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Chapter 2: Measurement Error 
 

Key Concepts 

- Random and systematic error 

- Consequences of each type of error – reliability vs validity 

- Techniques to identify error and what can be done about them 

 

Further Reading 

Babbie, Earl (2004 [1975]): The Practice of Social Research. 10th Edition. Thomson Wadsworth. 

Singleton, Royce & Bruce Straits (2017 [1988]): Approaches to Social Research. 6th Edition. Oxford 

University Press. 
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What is measurement error? 

 

Broadly speaking, measurement error occurs when the fit between the concept or the data generating 

procedure, on the one hand, and the data, on the other hand, is insufficient. 

Measurement error can be divided into random error and systematic error.  

While random error ‘only’ results in inefficient estimates, systematic measurement error biases empirical 

results.  
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Reliability and Validity 

  

Random and systematic error have different consequences for the goodness of the measurement. 

 

Random error reduces the reliability of the measurement (whether we can reproduce the measurement 

and obtain the same results). Reliability refers to the consistency of the results obtained. As random errors 

increase, the measurement instrument is said to be less reliable. 

 

Systematic error reduces the validity of the measurement (whether we measure what we are ‘actually’ 

interested in). Validity refers to the accuracy of the results obtained. As systematic errors increase, the 

measurement instrument is said to be less valid.  
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Decomposing Variance 

 

In general, we are interested in representing variation among cases. This variation can come from three 

sources: 

1. True differences between cases: This is the variation we aim to study and we hope that most of the 

differences in the measurements solely reflect this variation.  

However, perfect measurement is unobtainable. A realistic view needs to think about measurement errors 

as well. 

2. Systematic measurement error: This is the variation due to factors that systematically influence the 

measurement process. 

3. Random measurement error: This is the variation due to chance factors, where the presence, extent, 

and direction are unsystematic. 

 

Observed Value = ‘True Value’ + Systematic Error + Random Error 
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Some ideas about the difference between systematic and unsystematic measurement error 

 

 

Systematic errors always occur with the same value when you apply the same instrument in the same way 

to the same case.  

Random errors vary unpredictably from one observation to another. Knowing the error in one observation 

does not help predict the value of the next observation.  

https://en.wikipedia.org/wiki/Observational_error  

 

 

Random errors are unavoidable and cluster around the ‘true value’. 

Systematic errors should be avoided. If they are not avoided, they can create measurements that cluster at 

a value that differs from the ‘true value’.  

 

  

https://en.wikipedia.org/wiki/Observational_error
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Random errors in non-deterministic processes 

 

 

Random errors can be a consequence of the data-generating process, it is part of the variation in observed 

values.  

As such, it is impossible to observe data without error for probabilistic processes. These non-deterministic 

processes lead to data with unsystematic measurement error. Hence, for data without unsystematic 

measurement error we would need a deterministic process.  

In other words, probabilistic processes inevitably generate data with random error. In addition, further 

random error can occur due to the particular measurement procedure.  
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Vizualizing measurement error 

 

 

 

1. High systematic error and low random error (The systematic error ‘pulls’ the results away from the 

‘true’ value. Due to the low random error, the results cluster around the ‘wrong’ value.) 

2. Low systematic error and high random error (On average, we obtain the ‘true’ value since the 

random errors cancel each other out. But this comes at the cost of high variability.) 

3. Low systematic error and low random error (the ideal case) 

[Graph from Babbie 2004, p. 145; Comment: Of course, our measurement can also have a high systematic and a high random error.]  
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Consequences of measurement error 

 

 

 

1. High reliability, low validity (consistent, but inaccurate) 

2. Low reliability, high validity (inconsistent, but accurate on average) 

3. High reliability, high validity (consistent and accurate) 
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Systematic measurement errors 

 

Some examples:  

When measuring volumes in a flask you always look down on the flask and therefore underestimate the 

exact volume of a liquid. (Observational Error) 

You estimate a time period between two events, but your stop watch always starts at 1 second instead of 

0. (Imperfect Instrument) 

You measure length with a metal ruler in a hot and a cold environment. (Environmental Factor)1 

 

The ‘cultural bias’ of IQ tests. Most IQ tests contain a language that is (un)familiar to certain groups of 

people. Thus, differences in IQ also reflect a systematic difference in the understanding of tasks (or a 

familiarity with taking tests in general) in addition to ‘true differences’ in IQ. (Environmental Factor) 

In surveys, respondents react not only to the content of the questions, but also its wording. For example, 

respondents have a tendency to agree with questions (acquiescence bias). Depending on the wording you 

might then over- or underestimate the prevalence of a certain attitude (Imperfect Instrument).  

 

                                         
1 If you measure the height of the Eiffel tower in summer and in winter, you get a difference of about 15cm due to thermal expansion. 
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The role of the measurement instrument 

 

Measurement instruments are not precise. They will usually add some systematic and some unsystematic 

measurement error component.  

Better measurement instruments generate lower systematic and unsystematic errors.  

 

If, however, one has to choose between  

- an instrument with low systematic and high unsystematic error, and 

- an instrument with high systematic and low unsystematic error 

one is usually better off with the former instrument unless the nature of systematic error is known and can 

be corrected.  

 

With solely unsystematic errors, one simply needs to take MANY measures to eliminate the error. In 

contrast, the number of measurements has no influence on systematic errors.  
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Consequences 

 

Systematic errors produce inaccurate measures.  We have a problem with measurement validity. 

 

Offset (constant) error: Some systematic errors affect all observations in the same way. The rigged 

stopwatch or the measure of liquid volumes from the same angle above eye level, will alter all 

observations by the same degree. Hence, the estimate of the average will be off. 

 

Scale (proportional) error: Some systematic errors affect observations differently depending on their value 

or the value of a third variable. Some examples: 

- The measurement error of a thermometer might increase with temperature. 

- The length of the things you measure with a metal ruler might change with room temperature. 

- The cultural bias of our IQ test: A comparison between migrant and native IQ scores might 

systematically underestimate migrants’ test scores due to their lack of language proficiency and 

therefore lead to false conclusions about the difference in averages between migrants and natives. 

Hence, in addition to having wrong estimates of the average, we might also under/overstate 

differences between low and high values.   

Because systematic errors affect measurements – for example averages – they are sometimes called bias.  
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Random measurement errors 

 

Some examples:  

- You always read the value from a different angle each time you measure the volume in a flask. 

- You measure the time of your sprint intervals by hand using your stopwatch.  

- You wear different clothes each time you measure your weight on a scale.  

 

 

Some social science examples:  

- You collect information on income asking respondents to round to the nearest hundred. (Therefore, 

you will not consistently over/underestimate the ‘true value’ and average errors will be zero).  

- A bored respondent in your survey may give erroneous responses because he/she is not reading 

through the questions carefully.  
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Consequences 

 

Random errors produce imprecise measures. We have a problem with measurement reliability.  

However, with increasing number of measurements, random errors cancel each other out and do not bias 

the measure in a certain direction. Because random errors do not affect the measurement of averages, but 

only the variability of measures around the average, they are sometimes called noise.  

Just like systematic errors, random errors can also be due to imprecise calibrations of the measurement 

instrument, human error in interpreting the instruments, or interference of the environment in the 

measurement process. However, the errors are introduced by unsystematic fluctuations around the ‘true 

value’.  
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Measurement error and statistical association 

 

 

1. Offset Error (systematic): The error does not change with the value of the scale (for all weight levels 

the measurement is 1 kg too much) 

2. Scale Error (systematic): The error increases (or decreases) with the value of the scale (for higher 

weight levels the distance between real weight and measured weight increases) 

3. Random Error: There is no pattern in the distance between errors and ‘true values’. 

[Graphs from: https://www.statisticshowto.com/systematic-error-random-error/] 

https://www.statisticshowto.com/systematic-error-random-error/
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Self-study exercise: Which of these errors is random, which is systematic?2 

 

1. An interviewer mispronounces a certain response category in a survey, causing its prevalence to be 

strongly underestimated.  

2. A drunk person tries to count the number of marbles in a jar several times, always coming up with a 

different result.  

3. Tests strongly depend on the mood of respondents. Some might be in a good mood, artificially 

inflating their performance on some measures, while others might be in a bad mood, artificially 

deflating their performance on some measures.  

4. Tests strongly depend on the mood of respondents. Imagine a test is taking place in a dim windowless 

room making all students feel dull and sleepy.  

5. Tests strongly depend on the mood of respondents. Imagine tests for the second-grade class take 

place in a brightly lit room making students feel motivated and ambitious, whereas tests for the first-

grade class take place in a poorly lit room making students feel tired and disinterested.  

                                         
2 Solutions can be found at the end of the slides. 
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6. Ten observers are asked to read off the time on a clock face showing only an hour hand and a minute 

hand. At 5:36 and 28 seconds, some of the observers will round up to 5:37, while others will round 

down to 5:36. 

7. You watch a presidential debate and count the number of personal attacks in both candidates’ 

statements. You have a political preference towards one candidate. When analyzing this candidates’ 

statements, you take a milder view on what counts as a ‘personal attack’. 

8. You watch a presidential debate and count the number of personal attacks in both candidates’ 

statements. Say the debate is 90 minutes long. You do not have time to watch the entire debate, so 

you randomly pick three segments of one minute each. It so happens that you picked the three most 

peaceful minutes in the debate.  
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How can we identify random measurement errors?  

 

Test-Retest-Method: Repeat the same measurement under similar conditions. Random errors are 

observable in different results for the same measurement. If the two tests provide very close results, 

random errors are low.  

Problem: In the social sciences, first and second tests are usually not truly independent.  

Imagine you participate in a survey. You respond to the same item battery on two consecutive days. 

It is quite possible that you become bored and lazy the second time and therefore hastily skim 

through the different items, therefore generating results that differ from the first test. Conversely, it 

could also be that after the first run, you started to think more thoroughly about certain questions 

and that induced a change of mind when you answer to them the second time.  

As a result, the measurement instrument / process itself might not create random errors. Instead, the 

errors occur due the repeated implementation of the measurement.  
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Split-Half Method: For complex phenomena you will most likely have multiple indicators (see Chapters 4 

and 5). Using the split-half method you can randomly assign these indicators to two sets.  

For example: You have ‘measured’ happiness with ten items; you randomly create two sets of five items. If 

both sets classify people the same way (i.e., you obtain similar happiness scores for a person regardless of 

which set you use), it is a sign that your random errors are low.  

The correlation between sets of indicators offers us an estimate of how prevalent random errors are. 

Because there are usually more ways to split a set of indicators, researchers use the Cronbach’s Alpha 

which calculates the average reliability for all possible ways of splitting a set of items in half (= all possible 

combinations between items). 
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Detection techniques 

 

Sometimes surveys reframe the same question in order to check for random errors: 

 

If random errors are low, both versions should give the same result (with reverse polarity, of course).  

Caution: The threshold between “strongly disagree” and “disagree” does not need to be -1* the threshold 

between “agree” and “strongly agree”. That is: no scale is necessarily linear.  

 

[Source: http://media.acc.qcc.cuny.edu/faculty/volchok/Measurement_Volchok/Measurement_Volchok6.html]  

  

http://media.acc.qcc.cuny.edu/faculty/volchok/Measurement_Volchok/Measurement_Volchok6.html
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What can we do about random errors?  

 

Take multiple measures and compare/average them.  

For example, on a digital scale the last digits do not always show the same number. If your estimates are 

75.523kg, 75.425kg and 75.324kg, taking the average is assumed to cancel out the random noise.   

 

Of course, to make this procedure work perfectly, one needs an infinite amount of measurements.  

With 3 measurements, there is no guarantee that the mean is closer to the truth than the best of the 

above measures. For example, in the above example the weight could be 76 kg and hence 

underestimated in all measurements. 

(The probability that three unbiased measures deviate from the truth into the same direction, i.e., 

always underestimate the true weight, is 12.5 percent. That outcome is not even unlikely.) 

With a higher amount of measurements, say 100 measurements, the likelihood of obtaining the ‘true’ 

weight by taking the average increases (provided, of course, that we obtain these measurements in a 

short time interval and our research subject does not change his/her dietary habits between 

measurements).    
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Thus… 

 

Random errors cannot be entirely eliminated. Some randomness is part of measurement.  

Random errors may also occur because whatever you are trying to measure is changing over time or is 

fundamentally probabilistic.  

Also, no two situations in which you measure a phenomenon are exactly the same. So practically speaking, 

there is no point in taking too many measures to approximate the ‘true value’ as close as possible. As 

always: The desired level of precision depends on what you want to achieve with the measurement.  
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What can we do about systematic errors?  

 

Systematic errors are more problematic (unless we know how to correct for them).  

If you have a gut feeling about a factor that could cause a systematic error, you can check it. However, if 

you are unaware of a potential error, it will go undetected. 

For example:  

If you think that the error is introduced in the process of human observation, have the same 

measurement collected by different observers/interviewers.  

If you think that the error is introduced in the process of data management, have someone double 

check the data entries.  

If you think that the error is introduced by environmental factors, conduct the same study in a 

different environment (a different temperature, a different room, a different day, etc.).  

If you think that the error is introduced by your instrument, collect measures for the same 

phenomena with a different instrument.  

 

In a nutshell: It is difficult to detect systematic errors; you have to know your instruments and the potential 

sources of error! A solid knowledge of empirical research methods helps.   
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Advanced: What are the consequences of random measurement errors for (binary) regression analysis? 

 

The consequences depend on whether the random errors occur in the dependent Y variable or the 

independent X variable.  

 

If the dependent variable Y is measured with random error, your estimate of the coefficients alpha and 

beta will not be biased. The only effect is that – compared to the case without errors – it increases the 

‘unexplained’ part of the regression. That is, given the same predictors, your regression specification will 

explain less variation in the Y values.  
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If the independent variable is measured with random error, the estimated slope (the beta) will be biased 

downwards.  

 

Imagine the random error in your X variable is very large, so that it is essentially just noise and there is no 

reliable signal coming from the actual ‘true variation’ in the X variable. In this case, the beta (the coefficient 

of the variable) will approach 0 as it does not really explain any variation in the Y variable. 

 

The upshot is that random measurement error will not lead you to think that there is a relationship 

between X and Y, when none exists (Type 1 Error). Instead, it will only lead you to make the more 

conservative mistake of not detecting a relationship, where there is one (Type 2 Error).  
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The consequences depend on whether the systematic error is constant or proportional. 

Constant (offset) systematic errors in the dependent or independent variable will shift the regression line 

up or down and hence bias (change) alpha (the intercept). 

Proportional (scale) systematic error in the dependent or independent variable will change the slope of the 

regression line and hence bias (change) the beta. 

        y = α + βx + ε  

(y = dependent variable, x = independent variable, α = intercept, β = slope parameter, ε = error term) 

 

 

[Source: https://www.westgard.com/lesson44.htm] 

 

  

https://www.westgard.com/lesson44.htm
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Chapter Review 

 

Key Concepts 

- Random and systematic error 

- Consequences of each type of error – reliability vs validity 

- Techniques to identify error and what can be done about them 

 

Further Reading 

Babbie, Earl (2004 [1975]): The Practice of Social Research. 10th Edition. Thomson Wadsworth. 

Singleton, Royce & Bruce Straits (2017 [1988]): Approaches to Social Research. 6th Edition. Oxford 

University Press. 
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Solutions to the self-study exercise 

 

1. An interviewer mispronounces a certain response category in a survey, causing its prevalence to be 

strongly underestimated. → systematic error 

2. A drunk person tries to count the number of marbles in a jar several times, always coming up with a 

different result. → random error 

3. Tests strongly depend on the mood of respondents. Some might be in a good mood, artificially 

inflating their performance on some measures, while others might be in a bad mood, artificially 

deflating their performance on some measures. → random error 

4. Tests strongly depend on the mood of respondents. Imagine a test is taking place in a dim windowless 

room making all students feel dull and sleepy. → systematic error 

5. Tests strongly depend on the mood of respondents. Imagine tests for the second-grade class take 

place in a brightly lit room making students feel motivated and ambitious, whereas tests for the first-

grade class take place in a poorly lit room making students feel tired and disinterested. → systematic 

error 
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6. Ten observers are asked to read off the time on a clock face showing only an hour hand and a minute 

hand. At 5:36 and 28 seconds, some of the observers will round up to 5:37, while others will round 

down to 5:36. → random error 

7. You watch a presidential debate and count the number of personal attacks in both candidates’ 

statements. You have a political preference towards one candidate. When analyzing this candidates’ 

statements, you take a milder view on what counts as a ‘personal attack’. → systematic error 

8. You watch a presidential debate and count the number of personal attacks in both candidates’ 

statements. Say the debate is 90 minutes long. You do not have time to watch the entire debate, so 

you randomly pick three segments of one minute each. It so happens that you picked the three most 

peaceful minutes in the debate. → random error 


