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OV E R V I E W

O U T L I N E

Clear thinking about research is enhanced to the
extent that you view the conduct of educational
research as a process, or series of integrated steps.
Understanding this process requires familiarity with
several terms, namely constructs, variables, and

hypotheses. These basic concepts will be introduced
with many concrete examples. They are part of the
“language” of research. Understanding the research
language is sometimes demanding, but the
language is fundamental. Your ability to critically
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evaluate published research requires the knowledge that the research process forms
an integrated whole. This chapter will lay some groundwork for your acquisition of
this knowledge and ability.

106 RESEARCH AS PROCESS

Constructs and
Operational Definitions

The challenge of educational research is especially difficult in part because educa-
tors are interested in complex abstractions, such as “motivation,” “self-esteem,” or
“creativity.” Other researchers might study soil samples under the microscope,
distances with a telescope, or tumors with a magnetic resonance imaging machine.

The abstract dimensions that interest educational
researchers are called constructs because they are
constructed or invented labels—a shorthand way of
describing many interrelated behaviors, all of which
are postulated to represent the same trait or ability.

For example, all of the behaviors and skills believed to reflect intelligence may
be bundled conceptually and referred to collectively as “intelligence.” The underlying
dimension inferred by a construct such as intelligence (or self-esteem, motivation,
etc.) is only postulated to exist. We cannot see or touch it directly. It is “in the head,”
so to speak. Simply, think of a construct as a label for a presumed trait or ability.

Although we cannot see a construct, we can test the
theory (explanation) behind a construct by directly
studying the presumed indicators of the construct.
These indicators (i.e., behavioral or overt manifesta-
tions) are referred to as the operational definition of
the construct. “Intelligence” (the construct) may be
inferred from “intelligent behaviors” (the indicators),
like correctly solving a logic problem, answering ques-
tions about word meanings, repeating backwards a
string of eight numbers, solving a math problem,
using “street smarts” to achieve a goal, starting a new
business, paraphrasing the theme of a written para-
graph, solving an equation, or executing a triple lutz.

Another example of a construct is “anxiety,” which
is only presumed to exist by observing and measuring
its presumed indicators, like heart rate. Heart rate
(average beats per minute), then, becomes the opera-

tional definition of the construct “anxiety.” The major point is this: Abstract con-
structs must be defined in a way that makes them observable and measurable
(operational definitions). Such constructs may be defined in many different ways,
some of which are more appropriate than others.

CONSTRUCT:  A label for an abstract trait or ability
(such as creativity or intelligence) that is only
presumed to exist, as it cannot be measured directly.

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 1

Constructs as Labels

A construct is a label for an abstract trait or ability; an

operational definition is (presumably) an observable and

measurable (empirical) indicator of the construct. Presume

a researcher studied birth weight and its relation to later

stress resiliency (using scores on the Hardiness Scale).

What is the construct and what is its operational

definition?
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Some operational definitions clearly do not reflect the rich complexity of
the presumed construct. Consider the construct “love,” for example. Just as people
who have intelligence are expected to act in predictable ways, people who have love

(or are “in love,” as they say) are expected to act in
predictable ways, or at least have predictable charac-
teristics. “Love,” with all its complex emotions, could
be operationally defined as the level of an endor-
phin-like chemical found in the blood. (Increases

in this chemical, also found in chocolate, are believed to be responsible for the
euphoric “high” that falling in love brings. Its decrease is believed to be responsible
for the “honeymoon is over” feeling.) Or “love” could be operationally defined by
the frequency of romantic kissing, a self-report (on a 1 to 10 metric rating scale,
ranging from “I’m indifferent” to “I’m going crazy with love”), or even by the credit
limit that one partner imposes on the other’s charge card at Dillard’s.

In any case, these abstract constructs must be measurable in some form or
another. Researchers can’t perform their job by simply talking about constructs;
they must observe and measure them. That task requires making important deci-
sions about how to operationally define the construct in measurable terms, terms
that hopefully reflect the complex construct. School learning is an important, and
complex, outcome of education. It is often simplified by the term achievement,
which in turn is operationally defined by scores on standardized achievement tests
such as the Stanford Achievement Test series.

OPERATIONAL DEFINITION:  An empirical measure of the
presumed indicator of a construct or state, such as
heart rate as an indicator of “anxiety.”

C R I T I C A L  T H I N K E R  A L E R T  5 - 1

Operational Definitions

Although operational definitions permit researchers to study constructs, an operational definition may not
reflect the construct’s true qualities. Placing a label on an operational definition is a convenience. Be on
guard for operational definitions that may not match the essence of a construct. One example is helmet size
as a measure of the intelligence of soldiers during World War I.

Discussion: Can you think of an operational definition of “motivation,” one that reflects what is
commonly believed to be true for that construct? What about “interest in school learning”? What about
“ability to get along with others”? 

Operational Definitions as Empirical Indicators
Perhaps the best way to think about the operational definition is this: It is the rule for
putting numbers or codes next to names in a research study. Consider the construct “test
anxiety,” for example. Most people know what this means, and the label itself has
allowed us to communicate fairly well about test anxiety. But how would you know if
an intervention designed to lower test anxiety was effective? General impressions are
not acceptable, because they are especially prone to bias. Researchers usually find more
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empirical indictors of test anxiety. Empirical, in this sense, means objective, firsthand,
and verifiable. Scientists find unacceptable statements such as “The subjects just kinda
looked less uptight.” More empirical measures might include subjects’ heart rate,
average number of eye blinks per minute, level of perspiration, number of fidgets, or
blood pressure. But does heart rate, for example, really capture the essence of test anx-
iety in the same way that an endorphin-like chemical captures the essence of love?
Hardly. Here is the troubling tradeoff: Constructs often (but not always) lose their
meaning when they are operationalized, that is, when numbers are put next to names.

Consider an example such as “creativity.” People generally understand what is
meant by this term, and because of this, we can talk about classroom ideas that
foster creativity, home environments that are most conducive for enabling creative

behavior to flourish, and many other factors that
might be linked to creativity in students. Let us pre-
tend that a biochemical theory of creativity posits
that babies who were breast fed tend to be more cre-
ative in high school than babies who were bottle fed.
One hundred students were located and classified
into the breast-fed group or the bottle-fed group.
However difficult that may have been, consider the
harder part—how to measure creativity. Can creativ-
ity be measured by teachers’ ratings on a 1 to 10 scale,
by number of award-winning science projects, by
number of unusual uses for a brick named within 1
minute, by ratings of students’ short stories as judged
by a creativity “expert,” or by scores on a researcher-

developed Test of Creativity? Do any of these measures really capture the essence of
creativity? Needless to say, the method chosen for putting numbers next to names has
great implications for the value and meaning of the research.

Some systems for putting numbers next to names could render the research
meaningless, since a researcher might be testing a hypothesis very different from what
was intended. For example, a researcher might test the hypothesis “The quality of
the home environment before school age is linked to intelligence 10 years later.”
The researcher decides to use high school rank (based on GPAs) and SAT scores as

108 RESEARCH AS PROCESS

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 2

Operational Definitions 

That a construct is defined operationally does not

necessarily suggest that the definition is meaningful.

What might be lacking if “teaching effectiveness” is

defined by students’ scores on standardized tests? 

C R I T I C A L  T H I N K E R  A L E R T  5 - 2

Different Definitions

Two equally reasonable researchers may have very different operational definitions for the same construct.
Although the researchers intend to measure the same “thing,” their different definitions raise the possibility
that one (or both) may not be measuring the construct being investigated.

Discussion: What are the consequences of researchers having very different definitions of the same
construct (e.g., “intelligence”)? Is this a good thing? What are the implications for discrepant or confusing
research findings?
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measures of intelligence, but these measures may be—more appropriately—indicators
of motivation, not intelligence. And then there is the problem of operationally
defining the “quality of the home environment.” Can it be defined by the number of
educational toys accessible, by the frequency of verbal interaction between parents
and children, by the type of verbal interaction, by the frequency of parents’ reading to
their children, by the sheer variety of daily stimulation, by the number of hours that
the television is turned on per week, by the frequency of parents’ punitive and restric-
tive behaviors, or by the simple presence of two parents? When operational definitions
do not accurately reflect the construct being investigated, the research results are, at
best, open to competing interpretations.

I hope you can see that the decisions made regarding the operational definitions
of constructs are among the most far reaching. Chapter 9 reveals that decisions
about operational definitions have important implications for the validity of mea-
sures. Other examples of constructs and operational definitions appear in Table 5.1.
It is important to notice that abstract labels (constructs) must be transformed into
concrete, observable indicators (operational definitions).

Construct Examples of Operational Definitions

Intelligence
Score on SAT (Educational Testing Service assessment)

Score on Stanford-Binet Scale 

Score on Wechsler Adult Intelligence Scale (WAIS)

Reaction time (average) on perceptual naming task

Head circumference (in inches)

Score on Pedigrees Test (in which the test taker uses a schematic family

tree to answer questions about familial relationships)

Score on test of short-term memory

Grade point average (GPA)

Score on test of vocabulary knowledge

Anxiety

Heart rate

Blood pressure

Self-report rating (1–7 scale)

Galvanic Skin Response (GSR, measures the amount of perspiration)

Motivation

Grade point average (GPA)

Observers’ ratings (1–7 scale) during an interview about career plans 

Number of Advanced Placement courses taken

(Continued)

TABLE 5.1 Examples of Constructs and (Not Necessarily Good) Operational
Definitions
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C R I T I C A L  T H I N K E R  A L E R T  5 - 3

Old Constructs

Sometimes old constructs resurface with new labels, generating initial interest until research reveals the
“new” construct is hardly new at all. “Self-perceptions of ability,” for example, have been given different
labels over the years (with subtle differentiation). The same is true for “intelligence” (or “aptitude”). 

Discussion: What are the implications of new labels for generally old constructs or ideas? What does this
suggest for a researcher’s review of the literature? Should constructs be confined to narrowly defined terms
at the risk of missing very relevant information?

Construct Examples of Operational Definitions

Self-Esteem

Score on scales such as Coopersmith or Piers-Harris 

Number of positive self-statements during an interview

Creativity

Number of novel uses for a paper clip described in 3 minutes

Hyperactivity

Number of gross motor movements in 15 minutes

Teacher’s ratings on a 1–5 scale

Stress

Number of eye blinks per minute

Ounces of alcohol consumed

Blood pressure 

Charisma

Rating on a 7-point scale

Number of leadership positions held

Aggression

Observers’ tallies of hits and kicks

Number of days suspended from school

Teaching Effectiveness 

End-of-course student ratings 

Principal’s rating

Students’ standardized achievement test scores

Students’ reflective ratings after graduation

TABLE 5.1 (Continued)
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Types of Variables
All educational research involves the description or explanation of variables, those
changing qualities or characteristics of learners, teachers, environments, teaching
methods, instructional materials, assessment instruments, and virtually all factors
related to education in the broadest sense. A variable, then, refers to any dimension
that has two or more changing values. Examples of learner variables are sex (male

or female), achievement (1 of 99 percentile ranks),
self-esteem (low, average, high), socioeconomic status
(lower, middle, upper), prior knowledge (none, some,
extensive), learning style preference (visual, auditory,
tactile/kinesthetic), and the amount of musical experi-
ence prior to age 8. Examples of teacher variables
include experience (1 year, 2 years, 3 years, 4 or more
years), educational background (bachelor’s versus
master’s degree), and grade level taught (kindergarten
through twelfth grade). Examples of environments
include class size (ranging from 1 to 40 students)
and setting (inner city, rural, suburban). Examples of
instructional or classroom variables include level of
technological support (none versus a computer at
every desk) and the size of cooperative learning groups
(3, 5, or 7 students). Prominent instructional materials
include the use of color on musical scores (yes or no)
and the number of analogies found in a physics lesson
(zero, one, or two). And finally, examples of assessment

variables include type of test (multiple choice versus essay), type of grading (pass/fail
versus A–F letter grades), and type of graduation requirement (portfolio versus stan-
dardized achievement test). As you you can see, the number of variables of interest to
educational researchers is almost limitless.

VARIABLE:  Any dimension with two or more changing
values, such as age or sex. 

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 3

Variables and Constants

Researchers use both variables and constants in their

research. Variables are dimensions with changing values;

constants have one value. Presume a researcher studied

tenth-grade girls’ interest in science to determine whether

it was related to different science experiences in middle

school. What are the researcher’s variables and constants?

C R I T I C A L  T H I N K E R  A L E R T  5 - 4

Variables

Research in education seeks to uncover relationships, ones that might enable a better understanding of the
teaching and learning process. Relationships are uncovered by studying variables—those qualities or char-
acteristics that change (vary) across learners, teachers, schools, and so on. A characteristic that does not
change is called a constant (e.g., the use of only males in a research study). Although researchers use vari-
ables to find relationships, they also use constants to control for unwanted sources of extraneous influence.

Discussion: In what sense might one researcher’s constant be another one’s variable? Is it possible for
one researcher’s “nuisance” factor to be another’s primary focus in a search for a relationship? Can you
think of an example?
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Independent, Dependent,
Attribute, and Extraneous Variables

The practice of research requires that variables be clearly identified and categorized.
The following categories are common and represent a generally accepted system for
distinguishing types of variables:

• Independent
True independent
Quasi-independent

• Dependent
• Attribute
• Extraneous 

Independent Variables
Variables categorized here are under the command of the researcher and usually
reflect a treatment or intervention of some type. They are “free” to vary (hence

independent) in the sense that the researcher can
determine the conditions or categories that
define the variable. For example, “size of learning
group” might be an independent variable with
levels determined by the researcher to be three,
five, or seven students. Independent variables are

believed to be the cause of some resultant effect. The researcher might suspect
that small learning groups result in better learning. Here’s another example. A
researcher might believe that preschoolers’ training in music leads to better math
reasoning in adolescence. The independent variable would be type of musical
training, with categories being no training, piano lessons once a week, and piano
lessons twice a week.

Here’s an example from a published research
study. Kramarski and Mevarech (2003) observed that
the National Council of Teachers of Mathematics
emphasizes the importance of mathematical reason-
ing as a part of doing mathematics. But what instruc-
tional strategies are best for enhancing students’
abilities to reason mathematically? The researchers’
review of literature led them in two directions: coop-
erative learning (using small-group activities) and
metacognitive training (in which teachers monitor
and explain their own thinking). Most prior investiga-
tions of these strategies combined both into a single
method, but Kramarski and Mevarech wondered
about the unique, or separate, contribution of each
to students’ reasoning skills in mathematics, transfer
of mathematics knowledge, and metacognitive
knowledge itself. To investigate these relationships
between instruction and learning, these researchers

112 RESEARCH AS PROCESS

INDEPENDENT VARIABLE:  A variable reflecting a presumed
cause and the conditions created (manipulated) by the
researcher for comparison (e.g., type of teaching
method). It is the A in the If A, then B hypothesis. 

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 4

Independent Variable

An independent variable is an intervention, the presumed

cause of some effect. It is manipulated by the researcher,

meaning that the conditions defining the variable are

actively created by the researcher. (Words such as

treatment, implementation, and intervention are often

used to describe an independent variable.) Presume a

researcher studied the influence of three different types of

mentoring programs on career aspiration. What is the

independent variable?
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arranged for four instructional methods: (1) cooperative learning combined with
metacognitive training, (2) cooperative learning without metacognitive training,
(3) individualized learning combined with metacognitive training, and (4) individu-
alized learning without metacognitive training.

Their independent variable was therefore instructional method, with the levels
(or categories) being the four different types of instruction (what they referred to as
COOP+META, COOP, IND+META, and IND). It is important to understand that
their research used one independent variable and that the variation which created
this one independent variable consisted of four different groups (not four indepen-
dent variables).

True  Independent  Versus  Quasi - Independent  Var iables

Two types of independent variables exist: true independent and quasi-independent.
The true independent variable (1) is manipulated by the researcher, meaning that

the variable and its categories are created by the
researcher; and (2) involves the random assignment
of research participants to any one of the cate-
gories. For example, I might believe that students
learn to spell words faster by handwriting spelling
practice than by computer keyboard practice.
Notice that I created this variation in spelling
practice and could also create whatever differences
between the groups that I want. I might settle on
three groups: handwriting only, keyboarding only,
and combination handwriting and keyboarding.
I could also assign learners randomly to condi-
tions since each student could practice in any one
of the three groups. This is a true independent
variable because I believe it will cause differences
in the rate of spelling acquisition, I created it by

determining which conditions would exist, and I am free to assign students randomly
to the three different conditions.

The interrelated notions of presumed cause and created conditions are referred
to as a manipulation of an independent variable by researchers. The fact that
the manipulation was coupled with random assignment defines the independent
variable as a true one.

Consider a different type of independent variable referred to as a quasi-independent
variable. (Quasi means “having a likeness or resemblance to something.”) Quasi-
independent variables are believed to be the cause of some effect, and their created
conditions qualify as a manipulation, but restrictions are in place which prohibit the
random assignment of subjects to groups. For example, let’s presume that a school
purchased 100 computers for use in its classrooms. Teachers believe that the use of
these computers results in faster spelling achievement, hence they encourage
students to practice spelling via the computer as often as they can. In order to assess
the effectiveness of the computers for this purpose, a school is found that is not
using computers but is as similar as possible in other respects to the school that is
using them. Notice that these two conditions were not created in a truly indepen-
dent way; the students who used the computers (or did not use them) could not

TRUE INDEPENDENT VARIABLE:  An independent variable
that permits random assignment of research
participants.

QUASI-INDEPENDENT VARIABLE:  An independent variable
that does not permit random assignment of research
participants. 

LEVEL OF AN INDEPENDENT VARIABLE:  The categories or
conditions that define an independent variable (e.g.,
10-, 20-, and 30-minute lectures if the independent
variable is lecture length). 
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be determined randomly. (Quasi-independent variables are more akin to “natural”
interventions where the researcher has less control over conditions and their
assignments.) 

True independent variables have researcher-determined conditions with random
assignment. Quasi-independent variables have researcher-determined conditions
without random assignment. This distinction is critical. The simple technique of
random assignment will determine in large part how confident you can be that, for
example, the computer was the cause of observed differences in spelling. As you
will see in Chapter 10, the use of quasi-independent variables will define quasi-
experimental research designs, which are less persuasive in establishing cause-and-
effect relationships than their true experimental design counterparts, those with
random assignment.

Here is another example of this true independent versus quasi-independent
variable distinction. A researcher wants to test the influence of a mentor on high
school students’ career aspirations. One hundred twelfth graders are selected as
research participants. Of those 100 students, 50 are randomly assigned to mentors
who provide mentoring relationships during their senior year. The other random
50 function as comparison (control) students. Just prior to graduation, all 100
students are assessed on their level of career aspiration. (You’ll recall that “career aspi-
ration” is a construct that must be operationally defined.) Mentoring in this case is a
true independent variable since it was manipulated by the researcher (it was a pre-
sumed cause of some effect and the researcher created the two conditions that defined
the variable) and subjects could be assigned to conditions randomly. Remember that
manipulation coupled with random assignment defines a true independent variable.

Contrast this situation with a researcher who also believes mentoring is related to
aspirations, begins a mentoring program at one high school for students who are
interested, and then selects students from a similar high school across town to func-
tion as a comparison group. Students from both schools are measured to assess their
level of career aspiration just prior to graduation. Although mentoring was manip-
ulated by the researcher, students could not be randomly assigned to conditions.
This is an example of the use of a quasi-independent variable. As you’ll see shortly,
the distinction has great implications for the researcher’s ability to make inferences
about cause and effect.

The use of true independent variables permits much stronger conclusions
about cause, whereas the use of quasi-independent variables forces the researcher to
temper cause-and-effect conclusions. It might be, for example, that control students
at the crosstown high school were really not similar at all, perhaps having lower
overall aspirations to begin with. The use of random assignment with true indepen-
dent variables, by contrast, creates groups that are known, or at least presumed, to
be similar (comparable) except, of course, regarding the manipulation itself (the use
of mentors). The power of random assignment to equate groups is stunning, as
revealed in Chapter 7.

Sometimes researchers can use true independent and quasi-independent
variables in the same study. Flowerday and Schraw (2003), for example, in a study of
the effect of choice on cognitive and affective “engagement,” randomly assigned
students to a choice condition (choice of task versus no choice of task), but students
were “self-selected” with respect to the type of task (essay versus crossword puzzle),
meaning that they assigned themselves, so to speak, to one task or another. This dis-
tinction (which is fully explained in Chapter 10) is important because the two

114 RESEARCH AS PROCESS

05-Suter.qxd  7/29/2005  6:58 PM  Page 114



RESEARCH LANGUAGE 115

groups formed by random assignment to the choice independent variable were
comparable (due to the random process), whereas the groups formed by self-
selection (type of task) were not. Flowerday and Schraw reminded readers of this
distinction by noting that the influence due to type of task “should be viewed as
quasi experimental, whereas the [influence of] choice constitutes a true experimen-
tal effect that is not confounded by self-selection” (p. 209). (The question being
posed by these researchers was whether choice affected effort and performance. It
may be that essay performance, for example, is superior only when chosen as a task.) 

Dependent Variables 
Variables categorized as dependent are also called outcome variables or measures.
(Sometimes they are called criterion measures.) The values of this variable are

presumably dependent on the particular condition
of the independent variable (hence the name). Using
the computer versus handwriting study described pre-
viously, one reasonable dependent variable might be
the number of practice sessions needed to spell words
correctly or the number of words spelled correctly on a
final spelling test.

The dependent variables are the effects of the
causal variation induced by the independent
variable, and in this sense, they could also be called
the effect variables (though this is not customary).
A research study may indeed have several dependent
variables. In the example of spelling practice through
the use of a computer, other possible dependent
variables include the spelling score on a standard-
ized achievement test (spelling subtest), the number
of recognized spelling errors in a short story, or
students’ levels of enjoyment or satisfaction during
spelling lessons.

An Example :  Cooperat ive  Learning

Consider an example from a published research study mentioned earlier, the
Kramarski and Mevarech (2003) investigation of four different instructional methods
(a combination of cooperative learning and metacognitive training). Their interest
centered on how these four types of instructional strategies affected these constructs:
“mathematical reasoning,” “ability to transfer mathematical knowledge,” and
“metacognitive knowledge.” It comes as no surprise that they used three measures to
assess these outcomes: a graph interpretation test, a graph construction test, and a
metacognitive questionnaire. These instruments, when scored, yielded three separate
dependent variables. Because these measuring devices contained subscales in addition
to a total score (such as general strategies versus specific strategies and fluency versus
flexibility), it is more precise to say that their research used 10 dependent variables
(although much of the analysis was directed at the three total scores from the three dif-
ferent instruments). It is very common in educational research to have more depen-
dent variables than independent variables, given the interest in multiple outcomes.

DEPENDENT VARIABLE:  A variable reflecting the
presumed effect of the manipulation of an
independent variable (e.g., score on achievement
test). It is the B in the If A, then B hypothesis. 

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 5

Dependent Variable 

A dependent variable is the measured outcome, the

presumed effect of some cause. Presume a researcher

studied the influence of class size on teacher absenteeism.

What is the dependent variable? 
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Dependent variables often take the form of operationally defined constructs, as
discussed earlier in this chapter. They are the “blank” in the expression “. . . as mea-
sured by _________.” For example, if a research study investigated the influence of
school size on overall achievement, the dependent variable would be “. . . as mea-
sured by the Stanford Achievement Tests.” Or if a research study investigated the
influence of greater autonomy on teacher morale, the dependent variable would be
“. . . as measured by the rate of absenteeism.” Or if a research study investigated the
influence of cooperative learning groups on self-esteem, the dependent variable
would be “. . . as measured by the Coopersmith Self-Esteem Inventory.” Or if a study
investigated the influence of sugar on hyperactivity, the dependent measure might
be “. . . as measured by the duration of fidgeting.” Of course, observers would have
to be trained to recognize what constitutes a fidget, that is, the label “fidget” itself
must be operationally defined by the presence of specific behaviors.

Another  Example :  Engagement

Consider another example, the study of choice on cognitive and affective engage-
ment by Flowerday and Schraw (2003) described previously. “Engagement” was the
construct being studied, specifically motivation to learn (“cognitive engagement”)
and positive attitude (“affective engagement”) as revealed through satisfaction and
effort. The operational definitions of these two constructs become the dependent
variables, or outcome measures. The instruments used to collect these measures
included the 13-item Desire-for-Control Scale, a 10-item Interest Questionnaire,
and a 12-item Attitude Checklist. The first two instruments were scored and used as
dependent variables to measure the operational definition of the construct “cogni-
tive engagement.” Similarly, the Attitude Checklist was scored and used as a depen-
dent variable to measure the operational definition of “affective engagement.” This
checklist “assessed different aspects of participants’ affective engagement, including
enjoyment, satisfaction, effort, deeper processing, motivation, fairness, and sense of
control” (p. 210).

The major concern over how well these dependent variables measure the con-
struct being investigated is covered in Chapter 9. The fact that a construct has been
operationally defined and measured as a dependent variable, that is, with numbers
placed next to names, tells us nothing about whether the definition is accurate or
meaningful. (That separate focus is the concern of reliability and validity, as you’ll
see in Chapter 9.)

One More  Example :  Readiness  to  Learn

Consider one more example of a construct, operational definitions, and the distinc-
tion between independent and dependent variables in a published research study.
Brigman and Webb (2003) investigated the construct “readiness to learn”—defined
as the prerequisite learning skills of attending, listening, and cooperating—in
kindergartners. These skills, of course, are merely words or labels and must them-
selves be operationally defined in measurable terms. Listening was operationalized
as the score on the Listening Comprehension Subtest of the Stanford Early School
Achievement Test (SESAT2). The other two skills were operationalized as the scores
on the Comprehensive Teacher Rating Scale (ACTeRS). (The ACTeRS contains two
subscales labeled Attention and Social Skills.) For reasons that are unclear, these
researchers combined the Attention and Social Skills subscales into one total score
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(probably because they were highly correlated) and labeled this the Behavior Rating
Total. Their two dependent variables, therefore, were the Listening Comprehension
score and the Behavior Rating Total score. These measures, then, became the opera-
tion definition of the construct “readiness to learn.”

Their manipulated independent variable was instructional method, which
was implemented over 12 weeks with two conditions—the “Ready to Learn” (RTL)
curriculum versus a traditional instruction comparison group (or treatment versus
control). (The RTL curriculum involves five teaching strategies designed to impart
school success skills among kindergartners.) This was a true independent variable
because the students were randomly assigned to classes, and the classes were ran-
domly assigned to teachers. Six classes were then randomly chosen to participate in
the RTL curriculum; six were retained as comparison classes. The independent vari-
able, then, may also be described as type of curriculum, with the conditions being
RTL and traditional (control). This research study, therefore, used one independent
variable (with two conditions) and two dependent variables. The study’s results sup-
ported the use of the RTL curriculum. The researchers concluded that teachers can
increase kindergartners’ readiness to learn beyond that of comparison students, equip
them with skills needed to succeed in school, and perhaps prevent future failure.

Dependent and Independent Variables Contrasted
Knowledge of the distinction between independent and dependent variables is
vitally important for understanding the research process. Do you remember the old
adage “An apple a day keeps the doctor away”? If this were tested empirically, can
you determine the independent and dependent variables? The independent variable
would be whether or not an apple was eaten each day, and the dependent variable
might be how many doctor visits were needed by the apple eaters and non-apple
eaters. Or more generally and less literally, the independent variable might be type
of diet (good versus poor), and the dependent variable would be the frequency of
colds, flu, or whatever index of health was chosen. And if subjects could be assigned
randomly to the apple eating conditions, the independent variable would be a true
independent variable.

Attribute Variables
A great many variables of interest to researchers include the characteristics,
or attributes, of students, such as sex, anxiety, socioeconomic status, intelligence,
learning style, creativity, prior knowledge, exposure to lead paint, musical training

prior to kindergarten, level of fat in diet, frequency of
exercise, number of siblings, or hunger. Such variables
are rarely manipulated in order to function as true
independent variables (due to feasibility, practicality,
or ethics). These attribute variables contribute to the
astonishing array of learner differences, more com-
monly called diversity. Because of the recognized
importance of diversity, these variables are rarely

ignored in educational research studies. And for good reason: They are important.
Their importance is revealed by studies examining how they relate to independent
and dependent variables. For example, one approach to teaching a lesson may work

ATTRIBUTE VARIABLE:  A measured characteristic of
research participants (e.g., learning style) presumed
to be related to a dependent variable and part of
the research hypothesis (If A, then B qualified by C,
where C refers to the attribute variable). 
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extraordinarily well for low anxiety students but fail miserably for high anxiety
students. Some students may have to hear a lesson, others may have to see it, still
others may have to feel it. Some learn best in larger groups, others learn best in
smaller groups. Ambiguity may frustrate some students, others may thrive on it. The
answer to many research questions investigating the effect of a particular teaching
method is “It depends.” What it depends on are attribute variables (and differences
across dependent variables).

Failure to consider attribute variables in the design of educational research may
render the research meaningless. For example, let us suppose that two different
teaching methods (the independent variable) were compared: lecture versus dis-
cussion. Achievement test scores functioned as the dependent variable. The results
showed no difference overall between the two groups; both scored 70%. If students
had been assessed and classified in accordance with their anxiety level (high versus
low), a dramatic difference could have resulted. High anxiety students could have
scored 90% and 50% in the lecture and discussion groups, respectively (averaging
70%). Low anxiety students could have scored 50% and 90%, respectively, essen-
tially reversing the findings of the high anxiety group, but still averaging 70%. The
finding of “no difference,” of course, would not have been accurate since the anxiety
groups functioned to essentially cancel the strong teaching method effect.

The best answer, then, to the question “What is the effect of lecture versus
discussion methods on achievement?” is “It depends on anxiety.” (This is simply a
hypothetical example.) Admittedly, it is probably rare that the influence of an inde-
pendent variable like teaching method would be wiped out so completely by failing to
consider attribute variables. The point is that the influence of an independent variable
could be masked by unattended learner characteristics. Attribute variables are not
limited to student characteristics. Teachers, classrooms, schools, families, and many
other variables all have characteristics that may function in this “it depends” manner.

(More will be said about this idea in Chapter 10, where
the concept of interaction is described.) 

One final note about attribute variables: They
may also be referred to as subject variables, or possi-
bly moderator variables. To make matters even more
confusing, they may also be referred to as a type of
independent variable, namely a measured or selected
independent variable. Differences, hence confusion,
in terminology is unfortunate, but it is a reality in
research. (Do you see why I could not refer to
attribute variables as a type of independent variable?
Independent variables are manipulated ones, some-
thing that is not possible with learner or teacher
characteristics. How could one be assigned randomly,
in the case of a true independent variable, to, say, a
male or female group?) 

Because I doubt that all researchers will ever use
agreed-upon common labels, critical readers of pub-
lished research must be alert to this variation in terms.

This problem is not as frustrating in reality as it may sound, for the type of variable
should be obvious in context despite its masquerading under different names. Don’t
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H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 6

Attribute Variable 

An attribute variable is a measured or classified

preexisting quality of research participants (e.g., birth

weight, special education status, age, sex, motivation,

aptitude, etc.). Attribute variables defy manipulation,

hence they cannot function as independent variables.

Presume a researcher studied three methods of teaching

math using high-interest and low-interest learners to see

its influence on retained learning after 6 months. What is

the attribute variable? 
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think that all research terminology is clouded by differences in labels. “Types of
variables” appears to offer the worst offense in this regard.

Extraneous Variables
This class of variables, unlike the other three, usually number in the hundreds
or thousands in any given research study. These variables are sometimes referred
to as nuisance or control variables for good reason: They are a nuisance and must

be controlled. They all have in common the potential
to influence the dependent variable but are extrane-
ous (not relevant or important) to the research ques-
tion. Because of this, these extraneous variables must
be controlled so that their influence does not conta-

minate the results. For example, in the computer versus handwriting study of
spelling achievement described earlier, the following variables might be considered
extraneous:

• Time of day students practiced spelling
• Amount of students’ physical exercise 
• Noise level in the room
• Motivation level of the students
• Alertness of the students
• Charisma of the teacher
• Learning styles of the students
• Prior knowledge of the students
• Lead poisoning levels
• Prior experience with computers 

This list could go on and on. All of these variables—
unless they are independent or attribute variables—
must be controlled so that their influence does not
jeopardize the meaningfulness of the study. Fortu-
nately, many extraneous variables can be controlled
by a single action—random assignment of students
to conditions. This simple but powerful technique
can neutralize the influence of countless extraneous
variables that are related to the student, such as
motivation, prior knowledge, lead levels, and so on.
The extraneous variables related to the teacher and
environment often require special procedures in
order to neutralize or control their influence. These
control techniques are described in Chapter 7. For
now, this category of variables should be recognized as
virtually all sources of influence on the dependent vari-
able other than true independent, quasi-independent,
and attribute variables.

The differences between the four major types of
variables are summarized in Table 5.2.

EXTRANEOUS VARIABLE:  Any variable external to a
research situation that is impacting the research and
requires control so that its influence is neutralized. 

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 7

Extraneous Variable 

An extraneous variable is an influence in research other

than the independent, dependent, and attribute variables

factored into the study. Because extraneous variables can

influence the dependent variable, their influence must be

controlled to avoid confounding (“mixing up”) its influence

with that of the independent variable. Presume a

researcher studied the effects of online versus traditional

delivery of instruction on learning gain in math, using

students who selected their preferred approach to

instruction. What is one extraneous variable and what

might be confounded with what? 
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Confounding  

When extraneous variables are not controlled, sometimes they exert their influence
in a troublesome way. Failure to recognize and control for extraneous variables may

result in a form of contamination known as a
confounding. This special term is described below.

The term confounding is used often in edu-
cational research, but its meaning is not widely
understood. It is used in everyday contexts to mean
“confused,” “bewildered,” or “mixed up.” In research,
you can think about confounding as “mixed up”
results. Specifically, a confounding occurs whenever a
researcher has allowed two or more variables to

change together. The independent variable should of course vary, for this is the
treatment or intervention that the researcher has deliberately created in order to
change systematically (the manipulation). When any other extraneous variable
changes along with the deliberate change in the independent variable, then the
independent variable is confounded with the extraneous variable. For example, if
two methods of teaching were studied by comparing one method in the fall with the
other method in the spring, then the teaching method (independent variable)
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An Experimental Test of the Proverb “An Apple a Day Keeps the Doctor Away”

Variable Key Characteristic Examples

Independent Manipulation (presumed cause) Eating apples (none or one per day)

Dependent Measured outcome (effect) Number of doctor visits for colds or flu

Attribute Subject characteristic Male versus female

Extraneous Controlled influence Prior health, other foods 

TABLE 5.2 Four Major Types of Variables Used by Researchers

CONFOUNDING:  The “co-mingling” of an independent
and extraneous variable such that as the levels of an
independent variable change, so do differences in an
extraneous variable (e.g., 10-, 20-, and 30-minute
lectures given in cold, comfortable, and hot
classrooms, respectively). 

C R I T I C A L  T H I N K E R  A L E R T  5 - 5

Different Names

Be on the watch for different terms in research that reflect the same idea. Independent variables might be
called treatment or predictor variables. Dependent variables might be called response, outcome, or criterion
variables (among others). Attribute variables might be called ex-post-facto or subject variables. Extraneous
variables might be called nuisance or controlled variables. There are several other substitute terms as well
(e.g., a moderator variable might refer to a type of attribute variable). 

Discussion: Consider the proverb “Too many cooks spoil the broth.” If this were tested empirically,
what would the independent variable be? And the dependent variable? What other labels are possible for
variation introduced by the cooks? What terms could be used to describe the broth? 
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Figure 5.1 Is class size related to achievement? A careless researcher might allow an

independent variable, class size, to be confounded with an extraneous variable, time (a large

class in the morning and a small class in the afternoon). In this case, achievement differences

could be due to variation in the independent variable—class size—or to the extraneous variable—

time. The results would be uninterpretable.

Source: Adapted from Primer of Educational Research (p. 20), by W. N. Suter, 1998, Needham Heights, MA: Allyn
and Bacon.

would be confounded with time of year (extraneous variable). If more able teachers
taught one method and less able teachers taught another method, then the teaching
method (independent variable) is confounded with teachers’ ability (extraneous
variable). If less able students were taught using one method and more able students
were taught using another method, then the teaching method is confounded with
student ability. And if one method was used in a red room and another method used
in a blue room, then teaching method is confounded with room color. Figure 5.1
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illustrates how a careless researcher might introduce a confounding variable into
a research setting. Examples of other confounded relationships are presented in
Table 5.3 below.

122 RESEARCH AS PROCESS

Independent Variable Extraneous Variable Confounding

Amount of sugar in Day of week High sugar on Monday; low sugar on Friday 

breakfast

Length of class Teacher difference 1-hour class taught by Mr. Smith; 2-hour class

taught by Mrs. Woo

Type of teaching Location Lecture in Room 102; discussion in Room 812

Use of drug to reduce Color of room Drug given students in off-white room; 

hyperactivity placebo given students in red room

Use of questions in text Interest level Interesting text with questions; boring text without questions

School uniforms Type of school Uniforms in single-sex school; no uniforms in coed school

School schedule Type of school 9-month public school; 11-month private school

Type of kindergarten Parent socioeconomic status Private school for wealthy parents; public school 

for less wealthy parents

Note: As the independent variable changes so does the extraneous variable, rendering the results uninterpretable. When this happens, the difference

in the dependent variable (which is not stated in this table but can be imagined) could be due to the independent variable or the extraneous variable

(or some combination of the two).

TABLE 5.3 Examples of Confounded Independent and Extraneous Variables

C R I T I C A L  T H I N K E R  A L E R T  5 - 6

Confounding

The term confounding is widely used but poorly understood. It means two variables are changing together.
For example, as children’s exposure to lead varies, so might their nutrition, making it difficult to disentan-
gle lead and nutrition influences. In this case, it is said that lead exposure is confounded with nutrition.
Researchers try to unconfound variables to learn more about their influences.

Discussion: Our lives appear naturally confounded, so to speak. It’s hard to explain fatigue, for
example, when loss of sleep at night co-occurs with a poor diet or added stress at school or work. Can you
provide an example of hopelessly entangled (confounded) connections in your own life? For instance, is a
headache the result of neck or shoulder muscle stress, anxiety, junk food, and/or weak coffee—all of which
co-occurred?
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Notice that the appropriate use of the term confounding is in reference to the
confounding of independent and extraneous variables; it is not the dependent
variable that is confounded. Confounded relationships are sometimes eliminated
by sound research designs which exert control over the extraneous variables. They
are also eliminated with a variety of statistical techniques (e.g., partial correlation).
In educational research, they are best prevented with a host of control strategies.
These research designs, statistical techniques, and control strategies are described in
Chapter 7. Extraneous variables that are successfully controlled through these con-
trol maneuvers are sometimes referred to as, quite appropriately, controlled variables.

Types of Hypotheses
In addition to the four different types of variables described previously, educational
researchers are concerned with the following three different classes of hypotheses:

• Research hypotheses
• Alternative hypotheses
• Null hypotheses

We’ll examine each one in turn and then see how they work together.

Research Hypothesis
The research hypothesis is what you probably think of as the main hypothesis. It is
the researcher’s best guess about the outcome of the research study. Expectations
about the outcome usually come from the theory that generated the hypothesis
in the first place. Research hypotheses are more than vague hunches about the out-
come; they are precise statements regarding clear outcomes. They sometimes appear
in an If A, then B format where A refers to the independent variable, and B refers to
the dependent variable. Some examples are shown below:

• If children are taught to read via whole language, then their reading compre-
hension will be higher.

• If children watch 3 or more hours of television per day, then their behavior on
the playground will be more aggressive.

• If children learn in small cooperative groups, then their social interactions will
be more positive.

• If teachers earn master’s degrees, then their job satisfaction will increase.
• If young children take piano lessons, then they will have higher math aptitude

10 years later.
• If exercise immediately precedes a geometry lesson, the students will learn faster.

A research hypothesis may not appear in the If A,
then B form. Sometimes it appears as a statement
or claim, such as “Young children who take piano
lessons will have higher math aptitude 10 years later”
or “Exercising immediately before a geometry lesson

RESEARCH HYPOTHESIS:  A predicted outcome based on
theory or understanding, which is often stated as
If A, then B. It may also be stated as a foreshadowed
question in qualitative research.
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Alternative Hypothesis
Alternative hypotheses are developed or conceptualized by researchers only to be
eliminated. They are referred to as alternative in the sense that they rival the research

hypothesis as an explanation for the outcome. In fact,
they are sometimes called rival hypotheses and are
related to alternative explanations for the findings.
For example, let’s suppose that a new method of
teaching reading—Total Immersion—was compared
to an existing or traditional method. The research
hypothesis might be, “If students are taught to read

using Total Immersion, then they will learn to read with greater comprehension.” A
critic might say, “There is an alternative hypothesis—better teachers used the Total
Immersion method—and that is why Total Immersion students read better. Those

will result in faster learning.” A research hypothesis
may even appear as a question, for example, “Will
young children who take piano lessons have higher
math aptitude 10 years later?” or “Does exercise
immediately before a geometry lesson result in faster
learning?”

The particular form of the research hypothesis is
not as important as its content. It must specify in some
form which variables are being studied, and if known,
what potential outcome is expected. Educational
researchers do not simply gather data on a hodge-
podge of many variables in a helter-skelter manner
only to fish around aimlessly in the hopes of finding
something “significant.” The problem with this “shot-

gun” approach is that “significant” relationships will surface, but their significance is
illusory because of the workings of mere chance. There will be more about the
research hypothesis and the meaning of statistical significance in Chapter 13.
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H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 8

Research Hypothesis

The research hypothesis is a predicted outcome, often

spawned by theory, an understanding of prior research, or

personal observation. If a theory of learning suggests “less

is more,” what is a reasonable research hypothesis to test

the theory? 

ALTERNATIVE HYPOTHESIS:  A rival explanation for the
research results (often resulting from lack of control
or procedural influences). It is an explanation
“alternative” to that suggested by the research
hypothesis and often “explains away” the findings. 

C R I T I C A L  T H I N K E R  A L E R T  5 - 7

Research Hypothesis

Research without a clear hypothesis (or at least a “guiding” question) is often criticized for not conforming
to a model of scientific inquiry. Good research yields useful information, whether or not the research
hypothesis is supported. Lack of support for a research hypothesis in no way suggests a “failure.”

Discussion: What drawbacks might be associated with collecting “gobs” of data such as these: birth
weight, gender, standardized reading comprehension score, hemoglobin level, body mass index, self-esteem
score, frequency of Internet use, knowledge of chess, size of school attended, class rank based on GPA,
participation in after school sports, age of mother at birth, number of school days absent, math aptitude,
level of sociability, and size of cranial bump above the left ear? 
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teachers are so good that their students would read better no matter what method
they used!” Another critic might say, “There is another alternative hypothesis—
more able students were taught using Total Immersion, and those students would
read better no matter what method was used.” But the careful researcher would have
already anticipated these alternative hypotheses and taken steps to rule them out.
This could be accomplished by using the same teachers for both the Total Immersion
and traditional methods. Further, the researcher could arrange for students to be
randomly assigned to each method to assure that the groups are comparable at the
start of the research.

Alternative hypotheses are blunders, of sorts, and are avoided by careful
researchers for obvious reasons—the findings could be explained away by

rival interpretations, rendering the research results
difficult to interpret. When critical reviewers
of research ask the question “What else could have
possibly explained these results?” they are asking for
plausible, rival, alternative hypotheses. Cautious
researchers anticipate these problems related to
potential alternative hypotheses. Then they make cer-
tain that they are eliminated, or at least made implau-
sible. There are usually many potential unwanted
sources of influence in a research study that must be
eliminated in order to permit a clear interpretation of
the findings.

In short, the alternative hypotheses in a research
study include the “interpretation worries” and
counter-explanations that researchers attempt to rule
out by research designs, control procedures, and care-
ful plans for collecting data. They are answers to the
question “How else could these results be explained?”
Researchers clearly do not want their findings to be

explained away or dismissed because of problems in the way the study was designed
and conducted.

An Example :  Perceptual  Defense  

Research in psychology provides excellent examples of alternative hypotheses.
Consider the example of the perceptual defense phenomenon. McGinnies (1949)
attempted to test the credibility of Freudian psychodynamic theory, which suggests
that many of our motives stem from unconscious influences and long-forgotten
early experiences. The problem with psychodynamic theory, from a scientific
point of view, is that the theory (however interesting) does not generate easily
testable research hypotheses. Good scientific theories must “stick their neck out”
and be vulnerable in the sense that hypotheses spun from the theory can be tested
directly. However difficult, McGinnies’s experiment attempted to test the notion
that the perceptual defense mechanism is capable of recognizing disturbing,
anxiety-provoking stimuli at the unconscious level. This monitoring device, accord-
ing to the theory, is constantly on the alert and blocks out environmental threats
before they enter our awareness. It is, generally, a protective gateway to our conscious
awareness.

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 9

Alternative Hypothesis

An alternative hypothesis in research is a counter-explanation

for research findings. It opposes the explanation suggested

by the research hypothesis, that is, explains the findings by

reference to some influence other than the connection

between the independent and dependent variables. If a

study revealed no difference in self-reported cheating on an

exam between proctored and honor system settings, can you

think of an alternative hypothesis to consider before

concluding that proctoring exams is not necessary? 
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This idea of a perceptual defense mechanism was tested in an ingenious (but
flawed) way by flashing words on a screen by a machine at speeds much faster than
could be recognized. These words were flashed slower and slower by the experi-
menter until the research subjects could recognize the words, at which point they
simply announced the word out loud. The speed at which subjects could recognize
and announce the word was called their threshold. McGinnies was especially inter-
ested in whether thresholds were longer for emotionally threatening (i.e., nasty or
taboo) words as compared to neutral words. If the perceptual defense mechanism
had been doing its job, it should have prevented, or at least delayed, the threatening
words from entering conscious awareness until the force was too strong. The delay,
the reasoning goes, would lengthen the threshold. The gate would eventually burst
open, allowing the inevitable recognition of the emotionally charged words. The
research hypothesis, then, was “If subjects view taboo words compared to neutral
words, then their recognition thresholds would be longer.” In fact, this is just what
McGinnies found—subjects took longer to recognize taboo words than neutral
words. This outcome, therefore, provided support for the perceptual defense
mechanism and added credibility to the psychodynamic theory which predicted
this outcome.

But wait a minute. Recall that alternative hypotheses are rival explanations of
the research findings. How else could this result be explained? In several ways.
Perhaps subjects recognized the taboo words just as quickly as the neutral words,
but hesitated before announcing something embarrassing to the experimenter,
especially if they were wrong! Subjects may have “jumped the gun” in their
announcement of neutral words (to appear fast, hence intelligent) but delayed
somewhat for taboo words until they were absolutely certain that what they
actually saw was indeed what they thought they saw. (Would you want to
announce nasty words in the presence of a psychologist?) The alternative hypoth-
esis, then, was: “If subjects are shown taboo words and neutral words, then they
take longer to announce the taboo words in an attempt to be certain about what
they saw.”

Researchers have another name for problems such as this: artifact. Artifacts
are unwanted and unintended sources of bias in the collection or analysis of
data; as such, artifacts function as alternative hypotheses. A critic might say that
McGinnies’s findings were an artifact of his data collection procedure since his

subjects may have hesitated before announcing
the nasty words, consequently lengthening their
perceptual thresholds. Artifacts are common in
behavioral research because people’s behavior is
often influenced by the very process of observation.

Subjects may react in unintended ways to the mere presence of a camcorder or
clipboard (e.g., they may show nervousness, be better behaved, etc.). In this
case, the artifact is also referred to as a reactive measure since subjects are reacting
to the research procedures required for observation. (A counterpart in medicine
might be “white coat fever,” whereby blood pressure may skyrocket in response to
physicians and all their paraphernalia.) Artifacts are clearly undesirable since they
can explain away the findings. To say that specific research findings were an artifact
of the data collection procedure is to say that the findings were distorted and not
to be trusted.
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ARTIFACT:  An unwanted source of influence creating a
plausible, rival explanation of results. An artifact
introduces bias and distorts results. 
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Here is another example of an artifact that functions as an alternative (plausible,
rival) hypothesis: “Standardized achievement test scores increase after an educa-
tional intervention.” What are other explanations for this finding? What if specific
groups, like those with limited English ability, were excluded from the testing after
the intervention? This would be a problem if those with limited English ability
scored lower than those who remained post intervention. One could not disentan-
gle the intervention effect from the limited English effect. There is, in other words,
an alternative explanation for the rise in test scores.

Research studies may be fraught with several alternative hypotheses, not just one
glaring one. Another alternative hypothesis in the McGinnies (1949) perceptual
defense study might be related to the frequency that neutral and taboo words
appear in printed materials (newspapers, magazines, books, advertising signs, etc.).
Words that appear more commonly in our language might be recognized faster sim-
ply because we are more familiar with them. And if neutral words (compared to
taboo words) do indeed appear more frequently in print (hence we are more famil-
iar with them), then another alternative hypothesis would be, “If subjects are shown
more frequent and less frequent words, then they will recognize more frequent
words faster.” You might have recognized this rival explanation as a confounding.
The type of word changes as it should since it is the independent variable (neutral
versus taboo words), but familiarity (an extraneous variable) changes with it as well
(more familiar versus less familiar words). If recognition differences are found
between neutral and taboo words, one would not know whether the difference
was due to the type of word or the familiarity of the word. Clearly, alternative
hypotheses are not wanted, whether in the form of an artifact, a reactive measure,
confounding, simple bias, or some other problem.

Problems that function as alternative hypotheses in otherwise well-designed
research may be exceedingly difficult to uncover. (Recall the example of The
Amazing Randi in Chapter 2.) Those who enjoy solving puzzles will probably also
enjoy the dilemmas encountered by an attempt to answer the questions “What else
could have possibly caused these results?” and “Was the research hypothesis really
supported, or was there an alternative explanation?” This is part of the challenge of
critically evaluating research.

C R I T I C A L  T H I N K E R  A L E R T  5 - 8

Counter-Explanations

All research is susceptible to alternative hypotheses because there always exists the possibility of counter-
explanations for the findings. Good research states explicitly what these alternative hypotheses might be,
often in a section of the report titled “Limitations.” 

Discussion: Presume a researcher recommended that all certified teachers must hold master’s degrees,
basing the recommendation on a finding that higher standardized achievement test scores were associated
with teachers who held master’s degrees. What counter-explanations might explain away the finding of a
master’s degree and achievement link?
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Another  Example :  Learning  to  Spel l

Cunningham and Stanovich (1990) provided another illustration of an alternative
hypothesis. They tested whether young students learn to spell best by practicing on
a computer, by using alphabet tiles (like those in ScrabbleTM), or by handwriting.
After practicing new words in one of the three groups, students were given a final
test, much like a spelling bee, except that the students wrote down each word after
it was pronounced by the teacher. The researchers found that the handwriting
condition was far better than the computer and alphabet-tile conditions in terms of
the students’ number of correctly spelled words.

Can you think of an alternative hypothesis? (The clue lies in how the students
were tested: all the students were tested using handwriting.) The alternative hypoth-
esis was, “If students are tested with the same method used for studying, then they
will score higher.” Perhaps the computer group would have scored highest if they
were tested using the computer; similarly, the alphabet-tile condition might have
been superior if they were tested with alphabet tiles. This practice-testing match,
therefore, becomes a rival explanation for the findings, since the only condition
with the same practice and testing format was the handwriting condition. (This
problem was recognized by these researchers and was eliminated in their second
experiment. The results, however, were still the same, hence the subtitle of their
article: “Writing Beats the Computer.”) 

It should be clear by now that rival (but plausible) alternative hypotheses are
clearly undesirable in the research process. Essentially, these hypotheses are state-
ments about research blunders. Cautious researchers must think carefully about
these hypotheses and take steps to avoid them so that they are not rival explanations
for the research outcomes.
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C R I T I C A L  T H I N K E R  A L E R T  5 - 9

Alternative Hypotheses

Careful researchers anticipate problems related to alternative hypotheses beforehand, collect data that
might help rule out these rival explanations, and reach conclusions accordingly. 

Discussion: Given your response to Critical Thinker Alert 5-8, what additional data could be collected to
shed light on this alternative hypothesis? 

Null Hypothesis
The third type of hypothesis, the null hypothesis, is used by researchers working
under the quantitative tradition and comes into play during the statistical analysis
of data. For this reason, the null hypothesis is mentioned only briefly in this section.
A more complete explanation appears in Chapter 13 in the discussion of research
results and their interpretation.
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The null hypothesis is a statistical assumption about the population from which
the sample was drawn. The assumption is that there is no relationship between the
independent and dependent variables—exactly counter to the research hypothesis.
Why in the world, you might ask, does the researcher assume there is no relation-
ship among variables in the population? This is a temporary assumption and is

believed to be true, so to speak, only while the com-
puter is running during the analysis of the data. The
researcher really believes its opposite—the research
hypothesis, which posits that there is a connection
between the variables studied. The computer will
then tell the researcher the likelihood (in the form
of a p value) that the actual findings could be
obtained if the null hypothesis were true. If the like-
lihood is very small, for instance, only 1 in 100
chances, the researcher would be entitled to reject
the null hypothesis since the outcome is so unlikely
(if the null hypothesis were true).

What is more likely is that the research hypothe-
sis—the opposite of the null hypothesis—is true
and the null hypothesis is false. The researcher then
concludes that there is probably a relationship in the
population from which the sample was drawn. The
null hypothesis functions in this temporary way,
only to be rejected if the probability of its being
true is very low. Most researchers do indeed want
to discard (reject) the null hypothesis because its
rejection is interpreted as support for the research

hypothesis. This is a difficult idea, and some confusion may be unavoidable at this
point without greater elaboration. (Many students report that this line of reason-
ing at first seems “backwards.”) The null hypothesis will be explained further in
Chapter 13, where its vital role will become clearer.

NULL HYPOTHESIS:  A statistical hypothesis asserting
there is no relationship among variables being studied
in the population. 

H I G H L I G H T  A N D  L E A R N I N G

C H E C K  5 - 1 0

Null Hypothesis 

The null hypothesis is a statistical hypothesis asserting

there is no connection in the population among variables

being studied. Researchers strive to reject the null

hypothesis (discard it as not plausible) in an attempt to

show there is a connection. Presume a researcher collected

data to determine whether vitamin B6 improves the

retention of learned material. What is the null hypothesis?

C R I T I C A L  T H I N K E R  A L E R T  5 - 1 0

Null Hypothesis

Some research reports state their research hypothesis in the null form (e.g., “There will be no difference . . . ”).
This makes little sense, as the null hypothesis is an assertion about the population. By contrast, the
researcher collects data from the sample and believes that a pattern exists in the sample that might gener-
alize to the population. The researcher usually believes the opposite of the null hypothesis. 

Discussion: Presume a researcher wanted to test the proverb “Practice makes perfect.” What is the
underlying null hypothesis? What about “Two heads are better than one”? What is the null hypothesis?
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Critical Thinking Toolbox

Educational researchers display critical thinking by honoring multiple perspectives in their work.
Consumers of educational research examine beliefs and assumptions of multiple perspectives before
accepting or rejecting research conclusions. They avoid a bandwagon argument, that is, accepting
popular opinion and generalization that may reflect little more than bias (such as “Everyone knows
that research shows . . .”). 

Constructs and Variables in Quantitative Research

The logic used in quantitative research is deduction: An abstract theory or construct (which is general)
suggests variables to be investigated (which are more specific, such as dependent variables) with measur-
ing instruments presumed to represent traits or behaviors defined by the variables (which are the most
specific). There is a presumption of an objective reality awaiting discovery by objective methods.
Constructs and variables are best understood within a context of measurement soundness, control, sam-
pling, and statistical analysis. Methods are usually geared toward understanding cause and effect, with
an emphasis on replication.

Constructs and Variables in Qualitative Research

The logic used in qualitative research is analytic induction: Specific instances suggest a general theory or
social understanding (a construction). Constructs and variables are not imposed on the research design;
rather, they emerge from an evolving, flexible design. Participants’ experiences and perspectives become
situated within greater, more abstract meanings and interpretations. Ongoing methods used in natural
settings are usually geared toward meaning and understanding in a broader multidisciplinary context.
Variables may be reframed as observations in context and foreshadowed constructs.

Constructs and Variables in Action Research

The logic used in action research is “reflective” and practical, meaning that ways of thinking here are
geared toward identifying and solving problems related to the researcher’s own educational practice.
Administrators, counselors, and teachers reflect about their practice in an attempt to identify problems
and offer possible solutions. The problem is local, personal, and practical (not theoretical). Constructs and
variables may be described in terms of ideas, changes, and problem statements. 

Critical Thinking Question

How researchers think about constructs, variables, and types of hypotheses across the three perspec-
tives of qualitative, quantitative, and action research reveals very different core assumptions about
the nature of “knowing.” What differences across assumptions strike you as being most significant?
Why do you think that? Do you believe popular opinion about research favors any one of the three
perspectives above? Is it possible that researchers themselves may fall victim to a type of bandwagon
effect? 
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C R I T I C A L  P E R S P E C T I V E S  5 - 1

C O N S T R U C T S  A N D  V A R I A B L E S
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Other examples of research, alternative, and null hypotheses are found in
Table 5.4.

Hypothesis Example

Research If children watch violent television, then they will act more aggressively at recess.

Alternative Children prone toward aggression simply watch more violent television.

Null In a population of school-age children, there is no relationship between

television violence and aggressive behavior.

Research Children who use computers to learn geometry will learn faster than

children who use paper and pencil.

Alternative Children learn faster on the computer because a local news story made them more attentive.

Null In a population of students, there is no difference in the speed of learning of those who

use computers and those who use pencil and paper to learn geometry.

Research Children will learn to spell better in a spelling bee format than in solo seat work.

Alternative Children learn better in the spelling bee format because the poor spellers drop out.

Null In a population of children, there is no difference in the spelling achievement of

those who learn in a spelling bee and those who learn in solo seat work.

TABLE 5.4 Examples of Research, Alternative, and Null Hypotheses

M O R E  E X A M P L E S

Additional descriptions of published research may help to solidify your knowledge of

important ideas related to issues surrounding the research language, namely types of hypothe-

ses and variables. You will find additional descriptions on the Web-based student study site

(www.sagepub.com/eic).

Chapter Summary
The research process often begins with a
theory—or explanation—of some phenomenon
or construct (an unobservable trait). All abstract
constructs must be operationally defined before
they are researchable; that is, defined in terms of
the operations used to produce or measure them
(as in the expression “as measured by . . .”).
The data collection step in the research process
is guided by a research design that manages
four different types of variables: independent,
or presumed causes; dependent, or presumed
effects; attribute, or subject characteristics; and
extraneous, or controlled influences. Researchers
anticipate biasing sources of contamination or 

confounding in the research process and use
many control procedures to hold them in check.
The whole process is guided further by three
different types of hypotheses: the research
hypothesis, or predicted outcome; the alternative
hypothesis, or rival interpretation of results
(such as a confounding); and the null
hypothesis, or the assertion that no
relationship exists in a population. The null
hypothesis becomes relevant only in the
statistical analysis phase of the research.
The interpretation of findings may lead to
a refinement of the theory and forms the
basis for subsequent research.
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Application Exercises
1. Describe how you might operationally define

the following constructs.
a. happiness
b. optimism
c. sociability
d. cheating
e. ambition
f. feeling in control
g. genius
h. persistence
i. authoritarian

2. Consider each of the following scenarios and
identify the independent, dependent, and
attribute variables. Also name one extraneous
variable that should be controlled by the
researcher.
a. A group of experienced and “fresh” teachers

(with 10+ years and less than 2 years
experience, respectively) attended 10
workshop sessions in stress reduction
techniques (the treatment). A randomized
group of experienced and fresh teachers
functioned as a control group. The groups
were then compared on a measure of stress
(blood pressure). It was found that the
treatment was linked to lower levels of
stress, with fresh teachers showing a greater
effect.

b. In an attempt to increase the high school
graduation rate, a researcher implemented a
mentoring program in 10 high schools.
Another group of 10 high schools served as
a comparison. The researcher found that the
mentoring program increased the
graduation rate but was more successful for
females than males.

c. A researcher tested whether students’
reading comprehension was greater for
material read from printed text or from a
computer monitor. (The researcher believed
that the monitor demanded greater
attention, and thus would increase reading
comprehension test scores.) The data were
analyzed by comparing students with and

without home computers. The researcher
found no differences between the groups
tested.

d. Are students’ grades a function of how
much sleep the students get? A researcher
wondered about this question and arranged
for 100 tenth graders to sleep no less than
9 hours a night for a semester. A control
group slept in accordance with their natural
habits, which averaged about 6 hours a
night. The students were also classified
into two groups based on their prior GPAs
(3.0 or higher versus less than 3.0). The
researcher found that increasing sleep
resulted in higher grades during the
semester; for the lower GPA students, the
effect was more pronounced.

e. Will students write better if they use a word
processor or handwriting? To answer this
question, seventh and tenth graders wrote a
3-page essay on a computer with a word
processing program or by hand on a writing
tablet. (The handwritten essays were
transferred to type via a word processor so
that the graders, not knowing one group
from the other, could not be biased either
way.) All essays were rated by independent
graders on a 1 to 10 scale reflecting overall
quality. The researcher found higher ratings
across both grades for the word processing
group.

f. A researcher showed two different
videotapes to 50 junior high school classes
on the basic principles of electricity. In one
condition, the lecture was summarized with
a good metaphor. The other condition
simply ended without a metaphor. The
researcher also tested students’ learning
styles, and classified each as visual, auditory,
or kinesthetic. To measure students’
retention of content a month later, the
researcher gave a 10-item multiple-choice
test. The findings revealed far greater
memory in the metaphor groups, but the
learning styles made no difference.
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3. For each of the following scenarios, describe the
confounding that the careless researcher forgot
to eliminate.
a. A researcher tested whether students learn

more with visual aids in the form of
handouts or slides. Handouts were used
during a lecture on the biochemistry of
memory and projected slides were used
during a lecture on the biochemistry of
emotion. Students’ comprehension was tested
via a 10-item multiple-choice test at the end
of each lecture. Students scored higher in the
projected slides condition. The researcher
concluded that slides were superior to
handouts for aiding students’ understanding.

b. A researcher wanted to know whether
students write more “from the heart” using
handwriting or a computer. Students signed
up for the condition of their choice
(computer or handwriting), and all students
wrote a 3-page essay on “my family.” Raters
independently and blindly judged the
emotional content of each essay on a 1 to
10 scale. The students’ essays were clearly
more emotional in the handwriting
condition. The researcher warned teachers
that the use of computers in school will
produce robotlike students.

c. A teacher wanted to know if the color of
classrooms affects students’ behavior in any
noticeable way. This question was prompted
by two situations—the school’s having been
recently painted pale yellow and the fact that
many students seemed hyperactive. The
teacher checked the conduct reports at the
school and compared them to those of
another school, one across town that had the
same off-white walls that the teacher’s
school used to have. The conduct reports at
the off-white comparison school revealed far
fewer instances of misbehavior. The teacher
concluded that yellow rooms affect students’
behavior in negative ways.

4. For each of the scenarios below, describe the
research hypothesis in an If A, then B form.
Then offer an alternative hypothesis, that is, a
plausible rival explanation for the findings.

a. A researcher tested whether a new electronic
system for monitoring halls would reduce
the number of tardies at a large high school.
At the same time, a new and somewhat
confusing computer system was installed in
each classroom for teachers to use in
reporting tardies. The researcher found that
the electronic system significantly reduced
the number of tardies.

b. A researcher tested a hunch that teachers
older than 60 are far happier in their positions
than their counterparts in private business.
The researcher interviewed 100 older workers
from both occupations and found that indeed
teachers were happier than businesspeople in
their later years. The researcher recommended
that older workers seek careers in teaching in
order to be happier.

c. A researcher tested the idea that gymnastic
lessons for kindergartners will lead to
greater athletic ability in high school. To test
this idea, the researcher located two groups
of high school students: those who had
gymnastic lessons as kindergartners and
those who did not. Then their athletic
prowess was tested with a battery of physical
performance measures. Those who had early
gymnastic lessons were clearly far superior
as athletes in high school to those who did
not have such lessons. The researcher
recommended gymnastic lessons to all
youngsters in order to improve their
adolescent athletic abilities.

5. Can proverbs be tested empirically? Consider
each of the following proverbs carefully. Then
describe one plausible independent variable (and
categories of variation), a dependent variable
(operationalized), an attribute variable, and an
extraneous variable that you might control. State
the testable hypothesis in an If A, then B form.
a. Too many cooks spoil the broth.
b. Absence makes the heart grow fonder.
c. Early to bed and early to rise, make a man

healthy, wealthy, and wise.
d. Laughter is the best medicine.
e. No pain, no gain.
f. Practice makes perfect.
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g. Spare the rod and spoil the child.
h. The love of money is the root of all evil.
i. Two heads are better than one.
j. Time is a great healer.
k. United we stand, divided we fall.
l. A rolling stone gathers no moss.

6. Browse online journals in your field of interest.
Select a research report that states a clear
research hypothesis, then answer the following
questions.

a. What was the research hypothesis? Did the
authors identify other types of hypotheses,
such as an alternative hypothesis or a null
hypothesis? 

b. Including independent, dependent,
attribute, and extraneous variables, how
many types of variables can you identify?
List them.

c. Did the researchers investigate a construct?
Can you find an illustration of an
operational definition? 

O N  Y O U R  O W N

Log on to the Web-based student study site at http://www.sagepub.com/eic for more

information about the materials presented in this chapter, suggestions for activities, study

aids such as electronic flashcards and review quizzes, a sample research proposal, and

research recommendations that include journal article links (with discussion questions and

an article evaluation guide) and questions related to this chapter.
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