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Understanding Experimental 
Error: A Practical Guide

In experimental science, understanding and managing error is 

fundamental to producing reliable and accurate results. This 

presentation provides a practical overview of the types of errors 

encountered in laboratory settings and strategies for their mitigation.
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The Fundamental Types of 
Experimental Error

Random (Indeterminate) Error

Affects precision, causing deviations in 

both directions. While it cannot be 

eliminated, it can be reduced through 

the use of more precise equipment and 

meticulous techniques.

Systematic (Determinate) Error

Affects accuracy, causing consistent 

deviation in one direction (readings 

consistently too high or too low). This 

type of error can often be identified 

and eliminated.

Gross Errors

These are easily recognised as they 

involve a major breakdown in the 

analytical process, such as spilt 

samples or incorrect reagent dilutions. 

They are typically detectable by 

performing sufficient replicate 

measurements.
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Dissecting Systematic Error: Key Sources

Instrument Errors

Arise from uncalibrated or improperly 

maintained equipment, from 

volumetric flasks to electronic 

spectrometers. Regular calibration is 

essential.

Method Errors

Introduced when the underlying 

assumptions about the relationship 

between the signal and the analyte are 

invalid or when the experimental 

procedure itself is flawed.

Sampling Errors

Occur when the method of sample 

collection does not yield a 

representative sample of the material 

being analysed, leading to skewed 

results.

Personal Errors

Stem from human factors, such as 

misreading an instrument or going past 

the equivalence point in a titration. 

These are often due to human 

oversight or technique.

Understanding these distinct sources allows for targeted approaches to minimise their impact on experimental outcomes.
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Systematic Error: Constant vs. Proportional

Constant Systematic Error

This error type has a fixed magnitude regardless of the sample size or 

analyte concentration. For example, an uncalibrated burette might 

consistently add an extra 0.05 mL, which becomes less significant for larger 

volume measurements.
Minimising instrumental errors is crucial here, through frequent 

recalibration and diligent equipment maintenance.

Proportional Systematic Error

The magnitude of this error is directly proportional to the size of the 

measurement. For instance, a 2% impurity in a sample will introduce an error 

that is 2% of the measured value, making it equally significant across all 

measurement scales.

Method errors are often the most challenging to minimise, as they involve 

complex interactions and may require in-depth validation to uncover the 

"true" value.
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Mitigating Error: Strategies for Enhanced Data 
Quality

Instrumental Accuracy

Ensure all equipment, from 

glassware to advanced analytical 

instruments, undergoes frequent 

and rigorous calibration and 

maintenance. This directly counters 

instrumental errors.

Personal Proficiency

Minimise human error through 

careful technique, adherence to 

protocols, and self-discipline. 

Training and regular practice are 

key to improving individual 

measurement consistency.

Methodological Review

Thoroughly evaluate and validate 

experimental methods. This is often 

the most difficult area, as it requires 

challenging assumptions and 

rigorous testing to ensure the 

method accurately reflects the 

phenomenon being studied.

By focusing on these areas, researchers can significantly improve the reliability and trustworthiness of their experimental data.
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Precision vs. Accuracy: Defining 
Data Quality

Precision
Describes how closely individual measurements agree with each other. It reflects 

the reproducibility of your method and how carefully the measurements were 

taken.

• Repeatability: Precision under identical conditions (same analyst, day, 

equipment).

• Reproducibility: Precision under varied conditions (different days or analysts).

Accuracy
Refers to how close a measured value is to the true or accepted value. A highly 

accurate measurement is free from systematic errors.

Accuracy is achieved when both random and systematic errors are minimised, 

ensuring the measured value reflects the true value as closely as possible.
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Visualising Precision and Accuracy

Consider these visual analogies to grasp the difference between precision and accuracy:

Low Accuracy, Low Precision

Measurements are far from the target 

and not close to each other.

High Precision, Low Accuracy

Measurements are close to each other, 

but consistently miss the true value.

High Accuracy, High Precision

Measurements are close to the true 

value and also close to each other.
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The Impact of Error on Experimental Outcomes

Understanding the nuances of random and systematic errors is vital because 

each type impacts experimental data differently:

• Random Error: While unavoidable, its presence increases the spread of your 

data, making it harder to discern true effects. It primarily affects the 

precision of your results. Good experimental design and repeated 

measurements can help average out random fluctuations.

• Systematic Error: This type of error shifts all your measurements in a 

consistent direction, directly impacting the accuracy of your findings. If 

undetected, systematic errors can lead to incorrect conclusions, even if 

your measurements are highly precise.

Always aim for both high precision and high accuracy to ensure your 

experimental data is both reliable and valid.
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Key Takeaways: Mastering Error 
in the Lab

Differentiate Error Types

Recognise random, systematic, and gross errors to apply appropriate 

corrective actions.

Implement Mitigation Strategies

Regular calibration, meticulous technique, and rigorous method 

validation are crucial.

Strive for Both Precision and Accuracy

Understand that both are essential for credible and reproducible 

scientific results.

By diligently addressing experimental error, we uphold the integrity of scientific 

inquiry and advance our understanding of the world.
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Defining Accuracy: Closeness to the Truth

What is Accuracy?

Accuracy indicates how close a 

measurement is to its true or accepted 

value. It is typically expressed by the 

error in the measurement.

Absolute Error (E)

The absolute error, E, in the 

measurement of a quantity xi is given 

by:

where xt represents the true value.

Relative Error (Er)

Often, the relative error, Er, is a more 

useful quantity than the absolute error, 

providing a percentage deviation from 

the true value:

Accuracy measures the agreement between a result and its true value, a critical aspect of reliable experimental work.
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Precision: The Reproducibility of 
Measurements

Definition

Precision refers to the closeness of two or more measurements to each other. It 

reflects the reproducibility of the measurement process, regardless of how close 

they are to the true value.

Key Aspect

High precision means that repeated measurements under the same conditions 

yield very similar results. This consistency is vital for data reliability.

While accuracy targets the bullseye, precision ensures your darts consistently land in 

the same spot, even if it's not the bullseye itself.
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Accuracy vs. Precision: A Paracetamol Example
Consider a batch of paracetamol tablets stated to contain 500 mg of paracetamol. Four students 

analysed the tablets, with the true content being 100% of the stated value. Let's examine their results:

Student 1: High Accuracy & High Precision

Their results are consistently close to 

100% and to each other, indicating both 

accurate and precise measurements.

Student 2: Low Accuracy & High Precision

These results are tightly grouped but 

consistently below 100%, showing 

precision without accuracy.

Student 1 99.5%, 99.9% 100.2% 99.4% 100.5%

Student 2 95.6% 96.1% 95.2% 95.1% 96.1%

Student 3 93.5% 98.3% 92.5% 102.5% 97.6%

Student 4 94.4% 100.2% 104.5% 97.4% 102.1%

Student 3: Low Accuracy & Low Precision

Their results are scattered and not close to 

the true value, demonstrating neither 

precision nor accuracy.

Student 4: Low Accuracy & Moderate Precision

While some values are close to 100%, the 

overall spread is broad, indicating 

moderate precision but poor accuracy.

This example highlights the importance of evaluating both accuracy and precision to fully understand the quality of experimental data.
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Measures of Variation: 
Quantifying Data Spread

The Range

The range of a data set is the 

difference between the greatest 

and least values. It offers a 

quick, but sometimes limited, 

view of data spread.

Interquartile Range (IQR)

The interquartile range is the 

difference between the third 

and first quartiles (Q3 - Q1), 

providing a robust measure of 

variability by excluding outliers.

Variance

The variance measures how data points differ from the mean, 

quantifying the average of the squared differences from the mean.
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Standard Deviation and Relative Standard Deviation

Standard Deviation (s)

Standard deviation is a key measure of how much each value in a 

data set varies or deviates from the mean. A small standard 

deviation indicates that data points are generally close to the 

mean.

Relative Standard Deviation (RSD)

The relative standard deviation (RSD), also known as the 

coefficient of variation, expresses the standard deviation as a 

percentage of the mean, useful for comparing variability 

between data sets with different means.
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Example: Calculating Range and Interquartile Range
Let's find the range and interquartile range for the ages of nine members of a Community Youth

 Leadership Board                                   22, 16, 24, 17, 16, 25, 20, 19, 26.

greatest value – least value = 26 – 16 Find the 
range.

         = 10

 
         16       16      17        19     20     22      24      25     26

There are (9) members of the Community Youth Leadership Board. Find the range and interquartile 
range of their ages:
 22, 16, 24, 17, 16, 25, 20, 19, 26.

Find the interquartile range.
    Q3 – Q1 = 24.5 – 16.5   = 8

The range is 10 years. The interquartile range is 8 years.

Q1=  = 16.5     Q3 =      = 24.5
 

(16 + 17)

2

(24 + 25)

2
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Standard Deviation: An example

Find the mean and the standard deviation for the values 

                           78.2, 90.5, 98.1, 93.7, 94.5.

The mean is 91, and the standard deviation is about 7.65.

234.04
4

=   7.65

s =                      Find the standard deviation.(x – x)2

N-1

Organize the next
steps in a table.

78.2   91    –12.8 163.84 

90.5 91 –0.5 .25

98.1 91 7.1 50.41

93.7 91 2.7 7.29

94.5 91 3.5 12.25

x x x – x (x – x)2

=  = 91  Find the mean.
(78.2 + 90.5 + 98.1 +93.7 +94.5)

5
x
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Method Validation: LOD and LOQ

Method validation ensures that an analytical procedure is suitable for its intended purpose. Two critical parameters are sensitivity indicators:

1

Limit of Detection (LOD)

The LOD is the lowest content that can be measured with reasonable 

statistical certainty. It represents the smallest detectable amount of an 

analyte, though not necessarily quantifiable.

Where s is the standard deviation of the response.

2

Limit of Quantitative Measurement (LOQ)

The LOQ is the lowest concentration of an analyte that can be determined 

with acceptable precision and accuracy under stated test conditions. It's 

crucial for reliable quantification.

The LOQ is typically higher than the LOD to ensure robust measurement.

These limits are fundamental for assessing the analytical capabilities and reliability of any measurement method.
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