CHAPTER 1

A PRIMER OF THE
SCIENTIFIC METHOD
AND RELEVANT

COMPONENTS

he primary objective of this book is to help researchers understand
and select appropriate designs for their investigations within the

field, lab, or virtual environment. Lacking a proper conceptualiza-
tion of a research design makes it difficult to apply an appropriate design
based on the research question(s) or stated hypotheses. Implementing a
flawed or inappropriate design will unequivocally lead to spurious, mean-
ingless, or invalid results. Again, the concept of validity cannot be empha-
sized enough when conducting research. Validity maintains many facets
(e.g., statistical validity or validity pertaining to psychometric properties of
instrumentation), operates on a continuum, and deserves equal attention at
each level of the research process. Aspects of validity are discussed later in
this chapter. Nonetheless, the research question, hypothesis, objective, or
aim is the primary step for the selection of a research design.

The purpose of a research design is to provide a conceptual framework
that will allow the researcher to answer specific research questions while
using sound principles of scientific inquiry. The concept behind research
designs is intuitively straightforward, but applying these desions in real-l:fe
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Chapter 1 A Primer of the Scientific Method and Relevant Components 43

reviews, developing research questions, or discussions on the nature of
knowledge, epistemology, ontology, and worldviews. Specifically, this
book focuses on the conceptualization, selection, and application of com-
mon research designs in the field of education and the social and behav-
ioral sciences.

Again, although the general premise is the same, the scientific method
is known to slightly vary from each field of inquiry (and type of method).
The technique presented here may not exactly follow the logic required for
research using qualitative methods; however, the conceptualization of
research designs remains the same. We refer the reader to Jaccard and
Jacoby (2010) for a review on the various scientific approaches associated
with qualitative methods, such as emergent- and discovery-oriented
frameworks.

ST B The Scientific Method

The Scientific Method

Identify a Need

Report the Results

VALIDITY AND RESEARCH DESIGNS ¢

The overarching goal of research is to reach valid outcomes based upon
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Chapter 1 A Primer of the Scientific Method and Relevant Components 4 5

including survey and observational (correlational) approaches. Another
form of validity—statistical conclusion validity—applies to all research
within quantitative methods and refers to the role of statistical analyses and
its relation to research design.

Independent and Dependent Variables

In simple terms, the independent variable (IV) is the variable that is
manipulated (i.e., controlled) by the researcher as a means to test its impact
on the dependent variable, otherwise known as the treatment effect. In the
classical experimental study, the IV is the treatment, program, or interven-
tion. For example, in a psychology-based study, the IV can be a cognitive-
behavioral intervention; the intervention is manipulated by the researcher,
who controls the frequency and intensity of the therapy on the subject. In
a pharmaceutical study, the IV would typically be a treatment pill, and in
agriculture the treatment often is fertilizer. In regard to experimental
research, the IVs are always manipulated (controlled) based on the appro-
priate theoretical tenets that posit the association between the TV and the
dependent variable.

Statistical software packages (e.g., SPSS) refer to the IV differently. For
instance, the IV for the analysis of variance (ANOVA) in SPSS is the “break-
down” variable and is called a factor. The 1V is represented as levels in
the analysis (i.e., the treatment group is Level 1, and the control group is
Level 2). For nonexperimental research that uses regression analysis, the
IV is referred to as the predictor variable. In research that applies control
in the form of statistical procedures to variables that were not or cannot
be manipulated, the Vs are sometimes referred to as quasi- or alternate
independent variables. These variables are typically demographic vari-
ables, such as gender, ethnicity, or socioeconomic status. As a reminder,
in nonexperimental research the IV (or predictor) is not manipulated
whether it is a categorical variable such as hair color or a continuous vari-
able such as intelligence. The only form of control that is exhibited on
these types of variables is that of statistical procedures. Manipulation and
elimination do not apply (see types of control later in the chapter).

The dependent variable (DV) is simply the outcome variable, and its
variability is a function of IV and its impact on it (i.e., treatment effect). For
example, what is the impact of the cognitive-behavioral intervention on
psychological well-being? In this research question, the DV is psychological
well-being. In regard to nonexperimental research, the Vs are not manipu-
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Chapter 1 A Primer of the Scientific Method and Relevant Components & 7

Internal Validity

Internal validity is the extent to which the outcome was based on the
independent variable Gi.e., the treatment), as opposed to extraneous or
unaccounted-for variables. Specifically, internal validity has to do with
causal inferences—hence, the reason why it does not apply to nonexperi-
mental research. The goal of nonexperimental research is to describe phe-

nomena or to explain or predict the relationship between variables, not to
infer causation (although there are circumstances when cause and effect
can be inferred from nonexperimental research, and this is discussed later
in this book). The identification of any explanation that could be respon-
sible for an outcome (effect) outside of the independent variable (cause) is
considered to be a threat. The most common threats to internal validity
seen in education and the social and behavioral sciences are detailed in
Table 1.1. It should be noted that many texts do not indentify sequencing
effects in the common lists of threats; however, it is placed here, as it is a
primary threat in repeated-measures approaches.

PR Threats to Internal Validity

eventually regress or revert to the average)

Also known as selection effect; results when researchers do not use a systematic
assignment technique (e.g., random assignment) to assign participants to conditions

Threat Explanation

History i Any event that occurs during the time of the treatment and the posttest that could
+ affect the outcome (e.g., natural life events such as a death in the family, change in
! job, or moving)

Maturation » The natural process of changing, growing, and learning over time

Testing ! The effects of practice familiarity in taking the same test more than once (e.g., the
! participant who takes the same math achievement test twice in the pretest and
| posttest measures may improve performance simply because of the familiarity with
i the test)

Instrumentation | The change in a measuring instrument over time (i.e., some instruments undergo
! revisions)

Statistical ! The tendency for any extreme score to regress toward the average (i.e., regression

regression ! toward the mean is a statistical phenomenon that any extreme scores, high or low,

and is the largest threat to internal validity in quasi-experimental research

(Continued)
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Chapter 1 A Primer of the Scientific Method and Relevant Components 4 9

LEMR VY Threats to External Validity

Threat Explanation

Sample characteristics The extent to which the sample (i.e., unit) represents the population
from which it is drawn (i.e., for a sample to represent a population, the
researcher must employ random selection and the appropriate sampling

procedure and power analysis)

Stimulus characteristics and
settings

The unique factors involved in providing the treatment or intervention,
such as the setting and researchers (i.e., it is difficult to replicate
contrived laboratory conditions to real-life scenarios)
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Variations in the same treatment or the combination of multiple or
partial treatments that account for different results

Observing the effect of one type of outcome differs when alternate
outcomes are observed

Context-dependent
mediation

Mediating variables related to outcomes differ between contexts or
settings

Construct Validity

Construct validity refers to the extent a generalization can be made
from the operationalization (i.e., the scientific measurement) of the theo-
retical construct back to the conceptual basis responsible for the change in
the outcome. Again, although the list of threats to construct validity seen in
Table 1.3 are defined to imply issues regarding cause-effect relations, the
premise of construct validity should apply to all types of research. Some
authors categorize some of these threats as social threats to internal validity,
and some authors simply categorize some of the threats listed in Table 1.3
as threats to internal validity. The categorization of these threats can be
debated, but the premise of the threats to validity cannot be argued (i.e., a
violation of construct validity affects the overall validity of the study in the
same way as a violation of internal validity).

Statistical Conclusion Validity

Statistical conclusion validity is the extent to which the statistical covari-
ation (relationship) between the treatment and the outcome is accurate.
Specifically, the statistical inferences regarding statistical conclusion validity
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Chapter 1 A Primer of the Scientific Method and Relevant Components 4 11

Threat

Explanation

Test sensitization

Compensatory
equalization

Resentful
demoralization

Also known as pretest sensitization; the sensitization to the intervention
when participants are pretested (e.g., participants are pretested on
perceptions of persuasive speeches and are then shown a movie on a
persuasive speech; the pretest may influence how they view the speech)

The point in time the assessments are administered (i.e., unknown changes
may occur, and the different timing of assessments may reveal different
results)

When participants in one condition receive more desirable services or
compensation compared to that of another condition (thus, constituents may
provide enhanced services or goods to the condition not receiving the
benefits)

When participants in the control condition make a concerted effort to make
improvements or changes in line with the treatment condition

When participants become resentful or demoralized when they perceive they
are receiving a less desirable treatment compared to that of another condition

N R R i P

has to do with the ability with which one can detect the relationship
between the treatment and outcome, as well as determine the strength of
the relationship between the two. As seen in Table 1.4, the most notable
threats to statistical conclusion validity are outlined. Violating a threat to
statistical conclusion validity typically will result in the overestimation or
underestimation of the relationship between the treatment and outcome in
experimental research. A violation can also result in the overestimation or
underestimation of the explained or predicted relationships between vari-

ables as seen in nonexperimental research.

IENRRD Threats to Statistical Conclusion Validity

Threat

Explanation

Low statistical power

Assumption violation
of statistical tests

Power is the extent to which the results of an analysis accurately reveal a
statistically significant difference between groups (or cases) when a statistical
difference truly exists.

Violating the assumptions (depending on the extent of the violation) of
statistical tests can lead to overestimation or underestimation of practical and
statistical significance of an outcome.

(Continued)
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Chapter 1 A Primer of the Scientific Method and Relevant Components ¢ 13

DESIGN LOGIC ¢

The overarching objective of a research design is to provide a framework
from which specific research questions or hypotheses can be answered
while using the scientific method. The concept of a research design and its
structure is, at face value, rather simplistic. However, complexities arise
when researchers apply research designs within social science paradigms.
These include, but are not limited to, logistical issues, lack of control over
certain variables, psychometric issues, and theoretical frameworks that are
not well developed. In addition, with regard to statistical conclusion valid-
ity, a researcher can apply sound principles of scientific inquiry while
applying an appropriate research design but may compromise the findings
with inappropriate data collection strategies, faulty or “bad” data, or misdi-
rected statistical analyses. Shadish and colleagues (2002) emphasized the
importance of structural design features and that researchers should focus
on the theory of design logic as the most important feature in determining
valid outcomes (or testing causal propositions). The logic of research
designs is ultimately embedded within the scientific method, and applying
the principles of sound scientific inquiry within this phase is of the utmost
importance and the primary focus of this guide.

Control

Control is an important element to securing the validity of research
designs within quantitative methods (i.e., experimental, quasi-experimental,
and nonexperimental research). However, within qualitative methods,
behavior is generally studied as it occurs naturally with no manipulation or
control. Control refers to the concept of holding variables constant or sys-
tematically varying the conditions of variables based on theoretical consid-
erations as a means to minimize the influence of unwanted variables (i.e.,
extraneous variables). Control can be applied actively within quantitative
methods through (a) manipulation, (b) elimination, (¢) inclusion, (d) group
or condition assignment, or (e) statistical procedures.

Manipulation. Manipulation is applied by manipulating G.e., controlling)
the independent variable(s). For example, a researcher can manipulate a
behavioral intervention by systematically applying and removing the inter-
vention or by controlling the frequency and duration of the application
(cee section on independent variables).

|
|
i



SOA SOA saunpaooid |eonsnels
— SIA juswugisse uoipuod Jo dnoin
— SOA uolsn|ou|
— SOA uoneuIw!|3
— SOA uonendiuepy
248353y [RIUSLLILISAXIUON yo1easay [eruawLiddx3-1sendy jonuoy) jo adA|
pue jepuswiiiadxy
yoleasay

[eiuswiadxauoN pue ‘[ejuswnisdxi-1senty ‘leuswiiadxy 1oy sanbruyda) jonuo)

€1 919eL

JONUOD [EDTISHEIS SI DIEsaT [EluswIadxauou o) patjdde oq ued 1ey
[ONUOD JO WIoy A[UO JYL "YoIedsal [euswadxa-isenb pue [ewsuradxo
107 suSisop jJo uoneondde oy ur pardde oq ued JONUOD JO SWHOJ 1ofews
SY) JO [[B ‘ST SYEL Ul PaIensnf sV [[om SE ss2001d SUTuadIos-EIEp oyl
jo wred st Sy, ‘SISA[EUE 9U1 UM (SISTINO SUIAOWSI 1) SO[GBLEA JO/put
sosed Surpnpur jJou Jo ‘SFUIUIquod ‘Funaep A[[EONEWIsAs Aq ‘erdwexs 10J
‘SO[ELEA UO PINIYXa 2Fe sampadord [eonsnels *sasnpadord 1ednsnels

‘a[qerea juapuadapul
o) JO S[PAd] SY3 [[E 01 [enpialpul 10 dnois [oes asodxo Ajqeuea o) supue
JeqIounod Jo anbruypal sy sfojdwa IDYDILISDT oY) UM PIUIYXD ST [05)
-uod ‘Yorordde samseaw-pareadar Y} IO 'SUONIPUOD O3 sjuedonred uSisse
07 sueow sk 2100s yono e Suid[dde Jo ‘onbruyda Suryorew e Sursn ‘quaw
-ugisse Wwopuel YSNOI) [ONU0D 3SIOIDXD UED JOUITEISIT © ‘yorosdde spolqns
-uoomIaq Y} JOJ ‘(I21e[ SIUSWUFISSE UONIPUOD puE dnoi8 uo ajowr 22%)
[onuod jo wioj Jofew ISYIOUE St juowugisse dnoin JuswruSisse dnoin

“UBISOp UoIeasa1 oY) UIyim
dno18 uosmedwod I0 ONUOD B JO UONIPPE Syl O} I2JaI OS[E UED UOISNdU]
“SWOINO ) UO sty Iopuad spayo 1uapuadapul oY) SUNWEXD 0) USSP
[BHOIDE] & OJUI SO[BWD) PuE $9[EW [1O( dPNIOUT UED ISDILIsal B ‘orduwexs
104 “(3[qereA wapuadop ©9°T) SWOINO Ui UO 109E SIT 1891 0) u3isop 213
OJUI S[QELIEA SNOJUENXD UE JO UOHIPPE Ul 01 SI9J21 UOISNOU] “UoIsNou]

“JUEBISUOD © S P[RY SI I1 9sned3q
T01DB] € SE PAIRUID s 21meiadus) Jo S|qEEA SU) UdY) ‘Apnis OBApPajol]
€ Ul SUONIPUOD I0( JOJ NOYUIYE] 9/ 01 A[I0BXD 12S s1 qp[ B Ul ornyerad
W) Y] $2INSUD 19YIeasal e ‘O[dwiexa Jof I JUBISUOD E 0] I SHOAUOD JO
S[BIIEA B SPIOY JOUDIEISAI B USYA PIIONPUOD ST UOREUIUIY "WONeUuIIfy




Chapter 1 A Primer of the Scientific Method and Relevant Components 4 15

DESIGN NOTATIONS ¢

Design notations are the symbols used to diagrammatically illustrate the
process of a research design (see Table 1.6). Within the design, time
moves from left to right of the design structure. We used the design nota-
tions presented here in each research design covered. The notations
presented in this book are based on Campbell and Stanley’s (1963) work.

Observation (0). Observation, also known as IR Design Notations

measurement, is symbolized by an “O.” The O can

refer to a single measure of the dependent variable

Design Notation |

Design Element

or multiple measures (O, O, ... O)).
O Observation
Treatment (X). Treatment, also known as inter-
) . . . X Treatment
vention or program (i.e., the treatment is techni-
cally the independent variable and also referred to A, B Factor

as a factor), is symbolized with an “X.” A control
group typically does not receive the treatment and
is designated as “-” in its place.

Factor (A, B . .. Z). Multiple treatments (factors) used in a design are
designated as “X,” and “X;” and can go as far up the alphabet as there
are factors.

ASSIGNMENT TECHNIQUES ¢4

In quantitative methods, each group in a research design has its own
line within the structure of the diagram (see Table 1.7). One line equates
to one group, two lines equate to two groups, and so on. The assign-
ment of a group is usually the first design notation listed in the line
structure.

Random assignment (R). Partici- IELR Ve Group Assignment Design Notations

pants are randomly assigned to each

Design Notation Assignment
condition to theoretically ensure
val Logisticall R Random
roup equivalency. Logistically, as
8 p q Y g Y NR Nonrandom
seen in Figure 1.3, stratified random -

assignment (R, sometimes referred

Cutoff score
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Counterbalancing. Counterbalancing is a technique used only in
repeated-measures approaches to control for sequencing effects.
Researchers use counterbalancing to variably expose each group or
individual to all the treatments or various treatment levels. The most
common form of counterbalancing is conducted at the group level
(each group is exposed to the treatment at different sequences).
However, counterbalancing can be randomized (sequence is ran-
domly determined for each participant), intrasubject (participants are
exposed to more than one sequence, usually in one order, then
reversed), complete (every possible sequence is offered), or incom-
plete (not every sequence is provided because it would require too
many conditions, as seen later in the Latin-square design).

The reader is referred to the following article and book for an in-depth
review of topics related to group assignment:

Cook, T. D., & Steiner, P. M. (2010). Case matching and the reduction
of selection bias in quasi-experiments: The relative importance of pre-
test measures of outcome, of unreliable measurement, and of mode of
data analysis. Psychological Methods, 15(1), 56-68.

Rubin, D. B. (2006). Matched sampling for causal effects. Cambridge,
England: Cambridge University Press.

GPNTRIRY Example of a Stratified Random-Assignment Technique

Sample of Subjects With GPAs Ranging From 2.0 to 4.0 (N = 52)

Subjects With a Subjects With a Subjects With a Subjects With a
GPAOf2.0t02.5 | GPAof 2.6 to 3.0 GCPAof 3.1t0 3.5 | GPAof 3.6 to 4.0

(n=14) (n=12) (n=16) (n=10)
4 \: 2
1 Treatment (x) n=7 n="=6 n=238 n=>5
T T I T T ke T ems Thos

Note: This is an example of a two-group design (one treatment and one control group), and the pool of subjects is
separated into strata based on grade point average (GPA; i.e., the stratification variable) and then randomly assigned
<o conditions. Some researchers recommend using this technique when N < 100 (Lachin, Matts, & Wei, 1988}



ST 11 ‘saIpNIs SpoYIaWw paxiw pue ‘@anenenb ‘oanemuenb Surdofpasp uaym
‘sorgorens Supjdwes 031 spualxa uSIsap JO IS0[ Y1 01 WAWDD Jofew Y

SAIOALVYELS ONITINVS ¢

“yoreasar Teyusunadxa-1senb ur [nyasn pue (dnoid
DAISSDO0NS SNOUDZOWOY € “°3'T) S[OIUOD 240¢0D SE O PIILIFJAI SIWOWOS
‘SpI0021 [BAIYDIE YSNOIY) S[E[IEAE SIE Blep woym 10§ J0 ised oy) ur
QW JWOS 1B PoAISSO 21am oym siuedpnied Jo dnois e wolj uasoyd
st 1ey3 dnoig [onuod € St [oNUOD [edHI0ISTH "dNoId [OXUO0D [EILI0ISTH

*dnoi8 jusumean
[ewSuo 2y} jo jJustussasse 1sansod pue 1saaxd oY) UO pUE $1PUD) [BD
-112105Y} UO paseq ST papracid st 1uawleas syl YoM Ul oWH YL "Papla
-oxd s1 uounEan 2yl uayl ‘swy jo pouad UIRLIRD € JOJ JUSUIESI )
wolj pPRYYNA st dnoid jonuod Isi-em oy, *dnoid [013u0d IST-HeA

UaWUSISSE WOPUET Y3noryl
pateaId oq jouued dnoid PNUOD JUSWIEaI-OU € USYM Pasn st JONUOd
pousisse Ajwopuesuou oy, *dnoxd [01u0ed poudisse A[WOPUELIUON

“(SWODINO 1} 20UIN[JuI ABW PAIPNIS SUDq JO SSIUIBME
sauedppied o) “97) JUSWSSISSE 01 ANAIDESI JOJ [ONUOD O) UOHUDA
-1o1u1-opnasd € JO WIOJ 3Y} Ul UONUSNE SDAISII ‘0gaow|d-uonuaiip d4) -
se umouy osfe ‘dnoig [onuod uonuane AL, ‘dnoI3 [OIIVOd UORUINY 3

“UONOEIDIUL OU PUE JUSWIIEDN OU SIALDII 0.4] 5
100 1PPIL0I-0U ) SE UmOUY os[e ‘dnoid [onuod oy, *dnox3 [oxuo) ‘

PayuER 2 pnoys Jeyl dnois [onuod ) JO SUOHELEA |
PUE SUOIDUNSIP [BISA9S OIE 2I9UL ANpIEA [euIaiul Jo spadse usyiduans :
PUE SUOISN[DUOD UTELISd MEIP O] IDUDIEISdI U} MO[[E NG UONESNSIAUL §
a1 Jo snooy Arewnd oy jo wed jou are ey sdnois 10 dnoig 5 01 S19J93 '
dnou§ uostwdwioo v -8unsal pue ‘UONdIIRS ‘UONBINIEW ‘AIOISTY SE UONS
KIPI[EA [EUISIUL O) S1EDIY) SS2IPPE O) pasn Ajuewnd e pue sdnoig uvostred
-woo are sdnoif [ONUOY) "[OUOD JO 103dSE MUAUUSISSD UOPIPUOD 40 dNO4T
oy 1opun {fey sdnosg jonuo) ‘dnoid [onuod ay) se paeusisap AfrenndAy
ST ‘UOTUSAIDIUT JO JUSWIESI) [BIUOE OY) DAIOAI 10U $20p Jey) dnoid ayL

SdNOYO TOYINOD ANV NOSIIVANOD ¢



Ion, is
er the
 com-
alidity
group
of the
s and
s and

1 con-

w1 as
-nter-
pant’s

that is
» time

pPssive

Egies.

S e

Chapter 1 A Primer of the Scientific Method and Relevant Components 4 19

important to identify the individuals (or extant databases) from whom you
plan to collect data. To start, the uwnit of analysis must be indicated. The
unit of analysis is the level or distinction of an entity that will be the focus
of the study. Most commonly, in social science research, the unit of analysis
is at the individual or group level, but it can also be at the programmatic
level (e.g., institution or state level).

There are instances when researchers identify units nested within an
aggregated group (e.g., a portion of students within a classroom) and refer to
this as nested designs or models. It should be noted that examining nested
units is not a unique design, but rather a form of a sampling strategy, and the
relevant aspects of statistical conclusion validity should be accounted for (e.g.,
independence assumptions). After identifying the unit, the next step is to
identify the population (assuming the individual or group is the unit of analy-
sis), which is the group of individuals who share similar characteristics (e.g.,
all astronauts). Logistically, it is impossible in most circumstances to collect
data from an entire population; therefore, as illustrated in Figure 1.4, a sample
(or subset) from the population is identified (e.g., astronauts who have com-
pleted a minimum of four human space-flight missions and work for NASA).

FIJIL MY Example of a Sample Extracted From a Population

Population
Astronauts

The goal often, but not always, is to eventually generalize the finding to
the entire population. There are two major types of sampling strategies, prob-
ability and nonprobability sampling. In experimental, quasi-experimental, and
nonexperimental (survey and observational) research, the focus should be on
probability sampling (identifying and selecting individuals who are considered
representative of the population). Many researchers also suggest that some form
of probability sampling for observational (correlational) approaches (predictive
designs) must be employed—otherwise the statistical outcomes cannot be gen-
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The reader is referred to the following book for an in-depth review of a
topic related to sampling strategies for quantitative and qualitative methods:

Levy, P. S., & Lemeshow, S. (2009). Sampling of populations: Methods
and applications (4th ed.). New York, NY: John Wiley & Sons.

Now that we covered a majority of the relevant aspects to research design,
which is the “Design the Study” phase of the scientific method, we now pres-
ent some steps that will help researchers select the most appropriate design.
In the later chapters, we present a multitude of research designs used in quan-
titative, qualitative, and mixed methods. Therefore, it is important to review
and understand the applications of these designs while regularly returning to
this chapter to review the critical elements of design control and types of valid-
ity, for example. Let’s now examine the role of the research question.

RESEARCH QUESTIONS 4

Simply put, the primary research question sets the foundation and drives
the decision of the application of the most appropriate research design.
However, there are several terms related to research questions that should
be distinguished. First, in general, studies will include an overarching obser-
vation deemed worthy of research. The “observation” is a general statement
regarding the area of interest and identifies the area of need or concem.

Based on the initial observation, specific variables lead the research-
ers to the appropriate review of the literature and a theoretical framework
is typically established. The purpose statement is then used to clarify the
focus of the study, and finally, the primary research question ensues.
Research studies can also include hypotheses or research objectives.
Many qualitative studies include research aims as opposed to research
questions. In quantitative methods (this includes mixed methods), the
research question (hypotheses and objectives) determines (a) the popula-
tion (and sample) to be investigated, (b) the context, (¢) the variables to
be operationalized, and (d) the research design to be employed.

Types of Inquiry

There are several ways to form a testable research inquiry. For qualita-
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Chapter 1 A Primer of the Scientific Method and Relevant Components ® 23

approach could be “How do Latin-American immigrant children transi-
tion into the English-speaking school system?”

Subquestion. The subquestions follow the central question and nar-
row the focus. The subquestions are a starting point to the develop-
ment of the qualitative data collection procedures (e.g., interview or
focus group questions). Follow-up subquestions, for example, could be
“What are the experiences of Latin-American students in the school?”
and “How are these experiences reflected at home with their family?”

A flowchart and examples follow that will assist researchers in deter-

mining the most appropriate design based on the primary research ques-
tion of the study. Recall from the Preface the chart that indicated the levels
related to determining a design for quantitative and qualitative methods
(Method, Research, Approach, and Design). The research question can be
broken down, using this chart to determine the most appropriate design.

frame(s) in which data will be collected, (b) when the treatment will be
implemented (or not), and (c) the exact number of groups that will be
involved (e.g., a quantitative method,, experimental research, with a

QUANTITATIVE
Level Explanation
METHOD, ! The method provides the theoretical, philosophical, and data analytic stance
: (e.g., a quantitative method,).
v v
RESEARCH, | Research refers to the systematic process of control (e.g., group assignment,
; selection, and data collection techniques). Research can be experimental,
1 quasi-experimental, or nonexperimental (e.g., a quantitative method, and
1 experimental research,).
v v
APPROACH, The approach is the first step to creating structure to the design, and it details
. (a) a theoretical model of how the data will be collected, and (b) if one case,
! one group, or multiple groups will be associated with the process (e.g., a
1 quantitative method,, experimental research, with a between-subjects
i approach,).
v v
DESIGN, The design is the actual structure or framework that indicates (a) the time

between-stuhiects annraach and 2 mron amd neetack el oot At o\
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Chapter 1 A Primer of the Scientific Method and Relevant Components 4 25

Descriptive
v v
APPROACH, Survey
v v
DESIGN, Cross-sectional

Note: Perceived anxiety is the only variable in this question that requires operationalization. It is likely that a cross-
sectional design will suffice, but if time allows for it, a longitudinal design can be employed.

Example 1.2

Relational
Level To what extent do levels of perceived anxiety predict performance on
: standardized testing?
METHOD, ; Quantitative
""""""" vy
RESEARCH, Nonexperimental
""""" v
APPROACH, i Observational
""""" vy
DESIGN, Predictive

Note: The variables in this question are anxiety and test performance. This is a relational question that qualifies as an
observational approach. The design can be explanatory, but if the data points are not collected at the same time (i.e.,
anxiety collected at Time Point 1 and then test performance at Time Point 2), then a predictive form of analysis can be
used to reduce the data for further interpretation and discussion.

Example 1.3

Comparison
Level How do the groups differ between the high-anxiety and low-anxiety conditions in
! terms of test performance?
METHOD, Quantitative
I 2 2
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Central Question

v v
PERSPECTIVE, Narrative
v v
DESIGN, Descriptive

Note: The central phenomenon is the experience of parents who have children with PDDs. In this example, the
researcher is interested in using the narrative perspective as a means to simply provide storytelling to understand
the phenomenon. The descriptive design further delineates the perspective that the goal is to provide the narrative
of the life stories without providing a critique or assuming there are causes for the resulting phenomenon.

Example 1.6

Central Question

Level What are the instructional approaches used by instructors to deal with
multicultural populations in graduate school?
METHOD, Qualitative
v v
RESEARCH, Nonexperimental
v v
PERSPECTIVE, Ethnographic
v v
DESIGN, : Realist

Note: The phenomenon to be explored is the instructional approaches for multicultural populations. The ethnographic
perspective is adequate in that it will guide the researcher to further understand the point of view of participants from
varied cultural backgrounds. The instructional approaches can be culled down for reporting as guided through the
realist design.

Keep in mind the examples only reflect general guidelines. Often,
researchers pose multiple research questions, which are considered spinoffs
of the primary questions. Although this doesn’t change the research design,
it guides the type of analysis required to properly interpret the data. In sum-
mary, if the primary question is descriptive, then the research will be non-
experimental, and a survey approach should be employed. If the primary
question is comparative, then any approach and design that falls under the
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Part I Quantitative Methods for Research # 31

1. Covariation (the change in the cause must be related to the effect)
2. Temporal precedence (the cause must precede the effect)

3. No plausible alternative explanations (the cause must be the
only explanation for the effect)

The essential features of experimental research are the sound application
of the elements of control: (2) manipulation, (b) elimination, (¢) inclusion,
(d) group or condition assignment, or (e) statistical procedures. Random
assignment (not to be confused with random selection) of participants to
conditions (or random assignment of conditions to participants [counterbal-
ancing] as seen in repeated-measures approaches) is a critical step, which
allows for increased control (improved internal validity) and limits the impact
of the confounding effects of variables that are not being studied.

The random assignment to each group (condition) theoretically ensures
that the groups are “probabilistically” equivalent (controlling for selection
bias), and any differences observed in the pretests (if collected) are consid-
ered due to chance. Therefore, if all threats to internal, external, construct,
and statistical conclusion validity were secured at “adequate” levels (i.e., all
plausible alternative explanations are accounted for), the differences
observed in the posttest measures can be attributed fully to the experimen-
tal treatment (i.e., cause and effect can be established). Conceptually, a
causal effect is defined as a comparison of outcomes derived from treatment
and control conditions on a common set of units (e.g., school, person).

The strength of experimental research rests in the reduction of threats
to internal validity. Many threats are controlled for through the application
of random assignment of participants to conditions. Random selection, on
the other hand, is related to sampling procedures and is a major factor in
establishing external validity (i.e., generalizability of results). Randomly
selecting a sample from a population would be conducted so that the
sample would better represent the population. However, Lee and Rubin
(2015) presented a statistical approach that allows researchers to draw data
from existing data sets from experimental research and examine subgroups
(post hoc subgroup analysis). Nonetheless, random assignment is related to
design, and random selection is related to sampling procedures. Shadish,
Cook, and Campbell (2002) introduced the term generalized causal infer-
ence. They posit that if a researcher follows the appropriate tenets of experi-
mental design logic (e.g., includes the appropriate number of subjects, uses
random selection and random assignment) and controls for threats of all
types of validity (including test validity), then valid causal inferences can be

» 2 40 1 et R 4
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Part I Quantitative Methods for Research 4 33

the lab), and they are also known as nonequivalent designs (i.e., partici-
pants are not randomly assigned to each condition; therefore, the groups
are assumed nonequivalent). Hence, the major difference between experi-
mental and quasi-experimental research designs is the level of control and
assignment to conditions. The actual designs are structurally the same, but
the analyses of the data are not. However, some of the basic pretest and
posttest designs can be modified (e.g., addition of multiple observations or
inclusion of comparison groups) in an attempt to compensate for lack of
group equivalency. In the design structure, a dashed line (- - -) between
groups indicates the participants were not randomly assigned to conditions.
Review Appendix A for more examples of “quasi-experimental” research
designs (see also the example of a diagram in Figure 1.2).

Because there is no random assignment in quasi-experimental
research, there may be confounding variables influencing the outcome
not fully attributed to the treatment (i.e., causal inferences drawn from
quasi-experiments must be made with extreme caution). The pretest mea-
sure in quasi-experimental research allows the researcher to evaluate the
lack of group equivalency and selection bias, thus altering the statistical
analysis between experimental and quasi-experimental research for the
exact same design (see Cribbie, Arpin-Cribbie, & Gruman, 2010, for a
discussion on tests of equivalence for independent group designs with
more than two groups).

G WA Double Pretest Design for Quasi-Experimental Research

Group Assignment Pretest, Pretest, Treatment Posttest
1 NR O, O, X O,
2 N o o - o,
Time »

Note: This is an example of a between-subjects approach with a double pretest design. The double pretest allows the
researcher to compare the “treatment effects” between O, to O,, and then from O, to O,. A major threat to internal
validity with this design is testing, but it controls for selection bias and maturation. The two pretests are not necessary
if random assignment is used.

It is not recommended to use posttest-only designs for quasi-experimental
research. However, if theoretically or logistically it does not make sense to use
a pretest measure, then additional controls should be implemented, such as
using historical control groups, proxy pretest variables (see Appendix A), or

DR PR T T A . L D . TP
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