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Abstract

Introduction: Health numeracy is a necessary skill for accessing health
services. Immigrants have lower levels of health numeracy compared to host
populations which constrains their access to health information necessary to make
quality health decisions. Factors contributing to immigrants” low health numeracy
skills include language and mathematics self-efficacy. Language is associated with
how people acquire and process numeric information. Some languages have more
numeric concepts than others. Speakers of languages that lack one or more numeric
concepts may be constrained in the comprehension of health information that
contains such concepts. Moreover, they may lack the self-efficacy to engage in
numeric tasks containing such concepts. Therefore, the overall objectives of this
study were: 1) to investigate the effect of primary language and 2) mathematics self-
efficacy on its speakers’ comprehension of numeric health information presented in a
different language; and also 3) to investigate how speakers of low and high numeric
concept languages process numeric health information when the information is
presented in a language which is not their primary or first language.

Method: The study involved sixty Kikuyu (a low numeric concept language)

and sixty Mandarin (a high numeric concept language) speaking immigrants to



Canada. Demographic data was collected from the 120 participants using a general
information questionnaire. Numeracy was assessed using a context-free numeracy
tool (French Kit). Short test of functional literacy in adults (S-TOFHLA) and the
newest vital signs (NVS) were used to assess health numeracy and literacy, and self-
efficacy was measured with the Mathematics Self-Efficacy Scale (MSES) and the
Subjective Numeracy Scale (SNS). Processing of numeric health information was
assessed qualitatively using the think-aloud method. Descriptive statistics were
generated for performance in numeracy, health numeracy and literacy, and in
mathematics self-efficacy. Multiple regression analysis was conducted to determine
the predictors of numeracy and health numeracy. Protocol analysis was conducted
for the verbal information obtained from the think-aloud process.

Results: Mandarin-speakers had better scores in numeracy, health numeracy,
and in mathematics self-efficacy while Kikuyu-speakers had better scores in health
literacy. Regression models for numeracy and health literacy highlighted the
importance of language, mathematics self-efficacy, education, age, gender, and
duration of residency in Canada, and format of numeric health information. In
processing numeric health information, Mandarin-speakers were mostly intuitive

while Kikuyu-speakers were mostly analytical.



Conclusion: Primary language contributes to some of the differences in
numeracy and health numeracy skill of immigrant speakers of English-as-a-second
language. Mathematics self-efficacy may be an important factor in numeracy, and
health numeracy for Kikuyu and Mandarin speaking immigrants for whom English
is a second language. Speakers of a language with high numeric concepts may have
more skills with numbers and consequently be able to process numeric health
information intuitively compared to speakers of a language with low numeric
concepts. These findings imply that factors that explain low numeracy may differ
from those that explain low health numeracy in ESL immigrants. They also highlight
the need for more research on the effect of primary language on immigrant’s

comprehension of numeric health information.
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Chapter 1 Introduction

Numeracy and health numeracy are necessary skills in navigating the health
care environment. Numeracy is defined as the ability of an individual to understand
and use mathematical information for everyday function in the workplace, at school,
and in social contexts (Statistics Canada, 2005). According to the Skills for Life Survey
2011 (a survey on literacy numeracy and information and communication technology
skills in England), individuals with poor numeracy (level 1) earn an average of 26%
more than those with a level lower than 1 numeracy skills. They are also twice as
likely to be unemployed and they are 2.5 times more likely to report having chronic
illnesses or disabilities than individuals with higher numeracy level (above level 1).
Numeracy skills appear to have a greater effect on individuals’ labour market status
than do literacy skills (Green & Riddell, 2002). Although numeracy is an important
component of everyday life, even people with high numeracy skills may fail to apply
or effectively transfer those skills to other contexts, such as a health context; this skill
set is referred to as health numeracy.

Health numeracy is the extent to which people access, interpret, communicate,
and act on numerical, quantitative, graphical, biostatistical and probabilistic health

information in order to make effective health decisions (Golbeck, Ahlers-Schmidt,



Paschal, & Dismuke, 2005). Health numeracy allows individuals to apply numeracy
skills in health contexts (Reyna, Nelson, Han, & Dieckmann, 2009). Individuals with
low health numeracy skills have poor health outcomes compared to those with
higher health numeracy skills (Zanchetta & Poureslami, 2006). They have less
knowledge about health (Peters, Hibbard, Slovic, & Dieckmann, 2007; Peters, Slovic,
Vistfjdll, & Mertz, 2008), make less use of preventive health services (Huizinga, Beech,
Cavanaugh, Elasy, & Rothman, 2008), and may have greater disease consequences
due to failure to adhere to prescribed treatments and medication protocols (Apter et
al., 2006).

The distributions of numeracy and health numeracy skill are not uniform in
most populations. Low numeracy, health numeracy, and low health status are more
common among immigrants than in the general population (Shomos, 2010; Zanchetta
& Poureslami, 2006). In Canada, the increasing number of immigrants makes this
phenomenon a public health concern. Currently, immigrants constitute about 20% of
the Canadian total population and about 250, 000 immigrants arrive in Canada
annually; it is estimated that by the year 2030, immigration will be the single most
important factor in population growth in Canada (Statistics Canada, 2007).

Immigrants originate from different regions with different cultures and

languages. According to the 2006 Canadian census, over half (58.3%) of the
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immigrants were from Asia, 16.1% from Europe, 10.8% from Central America, South
America, and the Caribbean, 10.6% from Africa and the rest (4.2%) from the United
States. Immigrants in Canada speak a variety of different languages, with more
speakers of Chinese (18.6% either Cantonese or Mandarin), followed by Italian
(6.6%), Punjabi (5.9%), Spanish (5.8%), German (5.4%), Tagalog (4.8%), and Arabic
(4.7%) (Statistics Canada, 2009).

Many factors influence individual’s numeracy and health numeracy skills.
These include primary language, language of numeric information presentation,
level of formal education, age, and mathematics self-efficacy. For immigrants, the
duration of residence in the host country is also an important factor. Primary
language is a crucial component in people’s numeracy and health numeracy
competencies because it shapes the number word system, and plays an important
role in acquisition and expression of numbers and numeric concepts (Menninger,
1969; Spelke & Tsivkin, 2001). Speakers of a given primary language can efficiently
apply only the numeric concepts available in their language. Educational attainment
is related to the level of numeracy and health numeracy (Green & Riddell, 2002; Kirk
et al., 2012), with low levels of education being associated with low numeracy skills.
Age affects an individual’s numeracy as well; older individuals may have lower

numeracy arising from reduced physical and cognitive functioning (McGinnis, 2009;
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Willms & Murray, 2007). Mathematics self-efficacy reflects confidence in individuals’
perceived ability to successfully work or make sense of numbers and is also thought
to contribute to numeracy performance (Hackett & Betz, 1989).

The research described in this thesis attempts to address the issues of
numeracy and health numeracy among immigrant to Canada who are speakers of
English-as-a-second language (ESL). The overall objectives are to investigate: 1)
whether primary language (with respect to density of numeric concepts) affects its
speakers’ comprehension of numeric health information presented in a different
language, 2) the role of self-efficacy in mathematics in the comprehension of numeric
health information among immigrants with ESL, and 3 ) how speakers of languages
with low and high numeric concepts process numeric health information when the
information is presented in a language which is not their primary or first language.

The thesis is structured as follows. Chapter 1 (this chapter) is an overview of
thesis research. Chapter 2 provides the background of important areas covered by
the study, including information on numeracy and health numeracy, numeracy and
health numeracy skills in Canada in general, and among immigrant populations, and
factors affecting numeracy and health numeracy. Also covered is the effect of
primary language on the processing of numeric health information, a brief discussion

of the dual process theory of human information processing, and the effect of
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language on thought processes (Whorfian hypothesis). This chapter also covers
mathematics self-efficacy and mathematics anxiety, two important concepts which
affect individual’s numeracy skills as well as a brief consideration of assessments of
numeracy, health numeracy, and problem-solving of numeric tasks. The research
objectives, questions, hypotheses and study components are described in Chapter 3.
This is followed by a description of the methods used to collect and analyze data
(Chapter 4). Chapter 5 presents the findings from the three study components. The
thesis document concludes with a general discussion of the research findings, the

limitations, and implications for public health practice and research (Chapter 6).



Chapter 2

Background and Literature Review on Numeracy and Health numeracy

The research presented in this thesis describes the effect of primary language
and mathematics self-efficacy on numeracy and health numeracy among immigrants
for whom English is not their primary language. The discussion in this chapter
provides an overview and background about the constructs of numeracy, including
its relationships with literacy, mathematics, and health numeracy. In addition, the
chapter provides background information on numeracy and health numeracy in
Canada and among immigrants for whom English is a second language (ESL), and
factors affecting their numeracy and health numeracy. This chapter presents
background information on assessments of numeracy, health numeracy, mathematics
self-efficacy, and processing of numeric information. The presentation of
background material in this chapter is meant to give the reader an overview in order
to situate the thesis research. It is not meant to provide an exhaustive review of

literature.



2.1 Literacy, Numeracy and Mathematics

The term literacy is generally used to refer to both the ability to read and
understand written information (document literacy) and the ability to make sense of
numbers (numeracy). Therefore, numeracy is treated as a component of literacy
(Montori & Rothman, 2005; Nelson & Reyna, 2007). Some researchers however
differentiate the two constructs but acknowledge that literacy levels influence
numeracy (Charette & Meng, 1998). Nevertheless, numeracy is increasingly gaining
recognition as a distinct concept from literacy (Golbeck, Paschal, Jones, & Hsiao,
2011). Numeracy is also referred to as ‘quantitative literacy’ (Schwartz, Woloshin,
Black, & Welch, 1997), ‘statistical literacy” (Gal, 2000) and ‘mathematical literacy’
(Breen, Cleary, & O'Shea, 2009).

Numeracy is related to mathematics though considerable debate exists about
the distinction between the two concepts. Some investigators suggest that numeracy
and mathematics are distinct concepts with mathematics dealing with abstracts and
relationships between objects, and numeracy being perceived as contextual as well as
addressing real life situations (Steen, 2001). Others suggest that numeracy is the
ability to make sense of numbers, to understand how numerical concepts affect
people’s lives, and to use that information to make informed decisions (Adelswird &

Sachs, 1996).



A more extensive conceptualization of numeracy is that it entails the ability to
use quantities, to measure, and to calculate. Numeracy implies the sum of
knowledge, beliefs, inclinations and the life-skills that are used to address real life
issues that have mathematical components (Gal, 1995). In this sense, numeracy has a
functional role in the application of numeric or mathematical concepts and processes
to life situations (Steen, 2001). In the definition given in the Adult Literacy and
Lifeskills survey (ALL), an international comparative study conducted between 2003
and 2008 to provide information about adult literacy skills of the participating
countries including Canada, numeracy encompasses “the knowledge and skills
required for effectively managing and responding to the mathematical demands of
diverse situations” (Gal, van Groenestijn, Manly, Schmitt, & Tout, 2002, p. 4).
Numeracy is framed as behaviour that is “observed when people manage a situation
or solve a problem in a real context; it involves responding to information about
mathematical ideas that may be represented in a variety of ways; it requires the
activation of a range of enabling knowledge, factors, and processes” (Gal et al., 2002,
p. 7). This definition recognizes that the ability to understand numeric information
depends on the individual’s background, experience and context.

Gal (2000) suggests that adults do not solve mathematical problems like

students do in academic contexts. Rather, adults apply mathematical skills
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(numeracy) to manage specific real life situations. Numeracy situations can be
delineated into two broad categories: numeracy situations by external context or
activity, and numeracy situations by cognitive activity. Numeracy situations by
external context or activity include those where adults manage different situations
involving numbers, quantities, measurements, mathematical ideas, formulas,
patterns, displays, probabilities, uncertainties, and events. Numeracy situations by
cognitive activity include those that adults encounter every day and have real
implications for individuals. These situations occur in the “numeracy task space”
consisting of: 1) generative situations (whereby individuals engage in computational
and quantitative tasks), 2) interpretive situations (whereby individuals show an
understanding of verbal or text information based on quantitative data and for which
they are able to create an opinion) and, 3) decision situations (whereby individuals

seek multiple pieces of information before making a decision).

2.2 Health Numeracy: Applying Numeracy to Health
Numeracy or facility with numbers is important because health information
often includes approximations, percentages, probabilities, proportions and risk

assessment (Apter et al., 2006). The skills set necessary for individuals to adequately
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apply numbers in health settings is termed health numeracy (Nelson, Reyna,
Fagerlin, Lipkus, & Peters, 2008; Schapira, Walker, & Sedivy, 2009). Health numeracy
has been defined as “the degree to which individuals have the capacity to access,
process, interpret, communicate and act on numerical, quantitative, graphical,
biostatistical, and probabilistic health information needed to make effective health
decisions” (Golbeck et al., 2005).

Health numeracy is often subsumed under health literacy, a term most
authors use to represent the two constructs [see for example (Baker, Williams, Parker,
Gazmararian, & Nurss, 1999; Gazmararian et al., 1999)]. The Canadian Council on
Learning uses the collective term to describe health literacy and encompasses prose
literacy, document literacy and numeracy skills) (Canadian Council on Learning,
2008). Although health literacy and health numeracy are related, health numeracy
requires specific skills (Golbeck et al., 2011). Health numeracy proficiency can be
decomposed into different abilities: basic, computational, analytical, and statistical.
Individuals with basic health numeracy can make sense of simple information
involving numbers, those with computational health numeracy skills can perform
simple arithmetic operations such as counting, addition and subtraction, and those

with analytical health numeracy skills are not only competent in basic and
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computational domains but can also estimate and understand percentages and
frequencies(Golbeck et al., 2005).

Another way of describing health numeracy skills was developed by Schapira
and colleagues (2008). Here, health numeracy is considered in three broad domains:
(1) primary health numeracy skills which reflect one’s ability to use basic arithmetic
and to understand graphs, numbers, and dates, 2) applied health numeracy skills
which reflect one’s ability to use numbers in daily health care tasks, and 3)
interpretive health numeracy skill which reflects one’s analytical understanding so as

to apply quantitative skills to analyze a wide range of tasks in the health care setting.

2.3 Numeracy and Health Numeracy in Immigrant Populations

2.3.1 Numeracy and Immigrant Populations

Numeracy is an important component of human capital, playing an essential
role in labour market status, and positively affecting an individuals” earning capacity
(Charette & Meng, 1998; Dougherty, 2003; Green & Riddell, 2002). An important
survey that highlights the levels of literacy and numeracy across nations (including

Canada) is the 2003 International Adult Literacy and Skills Survey (IALSS) (Statistics
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Canada, 2005). The IALSS measures adults’ proficiencies in literacy, numeracy and
problem solving. Performance scores in all domains (prose literacy, document
literacy, numeracy, and problem solving) fall into five levels. In the numeracy
domain, those at Level 1 can understand basic numerical ideas and handle tasks
involving simple and explicit mathematical content. At Level 2, individuals are able
to handle simple tasks involving explicit mathematical content when there are few
distracters. At Level 3 individuals can understand mathematical information
represented in varying formats, and demonstrate higher facility with numbers. They
can identify and interpret numeric information presented in proportions, data and
statistics embedded in relatively simple texts where there may be some distracters.
At Level 4 individuals access and make sense of a broad range of abstract
mathematical information represented in diverse formats and identify numeric
information embedded in complex contexts and with many distracters. This level
requires individuals to solve problems using multiple processes, to reason, interpret,
understand and work with proportions and formulae. Finally, Level 5 is the highest
level in the TALSS and at this level, individuals have skills needed to work with
complex representations, abstract mathematical concepts and statistical ideas in any
context. They can draw inferences and justify processes used to get solutions to

problems.
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According to 2003 IALSS, 55% of Canadians aged 16 years and older scored at
or below Level 3 in the numeracy scale (Statistics Canada, 2005). A report on the
Adult Literacy and Lifeskills (2003 and 2008) surveys, provided a breakdown
showing that 46% of recent immigrants, (less than 5 years), and 64% of established
immigrants (more than 5 years) scored at or below Level 2 in numeracy compared to
non-immigrants (46%). In contrast, 54% of native born Canadians (i.e., non-
immigrants) relative to immigrants (41%) and established immigrants (43%) scored
at Level 3 and above in the numeracy measure (OECD & Statistics Canada, 2011).
Individuals scoring at or below Level 3 are uncomfortable with measurements,
estimations and mathematical logic, and in making decisions on the appropriate
operations needed to solve a particular problem (Rothman, Housam, Weiss, Davis,
Gregory, Gebretsadik, Shintani, & Elasy, 2006). One factor that is thought to
contribute to immigrants having low numeracy skills is because they may be fluent
in a language other than English or French; indeed, numeracy assessments are
usually given on one of the official languages in Canada. In addition, many
immigrants received their formal education in different systems, and again, in
languages other than in English or French. However, even people with high general

numeracy skills in one domain may fail to apply or effectively transfer those skills to
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specific contexts (Fischbein, 1989). The next section is a brief consideration of

numeracy in the health domain.

2.3.2 Health Numeracy and Immigrant Populations

Almost two-thirds (60%) of adult Canadians have low health literacy and
health numeracy skills, implying that they have difficulties accessing and using
health information to make informed decisions for their health (Canadian Council on
Learning, 2008). The growing immigrant population likely contributes to the low
level of health literacy in Canada. Immigrants” score in the 2003 International Adult
Literacy Skills Survey (IALSS) was below Level 3 in health literacy and health
numeracy, which was lower than the national average (Canadian Council on
Learning, 2008). Individuals with low health literacy are more likely to self-report
poor health status than those with high literacy (Simich, 2009). Low health numeracy
skill is also associated with less use of health information, poor management of time
and schedules for appointments, poor understanding of risk, poor adherence to
prescribed medicine, and inadequate control of diseases (Estrada, Martin-
Hryniewicz, Peek, Collins, & Byrd, 2004; Nelson et al., 2008; Schwartz et al., 1997;
Tokuda, Doba, Butler, & Paasche-Orlow, 2009).
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A study in the U.S. found that immigrant women with low health literacy and
numeracy skills were more likely to suffer from depression than those with high
health literacy numeracy skills (Bennett, Culhane, McCollum, Mathew, & Elo, 2007).
Another study, also based in the U.S. found an association between high diabetes
risk and low literacy and numeracy skills among Korean immigrants (Choi, Rush, &
Henry, 2013).

Among other factors, low numeracy and health numeracy skills have
contributed to immigrants’ low health status across most dimensions compared to
non-immigrants in Canada (Rootman, 2008). Immigrants in Canada are more likely
than non-immigrants to develop type 2 diabetes; prevalence rates are between 1.35 to
12% across immigrants groups, with Asians and Africans being at a higher risk of
developing the disease (Adhikari & Sanou, 2012; Creatore et al., 2010).

Numerous factors may affect immigrants’ numeracy and health numeracy

skills. Some of these factors are considered in the following section.
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2.4 Factors Affecting Numeracy, Health Numeracy and Processing of Numeric

Information

2.4.1 Effect of Primary Language on Numeracy

Language is interconnected with people’s lives and plays an important role in
the acquisition and expression of numbers and number concepts (Menninger, 1969).
The language in which people acquire numbers and numeric concepts influences the
efficiency of retrieval. Therefore primary language may be among the most
important factors that influence numeracy and health numeracy of immigrant
speakers of English-as-a-second language.

According to Kolers (1968), when multilingual individuals perform tasks
involving numbers, they use their primary or native languages, or the language in
which they acquired the mathematical skill. To illustrate, bilingual Russian and
English speakers learned sets of items in their two languages and were tested in both
languages for knowledge of the items. Participants were more efficient in retrieving
information about exact numbers (whole numbers, fractions, percentages, and so on)
in the language in which they first learned the exact number content (Spelke &
Tsivkin, 2001). Efficiency in retrieving information about exact numbers implies that

numbers and their meanings are closely linked to first language and that the
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meaning of numbers is confined to linguistic formulation specific to the language in
which the mathematical skill was acquired. Numbers and number concepts learned
in one language cannot be applied directly to other languages; they may have to be
modified or newly learned in a second language before they are applied (Kolers,
1968; Shanon, 1984). Therefore, the language in which an individual first learns
numeric concepts is important in the representation and retrieval of those concepts,
irrespective of the individual’s proficiency in other languages.

Representation of numerical information, however, varies across languages.
Differences in number word systems are thought to contribute to variations in the
representation and also in the mathematical performance among different groups
internationally (Miura, Okamoto, Kim, & Chang, 1994). Some languages have a
regular number-word system, whereas others have an irregular one. Dowker and
colleagues (2008) suggest some characteristics that differentiate regular from
irregular number word systems. These include: 1) the inclusion of number words in a
language, and if there is an upper limit to what can be counted (for example, in some
languages counting is limited to 2 and quantities above 2 are designated as “other”);
2) the base of the counting system (usually base 10, but other bases such as base 12,
for example, a dozen, are used; French also uses a variety of bases for decades after

sixty. For example, seventy is a base 10, while eighty and ninety are base 20. 3) The
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inclusion of a written number system in a language; 4) the regularity of the written
number system with regard to clear and consistent representation of the base used,
for example, base 10. The Roman system has an irregular system due to its
inconsistency in assigning different letters to different counts (for example, “I” for
units, “X” for tens, “C” for hundreds, and so on); and 5) the logical correspondence
between the spoken and the written number systems. In English for example, the
fraction “%” does not correspond to the written word “a quarter”. Hence the English
speaker has to learn to map the number into the word.

An example of regular and irregular number systems is the Welsh and English
languages. Welsh is more regular than English. In Welsh, knowledge of numbers 1 to
10 is enough for the speaker to construct other number words such as teens. To
illustrate, number 11 (eleven) is rendered “one ten one”, clearly linking the one and
the teen. In contrast, there is no clear link between the one and the teen in English,
and all teens and decades are presented as one word (e.g., ten, eleven, twelve,
thirteen; and twenty, thirty, forty) (Dowker et al., 2008). Even the rendering of
fractions can be regular or irregular. For example, in the Chinese number system, the
fraction %5 (one-third) is rendered “one part of three”, which makes it easier to show
the relationship between the numerator and the denominator. Similarly, in the

Korean language, %5 is rendered “of three parts, one”. In contrast, the English system
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is less clear; Y5 is rendered “one-third”; %2 and ¥4 are inconsistently rendered “half”
and a “quarter”, terms that do not show a clear link between the numerator and the
denominator (Ng & Rao, 2010). Whereas it is easier to follow the logic in the
construction of the number words in a regular system, the same cannot be said of the
irregular system.

Regular and irregular number systems may affect an individual’s performance
on numeric tasks. Dowker and colleagues (2008) involved twenty-six bilingual
Welsh-English speaking and monolingual English speaking children in a study using
three standardized tests: the Basic Number Skills test to measure written calculation;
the Wechsler Intelligence Scale for Children (WISC) Arithmetic subtest to measure
arithmetical reasoning using word problems, and the WISC Block Design subtest to
measure both nonverbal reasoning and number comparison. The bilingual Welsh-
speaking children were better than the monolingual English speakers in reading and
comparing 2-digit numbers. Adjusting for educational differences between the
groups, the variability in performance was attributed, in part, to the differences
between the language structures.

There have also been studies suggesting that the regularity of languages
contributes to the superior performance of children from East Asia in mathematical

tasks (Campbell & Epp, 2004; Miller & Stigler, 1987). In one such study, Miura and
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colleagues (1994) compared mathematics performance of children from China, Japan,
Korea, France, Sweden and the United States. The study involved 139 first graders
(mean age 6.7 years of age) who were tested individually in their primary languages.
All children were asked to use base 10 blocks to construct numbers. Chinese, Korean
and Japanese children showed an understanding of place value as indicated by their
use of tens and ones to represent numbers. French, Swedish and U.S. children used
collections of units implying that they were representing numbers as groupings of
counted objects. In addition, Asian-language speakers made two more constructions
for each number. The authors suggested that this showed greater ability to
manipulate numbers by Asian language speakers compared with non-Asian
language speakers. Miura et al (1994) postulated that Asian language speakers were
more skilled and efficient in the use of numbers than the non-Asian language
speakers.

Ng and Rao (2010) reviewed 108 publications that compared mathematical
achievement of students in Asian and Western countries. The review focused on
linguistic and cultural factors that influenced performance in mathematics across
nations. Among their findings were that number words in Mandarin gave an
advantage to children in learning and performing mathematical tasks. The number

words in Mandarin “are clear, transparent, straightforward, and conceptually well
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designed as well as being a logical representation of base-ten system” (Ng & Rao,
2010, p. 182). Another feature that the researchers reported was that numeric
concepts contained in a language contribute to the performance of mathematical

tasks. This is considered in the following section.

2.4.2 Primary Language and Quantity of Numeric Concepts

Numeracy can be influenced by many factors including numbers, counting,
numerosity, experience, expertise, cognitive processing, language, and subjective
dimensions. Particularly for speakers of English-as-a-second language, numeracy
can also be influenced by quantity of numeric concepts in the primary language.
These include constructs such as whole numbers, fractions, square roots, negative
numbers, exact integers, proportions and ratios (Feigenson, Dehaene, & Spelke,
2004).

Languages differ on the quantity of numeric concepts embedded in their
structure. A language could be designated as either low or high in numeric concepts
depending on the quantity of numeric concepts contained in it. A language with one
numeric concept (e.g., whole numbers, fractions, ratios, percentages) can be

considered a “low numeric concept” language, whereas a language with two or more
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numeric concepts can be considered a “high numeric concepts” language. This is
based on the fact that languages differ in the number words available in them (for
instance, e.g., the Piraha has an upper limit of 2 of the numbers available in the
number word system (Gordon, 2004). Languages also differ in the quantity of
numeric concepts embedded in their structure [Mandarin has whole numbers and
rational numbers embedded in its structure (Miura, Okamoto, Vlahovic-Stetic, Kim,
& Han, 1999)]. Languages such as Piraha would be categorized as a low numeric
concept languages, compared to other languages such as Mandarin, that have
embedded in their structure whole numbers, fraction and percentages. Similarly,
Kikuyu language (a language spoken by the Agikuyu people of Kenya) can be
considered as being of “low numeric concept” for having only 1 numeric concept
(whole numbers) but lacking concepts and words for fraction, proportions, and
percentages(Leakey, 1977). It is important to highlight how numeric concepts are
acquired.

There has been considerable debate about how people acquire number
concepts. Some researchers suggest that infants are born with innate basic or primary
quantitative abilities, such as counting (Geary, 2000; Butterworth, 2005). Others argue
that infants are not born with such abilities; they acquire the concepts as they

develop language skills (Condry & Spelke, 2008; Bloom, & Wynn, 1997). Still others
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suggest that a language involving exact numbers is a creation of specific cultures (W,
Everett, Fedorenko, & Gibson, 2008). In other words, different cultural groups
develop number systems and numeric concepts to address specific needs in their
contexts.

In spite of the debate, it is generally agreed that most numeric skills are
acquired in a deliberate manner, through culture and formal/informal education
(Geary, 2000; Kelly, Miller, Fang, & Feng, 1999). Pre-school children may acquire
numeric concepts outside the school environment, but they formally acquire such
concepts through the educational system. Therefore, aside from language, the design
and the implementation of the mathematics curricula are also important factors to
consider when comparing mathematical performances internationally. The following
is a brief comparison of mathematics curriculum focusing on two groups — Chinese
individuals receiving their education in China, and East African individuals
receiving their education in Kenyan. These two groups are highlighted because they

represent speakers of high versus low numeric concept languages.
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2.4.3 Language of Instruction in China and Kenya

In mainland China, the official language of instruction is Mandarin. In the first
term of the first grade, every child goes through four to six weeks of learning proper
pronunciation in Mandarin; this is considered the prerequisite for formal education
(Barnes, 1978). Mandarin has been shown to convey mathematical concepts more
clearly, aiding students to better understand concepts than would be the case if
English was the language of instruction (Wang & Lin, 2005). The mathematics
curriculum is designed to develop student’s problem solving skills (Cai & Nie, 2007).
According to the “Nine-year compulsory education in whole-day primary school

mathematics curricula” (http://ywb.cqu.edu.cn/CDYW/views/show-one-

item.do?id=35) the main mathematical concepts are introduced in Mandarin at the

elementary level, a period of six years. For example, basic counting, addition,
subtraction, multiplication, measurements, time and elementary geometry, are
taught in the first year. These concepts are further developed in subsequent years.
Fractions and statistics are introduced in the third year, and decimals and algebra are
introduced in the fourth year, prime numbers in the fifth year and percentages,
ratios, proportions and various ways of presenting data (various types of charts and
tables) are introduced in the sixth year. One of the guiding principles is the practical

application of mathematics in people’s lives. “Learning materials of mathematics
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should be practical, significant and challenging, and mathematics teaching methods
should be pragmatic, innovative and self-exploring” (Xie, 2009, p. 125).

Primary school education in Kenya is for eight years. The language of
instruction in the first three years (grade 1 to 3) is the primary language (or
vernacular) in rural schools; English and Kiswahili languages are used in urban
schools due to the diversity of languages represented. English is the only language of
instruction from grades 4 onwards (Bunyi, 1997; Cleghorn, Merrit, & Abagi, 1989).
According to the Primary Education Syllabus (Ministry of Education, 2002),
mathematics concepts introduced in grade 1 and 2 include whole numbers
(counting, reading and place value), addition, subtraction, multiplication, division,
measurements and geometry. In grade 3, more content is added to the concepts
introduced earlier, while additional concepts are introduced. These include fractions,
measurement (length, mass, capacity, money, time) and geometry. Grade 4 builds on
concepts introduced earlier, with some additions in measurement (area and volume).
Algebra, tables and graphs are also introduced at this level. Content for grade 5
consists of all the concepts introduced earlier, with only one single addition: scale
drawing, where the students learn proportions in linear measurements. Percentages
are introduced in grade 6, as are time and speed, and more geometrical concepts.

Ratios and proportions are introduced in grade 7. Grade 8 covers all the
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mathematical concepts introduced in the earlier grades. Students are also prepared
for the national examination. Those who pass the national examination proceed to
secondary education.

An important difference in delivering mathematics curricula in China and
Kenya is language. In China the curriculum is delivered consistently in the primary
language throughout the education system. This consistency is absent in Kenya
where the language of instruction changes in grade 4. Moreover, unlike the case of
Mandarin, all the mathematical concepts, except whole numbers, are foreign to
Kenyan languages such as Kikuyu. This implies that these mathematical concepts
cannot be introduced during the early years of education, unless they are first
translated and delivered in vernacular, potentially introducing confusion in the
learning process (Cleghorn et al., 1989). Most Kenyans, including those living in
urban areas, speak English as a second or third language (parenthetically, the author
of this thesis has English as his third language). Thus, Kenyan and Chinese children
may be exposed to the same concepts in elementary education, but the Chinese
children may learn them more efficiently and more consistently than Kenyan

children.
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2.4.4 Effect of Mathematics Self-efficacy on Performance in Numeric Tasks

Self-efficacy is the belief and conviction of an individual’s perceived ability to
perform a task and produce the expected outcome; self-efficacy influences or
regulates behavioural outcomes (Bandura, 1977). Beliefs reflect individuals’ views of
themselves and their surroundings and what they think about their abilities, issues,
and objects (Macleod, 1992). Beliefs and the related concept, attitudes, affect an
individual’s performance positively or negatively in all tasks (Eagly & Chaiken,
2007). It has been argued that self-efficacy influences, and is itself influenced by,
outcomes (Kirsch, 1982; Williams, 2010). This suggests that success in a specific task
results in greater self-efficacy in the future performance of the task.

Self-efficacy in mathematics refers to an individual’s perceived ability to work
with or to make sense of numbers. This plays an important role in the willingness to
attempt to solve problems involving numbers (Pajares & Miller, 1994). Among ways
that mathematics self-efficacy help improve performance is by reducing mathematics
anxiety, a condition that affects some people when presented with mathematical
problems to solve (Ashcraft & Moore, 2009; Hackett & Betz, 1989; Hopko,
Mahadevan, Bare, & Hunt, 2003; Pajares & Miller, 1994). Initially mathematics
anxiety was seen as one-dimensional (Suinn, Edie, Nicoletti, & Spinelli, 1972) but

subsequent studies revealed that it is multidimensional. Rounds and Hendel (1980)
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identified two factors that constituted mathematics anxiety and labeled them
“mathematics test anxiety” and “numerical anxiety”. A subsequent study suggested
mathematics test anxiety and numerical anxiety were separate constructs (Kazelskis
et al., 2000).

Mathematics test anxiety is fear of math tests and math courses, while
numerical anxiety is fear stemming from everyday situations involving the use of
numbers (Kagan, 1987). Numerical anxiety seems to be related to individual’s
disposition or attitude towards numbers, and may be the most important factor in
mathematics anxiety (Kazelskis, 1998). Mathematics and numerical anxiety may
occur if the individual lacks confidence (or self-efficacy) to perform mathematical
tasks; if the problems are new, if the problems are perceived to be complex, or if the
time to solve the problems is limited (Hoffman, 2010). Self-efficacy reduces

mathematics and numeric anxiety and improves numeric problem-solving.

In the next section, the influence of language on numeric information processing is
considered. A brief review of the Whorfian hypothesis (linguistic determinism) is also

presented.
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2.4.5 Effect of Language on Information Processing

The role of language in cognitive processes has received extensive attention
(Brysbaert, Fias, & Noél, 1998; Hunt & Agnoli, 1991; Kay & Kempton, 1984; Macchi &

Bagassi, 2012; Macchi & Bagassi, 2012). Macchi and Bagassi (2012) have suggested that
language and thought “share a unitary cognitive activity” (p. 54). It has also been
suggested that retrieval of basic numbers in mathematics problem-solving episodes
depends on auditory and verbal representations of the first or primary language
(Dehaene, 1992). The idea that language and cognition are inter-related has been
termed the “Whorfian hypothesis”. Although this thesis research does not address
the Whorfian hypothesis with respect to the processing of numeric information, the
role of language in acquisition, representation and retrieval of information needs to
be briefly considered.

The debate on the influence of language on thought is based on variants of the
Whorfian hypothesis on linguistic relativity or linguistic determinism. One form of
the hypothesis suggests that language controls both thought and perception and a
variant of the hypothesis asserts that language only influences, but does not
determine, thought (Hunt & Agnoli, 1991; Kay & Kempton, 1984). According to the
latter perspective “the presence of a language structure facilitates or hinders

formation of certain concepts” (Zhang & Schmitt, 1998, p. 376). Zhang and Schmitt
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enrolled Chinese and English speaking participants in studies that showed that
linguistic structures in the respective languages (the lexicon and the syntax) affected
participants’ perception and memory of objects. Hunt and Agnoli (1991) argue that
although perception may not be affected by language, memory is. Memory is derived
from the direct record of the sensory information at the time an event is perceived,
and an indirect record of how individuals linguistically describe the event to
themselves; memory is affected because it is coded by language, and memory is
important in information processing as shown in the following section.

Human'’s cognitive processing is based on information available in the short-
term memory, also known as working memory, and in the long term memory.
Researchers suggest that to process information, people use one of the two systems,
either an intuitive approach or an analytical one. These systems have been unified
under the dual process theory (Evans, 2003; Sloman, 1996; Stanovich & West, 2002).
More recently some models have emerged that incorporated the relationship
between language and thought into the dual process models (Evans & Frankish,
2009; Macchi & Bagassi, 2012). Broad characteristics of the intuitive and the analytic
systems are described below.

The intuitive system is associative, holistic, automatic, and relatively quick

with low cognitive demands. It is acquired through life-long personal experiences

30



and it is highly contextualized, whereby the reasoning processes are linked to the
problem content (Evans, 2003; Klaczynski, 2001; Stanovich & West, 2002). Intuition
helps individuals speed up the processing of mathematical concepts (Giardino, 2010).
Intuition stems from experience and exposure to mathematical concepts and
processes, which contributes to the development of mathematical sense by
generating knowledge. This knowledge is stored in the long term memory in the
form of a schema. A schema has been defined as “a program which enables the
individual to 1) record, process, control and mentally integrate information, and 2)
react meaningfully and efficiently to the environmental stimuli” (Fischbein, 1999, p.
39). Schemas are working models and knowledge systems comprising of past
information, behaviours and experiences (Anderson, 1984).

According to Hunt and Agnoli (1991), numerical schemas represent highly
restricted schemas in that some numerical concepts and processes are not universal.
The authors cite as an example the ease with which English speakers express the idea
that if there are 49 men and 37 pairs of shoes, some men will have no shoes. Some
languages like Piraha discussed earlier have limited numbers and their speakers
would have difficulties because 49 and 37 are not part of their number schemas

(Gordon, 2004).
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Intuitive processing of numbers involves tapping into an already existing
program that contains all acquired numbers and number concepts. Since
mathematical intuition depends on background, knowledge and expertise,
individuals relying on intuition processing would be fast in task performance and
comprehension of numeric information (Dehaene, 2009; Giardino, 2010).

In contrast, analytical processing is rule-bound, relatively slow, and controlled
and it uses considerable cognitive resources and requires substantial mental effort
(Chandler & Sweller, 1991; Evans, 2003; Sloman, 1996; Stanovich & West, 2002).
Analytical processing is decontextualized, in that the underlying reasoning processes
are uncoupled from the problem content (Stanovich & West, 1997). Ability to use
analytical processing is acquired through cultural and formal training (Evans, 2003;
Sloman, 1996; Stanovich & West, 2002). Compared to intuitive processing,
individuals who engage in analytical processing of numeric tasks would have slow
performances and lack expertise in the domain (Giardino, 2010). Indeed, analytical
processing is activated when an individual lacks the ability to solve a problem on the
basis of prior knowledge from a similar situation (Anderson & Aydin, 2005;
Giardino, 2010). Analytical processing also occurs when individuals are faced with
difficulties in the reasoning process, for instance, due to the level of difficulty in the

task as well as when the purpose of information processing is deductive, such as
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when drawing conclusions from a wide range of information sources. In such
situations, more time and mental effort is required (Alter, Oppenheimer, Epley, &
Eyre, 2007; Klaczynski, 2001).

Others argue the opposite: novices process information intuitively while
experts process information analytically (Pretz, 2008). However, experts solve
mathematical problems intuitively and novices solve mathematical problems
analytically. Fischbein (1987) posited that through intuition, experts “generally grasp
the universality of a principle, of a relation, of a law, of an invariant, through a
particular reality” (p. 50).

As described earlier in this chapter, primary languages shape the number
word system and play an important role in the acquisition of numeric concepts and
numeric skills. However, numeracy or facility with numbers is also affected by
personal factors, especially an individual’s confidence, or lack of it, to successfully
engage in tasks involving numbers. Whereas individuals with greater confidence or
mathematics self-efficacy are likely to perform well in numeric tasks, those with low
mathematics self-efficacy may have anxiety towards mathematics which can affect

their performance, as discussed below.
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2.4.6 Factors Affecting Health Numeracy

The factors discussed above can certainly affect health literacy and health
numeracy. Indeed, research has shown a strong association between education and
health literacy (DeWalt, Berkman, Sheridan, Lohr, & Pignone; 2004; Cho, Lee,
Arozullah & Crittenden, 2008). In their study on determinants of health literacy, Sun
et al, (2013) found that one level increase in education attainment was associated 2.35
points increase in health literacy score. Another factor that affects health numeracy
and health literacy is literacy. Although literacy is related to education, it is also
distinct from it, and levels of education attainment are not necessarily related with
levels of literacy (Health Canada, 1999). According to Kickbush (2001) health literacy
is a discrete form of literacy that can be acquired through education and through
other ways, including personal interest and motivation. Literacy, independent of
education, has been shown to affect health literacy. In a study on the relationship
between literacy, education and hypertension knowledge and control, Pandit et al.
(2009) found that literacy independently predicted blood pressure control and,
moreover, mediated education and hypertension knowledge. Health literacy is also
affected by prior knowledge. In the study cited above, Sun et al. (2013) reported an

association between prior knowledge of health issues and health literacy, especially
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for younger individuals. Therefore, factors that affect numeracy may differ from
those that affect health numeracy.

In the following section, a brief overview of how numeracy, health numeracy,
math self-efficacy, and numeric information processing is given. This section is not
meant to be exhaustive but rather, to highlight some of key instruments and

approaches that have been used in the literature.

2.5 Assessment of Numeracy, Health Numeracy, Mathematics Self-Efficacy and

Processing of Numeric Information

2.5.1 Assessing Numeracy

Assessing adult numeracy is challenging for a number of reasons. Swain and
colleagues (2008) lists some of these challenges. Firstly, numeracy, literacy, and
language are intertwined. Although numeracy problems can be presented in texts,
pictures, diagrams, orally, or in written form as numbers and symbols, an individual
with difficulties in any of these areas may not perform well in an assessment.
Secondly, adults” numeracy practices are as diverse as adult individuals, and their

occupations and skills are embedded in specific contexts (Coben et al., 2003). This
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diversity in numeracy practices is illustrated by considering what an individual in
construction may use compared with those involved in retail trade. Thirdly, an
individual’s achievements in numeracy at a given time and place may not translate
into the same level of performance at a different time and place. For instance, adult
immigrants may have specific numeracy and mathematical skills gained in their
countries of origin. However, due to differences between immigrants’ country with
regard to the educational systems and language of instruction, these skills might not
be adequate for effective functioning in their new (host) environment (Shomos, 2010).
The fourth challenge is personal factors such as attitudes, beliefs and anxiety which
affect performance and which may be difficult to measure.

The Adult Literacy and Lifeskills (ALL) survey (described in an earlier
section) provides five facets of numerate behaviour to consider when assessing
numeracy in adults. These are: 1) context (managing or solving a problem in a real
situation), 2) responses (identifying or locating information, acting upon, interpreting
and communicating), 3) mathematical information (quantity and number, dimension
and shape, pattern, function and relationships, data and chance and change), 4)
representation of mathematical information , and 5) other enabling factors (problem

solving skills, literacy skills, beliefs and attitudes and numeracy related practices and
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experiences (Gal et al., 2002). These facets of numerate behaviour mirror situations
individuals encounter in their daily living.

Most instruments that assess adult numeracy are generally designed for
teaching and learning environments. For instance, standardized assessment tools
such as the comprehensive adult student assessment system (CASAS) and the tests of
adult basic education (TABE) provide a simple summary score of adults’ literacy and
numeracy attainment after completing certain levels of training in the United States
(Cumming & Gal, 2000).

One of the most used instruments, the French Kit (The Manual for Kit of Factor
Referenced-Cognitive Tests, 1976) (Ekstrom, French, Harman, & Dermen, 1976), has a
more general use compared to CASAS and TABE. The French Kit comprises 72 factor
referenced cognitive tests developed for use in research to measure a wide range of
cognitive processes including verbal ability, reasoning, spatial ability and memory.
Among the French Kits subtests is the number facility (or number facility forms 1 - 4)
which assesses facility and speed in the performance of basic arithmetic operations.
The number facility factor is composed of four tasks: the addition test, the division test,
the subtraction and multiplication test, and the addition and subtraction correction test.
The addition, the division, the subtraction and multiplication tests assess speed and

accuracy of operations, and the score is assessed as the number of correct items for
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each item. The subtraction and multiplication test involves alternating 10 items of
subtracting 2-digit numbers from 2-digit numbers and 10 items of multiplying 2-digit
numbers by single digit numbers. The final test is the addition and subtraction
correction test, which is a recognition task.

All or a select number of French Kit number facility tasks have been used
extensively in research. Bermingham et al. (2013) used the number facility factor to
measure the role of numeric ability and the use of cognitive strategies in predicting
everyday number recall among one hundred participants aged between 18 and 69
years. There was no significant relationship between numeric ability and overall
recall and forgetting activity. However, according to these researchers, numeric
ability moderated the relationship between strategy use and recall and higher
numeric ability contributed to the strategy and recall of numeric information. In
another study using the addition subtest, Campbell and Xue (2001) enrolled
Canadian Chinese (CC), non-Asian Canadians (NAC) and Chinese university
students educated in China (AC) to examine retrieval and procedural strategies for
simple arithmetic. The two Chinese groups relied on retrieval strategy (intuitive
processing) while the NAC group relied on procedural strategy (analytical
processing) for addition and multiplication tasks. Overall, the two Chinese groups

(CC and AC) outperformed the NAC group in the arithmetic tasks.
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2.5.2 Assessing Health Numeracy

Assessment of health numeracy is as challenging as the assessment of
numeracy. In most studies, health numeracy is treated as a component of health
literacy (for example, see Gazmararian et al., 1999; Kim, 2009; Wolf, Gazmararian, &
Baker, 2005). However, health numeracy is a distinct skill that should have
independent measurements (see Golbeck et al., 2011; Rothman, Montori,
Cherrington, & Pignone, 2008). A range of measurements referred to as assessment
tests (Straus, Sherman, & Spreen, 2006) are used among other things, to collect
patients” information in many areas of cognitive abilities such as reading and
mathematics. Examples include the Woodcock-Johnson Tests of Achievement III (W]
1T ACH) (Woodcock, McGrew, & Mather, 2001a) (Woodcock et al., 2001a), the Wide
Range Achievement Test —Revised (WRAT-3) (Wilkinson, 1993), and the Kaufman
Functional Academic Stills Test (K-FAST) (Kaufman & Kaufman, 1994). These are
briefly considered below.

The Woodcock-Johnson Tests of Achievement III (W] III ACH) assesses
academic achievements of children and adults (from 2 years to over 90 years old). It
contains 22 subtests which can be administered individually or in clusters depending
on need. The test covers reading, mathematics, written language, oral language and

general knowledge. The examiner can derive scores at different levels that is, at the
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cluster, or at the subtest level. The W] III was designed to 1) diagnose learning
ability, 2) determine discrepancies (intra-achievement and ability-achievement), 3)
plan educational programs and assess achievement over time” (Straus et al., 2006, p.
392). Each subset takes 5 to 10 minutes to administer. The math area (tests 5, 6, 10 and
18) covers calculation (simple additions to complex equations), math fluency (basic
single digit addition, subtraction and multiplication), applied problems (analyzing
and practical math problems), and quantitative concepts (identifying mathematical
terms and formulas, and identifying numbers and patterns). The test has high
reliability (r=.98) with all areas of the test having reliability levels above .80. There is
no information on the use of the test among minority groups or people from across
cultures (Straus et al., 2006).

The Wide Range Achievement Test —-Revised (WRAT-3) was developed to
assess academic achievements of children and adults (from 5 years to 74 years and 11
months old). It is also widely used to screen individuals’ learning ability in basic
reading, spelling and arithmetic (Klimczak, Bradford, Burright, & Donovick, 2000;
Straus et al., 2006). Each subtest takes 15 to 30 minutes to administer. The
mathematics subtest assesses counting, basic arithmetic and written computation and
takes 15 minutes. There is no composite score for the tests. WRAT- 3 has an

academic orientation (Klimczak et al., 2000) and, as such, may not be as applicable to
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non-school populations. Moreover some authors suggest that the test overestimates
achievements, especially in mathematics, and there is no information on its
appropriateness for use among people from different cultures (Snart, Dennis, &
Brailsford, 1983; Straus et al., 2006). WRAT-3 has also been criticized for being too
brief to adequately cover the reading and arithmetic domains (Flanagan et al., 1997).

The Kaufman Functional Academic Skills Test (K-FAST) (Kaufman &
Kaufman, 1994) is a neuropsychological test that assesses individual’s reading and
mathematical skills necessary for daily living. For example, the arithmetic
component measures individual’s ability to handle situations that involve
mathematical operations such as balancing of chequebooks and shopping. K-FAST
can be used as a test of academic achievement, and also to diagnose disabilities in
reading and mathematics (Klimczak et al., 2000). The test consists of the reading and
the arithmetic subsets and can be administered to individuals aged 15 to 85 years,
and it takes about 15 to 25 minutes to administer. Klimczak and colleagues found K-
FAST and WRAT-3 to be highly correlated and Flanagan et al. (1997) suggested that
K-FAST is a measure of academic skills.

Other instruments exist, but they either measure specific abilities, or they are
designed for use in specific disease- or practice-related areas. For example, the Rapid

Estimate of Adult Literacy in Medicine (REALM) was developed to measure health
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literacy only (Davis et al., 1993). It is a word recognition test that is used to assess an
individual’s ability, to read and pronounce, but not necessarily to understand,
words. Disease- or practice-specific tests include the Diabetes Numeracy Test (DNT)
(Huizinga et al., 2008), the Test of Health Literacy in Dentistry (TOFHLiD) (Gong et
al., 2007), the Oral Health Literacy Instrument (OHLI) (Sabbahi, Lawrence,
Limeback, & Rootman, 2009), the anticoagulation scale (Estrada et al., 2004), and the
Asthma Numeracy Questionnaire (ANQ) (Apter et al., 2006). Another test, the
Medical Data Interpretation Test (MDIT) (Schwartz et al, 2005), assesses an
individual’s understanding of medical statistical data. These tests may not be
appropriate for general use in the population and have not been validated with
speakers whose native language is not English (although REALM is available in a
Spanish language version).

There are however, some instruments designed for more general usage in the
health domain. One such instrument is the Test of Functional Health Literacy in
Adults (TOFHLA) (Parker, Baker, Williams, & Nurss, 1995) which measures
individuals” ability to perform tasks requiring reading and numeracy skills in health-
related contexts. The test consists of a reading comprehension component (50 items)
and a numerical component (17 items). All items are drawn from information used

in hospitals, such as prescriptions and patient education materials, and are
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contextualized for a U.S. audience (Mancuso, 2009).The comprehension component
of TOFHLA utilizes a modified cloze procedure where individuals read and fill-in
words that have been deleted from a passage (Hafner, 1966). The numeric
component is presented orally with the interviewer reading the question and the
participant supplying the answer. It assesses an individual’s ability to understand
simple information on blood sugar, following prescriptions, keeping doctor’s
appointments, and understanding simple instructions on financial help. Both the
prose and the numeracy scores are weighted. A score of 0 to 59 indicates inadequate
health literacy; a score of 60 to 74 indicates marginal health literacy, and score of 75
to 100 indicates adequate health literacy. Although the test has high reliability (.98), it
takes 22 minutes to administer and it is timed. The length and the timing could be
potentially frustrating to individuals and the TOFHLA has more prose than numeric
items (50 versus 17). It has been criticized as being biased towards health literacy
rather than a balanced measure of health literacy and health numeracy (Mancuso,
2009).

The S-TOFHLA is a short version of TOFHLA (Baker et al., 1999). It includes
36 prose and 4 numeracy items that take 7 minutes and 5 minutes respectively to
administer. Similar to full TOFHLA instrument, the prose component of the

shortened version utilizes the cloze procedure with contents drawn from medical
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instruction used to prepare for a medical procedure, information of Medicaid
insurance and patient rights. The four questions of the numeracy component assess
understanding of instructions on a prescription bottle, ability to determine correct
blood sugar and identifying time of appointment on a card. The scores are weighted
for the prose component (72) and for the numeracy component (28) with a composite
score of 100. A score of 0-53 indicates inadequate, 54 - 66 indicates marginal, and 67-
100 indicates adequate health literacy and numeracy. The prose component has a
reliability of .97 and the numeracy component .68. As with TOFHLA, the numeracy
score is subsumed under the composite S-TOFHLA score.

Another measure of health numeracy is the Newest Vital Signs or the NVS
(Weiss et al., 2005). The NVS has been used to screen patients” ability to read a
nutrition label and apply the prose and numeric information to answer six questions
that tap literacy and numeracy skills (Mancuso, 2009). The instrument takes three
minutes to administer, and scores range from 0-6 points. A score of below 4 indicates
inadequate literacy and numeracy. The NVS has adequate reliability (Cronbach’so: =
0.76) and correlates marginally with TOFHLA (r=0.59, p< 0.001). NVS takes less time
to administer. However, the NVS has been criticized for having high sensitivity and
low specificity, implying it might misclassify individuals with high health literacy

and numeracy skills and overrate those with low skills (Mancuso, 2009).
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Nevertheless, NVS has been used in many studies, including one that assessed levels
of health literacy and numeracy among caregivers in type 1 diabetes control (Hassan
& Heptulla, 2010). Literacy and numerical skills of caregivers were found to be
important in glycemic control of their children with type 1 diabetes. Another study
using the NVS among adults in Turkey found that 72% of the participants had
inadequate health literacy and numeracy (Ozdemir, Alper, Uncu, & Bilgel, 2010).
Another measure of health numeracy is the 8-item test developed by Lipkus
and colleagues (2001) and tailored for use in health settings. It assesses people’s
abilities in probabilities, proportion and percentages. This test has adequate
reliability (Cronbach’s a: = 0.75) and it has been used to measure health numeracy
(Donelle et al, 2008). In addition, there is the 3-item general context numeracy
instrument that is used to measure general ability in numbers (Schwartz et al., 1997).
It includes three questions that measure individual’s ability in probability,
percentages and proportions and it has been used together with other instruments to
assess health numeracy (Donelle, Hoffman-Goetz, Gatobu, & Arocha, 2009; Sheridan,

Pignone, & Lewis, 2003).
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2.5.3 Assessing Mathematics Self-Efficacy

Affective factors, such as belief and attitudes, reflect individuals” view of
themselves and their surroundings and what they think about their abilities, issues,
and objects (Macleod, 1992). The association between affective factors and
performance in mathematics has been extensively studied (Gierl & Bisanz, 1995; Ma
& Kishor, 1997; Ruffell, Mason, & Allen, 1998), and measures have been developed to
examine this relationship. There are a number of instruments to measure
mathematics self-efficacy. The three most widely used are highlighted below.

The most extensively used instrument is the Fennema-Sherman mathematics
attitudes scales (FSMAS). The FSMAS are described as a 9 domain specific Likert-
types scales designed to measure student’s attitude in learning mathematics
(Fennema & Sherman, 1976). The nine specific scales are 1) the attitude toward
success in mathematics scale (AS) which measures students” perceived consequences
as a result of success in mathematics; 2) the mathematics as a male domain scale
(MD) which measures the degree to which students perceive mathematics as a male,
neutral or a female domain; 3) the mother (M) and the father (M) scales that assesses
students’ perception of their parents” (mother/father) interest in mathematics, and
their confidence in the students’ ability in mathematics; 5) the teacher scale (T)

which assesses the perceived teachers attitude towards students” mathematics

46



ability; 6) the confidence in learning mathematics scale ( C) which assesses students’
confidence in their ability to learn and perform mathematics tasks; 7) the
mathematics anxiety scale (A) designed to assess feelings of anxiety, unease and
discomfort while doing mathematics; 8) the affectance motivation scale in
mathematics (E) which measures affectance ranging from lack of involvement to
enjoyment and actively seeking challenges in mathematics; and 9) the mathematics
usefulness scale (U) which assesses students” perception of the usefulness of
mathematics in their lives. The reliability for all scales ranged from .86 to .93
(Mulhern & Rae, 1998). The complete instrument was designed for school and college
level students with 4 of the scales (confidence, usefulness, success and anxiety) more
appropriate for college level populations (Wikoff & Buchalter, 1986). The usefulness
of the FSMAS outside of a classroom setting is not clear.

The Mathematics Self-efficacy Scale (MSES) was developed to examine beliefs
regarding ability to perform various math-related tasks and behaviours (Betz &
Hackett, 1993). The instrument is based on three areas relating to mathematics self-
efficacy expectations: 1) everyday mathematics tasks (for example balancing a
chequebook), 2) a test of mathematics mastery and knowledge (for college courses);
and 3) math problems. The MSES consists of 52 items on which individuals rate their

confidence on a 10 point Likert-scale, ranging from no confidence at all (0) to
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complete confidence (9). The internal reliability of the whole instrument is excellent
(.96). The internal consistency of math tasks self-efficacy subscale is also excellent
(.90), for the college courses (.93), and for math problems (92) (Betz & Hackett, 1993).
The MSES has previously been used to show the association between teachers’
mathematics self-efficacy mathematics teaching efficacy, and teachers” mathematical
performance (Bates & Lathan, 2011).

The subjective numeracy scale (SNS) measures an individual’s subjective
feelings about numbers (Fagerlin et al., 2007). The SNS comprises the ability subscale
(questions 1-4) and the preference subscale (questions 5-7). It has good internal
reliability (a = 0.85) and adequate validity (r = 0.68) and it takes about 5 minutes to
administer. As an example of the SNS, Paulson and Colleagues (2010) investigated
neural activity patterns associated with numerical sensitivity in adults. They found
an association between brain and behaviour measures of number discrimination. The
SNS has been also been used to assess people’s perception of a graphical ladder and
how the perception was related to their subjective numeracy (Hess, Visschers,
Siegrist, & Keller, 2011). The SNS is thought to be less intimidating for adults than

other tests because it contains no numbers.
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In the next section, ways of assessing problem-solving skills are described. As
with measurement of numeracy and health numeracy, assessment of problem-

solving is also challenging.

2.5.4 Assessing Problem-solving Approaches

Information processing and problem solving approaches can be assessed by
analyzing written and verbal protocols obtained as individuals solve a problem
through the think-aloud process. The think-aloud method is based on the
information-processing model (Newell & Simon, 1972) whereby information in the
short-term memory (STM) is verbalized while solving the problem (Trickett &
Trafton, 2009; van Someren, Barnard, & Sandberg, 1994). Concurrent verbalization
reflects what is happening as the individual solves the problem (Ericsson & Simon,
1980). In the problem solving process, verbalizing during a problem solving episode
has little or no negative effect on the performance (Ericsson, 2003). Single person
protocols, as opposed to protocols from groups, provide the best insight on cognitive
processes during a problem solving situation (Schoenfeld, 1985).

Protocols generated through concurrent verbalization differ from those
generated retrospectively. In retrospective generation, individuals first solve the
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problem and later explain how they did it. Unlike concurrent protocols, retrospective
protocols draw information from the long-term memory. According to Nisbett and
Wilson (1977), retrospective protocols may contain errors because individuals are
constrained in the information they can draw from the long-term memory. A related
problem is where an individual describes or explains the process and by so doing,
the individual thinks and refers back to what he or she did rather than actually doing
it. The individual may also explain what he or she thinks is desirable and not what is
actually happening during the problem—solving episode (Ericsson, 2003). However,
retrospective protocols are useful in memory research or when studying experts,
with the objective of understanding the knowledge used when they perform tasks in
their domain of expertise (Arocha, Wang, & Patel, 2005; Austin & Delaney, 1998).
The use of the think-aloud method and verbal data has been extensive
particularly in clinical contexts (Elstein, Shulman, & Sprafka, 1978; Elstein, Shulman, &
Sprafka, 1990; Fonteyn & Fisher, 1995; Lundgrén-Laine & Salanterd, 2010). Others have
used the method to examine problem solving skills of engineers on the Internet
(Hoppmann, 2007), and to study problem solving approaches among physics

students (Thorsland & Novak, 1974).
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2.5.4.1 Problem-solving Frameworks

Several frameworks have been developed to analyze mathematics verbal
protocols. For example, Garofalo and Lester’s framework (1985) categorizes the
metacognitive actions which take place during problem solving as 1) orientation (or
the strategic behaviour individuals use to make sense of a problem); 2) organization
(how individuals plan and select what actions to take to solve the problem); 3)
execution (implementation and monitoring of the strategies and actions) and;
verification (final evaluation of both the orientation and organization phase); and 4)
the execution phase. Artz and Armour-Thomas’s cognitive-metacognitive framework
consists of eight problem-solving episodes: read, understand, analyze, explore, plan,
implement, verify, watch and listen (Artz & Armour-Thomas, 1992).The authors
categorize an episode as either cognitive, metacognitive or both due to the
overwrapping of these actions during problem-solving. Yimer and Ellerton’s
framework (2010) incorporates most of the areas in the earlier frameworks. This five-
phase framework includes engagement (the initial exposure attempts to understand
the problem); transformation-formulation (exploring and planning to engage the
problem); implementation (acting on the plans); evaluation (assessing
appropriateness of the plans, actions and solutions); and internalization (looking

back on the whole process; the affect part of the problem solving).
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The frameworks discussed above are based to a large extent on the work of
Schoenfeld (1985) which describes the cognitive and the metacognitive behaviours
people engage in as they solve mathematical problems. The framework comprises 4
categories which include 1) resources, that is the mathematical knowledge that an
individual brings into the problem-solving context; 2) heuristics, that is that the
strategies and techniques that the individual uses to solve the problem; 3) control,
that is decisions on what resources and strategies to use; and 4) belief systems or
disposition, that is the individual’s views and feelings about mathematical tasks in
general, the problem at hand and the context. The cognitive and metacognitive
behaviours or episodes are 1) reading, 2) exploration, 3) planning, 4) implementation,
5) planning-implementation and 6) verification. Schoenfeld’s framework has been
extensively used in mathematical problem-solving research and training (for
example, Hannah, Stewart, & Thomas, 2013; Kennedy, 2009).

To summarize the key points of this brief literature overview, health
numeracy skill enables individuals to access and utilize health information presented
in numbers in order to participate meaningfully in their health care. Immigrants not
only have low health numeracy, they have low health status compared to non-

immigrants in Canada and this may reflect low health numeracy (directly or

52



indirectly). Many factors including the structure of primary language, numeracy
skills and mathematics self-efficacy can affect health numeracy among immigrants.

There are several assessment tools of numeracy, health numeracy and self-
efficacy. Some of the numeracy tools are oriented for school performance and others
are used to measure learning outcomes for adult learners. However, others such as
the French Kit can be used in different contexts to measure basic numeracy and
processing of numeric information.

Health numeracy is difficult to measure as there is no instrument that has
been designed to capture this construct independent of literacy. Among those which
have been used is the TOFHLA which is long and has a heavy administration
burden. A shorter version, the S-TOFHLA, has been developed and both instruments
have more literacy than numeracy items. Nevertheless, they have been validated and
extensively used in health literacy and health numeracy research. The Newest Vital
Signs (NVS) measures both health literacy and numeracy although the numeracy
component is embedded in text, and requires prose skills to perform it. NVS is also
used widely in health literacy and health numeracy research, even in samples of
speakers of English-as-a-second language (ESL). Also reviewed were measures of
self-efficacy in mathematics. The Fennema-Sherman mathematics attitudes scale

(FSMAS) has many subscales that are mostly relevant for assessment in academic
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settings. The everyday mathematics task component of the mathematics self-efficacy
scale (MSES) taps the appropriate skills needed by adults to engage in their daily
lives, and the subjective numeracy scale (SNS) is non-threatening since it does not
involve any numbers, therefore it can be used among low numerate groups. The
context-free arithmetic tasks and subjective measures (such as the MSES and the
SNS) are useful in assessing numeracy and health numeracy among adults.
Qualitative measures, such as the think-aloud, can be used to gain insight into the
actual processing of numeric information, especially among people for whom

English is not their primary language.
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Chapter 3

Research Objectives, Questions, Hypotheses and Components

3.1 Research Objectives

This research has three main objectives: To understand (1) whether the
primary language of immigrants speakers of English-as-a-second language (ESL) in
Canada affects their comprehension of numeric health information presented in
English; (2) the role mathematics self-efficacy plays in numeracy and health
numeracy performance among immigrants with ESL; and (3) how speakers of low-
numeric concept vs. high numeric concept languages process numeric health
information, when the information is presented in a language other than their
primary or first language. The underlying research question is as follows: Does
comprehension of numeric health information presented in English differ between ESL

speakers of low numeric concept languages versus high numeric concept languages?
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3.2 Assumptions Underlying this Research

The structure of the primary language (number of numeric concepts, number-
word systems) may affect performance in numeracy and health numeracy tasks.
However, other factors such as mathematics self-efficacy, education, language of
mathematics instruction and age may also affect numeracy and health numeracy
skills. Individuals can intuitively or analytically solve problems involving numbers
depending on their primary language and their mathematics self-efficacy. Therefore,
this thesis research is based on three assumptions:

First, primary language is important in acquiring and processing of numeric
information (Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999) and speakers of one
language may be limited in the processing and comprehension of numeric
information presented in another language, particularly if the numeric concepts in
the second language are absent in the primary language. Second, speakers of a high
numeric concept language have high mathematics self-efficacy, as expected of
individuals with expertise and prior experience in the use of numeric concepts
available in their primary language (Miura, 1994). Mathematics self-efficacy affects
not only performance in context-free mathematics tasks, but it is also transferred to
health contexts that involve numbers. Third, depending on the primary language

(with greater or fewer numeric concepts), and prior experience and expertise in the
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use of the numeric concepts (which may also increase the level of self-efficacy),
individuals will process numeric information either more intuitively or analytically

(Fischbein, 1999).

3.3 Research Rationale

In Canada, most numeric health information is presented in one of the two
official languages, English or French. However, the Canadian population is diverse
in terms of the languages spoken. This linguistic diversity may be an obstacle to the
successful access of health services due to the inability to communicate health
concerns in English or French, and to understand health information presented in
either of the two languages (Asanin, & Wilson, 2008; Kirmayer et al., 2007). The
difference in the population size of the various immigrant groups may also pose a
problem in the provision of health information. Some groups, such as the Chinese,
constitute a sizable proportion of the Canadian population, whereas other groups,
such as those from Kenya and East Africa only constitute a very small portion of the
Canadian immigrant population. It is reasonable to assume that the health
information needs of bigger groups are more likely met while those of smaller

groups may not be met. To illustrate this, Mandarin or Cantonese speaking
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immigrants, because of their large number can access health information in their
primary languages in Canada while others with fewer numbers, such as the Kikuyu-
speakers from East Africa, cannot access similar health information. Moreover, it is
easier to mobilize resources and to design health education and health intervention
initiatives for a community with a large population than it is for a community with a
small population. Such interventions have greater impact due to the numbers
involved. The smaller groups (in terms of population demographic within Canada)
need to be fluent in either English or French to enjoy similar information access
privileges as their Mandarin and Cantonese counterparts.

To date, there is no published research on the effect of primary language
number systems (including number word structures and quantity of numeric
concepts) on the comprehension of numeric health information among immigrant
populations for whom English is a second language. Also, research is lacking on the
effect of mathematics self-efficacy on health numeracy among immigrants, and on
how speakers of languages that differ in the quantities of numeric concepts
embedded in their language structures process numeric health information. These
gaps in research are important to address because Canada continues to attract large
numbers of immigrants, from diverse language and educational backgrounds, who

appear to have low numeracy skills. Information on the effect of primary language
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and mathematics self-efficacy on numeracy and health numeracy skills, and the
general approach of processing numeric health information by immigrants with ESL
could help public health educators and policy makers to meet the health information
needs of immigrants in Canada. The following is a description of the specific

questions, hypotheses tested, and the rationale underlying each of them.

3.4 Research Questions and Hypotheses

Question 1: Do ESL speakers of a low numeric concept language compared with
high numeric concept language differ in their comprehension of numeric health

information presented in English?

Hypothesis 1: Comprehension of numeric health information presented in English is
greater for speakers of a high numeric concept language than for speakers of a low
numeric concept language.

This hypothesis is based on studies showing that people use their primary
language to process numeric information (Dornic, 1979; Kolers, 1968; Miura et al.,

1994; Shanon, 1984). To illustrate, a functional magnetic resonance imaging (fMRI)
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was used to study the processing of numeric information among Chinese learners of
English. Participants were imaged as they performed calculations, parity judgments,
and linguistic tasks in their language 1 (Mandarin) and language 2 (English). Results
showed that calculation tasks in the second language (English) were done through
the first language (Mandarin) (Wang, Lin, Kuhl, & Hirsch, 2007). The results
suggested a strong interaction between language and performance in mathematics

(Campbell & Epp, 2004).

Question 2: Do ESL speakers from a primary language with low numeric concept
differ in reported math self-efficacy from those with a high numeric concept

language when performing numerical and health numeric tasks provided in English?

Hypothesis 2: English-as-a-second-language speakers of a high numeric concept
language are more confident in their ability to perform numeric and health numeric
tasks than are ESL speakers of a low numeric concept language.

The rationale for this hypothesis comes from the observation that mathematics
self-efficacy influences and is itself influenced by outcomes of behaviour, and that
high self-efficacy reduces the level of math anxiety caused by unfamiliarity and
discomfort with numbers (Ashcraft & Moore, 2009; Hopko et al., 2003). Personal

60



experience in a given discipline improves performance and forms the basis of self-
efficacy (Rosenstock, Strecher, & Becker, 1988). For example, Hoffman (2010)
investigated the association between mathematics anxiety and self-efficacy in
mathematics problem solving efficiency of teachers-in-training and found that self-
efficacy predicted both efficiency and accuracy in solving mathematical problems

among the teachers.

Question 3: Do ESL speakers of a low numeric concept language compared with
speakers of a high numeric concept language use different strategies

(intuitive/analytical) to process numeric health information presented in English?

Hypothesis 3: Speakers of a low numeric concept language use analytical strategies
while speakers of a high numeric concept language use intuitive strategies to process
numeric health information presented in English.

This hypothesis is based on findings showing that in mathematical settings,
intuition gives people immediate understanding of the problem (Fischbein, 1987).
People with experience and expertise in mathematics solve mathematical problems
relatively faster than others who do not have such experiences and expertise
(Giardino, 2010). Further, people with practical experiences solve problems and
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make decisions intuitively because they already have the needed resources in their

long term memories (Peters et al., 2008).

3.5 Study Components

Figure 1 below presents the study components and the measurements used in
the thesis research. The components include the overall question (comprehension of
health numeric information by immigrants with English-as-a-second language) and
the main determinants, and primary language and participants” perception of their
confidence in mathematics. The last component is the approach (intuitive or

analytical) that immigrants with ESL use to process numeric information.
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Comprehension of numeric health
information by ESL Immigrants

— ™

Study 1: Role of Study 2: Role of Study 3: Processing of
primary language * self-efficacy © numeric information °

Mathematics
Health Numeracy Self-Efficacy Intuitive/analytic

(S-TOFHLA, NVS) >° (MSES, SNS)® (diabetes
information) ©

Numeracy (French Kit) @<

Figure 1: Representation of the research studies and the assessment tests
used in each study.

The arrows show the study components and the related measures used for each

component. The letters in superscript indicate the measure used in each component:

a. Study 1 assessed health numeracy (using S-TOFHLA and NVS) and numeracy

(using the French kit tasks for numeracy);

b. Study 2 assessed the role of mathematics self-efficacy (using the MSES, the

SNS, and French tasks for numeracy); and

c. Study 3 assessed processing of numeric information using the French kit

numeracy task and a diabetes information task developed for this research.
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Chapter 4

Methods

4.1 Pilot Study

This study involved two groups of immigrant speakers of English-as-a-second
language (ESL) from Kenya (Kikuyu-speakers) and China (Mandarin-speakers). The
two groups were selected because their primary languages differed in terms of the
number-word structures and the quantity of numeric concepts embedded in the
language structures. The two groups also differed in another important aspect which
reflects the challenge of meeting health information needs of immigrants in Canada.
The Chinese (Mandarin-speakers) are the largest immigrant population in Canada
and consequently can more easily attract resources to have health information
available in their language. The Kenyan immigrants constitute a small proportion of
immigrants in Canada and are thus unlikely to have information available in Kikuyu;
hence they rely on English to access health information in Canada.

This was in many ways an exploratory study and a pilot study was considered
necessary before undertaking a larger investigation. There were several reasons for
thinking a preliminary or pilot would be a useful step. First, no known (published)

study has study has compared comprehension of numeric health information
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between two English-as-a-second language (ESL) immigrants in Canada with regard
to numeric concepts contained in their primary language. Second, although studies
have been conducted on the effect of mathematics self-efficacy in mathematics
performance, there is no literature on the effect of mathematics self-efficacy on health
numeracy. Third, Chinese constitute a sizable proportion of the Canadian population
while Kenyans are very few in comparison. While it was assumed that it would be
easier to recruit Chinese participants, the same could not be said of recruitment of
Kenyan (Kikuyu-speaking) participants. It was felt that since information exists on
the challenge of recruiting Spanish ESL participants for studies (Thomson &
Hoffman-Goetz, 2011) such information for other immigrant groups including
Kenyans would be helpful in future research. Fourth, although the instruments
identified to measure numeracy and health numeracy have been widely used in
various populations, the instrument used in the think-aloud process was developed
specifically for this study and needed to be pretested with a smaller sample. The
following question based on some of these issues guided the planning of pilot study.
1) How easy/difficult would it be to recruit participants from the two ethnic (Chinese
and Kenyan) groups, and what would be the best strategy? 2) How appropriate
were the instruments for use among the two immigrant groups? 3) How

relevant/culturally sensitive were the instruments? 4) How much time was adequate
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for the administration of all the instruments? And, 5) what did the participants think
about the instruments, the questions, and the process?

The objectives of pilot study were to: 1) assess the process of recruiting
participants; 2) test all the instruments with regard to relevance and cultural
sensitivity and get feedback from participants; and 3) assess the administration of the

data collection exercise in terms of respondent time burden.

4.1.1 Sample Recruitment and Setting

The pilot study involved a sample of 10 participants drawn from Kikuyu-
speaking (Kenya) and Mandarin-speaking (China) immigrants, residing in the
Kitchener-Waterloo Region of southern Ontario, Canada. The study strategy
involved the following steps: 1) Recruiting a sample of 10 (5 participants from each
group) men and women who: a) were 40 years and older, (b) were bilingual (that is
able to speak and write in their primary language and in English), c) had lived in
Canada for not more than 15 years, and d) were willing to attend one individual

interview session and one focus group discussion session at the University of
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Waterloo. Prescreening was done all potential participants to ensure they were not
on treatment for any chronic disease.

The rationale for involving participants who were 40 years and older was the
need to involve participants who had lived in their mother countries for most of their
lives and therefore were assumed to be proficient in their primary language. Since
learning and attaining proficiency in a second language is related to the age at
immigration (Stevens, 1999), participants in this study would have limited English
language skills. In addition, this study involved participants who had lived less than
15 years in Canada. Although the cut-off for recent and established immigrants is 5
years, length of stay does not seem to improve levels of numeracy among
immigrants. In fact, recent immigrants (less than 5 years residency in Canada) seem
to have better numeracy than established immigrants (more than 5 years residency)
(Statistics Canada, 2005). Based on this, and for practical reasons of recruiting enough
participants, the cut-off for this study was set at less than 15 years.

Participants for the pilot study were recruited separately from those involved
in the main study. Recruitment was done through contacts in community centres in
Waterloo Region and through personal phone calls to potential participants. Those
who were identified were requested to suggest other participants who were later

approached and requested to participate in the pilot study. All potential participants
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received an information letter with details of the study. All the sessions took place at
the University of Waterloo during the day. All aspects of the pilot study were
approved by the University of Waterloo Ethics Committee for Research involving

humans.

4.1.2 Measures and Procedures

The instruments identified for the study were the Newest Vital Signs (NVS),
the Short Test of Functional Health Literacy in Adults (5-TOFHLA), the Mathematics
Self-Efficacy Scale (MSES), the Subjective Numeracy Scale (SNS) and the French-Kit.
In addition, the two instruments developed for the study were a general information
questionnaire and the think-aloud exercise. The general information questionnaire
was adapted and modified from published research on English-as-a-second
language-speaking Canadian populations (Todd & Hoffman-Goetz, 2010). The think-
aloud task was developed by the student researcher and the supervisors base on
diabetes diet information.

The pilot study was conducted in two sessions. The first session involved

interviews with individual participants, while the second session was a group
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discussion involving all the 5 participants per language group, on separate days for
the Kikuyu- and the Mandarin-speakers. Both sessions were held at the University of

Waterloo.

4.1.2.1 Individual Interviews

Individual interviews were conducted in a quiet room at the University of
Waterloo for approximately 1 hour and 30 minutes. For comfort and to be culturally
safe for participants, a Mandarin-speaking facilitator was always present when
Mandarin-speaking participants were being interviewed. First, participants filled the
general information questionnaire, followed by the Subjective Numeracy Scale. Next
was the S-TOFHLA numeracy and prose exercises. The MSES was administered
subsequently followed by the NVS and the French-Kit (addition and addition and
subtraction correction). The Think-aloud exercise was administered last. Following
are details of the administration process.

Participants started by filling the general information questionnaire. This
instrument had items that covered various issues of interest, such as everyday
language usage, the language spoken as a child, the language used in elementary
education math instruction, and the language used when talking with healthcare

providers. This questionnaire was followed with the SNS where participants were
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instructed to self-assess their math ability and preference on a scale from 1 (not good
at all) to 6 (extremely good). All questions except question 7 (which was reverse-
coded 6-1) were scored on a Likert-Scale from 1-6. The SNS score was the average
rating across the 8 questions. The scores for each item were tallied and the final score
indicated the individual’s reported anxiety level, with 6 being the highest level. SNS
ability subscale score was the average rating on questions 1-4 and the SNS preference
subscale score was the average rating on questions 5-8.

Participants were next introduced to the S-TOFHLA. Although they were not
informed, participants were expected to take 5 minutes on the numeracy component
and 7 minutes on the comprehension component. For the numeracy component, the
interviewer gave participants cue card in the following sequence: 1) information on a
prescription bottle, 2) prompt card with information on blood sugar level, 3)
appointment card, and 4) information on prescription bottle. Participants read the
information and orally answered the questions that were read to them. Each correct
answer was awarded 7 points, with a maximum of 48 points.

Participants were then given the comprehension component of the S-TOFHLA
which was self-administered. The interviewer secretly timed the process, noted the
point at which the 7 minutes were used and carefully stopped the participant with

words like “You can stop now. I think I now have all the information I need form
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that exercise. Thank you very much”. The S-TOFHLA comprehension score was
calculated by awarding each correct answer 2 points, up to a total of 72 points for the
32 items. Together, the numeracy and the comprehension scores constituted the
individual’s S-TOFHLA score. This score reflected whether the individual had 1)
inadequate functional health literacy (0-53), 2) marginal functional health literacy
(54-66), and 3) adequate functional health literacy (67-100).

After the S-TOFHLA, the MSES was introduced. The MSES involved
answering 18 questions on a Likert scale from 0 (no confidence at all) to 9 (complete
confidence). This instrument was self-administered and participants used pencil and
paper to mark their level on the scale. The MSES score was obtained by summing the
response numbers given to each of the 18 items in the scale and dividing that sum by
18, to derive an average score.

The next exercise was the NVS. Participant were given and asked to read a
laminated copy of the nutrition label of an ice cream can. After reading, they were
asked the six NVS questions based on the label. Participants referred to the nutrition
label when answering the questions. The questions were asked orally and the
responses were recorded on a score sheet. This process took about 3 minutes. The

maximum NVS score is 6 points, with each correct answer getting one point.
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The exercise to test participants’ response time and facility with simple math
process involved two arithmetic tasks from the French-Kit (addition, and addition
and subtraction-correction test). To avoid anxiety, participants were not informed
that the exercise was timed although each exercise was supposed to take 2 minutes.
In the addition exercise, participants wrote solutions to a set of arithmetic problems.
Each correct answer was awarded 1 mark. In the second exercise, participants were
asked to mark “C” (correct) or “I” (incorrect) beside each answer of the math
problem. The score for this exercise was the number of items marked correctly minus
the number marked incorrectly.

The final exercise was the think-aloud. Participants were given information on
diabetes diet involving whole numbers and fractions. The problems were developed
from diabetes information from the Canadian Diabetes Association website, and
involved five items that included simple addition, division and/or multiplication.
The task was to calculate the daily diet intake of a mother who had diabetes.
Participants were asked for permission to be audio-recorded as they did the exercise,
because they were supposed to “think aloud” as they solved the problems. If a
participant was silent, the researcher politely reminded him of her to “think aloud”.
Study participants were advised to focus on solving the problem and to only express

their thoughts verbally. The recording from the think-aloud exercise were
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transcribed and analyzed and the results were used to develop the think-aloud task

for the main study.

4.1.2.2 Group Discussion

The group sessions were held on separate days for the Kikuyu- and
Mandarin-speakers. The sessions were held in a comfortable and well-lit room at the
University of Waterloo. Participants were welcomed into the room and asked to pick
a name tag. They were asked to write down one name that they wished to use in the
session. They were also asked to pick a drink, i.e., water or juice and an apple and
then take their seats.

The moderator thanked them for attending this session and reminded them
that they would be discussing the activities that they had done individually in the
previous session. They were asked to freely express their feelings and were assured
that the discussions were confidential. They were also informed that the objective of
the discussion was to improve the interview exercise for others who would be taking
part in the main study, and that feedback was very important. To ensure correct
record of the proceedings, the moderator asked for their permission to audio-record

the discussion. The participants agreed and each of them signed the consent form.
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The discussions began immediately after that. The group discussion guide is

presented in Appendix D.

4.1.3 Results and Conclusion

Overall, participants did not have concerns about the general information
questionnaire once they understood why the questions were being asked. As a result
of the pilot study, two items were added to find out what language participants used
when they interacted with fellow community members and with their family
members. The student researcher felt that would provide information on what
language participants used in various settings and provide information about their

level of integration into the Canadian society.

4.1.3.1 The Newest Vital Signs

The main issues about the NVS hinged on the relevance and familiarity with
nutrition labels among Mandarin-speakers. They pointed out that they were not
tamiliar with the various terms used on nutrition labels. They also noted that they
paid little attention to nutrition labels because they purchased wholesome foodstuffs

from Chinese stores. With regard to the administration of the instrument,
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participants had a problem following the interviewer as he read the NVS question.
Participants preferred being given the questions to read for themselves, alongside the
interviewer. The following is the excerpt on the proceedings of the group discussion

with the Mandarin-speaking group.

Moderator: What did you think about this exercise?

Voice 5: I remember you gave me that on... (NVS)...we specialize in Chinese... I am
not specializing in this...confusing

Voice 2: In Chinese we cook natural...vegetables...less people eat that canned food...we
do not read that label... we rarely buy those things.

Moderator: Thank you... that was our next item. I am glad you have introduced it...
what do you think we can improve in this? Something you think we can do to make it
better for other people?

Voice 5: I think the questions are enough

Voice 4: (Speaking in Chinese ...)

Moderator: Please say that in English so we can all understand what you are saying...
Voice 3: Some people can read...others cannot read...

Voice 2: It’s ok for me...but we don’t focus on that when we buy things...
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Moderator: What about some of the Chinese who are training people in
nutrition...don’t they tell people about this?

Voice 2: Every time I buy veggies, we always buy fresh...the Chinese food...we use
veggies and meat... different from our lifestyle

Voice 3: I have started reading that because my husband has cholesterol...my doctor
suggested he joins a class to study...first time he came and taught me about that
label...sometime my son comes from school and tells me about this label?
Moderator: So, what did you find very hard... was this making sense to you?
Voice: Yes

Moderator: What was very hard about this exercise?

Voice 2: The exercise is not hard...but the exercise is not familiar to us...

Voice 4: I have a question...when you read I cannot understand...

Moderator: Thank you...I have been told that I speak very first...

Voice 4: The question is very long...Question 5...

Voice: would it be helpful if you had the questions printed for you?

Voices: yes...

Moderator: Thank you...thank you very much...

Is there something else you would like to say?
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Voice: 5 Chinese culture is very different...we need to pay more attention to this
information...we need to learn to...

Voice 1: We do things by instinct...we rarely use specific measurements...

The Kikuyu-speaking group’s concerns about the NVS included unfamiliarity
with nutrition labels, and lack of interest. Two relevant comments are presented

below.

Voice 1: I think what they show...they indicate the exact presentation...and unless you
know how to decipher it, it is of no use to you at all...so if you go through this instead
of panicking...if you do not know then you do not know...the questions are
good...people realize, I see this every day but I have no idea what it is...unless you are
in the medical field.

Voice 2 : The way I look at it, I have only seen somebody start paying attention to this
table because of something...somebody goes for medical check-up, and then the doctor

starts complaining about cholesterol and calories, then they single out daily calories...
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4.1.3.2 S-TOFHLA Numeracy Component

Most participants did not have any concerns with the S-TOFHLA numeracy
components. However, during the individual interviews, three participants (one
Mandarin- and two Kikuyu-speakers) had difficulties removing themselves from the
context and thought the question on blood sugar referred to their personal health
status.

One Kikuyu-speaker had this to say:

Voice 4: I think the purpose for this is to show how easy it is for people to get
confused...you might assume...for me I had to read again to get it...especially when you

are rushed...is it my blood sugar...?

4.1.3.3 S-TOFHLA Literacy Component

On the S-TOFHLA literacy component, one Mandarin-speaking participant
felt that the exercise had many unfamiliar words and wanted to know if the words
could be replaced. Another Mandarin-speaking participant felt that the instructions
were not clear. Consequently, in the larger study words like Medicaid and TANF
were replaced with OHIP and “extra health insurance” to reflect the Canadian

context.
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4.1.3.4 Subjective Numeracy Scale (SNS) and Mathematics Self-Efficacy Scale
(MSES)

There were no difficulties or concerns raised by the pilot study participants
with the SNS. Most participants were also comfortable with the MSES, although two
Mandarin-speakers had difficulties understanding some phrases such as “mark-
down”. This was later replaced with “discount”. Another Mandarin-speaker did not
see the relevance of the instruments in the health context. However, it was explained
that the instrument was used to help individuals to assess their own confidence in

the use of numbers. One Kikuyu-speaker commented on the range of the scale:

Voice 4: The graduations are very many...each category had many options...for

example: little confidence has three choices. ..

However, the range could not be changed without compromising the

character of the instrument and was used in the main study as originally developed

by the originators of the scale.
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4.1.3.5 French Kit

With regard with to the French-Kit addition, and addition and subtraction-
correction exercises, participants thought the two exercises needed to be shortened.
One Kikuyu- and one Mandarin-speaker wanted the addition and subtraction-
correction exercise to be modified. Another one wanted the addition problems to be
separated from the subtraction problems in the recognition test. One Mandarin- and
one Kikuyu-speaker felt there were too many for them to solve and the number of
items needed to be reduced. However, these changes were not possible because this
would again compromise the character of the instruments. To minimize math anxiety

due to timing, instructions on timing in the two instruments were deleted.

4.1.3.6 Think-aloud Exercise

The think-aloud task generated some useful feedback especially from the
Mandarin-speakers. The task concerned diabetes and involved adding the grams for
individual food items, and calculating the total daily dietary intake. One participant
had a problem with the word “diabetes”. Others suggested that diabetes be
described as the “disease that makes a person’s blood have more sugar than it

should” to make it is easier to understand. The following is the Mandarin-speakers
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discussion on the think-aloud task. Kikuyu-speakers did not have any concerns with

the task.

Moderator: Let us go to question number 2. What do you think about that question?
Voice 6: This is a good question...but what is diabetes?

Moderator: Diabetes is just a disease...what should we call it?

Voice 4: Instead of using the word “diabetes” describe it as a “disease in which the
person needs to control the sugar in the blood”.

Voice 5: (Speaking in Chinese). That is what it means...sugar in the blood.
Moderator: Is the word sugar common? Do people understand what sugar is?
Voices: Yes...it is understood

Moderator: Is that all?

Voices: yes

In summary, the feedback from the pilot study was useful in improving the

quality of the instruments and the interviewing process during the main study which

is described in the remaining part of this thesis.
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4.2 Main Study: Study 1 and 2

4.2.1 Study Sample

Studies 1 and 2 involved 120 participants, comprising 60 Kikuyu-speaking and
60 Mandarin-speaking immigrants to Canada. The two groups have characteristics
relevant to this study, namely, they speak English as a second language, and they
differ in number word system and structure, and in the numeric concepts embedded
in their primary languages. Mandarin has its own numeric (number and number
word) system and also includes the concepts of whole numbers and fractions. In
contrast, Kikuyu has whole number concepts but lacks a written number and
number word system, and fractions. These distinctions make the two language
groups ideal for investigating how primary language influences comprehension of
numeric health information.

The decision on the sample size was based on comparisons of samples used in
the few available studies on numeracy among Chinese and non-Chinese people in
Canada. Campbell and Xue (2001) had a total of 72 participants enrolled in a study
that explored the sources of cross-cultural differences in arithmetic performance
among young adults. These researchers compared arithmetic performance between
24 Canadian university students of Chinese origin (CC), 24 of non-Asian origin

(NAC) and 24 Chinese university students who were educated in Asia (AC). The

82



Asian Chinese subjects (AC) outperformed non-Asian subjects (NAC) (Mean =177,
SD 45.6; and 112, SD=35.1 respectively, p< 0.01). The means and the standard
deviations were used to calculate the effect size for this study. Cohen’s d (d = X1 — x2/S
pooled) was 1.597 implying there was a difference of 1.597 standard deviations
between the mean score of Chinese-Canadians and non-Asian Canadians. In another
study, Lefevre and Liu (1997) involved a total of 40 Canadian and Chinese
participants to investigate the role of experience in numerical skills. The mean correct
scores for one of the tasks, the French Kit were 120.6 for the Chinese (#=20), and 91.5
for the non-Chinese samples (n=20), ¢ (36) =4.29. SE=6.8 (p< 0.05). Lefevre and Liu’s
findings implied a difference of 1.353 standard deviations in the performance of the
two groups, with the Chinese students performing better than the non-Chinese
students.

Todd and Hoffman-Goetz (2010) investigated whether comprehension of colon
cancer prevention information predicted health literacy among older Chinese
immigrants in Canada who were speakers of English-as-second-language (ESL). The
study involved 106 Cantonese-speaking participants. The mean score for S-TOFHLA
was 18.1 (out of 36) with a standard deviation of 10.6. Findings were that
presentation of cancer information using an individual’s first language improved

health literacy. Based on these studies, assuming a medium effect size
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(Cohen’s f2=.15) and an « level of 0.05 and a power of 0.80 (Green, 1991) resulted in a

sample of 120 participants for the main study.

4.2.1.1 Recruitment and Ethics Approval

As noted in the pilot study description, participants were recruited from
southern Ontario urban centres, drawing members or visitors of churches, temples,
and recreational centres. Posters (Appendix B) were placed on bulletin boards in
places of worship and at community centres. The poster for the Chinese participants
was translated into Mandarin. There was no need for a Kikuyu translation because
the Kikuyu were assumed to be fluent in English as a result of coming from a country
where English is one of the official languages.

The most effective means of recruiting participants from both groups was
personal contacts through a respected member of the respective community. For
example, an individual who was knowledgeable about the social activities of the
Chinese community in Kitchener-Waterloo region helped in contacting and in
recruiting community leaders for the study. These initial contacts were requested to
and they agreed to help recruit others from the community, and through this
snowball strategy more potential participants were identified (Berg, 2009). All

Mandarin-speaking participants were recruited from Kitchener-Waterloo region of
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southern Ontario, Canada. However, there were few Kikuyu-speakers in Kitchener-
Waterloo region. Therefore most of them were recruited in the Greater Toronto Area
(GTA), and a few were from Hamilton and Niagara region. The same method of
identifying key people in the community to help recruit others (as was done with
Mandarin-speakers) was used. All potential participants were sent the information
letter (Appendix A).

Participants were included if they were 1) immigrants to Canada with fewer
than 15 years residency; 2) bilingual (speak Kikuyu or Mandarin, and English); 3)
able to read, speak and write in English, and in their primary language; and 4) 40
years or older. Participants were asked if they were being treated or had been treated
for any chronic diseases (e.g., diabetes, cancer, heart disease). Only participants who
were not on any treatment currently or who had not been treated in the past were
included in the study. Each participant signed the consent form (Appendix C) before
the interview session began. Each participant received a small honorarium of $30 in
appreciation his or her time. The University of Waterloo Research Ethics Board gave

full ethics approval for the study.
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4.2.2 Data Collection

Sociodemographic data were collected using a general information
questionnaire which was adapted from published research on English-as-a-second
language-speaking populations in southern Ontario. This questionnaire has been
used previously by the student researcher’s supervisors (Todd & Hoffman-Goetz,
2010). The questionnaire included items on participants’ age, gender, education
achievement, income, employment, and years of residency in Canada. The
questionnaire was modified to include items on language used for elementary
mathematics instruction, language spoken in different situations, and the preferred
language when speaking with health care provider. It also included items on
participants’ perceived abilities in numeric formats such as whole numbers, fractions
and percentages. Two versions of the questionnaire were developed to make the
questions relevant to Kikuyu-speaking and the Mandarin-speaking groups. The two
versions are included in Appendix E. The questionnaire was pretested in the pilot
study as noted earlier.

For study 1 that examined the role of primary language in the comprehension
of numeric health information among Kikuyu-speaking and Mandarin-speaking

immigrants, the following instruments were used to collect data: 1) the Kit of Factor-
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Referenced Cognitive Tests (French Kit); 2) the Short-test of Functional Health
Literacy in Adults (5-TOFHLA); 3) the Newest Vital Sign (NVS).

Study 2 was an examination of the effect of mathematics self-efficacy on
numeracy (using the French Kit addition, and addition and subtraction-correction
tasks) and health numeracy (using the S-TOFHLA numeracy component and the
NVS). Mathematics self-efficacy was assessed using two instruments: the
Mathematics Self-Efficacy Scale (MSES) and the Subjective Numeracy Scale (SNS).

Study 3 examined the processing of numeric heath among the ESL participants.
Data was collected using the French Kit (addition subtraction-correction task) and
the diabetes diet information task which was developed specifically for the think-
aloud exercise.

For all studies, data collection took place in the privacy of a quiet, easy-to-access
room. For Mandarin speakers most for the interviews took place at the university.
For Kikuyu speakers, interviews took place in private rooms provided at community
centres, and in private offices provided free of charge by some of the participants. All
interviews took approximately 1 hour and 30 minutes.

The order of testing of the French Kit, SS-TOFHLA, NVS, MSES and the SNS
were randomly assigned to reduce potential order effect bias. Background

information on the instruments was presented in Chapter 2. The sociodemographic
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questionnaire was always given first and the think-aloud task was always given last.
The following section provides a detailed description of the instruments used in the 3

study components.

4.2.2.1 Measuring Numeracy

Two French Kit tasks, (the addition task, and the addition and subtraction
correction tasks) (Ekstrom et al., 1976) were used in study 1 and 2 to assess context-
free numeracy skills. The addition test comprises 60 sets of 1- or 2 -digit addition
problems. Participants were required to provide answers to the vertically arranged

problems as shown in the example below.

4 7 12 84

9 6 5 5k

1 15 6 7
l%

The objective was to test participants’ speed and accuracy in simple addition tasks.
Following the developer’s guidelines, the test was timed at 2 minutes, and the score

was the number of correct items that were added correctly.
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Similar to the addition test alone, the addition and subtraction correction test
involved 60 problems. However, unlike the addition test, the problems in the
addition and subtraction-correction test are already solved, and answers provided
beside the problem. Participants were only required to indicate whether the answer
provided for each problem was correct or incorrect by marking the “C” (correct) the

“1” (incorrect). An example is shown below.

11+23=34 C |

35-10=20 C I

Following the developers’ instructions, the test was timed at 2 minutes, and the
score for this test was the number of the correct answers, minus the incorrect
answers. For both tests participants were not informed in advance about the timing
to avoid creating anxiety which is known to happen with timed mathematics tasks
(Ashcraft & Moore, 2009). The interviewer discreetly monitored the time and after
the 2 minutes elapsed informed the participant that what he/she had done was
adequate, and that he/she needed to stop. The French Kit tests (addition and

addition and subtraction-correction) are shown in Appendix J.
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4.2.2.2 Measuring Health Numeracy

For study 1, two instruments were used to measure healthy numeracy: The
Short Test of Functional Health Literacy for Adults (S-TOFHLA) (Baker et al., 1999),
and the Newest Vital Signs (NVS). The total S-TOFHLA comprises 36-items
literacy/prose component (with a weighted score of 72). Participants were provided
the two passages that constitute the S-TOFHLA literacy component. Passage A
contains instructions on preparation for a gastrointestinal X-ray procedure and
Passage B deals with patients’ rights and responsibilities. Participants were
instructed to carefully read the passage and to use any of the 4 words to fill the blank
spaces in order to complete and make the sentence make sense. Although the task
was timed at 7 minutes, to avoid stress, participants were not informed of the timing.
The interviewer keenly watched the progress and marked the point at which the 7
minutes elapsed. Any work after that point did not count for this task.

The S-TOFHLA numeracy component comprises 4 items which, according to
the developers were selected based on perceived importance and frequency in health
care settings. The S-TOFHLA numeracy measure includes information on a
prescription bottle, information on blood sugar, and information on a doctor’s
appointment card. Participants were asked to read this information and use it to

verbally answer questions that the interviewer asked. An example of information on
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a prescription bottle is: Take one tablet by mouth every hour as needed. The interviewer
then asked the question: If you take your first tablet at 7:00 a.m., when should you take the
next one? The expected answer was: 1:00 p.m. The task was timed at 4 minutes. Each
of the questions has a weighted score of 7 for a total S-TOFHLA numeracy score of
28. Sample S-TOFHLA prose/literacy questions, and all the numeracy questions are
presented in Appendix I.

The Newest Vital Signs (NVS) (Weiss et al., 2005) was the second instrument
used to measure health numeracy/literacy. The NVS involves comprehension of
information on an ice cream nutrition label. However, the numeric and prose/literacy
components of NVS overlap and require participants to answer numeracy questions
within a prose context. Following the instructions on the administration of the NVS,
participants were given a copy of the nutrition label, and also a copy of the questions
in line with their wishes during the pilot study. This helped them to refer to both
documents as the 6 questions were being verbally asked. Having a copy of the
questions helped them to better understand the questions because of language and
accent differences between the interviewer and the participants. The task took about
3 minutes to administer. A score of below 4 in the NVS indicates inadequate health

numeracy/literacy. The NVS instrument items are presented in Appendix H.
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4.2.2.3 Measuring Math Self-efficacy

Participants” mathematics self-efficacy was assessed in study 2 using the
Mathematics Self Efficacy Scale (MSES) and the Subjective Numeracy Scales. In the
MSES (Betz & Hackett, 1993) participants were asked to assess their math self-
efficacy using a 10 point scale (0 = no confidence; 9 = complete confidence). An
example of an MSES test item is “How much confidence do you have that you could
successfully: Add two large numbers in your head?” The test took about 10 minutes to
administer. The MSES score was obtained by summing up the response numbers for
each item and dividing the sum by the number of items. For example, if the
participant’s response was “6” (much confidence) to all the 18 items, the total sum of
108 was divided by 18 to yield an average score of “6”.

The 8-item Subjective Numeracy Scale (SNS) assesses individuals” perception
of their mathematical abilities and preference for numerical information (Fagerlin et
al., 2007). The test uses a Likert scale from 1- 6. The SNS test includes questions such
as “How good are you at figuring out how much a shirt will cost if it is 25% off?” and
“When people tell you the chance of something happening, do you prefer that they use words
(“it rarely happens”) or numbers (“there’s a 1% chance”)? SNS took about 5 minutes to
administer. Following the developers recommendation, all questions except question

7 were scored on a Likert-Scale from 1- 6. Question 7 was reverse coded (6 - 1). The
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composite SNS score was the average rating across the 8 questions, with question 7
reverse coded. SNS ability subscale score was the average rating on questions 1- 4
and the SNS preference subscale score was the average rating for questions 5- 8
(question 7 reverse coded)

Both the MSES and the SNS were administered and responded to by
participants in print form rather than orally. The MSES and the SNS are presented in

Appendices F and G, respectively.

4.2.3 Data Analysis

Data in study 1 and study 2 were analyzed using SPSS (Version 20.0).
Sociodemographic characteristics of participants (for example, gender, age,
education, language of mathematics instruction, language spoken as a child,
language spoken in different situations) were summarized. For study 1, the means of
the numeracy measure (French Kit) and of the S-TOFHLA and NVS by language
groups were examined for differences using the Mann-Whitney U test. The Mann-
Whitney U (a nonparametric test) was used because the data did not meet the
assumption of normality, and homogeneity of variance, and because of the small size

of the study sample (Field, 2005).
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Multiple regression analyses were conducted to test if language predicted
numeracy, health numeracy and health literacy, after adjusting for sociodemographic
factors (gender, age, and education, duration of residency in Canada, employment,
and income). Using forward and stepwise methods all variables that had a p value of
0.05 were identified and forced into the final regression models. Gender was retained
in all models.

In study 2 the means of the self-efficacy measures (MSES and SNS), numeracy
measures (French Kit) and health numeracy (numeracy component of S-TOFHLA) of
the two groups were examined for differences using the Mann-Whitney U test.
Spearman correlation was used to test relationships between MSES and SNS.
Multiple regression analyses were conducted to determine if math self-efficacy
contributed to numeracy and health numeracy skill after adjusting for the socio-
demographic factors (age, gender, language, length of residency in Canada,

education and format of numeric health information).
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4.3 Study 3: Assessing Processing of Numeric Health Information

4.3.1 Participants

Study 3 was qualitative in methodology using the think-aloud method to
collect verbal data from a subsample of 20 Kikuyu-speaking and 20 Mandarin-
speaking participants. The subsample was drawn from the larger sample of 120
participants who participated in studies 1 and 2. Although this sample is small, it
was considered adequate to generate data for a think-aloud process. Virzi (1992)
demonstrated that on the average, nine participants are required to gather enough
information on usability problems. The author suggested that 80% of usability
problems are identified by four-to-five participants, and participants beyond five are
less likely to provide more information. Hoppman (2009) involved ten experts to
explore the information needs of small and medium-sized enterprises in Germany.
The study involved examining properties of websites, information searching process,
and changes of moods during the Internet search. This researcher reported that the
ten experts were sufficient to detect problems they had when searching for
information on the websites used. In another study, twenty-four participants were
recruited to explore the validity of verbal protocols (Russo & Johnson, 1989).

Decision on the number of participants followed Hoppmann’s (2009)

suggestion of 10 to 30 participants for studies that have a quantitative component.
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The 40 participants (men and women in equal numbers) were selected because they
had performed either at the top ten or at the bottom ten in the French-Kit addition
and addition subtraction-correction task. Study 3 was an exploration of intuitive and
analytical problem solving approaches, and the addition and subtraction-correction
is ideal because it is a recognition/associative task that taps information in the long-
term memory. The participant either knows or does not know the answers in this
task.

Others have used performance in French Kit tasks to select a subsample from
a bigger sample of participants. For example, from a sample of 143 undergraduate
students, Nunez-Pefa et al, (2011) selected nineteen high numeracy individuals who
had scored above the third quartile, and eighteen low numeracy individuals who
had scored below the first quartile in the French Kit addition task. The smaller

sample was then involved in a study on problem size effect.

4.3.2 Data Collection
Study 3 was an assessment of participants” dominant approach (intuitive or
analytical) when processing numeric health information. Data was collected using

the think-aloud method. The exercise involved calculating the number of grams a
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diabetic mother ate within one day. The exercise involved 5 items tapping different
skills. Item 1 and 3 tapped simple addition or multiplication skill, item 2, 4 and 5
tapped conversion of fractions (using either multiplication or division) and addition
skills. Participants were required to calculate the total number of grams for each food
item; they were also required to provide the final figure showing the total number of
grams the mother ate in a day. Participants were informed and shown how to think-
aloud, or speak out their thoughts as they solved the problem. They were also
specifically instructed not to describe or to explain what they were doing (Austin &
Delaney, 1998; Russo, Johnson, & Stephens, 1989). The focus was on the process of
arriving at the final number of grams. The instructions were simple and clear, and
written for reading level 6 (SMOG readability formula:

http://www harrymclaughlin.com/SMOG.htm). The diabetes management task used

for problem solving is presented in Appendix K.

4.3.3 Data Analysis
Quantitative data (numeracy scores from the French Kit) were analyzed and
frequency distributions summarized for performance on the French Kit and on the

processing of numeric information. Since study 3 involved a small sample, and the
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data was not normally distributed, the nonparametric Mann-Whitney’s U test was
used to examine the differences in the means for the French Kit, and for differences
in response time on the diabetes task.

Qualitative data comprised protocols of participants’ verbal data recorded as
they solved the diabetes diet problem. Protocols were analyzed using NVivo 10 (QSR
International Pty, 2012), a qualitative data analysis software. Protocols are a “record
of the subject’s ongoing behavior, and an utterance at time ¢ is taken to indicate
knowledge or operation at time t” (Kuipers & Kassirer, 1984, p. 367). Protocols
reveal the specific aspects of what participants are concentrating on as they solve a
problem (Lundgrén-Laine & Salanterd, 2010). An individual with expertise in
transcribing verbal data transcribed the verbal scripts. The transcribed protocols and
the written scripts were matched and data were segmented as complete thoughts
(Trickett & Trafton, 2009) which were then coded based on Schoenfeld’s episodes or
behaviours (read, explore, plan, implement, plan-implement and verify) (Schoenfeld,
1985). Inter-rater reliability was assessed by having two individuals independently
code 20 protocols and reach a substantial level of agreement (Cohen’s kappa = .81).
The time spent solving the diabetes problem was used to determine intuitive or
analytical processing; the shorter the time the more intuitive and the longer the time

the more analytic the processing was deemed to be.
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Chapter 5

Results

5.1 Sociodemographic Characteristics of Participants

There were more women than men (1 =73, 61%). The age of most participants
was between 40 and 66 years. To break this down, n = 88 (73%) were between 40 and
50 years old; n =19 (15.8%) were between 51-55 years old; n = 5(4.2%) were between
56-60 years; n =5 (4.2%) were between 61-65 years, and the rest (1 = 3, 2.5%) were
over 66 years. More Mandarin-speakers had a university or postgraduate education
(n=43, 71.6%) compared to Kikuyu-speakers (1 = 23, 38.3%). Most Kikuyu-speakers (n
=42, 70%) received mathematics instruction (post grade 3) in English whereas only
14 received primary mathematics education in Kikuyu. In contrast, all Mandarin-
speakers received their mathematics instruction in Mandarin. More Kikuyu-speakers
were recent immigrants to Canada (about 28% having emigrated <5 years ago)
compared with Mandarin-speakers (15% having emigrated <5 years ago). Table 1

shows the general demographic characteristics of participants.
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Table 1: General demographic characteristics of participants

Kikuyu- Mandarin-
speakers speakers
Y% (1) Y% (1)
Gender Men 35.0(21)  43.0(26)
Women 65.0(39) 57.0(34)
Age <50 years 76.7(46)  70.0(42)
>50 years 23.3(14)  30.0(18)
Education High School or less 18.6(11)  1.7(1)
>High School and <University 42.4(25) 25.4(15)
(e.g., technical training)
University degree 18.6(11)  42.4 (25)
Graduate degree 20.3(12)  30.5(18)
Employment Not employed 25.0(15)  25.0(15)
Employed 75.0(45)  75.0(45)
Income (Canadian $) <$14,999 28.3(17)  30.0(18)
$15,000 - 34,999 15.0(9) 21.7(13)
$35,000 - 54,000 18.4(11)  18.3(11)
$55,000 - 75,000 21.7(13)  10.0(6)
>$75,000 11.7(7) 16.7(10)
Residence in Canada <5 years 28.3(17)  15.009)

n/a =not applicable; percentages may not total 100% due to missing responses
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5.2 Language used by English-as-a-second Language Participants
5.2.1 Language of Mathematics Instruction

Table 2 presents the language used in the education system of the participants’
country of origin, and duration since participants studied mathematics in their
primary language and in English. More Mandarin- (93%) than Kikuyu- (23%)
speakers learned mathematics in their primary language. For the majority of
participants (Mandarin 93% and Kikuyu 92%), it was more than 10 years since they

studied mathematics in their primary language.

Table 2: Language used in mathematics

Kikuyu-speakers Mandarin-speakers

%(n) %(n)

Language of math Kikuyu 23.3(14) n/a
instruction

Mandarin n/a 98.3(59)

English 70.0(42) 0.0

Others 5.0(3) 1.7(1)
Last studied math in <10 years ago 7.8(4) 6.9(4)
primary language

>10 years ago 92.2(47) 93.1(54)
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5.2.2 Language used at Home

All participants had lived a large part of their lives in their home countries. It
was expected that extended living in their home countries would make them highly
proficient in their primary language, and in the use of numeric concepts embedded
in the languages. As shown in Table 3 most of the participants (about 87% and 92%
for Mandarin and Kikuyu, respectively) spoke their primary language when they
were children. Only about 13% of the Kikuyu-speakers spoke both English and
Kikuyu as children. Even fewer of the Chinese participants, (5%) spoke both
Mandarin and English when they were children. The dominant language that the
parents of Kikuyu participants spoke to them as children was Kikuyu (100% for
mothers and about 98% for fathers.) The same applied to Mandarin speaker (95% for
both mothers and fathers). It was expected that use of primary language would be
extended to Canada. Results showed that 85% of the Kenyan, and 98% of Chinese
participants spoke their primary language (Kikuyu or Mandarin) at their homes in
Canada. Only about 12% of the Kikuyu participants spoke English at home; about 2%
of the Chinese participants spoke languages other than Mandarin, such as

Mongolian.
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Table 3: Language used at home

Primary language spoken at home Kikuyu
Mandarin
English
Other
Language spoken as a child Kikuyu
Kikuyu and English
Mandarin
Mandarin and
English
Other
Language mother spoke Kikuyu
Mandarin
Other
Language father spoke Kikuyu
Mandarin
English
Other

Kikuyu- Mandarin-
speakers speakers
85.0(51 n/a

n/a 98.3(59)
11.7(7) -

3.3(2) 1.7(1)
86.7(52) n/a
13.3(8) n/a

n/a 91.7(55)
n/a 5.0(3)

- 3.3(2)
100.0(60) n/a

n/a 95.0(57)

- 5.0(3)
98.3(58) n/a

n/a 95.0(59)
1.7(1) -

- 5.0(3)

5.2.3 Language Used in Different Situations in Canada

Table 4 shows the language participants used in various situations in Canada

such as at the grocery store when adding prices, at the gas station, when calculating

tips at the restaurant, when counting things, and when remembering phone

numbers. Also in the table is information on language spoken with friends and

family. As shown, in Table 4, 20% of the Kikuyu- speaking compared to 50% of the
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Mandarin-speaking participants used their primary language when adding the price
of groceries at the store. A larger proportion of Kikuyu-speakers used mainly English
(about 46%) or both English and Kikuyu (about 32%) when adding prices of
groceries. In contrast, fewer Mandarin-speakers (about 23%) used mainly English,
and another 25% used both English and Mandarin to add the price of groceries.
Overall, except when speaking with family members, Kikuyu participants
spoke mainly English in all situations; Mandarin participants spoke mainly
Mandarin. This could suggest that due to the small population of Kikuyu-speakers
in Canada, Kikuyu-speakers may not have the opportunities for regular use of their

primary language.
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Table 4: Language used in different situations

Kikuyu- Mandarin-
speakers speakers
Adding price of groceries Mainly Kikuyu 20.0(12) n/a
Mainly English 46.7(28) 23.3(14)
Kikuyu and English 31.7(19) n/a
Mainly Mandarin n/a 50.0(30)
Mandarin and English n/a 25.0(15)
Calculating price of gas Mainly Kikuyu 11.7(7) n/a
Mainly English 55.0(33) 28.3(17)
Kikuyu and English 21.7(13) n/a
Mainly Mandarin n/a 43.3(26)
Mandarin and English n/a 21.7(13)
Calculating tip at restaurant Mainly Kikuyu 18.3(11) n/a
Mainly English 55.0(33) 30(18
Kikuyu and English 25.0(15) n/a
Mainly Mandarin n/a 40.0(24)
Mandarin and English n/a 28.3(17)
Counting things Mainly Kikuyu 16.9(10) n/a
Mainly English 58.3(35) 13.6(8)
Kikuyu and English 23.2(14) n/a
Mainly Mandarin n/a 56.7(34)
Mandarin and English n/a 28.3(17)
Remembering phone numbers Mainly Kikuyu 17.2(10) n/a
Mainly English 62.1(36) 13.3(8)
Kikuyu and English 19.0(11) n/a
Mainly Mandarin n/a 60.0(36)
Mandarin and English n/a 26.7(16
With friends Mainly Kikuyu 66.7(40) n/a
Mainly English 15.0(9) -
Kikuyu and English 18.3(11) n/a
Mainly Mandarin n/a 96.7(58)
Mandarin and English n/a 3.3(2)
With family Mainly Kikuyu 51.7(31) n/a
Mainly English 20.0(12) -
Kikuyu and English 25.0(15) n/a
Mainly Mandarin n/a 93.3(56)
Mandarin and English n/a 5.0(3)
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5.2.4 Language used in Health Care Settings

Table 5 shows the language used and the preferred language when speaking
with a doctor. About 87% and 70% of the Kikuyu- and Mandarin-speaking
participants spoke English with their doctors. However, 20% of the Mandarin-
speakers spoke Mandarin with their doctors; only about 7% spoke Kikuyu and
another 7% spoke both English and Kikuyu with their doctors. Over 70% of
Mandarin-speakers indicated that they would prefer to speak Mandarin with their
doctors, with another 18% preferring both English and Mandarin. Among Kikuyu-
speakers, 58% indicated that they preferred to speak English, and 30% indicated that

they preferred both languages when speaking with the healthcare provider.

Table 5: Language use in health-care setting

Kikuyu- Mandarin-
Speakers speakers
Language spoken with doctor in Kikuyu 6.7(4) n/a
Canada Kikuyu and English 6.7(4) n/a
Mandarin n/a 20.0(12)
English 86.7(52) 70.0(42)
Other - 5.0(3)
Language preferred with doctor in Kikuyu 10.0(6) n/a
Canada English 58.3(35) 10.0(6)
Kikuyu and English 30.0(18) n/a
Mandarin n/a 71.7(43)
Mandarin and English n/a 18.3(11)
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5.3 Participants’ Self-assessment of Their Facility with Numbers

Table 6 presents participants self-reported ability to use different numerical
formats in English and in their primary languages. A significant proportion of
Kikuyu (about 73%) and Mandarin (about 97%) speakers reported that they enjoyed
learning mathematics in school. Over 86% of Kikuyu-speakers felt that they were
good in using numbers in English compared to 70% Mandarin-speakers. However,
Mandarin-speakers (about 97%) were more proficient in numbers in their primary
language compared to Kikuyu-speakers (about 77%). Overall, a large proportion of
Kikuyu-speakers reported themselves as being good in mathematic tasks presented
in English. Such tasks include addition and subtraction tasks (about 92%), working
with proportions (90%), percentages (78%) and fractions (80%). Their “good”
responses were lower when some of the tasks were presented in their primary
language, except for proportions where responses were high. For instance, they
reported that in their primary language they were good in addition and subtraction
(about 73%), percentages (about 55%), in fractions (about 54%), and in proportions
(90%). Their reported ability in proportions, percentages and fractions was surprising
because the Kikuyu language does not have these concepts in its lexicon (Leakey,

1977).
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Overall a large proportion of Mandarin-speakers were good in numeric
formats in both English and their primary language. In English they were good in
addition and subtraction (70%), in proportions, (81%), in percentages (81%) and in
fractions (85%). In their primary language they reported being good in addition and
subtraction (about 98%), in proportions (81%), in percentages (about 97%) and in

fractions (93%).

Table 6: Participants self-assessment of facility with numbers

Kikuyu-  Mandarin-
speakers  speakers

Did you enjoy learning math? Yes 73.3(44) 96.7(58)
No 26.7(16) 3.3(2)
Ability in numbers in English Good 86.4(51) 70.0(42)
Poor 13.6(8) 30.0(18)
Ability in numbers in primary language Good 76.5(39) 96.7(58)
Poor 23.5(12) 3.3(2)
Ability to add, subtract in English Good 91.7(55) 70.0(42)
Poor 8.3(5) 30.0(18)
Ability to add, subtract in primary language = Good 72.9(43) 98.3(59)
Poor 27.1(16) 1.7(1)
Ability in proportions in English Good 90.0(54) 81.4(48)
Poor 10.0(6) 18.6(11)
Ability in proportions in primary language = Good 90.0(54) 81.4(48)
Poor 10.0(6) 18.6(11)
Ability in percentages in English Good 78.3(47) 81.7(49)
Poor 21.7(13) 18.3(11)
Ability in percentages in primary language = Good 54.9(28) 96.7(58)
Poor 45.1(23) 3.3(2)
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Ability in fractions in English Good 80.0(48) 85.0(51)

Poor 20.0(12) 15.009)
Ability in fractions in primary language Good 53.8(28) 93.3(56)

Poor 46.2(24) 6.7(4)
Preferred format for numeric Numbers only  6.8(4) 11.9(7)

health information
Numbers and  93.2(55) 88.1(52)
detailed

explanation

5.4 Participants Self-assessment of the Facility with Numeric Health Information
The results (Table 7) also showed that most Kikuyu and Mandarin

participants (about 77% and 80% respectively) sometimes had difficulties with

numeric health information. More Kikuyu-speakers (58.3%) than Mandarin-speakers

(38.3%) needed help to understand numeric health information.

Table 7: Self-assessment of facility with numeric health information

Kikuyu- Mandarin-
speakers speakers

Problems understanding numeric health information ~Always 3.3(2) 1.7(1)
Sometimes  76.6(46)  80.0(48)
Never 18.3(11)  18.3(11)
Action taken to understand numeric health Able to 39.023)  61.7(37)
information understand
Ask for 58.3(35)  38.3(23)
help to
understand
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5.5 Who Makes the Decision to See the Doctor?

When unwell (Table 8), more than % of participants (about 70% Kikuyu and
67% Mandarin) made the decision (on their own) to see a doctor. When the
spouses/partners needed to seek medical help, more Mandarin (30%) than Kikuyu
(9%) participants had the decision made for them and in other cases, the
spouse/partner (on his/her own) made the decision (about 31% Kikuyu and 27%
Mandarin) to see a doctor. In some other instances, both the participant and the
spouse/partner made the decision. When a child took ill, both partners made the
decision to seek medical help (53% Kikuyu and 48% Mandarin) although a number
of participants made the decision without involving their spouses/partners (30%

Kikuyu and 37% Mandarin).

110



Table 8: Decision to see a doctor

Decision to see doctor:

Own

Decision to see doctor:

Spouse

Decision to see doctor:

Child

Respondent

Spouse/partner
Both(Respondent and partner
Another family member

Respondent

Spouse/partner
Both(Respondent and partner
Another family member
Respondent

Spouse/partner
Both(Respondent and partner

Another family member

Kikuyu- Mandarin-
speakers speakers
69.5(41) 66.7(40)
1.7(1) 10.0(6)
25.4(15 23.3(14)
3.4(2) -

8.5(5) 30.0(18)
30.5(18) 26.7(16)
44.1(26) 36.7(22)

- 3.3(2)
30.0(21) 36.7(22)
1.7(1) 5.0(3)
53.3(32) 48.3(29)

- 3.3(2)

In summary, between the two groups, more Mandarin-speakers than Kikuyu-

speakers who took part in this study made decisions for their partners when the

partners needed to see a doctor. Similarly, when a child was unwell, more Chinese,

than Kikuyu participants made the decision without involving their partners.
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5.6 Numeracy Characteristics of Participants (Study 1 and 2)

In studies 1 and 2 participants’ numeracy skills were determined using the
addition, and the addition and subtraction correction tasks. Mandarin-speakers had
higher mean scores in both tasks (16.23; 95% CI = 14.95, 17.51 and 33.85; 95% CI =
31.22, 36.48) than Kikuyu-speakers (11.70; 95% CI =10.52, 12.88 and 19.37; 95% CI =
17.52, 21.00). The differences were statistically significant (U = 918.0, p<.001 and U =
456.0, p<.001, respectively). Gender differences were observed in the performance of
the addition subtraction correction task, with men outperforming women (M=28.8;
95% CI=25.7,31.9 and M = 25.2; 95% CI =22.5, 28.0; U = 1381.5, p=.036)

Since most Kikuyu-speakers learned basic mathematics beyond third grade in
the English language, a comparison was performed for basic numeracy tasks of those
educated in Kikuyu only (n = 14) versus those educated in both Kikuyu and English
(n = 42). There were no statistically significant differences between the two Kikuyu
groups for the addition task (M =11, 71; 95% CI = 8.70, 14.73 vs. M=11.49; 95% CI =
10.12, 12.86; U = 277.5, p=.760) and the addition and subtraction-correction task (M =
19.14; 95% CI =15.09, 23.19 vs. M =19.51; 95% CI =17.17, 21.86; U = 282.00, p=.826). In
addition, a comparison was made on their performance in the tests of health
numeracy and health literacy. Again, there were no statistically significant

differences on the S-TOFHLA health numeracy test (M = 24.00; 95% CI = 21.39, 26.61
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vs. M =23.40; 95% CI =21.57, 25.21 U = 286.0, p=.876), the S-TOFHLA composite (M =
83.86; 95% CI =72.12, 95.59 vs. M = 85.44; 95% CI = 80.91, 89.91; U = 272.0, p=.682) and
the NVS (M =3.57; 95% CI = 2.36, 4.79 vs. M = 3.17; 95% CI =2.58, 3.77; U =245.00,
p=.417). Therefore, for all subsequent analyses the two groups of Kikuyu-speakers

were treated as a single group.
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5.7 Study 1: The Role of Primary Language in Comprehension of Numeric Health

Information among Kikuyu and Mandarin Speaking Immigrants in Canada

5.7.1 Health Literacy and Numeracy Characteristics of Participants

Overall, Kikuyu-speakers had a higher S-TOFHLA score (M = 84.57; 95% CI =
80.48, 88.65) than Mandarin-speakers (M = 73.55; 95% CI = 68.81, 78.29). The
difference was statistically significant (U = 1141.5, p<.001). Twenty-six percent (n =31)
of all participants had inadequate or marginal health numeracy/literacy skills with
the majority (n = 23) being Mandarin-speakers. Inadequate or marginal health
numeracy/literacy was indicated by a composite S-TOFHLA score of below 67. Fewer
Mandarin-speakers (n = 37, 31%) had adequate health numeracy/literacy skills - a
composite S-TOFHLA score of >67 - compared with Kikuyu-speakers (1 = 52, 43%).

Following Golbeck and colleagues (2011), health numeracy was treated as
conceptually different from health literacy by separately analyzing the S-TOFHLA
prose and numeracy components. Mandarin-speakers had higher health numeracy
scores (M = 25.55; 95% CI = 24.56, 26.54) than Kikuyu-speakers (M =23.33, 95% CI =
21.93, 24.73; U = 1413.5, p=.023). In contrast, Kikuyu-speakers had significantly higher
S-TOFHLA prose scores (M = 61.23, 95% CI = 57.62, 64.85) than the Mandarin-

speakers (M =48.0 95% CI =43.62, 52.38; U = 890.0, p<.001).
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No statistically significant differences were found on the NVS scores between
Kikuyu-speakers (M = 3.32, 95% CI = 2.80, 3.84) and Mandarin-speakers (M =3.17,
95% CI=2.67, 3.68) (U =1610.5, p =.581). Fifty one percent of Kikuyu-speakers
showed adequate health literacy and numeracy on the NVS compared with 42% of
Mandarin-speakers. Each question in NVS taps prose and mathematical skills to a
varying extent (Ozdemir et al., 2010). Therefore the individual questions were
examined to explore why Kikuyu- and Mandarin-speakers differed on the composite
S-TOFHLA scores but not on the NVS scores. Table 9 presents the number and
percentage of the Kikuyu and Mandarin-speakers and their responses for the six
NVS questions. More Mandarin-speakers (64%, and 75%) than Kikuyu-speakers (52%
and 52%) answered questions 2 and 4 correctly. These questions had an easily
identifiable numeracy component.; In contrast, more Kikuyu-speakers (41%, 60%,
71% and 69%) than Mandarin-speakers (34%, 34%, 53% and 53%) answered correctly

questions 1, 3, 5, and 6 that required greater facility in prose/language skills.
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Table 9: Performance in individual NVS questions by emphasis on numeric or prose skill

Score
NVS Question Skill needed Kikuyu- Mandarin-
speakers  speakers

Q 1. If you eat the entire container, how many calories will ~Mostly prose/language Wrong 34 (58.7%) 39 (66.1%)
you eat? Right 24 (41.4%) 20 (33.9%)
Q 2. If you are allowed to eat 60 g of carbohydrates as a Mostly Wrong 23 (39.7%) 21 (35.6%)
snack, how much ice cream could you have? numbers Right  35(51.7%) 38 (64.4%)
Q 3. Your doctor advises you to reduce the amount of Mostly prose Wrong 35 (60.3%) 39 (66.1%)
saturated fat in your diet. You usually have 42 g of /language Right 23 (39.7%) 20 (33.9%)
saturated fat each day, which includes 1 serving of ice
cream. If you stop eating ice cream, how many grams of
saturated fat would you be consuming each day?
Q 4. If you usually eat 2500 calories in a day, what Mostly Wrong 28 (48.3%) 15 (25.4%)
percentage of your daily value of calories will you be numeracy Right 30 (51.7%) 44 (74.6%)
eating if you eat 1 serving?
Q 5. Pretend that you are allergic to the following Prose/language Wrong 17 (29.3%) 28 (47.5%)
substances: Penicillin, peanuts, latex gloves, and bee stings. Right 41 (70.7%) 31 (52.5%)
Is it safe for you to eat this ice cream?
Q 6. Why Prose/language Wrong 18 (47.5%) 28 (47.5%)

Right 40 (69%) 31(52.5%)
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5.7.2 Predictors of Health Numeracy

Multiple regression analyses were conducted to test if primary language and
sociodemographic characteristics of the participants predicted numeracy, health
numeracy, and health literacy performance. Prediction was made for the French Kit
tasks, the composite S-TOFHLA, the prose and numeric components of S-TOFHLA,
and the NVS. Only the composite score for NVS was used because of the overlap in
the prose and numeracy domains for most questions and the difficulty in clearly
separating distinct subcomponents. Stepwise selection was used to identify
predictor variables and variables with p <.050 were retained in the final models. The
reduced models are presented in Appendix L.

For study 1, the independent variables were language (Kikuyu, Mandarin),
age, gender, education, and residency in Canada. For study 2, mathematics self-
efficacy and subjective numeracy, and preferred format for numeric health
information were included in the models.

Education attainment between the two groups differed: the Kikuyu group
had 11 participants who had an education up to high school level, while the
Mandarin group had only one participant in this category. To address this ditference

in educational attainment, two regression analyses were performed. One analysis
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excluded the 12 individuals who had an educational attainment of high school level

or less while in the second analysis the 12 individuals were included.

5.7.2.1 Regression Analysis Excluding High School and Less Educational
Attainment

Table 10 presents multiple regression results excluding the high school level
and less education level for the French Kit addition and addition and subtraction-
correction tasks, S-TOFHLA composite, S-TOFHLA numeracy, S-TOFHLA prose,
and NVS performance, with language (Kikuyu, Mandarin), gender (male, female),
age (50 years and less, over 50 years), education (>high school and < university,
which was the reference group; university level, and graduate level), and duration
of residence in Canada (less than 5 years, 5 years and above) as predictors. The
regression models are presented in Appendix M.

The final model for the French Kit addition task (F 69 = 5.87, p<.001)
accounted for about 22% of the variation in performance, with language, and
duration of residence in Canada explaining the variation, controlling for the effect of
each of the variables in the model. Mandarin-speakers outperformed Kikuyu-

speakers in this numeracy test. For the French Kit addition and subtraction-
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correction task, the final model (Fe, 9 = 15.73, p<.001) accounted for 46% of the
variation in the scores. Adjusting for the effect of each of the variables in the model,
language (being a Mandarin-speaker), education, and duration of residency in
Canada explained the variation in performance.

For the S-TOFHLA composite literacy and numeracy measure, the final
model (Fs,99=11.61, p<.001) accounted for a significant proportion of the variance
(about 38%) in S-TOFHLA composite scores. Adjusting for the effect of each variable
in the model, language, age and education explained the variation in the score with
Kikuyu-speakers outperforming Mandarin-speakers in this composite measure. For
the S-TOFHLA numeracy task, the final model (Fs, 9= 2.12, p = .057) accounted for
only about 6% of the variability in the performance. Holding constant the effect of
each variable in the model, only education (university) approached significance
(p=-069) in explaining the variation in the score. For the S-TOFHLA prose
component, the final model (Fe, 90=16.12, p<.001) accounted for about 46% of the
variance. Controlling for each variable in the model, being a Kikuyu language
speaker, being relatively younger (less than 50 years old) and being more educated
explained the variation in the score. Gender (female) approached significance in
predicting health literacy (p=.060). The final model for the NVS (Fs, o7=3.15, p = .007)

accounted for only about 11% of the variance in scores, which was explained by
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language and education, after adjusting for the effect of each of the variables in the

model.
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Table 10: Multiple Regression table for French Kit, composite S-TOFHLA, S-TOFHLA numeracy and NVS
performance, excluding high school and less educational attainment

French Kit French Kit S-TOFHLA S-TOFHLA S-TOFHLA NVS
(addition) (addition and (composite) (numeracy) (prose)
subtraction-
correction)
Variable B(SE) p  B(SE) p B(SE) p B(SE) p B(SE) p B(SE) p
(Constant)  -.59(3.36) .861 -.849(6.05) .889  87.21(10.44) <.001 16.13(3.38) <.001 71.08(9.06)  <.001 3.50(1.40) .014
Language 3.25(.92) .001 11.54(1.66) .000  -18.38(2.87) <.001 1.28(.93) 172 -19.65(2.49) <.001 -1.01(.37) .008
Gender 1.16(.99) .243 .219(1.78) .902  5.51(3.07) 076  .45(.99) .653  5.07(2.67) .060 .07(0.41) .870
Age 26(1.02) 796 -1.48(1.83) 422  -7.61(3.16) .018 1.16(1.02) .261 -8.77(2.75) .002  -.52(0.41) .204
>High Sch - - - - - - - - - - - -
and <
University
University ~ .91(.56)  .107 3.52(1.00) .001  7.26(1.73) <001 1.03(.56) 069  6.23(1.50) <001 .62(.23) .008
Graduate 67(41) 103 1.29(.73) .081  5.39(1.26) <001 .43(41) 295 4.96(1.10) <001 .37(17) .029
*Residency  3.67(1.20) .003 4.95(2.15) .024  7.03(3.72) 061  1.76(1.20) .146  5.27(3.23) 105 .70(49) 155
Unadjusted R2.26 49 41 11 49 .16
Adjusted R2 .22 46 .38 .06 46 A1

* Duration of residency in Canada

(Language: Kikuyu, Mandarin; Gender: Male, Female; Age: <50, > 50; Education: Education: >High School<University (reference)

for University and Graduate; Residency: <5 years, <5 years)
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5.7.2.2 Regression Analysis with Full