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Summary
On-farm research receives much attention
from swine producers and industry profes-
sionals, and is often perceived by pork pro-
ducers to be more relevant to real-world
commercial pork production than con-
trolled experiments conducted in university
settings. Swine producers and industry pro-
fessionals must realize that retrospective
analysis can identify associations among
variables of interest but provides no evi-
dence for a causal relationship between a

manipulated variable(s) and a production
response. As substantial commitments of
time and resources are required for a prop-
erly conducted experiment, producers
should give careful consideration to under-
taking on-farm research. To generate useful
information in on-farm experiments, one
must adhere to principles of scientific in-
quiry; maintain integrity of the production
system; willingly commit labor and
financial resources; and pay attention to
details. Effective communications with

farm owners, barn workers, and other deci-
sion makers are crucial. Advice of a statisti-
cian on experimental design and statistical
analysis of data, before initiating the study,
helps ensure conclusions are valid and de-
fensible. Ideas to enhance the success of
on-farm research are presented.
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Approaches to pork
production research
Livestock producers aspire to achieve a
more thorough understanding of the biol-
ogy of their production system so that they
can manage that system with optimal
efficiency. A wealth of data collected under
a variety of conditions is required to gain a
full understanding of a swine production
system. Data may be collected under
tightly controlled conditions at universities
or research institutes, in controlled studies
conducted at production units (on-farm
research), and through retrospective analy-
sis of commercial production records. Tes-
timonials from practitioners in commercial
production settings may provide some in-
formation about a production system. Each
of these approaches possesses inherent
strengths and weaknesses.

Data collected at universities and
research institutes
Experiments conducted at universities and
research institutes have the primary advan-
tage of strict control over most variables
that might affect the outcome of the ex-
periment. Generally, these experiments are

designed to produce precise results that an-
swer questions about how and why a par-
ticular treatment elicits an observed re-
sponse.1 This high degree of control allows
the investigator to gain confidence that the
observed responses are attributable to the
treatments imposed and not due to unseen
differences (confounding variables) between
the control and treated animals. Confound-
ing variables, such as characteristics of the
population being studied (eg, genetic line,
age, health status, nutritional history) and
the environment in which the experiment is
conducted (eg, ventilation rate, pen or crate
design, season, geographical location) are
tightly controlled so that the only differ-
ences between control and treated animals
are the imposed treatments. As strict control
of experimental conditions is very costly, the
experiment usually involves a relatively small
number of animals. In addition, tight con-
trol of confounding variables creates a some-
what “artificial” situation that may not
reflect commercial production systems
where the results will be applied.

On-farm research (field trials)
On-farm trials or field trials are conducted
at farms involved in commercial produc-

tion. One can easily argue that this setting
provides the true test of whether a manage-
ment practice or treatment has any utility,
because commercial farms offer production
conditions that are not present in animal
facilities of universities or research insti-
tutes.2 While university research deter-
mines how and why a technology works,
on-farm research focuses primarily on
which technology should be applied under
practical conditions, and what results may
be expected.1 On-farm trials allow one to
evaluate the efficacy of a new technology in
a specific production system. One may
conclude that if the intervention works
under field conditions, with all the inher-
ent variation present in the system, then
the intervention truly is efficacious. This
conclusion may be accepted only if one is
fairly certain that coincident changes in
confounding variables are not responsible
for the observed response. For instance, if
the performance of a new feeder for lactat-
ing sows is compared to that of existing
feeders in the farrowing quarters and deter-
mined to be superior, one could easily con-
clude that the design of the new feeder is
better suited for lactating sows than the
existing feeder. In reality, the new feeder
may not be a better design. The new feeder
simply may be operating properly because
it is new, and the existing feeders are old,
worn, and not working properly. In this
instance, maintenance of the existing
feeder may have a larger influence on se-
lecting the superior feeder than design of
the feeder.
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Retrospective analysis
Retrospective analysis of commercial pro-
duction data may provide a useful tool to
gain some insight into relationships among
production variables. Large numbers of
observations made during extended periods
of time are characteristic of this type of
analysis. The investigator cannot control
confounding variables and may have lim-
ited information to adjust for these con-
founders in the statistical analysis. Retro-
spective analysis may identify associations
among variables of interest, but provides
no evidence for a causal relationship be-
tween one or more manipulated variables
and a production response. Nonetheless,
apparent relationships identified among
production variables in retrospective analy-
ses may be tested using carefully designed
prospective treatments imposed in con-
trolled university or on-farm experiments.

Statistical process control
Statistical process control (SPC) is an ap-
proach to the analysis of data collected on
farms, which allocates total variation associ-
ated with a production process to common
causes and special causes. Common causes
are innate to the process and are always
present. Special causes are occasional distur-
bances to the process that appear in a some-
what unpredictable manner. Limits to the
variation around a central mean are calcu-
lated for each production process on the
basis of sample size, overall mean for the
process, and the average range of observa-
tions.3 Variation within these calculated lim-
its is considered normal and not a cause for
intervention in the production process,
while variation outside these limits suggests
that the production process is out of control
and some intervention is warranted. Results
of SPC analysis are presented in chart form
to graphically depict variation in a process.
Statistical process control charts have been
used widely in the manufacturing sector to
detect variation in production processes or
products. Several authors have argued that
use of SPC charts may be a valuable tool in
monitoring swine production systems.4,5

However, quantitative evaluation of SPC
procedures in livestock production systems
has not been reported.6 A thorough under-
standing of SPC procedures7 and large
numbers of observations are critical to ex-
tract value from SPC approaches.

Testimonials
Testimonials provided by swine practi-
tioners or swine producers are evaluations
of a technology or intervention based on

unstructured observations rather than con-
trolled experimentation. Testimonials may
help identify interesting areas for future
research, but they are clouded by personal
biases of the observers, and should not be
used as a basis for decision making in a
swine production system. If similar obser-
vations are reported in a variety of produc-
tion systems, one may design a controlled
experiment to determine whether the per-
ceived cause-and-effect relationship is real.

Guiding principles for valid
on-farm experiments
Pork producers and industry professionals
seem to have an intense interest in on-farm
research. This interest seemingly stems
from the fact that experiments are con-
ducted in their facilities, so the results are
tailored to their production system. Fur-
thermore, tangible results are generated
that producers can see and experience per-
sonally. The central question is, “Are the
results valid?”

There is a dearth of published information
to guide swine veterinarians and other con-
sultants in the conduct of on-farm experi-
ments. Edwards-Jones8 discussed the merits
of on-farm research in developed countries,
such as the United Kingdom, from a soci-
etal viewpoint, but provided little direction
on how to conduct trials on commercial
farms. Several authors1,9,10 provided a
stepwise guide to conducting on-farm re-
search in developing third-world countries.
The vast differences in culture, resources,
production systems, and technical expertise
between producers in developing countries
and producers utilizing capital-intensive,
technologically advanced production sys-
tems limits seamless adoption of the ap-
proaches suggested by these authors. How-
ever, some fundamental principles of
on-farm research are transferable to mod-
ern production systems and will be pre-
sented below.

Adhere to principles of scientific
inquiry
The primary objective of on-farm research
is to obtain, in a commercial production
setting, a valid, defensible answer to the
question being studied. To achieve a valid
answer, one must adhere to basic principles
of scientific inquiry. A full discussion of
these principles is beyond the scope of this
paper. The reader is referred to other au-
thors for a more complete discussion of
these basic principles.11,12

Experimental unit. The investigator must
select the proper experimental unit, which
is defined as the smallest entity to which
one application of a treatment is applied.13

In swine production facilities, experimental
units might be individual sows in stalls,
pens of pigs, animals in a room within a
barn, or animals in a barn. An individual
sow housed in a stall may be an experimen-
tal unit, because one sow may receive the
control treatment while an adjacent sow
receives the experimental treatment. When
sows are housed in groups, a pen of sows
may be the experimental unit. In most ex-
periments conducted with nursery, grow-
ing, or finishing pigs within one room or
barn, pen is the experimental unit, because
all pigs in the pen are exposed to the same
treatment. However, two adjacent pens
that share a fenceline feeder constitute only
one experimental unit for a nutrition ex-
periment, because all pigs in both pens are
exposed to the same treatment.

Coefficient of variation. The coefficient of
variation (CV) provides a measure of inher-
ent variation in a trait and is expressed as a
percentage. The CV for a trait is calculated
by dividing the standard deviation of the
treatment mean by the treatment mean,
and then multiplying the result by 100.14

The CV measures the unexplained varia-
tion that occurs among experimental units
that are treated alike. This is referred to as
experimental error. High CVs make treat-
ment differences difficult to detect, while
low CVs make it easier to detect treatment
differences.

Sample size. Statistical procedures are
available to calculate the minimum sample
size necessary to produce a reliable result
with the desired sensitivity. This defines the
power of the experiment. Sample size cal-
culations are unwieldy for those inexperi-
enced with their use. Berndtson15

simplified use of sample size calculations by
developing a series of tables in which
sample size is based on the CV for the trait
of interest and the magnitude of difference
one hopes to detect (Table 1). Sample size
calculators are also available on the world-
wide web.16, 17

The size of an experiment (number of rep-
licates) is dictated by the CV for the re-
sponse variable(s) of interest, the alpha
level (α) selected by the experimenter, and
the desired power of the experiment. As the
CV for a response variable increases, and
the level of α and desired power of the ex-
periment remain constant, the number of
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replicates required to detect a statistically
significant difference among treatments
increases. Exercising control over con-
founding factors decreases the CV and al-
lows experiments to be smaller but
powerful.

Scientific inquiry is grounded on the devel-
opment of two hypotheses: the null hy-
pothesis (H0) and an alternate hypothesis
(HA). The H0 assumes that no difference in
the response variable(s) is caused by the
imposed treatments. The HA states that the
imposed treatments did elicit a difference
in the response variable(s). Once the ap-
propriate hypotheses are established, inves-
tigators select the α level they will use to
evaluate the results. The α level is a measure
of the probability that the H0 will be re-
jected (ie, treatments are different) when in
truth there is no difference among treat-
ments. Incorrect rejection of the H0 is called
a Type I error. An α level of 0.05 (P <.05)
indicates that there is less than a 5% or one
in 20 chance that a Type I error will be
committed, or, conversely, that the H0 will
be accepted correctly 95% of the time. Ac-
ceptance of the H0 means that there is
insufficient evidence for a difference
among treatments. Accepting the H0 does
not allow one to state with confidence that
there is no difference among treatments.
An α level of 0.10 (P <.10) means that the
investigator will be wrong in believing that
treatments did affect the response variables
in one of 10 experiments, but will be cor-
rect 90% of the time.

The power of the experiment is determined
by the probability that the investigator will
incorrectly accept the H0 (ie, not detect a
true treatment difference). This is a Type II
error. The acceptable Type II error rate,
designated as β, is often set at 0.20, which
means that a true difference in treatments
will not be detected 20% of the time.
However, the investigator will accurately
detect a difference (ie, accept the HA) 80%
of the time. The ability to accurately detect
differences is considered the power of the
experiment (1 - β).

The selection of a proper α level is a matter
of much discussion among scientists and
people who implement scientific findings
in commercial production. An α level of
0.05 is widely accepted among scientists
because it provides great confidence that
the investigator will not mistakenly make
claims about the effectiveness of a treat-
ment. This is a conservative approach com-
mon among scientists. However, producers
and practitioners working under commer-

cial conditions may find a Type I error rate
of 10% or 15% acceptable, especially if the
cost of mistakenly adopting a technology is
low. Decreasing the acceptable α level in-
creases one’s confidence that detected dif-
ferences are real, but makes statistically
significant differences more infrequent.
Decreasing β increases the power of the
experiment, which requires increases in the
number of replications, assuming that the
CV stays constant. Increasing the power of
an experiment increases the size of the
experiment.

Replicates. Treatments must be replicated
or repeatedly assigned to similar experi-
mental units in sufficient quantity to assure
a reliable result. In general, more replica-
tion is better than less; however, there is a
practical limit to the capital and human
resources that can be committed to an ex-
periment. To determine the appropriate
number of replications for each treatment,
one derives an estimate of the CV for the
trait of interest from previously reported
research conducted by other investigators
under conditions similar to those in the

proposed experiment. The most valuable
CV is one calculated from data collected
under conditions the same as those in the
proposed experiment (eg, genetics, hous-
ing, health status, nutrition). If the esti-
mated CV and the magnitude of difference
one would like to detect are known, one
may refer to Table 1 to determine the
number of replicates necessary for adequate
statistical power to detect treatment differ-
ences. For example, assume that the re-
searchers would like to detect an increase in
litter size from 9.5 to 10 pigs per litter at
weaning, a 5% improvement. If the CV
equals 10%, 63 sows per treatment, or 126
sows for an experiment with two treat-
ments, will be required. However, if the
CV is 20%, 252 sows per treatment will be
required. The recommendations listed in
Table 1 assume that the investigators accept
a Type I error rate of less than 5% and a
Type II error rate of less than 20%.

Accurate estimation of the CV is central to
proper use of  Table 1. Investigators in-
volved in on-farm research may or may not
have easy access to CVs for many traits of

Table 1: Number of replicates needed per treatment group to achieve a
statistically significant result1

)%(detcetedebotlortnocmorfecnereffiD
)%(VC 2 5 01 51 02

1 3 2 DN 3 DN
2 4 3 2 DN
3 7 3 3 2
4 21 4 3 3
5 71 6 4 3
6 42 7 4 3
7 23 9 5 4
8 24 21 6 4
9 25 41 7 5

01 36 71 9 6
21 19 42 21 7
41 421 23 51 9
61 161 24 91 21
81 402 25 42 41
02 252 36 92 71
52 393 99 54 62
03 665 241 36 73
53 077 391 68 05
04 5001 252 211 36
54 2721 813 241 08
05 1751 393 571 99

1    Adapted from Berndtson.15 Assumes 80% power at P <.05.
2    Coefficient of variation (CV) = (standard deviation of mean/treatment mean) × 100.
3     ND = not done.
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Maintain integrity of the commer-
cial production system
The main reason for conducting on-farm
research is to determine the response of
animals housed and managed in commer-
cial production systems. Consequently, the
characteristics of the production system
must be maintained to achieve this objec-
tive. Investigators must attempt to control
as many confounding variables as possible
to ensure a valid test of the technology or
hypothesis being evaluated. However, if the
character of the production system is lost
in this quest for maximal control, one has
created a controlled set of conditions simi-
lar to a university setting, and the experi-
ment no longer meets the “on-farm”
objective.

For example, assume a researcher wants to
evaluate a new method for insemination of
sows. Since the goal is to know if this new
method has any chance of working, the
best inseminator on the farm is selected to
mate every other sow using the new proce-
dure. Only data from sows mated by this
superior technician will be considered in
the experiment. This experiment can pro-
vide a reliable conclusion about whether
the new method is efficacious. However,
the researcher’s approach does not evaluate
whether the new method is efficacious un-
der commercial conditions. In a normal
commercial setting, several different people
with differing abilities will be mating sows.
In this example, the researcher’s desire to
control all confounding variables (the in-
seminator in this example) created condi-
tions that did not mimic on-farm
operations.

Conduct of on-farm research is a constant
balancing act between implementing prin-
ciples of scientific inquiry and maintaining
the characteristics of commercial produc-
tion.2 Often, constraints in facility design,
economics, and labor availability force one
to compromise some of the principles of
scientific inquiry. The investigator needs to
judge whether these compromises will gen-
erate unreliable conclusions.

Willingly commit labor and
financial resources
Properly conducted on-farm research re-
quires time to allot animals to treatments,
impose treatments, collect data, and sum-
marize data. When feasible, one person or
small group of employees may be assigned
primary responsibility for imposing treat-
ments and collecting data. Fully employed
members of the labor force in a

tiarT seidutsfo.oN )%(sVCniegnaR secnerefeR
swoS

gninaewtaezisrettiL 8 1.93-3.5 82,62-02
tathgiewrettiL

gninaew
6 7.23-7.11 82,62,52,22-02

IFDA 1 gnitatcalfo
swos

9 7.92-4.31 82-02

surtse-ot-naeW
lavretni

8 0.351-1.21 92-72,42-02

sgipyresruN
GDA 1 7 9.31-8.2 43-92

IFDA 7 5.41-9.3 43-92
F:G 1 7 1.22-6.1 43-92

sgipgnihsinif-gniworG
GDA 7 5.4-4.2 73-43,03

IFDA 7 1.4-9.1 73-43,03
F:G 7 9.6-0.1 73-43,03

Table 2: Range in coefficients of variation (CVs) in swine production traits
reported for selected trials

1    ADFI: average daily feed intake; ADG: average daily gain; G:F: ratio of gain to feed

interest. Coefficients of variation for some
traits of interest in on-farm research are
presented in Table 2, but on-farm research-
ers should determine CVs for their own
production systems. The CVs presented in
Table 2 were derived from a random selec-
tion of reports recently published in the
Journal of Animal Science. This information
is intended as a general reference, not as a
substitute for determining CVs that more
closely reflect the conditions of a trial being
designed for a specific production system.
Berndtson15 provides a complete discus-
sion of the issues surrounding proper selec-
tion of the CV for use in Table 1.

Randomization. Treatments must be as-
signed randomly to experimental units.
Randomization ensures that all experimen-
tal units have an equal chance of being as-
signed to any of the available treatments.11

Randomization is the principle that work-
ers in commercial units most often com-
promise in the interest of convenience and
ease of implementing the experimental
protocol. For instance, randomly selecting
one row or section of gestation crates to
house control sows and another row or sec-
tion of crates for treated sows is not true
randomization. One row may be nearer air
inlets or cold outside walls or at the end of
a feed line, which could create a different
environment and potentially a differential
response to the imposed treatments. While

this approach may make record-keeping
easier, reduce the chances of misapplying
treatments, and improve labor efficiency,
the potential for confounded results is also
high, which subverts the primary goal of
the experiment.

Random allocation of experimental units
to treatments should be completed before
the investigator sees animals that will be
assigned to the experiment. The best way
to accomplish this is for the experimenter
to know which experimental units (eg, ges-
tation stalls, farrowing stalls, nursery pens,
farrowing rooms) will be available for the
experiment and to assign a number to each
available experimental unit. The number of
each unit is written on a piece of paper, all
of the numbers are placed in a container,
and the researcher mixes them up and
draws a number that is assigned to the first
treatment. The second number drawn is
assigned to the next treatment, and so on.
The procedure continues until all the ex-
perimental units have been assigned to
treatments. This procedure is simple, but is
time consuming when large numbers of
experimental units are involved. Alterna-
tively, one can use the random number
generator (RANDBETWEEN function) of
Excel (Microsoft Corporation, Redmond,
Washington) to randomly assign a treat-
ment number to the experimental units
that have been entered into the spread-
sheet.
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commercial production unit cannot be ex-
pected to perform their regular duties and
take on the additional duties required to
conduct a research project. This challenge
may be addressed by increasing the size of
the labor pool or by relieving some workers
of lower priority duties during the period
of the experiment. Either option has associ-
ated costs.

Pay attention to details
A properly designed experiment with a de-
tailed protocol must be implemented with-
out taking shortcuts or cutting corners.
Deviating from the designed protocol in-
troduces variables into the experiment that
were not anticipated by, and may be un-
known to, the investigators. Sometimes,
conditions created by external forces such
as disease, inclement weather, or unantici-
pated animal responses dictate a change in
the protocol. A clear and honest discussion
of the required changes and the reason for
the changes among barn staff and investi-
gators is necessary to ensure that the integ-
rity of the experiment is maintained.

Enhancing success of on-farm
trials
Developing a concisely written,
detailed protocol
The protocol is the “official” set of instruc-
tions for conducting the experiment. Proto-
cols are just as critical to the success of a de-
tailed drug approval trial18 as they are to an
investigation of an extensive production
practice in the third world.1 The protocol
may be the only source of information
about conduct of the experiment when the
investigator is not present or available to
answer questions. Consequently, all impor-
tant aspects of the experiment need to be
described in the protocol. A protocol should
include objectives, description of treatments,
method of treatment allocation, type of data
to be collected and frequency of collection,
procedure for analysis of data, and contact
information for the investigator. Collect
only data pertinent to the experiment’s ob-
jectives.1 Avoid the temptation to collect too
much data, which may cloud the objective
of the experiment and strain the patience of
the barn staff. While detail is important to
ensure proper execution of the experiment,
most barn workers will not read a lengthy,
intricate document. Therefore, focus on
covering all the important points in a con-
cise, user-friendly format when writing
protocols.

All personnel involved in the experiment
should sign the final protocol indicating that
they have read and understand the method-
ology of the experiment. This is best done
after the researcher(s) and the barn person-
nel meet to thoroughly discuss the protocol.
Personnel who sign the final protocol are
more likely to be conscientious about imple-
menting it and can be held accountable for
their actions or inactions.

Impose all treatments during same
time period
Statistically valid comparisons among treat-
ments can best be made if all treatments
are imposed during the same period of
time. Some investigators impose a treat-
ment on the entire herd, then use a pre-
treatment period as the control. This ap-
proach confounds the treatment with time.
One cannot determine whether a biological
response observed after the treatment was
applied is associated with the treatment or
some other factor(s) that coincidently
changed between the pre-treatment and
treatment periods. For example, any im-
provement in sow performance observed
after a new feed additive was included in
the diet could be associated with the feed
additive, a greater proportion of third to
fifth parity sows, a new farrowing house
manager, or any other factor that changed
concurrently with introduction of the new
feed additive.

Ensure that workers are supportive
The workers responsible for imposing
treatments and collecting data must see the
value of conducting the experiment. There
is widespread agreement among researchers
that if on-farm research is to be successful,
producers and barn staff must embrace the
project.1,2,8,9 The investigator usually can-
not be on site every day, so primary respon-
sibility for carrying out the protocol rests
with the barn workers. If they do not see
value in the extra work required to conduct
an experiment, they are unlikely to do a
good job implementing the protocol. Im-
posing an experiment on a farm and work
force that has not “bought into” the idea
usually is a recipe for failure. The best can-
didates for on-farm research are farms
where the entire work force continually
strives to improve the farm’s production
and is attentive to details. These workers
view an experiment as a route to improve-
ment. During the design phase of the ex-
periment, a dialogue with the farm staff
often uncovers useful, more worker-
friendly ways of conducting the trial. This

dialogue and use of the workers’ sugges-
tions, when feasible, will help gain the sup-
port of the workers for the experiment.
Researchers should be sure to share
progress and results with the work force to
keep them connected to the research effort.

Monitor data collection regularly
The investigator or a trusted technician
with research training must be at the farm
on a regular basis to monitor data collec-
tion.1,18 The frequency of these visits de-
pends on the nature of the data being col-
lected and the abilities of the workers. Barn
staff on commercial farms generally have
limited experience conducting experi-
ments, because they focus on management
practices to improve productivity. There-
fore, they may spontaneously impose new
management practices to improve produc-
tion without understanding the effects of
these practices on the experiment.

For instance, production workers may not
understand the importance of an experi-
mental unit. In a lactation feeding trial,
sow and litter is often the experimental
unit. If workers decide to remove the parti-
tion between adjacent farrowing crates in
the last 2 or 3 days of lactation, hoping to
lessen stress at weaning, the integrity of the
experimental unit is lost for litter weaning
weight. This may be a very reasonable prac-
tice in commercial production, but it may
have huge negative effects on an
experiment.

Check data integrity
Investigators must check the integrity of
the data reported to them throughout the
experiment to identify problems and
implement corrective measures as required.
If one waits until the end of the experi-
ment, it may be too late to correct the
problem. Data integrity checks give every-
one increased confidence in the end result
of the experiment.

One way to conduct a check of data integ-
rity is to record the same information in
two different ways. For instance, record
daily sow feed intake at the farrowing crate
and total weight of lactation feed delivered
to the unit. Theoretically, the sum of feed
offered to sows in the farrowing crates
should equal the total amount of feed de-
livered to the unit during the same period.
Of course, one needs to account for feed
wastage and carryover feed in bins. An-
other example would be to record number
of pigs born alive per litter, pigs transferred
in and out of litters, pig deaths, and
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number of pigs weaned. Number of pigs
born alive minus pig deaths plus or minus
pig transfers should equal number of pigs
weaned per litter.

Blind treatments to barn staff
Barn staff may knowingly or unknowingly
have a preference for a particular treatment
and should be blinded to the treatments
being imposed.18 As a result of their bias,
they may think they see a biological re-
sponse to treatments when really there is
no response. This is particularly important
if the workers are asked to record subjective
data such as scouring scores, condition
scores, or other similar measurements. Barn
staff and coordinators should not be per-
mitted to look at or summarize perfor-
mance of animals while the experiment is
underway, as this involvement may bias the
experiment. Assigning nondescript labels to
all treatments eliminates any bias the work-
ers may harbor. Blinding treatments is not
always possible. For example, a feed addi-
tive based on herbal supplements may have
a characteristic aroma that betrays any at-
tempt to blind the treatment.

Observe pigs
On regular visits to the farm, observe the
pigs’ condition and behavior. Are they re-
sponding to treatments as expected? If not,
why? This is important, because the investi-
gator cannot rely solely on the data collected
to determine whether the experiment was a
success. We recently conducted a sow lacta-
tion trial on a large commercial farm. The
barn records showed that sows in mid-lacta-
tion were consuming in excess of 9 kg of
feed daily, but sows became excited and agi-
tated when we entered the farrowing room,
behaving similarly to limit-fed gestating
sows. We learned that the amount of feed
the workers thought they placed in the
feeder was significantly less than the amount
recorded on the feed sheet, because workers
used a volumetric approach to measure feed.
This problem was not apparent without
observation of the sows.

Beware of volumetric feed
measures
Most commercial farms are not equipped
with tools to capture weight of feed offered
to individual sows or pens of pigs. The
costs of equipment or labor or both to
weigh feed for individual sows or pens of
pigs are high and are not practical in com-
mercial settings, so investigators must rely
on volumetric measures. Volumetric feed
drops or feed scoops must be calibrated

regularly to ensure that a 5-lb drop or
scoop truly offers 5 lb. Changes in season,
bulk density of feed, workers, and other
factors may influence the amount of feed
provided to pigs. If decisions are being
made on the basis of feed efficiency or cost
of feeding, then one should invest in sys-
tems that provide gravimetric measures of
feed intake.

Be aware of evolution in the
production system
The primary reason for conducting on-
farm research is to determine the efficacy of
treatments under commercial conditions.
However, commercial conditions change
over time. Health status, genetic base, par-
ity structure, pig flow, herd manager, labor
force, or facilities may change during the
course of the experiment. Some changes
simply happen, with little opportunity for
intervention by owners or managers. Other
changes are imposed in response to eco-
nomic forces. Investigators usually have
little ability to influence these changes.
Consequently, they must be aware of the
changes and record them so that they can
be considered when the results of the ex-
periment are interpreted. Changes in a pro-
duction system should be recorded in a
daily log of events. This log should include
changes that affect the entire unit (eg,
changes in genetics, vaccinations, and feed
supplier) and changes that directly affect
the experiment (eg, power outage in a
specific room, localized disease outbreak,
mix-up with treatment labels).

Keep treatments simple
On-farm experiments should include a
minimum number of treatments that are
simple to implement.1,2,9 A small number
of treatments, usually a control and an ex-
perimental treatment, allow the maximal
number of replications per treatment
within the number of animals available for
the experiment. Treatments that are easy to
implement are more likely to be imposed
willingly and accurately by the barn work-
ers. If the treatments are not imposed
properly, resulting data is meaningless.

Consult a statistician before the
experiment starts
A statistician or other professional knowl-
edgeable in experimental design and analy-
sis must be consulted while the experiment
is being designed to ensure that a valid sta-
tistical analysis of the data collected can be
completed.14,19 Aaron and Hays11 sug-
gested that a consulting statistician with

training or interest in swine production
would be most likely to provide useful ad-
vice. Existing layout of feed bins and lines
or pig flow or penning arrangements may
prevent the ideal allotment of animals to
treatment. Often, a statistician can help
design an allotment scheme that creates
minimal disruption of the production unit
while maintaining the ability to make valid
comparisons at the end of the experiment.
Statistical analysis of data after the experi-
ment is designed and completed cannot
overcome a poor experimental design.
Consulting statisticians or researchers
knowledgeable in experimental design are
available at every land-grant university in
the United States. Investigators should con-
tact the swine specialist in the extension
service of their state’s land-grant university
for help in identifying a statistician.

Use proper statistical procedures to
analyze data
 A statistician should be consulted for
analysis of the data.18 Preferably, the same
statistician should be consulted during the
design and analysis portions of the experi-
ment. A fact sheet is available to help inves-
tigators conduct a simple, statistically valid
analysis of an experiment with two treat-
ments.12 Simply calculating the average
litter size weaned by the control and
treated sows or the overall average daily
gain of control and treated pigs for com-
parison will not provide valid conclusions.
A formal statistical analysis will provide the
investigator with confidence that the ob-
served differences were true biological dif-
ferences and not simply due to random
chance. The statistical analysis may also
identify differences among treatments that
were not apparent in a simple comparison
of overall averages.

Evaluate performance using more
than one response criterion
Researchers should collect data concur-
rently on a selected group of related vari-
ables. For instance, collecting information
on weight gain, feed intake, and feed
efficiency is helpful in determining
whether a statistically significant response
is biologically significant. A statistically
significant improvement in daily weight
gain without an improvement in feed in-
take or feed efficiency should cast the bio-
logical significance of improved weight
gain in doubt. In contrast, improved
weight gain coincident with increased feed
intake gives the investigator increased
confidence that the response is real.
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Implications
• If conducted properly, on-farm

research provides valuable information
on the efficacy of new technologies in
commercial production systems.

• Improperly conducted experiments are
misleading and may encourage
producers to implement management
practices that do not generate an
economic return or may even be
detrimental to biological production.

• Retrospective analysis of data may
identify associations among variables
of interest but provides no evidence
for a causal relationship between one
or more manipulated variables and a
production response.

• Communication with barn workers
through concise protocols and
carefully designed data collection
procedures is crucial to conducting a
successful on-farm experiment.

• Advice of a statistician or professional
who is knowledgeable in experimental
design and analysis is invaluable in
designing and conducting an on-farm
experiment that will generate valid,
meaningful conclusions.
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