HORTICULTURE 524

EXPERIMENTAL PROCEDURES IN PLANT SCIENCE RESEARCH

Previous Course in Statistics

Instructor: Richard Craig Office: 18 Tyson 863-2191(office) 238-1624  (home)

Teaching Assistant- David Day

Technical Assistant-Lynn Butler and Tim Alderton

Class 1:  Introduction to the Course and to Research



�
INTRODUCE SELF




�
HAVE STUDENTS INTRODUCE THEMSELVES




�
ESTABLISH MEETING TIMES




�
DISCUSS SYLLABUS AND SCHEDULE

“Real learning takes place only when the learner plays a dual role; when he or she is both learner and teacher, doer and critic, listener and speaker.”  — John Holt

I.
Experimental Procedures in Plant Science Research


A.
Objectives of the course
*

1.
To instruct graduate students in the art of experimentation.



2.
To place in proper perspective the use of statistics as a research 


instrument.



3.
To promote the use of the computer in the research environment.



4.
To elucidate the finer points of interpretation of research analyses.



5.
To provide information on the presentation of experimental results 


verbally and in writing.

.


B.
Philosophy of the course
1.
This is a graduate course.  You are expected to be prepared for each class and prepared to discuss the pertinent topics.

2.
I will maintain a library of readings for you.  I will attempt to give you copies of important papers.



3.
You are expected to know the computational procedures for 

Analysis of Variance (AOV), Regression and Correlation.


C
THE COURSE IN BRIEF

Part I —   Planning and Conducting Research

Part II —  Statistical Interpretation

Part III — Scientific Communication

I.
Research Programs

	Class 1
	Introduction to the Course and to Research

	Class 2
	Discuss-Problem Statements, Objectives, Hypotheses, Research Proposals

	Class 3
	Selecting the Experimental Location

	Class 4
	Tour Research Areas

	Class 5
	Selecting Experimental Materials, Protocols, and Equipment

	Class 6
	Selecting the Experimental Design

	Class 7
	Initiation and Maintenance of the Experiment 

	Class 8
	Discuss Group Variability Reports

	Class 9
	Data Collection, Reduction, Inspection, Analysis


Class 10

Statistical Packages for the Microcomputer

Class 11

Discussion- Group Data Summary Reports
II. Interpretation of Experimental Results.  Although this course will stress interpretation, the following related topics will be covered for each analysis: assumptions of the analysis, the development of valid hypotheses, a brief review of statistical methods and the use of computer programs.

A.
General statistical and design principles: randomization, replication, sample size, partitioning of variance components, random and fixed effects

B.
Paired and unpaired t-tests

C.
Analysis of variance


1.
Completely randomized design


2.
Randomized block design


3.
Latin square design


4.
Statistical comparison of variances


5.
Factorial arrangement of treatments


6.
Split-plot arrangement of treatments

D.
Mean separation techniques


1.
LSD variations


2.
Orthogonal contrasts

E.
Simple linear correlation and regression


1.
Scattergrams


2.
Correlation analysis


3.
Regression analysis

F.
Multiple linear correlation and regression


1.
Visualization of the hyperplane


2.
Addition and deletion of variables


3.
Analysis of variance components


4.
Prediction equations

G.
Covariance analysis


1.
Selection of dependent and independent variables


2.
Regression techniques


3.
Analysis of covariance


4.
Adjustment of means


5.
Mean separation


6.
Measuring efficiency of analysis

H.
Chi-Square methods


1.
Goodness to fit analysis


2.
Contingency tables

I.
Transformations


1.
Square root


2.
Log


3.
Arcsine

J.
Non-parametric statistical analyses

III.
Presentation of Results

A. The “table of contents concept” of writing

B. Computerized literature searches

C. Drafting, revising, editing and proofreading

D. The written paper

E. The professional review

F. The verbal presentation; abstracts and posters

Assignments:

Reading assignments will be given for each lecture. Group assignments will be given for the first few areas of study; computer assignments will be given for each unit dealing with statistical inference.

	1
	Statement -Objectives-Hypotheses
	10
	Factorial Arrangement of Treatments

	2
	Variability-Group
	11
	Split Plot Arrangement of Treatments

	3
	Data Summarization-Group
	12
	Simple Linear Correlation

	4
	Abbreviated Research Proposal
	13
	Simple Linear Regression

	5
	t-tests-Unpaired and Paired
	14
	Multiple Regression

	6
	Completely Randomized Design
	15
	Analysis of Covariance

	7
	Randomized Complete Block Design
	16
	Chi-Square Analyses

	8
	Evaluation of Variances and Means 
	17
	A Professional Review

	9
	Latin Square Design
	18
	Abstract for a Professional Meeting


All assignments must be fully interpreted; professional in appearance and submitted on time in order to earn full credit. Computer assignments (Numbers 5-16 in the above table) are due on the Tuesday following the discussion of the topic. Due dates for assignments 1-4 and 17-18 will be announced.
Evaluation:

Class evaluation will be accomplished through three take-home, open-book examinations:


January 31 (due Feb. 14)
200 points


March 14 (due March 28)
200 points


April 11 (due April 25)
200 points

Examinations will stress the application of principles and skills learned in class. 

Grading


Lecture Examinations
75%
600 points


Assignments/Talk

25%
200 points

HORTICULTURE 524
EXPERIMENTAL PROCEDURES IN PLANT SCIENCE RESEARCH

SCHEDULE -----1/4/02

Lectures Tuesday and Thursdays at 9:05 AM in 10 Tyson

Discussions are either on Wednesday or Thursday at 3:35-5:00 PM in 10 Tyson
	Class
	Date
	
	Topic

	01
	Jan.   8
	
	Introduction to the Course and to Research; Assign Statements, etc.

	02
	Jan. 9/10
	
	Discuss Problem Statements, Objectives, Hypotheses, Assign Proposals

	03
	Jan. 10
	
	Selecting the Experimental Location; Assign Variability

	
	
	
	

	04
	Jan. 15
	
	Tour of Research Locations-Greenhouse/ Lab/ Growth Chamber/ Field

	05
	Jan. 16/17
	
	Selecting Experimental Materials, Protocols, Equipment; Standardization

	06
	Jan. 17
	
	Selecting the Experimental Design

	
	
	
	

	07
	Jan. 22
	
	Initiation and Maintenance of the Experiment

	08
	Jan. 23/24
	
	Discussion- Group Variability Reports

	09
	Jan. 24
	
	Data Collection, Reduction, Inspection, Analysis; Assign Marigold Experiment

	
	
	
	

	10
	Jan.  29
	
	Statistical Analyses via the Computer-EXCEL/ SAS/ SPSS

	11
	Jan.30/31
	
	Discussion- Group Data Summary Reports

	12
	Jan. 31
	
	t-tests: Paired and Unpaired; Exam I

	
	
	
	

	13
	Feb.   5
	
	t-tests: Paired and Unpaired

	14
	Feb. 6/7
	
	Discussion

	15
	Feb. 7
	
	Randomization, Replication, Random vs. Fixed Models; CRD

	
	
	
	

	16
	Feb. 12
	
	Randomized Block Designs

	17
	Feb. 13/14
	
	Discussion

	18
	Feb. 14
	
	Comparisons of Means and Variances

	
	
	
	

	19
	Feb. 19
	
	Orthogonal Comparisons

	20
	Feb. 20/21
	
	Discussion

	21
	Feb. 21
	
	Latin Square Design; Factorial Arrangement of Treatments

	
	
	
	

	22
	Feb. 26
	
	Factorial Arrangement of Treatments; Orthogonal Contrasts

	23
	Feb. 27/28
	
	Discussion; 

	24
	Feb. 28
	
	Split Plot Arrangement of Treatments

	
	
	
	

	
	Mar. 4/8
	
	SPRING BREAK--NO CLASSES


	Class
	Date
	
	Topic

	25
	Mar.12
	
	Split Plot Arrangement of Treatments 

	26
	Mar.13/14
	
	Discussion

	27
	Mar.14
	
	Linear Correlation and Regression; EXAM II

	
	
	
	

	28
	Mar.19
	
	Linear Correlation and Regression

	29
	Mar. 20/21
	
	Discussion

	30
	Mar. 21
	
	Multiple Correlation and Regression

	
	
	
	

	31
	Mar.26
	
	Multiple Correlation and Regression

	32
	Mar.27/28
	
	Discussion

	33
	Mar.28
	
	Covariance — CRD

	
	
	
	

	34
	Apr.   2
	
	Covariance — RCBD

	35
	Apr.   3/4
	
	Discussion

	36
	Apr.   4
	
	Chi-Square — Goodness of Fit

	
	
	
	

	37
	Apr. 9
	
	Chi-Square — Contingency Tables

	38
	Apr. 10/11
	
	Discussion of Chi-Square;  Introduce Transformations  ????

	39
	Apr. 11
	
	Non-parametric Statistics; Exam III

	
	
	
	

	40
	Apr. 16
	
	Table of Contents Concepts of Writing

	41
	Apr. 17/18/
	
	Preparing the Written Publication

	42
	Apr. 18
	
	Preparing the Verbal Presentation

	
	
	
	

	43
	Apr. 23
	
	Editing — Reviewing — Abstracts

	44
	Apr. 24/25
	
	Discuss Reviews; Student Talks

	45
	Apr. 25
	
	Graphics — Tables — Photodocumentation 


II.
Research Programs —The Passionate Pursuit of Knowledge 
A.
Making decisions about research needs — Planning the Experiment

1.
Time to be spent in planning — Weeks? Months? How?

2.
Why do we conduct experiments?  — Class

Every statistical analysis is based on probability — probability that we accept or reject a given hypothesis.

The probability level is arbitrary and can be set at any value: 9:1, 19:1, 99:1, 999:1, 9999:1  

How sure do we want to be?  How sure can we afford to be?  

Examples:  Life vs. death and early cultivar comparisons  and Preliminary experiments

Remember, at odds of 99:1, we can still be wrong in our decision 1/100.  (This is true for gambling casinos — the customer always has a “chance” to win.)

Probabilities are based on the number of observations and the number of degrees of freedom

3.
What is the ultimate product of research?  — Class ??

We assume that biological data follow normal distributions — that is we assume that populations (all individuals) follow normal distributions.  What about our samples?  Must be proven for our data!!  

If we could sample the entire population we would not need statistics; however we cannot do this — thus, statistics.  The more values in our sample the better our chances of knowing the truth about the population.

4.
Why do we use statistics?

a.
To assure within reason that the information/conclusions have a sound basis; that they are valid.

b.
Statistics cannot depend on the words “Always” “Never” “Every” but is based on probability.


i.e. Reno, Las Vegas or Atlantic City — Odds/probability of all gambling devices is known.  Must favor the House or the House would go broke.  If odds are 5:1, the House has 5/6 chances of winning and 1/6 chances of losing.  On the average, odds greater than 1:1 produce a profit.


In research, our gambling is also based on odds; however, it is our reputations or industries’ profits that are at stake.  We have arbitrarily set our odds at 99:1 (1%) or 19:1 (5%) levels.  


Thus, there is a maximum sample size, and minimum sample size and an optimum sample size.  Optimum size is dependent on time, space, previous knowledge, money, etc. 

�Elegant Research                       (MAKE OVERHEAD)

B. Problem Statements, Objectives, Hypotheses, Research Proposals


Statement of the problem and determination of objectives

•
Recognition of the problem is the first step in research.  This can originate with the researcher, industry or result from previous research.  

•
What scientists think vs. the general public:  see Elegant Research (and Heidi’s handout).

•
Hypotheses

—
Null — Alternative

—
Must be specific — simple

—
Must be able to be tested by one statistical test

•
Statement of the Problem must be clear, concise, complete.  


[Name specifics]
•
Review of the literature (CRIS, Library Searches)

•
How is the decision made to do research?


Is it possible


Time, money, facilities, energy

Assignment 1

1.
Develop a statement of your research problem

2.
At least one null hypothesis

3.
Objectives of your research

We will discuss this on Wednesday/Thursday next week and you will finalize it and then turn it in for grading on the following Tuesday.


HORT 524 
ASSIGNMENT #4

Development of an abbreviated research proposal; I will provide an example.

1.
Objectives

2.
Procedures

3.
Reasons for undertaking the work

4.
Past research and present outlook

5.
Literature cited

6.
Duration, cost, etc.

Class 3:
Selecting the Experimental Location
Planning the Experiment

I.
Selection of the Experimental Location must be considered during the planning stage.  (Field, greenhouse, growth chamber and laboratory experiments will be discussed.)

A.
Broad Selection Decision

1.
Type of research: disciplinary research vs. organism oriented research

2.
Degree of uniformity required (growth chamber, greenhouse, field)

3.
Survey vs. specific effects experiment

B.
Uniformity — Gradients within experimental location

1.
one way, two way

2.
environmental gradients (temperature; light quality, irradiance, photoperiod; relative humidity; air movement; pollution; etc.)

3.
location gradients (space size and shape constraints; bench arrangement)

C.
Facilities — are they available? water? electricity? gas? air? recorders? replacement parts?

D.
Surrounding areas — How can the surrounding area affect your research?

—
shade/light

—
competition

—
herbicides

—
other sprays/dust — pest treatment chemicals

Assignment 2:

1.
Select groups of 2 or 3 (need four groups)

2.
Choose an experiment area

3.
Sketch in scale; include everything

4.
Make a check list of every possible thing that should be accounted for in the experiment

GROUP I

GREENHOUSE

GROUP II
 
GROWTH CHAMBER

GROUP III
FIELD

GROUP IV
LABORATORY

Class 5:
Selecting the Experimental Materials and Protocols
I.
Selection of Experimental Materials and Methods

A.
Species Oriented vs. Discipline Oriented Research

B.
Organism Selection — Critical — Plant, Insect, Disease

1.
Genetic uniformity, inbred lines, clones, races, biotype, F1 hybrids, tissue culture source, etc.  Commercial cultivars (Ex. Peterson, Drummond Studies)

2.
Uniformity Required — vis-a-vis treatment effects expected.

3.
Pathogen — Virus Free — Clean Stock

4.
Vigor — pre-experimental culture

5.
Is quantity of one lot sufficient for all research?

C.
Chemical Selection

1.
Quality — is it specified?

2.
Additives

3.
Controls

4.
Preliminary Trials

5.
Ease of Application (Cycocel Example; 1500 vs. 3000 ppm)

6.
Safety?

D.
Equipment Selection

1.
Type** — growth chamber, balances, scales, specifically made equipment 

2.
Condition — Maintenance — Spare Parts

3.
Precision and reproducibility (Example:  new lamps for growth chamber; measure and record # hours used?)
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**Example of an experiment arena 

     from Perry Paul’s research


E.
Cultural Methods:  How selected?  Most current?  Standardized (important)?

II.
Why are all of these factors important?

•
Control of Experimental Error:  that error which results from all sources of variation that are not controlled, plus that due solely to chance alone (s2).

•
Experimental Error Reduction:  subject of this course

•
Experimental Error can be reduced by:

1.
Standardization of methods/materials

2.
Correct Choice of Experimental Design

3.
Aim is to reduce Expt s2 to chance variation

Many times we cannot control all sources of variation; however, we must make sure that all experimental units are equally subjected to the same variation; i.e. Uniform Variability.

Example: Night Temperatures 60 ± 3°F  —  Best that is available.

III. Physical, financial and personnel needs

Class 6:
Selecting the Experimental Design


Selecting the Experimental Design — Analysis and Design of the Experiment (How can we most efficiently solve the problem?)

1.
In choosing the design and analysis we must consider:

a.
Type of data that we plan to collect (Quantitative vs. qualitative) t, AOV, COV, r, b vs. non-parametric, 2: Blalock Handout
b.
The type of information we hope to find:  mean differences, variance, distribution, association, etc.

c.
See handout: names/types of variables

2.
An experimental design should be chosen to account for various sources of variation so that Expt s2 is minimal.  In choosing the design, we must consider:

design = RBD, CRD, Latin Square. Arrangement of treatments Factorial, Split, plot

a.
The number of factors, levels, and variables that are related to the problem and to our hypothesis.

b.
Whether one experiment or a series of experiments are necessary to solve the problem — Interaction?
c.
The design must fit the experimental area.  See handouts.

d.
Replications:  are they necessary?  Discuss gradients.  How many are needed?  Difficult choice without previous information; however, can be related to “degree of gradient” and expected degrees of freedom for testing hypothesis.  

e.
Observations/Repetition:  How many are required?

•
Dependent on makeup of experimental plots (i.e. one plant per plot vs. more plants per plot)

•
Dependent on types of variation you wish to measure (within plots, between plots)

•
Differences which you wish to detect (see publications)

f.
Randomization — every experimental unit should have the same opportunity to be in any particular experiment location.  

•
Methods of Randomization (Tables, Coin)

•
Any unbiased method is sufficient

