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When undertaking research or field data collection projects, attention to several key aspects of 

research design can improve the quality of the process and strengthen the quality and validity of 

study findings. A handful of considerations can determine the size of a particular study. 

Conversely, the size of a particular study can determine the validity of results. Four basic 

considerations are briefly discussed, followed by a brief review of key elements of statistical 

validity are presented. 

Project Type – Research or field data collection projects may be of two basic types: simple data 

collection from one or more observations; experimental design with cause-effect (technical; 

educational, etc.).  

• Experimental design is often accompanied by planning to ensure validity of study 

findings. Key aspects of external validity assurance that are often associated with 

experimental studies are addressed in this brief. 

• In contrast, simple data collection may not benefit from considerations about validity. 

Nevertheless, when gathering data, careful attention to factors that might impact internal 

and external validity has potential to improve database design and the utility and validity 

of the data and analytical products. 

Project Goals – What are you trying to achieve? Are you trying to gain baseline information? Or 

would you have an interest in evaluating a practice or practice change? Do you wish to establish 

a basis for further study? Do you have the resources to evaluate the entire population or must you 

sample? If you must sample, can you afford to sample a population size adequate to establish 

statistical validity? If not, what are the options?  

Primary Objectives – When you have a particular interest in study of a parameter, do process 

mapping so that you can identify other aspects that might foster gathering secondary or tertiary 

information. With a process map, you can begin to model the activities with measurable aspects 

that might serve as points of data collection.  

Secondary and Tertiary Considerations – Whereas the project goals and primary objectives 

might have been the driver for the study, when secondary and tertiary considerations are 

addressed in the project design phase, the quality of the primary data set can be improved, and 

other drivers for the project may materialize in the planning, implementation and post-project 

phase. 
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Quality Plan Considerations – The major types of internal and external validity are discussed 

in the often-cited excerpt below from Campbell and Stanley (1963). The excerpt is annotated 

with comments relevant to a recent agricultural energy study. 

Internal and External Validity� 
“Campbell and Stanley (1963) define internal validity as the basic requirements for an 

experiment to be interpretable – did the experiment make a difference in this instance?  External 

validity addresses the question of generalizability - to whom can we generalize this experiment's 

findings? 

 

Eight extraneous variables can interfere with internal validity: 

1. History – The specific events occurring between the first and second measurements in 

addition to the experimental variables. 

• Rain, floods, drought, tornado, killing freeze, infestation, crop disaster, injury or 

death in family, war, etc. 

2. Maturation – Processes within the participants as a function of the passage of time (not 

specific to particular events), e.g., growing older, hungrier, more tired, and so on.  

• Commonly passage of time, but in agriculture could also be a result of experience in 

short term such as recent changes in fuel prices – not an event, but a process of 

maturation of understanding. Experience teaches us lessons. In the recent study, rising 

fuel prices may impact producer’s consciousness and concern about energy in field 

operations, and this may introduce some bias into their reporting, or the collection of 

data by crop consultants. This is not believed to be a major issue in the recent study. 

3. Testing – The effects of taking a test upon the scores of a second testing.  

• Everyone wants to do well. The first test often teaches us something about the test 

and we learn how to answer better next time. In the recent study, we had to ask a few 

crop consultants to go back to some producers to address some anomalies in the data. 

This second exposure to the data gathering process may have introduced some testing 

effect into the gathered data.  

4. Instrumentation Changes in calibration of a measurement tool or changes in the 

observers or scorers may produce changes in the obtained measurements. This is both 

people and tools or techniques like survey, observation, etc. This aspect of internal 

validity presents some major challenges to the recent study, and will need careful 

attention to improve validity of future studies.  

• Use of crop consultants or others as data collectors, i.e., instrumentation with 

considerable variance in method and output, introduced some “instrumentation 

effect” into the assessment of internal validity of the recent study, the analytical 

process and reports.  

• Measurement instruments must be stable over time, i.e., the duration of the study. 

This consideration does not appear to impact the recent study, but if the tool is 

upgraded significantly, there might be issues with comparing results of the earlier 

study with a subsequent effort. 

• When using multiple data collectors, variance is reduced by project protocols for data 

gathering. Make sure data collectors are doing it right by training up front. Invest in 
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quality control. 

• Ensure that data providers are cooperating or otherwise providing useful data. 

• Engage in self-reflection. Perhaps the data collection process, design, or parameters 

need review and adjustment.  

• Design and implement a plan for sampling validation and verification of the 

procedures and data provided by data collectors and data generators (producers). Pilot 

the process and technique, then tweak the training or protocols to achieve the desired 

quality.  

5. Statistical regression, operating where groups have been selected on the basis of their 

extreme scores.  

• This is not evident in the recent study, unless there is an obscure selection bias not yet 

evident (see below). 

6. Selection – biases resulting from differential selection of respondents for the comparison 

groups.  

• Random selection is the best way to avoid selection bias, but it is not always feasible.  

• When volunteers are sought to participate in a study, this leads to “self selection 

bias.” These might be early adopters, or alternatively people predisposed to talk. The 

practices of the more reclusive, common or rare may not be captured. 

• Selection bias can operate internal to the study, but can also impact the potential 

external validity of the study, e.g., are study participants representative of all 

producers or are they different in some ways that are potentially significant (farm 

size, age, income, etc.)  

7. Experimental mortality – differential loss of respondents from the comparison groups. 

• Over time, participants can drop out of studies. To achieve and maintain validity 

objectives, the study design should anticipate some experimental or study mortality 

and include population and sample size buffer sufficient to achieve project objectives. 

8. Selection-maturation interaction, etc. e.g., in multiple-group quasi-experimental designs 

• Common where the groups under study, while chosen for discrete characteristics, 

learn independent of each other but interact and exchange information that affects 

reported outcomes or is otherwise reflective of interaction.  

 

Four factors jeopardizing external validity or representativeness are: 

9. Reactive or interaction effect of testing 

• A pretest might increase/decrease finding in subsequent measurement. This is a 

challenge to diagnose. Some statistical analysis can tease this out. In the recent 

energy study, the data gathering process (input data representing real scenarios into 

tool; input data representing alternative scenarios; discussion that is all over the map 

and not circumscribed to impose any experimental control) could introduce variability 

reflective of a reaction or interactive effect as a result of these methods. There is a 

difference in getting the results required to complete the study versus getting the 

results we wanted. In future experimental design or data gathering efforts, the 

interaction between a producer providing data and a crop consultant data gathering 

agent needs some preliminary discussion to establish guidelines and boundaries for 

this key interaction. 
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10. Interaction effects of selection biases and the experimental variable.  

• Selection of a particular group or class of participants for study may inadvertently 

lead to an effect in the study that develops due to an interaction with the experimental 

variable. For example, if we sought to evaluate yield effect on corn of use of manures 

versus commercial fertilizers among a group of swine producers compared against 

producers without use of manures, and the study was during a drought year, we might 

see a yield effect possibly attributable to the manure nutrients, but our selection of 

swine operators may have introduced an interaction effect due to the additional 

moisture applied with the manures. Sometimes, you can see these interaction effects 

in study design from a mile away, and other times, these interaction effects smack the 

analyst upside the head. 

11. Reactive effects of experimental arrangements – would preclude generalization about 

the effect of the experimental variable upon persons being exposed to it in non-

experimental settings 

• It is important to consider whether similar results could be obtained outside the 

laboratory, even if the laboratory is a farm kitchen table, or outside of this county, or 

outside of this watershed, soil type, etc. How is this particular experimental 

arrangement reflective of the “ecology” or context of real life beyond this location or 

project setting? This is a major consideration in many agricultural field studies. 

Addressing statistical validity with ample sample size can mitigate some of this, but 

qualification of study findings is almost always necessary. 

12. Multiple-treatment interference, where effects of earlier treatments are not erasable.” 

• This factor is sometimes hard to detect (noise in the system, or a lack thereof where it 

should be) and means different things in different scientific disciplines. But, in 

agriculture, it could be as simple as nitrogen carryover or a P or K application that 

covers several years of crop rotation, any of the three of which could reduce reported 

energy input in a given year. So, we don’t really know if we have a representative 

study. The way to overcome this is to design a study that addresses the variance – 

maybe a 2-3 year longitudinal study, which has its own set of validity challenges. 

Source: (based on Campbell and Stanley (1963) 

 

 

Sample Size and Statistical Validity 

 

Glenn D. Israel, at the University of Florida Gainesville Institute for Food and Agricultural 

Systems has published an excellent reference document on factors that impact determination of 

sample size in agricultural research efforts. Please refer directly to the on-line document or PDF 

file attached with this Briefing Paper for a concise discussion of key considerations and for 

tables to help determine sample size. http://edis.ifas.ufl.edu/PD006 

 


