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ABSTRACT 

Venn diagrams were invented by John Venn in 1880 as an aid in logical 

reasoning. Since then, the diagrams have been used as an aid in understanding and 

organization for widely diverse audiences (e.g., elementary school children, business 

people) and widely diverse content areas (e.g., self-improvement courses, statistics). In 

this dissertation. Verm diagrams are used to illustrate and explain variable relationships. 

There are three main foci: (a) correlation and interaction, (b) variables and Venn 

diagrams, and (c) reliability and Venn diagrams. Confusion between correlation and 

interaction is explained, and the multicollinearity problem is illustrated using a Venn 

diagram composed of three circles and a horse-shoe shaped figure. Venn diagrams are 

presented for these variables: moderator; concrete and hypothetical intervening; 

component; traditional, negative, and reciprocal suppressor; covariate; disturbance; and 

confound. Venn diagrams are also used to differentiate among within-subjects, between-

subjects, and reliability designs. Last, a detailed example, which assumes basic 

knowledge of classical test theory and generalizability theory, is presented to help 

illustrate, using Venn diagrams, the role of error variance in performance assessments. 

Evaluation based on comments of 13 American Educational Research 

Association, Division D, listserve members and 7 non-members was positive, and interest 

in the topic was shown by over 100 visits to the website where a portion of the 

dissertation was posted. 



12 

CHAPTER 1 

INTRODUCTION 

Rationale 

Two of the many influential texts I read as a graduate student in Educational 

Psychology were Statistics (Johnson, 1988) and Generalizability Theory: A Primer 

(Shavelson & Webb, 1991). From Johnson, I learned about relationships of more than 

two variables, and from Shavelson and Webb, the use of Venn diagrams to represent 

components of variables. Now, I have united the two ideas of variables and Venn 

diagrams into this dissertation. 

Johnson (1988), in the introduction to and first chapter of his text, gave me two 

pieces of advice. The first was to "keep in mind that learning statistics—as with learning 

any subject-is partly a matter of learning to speak and think in a new language" (p. 9); 

the second was that "each approach to a concept, procedure, or interpretation, offers it 

own nuances that can make the difference between superficial learning and a deeper 

understanding" (p. v). Using Venn diagrams, another approach, has permitted me not 

only to speak and to think in a new language but see as well. 

In this dissertation, I use Venn diagrams to further the understanding of variables, 

their roles, and their relationships. My ultimate goal is to author a text that would enable 

the reader to see and understand variables more clearly. 

Although Venn diagrams have been helpful in increasing my understanding, will 

they be helpful to others? I think so. First, Gunstone and White (1986) stated that Venn 
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diagrams are used to "reveal how students perceive relations between concepts" (p. 151). 

They further argued; 

Venn diagrams are powerful probes of students' understanding of the 
meanings of terms and the relations between concepts. Among other 
important properties are that they take a short time to complete, can be 
used with classes of any size and with students at any level from mid-
elementary school upwards, and their nonverbal form can expose 
vagueness in conception that may be disguised in verbal 
responses....These properties should lead to extensive use of Venn 
diagrams as an additional mode of probing understanding, both in research 
and classroom practice, (p. 157) 

Second, Van Dyke (1995), in writing about the use of Venn diagrams, commented: 

Students of the present generation are visually sophisticated. Teachers can 
take advantage of that sophistication when presenting mathematical 
concepts and designing exercises. It is hoped that after completing these 
sheets, students will have a visual image to associate with each type of 
argument presented, (p. 482) 

That is what I hope for my future text on variables and Venn diagrams-after reading the 

text and completing some exercises, readers will have a visual image to associate with 

different variables and their relationships to each other. Third, the trend in 1970 was 

moving away from memorization of facts. Not much has changed: In the 1990s the trend 

is toward performance assessment where thinking, not just possession of information, is 

the goal (Wolf, Bixby, Glenn, & Gardner, 1991). Just as relevant to the 1990s as it was to 

the 1970s is this observation by Leisten (1970): 

Teachers are rebelling against those arbitrary lists of facts and unhelpful 
classifications which must be learnt for examinations. Much the same 
seems to be true of other people in different fields; everywhere the search 
is for comparisons and distinctions, correlation and meaning. Perhaps that 
is why Venn diagrams have come to the fore. (p. 76) 
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On the benefits of using Venn diagrams, Leisten commented that they "interest students, 

make them think, and further the process of consolidation" (p. 78). Fourth, in a text 

intended for pleasure reading by early elementary students, Froman (1972) simply stated 

that Venn diagrams sometimes "help you figure out something you want to know" (p. 

12). Finally, Kerlinger (1986) who used Venn diagrams in his research methods text, felt 

that "relations are the essence of knowledge. What is important in science is not 

knowledge of particulars but knowledge of the relations among phenomenon" (p. 55). He 

also wrote that "the central point is that relations are always studied, even though it is not 

always easy to conceptualize and state the relations" (p. 62). I hope Verm diagrams will 

help in conceptualizing, stating, and understanding the relationships between variables by 

giving the reader an easily remembered image-based statement. 

Information Processing and Venn Diagrams 

According to Good and Brophy (1990) "most research on human memory has 

been guided by one or two influential types of theory" (p. 209). The first theory to 

become well-established was the associationist theory which assumed "that the retention 

of new learning depends on the nature and strength of associations between that new 

learning and previous learning stored in memory and that forgetting is caused by 

interference from competing associations" (Good & Brophy, p. 209). Hill (1990) 

described the associationist theory of memory as the facilitation and inhibition of 

responses-sort of a "switchboard" model: "Do our wires still have the connections so 
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that each incoming signal will activate the correct mechanism?" (p. 212). The 

constructivist theory or cognitive theory, on the other hand, is one where: 

Learners are seen as constructing memory from input by processing it 
through existing structures, and then retaining it in long-term memory 
where it remains open to further processing and possible reconstruction. 
Constructivists assume that retention of new learning depends on the 
degree to which leamers can activate existing cognitive structures or 
construct new ones to subsume the new input, and they assume that 
material stored in memory can be distorted as well as forgotten. (Good & 
Brophy, p. 209) 

The cogmtive theory view of memory is also described "as a system of storing and 

retrieving information" (Hill, p. 212) and "views learning as the acquisition of knowledge 

and cognitive structures due to information processing" (Schunk, 1991, p. 337). Memory' 

is conceptualized more as a total view of some topic where "information is incorporated 

into an existing schema and in some cases modifies the schema" (Hill, p. 212). Schunk 

defined schema as "a cognitive structure that organizes large amounts of information into 

a meaningful system" (p. 347). 

Lefrancois (1991) contended that "The information-processing revolution in 

psychology, and specifically in learning theory, has led to a widely accepted basic 

[cognitive theory] model" (p. 60) which depicts the human information processor in 

terms of three types of storage units: sensory memory, short-term memory, and long-term 

memory. 

The three storage units are distinct from each other. Sensory memory receives 

vast amounts of information from the senses (e.g., sight, smell, taste) but holds the 



information for a very short time (Slavin, 1988). Indeed, Good and Brophy (1990) noted 

that "this input is very brief, ranging from less than a second for visual sensations to 

about four seconds for auditory sensation" (p. 213). Because sensory memory is 

unconscious, fleeting, and has a limited storage capacity, sensory data are either attended 

to or decay and are lost forever (Lefrancois, 1991). Lefrancois explained that the sensory-

data to which we do attend is processed into short-term memory where it is maintained 

for a brief period of time. Short-term memory, also known as working memory, is 

conscious, easily disrupted, and limited to handling from five to nine items of 

information according to Lefrancois. "The principal processing or control function that 

occurs at this level is rehearsal (repetition). Without rehearsal, material [sensory data] 

fades very quickly from short-term memory" (Lefrancois, p. 77). Material is transferred 

from short-term memory to long-term memory. Long-term memory is described as 

unconscious, with an unlimited capacity, and not easily disturbed and as that "stage of 

information processing corresponding to the permanent repository of knowledge" 

(Schunk, 1991, p. 343). The transfer is by a procedure called encoding. "Encoding 

involves transforming or changing and is defined in terms of the processes by which we 

abstract generalities and derive meaning from our experiences" (Lefrancois, p. 77). Three 

important processes noted by Lefrancois are (a) rehearsal (repetition), (b) elaboration 

(extending), and (c) organization (relating, sorting). 

"Organization as a memory process has to do with grouping, arranging, sorting, 

and relating material" (Lefrancois, 1991, p. 67). The use of Venn diagrams is a learning 



strategy that should help in the organization process. Basic strategies would be 

classifying variables into roles (e.g., covariate, suppressor) while a more complex 

strategy would be developing Venn diagrams to represent variables and their 

interrelationships. 

Research Questions 

I explored five areas regarding the use of Venn diagrams in understanding 

variables: (a) the f)ossible confounding of correlation and interaction impwsed, even 

encouraged, by the current use of Venn diagrams; (b) the pictorial representation 

between a dependent variable and three other variables; (c) the difficulty in partitioning 

the sums of squares when using non-experimental research data or data with unbalanced 

cells; (d) the illustration of these variable roles: moderator, intervening, component, 

suppressor, covariate, disturbance, and confound; and (e) the illustration of basic 

differences among within-subjects, between-subjects, and reliability designs. 

I have two research questions. First, are people interested in the topic of Venn 

diagrams and variables? Second, of those people who are interested, did they like my use 

of Venn diagrams to illustrate relationships between variables? 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

Pause and imagine a world without maps and globes, without charts and graphs. 

These visuals are so basic to our understanding that we cannot easily imagine the world 

without them (Wainer, 1992). Robinson and Petchenik (1976) also concurred: "There is 

fairly widespread philosophical agreement, which certainly accords with common sense, 

that the spatial aspects of all existence are fundamental. Before an awareness of time, 

there is an awareness of relations in space" (p. 14). They concluded their book with the 

observation that "The concept of spatial relatedness...is a quality without which it is 

difficult or impossible for the human mind to apprehend anything" (p. 123). Thus, in this 

review of the literature, I highlight the long history of graphics, discuss the value of 

graphics and principles of graphical excellence, provide an introduction to Venn 

diagrams, furnish examples of how the diagrams have been used, and investigate errors 

made with using Venn diagrams. 

History of Graphics 

Prehistorv 

From prehistory to the closing years of the second millennium, people have used 

graphics. The oldest known map, still in existence on clay tablets, dates from about 3800 

B.C. and depicts all of Northern Mesopotamia with symbols and conventions familiar 
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today (Beniger & Robyn, 1978). Numerous examples of prehistory graphics were 

described by Beniger and Robyn. For example, the first known use of a coordinate 

system, similar to Cartesian coordinates, was by Egyptian surveyors around 3200 B.C. to 

survey their lands. By 1500 B.C. there was a systematic guide to practical problems in 

geometry including graphical representation of circular, rectangular, and trapezoidal 

areas. The 4th century B.C. brought the first terrestrial and celestial globes. According to 

Funkhouser (1936) a graph dating fi-om the 10th or 11th century was discovered by 

Sigmund Gunther in 1877. The graph appeared to be an illustration for a text designed 

for use in monastery schools. Apparently, the graph was a "plot of the inclinations of 

planetary orbits as a function of the time" (Funkhouser, p. 260). The graph is significant 

in graphical history, because it is apparently "the oldest extant example of an attempt to 

represent changeable values graphically which in appearance closely resembles modem 

practice. The distinguishing feature is the use of a grid as a background for the drawing 

of the curves" (Funkhouser, p. 260). 

17th Century 

The advent of the 17th century was marked by the first published table of 

numbers. Other notable milestones in statistical graphics during this century were (a) 

coordinate system reintroduced in mathematics ,1637; (b) relationship established 

between graphed line and equation ,1637; (c) bivariate plots ,1686; and (d) mortality 

tables, 1693 (Beniger & Robyn, 1978). 
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18th and 19th Centuries 

The late 18th and early 19th centuries were marked by the innovations of William 

Playfair (1759-1823), an English political economist, who has been variously 

characterized as one of the great inventors of modem graphical design (Tufte, 1983), the 

most influential of innovators (Wainer, 1992), and a father of statistical graphics 

(Fienberg, 1979). Tufte noted that it was the remarkable William Playfair who 

"developed or improved upon nearly all the fijndamental graphical designs" 

(Introduction). 

Playfair (1801) wrote; 

"Information, that is imperfectly acquired, is generally as imperfectly 
"retained; and a man who has carefully investigated a printed table, finds, 
"when done, that he has only a very faint and partial idea of what he has 
"read; and that like a figure imprinted on sand, is soon totally erased and 
"defaced, (p. xiv) 

And so Playfair, for example, developed the (a) bar chart, 1786; (b) pie chart, 1801; (c) 

circle graph, 1801; and (d) circle chart, 1805—a graphical depiction of multivariate data 

portraying areas of countries/territories, number of inhabitants, and revenue in pounds 

(Fienberg, 1979). A small, albeit representative, portion of one of Playfair's (as cited in 

Tufte, 1983) circle charts is shown in Figure 2.1. The graph, entitled "Statistical Chart 

showing the Cities of Europe that are or have been Capitals of Empires, Kingdoms, or 

Republics, Represented in the order of their Populations'' used circles to represent cit>' 

populations-the larger the population, the larger the area of the circle. 
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London Constantinople Paris 

Inhabitants 

1,100,000 
Inhabitants 

, 900,000, 
Inhabitants] 
. 690.000/1 

Figure 2.1. Cities represented in order of population. 

Playfair's charts and graphs not only conveyed information but were also pleasing 

to the eye and made statistics a little more palatable. According to Playfair (as cited in 

Fienberg, 1979); 

For no study is less alluring or more dry and tedious than statistics, unless 
the mind and imagination are set to work or that the person studying is 
particularly interested in the subject; which is seldom the case with young 
men in any rank in life (p. 165) 

And furthermore, Playfair (1801) stated about his use of graphics in the trade business: 

I have succeeded in proposing and putting in practice a new and useful 
mode of stating accounts...as much information may be obtained in five 
minutes as would require whole days to imprint on the memory, in a 
lasting manner, by a table of figures, (p. xiii) 

Due largely to his efforts, charts and graphs for data displays became accepted practice as 

early as the late 1800s (Fienberg. 1979). 

18th Century Contributions 

A few of the numerous noteworthy contributions made during the 18th century 

included the (a) isobar map, 1701; (b) abstract line graph, 1724; (c) contour map, 1752; 

(d) curve-fitting and interpolation from empirical data points, 1760; (e) theory of 

measurement error as deviations from regular graphed line, 1765; (f) historical time line 



showing the life spans of famous people, 1765; (g) regular use of line graphs applied to 

empirical measurements, 1767-1796; (h) geological maps, 1778; (i) statistical maps, 

1782; and 0) printed coordinate paper, 1794 (Beniger & Robyn, 1978). 

19th Century Contributions 

Some of the noteworthy contributions made during the 19th century were (a) 

subdivided bar graph with superimposed squares, 1811; (b) scientific publications begin 

to contain descriptive graphs, 1820s; (c) ogive or cumulative frequency curve, 1821; (d) 

scientific publications begin to contain analytical graphs, 1830-1835; (e) advocacy of 

graph paper as standard tool of science, 1832; (f) histogram, 1833; (g) logarithmic grid, 

1843; (h) limiting curve of possibility (later called normal curve), 1846; (i) statistical 

graphics used in lawsuit, 1852; (j) published instructions on how to use graph paper, 

1879; (k) pictogram, 1884; and (1) idea for "log-square" paper, ruled so that the normal 

probability curve appeared as a straight line, 1899 (Beniger & Robyn, 1978). 

20th Century Contributions 

In the early 1900s, a few major highlights were (a) statistical diagrams in U.S. 

textbooks, c. 1910; (b) textbook in English devoted exclusively to statistical graphs, 

1910; (c) arithmetic probability paper, ruled so that ogive appears as straight line, 1913; 

(d) college course in statistical graphical methods, 1913-1914; (e) published standards of 

graphical presentation for the U.S., 1914; (0 correspondence course in graphical method 

(20 lessons, $50), 1916; (g) annual college course at Stanford in statistical graphical 

methods, 1918-1933; (h) U.S. textbooks on graphics, published at rate of about t\vo per 



23 

year, 1920-26; and (i) experimental test of statistical graphical forms (pie versus 

subdivided bar chart), 1926 (Beniger & Robyn, 1978). 

From 1926 to about 1957 there was a lapse of interest in statistical graphics 

(Beniger & Robyn, 1978). From 1957 to the present, however, there has been an increase 

in methods for (a) representing multivariate data (e.g., circular graphs with rays-1957, 

triangles using sides and orientation to represent four variables simultaneously—1966; 

irregular polygons-1971, form of Fourier series to generate plots of multivariate data-

1972, Chemoff faces~1973); (b) using statistical graphs on television; and (c) conducting 

exploratory data analysis using graphical innovations (e.g., stem-and-leaf, graphical lists, 

box-and-whiskers plot, Uvo-way and extended-fit plots, hanging and suspended 

rootograms) (Beniger & Robyn, 1978). As late as the mid-1980s publication-quality 

graphs were time- and cost-expensive and often necessitated the use of a graphics artist 

or draftsman (Henry, 1995). With the advent of computers and statistical graphing 

packages, graph-making became a faster and less expensive endeavor. In the 1990s, 

cpmputer software programs enable almost anyone to produce sophisticated graphs. 

Reasonably priced Dt\XdiGraph Pro 3.5, for example, allows for construction of these 

graphs; 

1. 2-D business charts (e.g., stacked column, column, stacked bar, bar, high-low, 

range, line, step, candlestick, bubble, spider, multiple pie, time line, table); 

2. 2-D technical charts (e.g., paired scatter, polar, contour line and fill, ternary, 

gridded vector, radius/angle gridded vector); 
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3. 2-D statistical charts (e.g., histogram, pareto, ogive, boxplot); 

4. Quality control charts (e.g., fraction defective, defects per unit); 

5. 3-D business charts (e.g., column, area, ribbon); and 

6. 3-D technical charts (e.g., scatter, scatterline, wireframe, surface fill and line). 

The use of maps, graphs, and charts has come a long way since the modest clay 

tablet map of Northern Mesopotamia (c. 3800 B.C.) and the pie chart and circle graph by 

William Playfair in 1801. Graphs and charts now (a) play decisive roles in data 

presentation; (b) summarize data in technical journals; (c) appear in textbooks, 

classrooms, newspapers, and popular magazines; (d) play increasingly important roles in 

government reports, and (e) aid in not only summarizing and describing data but also as 

diagnostic analysis aids (Fienberg, 1979). 

Value of Charts and Graphs 

Cleveland (1984) stated; 

Quantitative patterns and relationships in data are readily revealed by 
graphs because of the enormous power of our eye-brain system to perceive 
geometrical patterns; this system can quickly summarize vast amounts of 
quantitative information on a graph, perceiving salient features, or can 
focus on specific detail, (p. 261) 

Likewise, Wainer (1992) noted that "Graphs work well because humans are very good at 

seeing things" (p. 15); indeed, he suggested that the "ability to read graphs is pretty much 

hard-wired in" (p. 15). Most important is this Robinson and Petchenik (1976) 

observation; "A visual display carmot go unprocessed" (p. 70). 



The qualities and values of charts and graphs as compared with textual and 

tabular forms of presentation are summarized by Calvin Schmid (1954) in his Handbook 

of Graphic Presentation. 

1. In comparison with other types of presentation, well-designed 
charts are more effective in creating interest and in appealing to the 
attention of the reader. 

2. Visual relationships, as portrayed by charts and graphs, are more 
clearly grasped and more easily remembered. 

3. The use of charts and graphs saves time, since the essential 
meaning of large masses of statistical data can be visualized at a glance. 

4. Charts and graphs can provide a comprehensive picture of a 
problem that makes possible a more complete and better balanced 
understanding than could be derived from tabular or textual forms of 
presentation. 

5. Charts and graphs can bring out hidden facts and relationships 
and can stimulate, as well as aid, analytical thinking and investigation, (p. 3) 

Wainer (1992) cited several examples of important discoveries in which graphics 

played an important role. Two of Wainer's examples serve to illustrate the value of 

graphs and charts; both involve life-or-death situations, one from cholera, the other from 

downed aircraft. The first example; There was a terrible cholera outbreak in London in 

1854 with more than 500 lives claimed. Dr. John Snow, by plotting the locations of death 

from the outbreak, located the contaminated water pump and had either the handle or the 

whole pump removed. As a result, the cholera outbreak ended within a few days. The 

second example explained how Abraham Wald, during Worid War II, decided to add 

extra armor to airplanes. He examined the pattern of bullet holes in airplanes that 
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returned. Then, he made a drawing of an airplane and made a mark on the drawing 

corresponding to the location of bullet holes on returning airplanes. The whole airplane, 

except for some few key areas, quickly became covered with marks. The armor was 

placed in the area without any marks. He reasoned that returning airplanes hit with 

bullets needed no protection in the bullet-hole areas. Planes that did not return were most 

likely hit in areas without marks. 

Graphical Excellence 

To impart excellence into graphical displays, Tufte (1983) suggested the 

following: 

• show the data; 
• induce the viewer to think about the substance rather than about 

methodology, graphic design, the technology of graphic production, 
or something else; 

• avoid distorting what the data have to say; 
• present many numbers in a small space; 
• make large data sets coherent; 
• encourage the eye to compare different pieces of data; 
• reveal the data at several levels of detail, from a broad overview to 

the fine structure; 
• serve a reasonably clear purpose: descriptions, exploration, 

tabulation, or decoration; 
• be closely integrated with the statistical and verbal descriptions of 

a data set. (p. 31) 

Guidelines, however, are not always followed. Graphics have come far since 

William Playfair's time, but there is still far to go in terms of graphical excellence. In 

1979, Fienberg noted that "actual practice in statistical graphics is highly varied, good 
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graphics being overwhelmed by distorted data presentation, cumbersome charts, and 

complexing pictures" (p. 165). In 1992, errors are still being made. 

Wainer (1992) observed: 

The ability to understand spatial information is so powerful than 
humans can do it well even with flawed graphs. 

Thus you can understand my dismay when a recent headline 
blared, "Only 50% of American 17-year-olds can identify information 
in a graph of energy sources." If the ability to read graphs is pretty much 
hard-wired in, how do we explain this headline? (p. 15) 

The answer: the graph was flawed. Wainer continued. 

Characterizing an examinee's ability to understand graphical displays on 
the basis of a question paired with a flawed display is akin to 
characterizing someone's ability to read by asking questions about a 
passage full of spelling and grammatical errors. What are we really 
testing? (p. 16) 

I think the best and simplest advice for creating graphics is Cleveland's (1984) 

last guideline to authors creating graphs: "Proofread" (p. 268). 

Introduction to Venn Diagrams 

One way to classify graphs is to separate them into two broad divisions: graphs 

and charts involving data and those not involving data (Fienberg, 1979). Graphs and 

charts involving data are flirther subdivided, by Fienberg, into the categories of (a) data 

display and summary (e.g., time-series charts, histograms); (b) analytical plots (e.g., 

residual plots); and (c) a combination of both data display and analysis. Graphs and 

charts involving no data are subdivided into those that (a) depict theoretical relationships 

(e.g., probability density functions), (b) serve as a substitute for tables, and (c) organize 

information (e.g., numerical charts and diagrams). Venn diagrams, along with maps and 



flowcharts, are categorized as graphics that do not necessarily involve data and serve as 

information organizers; indeed, these graphics are "usually used to enhance our 

understanding of a problem or to organize information in a tidy way" (Fienberg, 1979, p. 

167). Schmid (1954) likewise noted that graphics whose primary aim is to organize 

information are "not used to portray or interpret statistical data" (p. 181). Instead, the 

strength of organizational graphics is their ability "to present a large number of facts and 

relationships simply, clearly, and accurately without resorting to extensive and 

sometimes involved verbal description" (Schmid. p. 181). 

Definition of Verm Diagrams 

Verm diagrams were first introduced by John Venn (1834-1923) in his article on 

diagrammatic and mechanical representations of propositions and reasoning (Venn, 

1880). The diagrams, however, were popularized by Venn's 1881 book. Symbolic Logic 

(Grunbaum, 1984). On the benefit of using his diagrams, Venn (1881) asserted, "And 

most imaginations, if the truth were told, are sluggish enough to avail themselves now 

and then of such a help [the diagram] with advantage" (p. 15). 

Sometimes confiision exists between Euler's circles and Venn diagrams. 

Although both methods are used in logic, Euler's circles (originated in 1761) preceded 

Venn diagrams (originated in 1880) by over a century. Venn (1894) described the use of 

the Eulerian diagrams as a system of exclusion-inclusion. He described Venn diagrams as 

a system of "occupation or non-occupation of compartments" (p. 24). Using a Venn 

diagram, however, to represent a syllogism requires only one picture while using Euler's 
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circles would require many. For example, to solve the syllogism "Some A are B, Some B 

are C" would require 16 Euler circle diagrams, but only one Venn diagram (Dobson, 

1994). The number of diagrams required differs because Euier's circles show net results 

all at once and thus, according to Venn, necessitate "a plurality of diagrams for one 

syllogistic mood" (p. 515), whereas Venn diagrams show successive increments of 

details and knowledge in a step-by-step procedure. Using a Venn diagram draw-and-

shade method, the solver simply modifies the diagram by shading areas, erasing, leaving 

areas blank, and using numerals to show compartments. The traditional Euler system 

would require "that the solver created all possible combinations of all possible premise 

representations, and then to solve the syllogism the solver would have to propose a 

solution and check that it was consistent with all the resulting diagrams" (Dobson, 

p. 156). In examining the differences between Euier's circle and Venn diagrams, Venn 

(1894) described the process of constructing a Venn diagram in this manner: 

Our first data abolish, say, such and such classes. This is final, for, as 
already intimated, all the resultant denials must be regarded as absolute 
and unconditional. This leaves the field open to any similar accession of 
knowledge from the next data, and so more classes are swept away. Thus 
we go on till all the data have had their fire, and the muster-roll at the end 
will show what classes are, or may be, left surviving. If therefore we 
simply shade out the compartments in our figures which have thus been 
successively declared empty, nothing is easier than to continue doing this 
till all the information furnished by the data is exhausted, (pp. 123-124) 

Continuing, Venn described the process of creating a Euier's circle diagram in this way: 

Now if we tried to this by aid of Eulerian circles we should find at once 
that we could not do it in the only way in which intricate matters can 
generally be settled, viz., by breaking them up into details, and taking 
these step by step, making sure of each as we proceed. The Eulerian 
figures have to be drawn so as to indicate at once the final outcome of the 
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knowledge furnished. This offers no difficulty in such exceedingly simple 
cases as those furnished by the moods of the Syllogism, but is quite a 
different matter when we come to handle the complicated results which 
follow upon the combination of four or five terms, (p. 125) 

Vogt (1993) defined a Vetm diagram as a form of "graph using circles to represent 

variables (composed of sets of points) and their relationships. The rectangle represents 

the universal set (population) and the circles inside the rectangle are sets (variables). 

Union and intersection are represented by the circles' overlap" (p. 242). Two comments 

about Vogt's definition are necessary; (a) the circle's overlap defines intersection not 

union and (b) the common perception that a rectangular bo.x defining the universe of 

discourse encloses the circles may be erroneous. Venn (1894) only used rectangles to 

enclose material presented in a tabular format. Venn described the universe of discourse 

I draw a circle to represent X\ then what is outside of that circle represents 
non-yV, but the limits of that outside are whatever I choose to consider 
them. They may cover the whole sheet of paper, or they may be contracted 
definitely by drawing another circle to stand as the limit of the Universe; 
or, better still, we may merely say vaguely that the limits of the Universe 
are somewhere outside the figure but that there is not the slightest ground 
of principle or convenience to induce us to indicate them. (pp. 252-253) 

Other writers describe Venn diagrams as "representing pictorially relations 

among sets" (Sneddon, 1976, p. 606), "representations of the relations between particular 

classes of concepts " (Gunstone & White, 1986, p. 151), and topological models not 

restricted to the use of circles (Grunbaum, 1984). 
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Venn (1894) described his diagrams: 

At the basis of our Symbolic Logic, however represented, whether by 
words by letters or by diagrams, we shall always find the same state of 
things. What we ultimately have to do is to break up the entire field before 
us into a definite number of classes or compartments which are mutually 
exclusive and collectively exhaustive. The nature of this process of 
subdivision will have to be more fully explained in a future chapter, so 
that it will suffice to remark here that nothing more is demanded than a 
generalization of a very familiar logical process, viz. that of dichotomy. 
But its results are simple and intelligible enough. With two classes, X and 
Y, we have four subdivisions; the X that is Y, the X that is not F, the Y that 
is not X, and that which is neither X nor Y. And so with any larger number 
o f  c l a s s e s ,  ( p .  I l l )  

Venn presented two intersecting circles as the primary diagram for two terms and 

three intersecting circles as the primary diagram for three terms. What happens when 

more than 3 classes, say n number of classes (or variables), need to be represented? 

Grunbaum (1984) noted that many critics felt Venn could not accommodate greater 

numbers of classes and "over the past century many papers were published in which the 

existence of Venn diagrams for n classes is proved" (p. 239). 

In my review, I find that Venn (1881, 1894) does address the problem of n classes 

in text if not in pictures. He used four intersecting ellipses (Figure 2.3) for four terms but 

stated that for five terms, ellipses fail, at least in terms of simple form. His solution for 

depicting five or more terms: 

It would not be difficult to sketch our figures of a horse-shoe shape which 
should answer the purpose, but then any outline which is not very simple 
and easy to follow fails altogether in its main requirement of being an aid 
to the eye. What is required is that we should be able to identify any 
assigned compartment in a moment. (1881, pp. 106-107; 1894, p. 116) 
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Venn (1881, 1894) pictorially presented the ellipses but not the horse-shoe shape. Venn 

(1880), however, presented the horse-shoe shape. For example, forn = 4 classes, the 

diagram could be circles combined with a horseshoe shape (see Figure 2.2) or ellipses 

(see Figure 2.3). 

Figure 2.2. Circles and a horse-shoe shaped figure represent four classes. 

Figure 2.3. Intersecting ellipses represent four classes. 

The importance of a four term Venn diagram for this dissertation is it allows for the 

representation of the relationship between one dependent variable and three other 

variables using a single diagram easily comprehended by the reader. 

Uses of Venn Diagrams 

Venn diagrams have been used as an aid in understanding and organization for 

widely diverse audiences ranging from early elementary school students to university 



students. Venn diagrams are commonly used in (a) propositional logic; (b) Boolean 

algebra (Sneddon, 1976); (c) set theory (Glicksman & Ruderman, 1964; Hagle, 1996; 

Savage, 1954); and (d) the integration of truth tables, set theory, and propositions (Tryon, 

1973). They are also used in numerous other content areas from statistics and 

methodology to the study of dinosaurs. Next, I present a number of different uses for 

Venn diagrams. 

Statistics and Methodology 

Kerlinger (1986) used Venn diagrams to explain basics of set theory, probability, 

and to show the variance relation of reliability and validity. Johnson (1988) and Yellman 

(1989) used them to explain elementary probability theory. Keppel and Zedeck (1989) 

used Verm diagrams to explain multiple correlation and partial correlation analysis. 

Shavelson and Webb (1991) used Venn diagrams coupled with generalizability theory to 

show absolute and relative error and variance sources in single facet and multifaceted 

designs. They observed that the Venn diagram is "a useful visual aid for decomposition 

of the total variance of observed scores into its constituent variance" (p. 21). Pedhazur 

(1982) illustrated basic concepts such as variance and correlation. Marascuilo and Levin 

(1983) explained squared zero-order, multiple, partial, and part correlation with the aid 

of Venn diagrams. Cohen and Cohen (1975) used Venn diagrams throughout their text. 

They pictured, for example, ''different relationships of Y and two IVs" (p. 86) and 

showed "the partitioning of the Y variance for the subjects within groups by 
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conditions design" (p. 416). I find it interesting that Cohen and Cohen referred to their 

figures as ballantines rather than Venn diagrams. Emphasizing the fact that Venn 

diagrams are not restricted to circular shapes was Marascuilo's (1971) use of egg-shaped 

Venn diagrams. His diagram that showed the intersection of two sets would be similar to 

Figure 2.4. 

A 

Fiegire 2.4. Intersection of two sets. 

Although egg-shapes are interesting, in my presentation I will mainly use circular Venn 

diagrams. After all, "a circle is, of all geometrical patterns, the easiest resting spot for the 

eye" (Karsten, 1923, p. 96). Karsten made that comment in his discussion about pie-

charts. Additionally, Cleveland and McGill (1984) found that "circles can overlap a lot 

and still permit perception of circle. Part of the reason for this is that overlapping circles 

tend to form regions that do not look like circles, so the individuals stand out." (p. 551). 

Reasoning for Elementary School Students 

Froman (1972) illustrated the use of Venn diagrams with early elementary 

students. He started with an example of a child having some black marbles and some 

white marbles sorted by color into two different circles. Then a marble with both black 



and white was found. To include the black and white marble in the circles, the circles 

must overlap, and the black and white marble placed in the intersection. Although the 

marble problem was the most basic example in the book, Froman quickly went into more 

detail: Students played detective using Venn diagrams to organize clues and draw a 

conclusion about the thief in the story of "The Mystery of the Missing Piece of Pie."' His 

definition of Venn diagrams was simply that "circles you draw and use this way are 

called Venn diagrams. Sometimes they can help you figure out something you want to 

know" (p. 12). 

Pre-service Teacher Training 

Gunstone and White (1986) used Venn diagrams with science graduates in pre-

service teaching training. The task was to represent the relations among all plants, 

flowering plants, trees, and grasses. An example of a follow-up query would be to 

explain where a conifer, clover, or bamboo would be placed on the diagram. 

High School Physics 

Gunstone, in his unpublished doctoral thesis (as cited in Gunstone & White, 

1986) found many benefits to using Venn diagrams to teach an understanding of kinetics 

and dynamics to senior high physics students. Among those benefits were that Venn 

diagrams (a) could probe aspects of understanding, (b) were useful as stimuli in 

interviews (i.e., teacher to student conversation), and (c) helped in understanding a 

student's reasoning when a correct answer was derived fi^om unexpected and incorrect 
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Deductive Reasoning for Grades 9 through 12 

Van Dyke (1995) felt that a primary educational goal was the enhancement of 
students' deductive reasoning ability. He stated. 

The capability to think logically is needed in every discipline, and it is 
particularly important in mathematics. Standard 3 of the NCTM's 
curriculum standards for grades 9-12 recommends that the "curriculum 
should include numerous and varied experiences that reinforce and extend 
logical reasoning skill (NCTM [sicl 1989, 143)". (p. 481) 

Van Dyke designed a series of activity sheets to introduce students to three patterns of 

reasoning in inferential logic. Using Venn diagrams in logic is not new (see Venn, 1880), 

but teachers often use the diagrams for an initial demonstration and then quickly move 

into truth tables and symbolization. Van Dyke's activity sheets, however, concentrate on 

the diagrams. "Students learn to construct arguments from diagrams. Then, given an 

argument, students can first illustrate the argument with a Venn diagram and 

subsequently study the diagram to see if the argument is valid or invalid'" (p. 481). 

Geography 

Venn diagrams were superimposed on a flat map of the world to allow students to 

visually locate the epicenter of an earthquake (Sharing teaching ideas: Earthquakes and 

Venn Diagrams, 1979). The mathematical solution was also presented, but the Venn 

diagrams provided a stunning, easily-remembered image. 

Cartographic Communication 

Robinson and Petchenik (1976) used rectangular Venn diagrams to (a) symbolize 

"man's conception of the geographical milieu [environment]"' (p. 33) and (b) summarize 

"the cognitive elements in cartographic communication'" (p. 34). 
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Mass Communication 

Schramm's model of communication consisted of two overlapping circles. 

Schramm (1971) asserted; 

The similarity of meaning which Mr. A and Mr. B will perceive in a 
message depends on finding an area where the experience of the two 
people is sufficiently similar that they can share the same signs efficiently. 
If we think of the circle around A and the circle around B in the following 
diagram as their frames of reference, by which we mean their fimd of 
usable experience, then the areas where they can communicate efficiently 
with each other are represented by the overlap of the two circles, (p. 31) 

Morgan and Welton (1992) explained Schramm's diagram as 'The area where A's life-

space overlaps that of B is the setting for their communication" (p. 9). 

Library Searches 

Another use of Venn diagrams is for on-line searching at libraries (Smith, 1976). 

Librarians found that linear and parenthetical displays were not immediately or readily 

understandable to the typical university client. Smith found, however, that university and 

college clients with little or no previous exposure to Venn diagrams had little or no 

difficulty understanding the diagrams when a few simple illustrations were used for self-

explanatory purposes. She discovered that neither Boolean logic (e.g., intersection, 

union) nor the English word equivalents (i.e., and, or) were needed to explain the Venn 

diagrams. It was simply stated that "Terms to be ORed are displayed as a group enclosed 

in a circle, while the "ANDing" of terms or sets of terms is depicted as an overlap of 

their enclosing circles" (p. 511). She also found that circles were not easy to revise 

without substantial redrawing and used a rectangular Venn diagram. 
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Self-improvement Courses 

Covey (1995) conducted workshops for corporations. His workshops centered 

around providing "a holistic, integrated approach to personal and interpersonal 

effectiveness" (p. 1). In his training manual, he used Venn diagrams to illustrate the 

integrated approach. For example, he used three overlapping circles to show that "Habits 

are patterns of behavior that involve three overlapping components: knowledge, desire, 

and skill" (p. 1). 

Additional Uses 

Venn diagrams have been used to (a) "illustrate elementary chemical processes" 

(Henson & Stumbles, 1977, p. 117); (b) learn relationships (e.g., between acids, bases, 

and ions) in chemistry (Leisten, 1970); (c) develop one's intuitions concerning relations 

between sets in philosophy (Pollock, 1990); and (d) study dinosaurs (Dudley, 1977). 

Errors Using Venn Diagrams 

Hodgson (1996) conducted an initial investigation to see how Verm diagrams 

might lead students to make errors in the visualization of set expressions. Production 

systems technology, a computer representation of the knowledge used to complete a 

designated task, was used. The sample consisted of 92 introductory discrete mathematics 

course students at a large Midwestern university. All students had a six week class on set 

theory and introduction to formal probability followed by a unit on Venn diagrams. Then, 

the students took a test on which they had to identify by shading the regions of the Venn 



diagram which corresponded to the problem set (e.g., A u B') and explain in writing 

what they did. There were eight different problem sets; A n B, A u B, A n B', A' n B, 

A ' n B', A u B', A' u B, and A' u B'. For the eight problems, 125 errors were made. 

Hodgson used the production system to look at the error patterns made by students. 

Errors were classified as either "random" (did not match the computer representation) or 

systematic (did match). However, there was no control group, and only types of errors 

made with Verm diagrams could be identified. The study results are sufficient to show 

common errors made by the mathematics student. When I use Venn diagrams 1 do not 

want readers to have difficulty conceptualizing basic union and intersection even though 

I do not formally use those terms. Two of the four types of systematic errors relevant to 

my dissertation were incorrectly interpreting intersection as union (made by three 

subjects) and union as intersection (made by six subjects). No errors were made in 

understanding the intersection of two sets—the first problem set A n B. Only two errors 

were made for the union of two sets-the second problem set A u B. Hodgson concluded 

that the subject's visualization of union and intersection was correct and recalled directly 

from long-term memory. Therefore, I conjecture that the use of Venn diagrams should 

not be a problem for most readers. 



CHAPTERS 

CORRELATION AND INTERACTION CONFUSION 

Introduction 

Venn diagrams, first introduced by John Venn in 1880, are topological models 

(often circles) that can be used to represent pictorially the relationships between 

variables. I will use Venn diagrams as an aid in understanding variable relationships. 

I limit my discussion in Chapter 3 and Chapter 4 to this regression model: 

p\Xi\ + + £, (3.1) 

with intercept ((3o), two independent variables (Xi and a bilinear interaction variable 

{X\Xi), and one dependent variable (}0- Independent variables are continuous or 

categorical and between-subjects in nature. When independent variables are categorical, 

the typical conceptualization is an analysis of variance (ANOVA) model. In all the Venn 

diagrams I present, it is important to realize that the overlapping (and sometimes non-

overlapping) areas between circles only represent the gist of the variable relationship. 

The area does not, for example, accurately depict a numerical value for the squared 

correlation coefficient. 

Variance 

Suppose I draw a circle (A^ and let the area of the circle represent the total 

variation in the first variable. I draw a second circle (Y), and the area of that circle 

represents all the variance in the second variable. If the two circles do not overlap, then I 

could say that none of the variance in the two circles is shared (see Figure 3.1). 



41 

Circle Y Circle X 

Figure 3.1. No shared variance between Xand Y. 

Let the circles overlap (see Figure 3.2). Then the two circles have some shared variance. 

overlapped area. 

Circle X Circle Y 

Figure 3.2. A'and Fshared variance is the overlap area. 

Next, I label Circle Kthe dependent variable and Circle X the independent 

variable. Circle F, therefore, represents the variance in the dependent variable. Likewise, 

Circle X represents the variance in the independent variable. When the circles do not 

intersect (i.e., do not overlap), then there is no common variance, and I conclude that 

none of the variance in the dependent variable is explained by using that particular 

independent variable. Now, suppose the two circles intersect (see Figure 3.3). 



Independent ^ 
Variable X/ 

> Dependent 

Variable Y 

Figure 3.3. Area x\y is the Y variance explained by X^. 

The overlapped area .r|V (also denoted by /^y.n) is now the variance in the dependent 

variable that is explained by the use of the independent variable (see Figure 3.3). There is 

variance left over—the portions of the two circles that do not intersect. In the dependent 

variable that is variance y which was unaccounted for or not explained by using the 

independent variable. I will refer to that as unexplained variance or error variance. For 

the short-term, variance in the independent variable, area xy, is irrelevant variance-

irrelevant to explaining variance in the dependent variable. Later, I will show that the 

irrelevant variance becomes important, for example, in designs using component and 

suppressor variables. Likewise, the variance in the dependent variable considered as 

error can be reduced, for example, by adding other relevant independent variables to the 

design or by controlling a potential disturbance variable. 

Now, suppose I have two independent variables and one dependent variable. Let 

Circle X/ and Circle Xj be the independent variables and Circle Fthe dependent variable. 
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Xi, an 4— 
independent 
variable 

* Y, the dependent variable 

• Xz, an 
independent 
variable 

Figure 3.4. Y variance explained by uncorrelated independent variables Xi and AV 

In Figure 3.4, both independent variables, X\ and yYj, intersect with the dependent 

variable Fbut do not intersect with each other. The variance explained in the dependent 

variable by the use of is .riy; the variance explained in the dependent variable by the 

use of Xi is xiy. Irrelevant variance in X\ is -ti and in Xi is .r2. 

In Figure 3.4, area xiy also represents the squared correlation between A'l and Y 

(R^r-w) and area.r^ represents the squared correlation R^y-xi between X^ and Y. Let the 

independent variables intersect as in Figure 3.5. The dependent variable circle is larger 

than the independent variable circles only for purposes of clarity. 

The F variance explained by is areaxLV - alternatively, the squared 

correlation between Xi and Y is area .Viv + -ri-VTV. The variance in Fexplained by Xi is area 

~ likewise the squared correlation between Xi and Y is XTy + The squared 

correlation between X\ and A: is .ti.ri + x^x2y. 

Correlation 



Figure 3.5. Y variance explained by correlated independent variables yYi and JCi. 

Now, a problem exists. The total variance explained in K by jointly considering both A'l 

and Xi is .ylV + xtV + But, if I consider A'l and Xi separately (i.e., add the variance 

explained by Xi to the variance explained by Xi), I find that the variance explained is xlV 

+ .Vj.V2y. Notice that area.V|.Vjv is represented twice. This situation happens 

whenever there is an intersection or overlap (i.e., correlation) between the independent 

variables. Area-ViX;^ "represents the redundancy that must be removed from the sum of 

the separate squared correlations to represent the ?'variability uniquely predicted by the 

combination of the two variables" (Keppel & Zedeck, 1989, p. 126). Cohen and Cohen 

(1975) explained the redundant area in more detail. They noted that area-Vi-VTV unlike 

areas xiy and-v^y does not necessarily represent a proportion of variance because area 

xiJCM/ may be negative (see Suppressor Variable, Chapter 4), and when the area is 

negative, then the standard deviation is an imaginary number, an intolerable situation. 

For example, if the variance is -.48, then the standard deviation equals the V-.48 . They 



suggested letting area xiXTy stand as a metaphor reflecting the fact that the squared 

correlation between Y and the two independent variables Xi and is not 

usually equal to the squared correlation between Y and Xi plus the squared correlation 

between Y and ~ but might be smaller (positive JCi-riy) or larger 

(negative Xi-tTy). 

Interaction 

Next, I consider interaction between variables. "An interaction refers to the case 

where the nature of the relationship between one of the independent variables and the 

dependent variable differs as a function of the other independent variable" (Jaccard & 

Becker, 1990, p. 419). Interaction could also be explained as: 

The joint effect of two or more independent variables on a dependent 
variable. Interaction effects occur when independent variables not only 
have separate effects but also have combined effects on a dependent 
variable. Put somewhat differently, interaction effects occur when the 
relation between two variables differs depending on the value of another 
variable. (Vogt, 1993, p. 112) 

In Figure 3.5, the interaction between Xi and Xi appears to be area .vi.r: + 

However, area X\X2 + XyXiV represents the squared correlation between X^ and X^, with 

area the redundancy in explaining variance in the dependent variable that occurs 

when A"! and are correlated (Keppel & Zedeck, 1989). Using Figure 3.5 to illustrate 

both correlation and interaction can be misleading just as soon as one erroneously 

concludes that when independent variables are correlated there is an interaction. 

Correlation is not the same as interaction. Correlation is the tendency of two variables to 



vary jointly. Interaction is when the impact of one independent variable on the dependent 

variable depends on the impact of the other independent variable (Lewis-Beck, 1980). 

Interaction or the lack of interaction is not dependent upon whether the independent 

variables are correlated or uncorrelated. Indeed, the interaction effect is a separate 

variable. 

To form the interaction variable, AVVi, X\ is multiplied by A'l. Lewis-Beck states; 

"The multiplicative term, X\ times Xi is a new variable representing the dependency of 

X\ on.VS" (Series editor's introduction, Jaccard, Turrisi, & Wan, 1990, p. 5). "The 

product [multiplicative term] XxXi is dealt with simply as another independent variable" 

(Littell, Freund, & Spector, 1991, p. 156). Thus, I will represent the interaction variable as 

a separate circle to avoid confusing correlation and interaction. Once again for clarity, 

the dependent variable circle is larger than the independent variables' circles which are 

larger than the interaction variable circle (see Figure 3.6). 

[nteraction 

Figure 3.6. Relationship between Y, X\, Xi, and interaction variable A'lA;. 
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Schroeder, Sjoquist, and Stephan (1986) gave an interaction example that 1 will 

illustrate with a Verm diagram (Figure 3.7). They asserted: 

There are also instances in which analysts expect that two continuous 
variables interact in their influence on a dependent variable. One 
example of an interaction between two continuous variables which is 
certainly felt in winter is that produced by wind speed and temperatures 
on the "wind chill". At any temperature, increased wind speed will lower 
the wind chill measure; likewise, at a given wind speed, lower 
temperatures result in lower wind chills. The additional interaction effect 
means that the effect of lower temperatures on wind chill is greater at 
higher wind speeds, (p. 59) 

Figure 3.7. Interaction of outdoor temperature and wind speed on wind chill. 

The independent variables are actual outdoor temperature and the wind speed; the 

dependent variable is wind chill measured in perceived degrees. The interaction variable 

is temperature by wind speed. Variance in the dependent variable is explained not only 

by the outdoor temperature and wind speed, but also by the combined effects of outdoor 

temperature and wind speed. Outdoor temperature and wind speed do not influence each 

other, rather they influence the wind chill. 

Outdoo 
Winds 

OutdooA 
Temperarare 
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Correlation and Interaction 

In most nonexperimental research, ail the variables (e.g., independent, 

interaction) are correlated. Pedhazur (1982) lamented; 

The independent variables are almost always intercorrelated. It seems that 
much of the world is correlated-especially the world of the kind of 
variables that are being studied in nonexperimental research. Once a 
variable or two have been found to correlate substantially with school 
achievement, say, then it becomes difficult to find additional variables 
that correlate substantially with school achievement and not with the other 
variables, (p. 47) 

To complicate the problem even further, the "product term [interaction] typically is 

correlated with its constituent parts. It therefore represents a complex amalgamation of 

the variance due to 'main effects' as well as to interactions'" (Jaccard et al., 1990, p. 24). 

While Pedhazur states it is "not always possible to express all the complexities of 

possible relations among variables" (p. 47) using Venn diagrams, I can use Venn 

diagrams, for pedagogical purposes, to illustrate all of the possible interrelationships that 

might occur when using three correlated independent variables (^Vi, Xi, AVV:) and one 

dependent variable by not restricting the diagram to circular shapes. Venn diagrams are 

topological models that include, among other figures, circles, rectangles, horse-shoe 

shapes, and ellipses. In essence, I will use one Venn diagram (see Figure 3.8) to show 

both correlation and interaction. As previously noted, the interaction variable AVV; is a 

separate variable from the independent variables, and the area corresponding to 

X\X2 is represented by .Vii. As usual, Y is the dependent variable, X\ and Xi are 
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independent variables depicted by circles, but XxXi is a horse-shoe shaped figure. 

Figure 3.8 effectively portrays the concoction that results when the independent 

variables are intercorrelated. 

Figure 3.8. All possible interrelationships between Y, Xi, X2, and XiXz 

depicting the problem of multicollinearity. 

While the relationships as seen in Figure 3.8 between the variables are complex, there are 

other problems. Multicollinearity occurs when all or some of the independent variables 

are intercorrelated. Thus, I can actually see the multicollinearity in Figure 3.8. As an 

example, I will explain all the component areas that exist within the A'l circle. It is then 

easy to generalize the reasoning to X^Xi, and Y. There are eight component parts 

constituting X\. Four of those eight parts (i.e., .Vi, Xi-Xj, .ri.vi2, .r1.r2.r12) do not overlap with 

. 'XiXiXii xixiiy 

XiX^ 

> Y 



Yand are underlined with a thin line. The other four parts (i.e., X\y, xix-ty, -ri-riiy, .ri-ri-rin') 

overlap with Y and are enclosed in a box with rounded comers. The nonoverlapping areas 

are described first. 

Areas -t], x\xi, -ti-rii, -r 1X2X12 are not related (i.e., do not overlap) to the dependent 

variable Y. Area jtiXt is the part of the squared correlation between X\ and Xi that does 

not overlap with Y. Area .r|.ri2 is the part of the squared correlation between X\ and the 

interaction variable X1X2 that does not overlap with Y. Area .v 1X2X12 represents the 

intercorrelations of Xi, Xi, and X^Xi that are, once again, not associated with Y. Area xi is 

the remaining portion of independent variable Xi not related to Y. 

The other four areas, X|V, XjXiy, xiXi^y, and XiX2Xit>', are associated with the 

dependent variable F; they all overlap the dependent variable circle. The first area, xiv', is 

the squared correlation between Xi and Y and symbolizes the variance in Y uniquely 

explained by Xi. The next three areas, xix^, XiXiiy, and X1X2X12V are difficult to interpret 

but do highlight the multicollinearity problem. AreaxiXTV is the intercorrelated mix of A'l 

and X2 with Y. In this area it is not possible to uniquely determine if .V) or .V2 explains the 

variance in Y. Areaxixjiv is the intercorrelated mixture of.Vi and the interaction variable 

X\Xi with Y. Once again, it is not possible to uniquely determine if X\ or X1X2 explains 

the F variance. The last area, XIX2X|2>', is the worst mixture of all-the intercorrelated 

concoction of A'l, Xi, and X\Xi with Y. Now, the impossible problem is determining what 

portion of the Y variance is uniquely explained by X^ or by X2 or by 



In a regression model, when multicollinearity exists, numerous problems arise, 

such as (a) rounding errors in computations, (b) large sampling errors for regression 

weights, and, often, (c) uninterpretability of regression coefficients (Cronbach, 1987). 

Unfortunately, "there is no single preferable technique for overcoming multicollinearity, 

since the problem is due to the form of the data" (Schroeder et al., 1986, p. 72). 

At this point, a distinction should be made between problems of mutlicollinearit>' 

that exist due to essential ill-conditioning as opposed to non-essential ill-conditioning. 

Marquardt (1980) refers to the distinction between problems of multicollinearity due to 

essential ill-conditioning versus nonessential ill-conditioning. He noted that nonessential 

ill-conditioning is under the control of the analyst. Aiken and West (1991) maintained 

that essential ill-conditioning "exists because of actual relationships between variables in 

the population (e.g., between the age of a child and his/her developmental stage)" (p. 36) 

while nonessential ill-conditioning exists because noncentered independent variables 

were used. 

Centering 

When scores are centered, deviation scores are formed. To form the deviation 

score, simply subtract the mean from each score. The variable is now centered at zero. 

The interaction variable is formed by the product of deviation scores. There are many 

benefits to using deviation (i.e., centered) scores. 
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1. With deviation scores there is little multicollinearity and so less computational 

error, betas (see Equation 1) are "closely related to the simple X and V effects and the 

interaction" (Cronbach, 1987, p. 415) and give a truer impression of the trend in the 

dependent variable with changes in the independent variables. 

2. One common complaint against the use of a simple product term (e. g., X^Xi) in 

regression analyses focuses on the multicollinearity issue. "Critics have noted that 

multiplicative terms [simple product terms] usually exhibit strong correlations with the 

component parts (yYi and A^)....Because multiplicative terms can introduce high levels of 

multicollinearity, critics have recommended against their use" (Jaccard et al., 1990, p. 

30). However, when the variables are centered, then "such a transformation will tend to 

yield low correlations between the product term and the component parts of the term" 

(p. 31). 

3. When variables are centered, "multicollinearity will not be a problem with 

respect to computational errors" (Jaccard et al., 1990, p. 31). 

4. Centering enables the researcher to maximize interpretability and to minimize 

problems of multicollinearity for the predictor variables (Aiken & West, 1991). 

Aiken and West (1991) used artificial data to show how intercorrelations are 

reduced when data are centered. With centered data, they found that the intercorrelations 

were drastically reduced. The correlation between an independent variable and the 

interaction variable dropped from .81 to .10. Following their example, I built a simple 

data set with 10 observations on each variable. The uncentered values for A"! were 
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{8, 10, 16, 18, 18, 20, 24, 18, 20, 28}; forX. uncentered values were {24, 27, 32,45, 18, 

20, 28,43, 52, 51}. Dependent variable values were {34, 38,44,48, 54,66, 78,42, 66, 

98}. I formed the interaction variable by multiplying the corresponding A'l andX2 values. 

Next, the data were centered by subtracting the X] mean (18) from each X\ value and the 

Xi mean (34) from each Xi value. The centered data interaction was formed by 

multiplying together the centered Xi and X2 data.. With centered data, the 

intercorrelations were substantially reduced (see Table 3.1). For example, the correlation 

between Xi and XiX? dropped from .79 to .01. 

Table 3.1 

Correlation Matrices for Uncentered and Centered Data 

Variable -^2 XiX, Y 

Uncentered data 

A-. 1.00 .45 .79 .92 

A': 1.00 .89 .35 

.ViX: 1.00 .73 

Y 1.00 

Centered data 

1.00 .45 .01 .92 

Xz 1.00 .39 .35 

XiX2 1.00 .30 

Y 1.00 



54 

Unequal Cell Frequencies 

Even if the variables were categorical and not correlated by the nature of the 

statistical design (vectors for independent and interaction variables coded so as to be 

mutually orthogonal), unequal cell sizes would give rise to correlations between the 

variables as shown in Figiu-e 3.8. Pedhazur (1982) stated the problem: 

When the frequencies in the cell of a factorial design are unequal, the 
treatment effects and their interactions are correlated, thereby rendering 
the attribution of a portion of the sum of squares to each main effect and 
to the interaction ambiguous. In other words, the design is not orthogonal 
and it is therefore not possible to partition the regression sum of squares to 
separate and independent components....It should be noted that there is no 
single agreed-upon method for the analysis of nonorthogonal designs. In 
fact, this topic has generated lively debate and controversy among social 
scientists, as is evidenced by published arguments and counter arguments, 
comments, replies to comments, and comments on the replies to 
comments, (pp. 371-372) 

Which Picture to Use 

Whenever continuous or categorical independent variables are correlated and an 

interaction term is included, Venn diagram Figure 3.8 can be used to show all the 

intercorrelations and the multicollinearity issue. However, Appelbaum and Cramer, 

1974, and Cramer and Appelbaum, 1980, emphasized that there is "no conceptual 

difference between orthogonal and nonorthogonal analysis of variance"' (1980, p. 335). 

Commenting on their work, Pedhazur (1982) wrote that "in both cases the method of 

least squares is applied, and tests of significance are used to compare different linear 



models in an attempt to determine which of them appears to be most consistent with the 

data at hand" (p. 373). Appelbaum and Cramer (1974) sensibly stated; 

If one asks the further question, "What would and should an analysis of 
variance tell you about the true population?", he is at the heart of the 
problem of nonorthogonal analysis of variance. Any analysis of variance 
must give information about the population means. Unequal numbers of 
observations in cells does not alter the character of this information, 
although it certainly does alter the precision of any statements, (p. 337) 

For a conceptual understanding of interaction (with no attempt to show the 

multicollinearity problem), I will use Figure 3.6. Pedhazur's advice is that "the best 

antidote against erroneous interpretations of results from complex studies is clear 

thinking and sound theory. It is first and foremost important not to be trapped by the 

mechanics of the analysis" (p. 387). I recommend the use of Venn diagrams to enable 

that clear thinking. 

Suggested Readings on Regression and Correlation 

I suggest these sources for more information about regression and correlation: 

1. Aiken and West (1991) for the treatment of interactions between continuous 

variables; 

2. Berry and Feldman (1985) for multicollinearity issues; 

3. Hair, Anderson, Tatham, and Black (1992) for a nontechnical introduction to 

regression; 

4. Jaccard et al. (1990) on (a) interpreting regression coefficients when the 

multiplicative term (interaction) is included, (b) explanation of bilinear interaction, and 

(c) detailed explanation of both linear terms and nonlinear terms; 



5. Marascuilo and Levin (1983) for an explanation of squared zero-order, 

multiple, partial, and part (semipartial) correlation using Venn diagrams; 

6. Neter, Wasserman, and BCutner (1990) for multicollinearity issues; and 

7. Pedhazur (1982) for a textually- and technically-based treatment of regression. 



CHAPTER4 

VENN DIAGRAMS AND VARIABLE ROLES 

Introduction 

In this part I first introduce the concept of variable roles and labels. Next, I use 

Venn diagrams to help explain these variables: moderator, intervening, component, 

suppressor, covariate, disturbance, and confound. Then, I present a simple example of 

understanding an independent and dependent variable relationship. Last, I list some of 

the various labels that variables have been given. 

Roles 

A variable is simply "a phenomenon that takes on different values" (Jaccard & 

Becker, 1990, p. 4) and plays a role. Depending on the role the variable plays, the 

variable can mean different things in different contexts, although there is a consistency of 

meaning throughout a single context (Wagner, 1983). For example, Kerlinger (1986) 

divided variables into active variables (manipulated) and attribute variables (measured). 

Once the division was made, he presented an example wherein anxiety could be labeled 

as an active variable in one context and an attribute variable in another. 

The variables with which I use Venn diagrams as an aid in understanding function 

in the role of control variables. I use Johnson's (1988) definition of control where 

variables are used to achieve "a more precise understanding of a two-variable 

relationship" (p. 219). According to Johnson (1988): 

Control variables are introduced into two-variable relationships for a 
variety of reasons~to see if causal interpretations are appropriate, to 
explore causal mechanisms and the meaning of independent variables, to 
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explain unexpected results, and to see if relationships hold under different 
conditions, (p. 219). 

And so, for example, to see if causal interpretations are appropriate, a variable 

playing the role of an intervening variable might be investigated; to help understand the 

meaning of an independent variable, a variable playing the role of a component variable 

might be helpful; to help explain unexpected results, a variable playing the role of a 

suppressor might be found; or to examine if the relations persist under different 

conditions, a variable playing the role of a moderator might be used. 

Moderator Variable 

I start with a moderator variable, because moderators so easily demonstrate that 

variables play roles. I searched the ERIC educational database using moderator variable 

as a keyword and as a subject. I found these examples of moderator variables; ability, 

age, anxiety, assessment method, birth order, child gender, conceptual tempo, curriculum, 

developmental stage, environment, ethnicity, family stress level, graduate school field of 

study, job satisfaction, language proficiency, marital quality, maternal separation, parent 

gender, parent-child relationship, personality traits, physical condition, publication status, 

racial similarity, response certainty, self-concept, sex, social competence, social problem 

solving, student role clarity, and undergraduate grade point average. The common 

denominator for these variables is they help explain the independent-dependent variable 

relationship~to determine if that relationship is moderated by their inclusion. Phrased 

slightly differently, a moderator variable enables the researcher to determine if the 

impact of one independent variable on the dependent variable depends upon another 



independent variable (playing the role of a moderator); the moderator variable is used to 

help study interaction. Tuckman (1988) states the moderator variable is "a secondary 

independent variable selected for study to determine if it affects the relationship between 

the primary independent variable and the dependent variable" (p. 82). He adds that the 

moderator variable is a "special type of independent variable and is written up [for 

publication] as an independent variable but labeled, for purposes of clarity, as moderator 

variable" (p. 333). An inspection of my moderator variable list reveals that variables can 

play many roles. For example, undergraduate grade point average could be a dependent 

variable, covariate, primary independent variable, or a suppressor. 

The Venn diagram (Figure 4.1) for a moderator variable is the same as Figure 3.7 

used for interaction; the moderator variable is simply another independent variable. 

Figure 4.1. Moderator variable. 

Intervening Variable 

The term intervening variable has at least two distinct meanings. According to 

Johnson (1988), for example, intervening variables are concrete while Kerlinger (1986) 

Interaction 

Moderator by ^ 
Independent Variable 

Moderator ^ 
Variable 

^ Dependent 
Variable 

• Independent 
Variable 
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and Tuckman (1988) would characterize them as hypothetical. Johnson would pose the 

question: What other variable (i.e., intervening) might help explain how the independent 

variable causes variation in the dependent variable; Kerlinger and Tuckman would 

wonder "What is it about the independent variable that will cause the predicted 

outcome?" (Tuckman, 1988, p. 88). Intervening variables can be classified as either 

concrete or hypothetical. 

Concrete 

Johnson (1988) defines an intervening variable as a variable that helps explain 

causal mechanisms. The intervening variable allows for a clearer interpretation of how 

the independent variable affects the dependent variable. Intervening variables come 

between independent and dependent variables. The independent variable causes the 

intervening variable which, in turn, causes the dependent variable. They are variables that 

are observable and directly measurable; they are concrete. Some concrete intervening 

variables (e.g., hunger and thirst) are not only observable and measurable but have a real 

physical existence. Vogt (1993) presented an example of an intervening variable: 

For example, the statistical association between income and longevity 
needs to be explained, because having money by itself does not make one 
live longer. Other variables intervene between money and long life; for 
instance, people with high incomes tend to have better medical care than 
those with low incomes. Medical care is an intervening variable; it 
mediates the relation between income and longevity, (p. 115) 
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A Venn diagram for a concrete intervening variable is shown in Figure 4.2. 

Independent 
Variable: 
Income 

Dependent 
Variable: 
Longevity 

Intervening 
Variable: 

Medical 
vCare J 

There may be a relationship between the 
independent and dependent variable after 
consideration of the intervening variable effects. 

Figure 4.2. Concrete intervening variable. 

Hvpothetical 

Upon first reading, Tuckman's (1988) definition of intervening variables is 

suggestive of Johnson's in that inter\'ening variables come between and help explain 

causal mechanisms: "Intervening variables are conceptualizations that intervene between 

operationally stated causes and operationally stated effects" (p. 88). The difference is that 

hypothetical intervening variables are not observable and not directly measurable, 

instead, they are conceptual.. Kerlinger (1986) wrote this about an intervening variable: 

^^Intervening variable is a term invented to account for internal, unobservable 

psychological processes that in turn account for behavior. An intervening variable is an 

'in-the-head' variable. It cannot be seen, heard, or felt" (p. 37). Kerlinger considers 

intervening variables as hypothetical constructs, however, he feels the more generalizable 

(e.g., generalizable to other methods of data analysis such as the analysis of covariance 
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conceptual nature of hypothetical intervening variables; my Venn diagram (Figure 4.3) 

depicts the first scenario. The intervening variable is the shadowed circle behind the 

independent variable. 

• Hypothesis 1. As task interest increases, measured task performance increases. 
Independent variable: task interest 
Intervening variable: learning 
Dependent variable: task performance (p.86) 

• Hypothesis 2. Children who are blocked from reaching their goals exhibit more 
aggressive acts than children not so blocked. 

Independent variable: being or not being blocked from goal 
Intervening variable: frustration 
Dependent variable: number of aggressive acts (p. 86) 

It is possible to understand the relationship between the independent and 

dependent variable more precisely by studying the variables themselves (Johnson, 1988). 

Some independent variables, for example, are complex and composed of component 

parts, hence, the name component variable. The main issue I want to address is what 

happens to the relationship, indexed by the partial correlation coefficient, between the 

component variable and the dependent variable when parts of the component variable are 

Variable: Tas 
interest 

Independent 

^ Dependent 
Variable: Task 
Performance 

L* Intervening Variable: Learning 

Figure 4.3. Hypothetical intervening variable. 

Component Variable 
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controlled. In general, the partial correlation coefficient is the degree of association 

between a dependent variable (V) and an independent variable (>^^1) when one or more 

other independent variables (X2) are held constant. The partial correlation would be 

partialled from both V and Xi and (b) my Venn diagrams represent the gist of the variable 

relations. 

Suppose school achievement of students, the independent variable, was a 

component variable (CV) composed of three parts: socioeconomic status (SES), student 

ability (SA), and school financial resources. The dependent variable y'was a measure of 

educational aspiration. School achievement helped explained part of the variance in 

educational aspiration. To gain a more precise understanding of the achievement-

aspiration relationship, component parts of school achievement can be studied (see 

Figure 4.4). 

expressed as It is important to understand (a) in partial correlation A2 is 

SES 

Component 
Variable: School 
Achievement 

Financial Resoi 

Dependent Variable: 
Educational Aspiration 

SA 

Figure 4.4. Component variable. 
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SES is composed of both area a and area b. Area a is variance irrelevant to 

explaining dependent variable variance. Area b is variance which does explain dependent 

variable variance. Because SES helps explain variance in the dependent variable 

educational aspiration, then controlling for SES results in the squared partial correlation 

(R'rcv-sEs = area c / area c + y) between the component variable and the dependent 

variable changing. [Please note that the total variance in the dependent variable is 

represented by areas y + + c.] Relative to the situation when area a is equal to area b, 

R'rcv sEs increases when area b is smaller than area a and decreases when area b is 

larger than area a. Student ability also helps explain dependent variable variance, thus, 

the partial association (R'J CV SA ~ area b / area b + Y), relative to when area c = area cl, 

increases when area c is smaller than area d and decreases when area c is larger than area 

d. Finally, as pictured in Figure 4.4, school financial resources are a component of school 

achievement, but that portion (area e) of the component variable is not helpful in 

explaining educational aspiration. In the next section I will show how a suppressor 

variable can be used to tap the school financial resources component and strengthen the 

independent-dependent variable relationship. 

Suppressor Variable 

A classic example of a suppressor variable (a verbal ability test) was given by Horst 

(1966): 

In the prediction of success in pilot training during World War II, it was 
found that tests of mechanical ability, numerical ability, and spatial ability 
gave significant positive correlations with the criterion. On the other hand. 
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a test of verbal ability had a very low positive correlation with the criterion. 
However, it was also found that the correlations of the verbal ability scores 
were reasonably high with those of mechanical, spatial, and numerical 
ability. The calculation of multiple regression constants revealed that the 
regression weight for the verbal score was negative. A further analysis 
showed that the multiple correlations with the criterion was higher when the 
verbal test was included in the battery of other tests than when it was 
excluded. This was the case even though its correlation with the criterion 
was nearly zero. This phenomenon is readily explained. Verbal ability of a 
high order is not essential for success in the type of primary pilot training 
which was conducted during World War II. It was necessary, however, in 
order to perform successfully on the pencil and paper tests used to measure 
mechanical, spatial, and numerical ability. Some verbal ability was 
necessary in order to understand the instructions and the items used to 
measure the other three abilities. To include the verbal score with a 
negative weight served to suppress or subtract the irrelevant ability, and to 
discount the scores of those who did well on the test simply because of their 
verbal ability rather than because of abilities required for success in pilot 
training, (p.355) 

Additionally, Horst listed these statistical characteristics of the suppressor variable found 

in the pilot training example: (a) low correlation with the criterion (i.e., dependent 

variable), (b) high correlations with at least one of the other predictor measures 

(independent variables), and (c) a negative regression weight. In general, the role of a 

suppressor variable is to suppress irrelevant variance in independent variables. 

Horst's (1966) definition of a suppressor variable is correct, however, the 

suppressor to which he refers is a negative suppressor. There are actually three types of 

suppressor variables: traditional, negative, and reciprocal (Conger, 1974). Cohen and 

Cohen (1975) labeled the suppressors differently describing traditional as classical, 

negative as net, and reciprocal as cooperative. 



The Three Venns 

Three Venn diagrams (see Figure 4.5) are used to illustrate the three suppressor variable 

cases. 

Case A: Case B: Case C: 
Traditional Negative Reciprocal 

Figure 4.5. Traditional, negative, and reciprocal suppressor variables. 

In this explanation of suppressor variables, there are several consistencies across all the 

cases presented in Figure 4.5. The criterion variable (dependent variable) is Y. The first 

predictor variable (independent variable) is yYi. The suppressor variable is A^. The 

intercept is represented by The regression model is 

^ \X I + + £i. (4.1) 

My explanation is based on the findings of Lutz (1983). Accordingly, the 

correlation between Y and X\ is .70, thus the squared correlation is .49.1 will describe 

suppressors using simple correlation coefficients in order to more clearly relate the 

coefficients to the beta weight (fi). The beta weight, therefore, for vVi, if it were the only 

predictor in the model, is .70—its simple correlation with Y. When any type of suppressor 



variable Xi is added to the model the beta weights for both Xi and X^ will fall outside the 

limits defined by their simple correlation with Y and 0 (Cohen & Cohen, 1975). The 

most obvious difference in the three diagrams is the amount of overlap, from none to a 

substantial amount, between X2 and Y. Attention is drawn to the fact that the overlapping 

area between circles represents the gist of the variable relationships but does not 

accurately depict the squared correlation between the respective variables. And in Case B 

and C suppressor variables, for example, the overlap of Xi, X^, and Y may not actually 

represent an area at all, because the part represents a negative quantity (see Chapter 3). 

Traditional 

In Case A variable X2 is not correlated with A'l or with K On first glance it appears 

that adding XJ to the regression would accomplish nothing, and, consequently, the beta 

weight would be 0 due to no correlation with criterion K That is not true when 

suppressor variables are at work. About the X\ and X2 relationship, Lutz (1983) noted: 

If the relationship between X[ and Ai is due primarily due to a sharing of 
that portion of that is independent of Y, then A^'s presence in (1) [the 
regression model] suppresses this irrelevant variance in X\ and actually 
increases the multiple correlation. Thus, because of its unexpected 
contribution, Xi receives a non-zero regression weight, (p. 374) 

In this case, X2 is a traditional suppressor variable. 

Case A numerical example. Suppose the correlation (a) between Y and A": is .01 

(not 0 solely due to rounding error) and (b) between A'l and X2 is .70. With only A'l in the 

model, its beta weight is .70. When AS is included, the beta weight for .Vi is 1.40 and for 
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Ai the weight is -1.00. Variable is functioning as a suppressor because the following 

results happen when it is included in the model. 

1. The beta weight for Xi is non-zero when the expectation was near zero due to 

fact it was either correlated with Y due to rounding error or not correlated with Yat all. 

2. The beta weight for Xi fell outside the region defined by 0 and by the 

correlation between Y and AV 1.40 is not in the interval from 0 to .70. 

3. The beta weight for Xz fell outside the region defined by 0 and by the 

correlation between Y and^V^; -1.0 is not in the interval fi-om 0 to -.01. 

Negative 

The primary function of suppressor X2, in spite of its positive correlation with Y, 

is to suppress irrelevant variance in Xi. In the Horst pilot training example, the verbal 

ability test had a low positive correlation with the success in pilot training criterion, but 

its beta weight was negative. 

Case B numerical example. Suppose the correlation (a) between KandXi is .23 

and (b) between Xi and Xj is .85. As previously noted, when only Xi is in the model, its 

beta weight is .70. When A'l is included, the beta weight for A'l is 1.87 and foryV": is -1.37. 

Variable X2 is functioning as a suppressor because the following results occur when it is 

included in the model. 

1. The beta weight for Xj is negative when the expectation was a positive weight 

due its positive correlation with the dependent variable. More generally, the beta weight 

was opposite in sign to the simple correlation between Fand A':. 



2. The beta weight for A'l fell outside the region defined by 0 and by the 

correlation between Y and A'l: 1.87 is not in the interval from 0 to .70. 

3. The beta weight for A'l fell outside the region defined by 0 and by the 

correlation between Yand Xy -1.37 is not in the interval from 0 to .23. 

Reciprocal 

Unlike traditional and negative suppressor variables, reciprocal suppressors 

suppress the irrelevant variance in each other (Lutz, 1983). Cohen and Cohen (1975) 

observed: 

In his [or her] never ending search for high Rs, no circumstance is more 
attractive to the researcher (although rarely attained) than one in which 
IVs which correlate positively with Y correlate negatively with each other 
(or, equivalently, the reverse), ri?, being negative, involves a portion of the 
variance in the IVs all of which is irrelevant to K; thus, when each variable 
is partialled from the others, all indices of relationship with Y are 
enhanced (p. 90) 

Case C numerical example. Suppose the correlation (a) between Yand Xi is .46 

and (b) between X\ and Xi is -.31. As before, when only X\ is in the model, its beta 

weight is .70. When is included, the beta weight for Xi is .94 and for A2 is .75. 

Variable X^ is functioning as a suppressor because the following results take place when 

it is included in the model. 

1. The beta weights for both X\ (.94) and X^ (.75) are the same sign as and exceed 

their simple correlations with F(.70 and .46 respectively). 

2. The beta weight for X\ fell outside the region defined by 0 and by the 

correlation between Y and Xi: .94 is not in the interval from 0 to .70. 



3. The beta weight for fell outside the region defined by 0 and by the 

correlation between Yand X-f. .75 is not in the interval from 0 to .46. 

Case Summary 

Table 4.1 

Traditional. Negative, and Reciprocal Suppressor Variables Summary 

Suppressor 
Type 

Variables 
in model 

rr-x\ 
(fix) 

Add rn-.n rr-xi fix fii Comment 

Traditional X u Y  .70 A": .70 .01 1.40 -1.00 

Negative X u Y  .70 A': .85 .23 1.87 -1.37 ^ 2  < 0  

Reciprocal X x ,  Y  .70 -.31 .46 .94 .75 

In summary (see Table 4.1), with the traditional suppressor, the expectation was 

that ^2 would be 0, but it actually was non-zero. With the negative suppressor, the 

expectation was that/?: would be positive, but it was negative. With the reciprocal 

suppressor, /S1 and are both larger than expected, and their signs are the same as their 

correlation with Y. 

Suppressor Definition 

Conger (1974) proposed this revised suppressor definition; 

A suppressor variable is defined to be a variable which increases the 
predictive validity of another variable (or set of variables) by its inclusion 
in a regression equation. This variable is a suppressor only for those 
variables whose regression weights are increased. Thus, a suppressor is 
not defined by its own regression weight but rather by its effects on other 
variables in a regression system, (pp. 36-37) 



71 

Component Variable Revisited 

Horst (1966) stated that suppressor variables are "useful when the predictors are 

factorially complex and involve variance which is not found in the criterion variable" 

(p. 363). In other words, at least one of the other predictor measures is a component 

variable. In Figure 4.4,1 presented an example of a component independent variable 

composed of student ability, SES, and financial resources. I noted that controlling for 

financial resources, a portion of the independent variable not useful in predicting the 

dependent variable educational aspiration, would not affect the independent-dependent 

variable relationship. Now suppose a traditional suppressor variable (see Figure 4.6) was 

found which correlated with the financial resources portion of the independent variable 

but not with the dependent variable. Then, when the suppressor is used, the independent-

dependent variable relationship would strengthen. 

SES 

Financial Reso 

Traditional 
Suppressor 

Componer 
Variable: Sunuui 
Achievement 

Dependent Variable: 
Educational Aspiration 

SA 

Figure 4.6. Suppressor variable, component variable, and dependent variable. 
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Covariate 

Figxire 4.7 is a Venn diagram depicting a covariate. 

Dependent Variable 

Independent ^ 
Variable - ^ Covariate 

Figure 4.7. Covariate. 

By visually inspecting Figure 4.7,1 can define a covariate as a variable that is related to 

the dependent variable (area c overlap) but not to the independent. I can see that the 

covariate is used to reduce the error variance in the dependent variable. The total error 

variance in the dependent variable not explained by the independent variable is 

area a + c. Using the covariate removes area c fi-om the error variance leaving a smaller 

error variance and resulting in a more efficient and powerful test of treatment effects 

(independent variable effects) (Myers, 1972). The error is removed by statistical (analysis 

of covariance) rather than by experimental means (Keppel, 1991). If the covariate were 

not related to the dependent variable, it should not be used as a covariate. Keppel and 

Zedeck (1989) found that when the correlation between the covariate and the dep)endent 

variable was .2 or above, the sensitivity of the experiment increased. 

Other considerations help define the covariate. First, independence between the 

covariate and the independent variable must be guaranteed. A sure way to avoid 
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covariate-independent variable contamination is to collect the covariate data before the 

experiment begins (Keppel & Zedeck, 1989). The 'legal' covariate must not be related to 

the independent variable! Using illegal covariates voids the results of the study. Second, 

using a covariate is a means of statistical control. This fact, for example, is important in 

distinguishing between a covariate and a disturbance variable (see next section). 

Third, Keppel and Zedeck (1989) state; 

The purpose of ANCOVA [analysis of covariance] in experimental 
designs is to correct for chance differences between groups that occur 
when subjects are assigned randomly to the treatment groups. The result 
of using ANCOVA is twofold; (1) the groups means are adjusted for these 
preexisting differences and (2) the size of the error term used in the 
analytical process is reduced, (p. 455) 

Disturbance Variable 

The disturbance variable diagram. Figure 4.8, is exactly the same as for the covariate-

only the name has been changed. 

Dependent Variable 

Figure 4.8. Disturbance variable. 

As with the covariate, the potential disturbance variable is unrelated to the independent 

variable but related to the dependent variable. Controlling a disturbance variable 

Independent . 
Variable • Disturbance 



decreases sampling error by decreasing within groups variability. When the disturbance 

variable is controlled (i.e., by holding it constant), the error variance (area a + c) is 

reduced by area c. '"To use an electronics analogy, they [disturbance variables] create 

'noise' in a system where we are trying to detect a 'signal' and the more 'noise' there is, 

the harder it is to detect the 'signal'" (Jaccard & Becker, 1990, p. 202). In Figure 4.8, the 

signal is represented by area b while the noise is area a + c. Reducing the noise area by 

an amount equal to area c lets the signal area b come through clearer. When a 

disturbance variable is controlled (not statistical control as in the covariate case) by 

holding it constant there is no way "of knowing the extent to which the results will 

generalize across the different levels of the variable [disturbance] that is held constant" 

(Jaccard & Becker, p. 203). If, for example, hair color was a potential disturbance 

variable with four levels (i.e., black, blonde, brown, red ) then within groups variability 

would be decreased when only one hair color group is studied. It would be inaccurate, 

however, to generalize across the levels of hair color when only one hair color is studied. 

Confounding Variable 

In order to highlight the role of a confounding variable, I like to consider how to 

solve this Huck and Sandler (1979) sample problem: 

It seems that the Pepsi-Cola Company decided that Coke's three-to-one 
lead in Dallas was no longer acceptable, so they commissioned a taste-
preference study. The participants were chosen from Coke drinkers in the 
Dallas area and asked to express a preference for a glass of Coke or a 
glass of Pepsi. The glasses were not labeled "Coke" and "Pepsi" because 
of the obvious bias that might be associated with a cola's brand name. 
Rather, in an attempt to administer the two treatments (the two beverages) 



in a blind fashion, the Coke glass was simply marked with a "Q" and the 
Pepsi glass with an "M". Results indicated that more than half chose Pepsi 
over Coke. Besides a possible difference in taste, can you think of any 
other possible explanation for the observed preference of Pepsi over 
Coke? (p. 11) 

To distinguish between confounding and independent variable, I find it helpful to 

consider how to fill in the blanks of this question: 

Was it the or the which made the difference? 
independent confounding variable 

In the Pepsi-Coke debate, the confound was the use of the letters M and Q. Coke reran 

the experiment putting Coke into both glass M and glass Q. The results were a preference 

for Coke in a letter M glass. Completing my question I have; 

Was it the taste preference or the letter preference which made the difference? 

Letter preference was confounded with taste preference. When variables are confounded, 

then "either of the two variables could account for the results of an experiment or 

observation" (Walker, 1985, p. 455). Jaccard and Becker (1990) formally define a 

confounding variable as a variable "that is related to the independent variable (the 

presumed influence) and that affects the dependent variable (the presumed effect), 

rendering a relational inference between the independent variable and the dependent 

variable ambiguous" (p. 201). Figure 4.3, the Venn diagram used to portray a 

hypothetical intervening variable, is also a diagram of a confounding variable (see Figure 

4.9—the shadowed circle behind the independent variable). Either the confound (area b ^ 

c) or the independent variable (also area c) could account for the relationship (area c) 

with the dependent variable. 
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Independent 
Variable 

* Dependent 
Variable 

Confound, the shadowed circle behind the independent variable 

Figure 4.9. Confounding variable. 

A Simple Example 

Suppose I thought that students with positive math attitudes scored higher on tests 

of math ability than students with negative attitudes. What variables might I use to 

investigate that math attitude and ability relation? I begin my hypothetical investigation 

by identifying the dependent variable, math ability, and deciding how it will be 

measured. In this case, I will use students' scores on a math test. My primary independent 

variable, math attitude, is a component variable composed of at least the students' 

concept of math and their parents' math ability. To measure math attitude, students take 

a verbal test in which they describe to the examiner how they feel about math. The 

students also take a test designed to measure level of oral communication, because the 

ability to communicate mathematical ideas is important. I also know the students' sex, 

IQs, grade in schooI--4th, 6th or 8th. I decide to include sex as an independent variable 

playing the role of a moderator variable to see if the relationship between attitude and 

ability was moderated by the students' sex. I feel IQ could be used as a covariate, 

because, there was no relationship between IQ and attitude, yet, a moderately strong 



77 

relation between ability and IQ. There was such a difference in the students in the three 

grade levels that I decide grade level is functioning as a potential disturbance variable. 

When I study only one grade level, I restrict my ability to validly generalize across grade 

levels. I had only a few 6th and 8th grade students and elect to only study the 4th grade 

students. I decide to follow Kerlinger's (1986) advice: "Replicate all studies" (p. 593). In 

the future, therefore, I plan to replicate my study over the other two grade levels and 

obtain larger samples of 6th grade and 8th grade students. After the data are collected for 

the 4th graders and I start the analysis, I find that the oral communication variable 

functions as a traditional suppressor variable; it did not correlate with the dependent 

variable but did correlate highly with the method of test administration (oral) for math 

attitude. To better understand what I am doing, I use a Venn diagram (see Figure 4.10). 

But at all times, this practical advice from Kachigan (1986) should be kept in mind: "We 

must remember that the goal of our research is to simplify, not to complicate our 

understanding of life" (p. 336). 

Suppressor: Oral ^ Interaction: 

Independent Variable: IBcovariate-
Math concept J^H 

Parental math ability 

iDependent Variable: I 
SHmmipF Math Ability | 

Disturbance: 
Grade level 

Figure 4.10. Venn diagram portraying suppressor, component, moderator, 
interaction, covariate, potential disturbance, and dependent variables. 
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Multiple Labels 

In this chapter, I used Venn diagrams to illustrate the roles of moderator, 

intervening, component, suppressor, covariate, disturbance, and confound played by 

variables. There are many other roles and labels given to variables. A perusal of 25 

statistics and research design books for use in the social sciences revealed these labels; a 

priori, antecedent, binary, classification, component, concomitant, confound, constant, 

contingent, continuous, control, covariate, criterion, demographic, dependent, dichotomy, 

discrete, distorter, disturbance, endogenous, environmental, examiner, exogenous, 

experimental, extraneous, factor, independent variable, indicator, individual difference, 

inert, input, instructional, instrumental, interaction, intervening, irrelevant, item, latent, 

lurking, manipulated, marker, moderator, mixed-mode, neutral, nuisance, organismic, 

polytomous, predictor, proxy, qualitative, random, regressor, screening, situational, 

social, manipulated, subject, suppressor, surrogate, treatment, and unobserved. The 

important point is that variables play roles. 
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CHAPTERS 

VENN DIAGRAMS AND RELIABILITY 

Introduction 

My primary goal in this chapter is to present an example of how I use Venn diagrams 

to understand reliability. To reach that goal, I need to review (a) the differences in the goals 

of between-subjects, within-subjects, and reliability analyses and (b) sources of error 

variance in generalizability theory (G theory or GT) versus classical test theory (CTT). In this 

chapter, I assume the reader has knowledge of classical test theory, generalizability theory, 

and between-subjects and within-subjects ANOVA designs. 

Analysis Goals 

Kerlinger (1986) declared that "the main technical function of research design is to 

control variance" (p. 284). Two ways to control variance, according to Kerlinger, are to 

maximize the systematic variance of those variables defined in the investigator's research 

hypotheses and minimize error variance. To conceptualize the differences among between-

subjects, within-subjects, and reliability designs, focus on the variance to be maximized and 

the variance to be minimized. Consider Figure 5.1 that shows a one-factor between-subjects 

analysis of variance (Case A), a one-factor within-subjects analysis of variance (Case B), and 

a classical test theory reliability layout (Case C). In each case, the upper circles contain the 

variability in subjects' scores. The diagrams differ in the variance to maximize, the variance 

to minimize, and in the definition of the sources of variability. 



80 

Variability due to Subjects' Scores 

MAX MIN ^ 
Within S 

MIN 
A xS  

MIN MAX 
Between S A X S 

MAX 

Within-subjects 
independent variable 

Between-subjects 
independent variable 

Test-Retest, Items, 
Alternate Forms, 

Interrater 

Case A: Between Case B: Within Case C: Reliability 
Relative decisions 

Figure 5.1. Comparison of variance to maximize and variance to minimize in 
between-subjects, within-subjects, and reliability designs. 

Between-Subiects Design 

In the between-subjects design (see Figure 5.1, Case A), subjects are nested in the 

various groups defined by the independent variable, often called the treatment effect. The 

two sources of variability are due to differences between subjects nested in the treatment 

groups (Between S) and variability due to subjects which is not accountable for by the 

treatment (Within S). I want to maximize the variance between groups (i.e., the overlap area. 

Between S) and minimize the variance within groups (Within S). The area inside the A circle 

yet outside the S circle is irrelevant variance in that it does not affect subjects' scores. 
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Within-Subiects Design 

In this design (see Figure 5.1, Case B), the independent variable is within-subjects in 

nature. All levels of the independent variable are administered to all subjects. Each subject, 

therefore, is in every group. Variance in subject's scores come from three sources. First, 

some variability is from the influence of the independent variable. That source is often called 

the treatment effect (A). Second, some variability is due to individual differences among 

subjects. Because the subjects are not all alike, some variability is expected and the source is 

considered subject variability (S). Third, some variability is from error—the "inconsistency 

with which the same subjects perform under the different treatments" (Keppel, 1991, p. 347). 

The error variance is from subjects by treatment (A x S). The goal is to maximize variability 

accounted for by the independent variable influence (A) and minimize the subjects by 

treatment variability (A x S). 

Reliabilitv 

Estimates of reliability are needed when both relative decisions and absolute 

decisions are made about subjects. In relative decisions, "'attention is paid to the standing of 

individuals relative to one another" (Shavelson & Webb, 1991, p. 13). In absolute decisions, 

however, the goal is to "index the absolute level of an individual's performance wthout 

regard to how well or poorly his or her peers performed." (Shavelson & Webb, p. 13). An 

example of these two types of decisions can be depicted by a pie-eating contest. How many 

pies a contestant eats within a time limit, an absolute decision, is not dependent on how 
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many pies the other contestants ate (assuming enough pies are available). However, the 

ranking of the contestant in comparison to other contestants in order to determine the winner 

is a relative decision.The goal, then, in reliability (see Figure 5.1, Case C) used for relative 

decisions is to increase differences among subjects' scores—to spread the subjects out. 

Suppose I test subjects one week and retest the same subjects a few weeks later. I want to 

find variability in the subjects' scores, but I do not want the variability to be due to the time 

lapse between test and retest. In other words, I want to maximize subjects' score variability 

(S) and minimize variability due to subjects taking the test across time (A x S). For relative 

decisions, variance due to A is irrelevant. Reliability, indexed by the dependability 

coefficient, for absolute decisions will be discussed later in this chapter. 

Shavelson and Webb (1991) note that one of the differences between CTT and GT is; 

Classical test theory can estimate separately only one source of error at a time 
(e.g., variation in scores across occasions can be assessed with test-retest 
reliability). The strength of G theory is that multiple sources of error in a 
measurement can be estimated separately in a single analysis, (p. 2) 

CTT and G Theory 

Raters 

Persons 

Tasks 

Figure 5.2a. 
CTT: One source of error. 

Figure 5.2b. 
G Theory: Multiple sources of error. 
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Classical Test Theory Sources of Error 

Consider the case of interrater reliability. In CTT (see Figure 5.2a) there are three 

sources of variability. They are persons, cTp, raters, and the person by rater interaction 

confounded with error, crpr,e- Variance due to persons is 'true' variance while variance due to 

persons by raters is 'error' variance. True variance plus error variance is the observed 

variance in the persons' scores. The interrater reliability coefficient would be: 

(fTp) (true variance) 
p- = = 

(cTp) + (crpr,e) (true Variance) + (error Variance) . (5.1) 

Only one source of error at a time can be calculated. If only information about a single factor 

(e.g., raters, occasions, items) is of interest, then CTT works fine. Often, the researcher is 

interested in knowing about more than a single source of error. 

Generalizability Theory Sources of Error 

For example, with performance assessments, interest is often in tasks and raters. 

Generalizability theory allows the researcher to specify both raters and tasks, in this example, 

as sources of error variance. In GT both raters and tasks would be facets of measurement and 

persons would be the object of measurement. Thus, there are seven sources of variance (see 

Figure 5.2b) in a design with two facets when every person is rated by every rater on every 

tasks. In other words, the design is fully crossed and symbolized as x r x /. Suppose the 

performance assessment is designed to test math ability. Reliable variance, cTp, is the 

variance in persons' scores free of rater effects and task effects and indicates how people 

differ in their math ability. Some variance, is due to the fact that raters differ in their 
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ratings; some raters are more lenient than others. Variance also comes from tasks, cTt, 

because some tasks are more difficult than others. The variance from the interaction between 

persons and raters, (T^, indicates whether the relative standing of persons differs across 

raters, averaging over tasks. Likewise, the variance from the interaction between persons and 

tasks, crpt, indicates whether the relative standing of persons differs across tasks, averaged 

over raters. The variance from the interaction of raters and tasks, cT^, is due to the 

inconsistency of raters' average ratings of persons from one task to the next. The final 

component, tTprue, is the triple interaction of persons, tasks, and raters confounded with error. 

According to Shavelson and Webb (1991), error results from (a) "systematic variation due to 

sources not controlled for in this design" and (b) "unsystematic variation due to sources that 

cannot be controlled" (p. 26). Systematic variation might be from different tools available for 

persons to use—some used calculators, some only had access to paper-and-pencil. 

Unsystematic variation might arise when a person has an unexpected stomach-ache and does 

not complete the assessment. To calculate the generalizability coefficient for relative 

decisions, analogous to the reliability coefficient in CTT, the true variance ctp is divided by 

the true (cTp) plus error variance (cTpr + (Tpt + cTpn^e)- As with CTT, true variance plus error 

variance equals the observed variance in persons' scores. The generalizability coefficient is: 

•> 

(cTp) (true variance) 
——;—^—r- = (5.2) 
(o'p)^ (o^pr ~ <7~pt + crpn^e) (true variance) + (error variance) 
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Generalizabilitv of Performance Assessment 

Brennan and Johnson (1995) questioned if interrater coefficients were adequate 

reliability estimates. As an example they considered the Shavelson, Baxter, and Gao (1993) 

study based on the California Assessment Program. They described the study; 

In the 1989-1990 school year, the California Assessment Program conducted a 
voluntary science assessment. In this assessment, students were presented five 
distinct tasks, each involving performance components. One task, for 
example, asked students to conduct tests with rocks and then use results from 
those tests to determine the identity of an unknown rock. Other tasks required 
activities like filling in tables, providing explanations, and conducting 
experiments. The students' responses to each of the tasks were scored by 
teams of teachers using predetermined scoring rubrics. Each rubric was used 
to score the responses to a particular task on a 0 to 4 scale. Each response to 
each task was independently scored by three raters, (p. 9) 

There were five tasks and three raters. Every student completed every task and was rated by 

all raters. The design was fully crossed and symbolized asp x r y. t. This is the same 

diagram explained under the GT section and illustrated in Figure 5.2b. The sources of 

variance are cTp, cTpt, and crprt,e. Brennan and Johnson found that the 

person variance component (cTp, the reliable variance in person's scores free of rater and task 

effects which indicates how students differ in their science ability) accounted for 28% of the 

total variance. The task component, cTi, accounted for 9% of the total variance. This 

indicated that the five science tasks differed in difficulty. The rater component, cTr, 

accounted for less than 1% of the total variance indicating raters differed little from each 

other in their ratings. Of the two-way interactions, the person by task component, cTpt, 

accounted for the most variance: 48% of the total. Brennan and Johnson noted that the 
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"component is larger than any other component, including the person component. The very 

large magnitude of this component suggests that there is a considerably different ranking of 

person mean scores for each of the various tasks in the universe" (pp. 9-10). The person by 

rater component, cTpr, accounted for none of the total variance. Raters tended to rank 

students similarly. The task by rater component, cTa, was also small, accounting for less than 

1% of the variance. This indicated that the raters tended to rank the difficulty of the tasks in 

the same way. The last component composed of the triple interaction of person by rater by 

task confounded with unmeasured sources of error, (Tpne, accounted for 14% of the variance. 

The components and the percentage of variability explained are displayed in my Table 5.1. 

Table 5.1 

Percentage of Variance Accounted for in the p x r x / Design 

Source of variability Variance component Percentage of total variance 

Person (p) cTp 28 
Task (t) (T, 9 
Rater (r) (Tr <1 

Person x task (pt) (7~pt 48 
Person x rater (pr) <7~pr 0 
Task x rater (tr) CTtr <1 
Residual (prt,e) ^prt,e 14 

In summary, Brennan and Johnson noted: 

The fact that the estimates of the rater, person by rater, and task-by-rater 
variance components are all close to zero suggest that the rater facet does not 
contribute much to the variability in observed scores. In contrast, the task 
component and, especially, the person-by-task component are quite large, 
suggesting that the task facet contributes greatly to score variability. This is 
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generally the case. In a variety of studies, the person-by-task term has been 
found to be large, indicating only a limited degree of across-task 
generalizability. (p. 10) 

Figure 5.3 illustrates that the rater facet contributes little to observed score variation and the 

task facet contributes substantially more to observed score variation. 

Persons 

28% 

0% X \48% 
14"/Q 

<1% T <10/̂ , 

Raters 

9% 
Tasks 

Figure 5.3. Large contribution of task facet to observed score variance. 

The magnitude of the person by task component is important for both generalizability 

coefficients and dependability coefficients. From Equation 5.2,1 know that cTp, is in the 

denominator and is a source of error variance. Because the person by task component tends 

to be large in performance assessments, the component is influential in determining the 

generalizability and the dependabilit>' coefficient. Generalizability coefficients are used in 

making relative decisions about persons; dependability coefficients are used in making 

absolute decisions about persons. The formula for the dependability coefficient is: 

(true) 
<f>- = ;—; ^^ 7- = (5.3) 

(cTp) + ((Tr + <7^1 ^ cTpr ^ cTp, + cTn ^ <^prt.e) (tTue) + (error) 
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The difference between the coefficients for absolute and relative decisions about people is 

the components of the error variance. For absolute decisions all sources of variance, except 

that due to persons, are error variance. For relative decisions, only sources of variance that 

overlap the person circle in Figure 5.2b are error variance. The important point, however, is 

that variance from persons by tasks, o^pt, is considered error variance both for relative and 

for absolute coefficients. 

Next, Brennan and Johnson "consider the role of cTp, in traditional interrater 

reliability coefficients" (p. 11). They made this crucial finding; 

However, it is important to note that interrater reliability coefficients are often 
high largely because tTpi is in the numerator. That is, cTpt contributes to true-
score variance rather than error variance in these [interrater] coefficients. By 
contrast, as emphasized previously, cTpi is more properly viewed as a 
contributor to error variance. Consequently, interrater reliability coefficients 
can grossly exaggerate the dependability of scores on performance 
a s s e s s m e n t s ,  ( p .  I I )  

It is at this point that I find Venn diagrams (see Figures 5.4a and 5.4b) helpful in 

understanding their conclusion about exaggerated reliability coefficients. The task facet is 

fixed. When the task facet is fixed then only the three tasks in the study are of interest. The 

results from the study will be only generalizable to the three selected tasks. In GT fixed 

facets are handled by either averaging over the conditions of the task facet or by analyzing 

each task separately. Shavelson and Webb (1991) recommend analyzing each task separately 

when the person by task component is large. In GT, however, either averaging across the task 

conditions or analyzing them separately, resolves into a one facet design—person by rater. 
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Person 

Rater 

Figure 5.4a. 
One facet; person x rater. 

; Task 

Rater 

Figure 5.4b. 
Two facets; person x rater x task. 

In the one facet design (Figure 5.4a), the generalizability coefficient appears to be; 

{(Tp) (true variance) 
P' = 

(5.4) 

(^p) ("^ '^pr.e) (true variance) + (error variance) 

However, examine Figure 5.4b, specifically, the dotted task facet circle. Notice that on 

Figure 5.4a, the portion of the task circle that intersects with the person circle is shown by 

the dotted line. Although it appears that cTpt is not in the picture, it actually is. Therefore, the 

general izability coefficient is really; 

{(Tp + O-pt) (true variance) 
• (5.5) 

(^p ^pt) ('^pr'*" '^pn.e) (true variance) + (error variance) 

Please note that in the one facet picture is the same area represented by crpr - cTpac-
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Therefore, the person by task variance appears in the numerator and inflates the interrater 

reliability coefficient. Brennan and Johnson conclude this section of their article with the 

message that "virtually all currently available research indicates that generalizing over tasks 

is an error prone-activity, primarily because the person-task variance tends to be relatively 

large" (p. 11). 
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CHAPTER 6 

EVALUATION 

Method 

I sent an electronic mail message (see Appendix A) on February 19, 1997, to the 

American Education Research Association, Division D: Measurement and Research 

Methodology listserve. The purpose of the list is the promotion of the exchange of 

information among scholars and researchers studying measurement and research 

methodology. As of February 19, 1997, 1403 users subscribed to the list. However, my 

message was distributed to 1273 recipients; mail was undeliverable to 130 addresses. In 

the mail message, I asked recipients for comments on the third chapter in my dissertation. 

I explained the chapter was to be included in a proposed book on variables and Venn 

diagrams. The chapter was available on the Internet. The fourth chapter on Venn 

diagrams and variable relationships was not available on the Internet site but could be 

obtained from me with an electronic mail reply. For those people without Internet access 

or for those desiring a hard copy of my work, I volunteered to sent copies using the U.S. 

postal service. I explained 1 needed their comments by the middle of March to complete 

the evaluation section of my dissertation on time. Additionally some graduate students, 

not necessarily on the AERA-D list, volunteered to evaluate my chapters. 

To those people who (a) volunteered to read my chapters, (b) received a hard 

copy of them, and (c) had not replied, I sent a reminder message (see Appendix B) on 

March 15, 1997. In that message, I thanked them for volunteering to read my chapters. 1 
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explained that to complete the evaluation section on time, I would appreciate, by March 

19, 1997, their response to this question: Did you like my use of Verm diagrams to 

illustrate relationships between variables? 

Results 

A total of 170 hits were made to the Internet site by March 18, 1997. Eighty hits 

were made between February 19, 1997, (date send to AERA-D list) and February 21, 

1997. No more than 40 hits on the site could be attributed to the site setup stage or to my 

checking the site. A minimum, therefore, of 130 visits were made to the site. I do not 

know anything about the visitors to my site and cannot claim that 130 AERA-D members 

visited the site. One person, for example, could visit the site multiple times. 

1 do know that 22 people requested a hard copy of my third and fourth chapters. I 

refer to these people as volunteer reviewers and classify them into one of three groups; 

(a) graduate students, n = 7; (b) university or college professors, n = 9; or (c) non-

teachers, n = 6. By March 19, 1997,1 received responses from 20 of the 22 volunteer 

reviewers. Feedback was received from all the graduate students and non-teachers and 

seven of the nine professors. 

General Comments 

I received positive comments about my use of Venn diagrams to explain 

relationships between variables from all the volunteer reviewers. Some of the comments 

were; 
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1. Using Venn diagrams to explain all these issues (e.g., moderator, suppressor) is 

very helpful. It makes conceptual ideas somewhat concrete and common-sensical. 

2. The chapters were very interesting and the idea to illustrate relationships 

between variables by Venn diagrams is a good one. 

3.1 found chapters 3 and 4 pretty interesting. 

4.1 did like the use of Venn diagrams for the initial discussion of variance and 

correlation, however, I found the higher level topics [multicollinearity] to be less 

amenable to the use of the diagrams. 

5. Your treatment going from the most basic description of variance through the 

more complicated designs allows one to understand the concept of variance in a step

wise fashion. Using the diagrams to conceptualize specific designs and what happens 

when variables other than those of interest are part of the research allows one to see how 

to improve a research design. 

6. Yes, I did like the use of Venn diagrams. I think the illustrations are good and 

help to explain several concepts and disentangle some confusions (as in interactions). I 

thought your discussions were clear and understandable as well. 

7.1 found your two chapters to be very understandable and clear. 

8. Let me say that I enjoyed your presentation of the material. Much of the 

material you address is technical, and it can be difficult to communicate. I think you did 

a nice job in this regard. 

9. Really tough topics (chapter 4) to write about....nice job. 
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10.1 think your presentation has potential, but I think it needs development. 

11. The diagrams are super...and they truly demonstrate that Venn diagrams can 

describe visually so very much. I do feel like I have gained a greater understanding about 

variable relationships and how you just seem to cover the material so effortlessly. 

12. Good idea to do the book. Clearly written-should benefit others. 

13. The diagrams appeal to my visual nature. I have seen Venn diagrams used to 

explain correlation but not to introduce interaction. That made chapter 3 very unique for 

me. I like what I read. 

14.1 think you did a marvelous job in addressing the various concepts via Venn 

diagrams. Overall, I leamed/re-leamed many concepts that I felt I had a grasp on initially. 

It really forced me to synthesize the concepts from an abstract perspective into a more 

concrete perspective via your diagrams. Outstanding job. 

15.1 liked your visual representation of information. This is an important aspect 

mostly ignored by statisticians, although intuitively we form a mental pictorial 

representation. 

16.1 like the way the horse-shoe shaped diagram illustrates the multicollinearity 

problem. 

Constmctive Criticism 

In addition to general comments about my use of Venn diagrams to explain 

variables, I received some helpful criticism. I used some of criticism to revise my 
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dissertation; other criticism will be used in the revision of the dissertation into a text. 

Criticism was either editorial or conceptual in nature. 

Editorial. Editorial criticism dealt with writing style, word choice, and 

mechanical writing errors. Some of the suggested changes were (a) using first person less 

often, (b) adding transition into the interaction section, (c) replacing combinatorial with 

combined, (d) deleting an extra that included in a sentence, and (e) adding the end 

punctuation to a sentence. 

Conceptual. Conceptual criticism received is most helpful for the revision of the 

dissertation into a text. This feedback from the volunteer reviewers will help me 

determine (a) which areas in the third and fourth chapters are of concern to the reader 

and (b) other potential areas to be investigated. Some areas of concern, for example, 

focused on centering, the horseshoe figure labeling, whether two different diagrams are 

needed to explain intervening variables, and how the interaction variable could be 

separate fi-om Xi and Xi. Some reviewers suggested other areas that 1 might investigate. 

Areas for future work might be (a) showing how the sum of squares increase when a 

suppressor variable is in the model (if possible, added the reviewer) and (b) using Venn 

diagrams to explain part and partial correlation and design features such as nested 

variables. 

Conclusion 

I had two research questions. 

1. Are people interested in the topic of Venn diagrams and variables? 
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2. Of those people who are interested, did they like my use of Venn diagrams to 

illustrate relationships between variables? 

To answer the first question, I conclude that people on the AERA-D listserve 

were interested in the variables and Venn diagrams topic because of a minimum of 130 

visits to my Internet website. Eighty of those visits were made within a few days 

following my announcement on the AERA-D listserve. Although I cannot claim that 130 

different AERA-D members visited the site or that every person who visited the site was 

successful in downloading the material, I do know that there was enough interest to 

gamer a substantial number of visits. 

To answer the second question, I examined the comments from the volunteer 

reviewers who (a) either downloaded the third chapter from the Internet site or (b) 

requested a copy of both the third and fourth chapters. All 20 of the 22 volunteer 

reviewers were favorably disposed toward my use of the diagrams. Comments ranged 

from extremely positive (e.g., outstanding job, marvelous, nicely covered tough topics, 

super) to slightly positive (e.g., presentation has potential, but needs development; pretty 

interesting. One limitation of using the Internet is that I have no way of determining how 

many, if any, of the people visiting the site felt negatively disposed towards my use of 

variables and Venn diagrams. 

One reviewer commented that intuitively we form a mental pictorial 

representation of relationships between variables and felt my use of Venn diagrams made 
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the mental picture concrete. That is what I hoped to accomplish. As I stated in the first 

chapter, my ultimate goals were (a) to author a text that would enable the reader to more 

clearly see and understand variables and (b) to present diagrams that would help the 

reader form easily remembered image-based statement. Based on the work I have 

completed so far and the many revisions to come, I feel I will eventually attain those 

goals. 



APPENDIX A; ELECTRONIC MAIL REQUEST MESSAGE 

My name is Judy Rein, and I am a University of Arizona doctoral student in 

educational psychology with an emphasis in measurement and methodology'. For my 

dissertation, under the supervision of Darrell Sabers, I am writing a portion of a future 

book on Venn diagrams and variables. I would appreciate your comments on my third 

chapter which uses Venn diagrams to explore interaction and correlation. The chapter is 

available at this Internet site: 

http://www.lrc.ari20na.edu/judy.html 

If you have trouble accessing my work at that site, try the detailed instructions at 

the end of this message. 

If you would like to comment on the third chapter but do not have Intemet access, 

please e-mail me your mailing address, and I will send a copy. 

My fourth chapter, not available on the Internet, concentrates on using Venn 

diagrams to help explain these variables: moderator, intervening, component, suppressor, 

covariate, disturbance, confound. If you are interested in commenting on the fourth 

chapter, please e-mail me your mailing address, and I will send a copy. Of course, if you 

would like a hard copy of both chapters, just let me know. 

Your comments will help me complete the evaluation section of my dissertation. 

I need to have all replies by the middle of March. If you would like a copy on disk of my 

completed dissertation, one will be sent. 

Thanks, 
Judy Rein 



Detailed directions for accessing the Internet site: 

1. Connect to the Internet. 

2. Open location: http://\vww. lrc.arizona.edu 

3. Select: Instructional Research & Development 

4. Click in the large box to the left of the text. 

View: Instructional Research & Development 
Areas included are: Innovative Course Design, Research on Teaching, 
Learning Effectiveness, and Rein Research Project. 

5. Click on Rein Research Project. 

Read the message which explains how to e-mail your comments directly to me. If you 

prefer your comments to be anonymous, an alternative address is provided. 

6. Click on Rein~If you have Adobe Acrobat loaded on your machine, 

the PDF file will open. If Adobe Acrobat is not loaded on your machine, it is available 

for down loading on this page. 

Follow steps 7 to 9. 

7. To download Adobe Acrobat click on the appropriate icon. 

Select either Acrobat for Macintosh or Acrobat for PC. 

8. Click on Rein after the software had finished downloading. 

Windows 3.1 Users 

If you have Windows 3.1, follow steps 1 to 6. After you click on Rein,you will need to 

download Adobe Acrobat from the new screen. Options 7 and 8 will not work. Please 

http:///vww
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contact me directly, rein@u.arizona.edu, if you need help. Please do not send your 

questions to the AERA-D list. 

APPENDIX B: ELECTRONIC MAIL REMINDER MESSAGE 

Thanks for volunteering to critique my third and fourth chapters on variables and 

Venn diagrams. To complete, on time, the evaluation section in my dissertation, I would 

appreciate your response to this question; Did you like my use of Venn diagrams to 

illustrate relationships between variables? This could be a short reply—perhaps a sentence 

or two. I need your comment by Tuesday, March 19. 

I would appreciate any other feedback you might have, however, at your 

convenience and on your time line. 

Judy Rein 

mailto:rein@u.arizona.edu
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