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Abstract: Maternal health literacy refers to the skills mothers use to manage their own health and their family’s
health in healthcare settings. Newcomer mothers face unique barriers to healthcare access, which can be reduced
through health education to improve comprehension. An applied, cross-sectional design was used to recruit 20
English-speaking South Asian newcomer mothers (SANMs) and 20 English-speaking Canadian-born mothers
(CANMSs). This cross-sectional study utilized fuzzy-trace theory to develop an explanatory model for how mothers
comprehend health information, with a focus on gist understanding. A digital survey collected data on the ability to
comprehend the main idea of pregnancy health information. Additionally, three validated psychometric instruments
were administered to measure differences in functional health literacy. Descriptive statistics were conducted on
responses to a questionnaire, and accuracy scores were calculated using observation oriented modelling. Data
analysis examined the accuracy of models in explaining patterns of observations, supplemented by a visual "eye test"
using a histogram to describe observed events. Results indicate that both samples of mothers self-reported adequate
numeracy abilities, but performed poorly on functional assessments. In Experiment 1, CANMs who engaged more
frequently in numerical reasoning showed a meaningful, non-random pattern of comprehension regarding the
chance of viral infection. In Experiment 2, SANMs who more frequently counted or read numbers demonstrated
a meaningful pattern of correctly identifying medication timing. These results suggest that gist-based processing
supports comprehension in both samples, but the causal patterns linking numerical engagement and comprehension
differ. Numerical reasoning relates to comprehension differently across SANMs and CANMs, and therefore health
education must be ethno-culturally responsive. Ultimately, this research highlights the need for ‘kind’ learning
environments to help ethno-culturally diverse mothers practice and improve their comprehension in healthcare
settings and recommends health numeracy education and medication literacy programs to improve numerical
reasoning.
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Introduction

Maternal health literacy (MHL) refers to the skills
mothers use to make health decisions for themselves and
their families [1,2]. MHL is important for newcomer
mothers who face language, cultural, and gender barriers
[3], particularly when preparing for medical appointments,
comprehending health risks, and participating in
decision-making [4]. Health literacy (HL) is the ability
to access, understand, evaluate, and communicate health
information (HI) to promote well-being [5], and includes
basic, interactive, and critical skills [6]. In Canada, 55%
of adults aged 16-65 years old have inadequate HL [5],
which suggests Canadians may lack the critical HL to
advocate for themselves to impact health at broader social,
cultural, and policy levels [7]. While Canadians generally
score above average on literacy and numeracy (NUM)
assessments according to the results of the 2019 Program
for International Assessment of Adult Competencies [8],
newcomers perform worse [9]. NUM refers to the ability
to understand and manage numbers [10], while health
numeracy (HN) is about using numbers in healthcare
settings and contexts to make informed decisions [11].
HN is also influenced by information, social behaviors,
and technology [12]. Online health information (OHI) is
sought by mothers in the first trimester of pregnancy to
change health behaviors related to diet and nutrition [13].
Digital technologies are used to access trustworthy OHI
as new parents [14], and virtual prenatal appointments
and telemedicine have been used to enhance patient
satisfaction [15]. Ultimately, MHL is vital for newcomer
mothers to confidently navigate the healthcare system and
access and use OHI to ensure satisfaction and quality care.

The rationale for this research on MHL is to foster
a deeper understanding of the language, language
competencies, and comprehension challenges Canadian
and newcomer mothers face to improve future health
education. Comprehension is the process of understanding
information in a specific healthcare setting or context
to function successfully [16] and is a component of
functional health literacy (FHL) (Figure 1) [16,17].
Therefore, comprehension represents the cumulation
of prior knowledge and experience with perception
and incoming sensory information as a mental activity
to correctly respond to questions, make decisions, and
change behaviours, for example (Figure 1). Refugee and
newcomer women with inadequate FHL appear to lack
comprehension and consequently underutilize health
programs, interventions, diagnostics, and treatments
[18-20]. Furthermore, newcomer women have difficulty
comprehending written HI [21] and have lower NUM
scores than newcomer men [18]. Thus, presenting clear
and concise HI can be achieved by shaping and framing
written HI texts to improve FHL [9]. As such, the aim
of this research was to develop an explanatory model
explaining the comprehension depth of a sample of South
Asian newcomer mothers (SANMs) and a sample of
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Canadian-born mothers (CANMs). SANMs were selected
as they represent the largest visible/racialized minority
sample in Canada at 5.4% of the total population [22].
Additionally, the research evidence suggests SANMs
have inadequate HL, thus impeding healthcare access
[23,24]; prefer written HI over numbers, to assist with
learning [25]; and experience barriers to social integration
related to language, communication, and information
[26-28]. CANMs were included as a comparison to help
generalize results across different samples of mothers
[29,30]. The objectives of this research were to examine
the socio-demographic factors associated with inadequate
FHL and to apply fuzzy-trace theory (FTT) to identify
specific patterns based on efficient and final cause pairs
to provide interpretations for future health education
practice. The results of this research are intended for
health communication specialists, health educators, and
public health practitioners who design HI to improve
learning. The originality of this research lies in applying
observation oriented modeling (OOM) to MHL—shifting
from traditional statistical methods to a person-centred,
explanatory approach. In doing so, OOM uncovers
individual patterns and causal processes related to MHL
as a system, offering deeper insights than group averages
and a more context-sensitive understanding, which is
especially valuable in public health. The research tests the
following hypotheses:

- We hypothesize that SANMs and CANMs who

engage more frequently in probabilistic and statistical
reasoning will correspond to accurate comprehension
of the chance of viral infection, with observable
differences in the causal process between the two
samples.
We hypothesize that frequent engagement with
numerical information—through counting or reading
numbers—will correspond to accurate comprehension
of medication timing instructions, and that this causal
process differs between SANMs and CANMs based
on the functional application of mathematics skills.

Background

This cross-sectional study applies FTT, which suggests
people distinguish between verbatim information and
the gist of HI to aid comprehension [31-33]. FTT is
relevant because it explains how mothers with inadequate
HL use gist to comprehend complex HI texts. By
investigating MHL processes in a dynamic system, the
unit of analysis is the individual rather than aggregates
as seen in traditional null hypothesis significance testing
(NHST) allowing for the assessment of gist [34-36]. FTT
includes three assumptions: (i) people prefer frequency
values over probabilities; (ii) individuals' personalities
influence whether they rely on intuitive or rational
thinking, affecting how they remember information; and
(iii) people remember the summary of a text rather than
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exact details [32,35-37]. To develop the integrated model
for this research, pairs of efficient and final causes (based
on Aristotle’s four causes—that are, material, formal,
efficient, and final) related to the perception of OHI were
graphed to explain the causal process between exposure
to information and its behavioral outcome (Figure 2)
[38]. Figure 2 organizes the discrete structures and time-
dependent processes in a system involved in a mother’s
comprehension of HI to clearly distinguish between
different causal processes; this serves as an analogue for
the natural world, and the data collected is entered into
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OOM software for analysis, producing accuracy scores
[39,40]. The efficient cause is the direct mechanism or
trigger that produces a change or behaviour in a specific
person. The final cause refers to the purpose, goal, or
motivation behind a behaviour. The final cause also
comprises of the researcher’s hypothesis about the goal,
such as determining whether a passage is correct or a
correct behavior is performed, which becomes clear when
the mother provides her response to the digital survey
question.
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Materials and methods

Ethics approval was obtained from the University of
Waterloo Ethics Review Board (REB #43128) prior
to launching the research, and the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Statement was used as a guideline to ensure
quality reporting [41]. Mothers were recruited through
Facebook mom communities and with help from local
community organizations in Ontario, Canada. Non-
probability, judgement sampling was used to recruit n =
20 English-speaking SANMs and n = 20 English-speaking
CANMSs (N = 40) [42]. The sample size was based on a
study by Grice et al. [43], which recruited 30 participants
in total for experimental and control groups. OOM does
not require large sample sizes like NHST, but relies on
the primacy of observations, randomization, and the
entities and qualities of objects or things underlying the
processes within a system [40]. In fact, OOM is designed
to work well with small samples (theoretically, as few
as two participants), depending on the complexity of the
model and the research question [40]. The key idea is that
OOM focuses on pattern detection and individual level
analysis rather than group-level inference, thus making
it suitable for pilot research or for working with hard-
to-reach populations such as newcomers, refugees, and
asylum seekers [40]. Participant recruitment took place
from January 2020 to December 2020. Participants were
required to be (i) mothers, (ii) born in Canada or South
Asia, (iii) 18 years or older, and (iv) living in Ontario.
Exclusion criteria included (i) self-reporting as unhealthy,
(i1) living outside Ontario, (iii) being under 18 years old,
and (iv) being an adoptive mother. All mothers identified
as women, and the SANMs spoke Punjabi, Hindi, Urdu,
Tamil, or Gujarati. CANMs came from any ethnocultural
background but were born in Canada. All mothers were
informed that their participation was voluntary through an
information letter, and an oral consent script was used to
engage mothers in the research after being informed about
what it entailed. A secure survey link was emailed to
consenting mothers, and pseudonyms were used to protect
their privacy and ensure anonymity. Anonymity helps
reduce social desirability bias, in which respondents may
alter their answers to align with perceived social norms
or expectations [42]. A post-research information sheet
was provided to debrief mothers and to correct answers.
Mothers received a $10 gift card for completing the digital
survey and were informed they could withdraw at any
time without penalty.

Relying on a single data source can introduce bias;
therefore, multiple data collection methods were used to
validate assessments of FHL with observational data in
this cross-sectional study. To reduce bias related to how
questions were perceived or interpreted, (i) clear, simple,
and culturally appropriate language was used to avoid
ambiguity; (ii) both subjective and objective questions
were included to reduce the chance of forcing answers into
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predetermined categories; and (iii) leading questions were
avoided to prevent steering mothers toward a particular
response. To ensure the digital survey's accuracy, a panel
of experts reviewed the questions to ensure the currency
of pregnancy HI, the digital survey was pilot-tested, and
changes were made based on feedback.

The digital survey was integrated with a socio-
demographic questionnaire and FHL instruments. It
included 20 questions about pregnancy, presenting the
information in both prose and numeric formats using a
main idea task, and took 30 minutes to complete. Two
types of pregnancy texts (literal and paraphrased) were
shown randomly for up to 15 seconds each to assess gist
and test basic pregnancy knowledge related to medical
examination preparation, health risk information, and
shared decision making [4]. Questions also included
distractor information to test if mothers could distinguish
between conflicting details [29]. Descriptive statistics
were then used to profile the social, cultural, and economic
characteristics of the mothers using IBM Statistical
Package for the Social Sciences (SPSS) software
(Version 26) by collecting information such as age [44],
education [45], and socioeconomic status [46]. Figure 3
illustrates one’s information processing involving long-
term memory, perceptual, visual interaction, and problem-
solving processes necessary for the comprehension
of HI, similarly OHI [47]. At a high level, (i) samples
of information (or objects) from the natural world are
perceived and modified to form internal representations;
(ii) these abstract and internal representations are
continually attuned to, thus forming hypotheses or plans
regarding the handling of said information; (iii) a test then
becomes the basis for a decision directing the solution of
a problem when presented; and (iv) the perceptual, visual
interaction, and problem-solving processes overlap via
buffers to refine these abstractions with experience [47].
This incoming information forms semantic hierarchies
in the mind, reflects comprehension of the natural world,
and is retained in short- and long-term memory for
continual consolidation (Figure 3) [16]. As such, this
research helps "restore the subject-object dialectic...[by]
acknowledging that the process of understanding is rooted
in the senses" (p.220) [40]. Ultimately, the digital survey
helped analyze how mothers perceived, attuned to, and
responded to digital survey questions, demonstrating their
comprehension, measured using data from observation
pairs entered OOM software.

OOM software (Version 5.27.2020) uses binary
Procrustes rotation to align two observations, called
the target variable (efficient cause) and the conforming
variable (final cause), into conformity using the "Build/
Test Model" option. The observations are aligned by
(i) comparing the frequency of different patterns, (ii)
assigning each observation to the most common pattern,
and (iii) evaluating each observation against the common
pattern as correctly, incorrectly, or ambiguously classified
[39,40]. OOM is a method grounded in moderate realism
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used to assess the accuracy of a theory or hypothesis
based on patterns of observations in the causal system,
using the individual as the unit of analysis rather than
aggregates as seen in NHST [40]. Two key accuracy
measures referred to as the percent correct classification
(PCC) and the chance value (c value), are calculated
[39.,40]. The PCC shows how well the observations for the
target variable match those of the conforming variable—
also referred to as "orderings," given that the assumptions
of OOM suggest natural events are integrated and ordered
[48]. This indicates the proportion of observations that
match the expected pattern (i.e., a relational hypothesis).
A higher percent classification suggests the model fits
the data well, indicating more individual observations
conform to the expected pattern. A high PCC and a low
¢ value suggest that the pattern is rare and relevant to
the hypothesis, with a PCC of 70% -100% considered
important [48]. The ¢ value shows how often a random
shuffle of the paired orderings results in a PCC equal to
or higher than the observed PCC (usually, after shuffling
1,000 times)—it represents the proportion of random data
shuffles (permutations) that produce equal or higher PCCs
than the actual data. A c¢ value of 1.00 means the PCC is
100% every time the data is shuffled [48]. Essentially,
the ¢ value shows whether the observed pattern fits the
hypothesis in a common or uncommon way and represents
the probability of achieving the observed percent
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classification by chance under a randomization test. A low
c value (typically below 0.05) indicates that the observed
classification is unlikely to be due to random variation,
supporting the meaningfulness of the pattern found and
the alternative hypothesis. The null hypothesis is that
the pattern occurred randomly. The former combination
suggests the model fits the data better than what would
be expected by chance, aligning with the core goal of
OOM, which is to assess whether patterns in the data
reflect meaningful causal structures. The latter indicates
randomness. Finally, a histogram was graphed for each
hypothesis to allow for a visual inspection of responses
for further interpretation.

Health literacy skills instrument-short form

The Health Literacy Skills Instrument-Short Form
(HLSI-SF) is a ten-question instrument used to assess HL.
and covers health promotion, prevention, and treatment
[49]. Before using the HLSI-SF in this research, a
user agreement was signed with Research Triangle
Institute (RTI) International. The HLSI-SF includes four
components: (i) print literacy, (ii)) NUM, (iii) oral literacy,
and (iv) the ability to find OHI. The HLSI-SF takes 5-10
minutes to complete and is scored based on the percentage
of correct answers, with 1 point for each correct and 0
for each incorrect response [49]. A score of 0-6 indicates
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‘inadequate’ HL, while a score of 7-10 indicates ‘adequate’
HL [49]. The HLSI-SF has an internal consistency
of Cronbach's alpha = 0.70 and a small to moderate
correlation with the Test of Functional Health Literacy in
Adults (TOFHLA) [49].

Lipkus numeracy scale

The Lipkus Numeracy Scale (LNS) assesses
mathematics skills such as converting values and
estimating health risks [50]. The LNS includes multiple-
choice and open-ended questions, with a total of ten
items—three general and seven more detailed questions.
The LNS evaluates a person's ability to: (i) understand
risk magnitude, (ii) use percentages and proportions for
calculations, (iii) convert percentages to proportions, and
(iv) convert probabilities to proportions. Scores range
from 1-5 indicate ‘inadequate’ NUM, and scores from 6-11
indicate ‘adequate’ NUM [50]. The scale's advantage is
that it evaluates global NUM; however, the results cannot
be generalized across diverse ethnic groups. The scale's
alpha coefficient, which measures reliability, is 0.78 [50].

eHealth literacy scale

The eHealth Literacy Scale (eHEALS) assesses
electronic health literacy (eHL) and can be administered
either in-person or digitally. It is an instrument measuring
the ability to find and apply OHI [51]. The scale covers
six areas including: (i) traditional, (ii) health, (iii)
information, (iv) scientific, (v) media, and (vi) computer
literacy. eHEALS consists of eight items assessing
perceived skills, each scored on a five-point scale (1 =
strongly disagree, 5 = strongly agree). Total scores range
from 8 (inadequate eHL) to 40 (adequate eHL), with
higher scores indicating higher self-reported eHL [51].
The Swedish eHEALS thresholds are: (i) inadequate =
8-20, (ii) problematic = 21-26, and (iii) sufficient = 27-40
[52]. eHEALS has a Pearson's r = 0.40-0.68, item scale
correlations from 0.51-0.76, and high item fit (o = 0.88)
[51].

Results

The sample included 20 SANMs and 20 CANMs
(N = 40) (Table 1). All mothers had received English
language instruction from elementary through high
school. The majority of mothers were married or in a
domestic partnership (n = 39, 97.5%), which reflects
national marriage rates in Canada [53]. The mothers'
ages ranged from 23-43 years old, and the majority had
a bachelor’s degree or higher (n = 29, 72.5%), which
aligns with educational trends for women in Organisation
for Economic Co-operation and Development (OECD)
countries [54]. The mothers also rated their knowledge of
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various pregnancy topics on a Likert scale (5 = very high;
1 = very low), with the majority reporting average to high
knowledge in prenatal care, ultrasound, pregnancy, labour,
postnatal care, and the Canadian healthcare system.

Mothers then self-reported their reading and writing
habits in daily life, excluding work or school, using
a Likert scale (5 = daily; 1 = never). The majority of
mothers (n = 39, 97.5%) use a computer, Internet, or
social media daily. Of the total sample, 18 mothers (45.0%)
read books, newspapers, or magazines daily, and seven
mothers (17.5%) read HI and resources or talk to health
professionals daily. In the total sample, two mothers
(5.0%) never read books, newspapers, or magazines.
The mothers also self-reported their mathematics skills
on a Likert scale (5 = very good; 1 = very poor). In the
total sample, 14 mothers (35.0%) rated their mathematics
skills as very good, 13 mothers (32.5%) as good, and
12 mothers (30.0%) as okay. Notably none self-reported
"poor" or "very poor" mathematics skills. To further
explore specific mathematics skills, mothers were asked
to self-report their engagement in mathematics activities,
such as measuring or estimating the size and weight of
objects; calculating prices, costs, and budgets, or handling
money; counting or reading numbers to keep track
of things; managing time or preparing timetables and
schedules; giving or following directions or using maps
or street directories; and using probabilities and statistics
to reach conclusions using a Likert scale (5 = at least once
a week; 1 = never). Here, only data from the total sample
of mothers who self-reported "rarely" or "never" will be
shared, as these responses relate closely to our discussion
and interpretations of FHL.

In the total sample, 13 (32.5%) and two (5.0%) mothers
self-reported "rarely" and "never" using probabilities and
statistics to reach conclusions, respectively; three (7.5%)
mothers "rarely" give or follow directions or use maps
or street directories; two (5.0%) and one (2.5%) mother
"rarely" and "never" manage time or prepare timetables
and schedules, respectively; one (2.5%) mother "rarely"
counts or reads numbers to keep track of things; two
(5.0%) mothers "rarely" calculate prices, costs budgets, or
handle money; and nine (22.5%) and one (2.5%) mother
"rarely" and "never" measure or estimate the size or
weight of objects, respectively. After administering the
validated HL, NUM, and eHL instruments to compare
performance with the self-reports, the results generally
showed the SANMs scored lower than CANMs on the
FHL instruments.

The results from the HL, NUM, and eHL instruments
were scored to determine the adequacy of functional skills
in the sample of mothers. Analyzing the results of the
HLSI-SF allowed us to assess the FHL of mothers related
to topics such as signs of stroke, hospital navigation,
medication dosage, and food portion sizes. The collective
mean HL score for the entire sample of mothers is 79.0,
with a standard deviation of HL = + 18.6 (Table 2). The
mean HL score for the sample of SANMs is 73.0, and
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Table 1. Self-reported characteristics of mothers (N = 40)

Count (n) Percent (%)
Marital status
Married or in a domestic partnership 39 97.5
Separated 1 2.5
Age (years)
23-27 3 7.5
28-32 12 30.0
33-37 17 42.5
38-42 6 15.0
43+ 2 5.0
Employment
Employed full time for wage (40 or more hours per week) 24 60.0
Employed part time for wage (up to 30 hours per week) 6 15.0
Self-employed 2 5.0
A homemaker 4 10.0
Out of work, but not currently looking for work 3 7.5
A student 1 2.5
Religion
Christianity 6 15.0
Catholicism 3 7.5
Protestant 1 2.5
Judaism 1 2.5
Islam 10 25.0
Buddhism 2 5.0
Hinduism 8 20.0
Sikhism 3 7.5
Spiritual, but not religious 4 10.0
Not spiritual nor religious 2 5.0
Time in Canada (years)
1-10 14 35.0
11-20 1 2.5
21-30 8 20.0
31-40 14 35.0
40+ 3 7.5
Highest degree or level of school completed in Canada
No education 4 10.0
High school 1 2.5
Some college, no degree 5 12.5
Trade/technical/vocational training 1 2.5
Bachelor’s degree 15 37.5
Master’s degree 13 325
Doctorate 1 2.5
Engage in physical activity
Yes 30 75.0
No 10 25.0
Eat foods low in salt, fat, and sugar
Yes 36 90.0
No 4 10.0
Drink alcohol
Yes 16 40.0
No 24 60.0
Smoke cigarettes
Yes 2 5.0
No 38 95.0
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the mean HL score for the sample of CANM:s is 85.0
(Table 2). In the sample, seven (17.5%) of the SANMs
have inadequate HL and 13 (32.5%) have adequate HL.
Two (5.0%) of the CANMs have inadequate HL and
18 (45.0%) have adequate HL. Analyzing the results
of the LNS allowed us to assess the factors associated
with comprehension of basic mathematical concepts
such as probabilities and chance. Based on these results,
a comparative analysis of SANMs and CANMs was
performed. The collective mean NUM score for the
entire sample of mothers is 8.8, with a standard deviation
of NUM = + 2.0 (Table 2). The mean NUM score for
SANMs is 8.4, and the mean NUM score for CANMs
is 9.1 (Table 2). In the sample, two (5.0%) SANMs
and CANMs in each group have inadequate NUM,
and 18 (45.0%) SANMs and CANMs in each group

have adequate NUM. These results are as expected
with measures of central tendency reporting the mean,
suggesting the presence of outliers in the sample of
SANMSs (in contrast to reporting the median). Analyzing
the results of the eHEALS instrument allows us to assess
the factors associated with engaging electronic tools to
promote health through a self-report of eHL skills by the
sample of mothers. The collective mean eHEALS score
for the entire sample of mothers is 34.4, with a standard
deviation of eHL = + 4.7 (Table 2). The mean eHEALS
score for the sample of SANMs is 33.4, and the mean
eHEALS score for the sample of CANMs is 35.5 (Table 2).
Using the results from the self-reports and validated FHL
instruments, we then tested our hypotheses using OOM.

Table 2. Functional health literacy (FHL) scores of mothers (N = 40)

Sample Mean HL score Mean NUM score Mean eHEALS score
SANMs (n = 20) 73.0 8.4 33.4
CANMs (n = 20) 85.0 9.1 355

Total (N = 40) 79.0, SD =+ 18.6 8.8,SD=+2.0 344,SD==+47

Experiment 1: Comprehension of chance of
viral infection

In Experiment 1, we hypothesized that SANMs and
CANMs who engage more frequently in probabilistic
and statistical reasoning will correspond to more accurate
comprehension of the chance of viral infection, with
observable differences in the causal process between
the two samples. The null hypothesis (H,) suggests any
observed pattern of classifications can be explained by
random processes (i.e., no meaningful causal process
exists). The alternative hypothesis (H,) suggests the
causal process will yield a pattern of classifications (i.e.,
correct comprehension of viral infection chance) that is
unlikely to occur under random data shuffling. The digital
survey asked, "How often do you do each of the following
in everyday life?—Use probabilities and statistics to
reach conclusions.” This was paired with the following
responses, "At least once a week," "Less than once a
week," "Rarely," "Never," and, "I do not know." The LNS
then posed the following vignette, which required the
mothers perform a mathematical calculation, "The chance
of getting a viral infection is 0.0005. Out of 10,000
people, about how many of them are expected to get
infected?" [50].

Efficient cause Final cause

Use probabilities and Chance of viral

—>

statistics infection
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For the SANMs, the analysis showed 70.0% correct
classifications with a ¢ value of 0.15, when compared
to 1,000 random data shuffles (Figure 4). Of the 20
total observations, 14 were correctly classified, and six
were incorrectly classified in the sample of SANMs.
There were no ambiguously classified observations.
Notably, nine SANMs who used probabilities "less than
once a week" correctly classified the number of people
who would get infected. Although the model correctly
classifies 70.0% of the observations, the ¢ value of 0.15
indicates that such a high level of accuracy is not rare
under random conditions. This means the pattern could
reasonably occur by chance, and therefore the SANM
pattern does not appear meaningfully different from
random expectations. No meaningful causal pattern is
supported. For the CANMs, the analysis also showed
70.0% correct classifications with a ¢ value of 0.04, when
compared to 1,000 random data shuffles (Figure 4). The
analysis showed 14 correctly classified observations, six
incorrectly classified observations, and no ambiguous
classifications of the observations in the sample of
CANMs. It is noteworthy that eight CANMs who used
probabilities "rarely" correctly classified the number
of people who would get infected. The model correctly
classifies 70.0% of the observations, and the ¢ value
of 0.04 indicates that such a pattern is unlikely to have
occurred by chance. This provides reasonable support for
the presence of a meaningful, non-random causal process
in the data, consistent with the theoretical expectations.
This indicates moderate-to-strong empirical support for
our hypothesis among CANMSs. Lastly, in partial support
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of the hypothesis, only the CANMs showed a meaningful
causal process between frequent use of probabilistic
and statistical reasoning and correct comprehension
of viral infection chance, while the pattern observed
among SANMs could plausibly be due to chance. Only
the CANMs showed a non-random causal pattern linking
everyday probabilistic and statistical reasoning to correct
comprehension of viral infection chance. In contrast,
the SANMs pattern could plausibly arise by chance

and therefore does not support the hypothesized causal
process. In summary, CANMs who report more frequent
use of probabilistic and statistical reasoning are classified
into the state showing higher classification accuracy;
this is the only sample that showed a distinct or stronger
causal process, and the pattern observed between the
samples differs.

Multi-Unit Frequency Histogram
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Experiment 2: Comprehension of when to
take medication

In Experiment 2, we hypothesized that the frequency
of numerical engagement—such as counting or reading
numbers—corresponds to accurate comprehension of
medication timing, and that this causal process differs
between SANMs and CANMs based on the functional
application of mathematics skills. This explanatory
model consists of three-variables and was developed
using a What>Why>How framework. In a three-variable
model (classification mapping: X = What (predictor), M =
Why (mechanism or moderator), and Y = How (outcome)),
which in traditional path analysis often explores direct and
indirect effects (mediation), OOM shifts the focus to how
well a theoretical model accounts for the specific outcome

pattern for each individual case. Thus, the explanatory
three-variable model defines how the states of X and M
jointly determine the state of Y for a given observation. We
presented this as a stepwise progression from Experiment
1 and as a good demonstration of the applied nature of
OOM and its capabilities. The goal is to provide a rich,
substantive explanation for the pattern of observations,
focusing on how and why cases deviate from the pattern,
which can inform model revision and theory development.
This hypothesis tests whether numerical engagement
behaviours (i.e., counting, reading numbers) are classified
into the state representing accurate comprehension of
medication timing based on functional mathematical
skills, and whether this causal process differs between
SANMs and CANMs.

‘What
—

Counting or reading

numbers

Why
Comprehension of

timing of medication

How
Mathematics skills

Similarly to Experiment 1, the null hypothesis (Ho)
suggests the observed classification pattern is not
meaningfully different from what would occur under
random data shuffling. The alternative hypothesis (H,)
suggests the observed pattern is meaningfully structured
(i.e., unlikely to occur under random shuffling), consistent
with the theorized causal process. The digital survey
asked, “How often do you do each of the following in
everyday life—Count or read numbers to keep track of
things.” This was paired with the following responses, “A¢
least once a week,” “Less than once a week,” “Rarely,”
“Never,” and “I do not know.” The HLSI-SF then posed
the following question, requiring the mother to interpret
OHI from a chart entitled, "My Medicine Record" [49].
The question reads, "In the example listed in the first row
of the table, when should the medicine be taken?" The
multiple choice responses include: a.Two times a day
anytime between 8 am and 8 pm; b. At 8 am or 8 pm each
day; c. At 8 am and 8 pm each day; d. Don’t know [49].
The digital survey then asked, “How would you rate your
mathematical skills?” This was paired with the following
responses, "Very good," "Good,"” "Okay," "Poor," and
"Very Poor."

This explanatory three-variable model was analyzed
in two parts. Firstly, we began with analysis of patterns
within SANMs only. For the SANMs, the results of the
first pair of variables (what and why) showed 75.0%
correct classifications (PCC) with a ¢ value of 0.01, after
comparing it with 1,000 random data shuffles (Figure
5a). Of the 20 total observations, the analysis revealed
15 correctly classified and five incorrectly classified
observations in the sample of SANMs. Here, 12 SANMs
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who reported counting or reading numbers "at least
once a week" correctly responded that 8 am and 8 pm
were when the medication should be taken. This model
correctly classifies 75.0% of the cases, and the ¢ value of
0.01 indicates that such a pattern is unlikely to occur by
chance. This provides strong evidence for a meaningful,
non-random causal process between the variables in
the model. OOM emphasizes model refinement with
real cases. Adding the third variable (why and how),
the results showed 70.0% correct classifications with a
¢ value of 0.06, after comparing it with 1,000 random
data shuffles (Figure 5b). Of the 20 total observations,
the analysis revealed 14 correctly classified and six
incorrectly classified observations, with no ambiguously
classified observations. Here, seven SANMs who self-
reported "very good" mathematics skills correctly
responded that medication should be taken at 8 am
and 8 pm. There appears to be moderate evidence for
a meaningful directional pattern between the timing
of medication and self-reported mathematics skills,
introducing some variability into the pattern as 70.0% of
observations fit the expected pattern, with a relatively low
¢ value of 0.06. Adding in the third variable introduces
variability into the predicted pattern, suggesting that
self-reported mathematical skill does not correspond
as consistently to the expected medication-timing
responses in this sample. The strength of the pattern here
is not overwhelming. Thus, including the third variable
introduces inconsistency, and this is less strong than the
first pair of variables alone.

Secondly, we completed an analysis of patterns within
CANMSs only. For the CANMs, the results of the first
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pair of variables (what and why) showed 95.0% correct
classifications (PCC) with a ¢ value of 0.18, after
comparing it with 1,000 random data shuffles (Figure 5a).
Of the 20 total observations, the analysis indicated 19
correctly classified observations, with only one incorrectly
classified observation in the sample of CANMs. Here,
17 CANMs who reported counting or reading numbers
"at least once a week" correctly responded that 8 am and
8 pm were the appropriate times to take the medication.
Although the model correctly classifies 95.0% of the
observations, the ¢ value of 0.18 indicates that such a
high level of accuracy is not distinguishable from patterns
produced by random assignment. This means the pattern
could reasonably occur by chance and, therefore, the
result does not provide strong evidence for a meaningful
non-random pattern. In this case, the pattern is not
unique enough to be clearly distinguished from chance.
OOM emphasizes model refinement with real cases.
Adding in the third variable (why and how), the results

Multi-Unit Frequency Histogram

showed 45.0% correct classifications with a ¢ value of
0.69, after comparing it with 1,000 random data shuffles
(Figure 5b). Of the 20 total observations, the analysis
revealed nine correctly classified and 11 incorrectly
classified observations. There were no ambiguously
classified observations. Here too, there is no support for a
meaningful or directional causal process between timing
of medication and self-reported mathematics skills. Only
45.0% of classifications matched the hypothesized pattern,
and the high c value of 0.69 suggests this result is highly
likely due to chance. Therefore, the theorized explanatory
pattern does not correspond well to the observed
individual level outcomes among CANMs.

In summary, consistent with the hypothesis, the results
for SANMSs provide strong evidence of a meaningful and
non-random pattern that frequent numerical engagement is
associated with correct medication timing comprehension,
and moderate evidence for a meaningful pattern involving
self-reported mathematical skills, although this pattern
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Multi-Unit Frequency Histogram

5 (b) Target: Comprehension of when the medication should be taken

SANMSs

2 times
am_of_&pm

very_good ilj
good

il

poor

Very_poot|

& total of 20 observations are plotted.
= Correctly classified observation
= Incorrectly classified observation

Conforming: Mathematics skills
2 _times
8am_or Epm

very_good

goo dﬂ
okay 3

poot]

VEery_poot

O= Ambiguously classified observation

_Spm

gam_and 3

dont know

0«

Percent Correct Classifications (PCC)= 70.00

CANMSs

_Spm

8am_and 8

dont know

Y

Percent Correct Classifications (PCC) = 45.00

2 total of 20 observations are plotted.
= Correctly classified observation
4 = Incorrectly classified observation
= Ambiguously classified observation

Figure 5. Histogram of classification results for SANMs and CANMs knowledge of frequency of counting or reading numbers to
keep track of things, comprehension of timing of medications, and mathematics skills. (a) What>Why model and (b) Why>How
model

is weaker and less consistent. However, for CANMs, the
high classification lacks strong evidence for a meaningful
non-random pattern, suggesting the observed pattern may
be solely due to chance. For SANMSs, the two-variable
model showed strong evidence of a meaningful, non-
random pattern linking numerical engagement to correct
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medication-timing comprehension, while the three-
variable model received moderate support. In contrast,
for CANMs, neither model was meaningfully distinct
from chance. Thus, the hypothesized explanatory process
appears supported for SANMSs, but not for CANMs.

Advances in Translational Medicine



Discussion

This research examined the MHL of SANMs and
CANMs by assessing individual learning processes to
develop an explanatory model of comprehension depth.
This research focuses on SANMs, the largest racialized/
visible minority population in Canada, and compares
their sociocultural cognitive processing with that of
CANMs. In doing so, we offered suggestions for future
health education, wherein creating effective HI and OHI is
required. These recommendations are based on the results
of FHL assessments in two samples of mothers [55]. The
purpose of this research is to understand the language,
language competencies, and comprehension opportunities
and challenges faced by all mothers to improve health
education, with a specific focus on FHL implications
in healthcare settings and the use of gist. In summary,
both the SANMs and CANMs self-reported adequate
NUM abilities, but failed to perform functionally on
assessments, which is aligned with much of the existing
research evidence.

The research evidence suggests numerical language
affects how people solve problems and retrieve numbers,
which influences learning [56-58]. Although only one
mother in the total sample reported "poor" or "very poor"
mathematics skills, both SANMs and CANMs samples
struggled with understanding numeric print when assessed
functionally, according to the results of the HLSI-SF and
the LNS. Notably, the metric system represents a different
numerical language that is more difficult for older South
Asian mothers, who engage with the imperial system, to
grasp. In Experiment 1, the analysis showed a meaningful
pattern between frequent use of probabilities and statistics
and correct comprehension of chance of viral infection in
the sample of CANMs, while the pattern observed among
SANMs could plausibly be due to chance. In terms of gist,
the result suggests SANMs who engage in more numerical
reasoning might have better comprehension of the gist
(e.g., the main idea of viral infection chance), but there
is less confidence that they are systematically engaging
in deeper, more refined probabilistic and statistical
understanding (verbatim processing). Therefore, for the
SANMs, one can cautiously conclude that there is some
evidence for gist-level comprehension improvement with
increased numerical reasoning, but less strong evidence
of deeper comprehension. In contrast, the meaningful
pattern among CANMs may reflect greater familiarity
with Canadian number conventions, customs, or other
sociocultural exposures, but this study did not directly test
the metric system hypothesis in either sample of mothers.
These customs are formed in elementary school and
throughout the entirety of their course in the education
system as well as through general practice at work or in
the community (e.g., paying with cash and calculating
tips). Consequently, CANMSs may be drawing on numerical
conventions familiar within Canadian schooling and daily
contexts. In terms of gist, the pattern appears uncommon
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(c value = 0.04), suggesting not only that CANMs show
gist (main comprehension of chance), but also that their
numerical reasoning may effectively contribute to this
comprehension in a meaningful way. While this is not
direct evidence of full verbatim comprehension, CANMs
likely benefit more strongly from increased numerical
reasoning compared to SANMs. Thus, for CANMs,
the data show a meaningful pattern consistent with
the idea that more frequent probabilistic and statistical
reasoning corresponds with correct comprehension of the
chance of viral infection (likely at the gist level, maybe
approaching deeper processing) than for SANMs (given
the lower ¢ value). Therefore, information recall and
experience depend on how well information is connected
to other ideas and activities—reinforced through practice
in situated contexts and contributing to gist [59]. In
summary, this provides reasonable support for the
presence of a meaningful, non-random causal process
according to the data, consistent with the theoretical
expectations in Experiment 1 for CANMs.

However, the aforementioned does not apply to SANMs
who showed weaker evidence for a non-random pattern
or had shallower uptake of HI. According to the results
of Experiment 1, SANMs did not show a meaningful
pattern linking the frequency of their numerical reasoning
to accuracy of comprehension. In terms of MHL
implications, CANMs showed stronger gist but had
difficulty with two-step mathematical calculations and
in converting decimals compared to SANMs, possibly
due to less practice with these tasks, which can also be
reflected in their child’s learning challenges [58,60,61].
The OOM pattern among CANMSs indicates stronger
accuracy between probabilistic and statistical reasoning
and comprehension, but their raw performance on multi-
step NUM items remained inconsistent, highlighting
that comprehension does not necessarily imply overall
superior global NUM skills. Both samples of mothers
experienced difficulties with functional NUM abilities,
contrary to their self-reports. Health educators may
need to provide additional scaffolding (e.g., more
contextualization, culturally relevant examples) to
ensure that numerical reasoning leads to comprehension.
According to the results of the HLSI-SF, both samples
of mothers struggled with reading numerical values from
nutrition labels and following oral instructions in English
related to numbers, consistent with previous research
findings [62,63]. Therefore, health education materials
should be designed to engage numerical reasoning (such
as presenting likelihood data, statistical information and
interactive reasoning tasks in context) rather than contain
purely descriptive text. Evidence is seen in the sample of
CANMs, who had difficulty in understanding data from
stacked bar charts on prostate cancer (perhaps because
of lower awareness and context of men's health issues)
[64]. The format and content of educational materials
must be improved for better comprehension; otherwise,
decision-making may be affected [65]. People who
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struggle with probabilities often overestimate health
risks as well [50,66,67]. Of the total sample, 26 mothers
(65.0%) answered correctly to the LNS question about the
chance of getting a viral infection—six (15.0%) SANMs
and eight (20.0%) CANMs answered incorrectly. This
is the second of two NUM scale items of which there
was a greater number and percentage of CANMs in the
sample who responded incorrectly compared to SANMs
(here, CANMSs had higher incorrect responses on the raw
LNS items involving advanced probability tasks). Since
differences emerged in the evidence for a meaningful non-
random pattern between samples, educational programs
should anticipate that different populations may respond
differently to numerical reasoning interventions; thus,
adaptability is key.

In Experiment 2, the explanatory model accurately
found SANMs who engage more frequently in counting or
reading numbers are more likely to correctly comprehend
information regarding when to take medication by
functionally applying mathematics skills, according to the
explanatory three-variable model, which provided strong
and moderate evidence for the pattern, respectively. This
was not the case for the sample of CANMs, wherein the
pattern was not rare and likely due to chance. According
to the raw results of the HLSI-SF item performance,
SANMs had difficulty interpreting tables and documents,
as four (10.0%) SANMs incorrectly identified the timing
of medications. In contrast, CANMs were better at
understanding quantitative medication records presented
in tables. Although CANMs scored higher on the raw
medication-table item, their responses did not align with
the predicted multi-variable pattern, suggesting greater
variability in how they applied NUM. According to the
general research evidence, learning new language and
number customs improves newcomers' experiences
of healthcare access in Canada (e.g., navigation of the
healthcare system, comprehension of OHI) [20]. In
effect, we may cautiously conclude that in Experiment
2, SANMs showed a relatively stable and meaningful
pattern (at the gist level), whereas CANMs did not. This
does not generalize across all tasks; the pattern differs
by context. The pattern for SANMs suggests gist-level
comprehension may be relatively robust within the
medication-timing task, although we cannot infer deep
verbatim understanding from OOM alone. The stronger
results for SANMSs with two variables (and the moderate
drop when adding the third) suggest their comprehension
of the relationship (What>Why) is reasonably deep—
enough that a majority adhere to the hypothesized
structure. The drop in fit when adding the third variable
(Why>How) indicates that adding detail (how the process
works) requires deeper processing, which may reduce
uniformity. This is typical when one shifts from gist to
more detailed comprehension. The implication of this
result is that language and number customs affect how
information is accessed, and behaviors impact learning
over time based on individual characteristics.
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We may summarize that in the case of SANMs, the
gist model is strong and less robust for CANMs; when
complexity increases, the pattern is less consistent,
indicating typical difficulties in moving from gist to
deeper relational understanding, which may be attributable
to individual characteristics. Individual characteristics,
including age, gender, education, and previous use of
electronic health tools, affect FHL [68]. There may be
differences in prior knowledge, cultural frameworks,
learning experiences, or metacognitive strategy use as
well. Therefore, health educators should ensure that
newcomer mothers can reliably grasp and articulate the
gist of health directives before introducing more complex
"how" details. It is also noteworthy that the HLSI-SF
was administered digitally. According to the results of
the eHEALS assessment, more SANMs had difficulties
in accessing, understanding, and using electronic HI
compared to CANMs in the sample. Previous research
has also confirmed that SANMs have difficulty in using
the Internet, possibly due to limited access to online
technologies [69,70]. In contrast, CANMs have more
experience with digital tools such as the Internet, search
engines, and healthcare websites [12,71]. The difference
between SANMs and CANMs suggests that one size
may not fit all. Ultimately, medication literacy may
be improved by enhancing skills to understand print
documents containing numbers, such as identifying and
integrating information, making inferences, and searching
through dense information [72]. Addressing different
levels of medication literacy through interventions has
been recognized as a need in both newcomer and domestic
populations [73,74].

In summary, the research suggests that OOM can
be used to validate an explanatory model of MHL by
analyzing how specific combinations of orderings align
with observed individual patterns. This research identifies
consistent causal processes, pattern classifications, and
mismatches across cases, allowing for refinement in future
research that develops multivariable, explanatory models
based on efficient and final cause pairs. This approach
emphasizes explanation over correlation, providing a more
accurate, context-sensitive validation of how multiple,
psyche-based orderings interact to shape comprehension
in real-world settings. Across both samples, similarities
are that English language alone is not associated with
greater comprehension of health conditions, and that
information access and use depend on quality, breadth,
depth, range, and information context. Differences across
both samples include variation in knowledge of key
pregnancy and obstetric terminology, as well as how the
influence of personal characteristics, psychosocial factors,
cultural and religious beliefs, and social relationships
result in differences in comprehension. Ultimately, the
outcomes of this research illustrate that comprehension
of numbers is shaped by a multi-step information-seeking
process involving perception, visual interaction, and
problem-solving, and consolidation in the memory. HI
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must be tailored (shaping and framing), as many mothers
struggle to apply written and numerical advice, and
context-based oral or interactive health interventions are
needed for those with lower FHL.

Strengths and limitations

This research has both strengths and limitations. One
limitation is that the non-probability judgement sample
is homogeneous, which means the results may not be
generalizable [42]. Since the sample is homogeneous,
future research should include more diverse participant
groups to test whether similar explanatory patterns
emerge across different contexts to enhance population
validity. For instance, future research may recruit different
populations of newcomer mothers to track individual
changes before and after a MHL intervention that combines
health education with basic HL and HN skills (such as
reading prescriptions, understanding nutrition labels, and
interpreting risk of infection), or conduct research using
oration, word recognition, and reading comprehension.
OOM would identify which patterns of improvement
emerge across participants and how the different literacies
interact in real-world contexts. This approach refines the
explanatory model and supports the development of more
effective, personalized public health education strategies
to facilitate learning. A strength of the research is that
the majority of the mothers engaged in English-language
instruction at school, which allows for more consistent
comparisons between the two samples. Similarly, a
strength of OOM is that it considers MHL as a whole
system of orderings of psyche-based qualities, rather than
as a set of separate variables, providing valuable insights
at the individual level [40]. Multiple data collection
methods were employed by means of data triangulation,
thus providing a comprehensive interpretation of the
phenomenon investigated. To improve the overall
methodological framework, increasing the sample size,
collecting more data on a wider range of MHL events and
psyche-based orderings, and refining the response scales
could enhance the relevance of the results [40,42]. OOM
relies heavily on finding similar patterns across different
samples and settings. As such, future research can focus
on replication, where the same research is conducted
with different populations, settings, or over time to help
determine if the results hold true across varied contexts.

Conclusions

The research explores how perception is linked
to behaviour by explaining MHL processes in a
system using a sample of SANMs and CANM:s. This
contributes to MHL research by using OOM to develop
an explanatory model that reveals individual level
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patterns in two samples of mothers. Unlike traditional
variable-based methods, OOM highlights how specific
factors interact within real-world contexts, enabling a
more personalized understanding of behaviours. This
person-centred approach supports the design of more
effective, context-specific health education interventions.
Additionally, it advances methodological innovation
in public health research by demonstrating the value
of explanatory, pattern-based analysis over predictive,
group-based statistics. In this research, the implication
for health education practice is to create ‘kind’ learning
environments where success criteria are clear, enabling
all mothers to use their knowledge to make better health
decisions in real-world contexts. For ethno-culturally
diverse mothers, this can be achieved by consistently
referring to health concepts in the same way, avoiding
synonyms, providing explanations for unfamiliar
topics, marking topics, and using sentence conjunctions
to improve flow. Ultimately, the explanatory model
highlights the importance of shaping and framing OHI to
improve comprehension.

Abbreviations

CANMs — Canadian-born mothers

¢ value — chance value

eHEALS — eHealth literacy scale

eHL — electronic health literacy

FHL — functional health literacy

FTT — fuzzy-trace theory

HI — health information

HL — health literacy

HLSI-SF — health literacy skills instrument-short form
HN - health numeracy

LNS - lipkus numeracy scale

MHL — maternal health literacy

NHST — null hypothesis significance testing

NUM — numeracy

OECD - organisation for economic cooperation and
development

OHI — online health information

OOM - observation oriented modelling

PCC — percent correct classification

PP — perceptual process

PSP — problem-solving process

REB — research ethics board

RTI — research triangle institute

SANMSs — South Asian newcomer mothers

SPSS — statistical package for the social sciences
STEM - science, technology, engineering, and
mathematics

STROBE - strengthening the reporting of observational
studies in epidemiology statement

TOFHLA - test of functional health literacy in adults
VIP — visual interaction process

35| Volume 4 Issue 1, 2025



Availability of data and materials

The supplementary files, codebook, and datasets that
support the results of this research are available on request
from the corresponding author upon reasonable request.

Authors' contributions

DK, HTN, LD, and EN contributed equally to the
conceptualization of this research and the formulation
of the aims of this research. DK, HTN, and LD
developed the design of the research and DK executed
the creation of the explanatory model and application
of the methodology. DK and MP were involved in the
exploratory data analysis, with MP assisting in project
administration. IS provided scholarly review and feedback
of the final draft and assisted with manuscript writing.
All authors contributed equally to the investigation and
validation of the research. DK was responsible for the
original draft writing of this manuscript; however, all
authors were responsible for the review, feedback, and
editing of the final copy of this manuscript. HTN and LD
are the principal investigators, serving as supervisors for
the oversight and leadership responsibility of all research
activity.

Acknowledgements

Our sincerest thanks go to the Calgary Board of
Education, EducationMatters, and Dr. E.P. Scarlett
High School in Alberta, Canada, for establishing the
Pourmoradi-Khajeei Educational Advancement Award
for woman scholars entering Science, Technology,
Engineering, and Mathematics (STEM). The Pourmoradi-
Khajeei Educational Advancement Award provided
opportunities for women scholars to serve as research
assistants for this research. We would also like to
acknowledge Punjabi Community Health Services, the
Brampton Multicultural Community Centre, and the
Rexdale Women’s Centre for distributing flyers to assist
with participant recruitment and sharing prior research
and cultural resources pertaining to South Asian women.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this article.

Institutional review board statement

This research follows the guidelines of the Declaration

36 | Volume 4 Issue 1, 2025

of Helsinki and has been approved by the University
of Waterloo Ethics Review Board (REB #43128). Oral
consent has been obtained from all mothers participating
in the research.

Conflict of interest

All authors declared there are no conflicts of interest for
this research.

References

[1] Kohan S, Ghasemi S, Dodangeh M. Associations
between maternal health literacy and prenatal care
and pregnancy outcome. [ranian Journal of Nursing
and Midwifery Research. 2008;12(4):146-152.

[2] Renkert S, Nutbeam D. Opportunities to improve

maternal health literacy through antenatal education:

An exploratory study. Health Promotion International.

2001; 16(4):381-388. doi: 10.1093/heapro/16.4.381.

Spitzer D, Neufeld A, Harrison M, Hughes K,

Stewart M. Caregiving in transnational context:

"My wings have been cut; Where can [ fly?"

Gender and Society. 2003; 17(2):267-286. doi:

10.1177/0891243202250832.

[4] Khajeei D, Neufeld H, Donelle L, Meyer S, Neiterman
E, Fayyaz J et al. Maternal health literacy of South
Asian newcomer mothers and Canadian-born
mothers: A narrative inquiry using propositional
analysis. Journal of Information Analysis. 2024;
2(3):1-16. doi: 10.53964/jia.2024003.

[5] Rootman I, Gordon-El-Bihbety D. 4 vision for a health
literate Canada: Report of the expert panel on health
literacy. Ottawa: Canadian Public Health Association
(CPHA). Report number:978-1-897485-00-2, 2008.

[6] Nutbeam D. Health literacy as a public health goal:
A challenge for contemporary health education and
communication strategies into the 21st century.
Health Promotion International. 2000;15(3):259-267.
doi: 10.1093/heapro/15.3.259.

[7] Chinn D. Critical health literacy: A review and critical
analysis. Social Science and Medicine. 2011;73(1):60-
67.doi: 10.1016/j.socscimed.2011.04.0 04.

[8] Organisation for Economic Co-operation and
Development (OECD). Skills Matter: Additional
Results from the Survey of Adult Skills, OECD
Skills Studies. Paris: OECD Publishing. Report
number:978-92-64-79900-4, 2019.

[9] Israel S. Handbook of research on reading
comprehension (2nd ed). New York: The Guilford
Press; 2017.

[10] Gal 1. Adult numeracy development: Theory,
research, practice. Cresskill: Hampton Press; 2000.

[11] Golbeck A, Ahlers-Schmidt C, Paschal A, Dismuke

—
W
[

Advances in Translational Medicine



S. A definition and operational framework for
health numeracy. American Journal of Preventative
Medicine. 2005;29(4):375-376. doi: 10.1016/
j.amepre.2005.06.012.

[12] Ancker J, Kaufman D. Rethinking health numeracy:
A multidisciplinary literature review. Journal of the
American Medical Informatics Association. 2007,
14(6):713-721. doi: 10.1197/jamia.M2464.

[13] Snyder A, Neufeld H, Forbes L. A mixed-methods
investigation of women’s experiences seeking
pregnancy-related online nutrition information. BMC
Pregnancy and Childbirth. 2020; 20(377):1-10. doi:
10.1186/512884-020-03065-w.

[14] Donelle L, Hall J, Hiebert B, Jackson K, Stoyanovich
E, LaChance J et al. Investigation of digital
technology use in the transition to parenting:
qualitative study. JMIR Pediatrics and Parenting.
2021;4(1):e25388. doi: 10.2196/25388.

[15] Clarkson N, Neiterman E. A Scoping Review
of International Literature on Patient-Provider
Satisfaction with Virtual Prenatal Appointments:
Recommendations for Canadian Providers. Canadian
Journal of Medicine. 2024;6(1):29-51. doi: 10.33844/
CIM.2024.6036.

[16] Kintsch W. Comprehension: A paradigm for
cognition. Cambridge: Cambridge University Press;
1998.

[17] Serensen K, Van den Broucke S, Fullam J, Doyle
G, Pelikan J, Slonska Z et al. Health literacy and
public health: A systematic review and integration
of definitions and models. BMC Public Health.
2012;12(80):1-13. doi: 10.1186/1471-2458-12-80.

[18] Golesorkhi L. Health literacy and refugee women
during the COVID-19 pandemic: Outlooks for ESL
classes. Refuge. 2023;39(1):1-3. doi: 10.25071/1920-
7336.40903.

[19] Riggs E, Block K, Gibbs L, Davis E, Szwarc J, Casey
S et al. Flexible models for learning English are
needed for refugee mothers. Australian Journal of
Adult Learning. 2012;52(2):397-405.

[20] Tsai P, Ghahari S. Immigrants’ experience of health
care access in Canada: A recent scoping review.
Journal of Immigrant and Minority Health. 2023,
25(3):712-727. doi: 10.1007/s10903-023-01461-w.

[21] Statistics Canada. International adult literacy and
skills survey (IALSS). Ottawa: Government of
Canada. Report number:4406, 2007.

[22] Zou P, Shao J, Luo Y, Thayaparan A, Zhang H, Alam
A et al. Facilitators and barriers to healthy midlife
transition among South Asian immigrant women
in Canada: A qualitative exploration. Healthcare.
2021;9(2):182-197. doi: 10.3390/healthcare9020182.

[23] Renzaho A, Polonsky M, Yusuf A, Ferdous A,
Szafraniec M, Salami B et al. Migration-related
factors and settlement service literacy: Findings from
the multi-site migrants’ settlement study. Journal
of International Migration and Integration. 2023,

Advances in Translational Medicine

24(4):1589-609. doi: 10.1007/s12134-023-01023-x.

[24] Thapa-Bajgain K, Bajgain B, Dahal R, Adhikari
K, Chowdhury N, Chowdhury M et al. Health
literacy among members of the Nepalese
immigrant population in Canada. Health
Education Journal. 2023;82(3):274-285. doi:
10.1177/00178969231151631.

[25] Makowsky M, Davachi S, Jones C. eHealth literacy
in a sample of South Asian adults in Edmonton,
Alberta, Canada: Sub-analysis of a 2014 community-
based survey. Journal of Formative Research. 2022;
6(3):€29955. doi: 10.2196/29955.

[26] Anderson J, Anderson A. Biggest thing is
saying in English and Punjabi, too: Working
with immigrant and refugee families and
communities in a bilingual family literacy program.
Reading Psychology. 2021;42(8):899-927. doi:
10.1080/02702711.2021.1968088.

[27] Kong C, Yan M, Lauer S, Zhan S. Immigrant
identifications and ICT use: A survey study of
Chinese and South Asian immigrants in Canada.
Journal of International Migration and Integration.
2023;24(2):885-910. doi: 10.1007/s12134-022-
00983-w.

[28] Raza K. Language practices of multilingual
immigrants and their impact on immigrant
integration: A case study of South Asians in Northeast
Calgary. PhD [dissertation]. Calgary: University of
Calgary; 2023. doi: 10.11575/PRISM/42180.

[29] Glanz K, Rimer B, Viswanath K. Health behavior:
Theory, research, and practice. Hoboken: John Wiley
and Sons; 2015.

[30] Hubbard R. Corrupt research: The case for
reconceptualizing empirical management and social
science. Thousand Oaks: Sage; 2016.

[31] Blalock S, DeVellis R, Chewning B, Sleath B, Reyna
V. Gist and verbatim communication concerning
medication risks/benefits. Patient Education
Counselling. 2016; 99(6):988-994. doi: 10.1016/
j-pec.2015.12.001.

[32] Blalock S, Reyna V. Using fuzzy-trace theory
to understand and improve health judgments,
decisions, and behaviors: A literature review. Health
Psychology. 2016;35(8):781-792. doi: 10.1037/
hea0000384.

[33] Reyna V, Nelson W, Han P, Dieckmann N. How
numeracy influences risk comprehension and medical
decision making. Psychological Bulletin. 2009;
135(6):943-973. doi: 10.1037/a0017327.

[34] Barnett S, Koslowski B. Adaptive expertise:
Effects of type of experience and the level
of theoretical understanding it generates.
Thinking and Reasoning. 2002; 8(4):237-267.
doi:10.1080/13546780244000088.

[35] Chi M. Theoretical perspectives, methodological
approaches, and trends in the study of expertise.
In: Li Y, Kaiser G. (eds). Expertise in Mathematics

37 | Volume 4 Issue 1, 2025



Instruction: An International Perspective. Manhattan:
Springer; 2011. p.17-39. doi:10.1007/978-1-4419-
7707-6 2.

[36] Otero J, Kintsch W. Failures to detect contradictions
in a text: What readers believe versus what they
read. Psychological Science. 1992;3(4):229-236. doi:
10.1111/5.1467-9280.1992.tb00034 ..

[37] Reyna V, Brainerd C. Numeracy, ratio bias,
and denominator neglect in judgments of
risk and probability. Learning and Individual
Differences. 2008;18(1):89-107. doi: 10.1016/
j-1indif.2007.03.011.

[38] Reece B. Aristotle’s four causes of action.
Australasian Journal of Philosophy. 2019;97(2):213-
227. doi: 10.1080/00048402.2018.1482932.

[39] Grice J. Observation Oriented Modeling Software
Manual v2. 2016.

[40] Grice J. Observation oriented modeling: Analysis
of cause in the behavioral sciences. New York:
Academic Press; 2011.

[41] von Elm E, Altman D, Egger M, Pocock S, Getzsche
P, Vandenbroucke J et al. The Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) Statement: Guidelines
for reporting observational studies. British Medical
Journal. 2007;335(7624):806-808. doi: 10.1136/
bmj.39335.541782.AD.

[42] Kish L. Survey sampling. Hoboken: Wiley Classics
Library; 1995.

[43] Grice J, Barrett P, Schlimgen L, Abramson C. Toward
a brighter future for psychology as an observation-
oriented science. Behavioral Sciences. 2012;2(1):1-
22. doi: 10.3390/bs2010001.

[44] Smith K, Nolan M, Knehans A. Aging and
health literacy. Journal of Consumer Health
on the Internet. 2014;18(1):94-100. doi:
10.1080/15398285.2014.869447.

[45] van der Heide I, Wang J, Droomers M,
Spreeuwenberg P, Rademakers J, Uiters E. The
relationship between health, education, and
health literacy: Results from the Dutch Adult
Literacy and Life Skills Survey. Journal of Health
Communication. 2013;18(suppl 1):172-184. doi:
10.1080/10810730.2013.825668.

[46] Sun X, Yang S, Fisher E, Shi Y, Wang Y, Zeng Q et
al. Relationships of health literacy, health behavior,
and health status regarding infectious respiratory
diseases: Application of a skill-based measure.
Journal of Health Communication. 2014;19(suppl
2):173-189. doi: 10.1080/10810730.2014.946112.

[47] Rogers E. A cognitive theory of visual interaction.
In: Chandrasekaran B, Glasgow J, Narayanan N.
(eds.). Diagrammatic reasoning: Cognitive and
computational perspectives. Cambridge: MIT Press;
1995. p. 481-500.

[48] Grice J. Observation oriented modeling:
Preparing students for research in the 21st

38 | Volume 4 Issue 1, 2025

century. Comprehensive Psychology. 2014;3. doi:
10.2466/05.08.IT.3.3.

[49] Bann C, McCormack L, Berkman N, Squiers
L. The health literacy skills instrument:
A 10-item short form. Journal of Health
Communication. 2012;17(supp 13):191-202. doi:
10.1080/10810730.2012.718042.

[50] Lipkus I, Samsa G, Rimer B. General performance
on a numeracy scale among highly educated samples.
Medical Decision Making. 2001;21(1):37-44. doi:
10.1177/0272989X0102100105.

[51] Norman C, Skinner H. eHEALS: The eHealth
literacy scale. Journal of Medical Internet Research.
2006;8(4):e27. doi: 10.2196/jmir.8.4.e27.

[52] Wangdahl J, Jaensson M, Dahlberg K, Nilsson U.
The Swedish version of the electronic health literacy
scale: Prospective psychometric evaluation study
including thresholds levels. JMIR mHealth and
uHealth. 2020;8(2):¢16316. doi:10.2196/16316.

[53] Statistics Canada. Women in Canada at a glance:
Statistical highlights. Ottawa: Government of
Canada. Report number.:978-1-100-20849-7, 2012.

[54] Organisation for Economic Cooperation and
Development (OECD). Education at a glance 2024:
OECD indicators. Paris: OECD Publishing. Report
number: 978-92-64-38326-5, 2024.

[55] Hu Y. A socio-cognitive reinterpretation of Grice’s
theory of conversation. Intercultural Pragmatics.
2024;21(1):99-119. doi: 10.1515/ip-2024-0004.

[56] Koyama J, Turan A. Coloniality and refugee
education in the United States. Social Sciences.
2024;13(6):1-16. doi:10.3390/socscil 3060314,

[57] Gatobu S, Arocha J, Hoffman-Goetz L. Numeracy,
health numeracy, and older immigrants’ primary
language: An observation-oriented exploration. Basic
and Applied Social Psychology. 2016;38(4):185-199.
doi: 10.1080/01973533.2016.1197129.

[58] LeFevre J, Skwarchuk S, Sowinski C, Cankaya O.
Linking quantities and symbols in early numeracy
learning. Journal of Numerical Cognition.
2022;8(1):1-23. doi: 10.5964/jnc.7249.

[59] Trabasso T, van den Broek P. Causal thinking and
the representation of narrative events. Journal of
Memory and Language. 1985;24(5):612-630. doi:
10.1016/0749-596X(85)90049-X.

[60] Alam S, Dubé A. How does the modern home
environment impact children's mathematics
knowledge? Evidence from Canadian elementary
children's digital home numeracy practice
(DHNP). Journal of Computer Assisted Learning.
2023;39(4):1211-41. doi: 10.1111/jcal.12795.

[61] Skwarchuk S, Douglas H, Cahoon A, LeFevre J, Xu
C, Roy E et al. Relations between the home learning
environment and the literacy and mathematics skills
of eight-year-old Canadian children. Education
Sciences. 2022;12(8):513-540. doi:10.3390/
educscil2080513.

Advances in Translational Medicine



[62] Mohamed-Bibi S, Vaqué-Crusellas C, Alonso-Pedrol
N. Design of culturally and linguistically tailored
nutrition education materials to promote healthy
eating habits among Pakistani women participating
in the PakCat Program in Catalonia. Nutrients.
2022;14(24):5239-5256. doi: 10.3390/nu14245239.

[63] Pardhan S, Nakafero G, Raman R, Sapkota R.
Barriers to diabetes awareness and self-help are
influenced by people's demographics: Perspectives
of South Asians with type 2 diabetes. Ethnicity and
Health. 2020;25(6):843-861. doi:10.1080/13557858.
2018.14558009.

[64] Bonhomme J. Men’s health: Impact on women,
children, and society. The Journal of Men's Health
and Gender. 2007;4(2):124-130. doi: 10.1016/
j-jmhg.2007.01.011.

[65] Nelson W, Reyna V, Fagerlin A, Lipkus I, Peters
E. Clinical implications of numeracy: Theory
and practice. Annals of Behavioral Medicine.
2008;35(3):261-274. doi:10.1007/s12160-008-9037-
8.

[66] Black W, Nease R, Tosteson A. Perceptions of breast
cancer risk and screening effectiveness in women
younger than 50 years of age. Journal of the National
Cancer Institute. 1995;87(10):720-731. doi:10.1093/
jnci/87.10.720.

[67] Burkell J. What are the chances? Evaluating risk and
benefit information in consumer health materials.
Journal of the Medical Library Association.
2004;92(2):200-208.

[68] Yu E. Digital health literacy of Canadian adults:
Evidence from the 2020 Canadian digital health
Survey. Available from: https://www.infoway-
inforoute.ca/en/component/edocman/3882-digital-
health-literacy-of-canadian-adults-evidence-from-
the-2020-canadian-digital-health-survey/view-
document?Itemid=0 [Accessed 15 th November
2025].

[69] Aldosari N, Ahmed S, McDermott J, Stanmore E. The
use of digital health by South Asian communities:
Scoping review. Journal of Medical Internet
Research. 2023;12(25):¢40425. doi: 10.2196/40425.

[70] Hu L, Wyatt L, Mohsin F, Lim S, Zanowiak J,
Mammen S. Characterizing technology use and
preferences for health communication in South Asian
immigrants with prediabetes or diabetes: Cross-
sectional descriptive study. Journal of Formative
Research. 2024;8:¢52687. doi:10.2196/52687.

[71] Higgs J, Jensen G, Loftus S, Christensen N. Clinical
reasoning in the health professions (4th ed.). New
York: Elsevier; 2019.

[72] Murray T, Kirsch I, Jenkins L. Adult literacy in
OECD countries: Technical report on the first
International Adult Literacy Survey. Washington:
US Department of Education, Office of Educational
Research and Improvement. Report number: NCES
98-053, 1998.

Advances in Translational Medicine

[73] Ratzan S, Parker R. Health literacy—
Identification and response. Journal of Health
Communication. 2006;11(8):713-715. doi:
10.1080/10810730601031090.

[74] Leyva M, Sharif I, Ozuah P. Health literacy among
Spanish-speaking Latino parents with limited English
proficiency. Ambulatory Pediatrics. 2005;5(1):56-59.
doi: 10.1367/A04-093R.1.

39 | Volume 4 Issue 1, 2025



