŜƳŜƴǘ ŜŦŦƻǊǘǎ
ω vǳŀƭƛǘȅ ŎƻƴǘǊƻƭ - defect analysis
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Example - Defect Analysis:
Data (sorted by frequency):

Chart:
ω /ƻƭǳƳƴǎ ǎƘƻǿ ŘŜŦŜŎǘ Ŏƻǳƴǘǎ
ω [ƛƴŜ ǎƘƻǿǎ ŎǳƳǳƭŀǘƛǾŜ ǇŜǊŎŜƴǘŀƎŜ
ω CƛǊǎǘ ǘǿƻ ŘŜŦŜŎǘǎ ŀŎŎƻǳƴǘ ŦƻǊ то҈ ƻŦ ǘƻǘŀƭ όŦƻŎǳǎ ƛƳǇǊƻǾŜƳŜƴǘ 
here)
Sunburst Chart:
Hierarchical data visualization showing proportions at multiple 
levels.
Purpose:
ω 5ƛǎǇƭŀȅ ƘƛŜǊŀǊŎƘƛŎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ
ω {Ƙƻǿ ǇǊƻǇƻǊǘƛƻƴǎ ǿƛǘƘƛƴ ŎŀǘŜƎƻǊƛŜǎ ŀƴŘ ǎǳōŎŀǘŜƎƻǊƛŜǎ
ω aǳƭǘƛ-level data breakdown

Creating Pareto Chart:
1.Organize data with categories and values (sorted descending by value)
2.Select data range
3.LƴǎŜǊǘ ǘŀō Ҧ LƴǎŜǊǘ {ǘŀǘƛǎǘƛŎ /ƘŀǊǘ Ҧ tŀǊŜǘƻ
4.Excel creates column chart with cumulative percentage line
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Creating Sunburst Chart:
1. Organize data hierarchically (parent-child relationships)
2. Select data range
3. LƴǎŜǊǘ ǘŀō Ҧ LƴǎŜǊǘ IƛŜǊŀǊŎƘȅ /ƘŀǊǘ Ҧ {ǳƴōǳǊǎǘ
4. Inner ring = top level, outer rings = subcategories
Example - Project Cost Breakdown:
ω /ŜƴǘŜǊΥ ¢ƻǘŀƭ ǇǊƻƧŜŎǘ
ω LƴƴŜǊ ǊƛƴƎΥ aŀƧƻǊ ŎŀǘŜƎƻǊƛŜǎ όIŀǊŘǿŀǊŜΣ {ƻŦǘǿŀǊŜΣ [ŀōƻǊύ
ω hǳǘŜǊ ǊƛƴƎΥ {ǳōŎŀǘŜƎƻǊƛŜǎ όtǊƻŎŜǎǎƻǊǎΣ aŜƳƻǊȅΣ {ǘƻǊŀƎŜ ǳƴŘŜǊ IŀǊŘǿŀǊŜύ
TreemapChart:
Hierarchical data displayed as nested rectangles.
Purpose:
ω {ƛƳƛƭŀǊ ǘƻ ǎǳƴōǳǊǎǘ ōǳǘ ǊŜŎǘŀƴƎǳƭŀǊ ƭŀȅƻǳǘ
ω {Ƙƻǿ ǇǊƻǇƻǊǘƛƻƴǎ ŀƴŘ ƘƛŜǊŀǊŎƘƛŜǎ
ω /ƻƳǇŀǊŜ ǎƛȊŜǎ Ǿƛǎǳŀƭƭȅ
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Creating Treemap:
1. Organize hierarchical data
2. LƴǎŜǊǘ ǘŀō Ҧ LƴǎŜǊǘ IƛŜǊŀǊŎƘȅ /ƘŀǊǘ Ҧ Treemap
3. Rectangle size proportional to value
Funnel Chart:
Shows progressive reduction through stages.
Purpose:
ω ±ƛǎǳŀƭƛȊŜ ǇǊƻŎŜǎǎ ǿƛǘƘ ǎŜǉǳŜƴǘƛŀƭ ǎǘŀƎŜǎ
ω {Ƙƻǿ ŎƻƴǾŜǊǎƛƻƴ ǊŀǘŜǎ
ω LŘŜƴǘƛŦȅ ōƻǘǘƭŜƴŜŎƪǎ
Example - Manufacturing Yield:
ω {ǘŀƎŜ мΥ мллл ǳƴƛǘǎ ǎǘŀǊǘŜŘ
ω {ǘŀƎŜ нΥ фрл ǇŀǎǎŜŘ ƛƴǎǇŜŎǘƛƻƴ
ω {ǘŀƎŜ оΥ фнл ǇŀǎǎŜŘ ǘŜǎǘƛƴƎ
ω {ǘŀƎŜ пΥ флл ǎƘƛǇǇŜŘ
ω /ƘŀǊǘ ǎƘƻǿǎ ƴŀǊǊƻǿƛƴƎ ŦǳƴƴŜƭ ǿƛǘƘ ȅƛŜƭŘ ŀǘ ŜŀŎƘ ǎǘŀƎŜ


