RUNNING HEAD: Numeracy and Adult Learning

NUMERACY AND ADULTS’ LEARNING READINESS AND COMMITMENT:
RESULTS FROM A LARGE NATIONAL RANDOM SAMPLE OF PARTICIPANTS

by

Jennifer Hollinger

Submitted in Partial Fulfillment of the Requirements
for the Degree of
ED.D
in the
Educational Leadership

Program

YOUNGSTOWN STATE UNIVERSITY

May 2018



Numeracy and Adult Learning

NUMERACY AND ADULTS’ LEARNING READINESS AND COMMITMENT:
RESULTS FROM A LARGE NATIONAL RANDOM SAMPLE OF PARTICIPANTS
Jennifer Hollinger

I hereby release this dissertation to the public. I understand that this dissertation will be

made available from the OhioLINK ETD Center and the Maag Library Circulation Desk
for public access. I also authorize the University or other individuals to make copies of

this thesis as needed for scholarly research.

Signature:
Jennifer Hollinger, Student Date
Approvals:
Dr. Karen Larwin, Thesis Advisor Date
Dr. Patrick Spearman, Committee Member Date
Dr. M. Kathleen L. Cripe, Committee Member Date
Dr. Susan Horne, Committee Member Date

Dr. Salvatore A. Sanders, Dean of Graduate Studies Date



Numeracy and Adult Learning

Abstract
The rapid changes in our society have amplified the need for adult learning opportunities.
However, adults often make decisions not to persist in formal learning experiences in a
smooth, linear fashion. The decision to pause or terminate formal learning is a complex
behavioral decision that includes knowledge, the cognitive process, personal belief and
environmental context. Since the construct of numeracy also necessitates the use of
content, cognitive processes, dispositions, and context, this study examined the link
between adults’ numeracy abilities and learning readiness and commitment. This study
analyzed the Programme for the International Assessment of Adult Competencies
(PIAAC) Survey Adult Skills. The findings suggest numeracy abilities are positively
related to readiness to learn and learning commit. Further analysis demonstrated a
relationship between parents’ education level and learning commitment. Implications of
the study suggest that social and cultural capital from family background impact adult
learning persistence. Thus, multigenerational educational support must be considered in

tandem with basic skill interventions for adult learners.
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Chapter 1

In our constantly changing world, where new knowledge and technologies emerge
each day, the gap between what individuals know and what they need to know is ever-
widening (Robinson & Aronica, 2015; Wagner, 2010). Cross (1992) contended that
change in society has become so great, “that no amount of education during youth can
prepare adults to meet the demands that will be made on them” (p. 2). Therefore, in order
to thrive, adults must learn. Adult learning can range from watching YouTube videos in
order to gain new skills, to studying for advanced degrees at a post-secondary institution.
Regardless of the formality, adult learning occurs in pursuit of personal goals (Comings,
Parrella, & Soricone, 1999; Courtney, 1992; Ginsberg & Wlodkowski, 2010; Rubenson,
1977, Schleicher, 2013; Tough, 1979).

Due to the complexities of adult life, adult learning does not always occur in a
smooth, linear fashion. Temporary pauses in the learning process often occur, not
because adults are uncommitted, but, rather, because they must make choices about
personal priorities and goals (Comings, 2007). Therefore, the definition of learning
persistence for adult learners must be framed with these dynamics in mind. Comings et
al. (1999) explained that adult persistence should be defined as, “adults staying in
programs for as long as they can, engaging in self-directed study when they must drop
out of their programs, and returning to programs as soon as the demands of their lives
allow” (p. 3). The method and pace of adult learning is a choice. Therefore, to
understand an adult’s commitment to partake and persist in learning experiences, the
decision-making process to initiate learning, exit learning, and reengage in learning must

be explored.
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Bernanke (2007) declared that “deciding how much to invest in their education is
one of the most important economic decisions people make during the course of their
lives” (Bernanke, 2007, para. 4). Since educational decisions, like other economic
decisions are not made in a vacuum, individuals respond differently based on personal
experiences and beliefs, understanding of facts, and environmental framing of the
situation (DellaVigna, 2009; von Winterfeldt, 2013). Thus, behavioral economists seek to
understand the intricacies of this process to discover a conduit to better decision-making.

Since decision-making integrates cognitive processes, environmental context, and
personal beliefs, researchers have explored a link between decision-making and
numeracy. Numeracy, or the “the ability to access, use, interpret, and communicate
mathematical information and ideas, in order to engage in and manage the mathematical
demands of a range of situations in adult life,” may seems like an unlikely indicator of
behavioral economic decision, the opposite is true (PIAAC Numeracy Expert Group,
2009, p. 21). Numeracy, like decision-making requires the use of knowledge and
cognition combined with personal values and beliefs. Also, like decision-making,
numeracy behaviors are entrenched in an individual’s personal environment allowing
them to “effectively cope with or respond to a range of situations that are embedded in a
life stream with real, personal meaning to them” (PIAAC Numeracy Expert Group, 2009,
p. 15). Thus, there is a large intersection between the constructs of decision-making and
numeracy. Researchers, primarily in the fields of medicine and finance, have further
revealed this intersection. Studies have shown that high numeracy predicts better
judgment, superior risk analysis, and more measured decisions (Benjamin, Brown, &

Shapiro, 2013; Jasper, Bhattacharya, Levin, Jones, & Bossard, 2013; Pachur & Galesic,
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2013; Peters, 2012). Since behavioral economists have related numeracy to individuals’
choices, numeracy may potentially be a strong predictor of adults’ decisions to be

committed to learning.

Problem Statement

In this vein, it would be prudent to know if numeracy is related to learning
readiness and commitment. Existing studies linking adult learning and numeracy often
examine adults’ experiences in numeracy programs rather than level of numeracy skills.
These studies suggest that learners in numeracy programs gain self-confidence and are
more likely to enroll in future courses (Maclachlan, Tett, & Hall, 2009; Metcalf &
Meadows, 2009). Metcalf and Meadows (2009) contended that numeracy may be the key
that opens doors to future education (p. 239). Recently, Patterson and Paulson (2016)
examined numeracy skills of adults who participated in the PIAAC Survey of Adult
Skills and indicated participation in learning experiences in the last 12 months. Their
findings suggest that those individuals with higher numeracy scores were more likely to
partake in recent learning experiences (Patterson & Paulson, 2016). Their work
concluded by suggesting that more research is needed in the area of numeracy and
learning. Thus, the current investigation will address the gap in the literature related to
numeracy levels and adults’ commitment to learning. The research problem will explore

if numeracy is related to commitment of adult learners when controlled for other factors.

Nature of the Study
This quantitative study utilized data collected through the PIAAC Survey of Adult

Skills. The numeracy and background questionnaire information from the United States
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sample was analyzed. Data were exported from the International Database Analyzer
(IDA) to SPSS for investigation. The research questions explored using descriptive
statistics and inferential statistics. Regression analysis was used to examine relationships
within the data.
Research Questions and Hypotheses

Past research related to numeracy suggests that higher numeracy leads to more
sound decision-making across multiple contexts. Therefore, this research sought to
investigate the hypothesis that if an individual has high numeracy abilities, then they will
understand the value of education and be more committed to learning. This study

explored the following research questions to explore this hypothesis.

1. To what extent is numeracy ability related to a readiness to learn?

2. To what extent was numeracy ability related to the level of formal learning?

3. To what extent was numeracy ability related to quitting formal education?

4. To what extent was numeracy ability related to quitting and reentering formal

education?

Purpose of the Study

Traditional measures imply that adult learning persistence is a well-documented
problem. The majority of adult learners do not persevere to attain their degree despite the
positive future prospects related to degree completion (Bergman, Gross, Berry, & Shuck,
2014; Choy, 2002; Davidson & Holbrook, 2014). Kasworm (2008) reported that
although adults are motivated by personal goals when returning to formal education, lack
of congruence between their learning environment and their personal confidence leads

toward failure. Personal, dispositional, social, economic, and academic factors can also
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have an effect on adult learners’ commitment to learning (Boeren, Nicaise, & Baert,
2012; McGivney, 2004; Windisch, 2016). While these risk factors are known, many are
dynamic, unforeseeable, beyond one’s control, and change over the duration of the
learning experience. Thus, finding a predictor of adult learning persistence that is more
stable and can be manipulated to build learner confidence, academic skills, and social
capital would be an important contribution to education.

Numeracy has the potential to predict commitment to learning. The overlap
between numeracy and decision-making has been extensively explored in the areas of
medicine and finance (Benjamin, Brown, & Shapiro, 2013; French & Institute of
Medicine (U.S.), 2014; Jasper, Bhattacharya, Levin, Jones, & Bossard, 2013; Pachur &
Galesic, 2013; Peters, 2012; Peters et al., 2006). Education is a similar behavioral
economics’ construct. Current research, in the field of numeracy and education,
demonstrates that adolescents’ math experiences and scores are predictors of success in
post-secondary education (Adelman, 2006; Harwell, Moreno, & Post, 2016; Rose, 2013).
Therefore, the purpose of this study is to determine if numeracy relates to adult
commitment to learning. Since many of the other adult learner risk factors are beyond
the control of an institution, adult numeracy could be a stronger predictor of at-risk

students and be utilized to retain adult learners.

Theoretical Base

Adult learning theory proposes that both internal and external forces influence the
motivation and methodology of adult learners (Boshier, 1973; Knowles, 1968; Miller,
1967; Rubenson, 1977; Tough, 1979). The summation of these forces will influence the

persistence of adults towards conquering their learning goals. Tough (1979) and
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Knowles (1968) both recognized that adults are internally motivated. Thus, adults
partake in self-directed learning that is influenced by life experiences, personal needs,
and social roles. Additionally, theory suggests that adults weigh the expectation of
success in relation to their investment as they decide to commit to learning (Rubenson,
1977). Miller’s (1967) Force Field Analysis Theory weighed the interaction of internal
and external environment. The theory proposes that when negative forces, either internal
or external, outweigh the positive, learners will not engage or persist in learning.
Boshier's (1973) Congruence Model presented an example of the impact of an external
force. The theory suggests that congruence between the adult learner’s self-concept and
the learning environment determine persistence. Adult learning and motivation theory
provide an understanding of the adult learner’s decisions by describing the relationship
between both internal and external forces. Numeracy, a concept that encompasses
cognitive skills and processes, beliefs, and social context may be a variable that can
capture a depiction of these forces and be utilized as a predictor of adult learning
readiness and commitment.

Definition of Terms

Adult Learning — “self-directed learning, the freedom to choose, to be a good consumer
of educational products, to become involved or not depending on personally interpreted

need” (Courtney, 1992, p. 17).

Commitment to Learning — “adults staying in programs for as long as they can, engaging
in self-directed study when they must drop out of their programs, and returning to
programs as soon as the demands of their lives allow” (Comings, Parrella, & Soricone,

1999, p. 3).
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Numeracy — “the ability to access, use, interpret, and communicate mathematical
information and ideas, in order to engage in and manage the mathematical demands of a
range of situations in adult life” (PIAAC Numeracy Expert Group, 2009, p. 21).

Assumptions

This section will outline the assumptions of the study. First, the assumption must
be made that the PIAAC Survey of Adult Skills is an accurate measurement.
Additionally, it must be assumed that individuals provided accurate information on the
background questionnaire and performed to the best of their ability on the numeracy
assessment. Finally, all data are assumed to be independent, normally distributed, and

possess homogeneity of variance.

Limitations

The limitations of this study stem mainly from response bias, self-reporting, and
pre-existing data. Trochim and Donnelly (2008) asserted that social science researchers
must always consider, “the realities of human interaction and its effect on the research
process” (p. 171). The PIAAC survey was done one-on-one in peoples’ homes.
Response bias, a social interaction threat, could arise as the respondent is influenced by
their interactions with the interviewer. Therefore, individuals may not have responded
honestly in order to impress or please the interviewer. Also, data derived from self-
reporting may contain error, not just because of response bias, but rather from inaccurate
or incomplete information provided in error. These threats to internal validity have some
potential to lead to incorrect assumptions regarding the data. Finally, the use of a pre-

existing data set limits the study parameters to the variables and data collected.
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Delimitations

Due to the large, diverse sample collected for the PIAAC survey, delimitations are
not expected. The PIAAC data collection was thorough in providing a representative
sample. The sample size of 8,670 individuals is also quite large. The methods to which
the data were extracted ensured that a representative sample of scores were provided for
each individual (OECD, 2016). The use of inferential statistics generally requires that
the researcher follow the assumptions of independence, normal distribution, and
homogeneity of variance. However, due to the strong design of the instrumentation and
data collection techniques, these delimitations are not expected to cause threats to

external validity.

Summary
The following study examined if there is a relationship between numeracy and
commitment to learning. The overview demonstrates that adult learning perseverance is a
problem and there is value in adult commitment to life-long learning. Furthermore,
numeracy may be a predictor because of its multi-faceted nature and its established link
to more sound decision-making. The next section will provide a comprehensive review of

literature surrounding the topics of numeracy, adult learning and decision-making.
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Chapter 2

Literature Review

Numeracy

Numeracy can be thought of as the complement of literacy. The term originated in
1959 as part of the Crowther’s report (Ministry of Education, 1959). Initially, the term
carried the idea of not only quantitative, but also scientific reasoning (Ministry of
Education, 1959). However, more recent constructs of the term lean toward practical
application of mathematical life skills. There are many interpretations of what numeracy
entails, but across most characterizations four themes emerge: content, cognitive

processes, dispositions, and context. This section will explore each aspect of numeracy.

Content

A high level of agreement exists about what information constitutes numeracy
content. Program for International Student Assessment ([PISA] OECD, 2013) an
international assessment given to secondary students, and PIAAC, an international
assessment given to adults, are two well-established test frameworks utilized
internationally. PISA and PIAAC, while offered to different subsets of the population,
hold a high correlation of content agreement. A comparison between these international
assessments and the National Council for Teaching Mathematics ((NCTM], 2017) K-12
standards allows the comparison of international numeracy content frameworks and
North American numeracy content viewpoints. While, NCTM’s focus and membership is
in the United States and Canada, they are the world’s largest mathematics focus

organization (NCTM, 2017). Figure 1 compares the constructs of the NCTM Standards,
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Crinsburg, Manly, PIAAC PISA MNCTM
& Schrmitt (2006) (2009 (OECD, 2013) (MCTM, 2017).
MNumber and Quantity and Number Juantity Number and
Oiperation Sense Operations
Patierns, Pattern Eelationships Change and Alpebra
Functions, and and Change Relationships
Algebra
MMeasurement and Dimensions and Space and Shape CTeometry;
Shape Shape Measurement
Drata, Statistics, Data and Change Uncertainty and Data | Data and Probability
and Probability

Figure 1. Alipnment PIAAC, PISA, and NCTM with Ginsburg, Manly, & Schmitt (2006)
numeracy content framework

PISA, and PIAAC. This comparison utilizes the framework of Ginsburg's, Manly's, &
Schmitt's (2006) study which compared many numeracy frameworks and created four
classifications of adult numeracy content:

* Number and Operation Sense;

* Patterns, Functions, and Algebra;

* Measurement and Shape; and

* Data, Statistics, and Probability.

PIAAC, a newer assessment of numeracy, was not included in Ginsburg et al.'s
(2006) initial study, but as demonstrated by Figure 1, has complete alignment with the
four established categories. The number and operation sense category encompass the
idea of quantity and number operations. More specifically, Ginsburg et al. suggested
number sense consists of relationships between numbers, understanding relative size and
multiple representations, computation, and operations in real-world settings. The PISA
frameworks describe number sense content as the “most pervasive and essential

mathematical aspect of engaging with, and functioning in, our world” (OECD, 2013, p.

10
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34). This is likely because, this content is “important in building the intuition and
reasoning necessary for flexible thinking and for understanding concepts in other strands”

(Ginsburg et al., p. 14). Therefore, number sense and operations are the building blocks

for other numeracy content.

The Patterns, Functions, and Algebra category extends number sense by
examining change and relationships in multiple ways. Ginsburg et al. (2006) defined
algebra to include common representations, such as modeling, structures, representations,
and more sophisticated mathematical formats, such as functions. Often the term algebraic
reasoning is used in place of algebra to illustrate the idea that algebra is more than a body
of knowledge and an active way of thinking and interacting with concepts of patterns and
relationships (Kaput, Carraher, & Blanton, 2008). Kaput et al. (2008) further described
this thinking as both symbolic thinking, which is syntax-focused, and representation

thinking, which is mental processes-focused.

The Data, Statistics, and Probability category requires learners to correctly
interpret and analyze numerical situations. Unlike most numeracy content that focuses
on precision and accuracy, this category focuses on evaluating situations with
uncertainty. Often this is describe in the literature as data literacy, or “the ability of adults
to describe populations, deal with uncertainty, assess claims, and make decisions
thoughtfully” (Ginsburg et al., 2006, p. 18). In essence, this content seeks to make critical

thinkers who can analyze the large quantity of information present in today’s society.

The Measurement and Shape category explores relationships by comparing and

11
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contrasting different representations of two-dimensional and three-dimensional shapes.
This investigation of shapes includes analysis of shape components, such as angles and
lines, as well as, direct and indirect measurement of shape quantities. From reading maps
to constructing houses, shape and measurements have a strong application in real-life
(Ginsburg et al., 2006; Ojose, 2011). The concepts of measurement and shape overlap
with other numeracy content. They provide visual representation of numbers’ sense and

display algebraic patterns.

Numeracy content can be categorized; however, the boundaries are not clean
breaks between the groupings. Thus, a broad understanding of numeracy content is
important. However, numeracy content must also be understood with both breadth and
depth. Ginsburg et al. (2006) suggested that, “Numeracy skills do not stop at ‘being good
with numbers.” Numeracy for the twenty-first century is a much richer construct.” (p. 19).
In fact, NCTM, PISA, and PIAAC frameworks identify cognitive processes related to
numeracy along-side the content categories. Therefore, the next section will explore how

individuals make meaning of numeracy content.

Cognitive Processes

A cognitive process is a way that individuals acquire and make meaning of new
knowledge (Garner, 2007). The original explanation of numeracy in the Crowther’s
report held a high level of cognitive sophistication (Ministry of Education, 1959). The
report described numeracy “as an understanding of the scientific approach to the study of
phenomena - observation, hypothesis, experiment, verification” and “to think

quantitatively, to realize how far our problems are problems of degree even when they

12
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appear as problems of kind” (Ministry of Education, 1959, p. 270). However, cognitive
numeracy processes increase in complexity from simple knowledge of basic proficiency
skills to more complicated thinking where skills are applied, and judgments are made.
Condelli (2006) outlined a three-level numeracy cognitive process framework,
which was developed during Maguire's and O’Donoghue's (2002) presentation at the
International Conference for the Adult Learning of Mathematics. The model begins with
the Formative Level where numeracy is a routine replication of basic arithmetic. Evans,
Waite, and Admasachew (2009) called this the limited proficiency model, which requires

simple recall, no application, and a very low level of cognition.

Maguire's and O’Donoghue's (2002) second level, the Mathematic Level,
described numeracy as simple use of basic skills embedded in every day context
(Condelli, 2006). This application requires a higher cognitive demand as individual make
decisions and judgments based on numeracy knowledge. “In this phase, numeracy often
includes number, money, and percentages; aspects of algebraic, geometric, and statistical
thinking; and problem solving based on the mathematical demands of adult life”

(Condelli, 2006, p. 7).

Finally, the Integrative Phase portrays numeracy as “complex, multifaceted, and
sophisticated construct, incorporating the mathematics, communication, cultural, social,
emotional, and personal aspects of each individual in context” (Condelli, 2006, p. 7;
Maguire & O’Donoghue, 2002). At this level, individuals are “empowered as

‘knowledge producers’ as well as ‘knowledge consumers’—that is, to be technologically,

13
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socially, personally and/or democratically numerate” (Maclean & Wilson, 2009, p. 2737).

This production, or creation, with numeracy requires a higher level of cognition.

Maguire's and O’Donoghue's (2002) model suggested that numeracy content can
be defined not just by lists of mathematical content but also by the level of cognitive
thought processes. However, growing cognition is not necessarily a simple linear process
disconnected from other life factors. While cognition can be advanced at any age or life-
stage (Garner, 2007), in order to apply numeracy skills in these sophisticated ways
learners must possess the relevant schema to organize and process numerical information.
If this does not exist, “it reinforces the idea that mathematics makes no sense and the
belief that the student is not good at math and has no hope of mastering it” (Wallace,
2011, p. 6). Fitzsimons (2005) advocated that “The formal activity of learning
mathematics at any stage of life is intimately bound up with the identity of the learner”
(p.13). Thus, a disconnect between skill level and cognitive level can be the cause of

negative impact on a learner’s identity.

Dispositions

Learner numeracy identity, particularly in adults, is complex and built over time
across many interactions with numerical concepts. These repeated interactions establish
beliefs that begin to stabilize and define an individual’s personal conception of their
ability. These affective beliefs, or dispositions, cannot be divorced from the cognitive
work of mathematics. Kilpatrick, Swafford, Findell, & National Research Council
(U.S.), (2001) defined disposition as:

The tendency to see sense in mathematics, to perceive it as both useful and

14
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worthwhile, to believe that steady effort in learning mathematics pays off, and to
see oneself as an effective learner and doer of mathematics. If students are to
develop conceptual understanding, procedural fluency, strategic competence, and
adaptive reasoning abilities, they must believe that mathematics is
understandable, not arbitrary; that, with diligent effort, it can be learned and used;

and that they are capable of figuring it out. (p. 131)

While a negative disposition does not necessarily correlate to low intellect and
can exist in individuals who possess strong cognitive ability, negative dispositions can
form a barrier to adult learning (Ginsburg & Asmussen, 1988). Ginsburg and Asmussen
(1988) referred to this strong relationship between feelings, emotions, and personal
meanings as “hot mathematics” (p. 89). Consequently, as individuals’ negative

dispositions are linked to numeracy, their perceived self-efficacy can decline.

Bandura (1977) described self-efficacy as “beliefs in one’s capabilities to
organize and execute the course of action require to produce given achievements” (p. 3).
Adult self-efficacy, while forward-focused on future outcomes, is built largely on past
experiences. Of all aspects of self-perception, self-efficacy is the strongest predictor of
adult behavior (Bong & Skaalvik, 2003; Wlodkowski, 2008). To build self-efficacy in
learners, one strategy often employed is to remove the level of sophistication and
cognitive demand from the learning situation. However, Noss (1998) warned that by
moving toward what is learnable, (facts and recall) one moves away from what is
valuable (application and creation). Thus numeracy, a rich concept embedded in the

social environment, moves to a context-free mathematical notion.

15
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Context

Numeracy is such a valuable life skill because it is context-dependent. This
delineates numeracy from mathematics. Mathematics is “pure and context-free”, whereas,
numeracy has a “distinctive personal element” that is embraced uniquely by each
individual (Ginsburg et al., 2006, p. 1). Thus, numeracy, “unlike mathematics... does not
so much lead upward in an ascending pursuit of abstraction as it moves outward toward
an ever richer engagement with life’s diverse contexts and situations” (Orrill, 2001, p.
xviii). OECD (2013) suggested that numeracy, “assists individuals to recognize the role
that mathematics plays in the world and to make the well-founded judgments and
decisions needed by constructive, engaged and reflective citizens” (p. 25). Ginsburg et
al. (2006) further suggested “there can be no debate as to its value, both for an
individual’s full participation in today’s society and for a nation’s development of its
democratic potential” (p. 41). The connection of context to individuals’ interpretation of
numeracy situations and their associated interactions with society is vital to defining
numeracy, particularly in adults who have rich and pervasive connections to society.
Importance

The importance of numeracy goes beyond fluent mathematical skills. Bynner and
Parsons (2009) suggested, “Skills supply the basic protective resources on which
successful achievement in adult life is likely to be based, and at the core of these
resources lie literacy and numeracy without which progress is likely impeded” (p. 29).
Maclachlan, Tett, & Hall (2009) examined adult learners in basic numeracy and literacy
programs and found these programs increased not only knowledge, but also learner self-

confidence and social capital. Metcalf and Meadows (2009) likewise discovered that

16
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increased numeracy skills, among other factors such as achieved qualifications and
newfound independence, had a positive effect on individuals’ confidence and self-esteem.
Recently, Patterson and Paulson (2016) demonstrated that adults with higher numeracy
skills were more likely to participate in learning experience in the 12 months prior to
being surveyed.

Adults who lack literacy and numeracy skills also have an “increasing risk of
marginalization and social exclusion” (Bynner & Parsons, 2009, p. 29). Metcalf and
Meadows (2009) suggested that adults in literacy and numeracy programs created, “a
stronger sense of themselves as people and as learners, perhaps this first tentative step
into learning will be the catalyst that enables them to fight back against existing power
and privilege” (p. 346). Maclachlan et al. (2009) provided evidence that this may be true
as they discovered that adults involved in these programs were significantly more likely
to enroll in future learning courses. Thus, the value of numeracy may be “that it opens the
way to further learning opportunities...enabling people to progress to future education
and training” (p. 239). Therefore, continual numeracy skill development and use are
foundational for meaningful life engagement.

Adults as Learners

Today more than ever before, education must extend beyond childhood and young
adult years. Cross (1992) suggested,

The learning society is growing because it must. It would be difficult to think of

some way to live in a society changing as rapidly as ours without constantly

learning new things. When life was simpler, one generation could pass along to

the next generation what it needed to know to get along in the world; tomorrow
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was a simply a repeat of yesterday. Now, however, the world changes faster than

the generations, and individuals must live in several different worlds during their

lifetimes. (p.1)

Consequently, adults must view themselves as lifelong learners and commit to pursuing
educational opportunities through all stages of their lives.

Adult learning occurs both formally and informally. Often, adults learn by,
“freely going about the business of learning in the context of the business of life”
(Courtney, 1992, p. 17). Learning is, consequently, self-directed, deepening the
knowledge of the individual in a personal area of need (Courtney, 1992). However, adults
also learn from more formal education and training experiences. Adult education is
typically defined by “attendance at classes, certification, and the authority of
experts”(Courtney, 1992, p.17). Regardless of the formality of the learning mechanism,
adult learning is a choice; unlike childhood learning, no level of attendance, participation,
or persistence is required. Thus, research surrounding what motivates adults to undertake
the demands of learning began to develop as a field of study separate from the study of

child and young adult learners.

Adult Motivation and Learning Theory

Until relatively recently, learning theory made no delineation between how adults
and children learn. However, in the 1960s and 1970s research began to examine the
different internal and external forces that influence the adult learner. Five notable models
offer insight into the complex learning interactions of adults. These models, Self-Directed

Learning (Tough, 1979), Expectancy—Valiancy Paradigm (Rubenson, 1977), Theory of
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Adult Learning (Knowles, 1968), Force Field Analysis (Miller, 1967), and the
Congruence Model (Boshier, 1973), will be examined in this section.

Tough's (1979) work focused on the self-directed nature of adult learners.
Tough's (1979) model of Self-Directed Learning, contends that, “the learner’s conscious
anticipation of reward is more important than subconscious forces or environmental
forces” (Cross, 1992). Thus, Tough (1979) suggested that an adult learner understands
why they should undertake learning and will manage their learning on their own.

Rubenson's (1977) Expectancy and Valiancy Model also focuses on the internal
dynamics of each learner. Expectancy in the model is described in two equal parts: the
expectancy of success and the expectancy that success will yield positive consequences.
The theory views these parts as multiples of one another. Thus, if one is zero, such as a
learner has no belief that they can be successful, there will be a zero in the expectancy
portion of the model, regardless of the belief that positive outcomes are possible. In the
model, valiancy considers the positive and negative impacts to the individual if learning
is pursued. A positive could be a pay increase; a negative could be the cost of the training
or education. This model has a strong focus on factors internal to the learner similar to
Tough's (1979) model of Selt-Directed Learning.

Much like Rubenson (1977) and Tough (1979), Knowles (1968), explored the adult
learners motivations from the internal learner perspective. Knowles (1968) Theory of

Adult Learning outlines five main principles.

1. Adult learners are self-directed; the more mature a person is the more self-
direct their learning becomes.

2. Adult learners draw on their life experiences as a resource for learning.
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3. Adult learners’ needs adjust as their social roles change.
4. Adult learning is problem-centered with immediate context for application.

5. Adults display internal motivation; they are not externally motivated.

While the worthiness of these principles has not been debated, some debate exists
around this theory. First, many recognized the value of these teaching assumptions for all
learners not just adults. Knowles (1978) agreed suggesting that his principles may in fact
describe learner-directedness for any age and not just outline learning in adulthood.
Additionally, others suggested that these did not equitably describe learning even across
all adults. Since adults do not pursue learning in isolation, theories such as Rubenson’s
(1977), Tough's (1979), and Knowles' (1968) failed to account for external forces that
affect adult learning choices. Specifically addressing Knowles’ Adult Learning Theory,

Merriam (2001) stated,

Based in humanistic psychology, Knowles's version of andragogy presents the

individual learner as one who is autonomous, free, and growth oriented...There is

little or no acknowledgment that every person has been shaped by his or her

culture and society, that every person has a history, and that social institutions and

structures define, to a large extent, the learning transaction irrespective of the

individual learner. (p. 7)

Thus, an exploration of adult learners is not complete unless we consider these
external forces.

Society and history are undoubtedly external forces affecting adult learning

choices. Thus, our vision of adult learning would be incomplete without focusing on the
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external environment in addition to the individual learner. Education is not neutral and
can either empower or continue to oppress the learner. Therefore, learners may not be
self-directed until they are freed from the oppression of the societal context (Freire,
1970). Thus, to have a culturally relevant view of adult learners, we must look at adult
learning theories that address not just the internal dialogue of the learner, but the external
tensions of the environment.

Miller (1967) combined aspects of Maslow's (1943) hierarchy of needs with
Lewin's (1947) positive and negative forces to develop the theory of Force Field Analysis
which examines motivation of adult learners. Miller's (1967) theory sought to clarify
motivation, expected outcomes, and demographic differences particular across
socioeconomic status. Miller suggested there is a relationship between education, age,
and life stage. In early adulthood, education is focused on obtaining the security that
comes with employment. Later on, in adulthood, once basic needs are met, adults can use
learning as a method to reach self-actualization. However, Miller's (1967) model
suggested that negative forces can prevent persistence in learning despite the value and
access of the learning opportunity. Even if learners possess strong internal motivation and
other positive forces, Miller (1967) proposed that internal and external negative forces,
when they outweigh the positive, can prevent learners from engaging, or derail
persistence for learners already involved.

Boshier's (1973) Congruence Model also identified external influences on the
learner that impacted their willingness and motivation to engage in learning. The

Congruence Model suggested the compatibility between the learner and the learning
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environment was a determining force in learner persistence. Boshier (1973) suggested

Both adult education participation and dropout can be understood to occur as a

function of the magnitude of the discrepancy between the participants self-

concept and key aspects (largely people) of the education environment.

Nonparticipants manifest self/institution incongruence and do not enroll. (p. 260)

On the other hand, learners who experience congruence may constantly want more. They
may become almost addicted to learning particularly later in life (Manheimer, 2002;
Mehrotra, 2003).

Recent studies provide evidence that many adult learners do not persevere to
attain their degree despite the positive forces and outcomes that are possible (Bergman et
al., 2014; Choy, 2002; Davidson & Holbrook, 2014). Kasworm (2008) suggested a cause
is the lack of congruence and personal confidence. Furthermore, personal, dispositional,
social, economic, and academic factors can have a cumulative effect on adult learners’
commitment to learning (Boeren, Nicaise, & Baert, 2012; McGivney, 2004). Therefore,
more investigation is needed into the complex process that drives adult learning
commitment.

Adult Learning Commitment

Comings' (2009) redefinition of adult learning commitment was clearly
influenced by both the internal and external forces affecting the adult learner. Persistence
in adult education is less about continuous enrollment and more about continuous
learning until the learner’s personal goal is reached (Comings, 2009). Often adult learners
stop formal learning for a period of time but still view themselves as active in the

program and plan to return as soon as they are able (Comings, 2007; Windisch, 2016).
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Thus, external forces may affect formal learning for a season, but committed individuals
will still persist in learning in time, although informally through self-study. Therefore,
when examining adult learning decisions and motivation, commitment to learning must
be considered holistically, rather than solely examining episodes of withdrawal from
formal education. The decision to partake in adult learning is a complex interaction of
internal and external forces. Learners elect when to initiate learning, exit learning, and
reengage into learning. Therefore, to truly understand adults’ commitment to learning,
one must understand adults as decision makers.
Decision-making

Decision-making and knowledge are inextricably tied together. Individuals use
understanding of facts, opinions, and beliefs surrounding situations combined with
personal goals to make decisions (von Winterfeldt, 2013). The essence of decision-
making seems to integrate both the understanding about specific events and peoples’
subjective reactions to those events (Oliveira, 2007). Decision-makers combine these
sources of information by considering past and potential outcomes (Oliveira, 2007).

Economic decisions are those that involve the cost-benefit of investing in
situations (Wolla, 2013). This investment includes consideration of not only physical
capital, but also human capital since “skills of the workforce are an important source of
economic growth” (Bernanke 2007, para. 4; Wolla, 2013). However, individuals rarely
make purely economic decisions. Therefore, the field of behavioral economics integrates
economics with psychology and sociology to gain clarity into human decision-making
(Koch, Nafziger, & Nielsen, 2015). Pure economics would suggest a stability in the

decision-maker, but in reality, behavioral economists have found that since decisions are
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not made in a vacuum, people have non-standard reactions based on their personal
emotions, the influences, or priming, from environmental cues that sway later behavior,
and the perspective with which the situation is presented, or framed (DellaVigna, 2009).
Thus, economic decisions are strongly influenced by an individual’s knowledge, beliefs,
and context.

Since numeracy integrates individuals’ cognitive abilities, personal disposition,
and the social context, researchers have begun exploring the relationship between
numeracy and decision-making. Clemen and Gregory (2000) contended that numeracy
skills allow adults to carefully consider uncertain choices. Other research, mainly in the
fields of medicine and finance, focuses on decision-making outcomes and found that
individuals with higher numeracy possess better judgment, superior risk analysis, and
demonstrate patience.

Numeracy and Decision-Making

Numeracy skills have been linked to better judgment in decision-making
situations. Peters et al. (2006) found that when presented with number-based decision-
making scenarios, individuals with high levels of numeracy were better able to access and
apply appropriate concepts. Additionally, elevated numeracy skills produce better
judgment because individuals are less susceptible to priming and framing (Choi, Wong,
Mendiratta, Heiman, & Hamberger, 2011; Peters, 2012; Peters et al., 2006). When
dealing with decisions surrounding health care and personal finance, individuals must
process scientific or mathematical information. Numerous studies have demonstrated that
when given health information graphically or statistically highly numerate individuals

made more sound decisions (Brown et al., 2011; Keller & Siegrist, 2009; Wong et al.,
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2012). In the health field, higher numeracy also has been shown to lead to more accurate
general information processing (Hawley et al., 2008; Schachter, Tharmalingam, &
Kleinman, 2011). Similarly, in the financial sector, higher numeracy leads to wiser
choices regarding debt and investment (Agarwal & Mazumder, 2013; Banks, O’Dea, &
Oldfield, 2011). Estrada-Mejia, de Vries, & Zeelenberg (2016) suggested that high
numeracy, more than other factors such as risk-tolerance, cognition, or financial
knowledge, had a positive effect on wealth.

An individual’s ability to better translate numerical information also affects their
decisions regarding strategic risk. Jasper et al. (2013) suggested that poor risk analysis
may be because individuals with lower numeracy skill struggled to extract relevant
information, and therefore took more unprofitable risks. In the health sector, countless
studies revealed that more numerate individuals made strategically better treatment
choices (Pachur & Galesic, 2013; Schwartz, 1997). In one study of patients admitted to
the hospital, those with high numeracy, despite other demographic factors, were four
times more likely to seek hospital care within the first hour of their medical episode
(Petrova et al., 2017). The financial industry has similar results suggesting individuals
who are less numerate take more imprudent risks (Bateman et al., 2016). This may be
because lower numeracy was associated with less knowledge about financial investing
and the stock market (Lusardi, Mitchell, & Curto, 2009). Likewise, Ashby (2017)
concluded that less numerate individuals explore fewer options when considering
decision outcomes.

More numerate individuals spend more time contemplating decisions leading to

wiser choices. Benjamin, Brown, and Shapiro, (2013) reported that individuals with
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higher numerical ability possessed great patience and were able to choose delayed
gratification over instantaneous rewards. Meyer et al. (2007) showed that when adults
made decisions about health treatments, those with higher cognitive ability considered
their treatment longer before making decisions. A connection between patience and
numeracy has also been found in children. Children’s inhibitory control, or ability to
regulate behaviors, has been shown to be positively correlated to mathematic abilities
(Blair & Razza, 2007; Merkley, Thompson, & Scerif, 2016). In economic settings, high
numeracy has been shown to associate with less impulsive consumer behavior and with
more forward-thinking financial decisions (Nye & Hillyard, 2013). Deliberation, or
delay, for even just a small amount of time is important to allow the brain to identify the
most significant information and, in turn, make better decisions (Teichert, Ferrera, &
Grinband, 2014).
Summary

While much of the behavioral economic research focuses on medical and
financial decisions, from a personal economic perspective, “deciding how much to invest
in their education is one of the most important economic decisions people make during
the course of their lives” (Bernanke, 2007, para. 4) . Often, education decisions require
consideration of large-financial investments and cost-reward scenarios. Commitment to
further education also requires a personal risk assessment and a willingness to persevere,
remain patient, and delay gratification. The research literature establishes a clear link
between numeracy and the types of factors individuals may consider when contemplating
educational opportunities. However, few studies have examined adult numeracy skills

and individuals’ decisions to pursue learning over a lifetime. The following section will
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outline the methodology to be used to examine the relationship between numeracy and

commitment to learning.
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Chapter 3
Methods

This study explored the relationship between numeracy and commitment to learning
in adults in the United States. The data set selected was the Organization for Economic
Co-operations and Development’s (OECD) PIAAC Survey Adult Skills database. This
chapter will outline the methodology utilized to explore the following research questions:

1. To what extent is numeracy ability related to a readiness to learn?

2. To what extent was numeracy ability related to the level of formal learning?

3. To what extent was numeracy ability related to quitting formal education?

4. To what extent was numeracy ability related to quitting and reentering formal
education?

This chapter will describe the proposed participants, instrumentation, and procedures
that were used in the current investigation. In addition, the chapter will provide details
regarding the PIAAC population and sample, validity and reliability of instrument, the
variables, procedures, and data analysis methodologies.

Participants

PIAAC is a large-scale international assessment directed by the OECD. PIAAC
administers the Survey of Adult Skills, which gathers individuals’ levels of literacy,
numeracy, and problem-solving in technology-rich environments (PSTRE), along with
demographic and background information (OECD, 2016). PIAAC is a direct survey
administered to individuals ages 16-65 in their homes. This on-going assessment was

delivered in two cycles and a third future cycle is planned. The first round, from 2008-
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2013, involved 24 countries. The second, 2012-2016, expanded to an additional nine
countries.

This study utilized data derived from the United States’ sample from rounds 2012 and
2014 to analyze relationships between numeracy and commitment to learning. The
sample for the study was 8,670 randomly-selected individuals from the United States
between the ages of 16-74 years. The sample was sufficient as “the effective sample size,
which is the sample size needed to achieve the same sampling variance as a simple
random sample, is 2,211” (OECD, 2016, pp. 1-181). Of the identified United States’
population, 0.08% were excluded due to location barriers in their gated community
(OECD, 2016, pp. 7-181). This is well within the bounds of the 5% non-inclusion rate
established in the original data collection.

The non-response bias analysis showed fewer respondents who were 150% below
the poverty level. Further analysis also showed the lowest response rates for the

following groups:

Hispanics age 26 and older, With no children in the household, Not living in the
Northeastern United States, Living in segments with unemployment exceeding
4.8 percent, and Living in areas (Census tracts) with less than 5.1 percent of the

population being linguistically isolated. (OECD, 2016, pp. 7-181)

Factors that favored a greater response rate were: presence of children in the
household, younger individuals, individuals with children 16 years and younger, and
women. Equal probability sampling was used for dwelling units. Of the entire United

States’ sample, 98.9% the individuals who began the background questionnaire
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completed the assessments of numeracy, literacy, and PSTRE. The assessment was
offered computer-based or paper and pencil for individuals with limited computer
experience. In the United States, 79.9% of the respondents completed the computer-based
assessment and 14.9% completed the paper-based assessment. The United States
followed PIAAC procedures for addressing bias and variance. More information about
the soundness of the sampling methodology can be located at
https://www.oecd.org/skills/piaac/PIAAC Technical Report 2nd Edition Full Report.p

df

Instrumentation

The development of the PIAAC Survey began in 2008. Teams of experts
developed the literacy, numeracy, and PSTRE framework, as well as the questionnaires
and digital tools. The framework for numeracy was created to parallel the Adult Literacy
and Life Skills Survey (ALL) in the area of numeracy. The assessment, a multistage-
adaptive design, analyzed clusters of responses before offering the next test item and did
not have any open-ended questions that required human scoring. (OECD, 2016). “PIAAC
was the first international comparative survey to include multistage adaptive testing as
part of the Main Study” (OECD, 2016, pp. 1-12). Countries were tasked with “translation
and adaptation of the master English language versions” of the surveys (OECD, 2016,
p-12). A field test was conducted in 2010. Adaptions were made based on the field test,
and the final version of the first cycle main study was confirmed in 2011. Likewise, the
second cycle field test took place in 2013 and the main study began in 2014. An
abbreviated outline of the validation of the instruments is provided below. More

information about the field test and validation can be located at
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https://www.oecd.org/skills/piaac/PIAAC Technical Report 2nd Edition Full Report.p

df

Since this study focused specifically on the numeracy framework and the
background questionnaire, a more thorough description is provided regarding those areas.
The numeracy framework was created using construct-centered approach consisting of
four steps (Messick, 1994). First, an expert group defined and organized the domain so
findings from the data could be distilled in meaningful ways. Figure 2 outlines the

framework for numerate behavior outlined by the expert group (OECD, 2016, pp. 2-7).
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Numerate behavior involves managing a situation or solving a problem...

L. in a real context:
~ everyday life
- work
~ society
— further learning
2. by responding:
— identify, locate or access
— act upon and use: order, count, estimate, compute, measure, model
- interpret
- evaluate/analyze
- communicate
3. to mathematical content/information/ideas:
~ quantity and number
- dimension and shape
— pattern, relationships, change
~ data and chance
4. represented in multiple ways:
~ objects and pictures
- numbers and mathematical symbols
- formulae
— diagrams and maps, graphs, tables
- lexts
- technology-based displays
5. Numerate behavior is founded on the activation of several enabling factors and processes:
- mathematical knowledge and conceptual understanding
— adaptive reasoning and mathematical problem-solving skills
- literacy skills
~ beliefs and attitudes
- numeracy-related practices and experience
- context/world knowledge

Figure 2. PIAAC Expert Group Framework for Numerate Behavior. Reprinted
from OECD. (2016). Technical report of the survey of adult skills ([PIAAC], 2nd
ed., pp. 2-7).

Based on these defined domain, tasks were identified that created the highest
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degree of authenticity combined with a variety of question types and levels. This included
differing amounts of text in the question and a variety of response methods, such as drop

down, numeric entry, and click.

The numeracy question related to different contexts, cognitive processes, and
content. Figure 3 demonstrates the four contexts in which questions were embedded.
The largest portion of the questions focus on everyday life, society, and community. The

questions also require respondents to employ different cognitive processes.

Final item set
Number %Yo
Everyday life 25 45
Work-related 13 23
Society and community 14 25
Further learning - 7
Total 56 100

Figure 3. Final numeracy question set distributed by context. Reprinted from
OECD. (2016). Technical report of the survey of adult skills ([PIAAC], 2nd
ed., pp. 2-26).

Figure 4 describes how the questions are distributed between less challenging and

more challenging cognitive applications of numeracy. The majority of the questions are

upper level application and evaluation processes.
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Final item set Framework goal
Number % Number
Act upon, use 34 61 50
;:zr;;i:y, locate or 3 5 10
Interpret, evaluate 19 34 40
Total 56 100 100

Note: Each category includes continuous, noncontinuous and combined texts.

Figure 4. Final numeracy question set distributed by cognitive processes.
Reprinted from OECD. (2016). Technical report of the survey of adult skills
([PTAAC], 2nd ed., pp. 2-26).

The questions were also spread across the content that constitutes numeracy.
Figure 5 shows that the questions are relatively equally distributed among the four areas

of the content framework.

Final item set Framework goal
Number % %
Data and chance 12 21 25
Dimension and shape 16 29 25
Pattern, relationships and change 15 27 20
Quantity and change 13 23 30
Total 56 100 100

Figure 5. Final numeracy question set distributed by content. OECD. Reprinted
form (2016). Technical report of the survey of adult skills ([PIAAC], 2nd ed., pp.
2-27).

Furthermore, an interpretive scheme for proficiency levels was established.

Numeracy scores were reported across 6 levels on a 500 points scale. Figure 6 displays

these levels.
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Level Literacy - Score Numeracy - Score
below level 1 0-175 0-175
1 176-225 176-225
2 226-275 226-275
3 276-325 276-325
4 326-375 326-375
5 376-500 376-500

Figure 6. PIAAC Numeracy Proficiency Levels. Reprinted from OECD. (2016).
Technical report of the survey of adult skills ([PIAAC], 2nd ed., pp. 18-13).

The assessment construction process and the questions’ itemization demonstrate

that the numeracy framework was well developed and constructed.

The background questionnaire (BQ) was carefully constructed and the data
quality monitored. The BQ was developed to have multiple indicators of the same
construct. Non-response bias assessment (NRBA) was required by all countries for

inclusion in the data set. According to the OECD (2016),

a more extensive NRBA was required if the overall response rate was below 70%,
or if any stage of data collection (screener, BQ, or the assessment) response rate
was below 80%. An item NRBA was required for any BQ item with response rate

below 85%. (pp. 16-25)

This study used several variables from the PIAAC data related to demographic
information, level of education, education in the last 12 months, and one derived
subscale. These variables were field tested in a previous round of data collection and
were considered sound. The demographic information used included gender, ethnicity,

and socio-economic status. For socio-economic status, the parents’ education level, when
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the respondent was 16, was used as it was identified as the strongest indicator.

Furthermore, the background questionnaire contained several subscales which
were tested, 13 of which were maintained. For the purpose of this study, one of those
subscales, Readiness to Learn, was analyzed (OECD, 2016). During the field test, in
order for a subscale to be retained in the PIAAC survey, three criteria were required:
acceptable scale reliability (Cronbach’s alpha > 0.6), non-redundant correlation (Mean
correlation < 0.7) with other subscales, and no significant between country differences
(Weighted root mean squared difference (WRMSD) < 0.25) (OECD, 2016). The six
questions, I Q04b, I Q04d, I QO04h, I QO04j, 1 Q041,1 Q04, on Readiness to Learn
subscale met two of these criteria (Cronbach’s alpha > 0.85 and range of mean
correlation -0.08 — 0.44) (OECD, 2016). However, while the construct did not quite meet
the between country differences’ criteria (WRMSD < 0.41) other strengths of the other
statistical evidence suggested it was a very reliable scale, so it was retained (OECD,
2016). More information regarding the development and validation of the variables for
the study can be found at
https://www.oecd.org/skills/piaac/PIAAC Technical Report 2nd Edition Full Report.p

df

Procedures
This study utilized the PIAAC Survey of Adult Skills’ database. The data were
accessed via the International Database Analyzer (IDA), then exported to SPSS for

analysis.
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Data Analysis

The research questions were explored using descriptive statistics. The data was
investigated using multivariate general linear test and chi-squared analysis. A general
linear model was selected due the reporting of the numeracy scores through plausible
values, which yields multiple numeracy scores for each individual. The multivariate
general linear test was used to examine the effect of the independent variables on the
dependent variables in the questions related to numeracy abilities. A regression analysis
was also used to examine relationships within the data. Furthermore, the chi-squared
analysis was used to test for relationships within the categorical variables when parents’

education level and learning persistence variables were explored.
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Chapter 4

This study analyzed the PIAAC Survey of Adult Skills. The PIAAC’s rigorous
assessment development and data collection processes have yielded a valid and robust
data set. The data collection consisted of a background questionnaire (BQ), delivered via
an interviewer who then remained present as the individuals took assessment tests in
numeracy, literacy, and computer-based problem solving. The skills’ assessments were
delivered in an adaptive test format, which was found to be, “15 to 47 percent more
efficient” (OECD, 2016, p. 6). The large-scale assessment was also carefully developed
to triangulate with prior adult skill assessments. An extensive field test demonstrated the
soundness prior to the PIAAC’s initial round of data collection. During the initial
collection of the randomly-selected United States sample, only 0.08% were excluded due
to location barriers, which was well within the bounds of the 5% non-inclusion rate
established for the original data collection (OECD, 2016, pp. 7-181). In addition, 98.9%
the individuals who began the background questionnaire completed the assessments of
numeracy, literacy, and problem-solving in technology-rich environments. Thus, a total
of 8,670 respondents were used for the sample of this study. The following chapter will
outline the statistical analyses used to explore relationships between numeracy and adult

learning.

Description of the Sample

The current investigation sought to analyze a sample of adults (n= 8670), in the
United States, between the ages of 16 - 74. Several demographic variables from the
Background Questionnaire (BQ) were analyzed to describe the population, including:

gender (n= 8670), ethnicity (n= 8461), age (n= 8670), highest level of education (n=
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8455), and parents’ highest level of education (n= 7979). The descriptive summary for
these variables is indicated on Table 1.

Table 1. Descriptive Data for Population Demographics

N Percent
Gender
Male 4011 46.3
Female 4659 53.7
Ethnicity
Hispanic 1101 13.0
White 5269 62.3
Black 1450 17.1
Other Race 641 7.6
Age
16-24 2038 23.5
25-34 2100 242
35-44 1253 14.5
45-54 1301 15.0
55-65 1229 14.2
66 + 749 8.6
Highest Level of Education
< High School 1404 l16.1
High School 3636 41.9
Certificate 679 7.8
Associate Degree 630 7.3
Bachelor Degree 1310 15.1
Graduate Degree 796 9.1
Parents’ Level of Education
High School or Below 1431 17.9
Post-Secondary but No Graduate 3546 44 .4
Graduate 3002 37.6

Note: Ethnicity had 209 missing cases; Highest Level of Education has198 missing cases;
Parents’ Level of Education had 691 missing cases.

When examining the proposed research questions, a multivariate general linear
model and chi-squared analyses were considered the most appropriate strategies. A
multivariate general linear model is necessary due to the reporting of the numeracy scores
through plausible values. The plausible values give a range of possible numeracy scores,
on a normal curve, that are attributed to each individual. Thus, since individuals received
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multiple numeracy scores, using a multivariate general linear model was determined to be

most appropriate approach. These models are based on the following:
Yi=a +Bx; +yD; + &

Where Yiis the outcome for individual 1, a is the y-intercept, Bx;is the product of the
slope and the individual 1’s value, and yD; is the product of the level of the variable and

the individual’s response, and ¢; is the error associated with individual 1.

The following section contains the analysis for each of the four research questions that

the study set out to answer.

Research Question 1

Research question one sought to examine the relationship between the variables
of numeracy and Readiness to Learn. Readiness to Learn was a subscale derived and
tested in the PIAAC assessment. The Readiness to Learn subscale reflected respondents’
selections to questions regarding relating new ideas to real life, partiality to learning new
things, desire to find solutions to difficult ideas, and exploring how ideas fit together. The
subscale created six categories of Readiness to Learn, which delineated the scores into
the lowest 20%, more than 20% to 40%, more than 40% to 60%, more than 60% to 80%,
and more than 80%.

The multivariate general linear model, or MANOVA, was used to compare the
results of the Readiness to Learn variable with the plausible values for numeracy for each
respondent. When examining relationship, Hotelling’s Trace was selected due to its
robust application when samples sizes are relatively equal (Hakstain, Roed, & Lind,

1979). Hotelling’s Trace resulted in F(14950, 69642) = 1.222, p< .001, n° = .208. The
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resulting n” indicates that 20.8% of the variance in readiness to learn is associate with

numeracy.

Furthermore, data were depicted on a scatterplot to further inspect the

relationship. The positive relationship between readiness to learn and numeracy is

displayed by the scatterplot in Figure 7.
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Figure 7. Plausible numeracy values compared with readiness to learn subscale values.
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A regression analysis was calculated to predict numeracy based on their level of
readiness to learn. A regression equation was found (F (5, 3976.62) = 58.63, p <.001),
with an R? of .07. Resulting in the following regression equation:

Yi=199.16 + 18.90 (Low 20%) + 47.29(20-40%) + 58.72(40-60%) + 63.68(60-80%) +
66.21(more than 80%) + ¢;
Research Question 2

Research question two sought to examine the relationship between the variables
of numeracy and highest level of education. The highest level of education is described
by six categories ranging from less than high school education to graduate degree.

A MANOVA was used to compare the response to the highest level of education
variable with the plausible values for numeracy for each respondent. As indicated above,
Hotelling’s Trace was selected due to its robust application when samples sizes are
relatively equal (Hakstain et al., 1979). Hotelling’s Trace resulted in a value F (50,
42192) = 65.086, p< .001, n° = .072. The resulting n” indicates that 7.2% of the variance
in level of education is associate with numeracy.

Furthermore, data were depicted on a scatterplot to further inspect the
relationship. The positive relationship between higher qualifications completed and

numeracy is displayed by the scatterplot in Figure 8.
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Figure 8. Plausible numeracy values compared with the highest level of formal education

A regression analysis was calculated to predict numeracy based on their level of
readiness to learn. A significant regression equation was found (F (5, 4002.9) =267.88, p
<.001), with an R? of .25, resulting in the following regression equation:

Yi=208.07 + 36.23(High School) + 43.68(Certificate) + 59.39(Associate) +
81.12(Bachelor) + 92.30(Graduate) + ¢;
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Research Question 3

Research question three sought to examine the relationship between the variables
of numeracy and dropping out or not completing a formal qualification. Descriptive
statics regarding individual persistence and demographic variables are exhibited in Table
2.

Table 2. Descriptive Data for Completed or Uncompleted Formal Qualification

N Percent
Have had an uncompleted qualification 2075 23.9
Never have had an uncompleted 4599 53.0

Thus, the multivariate general linear model was used to compare the response to
the highest level of education variable with the plausible values for numeracy for each
respondent. Once again, Hotelling’s Trace was selected due to its robust application
when samples sizes are relatively equal (Hakstian et al., 1979). Hotelling’s Trace
resulted in F(14950, 69642) = 2.651, p< .05, n° = .004. The resulting n” indicates that .4%
of the variance regarding uncompleted and completed formal qualification is likely
associate with numeracy.

Furthermore, data were depicted on a scatterplot to further inspect the
relationship. The graph in Figure 9 demonstrates that no there is no relationship between

completing or not completing a formal qualification and numeracy.
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Figure 9. Plausible numeracy values compared with uncompleted qualification.

A regression analysis was calculated to predict numeracy based on their level of

readiness to learn. The result was not significant.

Research Question 4

Research question four sought to examine the relationship between the variables

of numeracy and persisting to complete a degree after dropping out of a formal degree

program. Therefore, just the data for individuals who reported an uncompleted degree (n=

2072) were analyzed for this question. Thus, a cross-tabulation is shown in Table 3
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between the level of uncompleted qualifications reported by individuals and the highest
level of education that the individual reported. The result identified Persistors (n= 316),
as adults who demonstrated commitment to learning by finishing an uncompleted degree
or a higher degree than the uncompleted level, and Non-persistors (n= 1746), as adults
who dropped out of a formal education program and did not continue on to complete a
degree.

Table 3. Cross-Tabulation for Uncompleted Qualification and Highest Level of
Education for Persistors

Highest Level of Education

High School Certificate Associate Bachelor  Graduate

Uncompleted Qualification

High School 22 2

Certificate 63 19 21 8
Associate 19 19 3
Bachelor 51 16
Graduate 73

A multivariate general linear model was used to compare the numeracy values for
each respondent. Hotelling’s Trace resulted in F(10, 2051) = 7.831, p<.001, n’ = .037.
The resulting »” indicates that 3.7% of the variance in persistence is associate with
numeracy.

Furthermore, data were depicted on a scatterplot to further inspect the
relationship. The slight, but not practically significant relationship between levels of

persistence and numeracy is displayed by the scatterplot in Figure 10.
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Figure 10. Plausible Numeracy Values Compared with Persistence or Non-persistence

In light of a statistical, but not practical significant relationship between numeracy
and persistence, further analysis was completed. The highest level of parents’ education
was explored using a chi-squared test to examine Persistors and the Non-persistors in
relation to their parents’ highest level of education. The results revealed y* (2, n = 1928)
=6.596, p< .05. Thus, a relationship does exist between persisting in learning and

parents’ level of education. This relationship is depicted in Figure 11.
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Figure 11. Level of Parents’ Education and Persistence versus Non-persistence

Furthermore, for the group of adults who persisted in learning (n= 301), parents’
highest level of education was examined alongside the dropout point and final highest
level of education. The results of the chi-squared revealed y* (4, n = 301) = 317.05, p<
.001 showing a statistically significant relationship between parents’ education level and
the individual persistence level after dropout. Furthermore, this strong correlation
between parents’ education level and persistence level was depicted graphically in a

series of bar graphs in Figure 12.
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Figure 12. Level of Parents’ Education and Level of Persistence

Summary

Overall, the results suggest that numeracy ability does have a relationship with
aspects of adult learning. Adults’ readiness to learn had a strong positive correlation with
numeracy. The readiness to learn subscale included ideas related to cognitive processes
employed in learning, which would prepare an individual to take part in a learning
environment. There was a statistically significant, but not a practically significant,
relationship between numeracy and an uncompleted formal qualification or persistence
following an uncompleted qualification. Therefore, further analysis was carried out which
examined other factors associated with commitment to learning. Numeracy, and the
variable, highest level of parents’ education, showed a significant relationship. The

implications of these results will be further explored in the next chapter.
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Chapter 5

This research study was conducted to determine the relationship between
numeracy and adult learning readiness and commitment. A national dataset was selected
to ensure a large representative sample, sound instrumentation, and robust data collection
techniques. Quantitative analysis techniques were used to investigate the research
questions. This chapter will interpret the findings, examine their relationship to existing
research, and discuss implications of the study.

Discussion of Results

The first research question examined the link between numeracy abilities and
Readiness to Learn. The Readiness to Learn subscale variable represented a variety of
concepts that included relating new ideas to real life, partiality to learning new things,
desire to find solutions to difficult ideas, and exploring how ideas fit together. Often these
skills are associated with learner cognitive patterns and even more specifically
metacognition. Metacognition is a “consciousness of one’s own learning or rational
process; it is having an appreciation for the knowledge that you already have, knowing
how and making room for the knowledge you do not have” and is critical component to
learning (Chekwa, McFadden, Divine, & Dorius, 2015, p. 109). Since adult learning is
self-directed, metacognition is particularly important as it is foundational to self-
regulated learning (Azevedo, Moos, Johnson, & Chauncey, 2010; Winne & Hadwin,
2008). Previous research has shown that the construct of numeracy incorporates elements
of the cognitive process (Condelli, 2006, p. 7; Maguire & O’Donoghue, 2002). The

results of the present study further confirmed the link. When Readiness to Learn with
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numeracy were compared, a relationship existed between the two constructs. Thus, adult
learners with higher numeracy skills are more apt to be ready to undertake learning
experiences. Numeracy may be a construct that enhances adult learner metacognition
and other cognitive strategies preparing them to monitor and regulate their self-directed
learning.

The second research question explored numeracy abilities’ relationship to level of
education. These two variables were related but the relationship was not strong. While it
is not clear from the results if higher numeracy leads to the pursuit of more education, or
more education leads to higher numeracy, some relationship between the two elements
exists. The literature also is mixed on the numeracy and education interaction (Dion,
2014, Adelman, 2006; Stewart, Lim & Kim, 2015). Before these results are acted upon,
the connection between numeracy skills needs further investigation to determine if higher
numeracy abilities may cause higher levels of post-secondary attainment or the other way
around. In the current investigation, the ability to explore this relationship further was
not possible due to the use of an existing data set and lack of pre- and post-levels for

individuals.

The third research question examined the relationship between numeracy abilities
and dropping out of a formal qualification program. While there was a statistically
significant relationship, there was no practical relationship between these two variables.
One explanation for this is that dropping out, or not dropping out of education, may both
be wise choices. If an adult’s life circumstances are not conducive to investing in
education at a specific time, they may choose to drop out for a phase, which is a wise

choice (Comings et al., 1999; Comings, 2007, 2009). However, persisting in a linear
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fashion and not giving up despite difficult circumstances would also be considered a
sound decision. Conversely, dropping out or persisting can be poor choices depending on
the context of the decision. Since numeracy has been shown to correspond with better
decision-making, one might expect that little difference would exist between the two
groups, since individuals with high numeracy skills and low numeracy skills would be
represented in both groups (Benjamin, Brown, & Shapiro, 2013; French & Institute of
Medicine (U.S.), 2014; Jasper, Bhattacharya, Levin, Jones, & Bossard, 2013; Pachur &
Galesic, 2013; Peters, 2012; Peters et al., 2006). These data support that adults make
learning decisions that are best for their personal context, situations, and goals, skills, and
abilities may be a very small factor in that evaluation.

The final research question examined the relationship between numeracy ability
and persistence. There was a small relationship between these variables. Thus, higher
numeracy abilities may be a small part in commitment to learning. However, this
relationship was not robust. In light of this, further exploration revealed the importance of
considering parents’ education level in adult learning persistence. The parents’ education
variable not only captured the highest formal qualification attainment of the mother or
father, but also was recommended for use as an indicator of socioeconomic status by the
PIAAC framework (OECD, 2016). Parents’ education level revealed a relationship to
persistence and non-persistence of those who quit learning. Even more dramatic was the
relationship between parents’ education level and the highest education level attained by
those who quit formal learning, but reentered and persisted to attain a formal
qualification. The pattern supports similar findings from other studies, which have

defined a link between economic and cultural capital related to family background and
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learning attainment (Davis-Kean, 2005; Dubow, Boxer, & Huesmann, 2009; Ma, Pender,
& Welch, 2016).

Finally, a holistic look at the findings yields patterns that need exploration. If the
pursuit of formal qualification were viewed as a pathway depicted in Figure 13, the
progression would begin with Readiness to Learn (Stage 1). Then, as individuals began
their learning pathway, they would either continue straight to completion or drop out and
have an uncompleted degree (State 2). Finally, the path either culminates with non-
persistance after dropout, or persistence towards the learning goal without dropping out,
or in spite of a drop out (Stage 3). The process would then be repeated for each

subsequent degree.

Stage 1 Stage 2 Stage 3
Non-
Peristence
Readiness to Persistence
Learn
) Persistence

Figure 13. Learning Cycle

According to Comings (1999), adults who completed a degree, regardless of the
pathway taken, are persisting in education. Past research linking numeracy and the
learning trajectory suggested that increased numeracy does create a pathway towards
future learning (Metcalf & Meadows, 2009; Maclachlan et al., 2009). While the findings

of the present study confirm that higher numeracy abilities have a strong relationship
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with adults’ learning readiness, the relationship between numeracy and actual learning
commitment was not as convincingly powerful as the previous studies. One possible
reason is that the present study focuses on the learn pathway from high school all the way
to graduate studies, and the previous studies were typically focused on a singular learning
level such as numeracy course that led to enrollment in more courses (Metcalf &
Meadows, 2009; Maclachlan et al.). Thus, the examination of the holistic pathway of
learning readiness and commitment is unique to the current study.

The current study demonstrated that while numeracy had a large interaction at the
readiness stage, that influence significantly decreases as readiness moves towards
learning persistence decisions. Higher numeracy had a greater relationship in predicting
beginning readiness then predicting learning actions, such as completing a degree without
quitting (Stage 2) or persistence toward the end goal (Stage 3). The decrease of
numeracy’s role, when readiness (Stage 1) transforms into action in pursuit of learning
goals (Stages 2 and 3), could be a reflection of the powerful influence of variables that
are more important than ability (Boshier, 1973; Miller, 1967; Rubenson, 1977). These
personal or systemic barriers located in the educational structure may outweigh abilities.
The extended data analysis completed in the current study supports this conclusion. A
strong link was found between adults’ learning persistence after an uncompleted degree
and parents’ highest level of education, a variable that encapsulates both socio-economic
status and educational family experiences. Moreover, in the group of adults who persisted
despite dropping out of a formal degree program, parents’ education level was strongly

related to the level of education attained by these adult learners. This suggests that adults
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are influenced by the patterns of educational experiences in their family and may even be
influenced to persist beyond this based on aspirations of betterment.

In light of these findings, numeracy and decision-making are not as tightly
linked in education as in other behavioral economic fields. Education decisions may be
unlike the behavioral economic decisions in healthcare and finance, both of which have
demonstrated numeracy and decision-making are highly related. Adults are immersed and
shaped through the education process, the power of the social structures both internal to
the individual and external in the educational system likely play a more powerful role
than in medicine or finance where individuals interact on a more intermittent basis. Thus,
a more complex combination of variables than just numeracy needs to be examined to

understand adults’ readiness and commitment to learning.

Implications of Findings

Educators at all levels, but particularly in the realm of K-12 schools, seek to instill
the desire for lifelong learning in students. Educators recognize the importance of
creating a mindset in the learners where they view themselves as active and curious
information seekers who can make meaning of their own learning. The link between
numeracy and Readiness to Learn manifests a tangible mechanism to help develop this
skill. A focus on numeracy, not simply pure mathematics, within schools has the potential
to prime students towards a learning mindset. Thus, developing K-12 numeracy skills
could have potential impact into adulthood learning endeavors. The benefit of a formal
qualification have been extensively documented (Rose, 2013; Abel & Deitz, 2014). Thus,

encouraging numeracy development may be a potential factor to prepare learners to
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consider higher education when considered alongside other more personal and systemic
factors for adult learners.

While numeracy may largely influence individuals’ readiness, this influence on
education-related decisions declines, as readiness turns into persistence in a formal
learning institution. Thus, it is conceivable that the relationship between numeracy
abilities and educational decision-making becomes overshadowed by other internal and
external factors that affect adult learning decisions (Boshier, 1973; Miller, 1967,
Rubenson, 1977). The parental education level, an external factor, captures both a
reflection of an adult’s childhood socio-economic status and their family’s experience
interacting with the education environment. The strong impact presented in the study of
parents’ education on their adult children’s education trajectory provides strong support
of family engagement in K-12 and higher education. Sticht (2012) stated, when
discussion literacy skills that, “focus on a single life cycle fails to recognize the key role
that the education of adults plays in the transfer of literacy from one generation to the
next” (p. 63-64). Furthermore, this sentiment was shared by Dion (2014) suggesting that,
“Adults who do not feel that they are good at math — an attitude that often dates back to
their own experiences in school — may normalize poor numeracy skills and pass low
expectations on to their children, perpetuating a culture in which strong numeracy skills
are not valued” (p. 6). Education, in general, seems to follow the similar vein. Thus, a
multigenerational education intervention and increased school family engagement might
be necessary.

Social Reproduction Theory ascribes this multigenerational association to the

congruence of the individual’s social and cultural capital with the schooling system
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(Bourdieu, 1986; Giroux, 1983). Thus, educational systems become perpetuators of the
dominant culture, and learners who are not part of the dominant cultural experience
disconnection (Freire, 1970; Serna, 2015). Additionally, parent aspirations, or education
vision for their children, can impact education attainment (Attanasio & Kaufmann, 2009;
Foley, Gallipoli, & Green, 2014). In the K-12 setting, supporting family roles and
engagement are the norm. However, with independent adult learners, family interactions
look much different, but may be just as important for commitment to learning.
Limitations

The limitations of this analysis arise from the use of an existing data set. The
second research question could not be fully explored due the lack of pre and post
assessment data. Furthermore, the lack of access to participants does not allow for
follow-up for further quantitative and qualitative data collection that could add additional
depth to the findings. Finally, the use of the existing data set confined the additional
investigation that was performed to the variables and data that had been previously
collected.
Recommendations

The decreased interaction between numeracy readiness and numeracy persistence
is an area that warrants further exploration. External barriers such as the structure of
schooling may be a compelling factor in uncompleted degrees and non-persistent
learners. Thus, two lines of research could be examined. First, a replication of this study
using data from different countries whose education systems are dissimilar to those of the
United States could provide some new insights. Second, a closer examination of the

internal and external demographic variables that define the group of adult learners who

57



Numeracy and Adult Learning

are committed to learning with a particular focus on first-generation students. These
studies would further reveal the degree to which social reproduction theory, combined
with parents’ aspirations, create environments of success for adult learning.

Further study should also examine the link between numeracy abilities and level
of education. Due to the lack of access to pre- and post-data in the current study, the
connection between numeracy and education could not be explored further to determine
which variable was the causing the other to increase. It is recommended that future
research should examine the numeracy abilities in a longitudinal study that follows
individuals through numerous levels of education rather than at a single point in time.

Additionally, since education attainment across generations impacts learning
commitment, numeracy may also be a factor across these generations. Studies typically
view numeracy abilities as a variable isolated to an individual. However, since numeracy
contains elements of cultural context promoted in families, an examination of
multigenerational numeracy may yield understanding that could not be studied through
isolated case analysis. Thus, a multigenerational numeracy study, which also considered
internal and external demographic variables, could yield important information in
promoting better decision-making in education. Moreover, since medical history and
financial wealth also span generations and have a correlation to numeracy, further

research could provide new information in these areas.

Conclusion
Education is a vehicle that allows adults to construct industrious lives and be
involved, productive citizens in society. Their learning can be informal or lead to

acquisition of formal qualifications, but regardless the path is self-directed by the learner.
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The adult learner carefully balances their personal ambitions with the forces that they
must contend with to reach their final goal. Thus, to better understand adult learners, we
must understand the factors that affect their education-related decision-making process.

In the United States, education beyond high school involves investments of
personal and financial resources. Similar cost-benefit analyses occur when adults interact
with medical or financial decisions. In these venues, personal behaviors, such as
knowledge, beliefs, and values, distort pure economic decisions. In the fields of medicine
and finance, a link has been found between adult numeracy abilities and decision-making.
Thus, in the current study, numeracy abilities were explored to examine their link in
educational decision-making.

While numeracy had a statistically significant relationship with the variables,
Readiness to Learn, level of education, completing a degree with no hiatuses, and
persisting to complete a qualification after dropping out of a formal learning program, on
the Readiness to Learn relationship was sizeable. Additionally, a holistic pattern emerged
that demonstrated a significantly stronger direct relationship between numeracy and
Readiness to Learn than at either of the intersections where learners made persistence-
related decisions. This trend influenced further analysis of other variables. The variable
parents’ education was selected as it not only reflected the highest degree held in the
learner’s immediate family, but also was reflective of their childhood socioeconomic
status. For the adults who reported an uncompleted qualification, parents’ education not
only demonstrated their likelihood to persist and finish the uncompleted qualification, but

also revealed a strong relationship to the highest level of education that they would
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complete. Thus, the analysis confirmed that complex internal and external factors affect
adult learners and have a powerful impact on their learning pathway.

While numeracy skills were shown to matter in education decisions, they did not
solely capture the complex factors that are predictive of adults’ education pathways.
Since educational systems and values vary across the cultures, numeracy abilities may
show varying impact on education decisions across different contexts. Furthermore, as
the study and past research has revealed, education decisions, even in adult life are
influenced by multigenerational factors. Thus, future work should consider the abilities of
the family structure rather than isolating skills of individuals.

Insights gained through this project added to the pool of evidence that the
United States education system, P - 16 and beyond, has social and cultural barriers that
restrain some adults from obtaining the highest degrees of education. While numeracy
did not play a practical role in propelling adults along their learning pathway, there was a
strong relationship between adult learning readiness. This finding supports the
development of numeracy skills, not just pure mathematics skills, at all levels of
education to increase cognitive readiness of learners. These skills can easily be embedded
in existing school structures and may function to support learners. Furthermore, these
outcomes suggest that a strong multigenerational connection exists in learning pathways.
Thus, social and cultural capital, passed on from parents, shape education even into
adulthood. Therefore, the effectiveness of skill-related interventions will always be
moderated by other internal and external forces that exist within the educational pathways

of adult learners.
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