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Model Construction Process Outline 
 

The model construction process at its core is comprised of three key building blocks:  

I. Sketching a Study Blueprint 

II. Utilizing a What Would Fisher Do (WWFD)  table 

III. Writing the Model and Model Conditions 
 

Building Block I: Study Blueprint  
 

Part 1: Sketch relevant explanatory variables. 

Part 2: Rough sketch of the organization of the units. 

Part 3: Rough sketch of the “randomization” scheme. 
 

Building Block II: WWFD Table 
 

Step 1: Treatment Structure.  

Objective: Identify any treatments (i.e. explanatory variables). These could be innate characteristics or 

attributes manipulated in a study. Determine the corresponding degrees of freedom using the blueprint 

layout. Any extra degrees of freedom that are not attributable to the treatment fall into a blanket 

category named leftovers, originally referred to as “parallels”. [3] [4]   

Step 2: Design Structure.  

Objective: Determine the organizational structure of the units (including hierarchical structures) and the 

corresponding degrees of freedom (df). Pay close attention to the units where treatment(s) will be 

assigned ( or were observed). This interplay becomes especially important for hierarchical structures.  

Step 3: Combined Structure.  

Objective: Combine the treatment and design structures used in the study and account for 

corresponding degrees of freedom (df). Unlike the first two steps, in which degrees of freedom are 

assigned following the study blueprint directly, the combined degrees of freedom have to account for 

both the design and treatment structures.  A generic template of a WWFD table is shown below.  

 
 

Building Block III: Model and Model conditions 
 

What terms should be in the model? All the terms from the combined column of the WWFD table. There 

is a one-to-one correspondence between the terms in the combined column and model terms! 

Terms that are a part of the Treatment Structure will always be fixed. Terms that are a part of the Design 

Structure may be fixed or random depending on the study. Additionally, we emphasize that the role of 

the error term is flexible depending on the distribution that the data follows. This allows for a smoother 

transition beyond the Gaussian distribution. 
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Terminology 

 Study Blueprint: visualization of a layout of experimental units and treatment assignments 
 

 Experimental Study: A study where the researcher actively manipulates one or more variables 

(factors) to observe effects on the outcome, allowing for stronger causal inferences. 

 Observational Study: A study where the researcher observes and measures variables without 

manipulating them, often used to find associations but not to establish causality. 

 Units: The individual entities or cases (people, animals, objects, etc.) on which data are collected 

in a study.  

Important notes:  

- A unit is where the treatment is independently applied, an important distinction 

between replication—the repetition of independent units to assess variability—and 

pseudoreplication 

- There can be more than one size of unit in the same study. For example, in split-plot 

designs, different sizes of units receive different treatment factors. 
 

 Explanatory Variable/Treatment: A variable(s) that is manipulated or categorized to determine if 

it has an effect on the response variable. Other names used depending on the context: 

treatment, covariate, independent variable. Can be categorical or numerical. 
 

 Random Sample: A sample selected from a population where each unit has an equal chance of 

being chosen, ensuring representativeness. 

 Random Assignment: Assigning units to treatment groups by randomization, reducing bias, and 

helping establish causality. 
 

 Blocks: Groups of units that are similar in some way, that are expected to affect the response; 

blocking accounts for extraneous variability. 

 Why do we block? To control for variability among groups, improving the accuracy and 

efficiency of the experiment. 

 Benefit: Reduces confounding, increases precision of comparisons. 

 Cost: Adds complexity to the design and analysis. 

 Fixed Effects: Variables that capture the impact of specific, non-random characteristics— 

typically those that do not vary across units  

 Random Effects: Variables that capture the impact of specific, random characteristics— these 

may vary across units. These are considered a random sample from a larger population. 

 What Would Fisher Do (revisioned ANOVA table)- A framework that characterizes sources of 

variation attributable to explanatory variables vs the study design before building an ANOVA 

table or writing a model. 

 Degrees of Freedom: Number of independent pieces of information from the study.   
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Terminology Continued 
 

 One-way Treatment Structure: Investigating the effect of a single independent variable/factor 

on a dependent variable. This single factor has multiple levels or groups that are compared to 

see if they have a significant impact on the outcome. 

 Two-way Treatment Structure: Investigating the effects of two or more factors/independent 

variables on a response variable, where each factor has at least two levels. 

 Interaction Effect: When the effect of one explanatory variable on the response may change 

depending on another explanatory variable. 

 Main Effect: Impact of a single independent variable on a dependent variable, averaged across 

all levels of other independent variables. Essentially, examines the effect of one factor while 

ignoring the influence of other factors in the experiment. 

 CRD (Completely Randomized Design): A design structure in which treatments are randomly 

assigned to experimental units. 

 RCBD (Randomized Complete Block Design): A design structure in which experimental units are 

grouped into blocks, and each block receives all treatment conditions. 

 Split Plot: A design structure in which factors are applied to different-sized experimental units 

within the same experiment. It involves whole plots (larger experimental units) and sub-plots 

(smaller units within the whole plots). 

 BIBD (Balanced Incomplete Block Design): A design structure in which treatments are arranged 

into blocks, with each block containing a subset of the total treatment/treatment combinations. 

Key features include each treatment appearing an equal number of times (replication) and each 

pair of treatments appearing together in a specific number of blocks (balance). 
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Close Friends[1] 

A random representative sample of adult Americans was asked:  

 

Looking back over the last six months, who are the people with whom you discussed 

matters important to you? Just tell me their first names or initials. 

 

The interviewer then recorded how many names each person gave, along with demographics of 

the respondent (e.g. sex, location, age group).  Note for students that sex here may be binary 

because other sex options were limited in sample size. 

Research Question: 

Do men and women tend to differ on the number of close friends? 

Study Results:  

Summary Statistics 

 n Mean SD 

Women 814 2.09 1.76 

Men 654 1.86 1.78 

pooled 1468 1.99 1.77 

Observed Difference 
-0.228 

 
 
 

Analysis:  

Utilize the information provided to answer the research question. (No calculations expected!) 
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Close Friends: Scenario 1A   

Research Question: 

Do men and women tend to differ on the number of close friends? 

 

Analysis 
Scenario 1A: Study Blueprint  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scenario 1A: WWFD  

 

 

 

 

 

 

 

 

Scenario 1A: Model  
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Close Friends: Scenario 1B 
 

Research Question: 

Do men and women tend to differ on the number of close friends?  
 

Additional Context: 

- Suppose we have additional information about the respondents, specifically what region of the 

US they live in: East Coast, West Coast, Midwest, South.  

Analysis 

Scenario 1B: Study Blueprint  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scenario 1B: WWFD  

 

 

 

 

 

 

 

 

 

Scenario 1B: Model 
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Close Friends: Scenario 1C 
 

Research Question: 

Do men and women tend to differ on the number of close friends?  

Additional Context: 

Suppose in addition to region (East Coast, West Coast, Midwest, South), we also have 5 age 

groups for the respondents: 18-22, 23-30, 31-45, 46-65, 65+  

 

Analysis: 

Scenario 1C: Study Blueprint  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scenario 1C: WWFD  

 

 

 

 

 

 

 

 

 

 

Scenario 1C: Model 
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Baking Bread[2]: Scenario 2A 

Research Question: 
 

A baker wants to create the fluffiest possible loaves of bread, measured by overall volume, by 

investigating the impact of fat and yeast. 
 

Additional Context: 

They decide to study the effects of combining three different fats with three different brands of yeast, 

resulting in nine total combinations. The baker is using one type of flour, but needs to take into account 

that it was stored under four different conditions. This could impact the rise and volume of the final 

bake. The baker uses the flour with each combination of fat and yeast and bakes all loaves at the same 

temperature in the same oven. All loaves are given the exact same amount of time to rise and are baked 

under the same conditions.  Study results are shown in the table below. 
 

Analysis:  
Scenario 2A: Study Blueprint  

 

 

 

 

 

 

 

 

 

 
Scenario 2A: WWFD 

 

 

 

 

 

 

 

 

 

 

Scenario 2A: Model 
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Baking Bread: Scenario 2B 

Research Question: 
The baker now wants to determine the optimal baking conditions: temperature and style, to continue 

having the fluffiest bread with a crispy crust. 
Additional Context: 

The baker has been making fluffy loaves for a few months using the results of the last study. They just 

moved to a commercial kitchen with 3 ovens. The baker is considering three different temperatures: 

350°F, 400°F,  and 450°F, and two different baking styles: Dutch oven and hot stone. They decide to bake 

two different loaves in each of the three ovens, which are randomly assigned to the three temperatures. 

For example, the first oven is assigned 350°F, and one of the loaves is in a Dutch oven, and the other is 

on a hot stone.  They bake all loaves according to the assigned temperature for the same amount of 

time, and then measure the crust crispiness for each loaf.  

Analysis:  

Scenario 2B: Study Blueprint 

 

 

 

 

 

 

 

 

 

 

 

Scenario 2B: WWFD 

 

 

 

 

 

 

 

 

 

 

Scenario 2B: Model 
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Baking Bread: Scenario 2C 

Research Question: 
The baker still wants to determine the optimal baking conditions: temperature and style, to continue 

having the fluffiest bread with a crispy crust. 

Additional Context: 

After consulting with you, the baker acknowledges that they need additional replication. They agree to 

use 2 of the 3 ovens for the experiment, one time every day. They still want to use two different baking 

styles and determine the optimal baking temperature. The baker decides to bake two different loaves in 

each of the two ovens available on a given day over 6 different days. The weather and humidity of each 

day vary. They bake all loaves according to the assigned temperature for the same amount of time, and 

then measure the crust crispiness for each loaf. 

Analysis:  

Scenario 2C: Study Blueprint 

 
 

 

 

 

 

 

 

 

 

 

 

 

Scenario 2C: WWFD 

 

 

 

 

 

 

 

 

 

 
Scenario 2C: Model 
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Scenario 3: Practice 
 

A researcher comes to you for help analyzing an experiment to assess the effects of irrigation and variety 

on the response of a crop (generically referred to as “Y” in this problem). There are three irrigation 

levels: low, medium, and high. There are two varieties of a crop, denoted here as R and S.  

The objective of the experiment is to characterize the effects of irrigation and variety. 

In particular, researchers want to understand how the varieties perform under different irrigation 

regimes. The experiment design used center-pivot irrigation. The nozzles on the irrigator can be set so 

that concentric rings in the field receive different levels of irrigation. The design used four fields, each 

with one center-pivot irrigator. Three irrigation levels were included per field, using a randomized 

complete block design. Within each irrigation regime, four plots were planted, two to variety R, the other 

two to variety S (assignment was random, of course!). The figure below shows a study blueprint for one 

of the fields to help you visualize the layout of the experiment.  Remember that there are four fields in 

total. 

Scenario 3: Study Blueprint 
 

 

Scenario 3: WWFD 

 

 

 

 

 

 

 

 

 

 

Scenario 3: Model 
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