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Guidelines for the Collection and Management of Data for Research Experiments

OUTLINE

Definitions
Data
Bias 

Data management stages
Collecting raw data (who, what, when, how)
Entering raw data entered into a computer file
Verifying entered data as accurate
Organizing of raw data to fit analysis goals
Managing (analyzing) data
Archiving data sets

Data management software
Database packages
Statistics packages
Spreadsheets 
Word processors

Data structure
Data entry system design (structure, precision)
Data entry guidelines

Enter data in raw form, promptly
Enter all data
Avoid hand calculations prior to data entry
Use unique record numbers
Define plot position where appropriate

Data validation
During data collection
After data collection (transformation, check for normality, boxplots, scatter plots,
outliers, tables)

Analysis of data (initial management stages)
Organization
Summaries

Backing up data, archiving

These guidelines were based in part upon “Data Management Guidelines for Experimental
Projects (1998)” by the University of Reading, Statistical Services Centre. For a concise
treatment of this topic, please refer to the internet link the .pdf file indicated in the Literature
Cited section of this document.
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TYPES OF DATA

Discrete Data: values or observations are distinct and separate, i.e. they can be counted
(1,2,3,....). Examples might include the number of eggs in a nest, the number diseased plants in a
field. 

Categorical Data: values or observations can be sorted according to category. Each value is
chosen from a set of non-overlapping categories. For example, plants in a field can be sorted
according to phonological stage of development (e.g., flowering); people can be sorted according
to gender (e.g., male or female).

Nominal Data: typically non-numerical values or observations; they can be assigned a code in
the form of a number or letter where the numbers or letters are simply labels. You can count (but
not order or measure) nominal data. For example, in a data set males could be coded as 0,
females as 1; marital status of an individual could be coded as Y if married, N if single.

Ordinal Data: values or observations belonging to it can be ranked (put in order) or have a rating
scale attached. You can count and order, but not measure, ordinal data.

Continuous Data: values or observations may take on any value within a finite or infinite
interval. You can count, order and measure continuous data. For example height, weight,
temperature, the amount of sugar in an orange, the time required to run a mile.

BIAS AND PRECISION

Bias: how far the average statistic lies from the parameter it is estimating, that is, the error which
arises when estimating a quantity, and the variance associated with it. Errors from chance will
cancel each other out in the long run, those from bias will not.

Precision: a measure of how close an estimator is in relation to the true value of a parameter; a
measure of variance in a set of values. 

The following illustrates bias and precision, where the target value is the bull’s eye:

data are biased, but precise.
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data are biased and imprecise

data are unbiased and imprecise

data are unbiased and precise: best case scenario.

AVOIDING BIAS

(a) Ensuring reliability: some considerations.

Human error (mood of evaluator, visual illusions, etc.)
Mechanical data collection (calibration of equipment, etc.)
Leaving enough time for data collection (not rushed)
Use of visual assessment keys
Uneven distribution of uncontrolled factors or elements
Plot labeling 
Expectations for your experiment: self-fulfilling prophesy?

Example: Suppose a farmer wishes to evaluate fertilizer A vs. fertilizer B and uses fertilizer A on
one field or plot of crops (corn, field or plot 1), while using fertilizer B on another field or plot of
crops (also corn, field or plot 2). The irrigation system on field 1 has recently been repaired and
provides adequate water to all of the crops, while the system on field 2 will not be repaired until
next season and provides inadequate water supply to the crops.

The problem with this experiment is that the farmer has neglected to control for the effect of the
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differences in irrigation. This leads to experimental bias, the favoring of certain outcomes over
others. To avoid this bias, the farmer should have tested the new fertilizer in identical conditions
to the control group, which did not receive the treatment. Without controlling for outside
variables, the farmer cannot conclude that it was the effect of the fertilizer, and not the irrigation
system, that produced a better yield of crops.

(b) Double-blind studies.

Another type of bias that is associated with medical experiments is the placebo effect. Since
many patients are confident that a treatment will help them, their health responds positively to a
control treatment which actually has no physical affect at all, such as a sugar pill. For this reason,
it is important to include control, or placebo, groups in medical experiments to evaluate the
difference between the placebo effect and the actual effect of the treatment. 

The existence of placebo groups is sometimes not sufficient for avoiding bias in experiments. If
members of the placebo group have any knowledge (or suspicion) that they are not being given
an actual treatment, then the effect of the treatment cannot be accurately assessed. For this
reason, double-blind experiments are generally preferable. In this case, neither the experimenters
nor the subjects are aware of the subjects'
group status. This eliminates the possibility that the experimenters will treat the placebo group
differently from the treatment group, further reducing experimental bias.
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