Reliability and validity - what do they mean?

(An article published in Curriculum Support, Science, 2001 Vol. 6 No. 3)
Reliability and validity are two terms that can be easily confused by students. This becomes an issue within Stage 6 syllabuses because students are required to distinguish between them in both first-hand investigations and when using secondary sources (refer to the references from Modules 8.1 and 9.1 below).
References to validity and reliability in Stage 6 syllabuses
· Skills content 11.2: Plan first-hand investigations to:
(c) design investigations that allow valid and reliable data and information to be collected. 

· Outcome P12: Discusses the validity and reliability of data gathered from first-hand investigations and secondary sources. 

· Outcome H12: Evaluates ways in which accuracy and reliability could be improved in investigations.
· Skills content 12.4: Process information to:
(e) assess the reliability of first-hand and secondary information and data by considering information from various sources.
· Outcome H14: Assesses the validity of conclusions from gathered data and information.
First-hand investigations
In the context of students planning first-hand investigations, issues related to accuracy, reliability and validity will impact on the choice of the measuring device and how confident you are about the conclusions drawn from the results of the investigation.

A simple example to illustrate the above statement follows.

A student claims that dilute acid reacting with a metal is an example of an exothermic reaction. You respond by saying, "OK, let's test that. Get a thermometer, test tube, acid and an iron nail and convince me."
The student puts 2 cm of acid in the test tube, measures the temperature of the acid (18°C) and adds a nail. After about 10 seconds, bubbles form on the nail. After 30 seconds, the thermometer has not registered any temperature change.
Is the student wrong?
The assumption behind the procedure is that the nail will react with the acid and release enough heat for the thermometer to detect it. However, the thermometer chosen may not be sensitive enough to show the temperature change. The more sensitive the measuring device is to changes in the environment, the more accurately you can measure the changes.
You repeat the experiment for the student using a temperature probe and data logger. The probe can detect temperature changes as small as 0.2°C. After about ten seconds the temperature change peaks at 0.4°C. The student repeats the experiment three times, obtains the same result as you and announces that the reaction is, as she predicted, exothermic.
The student has confidence in her conclusion because, by repetition, she has established a consistent pattern of results for the same experiment. Several other students then do the experiment using different probes and data loggers (same sensitivity as the one used above) and confirm the pattern
a 0.4°C temperature rise within about ten seconds of the nail being added. More students get involved and a range of thermometers is retrieved to repeat the test.
Three mercury thermometers calibrated to 0.2°C and two alcohol filled clinical thermometers calibrated to 0.1°C are used to confirm the results in separate experiments. The consistency of the result from this procedure, regardless of how we measure it, leads us to conclude that the reaction is exothermic. The result is a reliable consequence of what we have done, regardless of how we choose to measure it (as long as the measuring device is sensitive enough to allow an accurate measurement of the temperature change to be made). The term reliability refers to the consistency with which we can confirm the result (in this case the temperature change). 
However, is the above procedure a valid test for the claim that the reaction between a nail and an acid is exothermic? That depends on the certainty we have that the source of heat causing the temperature change is the result of the reaction between the nail and the acid and not from some other process. The procedure is valid only if the source of heat in the solution causing the temperature to rise by the amount recorded is the result of a reaction between the nail and acid.
To be sure, you would have to rule out the possibility that the acid was reacting with a protective coating on the nail. One procedure to sort that out might be to polish the nail with steel wool before putting it in the acid. To rule out the possibility that the nail (or its coating) is a catalyst for a reaction between the acid and some unknown contaminant in the acid, is a bit more complex. It would require you to both polish the nail and to seek a new source of acid. 
The need for accuracy of data should influence the choice of equipment for conducting first-hand investigations.
Where data is collected, quantified or evaluated, reliability refers to the consistency of the information; validity refers to whether the measurements you are taking are caused by the phenomena you are interested in. The relationship between reliability and validity can be confusing because measurements can be reliable without being valid. However, they cannot be valid unless they are reliable.
As you can see from the above, it is easier to be confident of your conclusion when there are limited variables involved and ones that can be relatively easy to control. You might now begin to understand why it was very difficult to establish the link between smoking and lung cancer and the link between mesothelioma and asbestos dust. How long, if ever, will it take to establish whether using digital mobile phones causes brain cancer? The more complex the situation in terms of variables to control, the less certain we can be that one test will deliver the answer.
Collecting data from secondary sources
When students have to assess the reliability and validity of information and data from secondary sources, the best procedure is to make comparisons between data and claims of a number of reputable sources, including:
· other teachers, science texts and other references, other scientists and information from reputable sites on the Internet. 

In determining validity, students might consider the degree to which evidence supports the assertion or claim being evaluated. In some cases, students may be able to make observations or conduct experiments to confirm the reliability and validity of the information they have identified.
	Some good questions to ask: 

	 
	first-hand information and data
	secondary information and data

	reliability 
	Have I tested with repetition?
	How consistent is the information with information from other reputable sources?

	validity 
	Does my procedure experiment actually test the hypothesis that I want it to? What variables have I identified and controlled?
	How was the information gathered? Do the findings relate to the hypothesis or problem?


It might be useful to develop a bank of such useful questions. I am happy to receive your comments and suggestions and to publish a collated set on the Science section of the directorate web site.
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