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Abstract

One of the biggest developments in mixed methods research has been the conceptualiza-
tion of one or more analysis types associated with one tradition (e.g., qualitative analysis)
being used to analyze data associated with a different tradition (e.g., quantitative data)—
what Onwuegbuzie and Combs (2010) called crossover mixed analyses, or, more simply,
crossover analyses. A hallmark of crossover analyses is the notion of quantitizing, which, in
its simplest form, involves converting qualitative data into numerical forms that can be an-
alyzed statistically. The focus on quantitizing has been on descriptive-based quantitizing ap-
proaches such as counting the occurrence of emergent themes. Unfortunately, scant guid-
ance exists on inferential-based quantitizing, which refers to the quantitizing of qualitative
data for the purpose of prediction or estimation (Onwuegbuzie, in press). Although recent
literature has emerged on a few inferential-based quantitizing approaches (i.e., multiple lin-
ear regression analysis, structural equation modeling, hierarchical linear modeling), there
still remains some general linear model analyses for which mixed methods researchers, in
pursuit of conducting crossover analyses, can benefit from guidelines. One such analysis is
canonical correlation analysis. Its importance stems from the fact that the analysis of qual-
itative data typically yields multiple patterns of meaning (e.g., codes, themes), which then
can be correlated with other available variables (e.g., demographic variables, personality
variables, affective variables) via the use of canonical correlation analysis. Therefore, the
purpose of this article is (a) to describe canonical correlation analysis and (b) to illustrate
how canonical correlation analyses can serve as an inferential-based quantitizing using a
heuristic example.

Keywords: emergent themes, mixed methods research, descriptive-based quantitizing, ex-
ploratory-based quantitizing, inferential-based quantitizing, measurement-based quan-
titizing, canonical correlation analysis, 1 + 1 =1 integration approach, full(er) integration.

Resumen

Uno de los mayores avances en la investigacién con métodos mixtos ha sido la conceptua-
lizacién de uno o mas tipos de analisis asociados con una tradicién (por ejemplo, el andlisis
cualitativo) que se utilizan para analizar datos asociados con una tradicién diferente (por
ejemplo, datos cuantitativos), lo que Onwuegbuzie y Combs (2010) denominaron andlisis
mixtos cruzados o, mas sencillamente, andlisis cruzados. Una caracteristica distintiva de
los andlisis cruzados es la nocién de cuantificacién, que, en su forma mds simple, implica
la conversion de datos cualitativos en formas numéricas que puedan analizarse estadistica-
mente. La cuantificacion se ha centrado en enfoques descriptivos, como el recuento de te-
mas emergentes. Lamentablemente, apenas existen orientaciones sobre la cuantificacion
inferencial, que se refiere a la cuantificacién de datos cualitativos con fines de prediccién o
estimacion. Aunque ha aparecido literatura reciente sobre unos pocos enfoques de cuan-
tificacion basados en la inferencia (es decir, anélisis de regresion lineal multiple, modeliza-
cién de ecuaciones estructurales, modelizacién lineal jerarquica), todavia quedan algunos
andlisis de modelos lineales generales para los que los investigadores de métodos mixtos,
en la busqueda de la realizacién de andlisis cruzados, pueden beneficiarse de las directri-
ces. Uno de estos andlisis es el analisis de correlacién candnica. Su importancia radica en el
hecho de que el analisis de datos cualitativos suele arrojar multiples patrones de significa-
do (ej., cédigos, temas), que luego pueden correlacionarse con otras variables disponibles
(ej., variables demogréficas, variables de personalidad, variables afectivas) mediante el uso
del andlisis de correlacién candnica. Por lo tanto, el propdsito de este articulo es (a) descri-
bir el analisis de correlacion candnica e (b) ilustrar cdmo los andlisis de correlacién candnica
pueden servir como cuantificacién basada en la inferencia utilizando un ejemplo heuristico.
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Palabras clave: temas emergentes, investigacion con métodos mixtos, cuantificacion basa-
da en la descripciodn, cuantificacion basada en la exploracién, cuantificacion basada en la
inferencia, cuantificacién basada en la medicién, andlisis de correlacién canénica, enfoque
de integracion 1+ 1 =1, integracién(es) completa(s).
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AHHOTaUuS

OfHVM 13 CaMbIX 3HAUNTENBHBIX AOCTVKEHWNIA B 061aCTV UCCNEJ0BAHNI CMELLAHHbIX Me-
TOJ0B CTafla KOHLENTyanun3aums ofHOro UAN HeCKONbKMX BUJO0B aHann3a, CBA3aHHbIX C
OZHOV TpaAnLMeit (Hanprmep, Ka4yecTBEHHbIA aHany3), KOTOpble NCMONb3YITCA AN aHa-
NN3a faHHbIX, CBA3aHHbIX C APYroi Tpaguunen (Hanprumep, KOANYeCTBeHHbIX AaHHbIX) -
10, uto Onwuegbuzie 1 Combs (2010) Ha3Banu NepekpecTHbIM CMELLUAHHbIM aHaNN30M,
UAW, NpoLLe roBopsl, NepekpecTHbIM aHann3oM. OTANYUTENBHOI YepTOoii NepekpecTHoro
aHanv3a sBnseTca NOHATUe KBaHTUdUKALMKW, KOTOPOe B CBOEIi NpocTelilueil popme npes-
nonaraeT npeobpazoBaHWe KaYeCcTBEHHbIX JaHHbIX B YNC/IOBble GOPMbI, KOTOpPbIE MOTYT
6bITb MPOaHaN3MPOBaHbI CTaTUCTUYECK. OCHOBHOE BHMMAaHWe MpW KOANYeCTBEHHOM
aHanvse yaensanocb KoNMYecTBEHHbIM MOAXOAaM, OCHOBaHHbLIM Ha OMWUCATe/IbHOM Moj-
X0fe, TakUM Kak NMoACcYeT BCTPeYaemMoCTW BO3HMKaKOLWKMX TeM. K coxaneHuto, cyLiectByet
Mano pekoMeHZAaLui no KONMYeCTBEHHOMY aHalu3y Ha OCHOBE MH(EpeHLMM, KOTOpbIi
OTHOCMTCA K KOIMYECTBEHHOMY aHaNM3y KaueCTBEHHbIX AaHHbIX C Lie/Iblo MPOrHO3MpoBa-
HWS UW OLLEHKI. XOTA B MOCNejHee BpeMsi B MTepaType NosiBuI0Ch HECKO/ILKO NOAX0A0B
K KO/IMYECTBEHHOM OLieHKe Ha OCHOBe MHepeHLM (HarnprmMep, MHOXeCTBEHHbIV NHel-
HbIi PErPeCcCUOHHbIA aHann3, MOAeNIMPOBaHUe CTPYKTYPHbIX YPaBHEHNI, nepapxmyeckoe
NNHeliHoe MOJeNvpoBaHue), BCe eLle OCTalTCs HeKoTopble 06Lue NMHenHble MoAenb-
Hble aHanu3bl, 419 KOTOPbIX UCCIeA0BATENIN CMELLIaHHbIX METOAO0B, CTPeMALLMecs npose-
CTW NepeKpecTHbIN aHann3, MOryT BOCNONb30BaTbCA pekoMeHAaumamm. OAHUM U3 TaKmx
aHanv30B ABNAETCA KAHOHUYECKWI KOPPENALMOHHBIV aHanw3. Ero BaXXHOCTb 0bycnosieHa
TeM, YTO aHa/N3 Ka4yeCTBEHHbIX AaHHbIX, Kak MPaBuIo0, AaeT MHOXECTBO MOAesel CMbIcna
(HanpuMmep, KoZbl, TEMbI), KOTOPbIE 3aTeM MOTYT ObiTb COOTHECEHbI C APYTMMM AOCTYMHbBIMU
nepeMeHHbIMY (HanpumMep, AeMorpadpryeckumMy nepeMeHHbIMU, NepeMeHHbIMW ANYHO-
€1, aGPeKTUBHBIMY NepeMeHHbIMU) C MOMOLLbI KAHOHNYECKOro KOPPensLMOHHOro aHa-
nu3a. Mo3tomy Lenbto JaHHON cTaTby ABASETCA (a) ONUCaHKe KAHOHNYECKOro Koppenswum-
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OHHOrO aHanu3a u (6) UNNCTpaLUs Toro, Kak KAHOHUYECKWA KOPPENSILMOHHBIA aHanu3
MOXET CNYXUTb B KaYecTBe KBAHTUUKALMMN Ha OCHOBE MHEPEHLMN Ha 3BPUCTUYECKOM
npumepe.

Kntoyegbie (1080: SMePAXEHTHbIE TeMbI, CMeLLaHHbIe METOAbl UCCeA0BaHNS, KBAaHTUDMKA-
Ll Ha OCHOBE OMMCaHWIA, KBAHTUGMKaALMSA Ha OCHOBE UCCIeA0BAHNIA, KBAaHTUOUKALMSA Ha
OCHOBE 3aK/IHYEHWNIA, KBAHTUPUKALIMS HA OCHOBE U3MEPEHWNIA, KAHOHUYECKUIA KoppensaLu-
OHHbIVi aHanu3, nogxod uHterpauum 1+ 1 =1, nonHas(3p) MHTerpaums.

As described by Onwuegbuzie (2022) during an invited public lecture honouring the
memory and work of the late Dr. Vimala Judy Kamalodeen—a prolific mixed methods
researcher—the origin of mixed methods research can be traced back to what Johnson
and Gray (2010) referred to as proto-empiricists. Essentially, these proto-empiricists—
which included Aristotle [384-322 BCE]—were realists who posited that the goal of
inquiry was to obtain understandings of what humans observe and experience in their
everyday lives. More specifically, they championed reliance on deduction, induction,
dialectics, and opinion as potentially complementary approaches to understanding;
they also viewed intersubjectivity as representing an essential component of truth.
These proto-empiricists later paved the way for the proto-mixed methods movement,
who adopted a middle position between the

(proto-) quantitative and (proto-) qualitative stances by adopting standpoints such as
knowledge construction emanates from the combination of reason and imagination
(Johnson & Gray, 2010). In the Western world, this proto-mixed methods movement,
although representing a minority position compared to both the (proto-)quantitative
and (proto-)qualitative movements, continued to occupy this middle position through-
out the middle ages (circa 5th century to 16th century) and the modern times (circa
17th century to early 20th century) that included part of the Renaissance period (i.e.,
circa 17th century), the Enlightenment period (i.e., circa 17th century through the late
18th century), and the Romantic period (i.e., circa late 18th century through mid-19th
century).

During the modern times, the use of quantitative and qualitative strategies within the
same inquiry occurred more in the natural sciences than in the social sciences (Max-
well, 2016). For instance, as noted by Maxwell (2016), during these modern times, the
fields of astronomy (e.g., Galileo's use of observational description and mathemat-
ics to demonstrate that sunspots actually were characteristics of the sun, instead of
planets) and geology (e.g., Charles Lyell's classification of the chronological order of
different European rock strata) provide some examples of the use of qualitative and
quantitative approaches within the same investigation, as did the fields of medicine
and epidemiology.

With respect to the social and behavioral sciences, Hesse-Biber (2010) traced the use
of both qualitative and quantitative research approaches in modern times back to LeP-
lay’s (1855) studies of poverty among families in Europe. Another notable use of both
qualitative and quantitative research approaches was W. E. B. DuBois's (1899) study,
which represents “one of the first works to combine urban ethnography, social history,
and descriptive statistics” (Anderson, 1996, p. ix).

With the formal emergence of the social and behavioral sciences at the turn of the
20th century (Onwuegbuzie et al., 2022; Teddlie & Johnson, 2009), the number of
studies involving the use of both qualitative and quantitative research approaches
increased significantly, although they still represented the minority of empirical re-
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search studies. However, it was not until 1972 that the first mixed methods-declared
work, across all fields and disciplines, which was identified by Collins et al. (2007) (i.e.,
Parkhurst et al., 1972), was published. This work represented the field of education. In
the 50 years that have followed, the publication of mixed methods-declared works has
increased exponentially (Onwuegbuzie et al., 2023). During these 50 years, the use of
mixed methods research has evolved substantially. One of the biggest developments
has been the conceptualization of one or more analysis types associated with one tra-
dition (e.g., qualitative analysis) being used to analyze data associated with a different
tradition (e.g., quantitative data)—what Onwuegbuzie and Combs (2010) coined as
“cross-over mixed analyses” (p. 422)—hereafter referred to as crossover mixed anal-
yses, or, more simply, crossover analyses. As identified by Onwuegbuzie and Combs
(2010), crossover analyses can be used to reduce, to display, to transform, to correlate,
to consolidate, to compare, to integrate, to assert, or to import data—yielding nine
crossover analysis types, which are presented in Table 1.

Table 1
Crossover Mixed Analysis Strategies

Analysis Step Cross-Case Analysis Strategy

Integrated Data Reduction  Reducing the dimensionality of qualitative data/findings
using quantitative analysis (e.g., exploratory factor analysis
of qualitative data) and/or quantitative data/findings using
qualitative techniques (e.g., thematic analysis of quantitative
data) (Onwuegbuzie, 2003; Onwuegbuzie & Teddlie, 2003)

Integrated Data Display Visually presenting both qualitative and quantitative results
within the same display (Lee & Greene, 2007; Onwuegbuzie &
Dickinson, 2008)

Data Transformation Converting quantitative data into data that can be analyzed
qualitatively (i.e., qualitizing data; Tashakkori & Teddlie,
1998), and/or qualitative data into numerical codes that can
be analyzed statistically (i.e., quantitizing data; Tashakkori &
Teddlie, 1998)

Data Correlation Correlating qualitative data with quantitized data and/or
quantitative data with qualitized data (Onwuegbuzie & Teddlie,
2003)

Data Consolidation Combining or merging multiple data sets to create new or

consolidated codes, variables, or data sets (Louis, 1982;
Onwuegbuzie & Teddlie, 2003)

Data Comparison Comparing qualitative and quantitative data/findings
(Onwuegbuzie & Teddlie, 2003)

Data Integration Integrating qualitative and quantitative data/findings either
into a coherent whole or two separate sets (i.e., qualitative and
quantitative) of coherent wholes (McConney, Rudd, & Ayres,
2002; Onwuegbuzie & Teddlie, 2003)

Warranted Assertion Reviewing all qualitative and quantitative data to yield meta-
Analysis inferences (M. L. Smith, 1997)
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Analysis Step Cross-Case Analysis Strategy

Data Importation Utilizing follow-up findings from qualitative analysis to inform
the quantitative analysis (e.g., qualitative contrasting case
analysis, qualitative residual analysis, qualitative follow-up
interaction analysis, and qualitative internal replication analysis;
Li, Marquart, & Zercher, 2000; Onwuegbuzie & Teddlie, 2003)
or follow-up findings from quantitative analysis to inform the
qualitative analysis (e.g., quantitative extreme case analysis,
quantitative negative case analysis; Onwuegbuzie & Teddlie,
2003)

Note. Adapted from “Emergent Data Analysis Techniques in Mixed Methods Research: A Synthesis,” by A.
J. Onwuegbuzie and J. P. Combs, 2010, Handbook of mixed methods in social and behavioral research, p. 422.
Copyright 2010 by Sage Publications.

The hallmarks of crossover analyses are the notion of qualitizing and quantitizing. The
technique of qualitizing involves transforming quantitative data into a qualitative form
(e.g., obtaining narratives to explore the meaning of numerical data; Onwuegbuzie
and Teddlie, 2003; Sandelowski et al., 2009; Tashakkori & Teddlie, 1998) that can be an-
alyzed qualitatively. An effective way of qualitizing data is via narrative profile forma-
tion (Tashakkori & Teddlie, 1998), wherein narrative descriptions are constructed from
quantitative data. Narrative profile formation includes modal profiles, average pro-
files, holistic profiles, comparative profiles, and normative profiles. Broadly speaking,
modal profiles are detailed narrative descriptions of a group of individuals, which are
based on the most commonly occurring attributes in the group that they represent.
Holistic profiles are the overall impressions of the researcher(s) relating to the unit
of investigation. Average profiles represent profiles that are based on the mean (i.e.,
average) number of attributes of the individuals or situations. Comparative profiles
are formed by comparing one unit of analysis to one or more other units, and includes
possible similarities/differences between/among them. Finally, normative profiles are
similar to narrative profiles; however they are obtained by comparing an individual or
a group to some standard, such as a normative group (Onwuegbuzie & Teddlie, 2003;
Tashakkori & Teddlie, 1998). Very recently, Onwuegbuzie and Leech (2019) expanded
the definition of qualitizing wherein qualitizing can involve five major elements (On-
wuegbuzie & Leech, 2021). Specifically, qualitizing:

. canyield numerous representations,

. can stem not only from quantitative data but also from qualitative data,
. can involve qualitative analyses and/or quantitative analyses,

. caninvolve a single analysis or multiple analyses, and

. canyield a fully integrated analysis.

U b WN =

In other words, Onwuegbuzie and Leech’s (2019) comprehensive definition of qualitiz-
ing is as follows:

The technique of qualitizing involves transforming data into qualitative form. The data
that are qualitized can either stem directly from quantitative data, or from qualita-
tive data that are converted to numeric form (i.e., quantitized), or both. The qualitiz-
ing process can involve one or more qualitative analysis and/or one or more quan-
titative analysis (e.g., descriptive analyses, exploratory analyses, inferential analyses)
that represent either a single analysis (i.e., single qualitizing) or multiple analyses (i.e.,
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multi-qualitizing), which, optimally, involves the full integration of qualitative and quan-
titative research approaches (i.e., 1+ 1 =1 integration formula) that yield fully integrat-
ed analysis. Some form of qualitizing can be undertaken by quantitative researchers,
qualitative researchers, and mixed researchers that represent a variety of ontological,
epistemological, and methodological assumptions and stances. The qualitizing pro-
cess can yield numerous representations that include codes, categories, sub-themes,
themes, figures of speech, meta-themes, and narratives (i.e., prose or poetry). (p. 122)

In contrast, in its simplest form, quantitizing involves converting qualitative data into
numerical codes or representations that can be analyzed statistically (Miles & Huber-
man, 1994; Onwuegbuzie & Teddlie, 2003; Sandelowski et al., 2009; Tashakkori & Ted-
dlie, 1998). Recently, Onwuegbuzie (in press) and Onwuegbuzie and Johnson (2021a)
deconstructed quantitizing into the following four types that potentially are available
for use as part of the meaning-making process: descriptive-based quantitizing, explor-
atory-based quantitizing, measurement-based quantitizing, and inferential-based quan-
titizing. Broadly speaking, descriptive-based quantitizing represents quantitizing that
involves the use of descriptive analyses that are characterized by the following four
measures: measures of central tendency (e.g., mean, median, mode), measures of
variation/dispersion (e.g., range, standard deviation, variance, interquartile range),
measures of position/relative standing (e.g., percentile, quartile, decile, z score, t
score), and measures of distributional shape (e.g., skewness, kurtosis) (Onwuegbuzie
&Johnson, 2021a). Exploratory-based quantitizing refers to the quantitizing of qualita-
tive data in order to identify group membership, whereby the grouping could be par-
ticipants or variables (Onwuegbuzie & Johnson, 2021a). This form of quantitizing can
be utilized via analyses such as exploratory factor analysis, correspondence analysis,
cluster analysis, multidimensional scaling, and spatial analysis. Measurement-based
quantitizing involves the quantitizing of qualitative data for the purpose of instrument
development or construct validation. This type of quantitizing can be employed via
analyses such as confirmatory factor analysis, Rasch analysis, or item response theory.
Finally, inferential-based quantitizing refers to the quantitizing of qualitative data for
the purpose of prediction or estimation. This class of quantitizing can be conducted
via analyses such as analyses (e.g., multiple regression, structural equation modeling)
that are of the general linear model (GLM).

Over the last quarter of a century, the focus on quantitizing has been on descrip-
tive-based quantitizing techniques such as counting the occurrence of emergent
codes, categories, sub-themes, themes, and meta-themes (Miles & Huberman, 1994;
Tashakkori & Teddlie, 1998). As a result, scant guidance is available from the litera-
ture on the other types of quantitizing techniques (i.e., exploratory-based quantitiz-
ing, measurement-based quantitizing, and inferential-based quantitizing). Enter The
Routledge Reviewer’s Guide to Mixed Methods Analysis! As the title suggests, this book—
edited by Onwuegbuzie and Johnson (2021b)—is the first book that is devoted solely
to mixed analyses. The biggest section of the four sections of this book is the first
section, which is represented by 11 of the 30 chapters in the book, and which is enti-
tled, Quantitative Approaches to Qualitative Data—or what can be referred to as qualita-
tive-dominant crossover mixed analyses. These 11 chapters comprise exploratory-based
quantitizing of qualitative data (i.e., exploratory factor analysis, correspondence anal-
ysis, multidimensional scaling, cluster analysis), measurement-based quantitizing
of qualitative data (i.e., item response theory), and inferential-based quantitizing of
qualitative data (i.e., chi-square automatic interaction detection analysis, multiple lin-
ear regression analysis, structural equation modeling, hierarchical linear modeling,
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Bayesian analyses, diachronic analysis). Although there are six outstanding chapters
representing inferential-based quantitizing, only three of them (i.e., multiple linear
regression analysis, structural equation modeling, hierarchical linear modeling) repre-
sent commonly used GLM analyses. Consequently, there still remain some GLM anal-
yses for which mixed methods researchers, in pursuit of conducting crossover analy-
ses, can benefit from guidelines. One such analysis is canonical correlation analysis.
Indeed, canonical correlation analysis has been found to play an especially important
role in promoting full(er) integration in mixed methods research studies (Anderson et
al., 2012; Benge et al., 2010; Burgess et al., 2012; Daley & Onwuegbuzie, 2004; McClure
etal., 2021; Onwuegbuzie & Ojo, 2021; Onwuegbuzie et al., 2007, 2020; Witcher et al.,
2001, 2008). Its importance stems from the fact that the analysis of qualitative data—
which often represents the starting point for a quantitative-dominant crossover mixed
analysis—typically yields two or more patterns of meaning (e.g., codes, categories,
sub-themes, themes, meta-themes). These multiple patterns of meaning then can be
correlated with other available variables (e.g., demographic variables [e.g., gender,
race/ethnicity]; personality variables [e.g., resilience]; affective variables [e.g., moti-
vation]; nonverbal communication variables [e.g., proxemics, chronemics, kinesics])
via the use of canonical correlation analysis. Therefore, the purpose of the remainder
of this article is (a) to describe canonical correlation analysis and (b) to illustrate how
canonical correlation analyses can serve as an inferential-based quantitizing using a
heuristic example.

Canonical Correlation Analysis

Canonical correlation analysis is a statistical approach that is used to examine the
multivariate relationship between two sets of variables wherein both sets contain at
least two variables (Cliff & Krus, 1976; Darlington et al., 1973; Onwuegbuzie & Dan-
iel, 2003; Thompson, 1984, 1991). As such, this analysis represents a multivariate sta-
tistical analysis. Because it is a multivariate analysis member of the GLM, it can be
used to conduct all univariate statistical analyses that also belong to the GLM. In other
words, canonical correlation analysis can be used to undertake all the parametric tests
that canonical correlation analysis approaches subsume as special cases, including
Pearson correlation, t tests, analysis of variance, analysis of covariance, simple linear
regression, and multiple regression (Henson, 2000; Roberts & Henson, 2002; Onwueg-
buzie & Daniel, 2003; Thompson, 1991). Consistent with this assertion, Knapp (1978)
concluded that “virtually all of the commonly encountered tests of significance can be
treated as special cases of canonical correlation analysis” (p. 410).

In terms of types of quantitative variables that are eligible for use in a canonical cor-
relation analysis, variables can represent the interval scale of measurement, the ratio
scale of measurement, or the nominal scale of measurement—specifically, a dichot-
omous variable. That is, both the independent (i.e., predictor) variable set and the
dependent (i.e., criterion) variable set of any canonical correlation model can contain
interval-scaled, ratio-scaled, and/or dichotomous variables. This makes canonical cor-
relation analysis a great choice for explaining or predicting patterns of meaning that
are extracted from qualitative data—that is, data stemming from one of the following
four sources of qualitative data identified by Leech and Onwuegbuzie (2008): talk (e.g.,
individual-based [interviews] vs. group-based [focus group discussions]; face-to-face
vs. virtual; synchronous vs. asynchronous; verbal vs. non-verbal), observations (e.g.,
emic-based vs. etic-based; interactive vs. non-interactive; first-hand vs. second-hand),
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documents (i.e., digital vs. non-digital), and images (e.g., still [e.g., drawings, paint-
ings] vs. moving [e.g., videos]; two-dimensional [e.g., drawings, paintings] vs. multidi-
mensional [e.g., movies]; non-virtual [e.g., drawings] vs. virtual [e.g., I-phone, I-Pad,
Youtube, Panoramio, Flickr, iMovie, Instagram]). Specifically, by qualitizing patterns of
meaning (e.g., codes, categories, sub-themes, themes, meta-themes) extracted from
the qualitative data to dichotomous form, canonical correlation analyses can be used
quantitatively to predict or to explain these patterns of meaning. The following section
provides an exemplar of the use of canonical correlation analysis in a mixed methods
research study further to contextualize themes that emerge from qualitative data (i.e.,
emergent themes).

Heuristic Example

In this section, I provide a real example from the extant literature that exemplifies
the use of canonical correlation analysis for the purpose of disaggregating the emer-
gent themes by identifying predictors of these themes. This study represents an in-
vestigation conducted by McClure et al. (2021) to examine how the emergency remote
teaching and learning that was implemented at a university in New York City in March
2020 due to the COVID-19 pandemic, impacted the students. Specifically, the research-
ers emailed a Qualtrics survey—containing both closed- and open-ended items—to
undergraduate and graduate students at the university that included the following
open-ended question: What, if any, challenges did you face that hindered your ability
to learn successfully online? A total of 254 students responded.

The students’ responses were analyzed via a fully integrated, four-phase mixed meth-
ods analysis. During the first phase, constant comparison analysis (Glaser, 1965) was
used to analyze the responses to the open-ended question to identify themes. In total,
12 emergent themes were identified. During the second phase, each emergent theme
was quantitized by two coders such that if a participant provided a negative response
relating to challenges to online learning, then a score of “1” was given to the theme
for that response; otherwise, a score of “0” was given. This quantitizing process led to
the formation of what Onwuegbuzie (in press) refers to as an intensity-based, inter-re-
spondent matrix of themes (i.e., participant x theme matrix), consisting only of 0s and
1s for each of the 12 emergent themes. Onwuegbuzie (in press) defines an intensi-
ty-based, inter-respondent matrix, which is a matrix that is used to assess the intensity
of a phenomenon, event, incidence, experience, or the like, via participants’ responses
that are assumed to reflect their individual attitude or opinion and that are coded in
a reliable manner. Figure 1 shows a partial intensity-based, inter-respondent matrix
provided by McClure et al. (2021) to represent the quantitized data.

During the third phase, the inter-respondent matrix of themes was used to under-
take descriptive-based quantitizing. Specifically, descriptive analyses—namely, fre-
quencies and proportions—were used to ascertain the prevalence of the 12 emergent
themes. These prevalence rates, respectively, were as follows: No Challenges (34.26%),
Living Environment (25.93%), Technology-Related (20.37%), Overall Learning Experi-
ence (19.44%), Feelings (12.04%), Professor-Related (9.26%), Motivation (8.33%),
Mental Health (7.41%), Time Management (4.63%), Communication (3.70%), Finances
(1.85%), and Health-Related (1.85%).
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Figure 1

A partial intensity-based, inter-respodent Matrix used to conduct a mixed analysis from responses to
the following open-ended survey question: what, if any, challenges did university student in the New
York city area experience that hindered their ability successfully to learn online during the COVID-19.
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Note. Adapted from “Online learning challenges experienced by university students in the New York City area
during the COVID-19 pandemic: A mixed methods study,” by D. R. McClure, E. O. Ojo, M. B. Schaefer, D. Bell, S.
S. Abrams, and A. J. Onwuegbuzie, 2021, International Journal of Multiple Research Approaches, 13(2), p. 154.

During the fourth phase—the phase of particular interest for the purposes of the pres-
ent article—the inter-respondent matrix of themes was used to undertake inferen-
tial-based quantitizing. As noted by the researchers, the goal of this inferential-based
quantitizing was to disaggregate the emergent themes by selected socio-demograph-
ic variables via the conduct of a canonical correlation analysis. This analysis was un-
dertaken to examine simultaneously the relationship between six socio-demographic
variables (i.e., gender [men vs. women]; age group [18-37 vs. = 38]; race [White vs.
Non-White]; full-time status [full-time vs. part-time]; level of student [undergraduate vs.
graduate]; and technology access [full access to a computer and reliable Internet vs.
not full access to a computer and/or non-reliable Internet]) and the following three
most prevalent challenge themes: Living Environment, Technology-Related, and Over-
all Learning Experience. Now, the number of canonical functions (i.e., factors) that
are yielded from a canonical correlation analysis is determined by the number of vari-
ables contained in the smaller of the two sets (i.e., independent and dependent set)
of variables (Thompson, 1984). As such, because six socio-demographic variables si-
multaneously were correlated with three themes, a total of three canonical functions
were produced. Each of these three canonical functions should be tested for statistical
significance (i.e., via p values) as well as for practical significance (i.e., via a measure of
effect size, namely, the squared canonical correlation coefficient, which explains the
proportion of variance in the dependent variable set that are explained by the inde-
pendent variable set). Each canonical function is associated with unique standardized
coefficients and structure coefficients, both of which also facilitate assessment of prac-
tical significance (Onwuegbuzie & Daniel, 2003).

When conducting a canonical correlation analysis, it is essential for researchers to re-
port and to interpret both the standardized coefficients and the structure coefficients
(Onwuegbuzie & Daniel, 2003; Thompson, 1984). This strategy is important because by
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comparing these two sets of coefficients, the analyst will be able fully to determine the
importance (i.e., significance) of each variable in both variable sets that characterize
the canonical correlation solution. These comparison yields four possible outcomes.
First, when both the standardized coefficient and the structure coefficient of a variable
are large (e.g., = .30), then that variable is considered to be practically significant. Sec-
ond, when both the standardized coefficient and the structure coefficient of a variable
are negligible (i.e., near-zero) or even small (e.g., <.30), then that variable is deemed
to be not practically significant. In other words, that (independent or dependent) vari-
able is considered not to be a practicable predictor of the other (i.e., dependent or
independent) set of variables. (Both these scenarios [i.e., both variables practically
significant, both variables not practically significant] yield clear interpretations of the
canonical correlation model.) Third, if a variable has a trivial/small standardized coeffi-
cient but a large structure coefficient, then that variable is deemed to be important in
explaining/predicting the variables in the other set; however, that variable is collinear
with one or more variables from the same set. Finally, if a variable has a trivial/small
structure coefficient but a large standardized coefficient, then this indicates that that
variable represents what is called a suppressor variable. Specifically, suppressor vari-
ables are variables that improve the prediction of variables in the other set (i.e., by
increasing the effect size) due to their relationship with other variables in the same set
(Onwuegbuzie & Daniel, 2003). Alternatively stated, suppressor variables improve the
predictive power of the other variables in the same set by suppressing variance that is
not relevant to the prediction of the other set of variables, as a result of the suppressor
variable's relationship with the other same-set variables.

Figures 2-5 provide screenshots showing how McClure et al. (2021) conducted the ca-
nonical correlation analysis via SPSS (version 28). Specifically, Figure 2 shows the path
for accessing the canonical correlation analysis dialog box. Figure 3 shows the dialog
box for moving the selected variables from the left-hand box to the two boxes on the
right-hand side comprising to where the independent variable set (e.g., Set 1) and
the dependent variable set (e.g., Set 2) are moved. Figure 4 shows the selected inde-
pendent variables and dependent variables. Figure 5 shows the available options that
the analyst can select for the canonical correlation analysis, such as displaying in the
resultant statistical output the coefficients of each of the variables in both sets.

Figure 2
Path for Accessing the Canonical Correlation Analysis Dialog Box

Path for canonical
correlation analysis

[ —
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Figure 3

Variables for Selection for the Canonical Correlation Analysis
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Figure 4

Independent and Dependent Variables Selected for the Canonical Correlation Analysis

ﬁ Canonical Correlation

Variables:
~ & Feelings
& Motivation
& Health_Related
& No_Challenges
& Time_Management
& Finances
&° Communication
& Mental_Health
. & Professor_Related

[«]

[«]
Variables

excluded
from
canomeal
correlation

This dialog box requires the
Python Essentials

Set 1:

& Gender_2 2
&8 Age_37

& Whjle_NDn_While\|\
& Full_time

£ G

Click on Options to
determine what

display options are
of interest.

Independent variables (i.e..
socio-demographic variables)

& Mcua_aompu.._ 1
Sat 2-

& Living_Environment
& Technology_Related

[ Overall_Learning_... |

[ Paste | | Reset ”Cancel” Help |

analysis.

Onee the 6 independent
variables and 3 dependent
variables have been selected,
click on OK to activate the
canomical correlation analysis.

Dependent variables
(1.2, themes)

These two sets of variables (i.e, 6
independent variables and 3

dependent vanables were moved over

from the left-hand side dialog box.

Publicaciones 52(2), 11-34. https://doi.org/10.30827/publicaciones.v52i2.27664

22

Onwuegbuzie, A. J. (2022). Towards Full (er) Integration in Mixed Methods...


http://doi.org/10.30827/publicaciones.v48i2.8331

Figure 5
Available Options for the Canonical Correlation Analysis
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Rather than conducting a traditional canonical correlation analysis, McClure et al.
(2021) conducted what is known as an all possible subsets (APS) canonical correlation
analysis. This form of analysis involves separate canonical correlation analyses being
conducted for all different combinations of variable sets that contain at least two vari-
ables, until the best subset of variable sets is identified according to some prespecified
criteria (Onwuegbuzie & Daniel, 2003). For this study, the criteria used were Wilks's
lambda, the probability level (i.e., p value), the squared canonical correlation coeffi-
cient (primary effect-size measure), the standardized coefficient for each variable, and
the structure coefficient for each variable. This analysis yielded a final canonical cor-
relation solution that involved four socio-demographic variables (i.e., age group, race,
student status, technology access) and two emergent themes (i.e., Overall Learning
Experience, Technology-Related). Figure 6 shows the final independent variables and
dependent variables selected in their dialog boxes. Figure 7 shows the SPSS syntax for
this analysis. The useful aspect of this syntax is that all the analyst(s) would need to
do is to replace the names of the independent variables and dependent variables with
the names of her/his/their variables and then, with the dataset open in SPSS, paste
this syntax. Figure 8 shows the path for accessing the canonical correlation analysis
syntax dialog box. Figure 9 shows the canonical correlation analysis syntax dialog box,
whereas Figure 10 shows the canonical correlation analysis syntax dialog box with the
syntax pasted in. Finally, Table 11 shows the standardized coefficients and structure
coefficients pertaining to the four socio-demographic variables (i.e., age group, race,
student status, technology access) and two emergent themes (i.e., Overall Learning
Experience, Technology-Related) that were extracted from the ensuing SPSS output.
Based on Table 11, McClure et al. (2021) made the following conclusion:
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Overall, the selected canonical correlation solution, which was statistically significant
(F8, 196] = 2.52, p = .013) and practically significant (Canonical R, = .42; moderate
effect size) (see Fable 2), indicated that the multivariate relationship was mostly charac-
terized by the relationship between age, race, full- time status, and technology access

on the socio-demographic side and Technology-Related and Overall Learning Experi-
ence on the challenge themes side. (p. 157)

Figure 6
Final Independent and Dependent Variables Selected for the Canonical Correlation Analysis
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Figure 7

SPSS Syntax for Canonical Correlation Analysis for Final Canonical Correlation Solution

DATASET ACTIVATL Datasetl.
STATS CAMCORR SET1=Age_37 White_vs_MNonWhite Fulltime_wvs_Parttime
Access_Computer_and_Reliable_Intemet
SET2=Technology_Related Overall_Learning_Experience
JOPTIONS COMPUTECVARS=NO

JPRINT PAIRWISECORR=NO LOADINGS=YLS VARPROP=YLS
COLCFFICIEMTS=YES.
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Figure 8
Path for Accessing the Syntax Dialog Box
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Syntax Dialog Box for Pasting the Canonical Correlation Analysis Syntax
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Figure 10
Syntax Dialog Box with the Canonical Correlation Analysis Syntax Pasted
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Table 11

Canonical Solution for the First Function: Relationship Between the Selected Final Four Socio-Demo-
graphic Variables and Two of the Four Most Prevalent Emergent Themes

Variable Standardized  Structure Structure?
Coefficient Coefficient (%)

Demographic:

Age group (18-37 vs. 38+) -.48* -71* 50.4

Race (White vs. Non-White) A6* .30* 10.9

Status (Full-time vs. Part-time) -45% -73* 53.3

Technology Access (full access vs non-full access)  -.39* -.50* 25.0

Theme:

Overall Learning Experience .85*% .95% 90.3

Technology-Related .34* .57* 325

Note. Adapted from “Online learning challenges experienced by university students in the New York City area
during the COVID-19 pandemic: A mixed methods study,” by D. R. McClure, E. O. Ojo, M. B. Schaefer, D. Bell, S.
S. Abrams, and A. J. Onwuegbuzie, 2021, International Journal of Multiple Research Approaches, 13(2), p. 158.
“Coefficients with the effect sizes larger than .3.
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McClure et al. (2021) followed up their canonical correlation analysis with another
inferential-based quantitizing approach via the use of a series of Fisher's Exact Test.
This test, which is more appropriate to use than is the chi-square test when sample
sizes are small (Fisher, 1922, 1954), was used to determine whether or not there was a
statistically significant relationship between each of the four socio-demographic vari-
ables (i.e., age group, race, student status, technology access) and the two emergent
themes (i.e., Overall Learning Experience, Technology-Related) that characterized the
final canonical correlation analysis model. This second inferential-based quantitizing
approach led to the following observations:

Most interestingly, full-time students were 4.32 times (95% CI = 1.85, 10.07) more like-
ly to indicate challenges associated with Overall Learning Experience than were part-
time students. Additionally, students 18-37 years old were 8.93 times (95% CI = 1.30,
61.42) more likely to indicate challenges associated with Overall Learning Experience
than were students older than 37 years of age. Also, students without full access to
a computer and/or reliable Internet were 2.17 times (95% CI = 1.10, 5.43) more like-
ly to indicate challenges associated with Overall Learning Experience than were their
counterparts with full access to both. Finally, and intuitively, students without full ac-
cess to a computer and/or reliable Internet were 3.16 times (95% CI = 1.07, 9.29) more
likely to indicate challenges associated with technology than were their counterparts.
Therefore, with respect to personal challenges that hindered students’ ability to learn
online successfully, a computer meta-theme, a computer and reliable Internet connection
meta-theme, an age meta-theme, and a full-time meta-theme emerged. (McClure et al.,
2021, pp- 157-158)

Therefore, as can be seen, these two inferential-based quantitizing approaches, spear-
headed by the canonical correlation analysis, not only served to contextualize the most
frequent emergent themes by disaggregating them, but also led to the identification
of several meta-themes. In general, meta-themes involve integrating themes from
across cultures, participants, cases, sites, settings, or other defining grouping foci
(Leech & Onwuegbuzie, in press; Wutich et al., 2021). As such, as can be seen, canon-
ical correlation analysis provided a pathway for full(er) integration of the qualitative
and quantitative data.

Conclusions
As concluded by Onwuegbuzie (2021),

until very recently, the overwhelming majority of quantitizing has involved descrip-
tive-based quantitizing, and scant attention has been paid to more advanced types
of quantitizing, which include exploratory-based quantitizing, measurement-based
quantitizing, and inferential-based quantitizing, as described by Onwuegbuzie (in
press) and Onwuegbuzie and Johnson (2021[a]). Yet, these forms of quantitizing help
to enhance the quality of meta-inferences in mixed methods research studies, which,
in turn, enhance the meaning-making process. (p. 146)

Onwuegbuzie and Johnson's (2021b) 30-chapter book represents an important step
towards advancing exploratory-based quantitizing, measurement-based quantitizing,
and inferential-based quantitizing. However, much more guidance is needed on all
three of these forms of quantitizing. Therefore, the goal of the present article was to
continue the conversation on inferential-based quantitizing.
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Specifically, in this article, I have outlined and demonstrated how canonical correla-
tion analysis can help (mixed methods) researchers to contextualize emergent themes
that have been subjected to descriptive-based quantitizing via the process of unit-
izing—specifically, dichotomizing—themes. As noted elsewhere (e.g., Onwuegbuzie,
2021), one potential pitfall in relying exclusively on the descriptive-based quantitizing
technique of simple counting to contextualize themes is that it could lead easily to
qualitative findings (e.g., codes, categories, sub-themes, themes, meta-themes) be-
ing overgeneralized. For example, with regard to McClure et al.'s (2021) findings, it
is very useful to know the prevalence rate of each of the 12 emergent themes as a
result of descriptive-based quantitizing. However, without further information—par-
ticularly stemming from inferential-based quantitizing—these prevalence rates might
be somewhat misleading because it can lead to these rates being over-generalized
by consumers of the research findings, with these consumers incorrectly assuming
that these emergent themes apply across all subgroups. For example, reporting that
a theme associated with challenges faced by students that hindered their ability to
learn successfully online was Overall Learning Experience (i.e., a qualitative finding
stemming from the constant comparison analysis) provides useful information. How-
ever, it is even more useful to know from the descriptive-based quantitizing that this
theme represented a challenge for approximately one in five students (i.e., 19.44%).
Moreover, it is even more helpful to know from the inferential-based quantitizing that
students who indicated challenges associated with Overall Learning Experience were
significantly more likely to be the following: full-time students (4.32 times more likely,
on average), students aged between 18 and 37 (8.93 times more likely, on average),
and students without full access to a computer and/or reliable Internet were (2.17
times more likely, on average). Such information facilitates a disaggregation of the
thematic structure, which, in turn, would help to determine which subgroups of partic-
ipants were most at-risk for experiencing challenges, and would help to ensure that no
study subgroup is misrepresented—consistent with a major tenet of critical dialectical
pluralism (Onwuegbuzie & Frels, 2013; Onwuegbuzie et al., in press).

Further, such information from inferential-based quantitizing offers greater implica-
tions for intervention. As such, compared to descriptive-based quantitizing approach-
es, inferential-based quantitizing approaches have great potential for yielding val-
ue-added information that enhances the meaning-making process. Importantly, the
heuristic example in the present article has demonstrated that the use of canonical
correlation analysis in the context of inferential-based quantitizing is consistent with
Onwuegbuzie's (2017) and Onwuegbuzie and Hitchcock's (2019) 1 + 1 = 1 integration
approach that represents full(er) integration of qualitative and quantitative approach-
es by replacing the quantitative-qualitative dichotomy inherent in Fetters and Fresh-
water's (2015) 1 + 1 = 3 integration approach—that is characterized by one or more
distinct quantitative phases and one or more distinct qualitative phases, but which
promotes synergy at the data interpretation stage—with continua that facilitate this
fulller] integration (Hitchcock & Onwuegbuzie, 2022; Natesan et al., 2019; Newman et
al., 2015; Onwuegbuzie & Hitchcock, 2019) and that represent a synechist (i.e., anti-du-
alistic) approach to mixed methods research that transcends the qualitative-quantita-
tive divide (Mason, 2006).

Typically, when each study participant is asked within the same data collection frame-
work (e.g., via a questionnaire) to provide both quantitative responses (e.g., via
Likert-format scales, rating scales, socio-demographic items) and qualitative respons-
es (e.g., via open-ended survey questions, observations, interview questions), what
typically occurs at the data analysis stage under the 1 + 1 = 3 framework is that
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* one or more quantitative analyses are used to analyze the quantitative data sep-
arately to provide quantitative findings;

+ one or more qualitative analyses are used to analyze the qualitative data sepa-
rately to provide qualitative findings; and

* once the quantitative findings and qualitative findings have been obtained sep-
arately, then the interpretations obtained from both strands are combined into
some coherent whole—a process known as obtaining meta-inferences (Tashakko-
ri & Teddlie, 1998)

However, bearing in mind the fact that each study participant (optimally) provides the
full set of data, this 1 + 1 = 1 strategy of analyzing the quantitative data separately and
the qualitative data separately results in some form of unmixing rather than what On-
wuegbuzie (2012) advocates as putting the mixed back into quantitative and qualitative
research (p. 202). And even employing descriptive-based quantitizing approaches on
the qualitative data (e.g., determining the prevalence of themes) does not integrate
directly the ensuing qualitized data with the quantitative data until the data interpre-
tation stage—which still represents an unmixing of mixed data. In contrast, this un-
mixing is avoided by treating all the data—whether it be qualitative data, quantitative
data, or what Onwuegbuzie et al. (2017) referred to as multidata (i.e., representing both
quantitative data and quantitative data)—as representing a set and applying a fully in-
tegrated analysis on this set. This fully integrated analysis involves a crossover mixed
analysis in general and, when the sample size permits, as was the case for McClure
et al.'s (2021) study, lends itself to some form of inferential-based quantitizing. And
because canonical correlation analysis represents a multivariate analysis approach, I
suggest that this analysis should be a serious contender for use—reflecting the multi-
variate nature of reality that many researchers are interested in studying. Simply put,
applying a fully integrated analysis motivates the adoption of fully integrated thinking
such that synergy occurs in most, if not all, phases of the mixed methods research
process. That is, full(er) integrated thinking optimally can occur

during all four research-producer stages of the mixed research process—namely: re-
search conceptualization (e.g., extracting information via an integrated research synthe-
sis, determining the integrated goal of the study, identifying the integrated objective[s],
determining the research/integration rationale[s], determining the research/integra-
tion purpose[s], determining the integrated research question[s]); research planning
(e.g., selecting the integrated sampling design, selecting the integrated research de-
sign), research implementation (e.g., collecting the integrated data, conducting an inte-
grated analysis, legitimating/validating the integrated data and data interpretations,
interpreting the integrated data via meta-inferences), and research dissemination (e.g.,
writing the final integrated research report, re-conceptualizing the integrated research
question[s])—as well as the research-consumer stage of research utilization (e.g., the con-
sumer of the integrated research report using the findings in an integrated manner for
practical or research purposes). (Onwuegbuzie & Hitchcock, 2019, p. 14)

In conclusion, as can be seen from the heuristic example, use of canonical correlation
analysis as an inferential-based quantitizing approach provides a powerful way to pro-
mote full(er) integration in mixed methods research. In turn, such an approach has the
potential not only to answer research questions in a more in-depth manner, but also
to answer more complex and complicated questions. Therefore, I encourage (mixed
methods) researchers to consider using this canonical correlation analysis approach to
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inferential-based quantitizing whenever appropriate (e.g., sample size large enough
to ensure adequate statistical power) to enhance the meaning-making process.
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