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Higher education is starting to embrace its role in promoting student wellbeing and life
skills, especially given the concerning levels of poor mental health and uncertainties
in the future job market. Yet, many of the published studies evaluating positive
educational teaching methods thus far are limited to interventions delivered to small
student cohorts and/or imbedded within elective wellbeing courses, and are focussed
on developed Western countries. This study addressed this gap by investigating the
effectiveness of an institution-wide compulsory course informed by the principles of
Seligman’s Wellbeing Theory. The course was delivered at a British university in a
developing country in Southeast Asia. It purposefully sought to nurture growth-oriented
outcomes (including self-awareness, positive emotions, and personal effectiveness)
and was taken by an entire cohort of year one undergraduate students. We tested
the effectiveness of the curriculum content and staff coaching style in achieving life
skills, and evaluated how these perceptions influenced students’ subjective wellbeing.
A convergent mixed-methods design was used with 350 survey respondents and
11 interviewees. Perceived life skills scores showed a 2.5% improvement at the
end of the course. Partial Least Squares Structural Equation Modelling tested the
predicted relationships between variables. All relationships were statistically significant,
but the influence of course design and educators’ style on life skills acquisition
(50.8% of the variance) was moderate, while the effect on subjective happiness and
life satisfaction (4-5% of the variance) was very weak. Qualitative data indicated
that while quantifiable benefits to wellbeing might not be immediate, students did
anticipate longer-term benefits for happiness and life satisfaction. This finding suggests
that such a novel educational approach is well-received by Asian students and may
sow the seeds for future benefit by positively impacting on their skills, behaviours,
attitudes, and values. To achieve optimal flourishing at university, we recommend
exploring teaching practises that combine positive education with coaching psychology
practises.

Keywords: self-reflection and evaluation, leadership, happiness and wellbeing, positive psychology, positive
education outcomes
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INTRODUCTION

The COVID-19 global pandemic has accelerated a
transformation in the skills required by today’s workforce,
as well as in the need for adaptability to change. Research by
the McKinsey Global Institute identified self-leadership and
inter-personal skills as two of the four skills categories essential
to future-proof those graduates emerging into the job market
(Dondi et al., 2021); the others being cognitive and digital skills.
McKinsey’s definition of self-leadership comprises elements of
wellbeing (e.g., optimism, grit, and coping with uncertainty) and
life skills (e.g., understanding one’s strengths, driving change and
achievement orientation). A wake-up call to university educators
from this report was the conclusion that higher education is
failing to effectively develop graduates with proficiency in self-
leadership skills, despite these skills being most closely associated
with employment, income, and job satisfaction.

Relevant to the teaching of self-leadership is the branch of
psychological theory and practise known as Positive Psychology;
the science of wellbeing and flourishing (e.g., Seligman, 2011;
Wong and Roy, 2017; Lomas et al, 2020). For the past 10
years or so, a number of positive psychologists have advocated
teaching students wellbeing and life skills, in addition to
traditional academic skills (c.f. Positive Education; Seligman
et al., 2009). The goal of this positive education approach is
to improve students’ wellbeing and learning through activities
that explicitly promote components of wellbeing. Seligman’s
Wellbeing Theory underlies one of the most common approaches
by teaching positive emotion, engagement (i.e., being in the
flow), positive relationships, meaning (i.e., purpose in life),
and achievement (Seligman, 2011). While there are numerous
examples of positive education in schools (e.g., Norrish et al.,
2013), positive education has had fewer inroads in the
higher education setting despite universities being entrusted to
prepare generations of youths for a better future. There are a
growing number of case studies. For example, at Melbourne
University Centre for Positive Psychology, Australia, a 6-
week University Wellbeing Programme for undergraduates in a
Positive Psychology course led to improvements in mental health
and seemed to buffer against stress, relative to a control group
(Young et al., 2020). In the United Kingdom, an optional 12-
week psychoeducational happiness course for undergraduates at
the University of Bristol improved student mental wellbeing, even
during the COVID-19 pandemic (Hood et al., 2021). However,
of those studies conducted at university, many are limited
to evaluating interventions delivered to small student cohorts
and/or imbedded within elective wellbeing courses. Hence, their
generalisability is somewhat reduced.

A number of specific challenges in implementing positive
education principles within the general university curriculum
have been recognised (e.g., King et al., 2016). The university
environment itself may provide one such tension. Positive
education requires a cultural shift away from the university as
an institution of knowledge production and teaching delivery,
toward one of fostering self-discovery and personal growth.
To achieve those goals requires a coaching style that nurtures
student potential and talent. Yet, the traditional university system
emphasises one-way communication from teacher to student and

independent learning (Simel and Bognar, 2017). Here, leadership
from the senior management is needed to push the organisation
and its staff in the right direction.

One challenge coming from within the positive education
field itself concerns the geographical bias in research outputs
toward Western, Educated, Industrialised, Rich and Democratic
(WEIRD) countries. The reasons for this are complex (e.g.,
Wong, 2020). Nevertheless, this paucity of research is especially
awkward given that culture is well-known to play a key role
in wellbeing and learning. For example, a study of Singaporean
secondary school students found that, unlike their Western
counterparts, they were equally strongly motivated to study by
external factors (e.g., the need to show parents that they are
achieving) as well as intrinsic factors (e.g., personal satisfaction
and an inherent desire to learn) (Caleon et al., 2015). The authors
reasoned that this finding reflects those cultural traditions which
put primacy on learning as a means for social mobility and
economic survival; a characteristic that is shared by many
developing countries in Asia.

Important questions therefore remain whether wellbeing
and life skills can be attained in a university culture that
embraces positive education across the whole institution and that
attempts to offer a coaching style of teaching, and whether a
curriculum informed by a WEIRD-centric conceptual framework
for wellbeing can have impact in the setting of a developing
Asian country. Since 2018, Heriot-Watt University Malaysia
has offered students a transformative educational experience
through its compulsory year one EmPOWER' programme.
This coaching programme supports self-discovery and personal
growth, accentuates purpose and offers opportunities to achieve
a positive impact on the community and society, with
achievements being explicitly articulated to future employers
through an enhanced transcript.

The Current Study

The purpose of this study was to evaluate this programme
using a convergent parallel mixed-methods design, gathering
quantitative online survey and qualitative interview data. We
tested the hypotheses that (i) the course would improve
students’ wellbeing in accordance with Wellbeing Theory, (ii)
the course would improve students’ life skills (namely sense of
purpose, self-reflection, self-awareness, leadership, inter-personal
communication and positive emotions), in line with the intended
positive education learning outcomes, (iii) that the course design
and educator style would each positively influence students’
learning of those life skills, and (iv) that achievement in life skills
would in turn drive greater wellbeing as measured by subjective
happiness and life satisfaction. The purpose of the interview data
was to give greater insight into how the positive education course
influenced students” perceptions of their learning.

MATERIALS AND METHODS

Participants

Invited participants were all year one students (n = 570)
enrolled in undergraduate programme at Heriot-Watt University
Malaysia in the academic year 2019/20. Participants were eligible
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to take part in the study if their overall attendance was at least
80%. Survey data was pseudo-anonymised to enable matching
responses to attendance records, and was fully anonymised
through attribute suppression before data analysis. Although 407
students completed the survey, 57 were excluded because they
did not meet the eligibility criterion regarding attendance: leaving
350 survey respondents at T3. From these, 104 did not complete
the SHS and SWLS at T2. Analysis of the changes over time
handled these missing data using a pairwise deletion method
(n =246).

Survey respondents were invited to volunteer for a short
follow-up interview at T3 (n = 11). A total of 14 interviews were
conducted, but data from three participants (participants 02, 06,
and 14) were later removed due to technical difficulties with
the recording which rendered a fair transcription impossible.
No information about gender was collected for the quantitative
survey data, since this was not deemed relevant to the hypotheses.
For the qualitative interview, the 11 included participants
were six male and 5 female students enrolled in a variety of
programmes (Psychology, Finance and accounting, Business,
Actuarial science, and Engineering).

Instruments

Prior to data analysis, a structural model was constructed from
a review of the published literature, indicating the latent and
measured variables, and their causal relationships (Figure 1).
The central part of the structural model is founded on the
premise that the effectiveness by which a student achieves life
skills as measured by the positive education learning outcomes,
are determined by an interplay between factors, which can
be classified primarily as the course design and educator style
(McKone, 1999; Eom and Ashill, 2016). In the context of

the higher education setting, we predict that the degree to
which a student perceives that (s)he has achieved these life
skills may in turn influence their emotional state and sense of
optimal wellbeing (Seligman et al., 2009) which we operationalise
within the structural model as happiness and life satisfaction,
respectively. The full measurement model is shown in Figure 1.
It is a reflective measurement model since the indicators of each
construct are considered to be caused by the construct itself and
the items are interchangeable.

The five latent variables are shown in Figure 1 (measurement
scales are reported in Supplementary Table 1). Course design
was measured using a set of nine tailor-made statements
which asked about the content (C1-3), learning objectives
(C4), structure (C5), level of enjoyment (C6), and assessment
(C7-9). Educator style was measured using another set of
nine tailor-made statements which asked about educator’s
personal characteristics and attitudes (E1, E4-5), feedback (E2-3),
knowledge (E6-7), and inter-personal skills (E8-9). Life skills were
measured using a set of bespoke statements that were directly
informed by the course learning objectives. Statements covered
each of the three major taxonomic categories of student learning;
knowledge (L1), skills (L2-3, L6, L9-10, and L12), and attitudes
(L8, L11), plus behaviour (L4-5, L7). All three sets of questions
on course design, educator style and life skills had a forced four-
point Likert scale (Strongly disagree to Strongly agree). There was
no safe ‘neutral’ option which is sometimes seen as an easy option
to take when a respondent is unsure, and so may not reflect a truly
neutral point of view (Allen and Seaman, 2007).

Global subjective happiness was measured using the
unidimensional “Subjective Happiness Scale” (SHS, Lyubomirsky
and Lepper, 1999). Developed and validated in the United States,
the SHS considers happiness from the respondent’s own

C1 »Q)O
C2 hot
2
C3 '0.))7
c4 08 . . O SHS1
% Course Subjective \
C5 |«os02 ; 0843, [SHS2
& design [t ]a] 5] e happiness B
C6 ol e
- 0,\@ 0727~ 0716, 0783 0814 LB797 0770 R?=0.054 %54 [SHS3
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E2 |oP
E3 |vo5 Sr[swLst
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FIGURE 1 | Reflective measurement model and structural model. The latent variables are the predictors (circles), and the corresponding measurement items are the
outcomes (rectangles). The model accounts for measurement error at the item level (not shown).
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perspective and therefore accounts for differences in cultural
expectations between Western and Asian societies. The original
scale has four statements, but we removed “Some people are
generally not very happy. Although they are not depressed, they
never seem as happy as they might be. To what extent does
this characterisation describe you?” because the counterpart
statement about happiness (item 3) was deemed sufficient. The
response format was a seven-point Likert scale, with higher scores
reflecting greater happiness. We defined life satisfaction as the
cognitive assessment of one’ life as a whole. Individuals tend to
use their own benchmarks and criteria in making this assessment
and so it is more meaningful to assess global judgements of life
satisfaction, rather than satisfaction with specific life domains
(Diener and Diener, 1995; Proctor et al., 2009). Students’ life
satisfaction was measured using the unidimensional “Satisfaction
With Life Scale” (SWLS; Diener et al., 1985). Developed and
validated in the United States, it has been validated in Asia (Bai
etal., 2011). The original scale has five statements, three referring
to satisfaction with the present, and two to satisfaction with the
past. We removed “If I could live my life over, I would change
almost nothing” since this was deemed to have inadequate
construct validity for our target youth sample. Responses were
indicated using a seven-point Likert scale (Strongly disagree to
Strongly agree), and the global score has previously been shown
to be sensitive in discriminating the full range of life satisfaction
from extremely dissatisfied to extremely satisfied (Pavot and
Diener, 1993). We are justified in removing individual items
from the SHS and SWLS since in the context of the reflective
measurement model, all items are expected to be correlated (i.e.,
possess internal consistency reliability), and so dropping an item
from the measurement model should not alter the meaning of
the items (Jarvis et al., 2003).

Procedure

The positive education lectures and workshops were conceived
by the senior management team, compulsory for students
and formed part of a credit-bearing “Self-Empowerment and
Social Responsibility” course that constituted level 1 of the
EmPOWER programme. This 24-week course was designed with
expert input from educators and a practising consultant in
positive psychology. The curriculum was informed by Seligman’s
Wellbeing Theory (Seligman, 2011), incorporating the principles
of positive psychology by blending development in skills that
promote thriving (e.g., self-awareness, intrinsic motivation, and
leadership; Benson and Scales, 2009), with an emphasis on
developing by mapping personal strengths and opportunities
(Sprangel et al., 2011), character strengths and virtues (Peterson
and Seligman, 2004). The curriculum also included discovering
purpose and creating a plan to mobilise that purpose into positive
impact (Benson and Scales, 2009). Each week had 2 h of contact
time, comprising conventional lecture-style presentations plus
workshops to develop a personal impact statement comprising
three personalised statements “Tama . ... My purpose s . . .. T will
.....0 Additional personal study time was required to complete
an impactful community project through team-working and
homework exercises that required self-reflective practise.

The study was approved by the Social Sciences Ethics
Committee Heriot-Watt University on September 2019 (ref:
2019-120), and all participants gave online (survey) and verbal
and written (interview) informed consent in April 2020.
Quantitative data were gathered through an online survey
using Qualtrics software (Seattle, United States). Course design,
educator style, and life skills were measured at T2 and T3. Two
of the life skills (items L11: positive thoughts, and L12: critical
thinking) were assessed only at the end of the course (T3) because
they had not yet been adequately covered at the mid-way point.
SHS and SWLS were assessed at three time points: T1 - prior to
the start of the course, T2 - at the mid-way point (12 weeks), and
T3 - at the end of the course (24 weeks).

Qualitative data were gathered through a semi-structured
interview, conducted by ZB, one of the co-authors and a
health psychologist, who was not involved in the delivery
of the course. Questions probed how the life skills were
achieved. The interview followed the approach of Interpretative
Phenomenological Analysis which enables multiple participants
who experience similar events to tell their stories without any
distortions and then seeks to make sense of the ‘lived experiences’
of the research participants (Alase, 2017).

Design and Analysis

Change over time in SHS and SWLS were examined using a one-
way ANOVA, and change over time in life skills were examined
using a paired f test.

For the quantitative survey data, the hypothesised structural
model in Figure 1 was analysed using Partial Least Squares
Structural Equation Modelling (PLS-SEM) implemented with
Smart PLS version 3 (SmartPLS GmbH, Germany). PLS contains
a two-step procedure as recommended by Henseler et al. (2009),
which involves the evaluation of the (outer) measurement model
followed by evaluation of the (inner) structural model.

The assessment of the measurement model (Figure 1) used
the T3 data (n = 350) and involved examining the reliabilities
of the individual items (indicator reliability), internal consistency
[Cronbach’s alpha and composite reliability), convergent validity
(Average Variance Extracted (AVE)] and discriminant validity
(Fornell-Larcker criterion, heterotrait-monotrait (HTMT) ratio
of correlations criterion, cross-loading; Fornell and Larcker,
1981; Hair et al., 2017).

As a measure of indicator reliability, the factor loadings of
the measurement items should be higher than 0.70 for inclusion
and should be deleted if less than 0.40 and 0.70 (Hulland, 1999;
Hair et al., 2017). Regarding internal consistency in the scale
items, Cronbach’s alpha () is a measure of internal consistency
(i.e., how closely related the observed items were in representing
the underlying construct), while Composite Reliability (CR) is
an indicator of the shared variance among the observed items
used as an indicator of a latent construct. For good reliability,
a should be greater than 0.70 and CR should be 0.70-0.95
(Hair et al., 2017).

Convergent validity assesses whether the actual results
confirm expected relationships between items and underlying
constructs. The Average Variance Extracted (AVE) measures the
level of variance captured by a construct vs. the level due to
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measurement error, and a value of 0.50 is acceptable while 0.7
is very good (Fornell and Larcker, 1981). Discriminant validity
assesses the extent to which the underlying constructs in the
model are distinct from one another (Hulland, 1999). To satisfy
this requirement, items should load more onto their intended
construct than on another. This requirement was tested by three
indices (Hair et al., 2017). Under the Fornell-Larcker criterion,
the square root of each constructs AVE should have a greater
value than the variance of the other constructs. The HTMT value
should be lower than 0.85 (Kline, 2011), although some authors
suggest 0.90 (Teo et al, 2008). And each measurement item
should correlate weakly with all other constructs, except for the
one to which it is theoretically associated, which should be higher
than 0.70 (Hair et al., 2017).

In step two of the PLS approach, we evaluated the
structural model’s predictive ability and the relationships between
the constructs. The coefficient of determination (R?), path
coefficients (B), and t-statistic values, effect size (f?) and the
predictive relevance (Q?) are the key standards for such
evaluation (Hair et al., 2017). R measures the amount of variance
explained in the endogenous constructs (i.e., life skills, happiness
and life satisfaction). Following Hair et al. (2017), R2 = 0.75 is
considered substantial, R* = 50 is regarded as moderate, and
R? = 0.26 is considered weak.

The path coeflicients (B) represent the strength of
the hypothesised relationships between the constructs.
A bootstrapping technique with 5,000 resamples was conducted
to estimate the beta (B) and corresponding ¢ values as
recommended by Chin et al. (2003). The greater the beta
coeflicient (B), the stronger the effect of an exogenous construct
on the endogenous construct. Path coefficients with a value close
to 1 represents a strong positive relationship, and conversely a
value closer to —1 represents a strong negative relationship. The
overall effect size (f?) is a measure of the degree of impact of
the path relationship. Following Hair et al. (2017), = 0.75 is
considered large, f> = 0.15 is regarded as medium, and f> = 0.02
is considered small. The predictive relevance for the structural
model was evaluated using Q? (Tenenhaus et al., 2005) and so
it can be considered an indicator of the quality of the structural
model. Interpretation of Q? followed that of Hair et al. (2017),
with a value > 0 indicating adequate predictive relevance, and a
value < 0 indicating poor predictive relevance.

For the qualitative interview data, we employed a Framework
Method to analyse the anonymised interview transcripts. The
Framework Method is most commonly used for the thematic
analysis of semi-structured interview and it is appropriate for
application to reasonably homogenous data covering similar
topics (Gale et al.,, 2013). Our approach was partly deductive
because coding proceeded through the lens of predefined
categories based on the structural model: (i) how the course
content influenced perceived life skills, (ii) how the instructor
style of delivery influenced students’ learning, (iii) happiness,
and (iv) life satisfaction. Coders followed the Framework
Method steps (i.e., Transcription; Familiarisation with the
interview; Open coding; Developing an analytical framework
by structuring the codes under each category; Applying the
analytical framework to the remaining transcripts; Charting the

data into the framework matrix; Interpreting the data), and
used Quirkos version 2.4.2 (Quirkos, Scotland). Two coders (ZB
and DH) who were not part of the EnPOWER teaching team
independently completed the open coding. Open coding was
first conducted on three transcripts to confirm that important
aspects of the data were not missed by restricting to these
four categories. Data interpretation interrogated the theoretical
concepts (either prior concepts or ones emerging from the
data) and mapped connections between categories to explore
relationships or causality.

RESULTS

Data from the 246 included respondents did not support
hypothesis (i) that the course would improve students’ wellbeing
in accordance with Wellbeing Theory (Seligman, 2011). There
was no detectable change in wellbeing as measured by the SHS
[F(2,490) = 1.317, p = 0.269] and SWLS [F(2,490) = 0.363,
p =0.696] (Table 1 and Supplementary Table 2).

As the course progressed from T2 to T3, there was a
small, but statistically significant increase in life skills scores
[t(245) = —3.741, p < 0.001] (Table 1 and Supplementary
Table 2). Thus, hypothesis (ii) was supported.

Directional influences between variables (i.e., hypotheses iii
and iv) were evaluated using Structural Equation Modelling.
The (outer) measurement model defined in Figure 1 met all
a priori evaluation criteria regarding the reliability and validity
of the items in the constructs (Table 2). The factor loadings of
the measurement items ranged between 0.702 and 0.920 which
meets the threshold for indicator reliability and confirms the
relative importance of each observed item to the underlying
construct. The o values for all construct factors were 0.871-
0.938 and CR values were 0.902-0.946, indicating the scales
had acceptable reliability. AVE values were acceptable for course
design, educator style and life skills (i.e., 0.562-0.602) and very
good for happiness and life satisfaction (i.e., 0.699-0.788), and so
convergent validity was confirmed for this hypothesised model.

The model also met all a priori evaluation criteria regarding
the discriminant validity of the latent constructs. From Table 3,
it can be seen that the square root of each construct’s AVE for
each construct was greater than the correlation involving the
constructs thus meeting the criterion of Fornell and Larcker
(1981), and from Table 4 the results also passed the HTMT
criterion test with values not exceeding 0.85. Moreover, from the
cross-loading evaluation all the loading indicators on the assigned
construct were > 0.70 and higher than the loadings on the other
constructs (Supplementary Table 3).

Based on these findings, the proposed structural model was
accepted, with confirmation of adequate reliability, convergent
validity, and discriminant validity. The next step was to evaluate
the (inner) structural model outcomes comprising the latent
constructs and path coefficients (Figure 1).

Hypothesis (iii) predicted that the course design and educator
style would each positively influence students’ learning of life
skills, and this was supported by our data. Course design
contributed in a meaningful way to learning life skills, while the
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TABLE 1 | Scores on survey data assessed over the duration of the course.

Measure T1 T2 T3 Statistic P

M (SD) M (SD) M (SD) value
Life skills - 28.19 (4.40) 29.17 (4.28) —-3.741 < 0.001
L11 (Positive - - 2.92 (0.50)
thoughts)
L12 (Critical - - 2.96 (0.54)
thinking)
Subjective 14.31 (3.40) 14.18 (3.21) 14.47 (3.29) 1.317 0.269
happiness
Satisfaction with 18.73 (4.73) 18.59 (4.49) 18.52 (4.53) 0.363 0.696

life

T1, pre-intervention; T2, mid-way point; T3, post-intervention. Subjective happiness scores range from 3 to 21. Satisfaction with life scores from 4 to 28. Life skills scores

range from 10 to 40.

educator style played only a small positive role. The R? value
for life skills is 0.508 meaning that the two exogenous constructs
(course design and educator style) explain 50.8% of the variance
in this endogenous construct (Figure 1). This is a moderate effect

TABLE 2 | Indicator reliability and internal consistency.

Main constructs Items Loadings o CR AVE
C1 0.702
c2 0.724
C3 0.779
Course design C4 0.816 0.903 0.920 0.562
Ch5 0.802
C6 0.709
c7 0.706
C8 0.778
C9 0.721
E1 0.792
E2 0.797
E3 0.798
Educator style E4 0.769 0.917 0.931 0.602
E5 0.725
E6 0.814
E7 0.823
E8 0.733
E9 0.725
L1 0.727
L2 0.716
L3 0.783
L4 0.814
L5 0.797
Life skills L6 0.770 0.938 0.946 0.595
L7 0.753
L8 0.769
L9 0.751
L10 0.781
L11 0.803
L12 0.785
SHSH 0.920
Happiness SHS2 0.843 0.871 0.918 0.788
SHS3 0.899
SWLSH 0.860
Life satisfaction SWLS2 0.831 0.856 0.902 0.699
SWLS3 0.884
SWLS4 0.763

For details of the items see Supplementary Table 1. A, Cronbach’s o, CR,
composite reliability; AVE, average variance extracted.

(Hair et al., 2017). The Q2 value for the life skills construct
was equal to 0.290, which was higher than the threshold limit,
indicating that the path model had sufficient predictive relevance
for this construct (Hair et al., 2017). From the path coefficients,
both course design and educator style significantly and positively
influenced life skills, p = 0.610 and 0.135, respectively, p < 0.05
(Table 5). Considering the effect size for the influence of course
design on life skills (f2 = 0.372, Table 5), the result exceeded a
‘medium’ effect (Hair et al., 2017). In contrast, for educator style,
f2 was 0.018 which is considered small.

Hypothesis (iv) predicted that achievement in life skills
would in turn drive greater wellbeing as measured by subjective
happiness and life satisfaction. Statistically speaking, the
hypothesis was supported, but the size of the influence was
very small. The smaller R? values for happiness (0.054) and
life satisfaction (0.044) suggest that life skills explain very little
of the variance in these endogenous constructs (ie., 5.4 and
4.4%, respectively) (Figure 1). While the Q* values for the
happiness and life satisfaction constructs also reached sufficient
predictive relevance (0.036 and 0.027, respectively), they were
only just greater than 0, indicating barely adequate predictive
relevance (Hair et al., 2017). From the path coeflicients, life skills
significantly and positively influenced students’ self-reported
happiness and life satisfaction, f = 0.230 and 0.209 respectively,
p < 0.001 (Table 5). However, the corresponding effect sizes were
small (Hair et al., 2017).

Understanding the Lived Experience of

the Learning Process

The interview findings shed light on the paths influencing
perceived life skills acquisition. Four themes emerged about the
course design. It was students’ first opportunity to engage in life
skills training, it gave them a chance to demonstrate their ability
to articulate what they had learned, the course instilled a genuine
sense of excitement to learn, and it promoted a greater self-
awareness and sense of purpose. Three themes emerged about
educator style. Learning activities were engaging and informative
and students were encouraged to apply their knowledge, but
there were some criticisms about quality of the teaching staff.
No themes on happiness were observed, but there was some
evidence that the course contributed to life satisfaction as it
encouraged students to engage in cognitions and behaviours that
would promote success.
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TABLE 3 | The Fornell-Larcker Criterion Test for discriminant validity which requires values in bold to be greater than the remaining values in each column.

Course design Educator style Life skills Happiness Life satisfaction
Course design 0.750
Educator style 0.713 0.776
Life skills 0.707 0.570 0.771
Happiness 0.210 0.210 0.231 0.888
Life satisfaction 0.202 0.240 0.209 0.564 0.836

TABLE 4 | The Heterotrait-Monotrait (HTMT) Criterion Test for discriminant validity which requires values not to exceed 0.85.

Course content Educator style Learning outcomes Happiness Life satisfaction
Course design
Educator style 0.782
Life skills 0.749 0.606
Happiness 0.222 0.220 0.237
Life satisfaction 0.232 0.269 0.230 0.645 -
TABLE 5 | Path coefficients, t statistics, and effect size (f2).
Hypothesised path Std B Std error t statistic p value 2
Course design — Life skills 0.610 0.065 9.401 0.000 0.372
Educator style — Life skills 0.135 0.068 1.983 0.024 0.018
Life skills — Happiness 0.231 0.056 4.161 0.000 0.057
Life skills — Life satisfaction 0.209 0.052 4.038 0.000 0.046

Course Design

For many interviewees, this was the first time they had
engaged in self-reflection to know themselves better and in
life skills training to develop personal effectiveness. Moreover,
interviewees recognised and appreciated unique opportunities
open to them that had not been offered at school nor were
available to their friends at other universities.

e Student 1 said: “I kind of enjoy this because. In our public
school system in our country we don’t really have something
like this. So to come to university and to see something like
this, it’s something that I appreciate, I can appreciate that
personally. ... When I first saw that there was a course like
this, I was personally quite delighted because this is based
off my previous experiences in other universities, they don’t
really put that much emphasis on programmes like this.”

e Student 3 said: “So I told them [my friends]” and their
response was “Wow, its a very good initiative.” My friends
are from other university, and they mentioned that there is
a lack of talks and all those stuff. And they are surprised to
see, “Wow, you really have a programme that motivates you
to attend those talks.”

e Student 5 said: “All these project managing, working as a
team, all our leadership skills, other universities do not have
that.”

e Student 12 said: “Cause before I joined the university [...]
I was probably a bit lost in several ways. But during the
EmPOWER program, they introduced us to some concepts
and some personality traits that I've never really think about

before. So I think that really helps me reflect how a person I
am, in what way.”

Students were also able to articulate how they had developed
certain personal effectiveness skills, particularly leadership
(Learning outcome L2), team-working and communication (L6)
and time management (L7).

e Student 3 said: “I have a good leadership skill...I try to
improve myself, like joining those clubs and societies, so that
when I put it in the LinkedIn post...so people will get to
notice you, your leadership skills.”

e Student 4 said: ‘I think it’s a really good platform for me
to start leading people such as. I pick up the responsibility
of saying, “Okay, I will do this. I will lead the group. I will
delegate a task and then communicate with my members so
that my members would say.without a leader in the group,
I think everything would be chaos. I took the initiative to
become a leader. And because of that, I think it helps me to
improve my leadership skills. I have definitely improved on
my time management skills, because we managed to finish
everything on time. We were actually ahead of schedule. And
despite certain setbacks from the conflict, we actually still
managed to get back ahead of schedule also.”

e Student 13 said: “Toward the end, before we conduct our
social project, we got into a little bit of a disagreement and
then to solve that, we did it as team, so I think that was a
good experience ‘cause everyone set aside our differences and
we got together to solve something.”
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Students were also able to articulate how they had developed
greater emotional awareness (Learning outcome L3), self-
regulation (L4), ability to express gratitude (L8) and ability to
reframe thoughts more positively (L11).

e Student 4 said: “I think one of the weakness. My last one was
actually something about love. And I do not know how to
harness that in my networking among my university friends
and lecturers. But maybe I would just say that, through
these few months I was in uni, maybe I would say I will
just increase. Further strengthen my love toward myself and
then my love toward friendships, friendships and professional
development.”

e Student 5 said: “A positive impact it did for me is that,
after writing the gratitude letter, it kind a opened my eyes to
everything else that I should be grateful for.”

e Student 7 said: “I'm not usually the type to show love, but
because of the gratitude letter, it helps me to show more love
to people, so it did help me also.”

o Student 8 said: “It was really good. I actually did it for my
grandfather, who has recently passed away, so. He was happy.
He was very happy. I'm really glad I did it.”

The course instilled a genuine sense of excitement to learn.

e Student 5 said: ‘T guess, my highlight [...] was the
Community Project itself, because it kinda opened my eyes
to [...] how work will be, it kinda gives this. forces us to work
as a team or work on our own, so we kinda have an idea on
how we can apply certain things later on.”

e Student 9 said: “I remember the attendance was also many
because all of us was very excited and interested to hear this
workshop.”

Interviewees mentioned on a number of recurring aspects of
the course design about how the content had enabled them ‘.o
develop our personal skill which we cannot learn during lectures’
(Student 10). The purpose work (Learning outcome L1) left
a lasting impression. Overall, the purpose activities instilled a
greater sense of who students are and where they are heading,
particularly at a formative time in year 1 when they had further
years of study ahead.

e Student 3 said: “Impact statement, what I find it about is,
its very interesting because even. It knows what you wanna
achieve in the future. .. I think that it helps to know what
you’re capable of in the future, it helps to realise what are
your goals, what are your dreams, what you wanna achieve.”

e Student 7 said: ‘It helped me a bit because before the impact
statement, I don’t know what actually am I doing. I'm just
doing accounting because I thought this is the easiest for me.
But with the impact statement, at least I have a purpose. ..

e Student 12 said: “EmPOWER course is very helpful for
especially year one students, who, some of them just entered
the proper university environment. And it really helped
students to find their purpose and set their goals during the
3-4 years of study in university. And I think it also helps to
encourage students to think more about themselves and to
really find what kind of person they are.”

Educator Style

The active and positive style of delivery played a contributory
role in making the learning activities engaging and
informative and encouraging the students to learn new things
(Learning outcome L10).

e Student 9 said: “They reach out to us very often, and remind
us on the task, and then it’s like more, how to say, closer to us.
We can feel that they are very genuinely want to help us, to
improve.”

e Student 12 said: “Let’s say the workshop facilitators were very
empowering. They were very active. And also, they really
help us to follow the instructions and progress through the
workshops smoothly.”

e Student 13 said: “T would say that the instructor was a really
helpful person firstly, he gave us certain points, like what to do
in this section? What to put in this section? Why it’s working
and why is not? And all that. I think that was always useful.
And he also told us dos and don’ts.”

The hands-on activities encouraged students to apply
what they had learned, and this reinforced all life skills
that were taught.

e Student 7 said: “And then we need to do a project like how to
clean the river. So actually we did. Like a hands-on activity
there because we discuss in the group how to do. How to build
something to clean the river. She did the lecture for 1 h and
she gave us like 30 min to do the project and another 30 min
for presentation. So for me, that is quite interesting because
we don’t actually sit there for 2 h straight. Were actually like
doing something and we’re actually using the techniques that
she’s giving.”

Not all aspects of teaching were well received, and some
students commented on the variability in quality of the teaching
staff. This may have affected the model findings, particularly the
relationship between educator style and life skills.

e For example, student 7 recognised that that not all
workshops embedded interactive activities: “I would prefer
it will be like 1 h lecture and another 1 h for us to use that
skill, like we try it ourselves.”

e Student 4 said: “... in all honestly, because they are just
reading from the slides, to be honest [...] instead of maybe
giving lectures and stuff, like giving talks for 2 h, you should
give something more hands-on, more activities, something
that requires thinking.”

e Student 1 said: “Diversifying the power speakers is a good
idea [. . .] But the problem with that is consistency [. . .] They
don’t deliver it to that similar standard that we come to have
expected from the previous week.”

Life Satisfaction

No themes on happiness were observed, but there was some
evidence that the course contributed to life satisfaction as it
encouraged students to engage in cognitions and behaviours that
promote success. For example, student 13 mentioned: “I would
say that it’s worth the shot. I would recommend it. . .it’s interesting
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to know that there are certain things that you think you know
yourself, but you don’t really know. You dont know the kind
of potential that you could unleash. So this programme kinda
helped me to find my potential and things that I could do better
or improve on.” Student 7 also reflected on how the life skills
training made them reflect on what was important in their life
to achieve personal satisfaction. “I think more programmes about
why. I mean why we need to help more people, something like
that, instead of focussing on your work, instead of focussing like
to achieve. Instead of focussing to achieve money and stuff, maybe
we can say that there’s more to life like we need to be like a good
people, so everyone can enjoy life togethet, I think. Yeah, because
for me money is everything, but at the same time, life. Like to help
others is more important for me.”

DISCUSSION

To our knowledge, this is the first report of a holistic development
programme conceived by the senior managerial team, fully
integrated into the curriculum and completed by all university
students enrolled across an academic year group. Moreover,
the study was conducted in an Asian setting. The principal
finding from the quantitative data demonstrated improved life
skills, mostly achieved through the course design. The qualitative
data added value to this finding by illustrating how learning
was not limited to knowledge acquisition, but that the students
recognised what psychosocial skills, attitudes and values are
needed for positive behaviour change to occur (c.f. UNICEF,
2012).

Although there was no detectable change in subjective
happiness and life satisfaction scores over time, perceived life
skills did exert a small influence on wellbeing at the end
of the course. The qualitative data indicated that important
seeds had been planted which could promote a mindset for
flourishing in adulthood. Longitudinal studies have shown that
positive education interventions are at their best when they
exert measurable benefits that evolve over time, such as by
enhancing academic application through greater engagement
in the learning process (e.g., Denovan et al., 2020). In their
systematic narrative review, Nasheeda et al. (2019) concluded that
many life skills programmes in developing countries (including
those across Southeast Asia) fail to achieve sustained benefits
because they focus on one-shot or short-term interventions
rather than on ongoing activities. The same criticism can also
be levied at positive education programmes across Asia (Hall
et al,, 2021a). The programme under study here is intended to
foster lifelong impact as students progress through the levels of
the EmMPOWER programme throughout their student journey.
Although our study design did not include a long-term follow-
up assessment, we would recommend testing intervals over the
course of the student journey to examine the learning trajectory.
This would require institutional resource for systematic planning,
implementation, monitoring and evaluation (UNICEF, 2012).

From our cross-sectional modelling data that assessed short-
term effects, we conclude that effective course content is more
critical than educator style for good life skills acquisition. This

finding is consistent with the published educational literature.
For example, course design is known to positively influence
students’ perceived learning (Eom and Ashill, 2016), with high
levels of interaction connecting students with their instructors,
the course content, and their fellow classmates (McKone, 1999;
Boling et al., 2012). In many ways, course design and educator
style should be mutually enhancing, yet in the present study,
educator style had a relatively small effect on life skills. We
suggest that this may be explained by the somewhat variable
student experience that was evident from the interviews, for
example in the quotes cited from students 1, 4 and 7. In their
exploration of thriving in adolescence, Benson and Scales (2009)
reflected on the importance of the interaction between the
student and the educational environment. They conceptualised
that the process of adolescent thriving is animated by a passion
for, and the exercise of action to nurture, a self-identified interest,
skill, or capacity. Here, they proposed the role of the educator
is to offer, find and create opportunities for the young person to
express their spark, as well as to know, affirm, celebrate and guide
that spark. Hagenauer and Volet (2014) also argued for a wider
research agenda on teacher-student relationships as a relevant
construct in higher education. In the context of the present study,
with many hundreds of students in the class and only a small
number of educators, we suggest that may have hindered the
ability to create an optimal positive developmental context, even
with the most passionate educators. To foster such development,
several students talked about the importance of being taught by
academic staff whom have the skills and competencies to facilitate
an interactive learning environment that enables them to put into
practise those life skills. In this regard, our results address the
research gap identified by Nasheeda et al. (2019) by defining what
is needed to foster optimal positive change. However, further
research is needed to evaluate the impact of this recommended
change in practise.

Limitations

A large number of 570 students who were enrolled on this course
did not contribute data to the study. Overall, 220 (38.6%) had
an overall attendance record below the prerequisite 80%, and so
they did not meet the study inclusion criteria. Hypotheses (i)
and (ii) were tested using data from only 246 students (43.2% of
the total sample) since 104 students attended 80% of the course,
but did not complete the life skills survey, SHS and SWLS at
T2. Attrition bias can weaken external validity, meaning that
the study findings cannot be generalised to other populations,
especially if those missing data came from students with a
systematic pattern of characteristics (such as being less motivated
or engaged in the course). Potentially attrition bias can also
weaken internal validity, meaning that the relationships between
the latent variables may change. We would argue that this is
unlikely because hypotheses (iii) and (iv) were tested using data
from 61.4% of the total sample (350 students) collected at T3.

Future Research Directions

From our work, we make two recommendations to advance the
field; first to conduct studies that assess long-term impact as well
as short-term effects and second to understand how to maximise
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benefit for students, including those in Asia. In his recent editorial
on the state of Positive Education in Asia, King et al. (2016)
identified a lack of attention to the socio-cultural context as
another important gap in the research literature. Two-thirds of
the world’s population lives in Asia, yet most of the academic
work is conducted in Western countries. This geographical bias
is especially awkward given that culture is well-known to play a
key role in wellbeing and learning (e.g., Stankov, 2013; Caleon
et al., 2015). Many of the developing countries in Asia have
traditionally put primacy on learning as a means for social
mobility and economic survival which may explain why an Asian
higher education tends to emphasise academic achievement and
professional qualifications (Lin et al., 2018). Our qualitative data
indicated students’ appreciation of the opportunity to address
wellbeing and life skills in the context of their own learning. They
also appeared to be aware that the course they were studying
offered something unique compared to other education providers
in the country. Other researchers have shown that youths
from Asian societies have a stronger sense of family obligation
compared to their Western counterparts (King and Ganotice,
2015). In contrast to the work by Caleon et al. (2015), we found
no evidence for a role of external motivators such as needing to
show parents that they are achieving. Instead, we found many
more examples of an intrinsic motivation to learn. These findings
highlight the need for more contemporary research on the Gen Z
student population so that researchers and educators can better
understand changing perceptions and expectations. For those
educators and researchers in Asia, our work also poses the cross-
cultural issue about whether families of Gen Z students are
becoming more like their Western counterparts in terms of their
educational expectations and career aspirations. Based on our
experience with the EnNPOWER programme, Asian students are
calling for a shift toward a more collaborative and empowering
approach to teaching (see also Hall et al., 2021b). In this regard,
we may move even closer to achieving optimal flourishing by
combining positive education with coaching psychology practises
(Palmer and Whybrow, 2008; Seligman and Adler, 2018).

Conclusion

The teaching of wellbeing and life skills in higher education
provides students with valuable personal resources for growth.
Our quantitative and qualitative research findings indicate that
such a novel educational approach is well-received by Asian
students and may sow the seeds for future benefit by positively
impacting on their skills, behaviours, attitudes, and values.
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Learning a second language (L2) is analogous to a journey replete with setbacks and
discouragements. Given the pivotal role of communication in L2 learning, researchers
have set out to identify factors that may influence L2 learners’ willingness to
communicate (L2 WTC). To this end, the present comparative study attempts to
investigate the role of the L2 motivational self-system and grit in learners’ L2 WTC in
two different educational settings: public schools and private language institutes. L2
motivational self-system includes ideal L2 self (ILS) and ought-to L2self (OLS). Grit also
comprises two lower-order constructs: perseverance of effort (POE) and consistency of
interest (COI), which are examined separately in this study. The data collected through
an online survey from 308 participants were analyzed using the Mann Whitney u-test,
Spearman’s rho, and multiple regression analysis. The results revealed a stronger ILS,
POE, and a higher level of WTC among language institute learners. In contrast, public
school students showed stronger OLS and lower levels of WTC. Moreover, unlike its
counterpart, COI did not display a significant correlation or predictive power with/over
L2 WTC in either context. The findings suggest that low levels of ILS and lack of POE
can lead to lower levels of L2 WTC.

Keywords: willingness to communicate, L2 motivational self-system, grit, classroom enjoyment, EFL learners

INTRODUCTION

Promoting the target language use is an inseparable part of second language acquisition (SLA)
pedagogy and research. For a long time, SLA was dominated by structural approaches, focusing
on proficiency in vocabulary and grammar. However, with the blooming of communicative
approaches, there has been a significant shift in scholars’ perspectives toward SLA. They realized
that communication should be considered not just as an essential part but also as the goal of
second/foreign language learning (Fallah, 2014; Yashima et al., 2018). However, many scholars have
pointed out that people differ in their willingness to communicate (WTC) generally and in the
process of L2 acquisition specifically. WTC, in essence, highlights the fact that some individuals
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seek chances to speak while others escape them and remain silent
(Maclntyre, 2020). During the past decades, WTC has attracted
vast research attention from L1 and L2 researchers as a critical
factor influencing communication behavior.

Regarding L2 WTC, researchers’ main concern was the
dysfunctional aspects of non-communication (Richmond and
McCroskey, 1989) while aiming to improve communication
by removing these hindering constructs that prevent people
from initiating or participating in oral communication. Still,
with the blooming of positive psychology (PP) and the
works of educational psychologists, more attention has been
directed to the link between positive variables and L2 WTC
(Maclntyre et al., 2019).

Grit is a recently proposed positive internal variable that has
not been studied sufficiently in relation to SLA as much as
other internal variables such as motivation and language aptitude.
Defined as “perseverance and passion for long-term goals” by
Duckworth et al. (2007, p. 1087), grit is believed to be a significant
predictor of success and performance. Grit can play a crucial role
in the L2 acquisition process since the process requires extended
effort, perseverance, and patience (Alamer, 2021).

Another variable investigated in relation to WTC is
L2 motivation. Early researchers used Gardners (1985)
socio-educational model as the basis of their investigation.
Nevertheless, due to the limited applicability of this model in
EFL contexts, Dornyei’s (2009) L2 motivational self-system
(L2MSS) model garnered more attention recently. This new
conceptualization of L2 motivation re-oriented the concept of
motivation and dealt with possible selves and future self-guides
in learning an L2. According to this model, there exist three
primary sources of motivation in learning an L2: ILS, OLS,
and L2 learning experience. Drawing upon L2MSS, researchers
have examined the link between EFL students’ ILS and OLS
with L2 WTC (Peng, 2015; Yung, 2019; Lee and Lee, 2020;
Lee et al., 2020).

Many language scholars have investigated the connection
between L2 WTC and positive variables (e.g., MacIntyre and
Mercer, 2014; Dewaele and Dewaele, 2018; MaclIntyre et al,
2019). Nonetheless, there is still a paucity of comparative
research on L2 WTC, especially between EFL learners studying
English at different educational institutions. This paucity is
strongly felt in regard to English programs in Iran which have
always been subject to criticism in relation to L2 WTC. The
significance of communication inside the language classroom
is more highlighted in EFL contexts, such as Iran, where EFL
learners find few if any, opportunities to communicate with
native speakers of English.

REVIEW OF THE LITERATURE

Positive Psychology in L2

In the last two decades, positive psychology (PP) has caused an
everlasting revolution in mainstream psychology, deviating from
an exclusive focus on problems to more positive dimensions of
humans’ minds (Dewaele et al., 2019). Before the advent of PP,
psychology was regarded as a science to repair the damaged.

It was replete with studies on “psychological disorders and
the negative effects of environmental stressors such as parental
divorce, death, and physical and sexual abuse” (Gallagher
and Lopez, 2009, p. 4). Around the turn of the millennium,
psychologists realized that psychology is not just about mental
illnesses and how to heal them. With the rise of PP, these
researchers started investing in positive aspects of human
experience, such a hope, love, joy, optimism, etc. (Dewaele et al.,
2019). Seligman and Csikszentmihalyi (2000), as the pioneers of
the field, explain that PP aims to “catalyze a change in the focus
of psychology from preoccupation only with repairing the worst
things in life to also building positive qualities” (p. 5).

Throughout the years, a cognitive perspective dominated
the SLA and applied linguistics resulting in sheer ignorance of
the human psyche (Dewaele et al., 2019). With the flourishing
of humanistic approaches such as the whole-person approach
in the SLA domain, affective variables were brought into the
spotlight. However, researchers believe that even after thriving
of scholars’ interest in affective variables, positive emotions have
been overshadowed by negative emotions (Seligman et al., 2006).
Therefore, little attention has been given to the role of positive
variables in second and foreign language teaching and learning.
Under the umbrella of PP, there has also been a shift from a deep-
rooted focus on negative emotions, especially anxiety (Jiang and
Dewaele, 2019) and cognitive perspectives (Li, 2020) in the SLA,
to a more holistic analysis of emotions. Scholars have started
to recognize the positive and negative emotional dimensions of
language learning as significant assets. Before that, emotions were
“poorly studied, poorly understood, seen as inferior to rational
thought” (Swain, 2013, p. 11).

In accordance with positive psychology, researchers have
started a positive renaissance or, in other words, a flowering
of positive psychology in the SLA, too (Lee, 2020). Based on
this view, MacIntyre and Gregersen (2012), pointed out that
L2 teachers can help learners increase the degree of students’
positive emotions in the classroom, thereby “broaden a person’s
perspective [and] opening the individual to absorb the language”
(p. 193). PP in the SLA domain has been studied in relation
to a variety of perspectives such as academic achievement,
positive L2 self (e.g., Kikuchi and Lake, 2021), motivation (e.g.,
Martin, 2005), emotional intelligence (Li, 2020), WTC (e.g.,
Mystkowska-Wiertelak, 2021), and classroom enjoyment (Jin
and Zhang, 2018). With the advent of PP, another variable
gardening attention in the SLA domain is grit, a positive,
non-cognitive trait which has been discussed in detail in
the next section.

Grit

As the pioneers of the grit construct, Duckworth et al. (2007)
defined the notion in a broad sense concerning success in the
workplace, military, education, and sports. Grit gains immediate
relevance in the SLA field, especially with the blooming of PP
in this domain, since successful proficiency of an L2 is highly
dependent on learners’ sustained effort (Dornyei and Ushioda,
2013). Researchers have established that grittier EFL students
succeed in achieving higher scores in English (Strayhorn, 2014;
Khajavy et al., 2021), employ persistent effort during learning
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an L2 (Lake, 2015), and experience more positive classroom
emotions (Wei et al., 2019).

Grit as a higher-ordered variable comprises two lower-order
constructs: Perseverance of Effort (POE), which refers to a person’s
continued investment of energy in long-term pursuits; and
Consistency of Interests and passion for long-term goals (COI),
which refers to a person’s durable passion for high-order goals
over a long period regardless of failures, disappointments, or
challenges (Lee, 2020; Teimouri et al., 2020). Since grit is not
a fixed personality trait and can be malleable and teachable,
the importance of measuring and estimating grit is gaining
unprecedented attention. Duckworth et al’s (2007) grit is a
domain-general variable that could be applied to various fields
such as military, workplace, education, and sports. As Teimouri
et al. (2020) explained, there are two main reasons behind the
incongruent findings of research on personality variables such as
grit in the SLA field: “(a) its focus on super-traits instead of lower-
traits with more relevancy to L2 learning and (b) its use of general
personality measures instead of the situation- or domain-specific
measures that assess students’ traits in L2 situations” (p. 32). As
a result, L2 researchers have recently extended the concept to L2
learning and developed L2 domain-specific grit notions.

Among these scholars, Teimouri et al. (2020) and Alamer
(2021) proposed L2 domain-specific grit scales to help researchers
in addressing grit in the language studies domain. The former
examined the 12-scale validity through principal component
analysis (PCA), which resulted in the reduction of the items
from 12 items in the original scale to 9 items. They explained
that grit as a higher-order factor consisting of two lower-order
elements, namely POE and COI, should be examined separately.
The Latter, however, retained the 12 items and used bifactor-CFA
to account for the specific constructs, COI and POE, and the
general construct, Grit. The study examined the effect of L2 grit
on future attainment of vocabulary. The study illustrated a weak
predictive power of initial levels of grit on subsequent L2 learning.
However, the author found that only students who sustained
their levels of grit over time showed later language achievement.
For this study that was conducted in Saudi Arabia, the author
developed a 12-item L2 domain-specific grit scale. In the present
study, we utilized Teimouri et al.’s (2020) grit scale.

L2 Motivational Self-System

Motivation is of great significance within the field of SLA. To
highlight the importance of motivation in language learning,
Dornyei (2005) argues that motivation is the key impetus to start
learning an L2 and to carry on through the long and arduous
journey. He also points out that “all the other factors involved in
SLA presuppose motivation to some extent” (p. 65). While early
studies on L2 motivation investigated the issue through Gardner’s
(1985) socio-educational model, the concept was soon challenged
by researchers (e.g., Dornyei, 2005, 2009) who questioned the
model’s efficiency for addressing the expanding FL learning
environment. As an answer to a call for a reconceptualization
of motivation theory and inspired by self-discrepancy theory
(Higgins, 1987) and possible selves theory (Markus and Nurius,
1986), Dornyei (2005, 2009) presented a prominent model of
learner motivation that is L2 motivational self-system. L2MSS

has three components; ILS is the L2-specific facet of one’s ideal
self; OLS refers to the attributes that one believes one ought
to possess to avoid possible negative outcomes (Dornyei, 2009,
p- 29). And L2 Learning Experience focuses on the learner’s
present experience, covering a range of situated, “executive”
motives related to the immediate learning environment (Dornyei
and Ryan, 2015, p. 88).

Over the past years, multiple empirical studies have been
conducted to test and validate L2MSS in various learning
environments (e.g., Csizér and Kormos, 2009; Maclntyre et al.,
2009; Ryan, 2009; Taguchi et al., 2009; Kim and Kim, 2014).
All the studies in the literature report solid confirmation for
the proposed L2MSS. Inspired by Dornyei’s (2005) argument
regarding a positive relationship between the ILS and L2 WTC,
a new strand of research has focused on the relationship between
L2 WTC and L2MSS. Munezane (2013) was the first researcher
who tested the path between the ILS and L2 WTC and approved
Dornyei’s (2005) hypothesis. Ever since, various studies have lent
further support to the relationship between L2MSS components
and L2 WTC (see Munezane, 2015, 2016; Darling and Chanyoo,
2018; Zulkepli, 2020).

L2 Learners’ Willingness to

Communicate

Verbal communication holds a central place among humans.
The importance of talk in human interpersonal communication
is an undeniable fact. As Khajavy et al. (2018) put it
the plethora of investigations on communication is because
having communicative competence does not necessarily imply
a willingness to use the language for authentic communication
by itself. This can explain why some people with an acceptable
linguistic competence may avoid communication and stay silent.
In contrast, some with partial competence seek every opportunity
to speak, which brings us to the issue of WTC.

Throughout the last decades, Considerable research has been
conducted on the various dimensions involved in WTC as an
influential aspect of communication in L2. Maclntyre et al.
(2003, p. 590) define WTC as “the probability of initiating
communication, specifically talking when the opportunity
arises.” In its early stages, WTC was considered as a personality
variable that is stable across time and in different situational
contexts. More recently, however, L2 WTC has been presented
not only as a stable tendency toward communication but also
as a situational trait. Nowadays, researchers believe that internal
variables such as L2 motivation and attitude toward L2 and
external variables such as inter-group climate and social support
can influence learners’ L2 WTC (Zhang et al., 2019).

In their groundbreaking model of L2 WTC known as the
Heuristic model of WTC in L2 (Figure 1; MacIntyre et al., 1998)
emphasized that L2 WTC is dependent on complex interactions
of varying factors such as context, personality traits, cognition,
and emotion. This model illustrates the multifaceted effects
of different individual and situational variables, including the
variables of interest to the present study (i.e., grit and L2MSS),
in each layer on L2 communication. This model consists of six
layers which include 12 constructs. In this model, the above layers
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FIGURE 1 | The pyramid model, reproduced image adopted from Maclntyre et al. (1998, p. 547).

(I, II, and IIT) include “more changeable, and context-dependent”
(state) variables, and at the bottom layers of the pyramid (IV, V,
and VI) more “stable social individual context” (trait) variables
are placed (Dewaele and Pavelescu, 2021, p. 3).

Previous Studies

Lee (2020) examined the effects of grit and classroom enjoyment
on Korean FL students WTC. To obtain the data, he utilized
Duckworth et al’s (2007) grit scale, Dewaele and Maclntyre’s
(2014) FLE scale, and a five-item WTC scale (Lee et al., 2020).
Lee realized that POE and classroom enjoyment (CE) correlate
positively with L2 WTC among the participants. He explained
that students with higher levels of POE who experience a positive
environment in the classroom are more likely to show higher
levels of WTC. On the other hand, COI was not observed as
a significant predictor of L2 WTC. Another important finding
of this study was the positive relationship between L2 WTC
and the length of time devoted to learning English. In other
words, students with more experience learning English tend to
communicate more than others; on the contrary, Lee found out
that there is a negative correlation between the age of students
and their level of L2 WTC.

Cheng (2021) investigated the effect of language-specific grit
and future self-guides on Taiwanese college English students’
L2 WTC. In his study, L2 grit was measured using the 9-
item scale developed by Teimouri et al. (2020), and L2 selves
were estimated by Tseng et al.’s (2020) 16-item scale measuring
four different L2 self-configuration (i.e., ILS/own, ILS/other,
OLS/own, OLS/other). The data regarding the L2 WTC was
collected using a questionnaire developed by Lee and Hsieh
(2019). In disagreement with Lee (2020), the results of this study
indicated that both POE and COI could predict L2 WTC. Yet,
Cheng (2021) realized that COI showed a far less predictive power

compared to POE. Besides L2 grit, future L2 self-guides exerted a
predictive power on L2 WTC. While both ILS, own and other,
played a predictive role, only OLS/own could affect WTC, and
OLS/other failed to do so.

Bursali and Oz (2017) focused on one of the components
of L2MSS, that is, the ILS, and explored its relationship with
L2 WTC of Turkish EFL learners. The data collected through a
questionnaire from 56 students showed a positive and significant
relationship between learners’ ILS and their L2 WTC inside
the classroom. The findings indicated that 32.1 percent of
the participants had high, 30.4 percent had moderate, and
37.5 percent had low L2 WTC inside the classroom. However,
they have noted that due to this studys limited sample, a
generalization cannot be made concerning the relationship
between L2MSS and L2 WTC at large.

Ghasemi (2018) set out to probe deeper into the WTC
of Iranian English language major students and determine
the variables contributing to L2 WTC in a single mode. The
interrelationships between motivation, perceptual learning styles,
cognitive variables, and language proficiency were under focus.
Specifically, the role of the ILS, visual learning styles, and L2
confidence in predicting learners’ language proficiency and WTC
in real life were analyzed. 150 university freshmen students
answered a five-section questionnaire. The results revealed that
visual learning styles positively impact the ILS and are indirectly
connected to L2 proficiency through the mediating function of
motivation. These relationships support the fact that learners
with more vivid images of the distance between their actual
and ILS find language learning a goal-oriented activity and,
consequently, are encouraged to attain higher levels of language
proficiency. The desire to fill the gap between their current
and ideal selves increases learner self-confidence, leading to
higher levels of WTC.
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To better understand the link between the ILS and L2
WTC, Lan et al. (2021) conducted a study that proposed a
moderated mediation model incorporating grit and psychological
shyness. To this end, the data were collected through a four-
section questionnaire from 842 undergraduate students in three
Chinese universities. Their findings revealed both direct and
mediated links between the ILS and L2 WTC. ILS was positively
associated with L2 WTC, and grit played a mediating role
in this relationship. The authors argue that language learners
with clear ILS images are grittier in achieving their language
learning goals. Furthermore, learners with higher grit levels are
more successful in facing learning tasks, such as participating in
communicative activities.

In the present study, the aim is investigating the role of LZMSS
and grit in EFL learners’ L2 WTC in two different educational
settings of public schools and private language institutes. To this
end, the following research questions have been posited:

1. Is there a significant difference between the level of L2
WTC of Iranian EFL learners in public schools and private
institutes?

2. To what extent do L2 girt (POE and COI) and L2MSS
correlate with Iranian EFL public school students’ L2
WTC?

3. To what extent do L2 girt (POE and COI) and L2MSS
correlate with Iranian EFL private institute learners’ L2
WTC?

MATERIALS AND METHODS

Participants

A total of 308 Iranian EFL learners from both public schools
and private institutes completed a survey. Based on convenience
sampling, the participants selected from the public schools were
studying in the 11th and 12th grades at the time. As for the
institute sample, language learners with elementary (A1) and pre-
intermediate (A2) levels of English proficiency were selected so
that the two groups of participants were at the same level of
language proficiency. These levels were based on the Common
European Framework of Reference for Languages (CEFR),
which describes language ability on a six-point scale, from Al
for beginners to C2 for advanced students. Gender was not
considered a variable in our study; hence, the inequality of gender
distribution was not an issue. Table 1 represents the demographic
characteristics of each group that took part in this study.

Instruments

The data for each variable of interest were collected using
an online survey consisting of four parts, viz. demographic
information, L2 WTC questionnaire (Peng and Woodrow,
2010), grit questionnaire (Teimouri et al.,, 2020), and L2MSS
questionnaire (Taguchi et al., 2009). In the first part of the
survey, demographic information, two items in the public
schools’ questionnaire version were added to detect and
remove those public-school students who were simultaneously
attending private institutes and to identify students’ grades. The

TABLE 1 | The participants’ demographic information.

Public school Private institute

N=132) (N =176)
Gender Male 63 (48%) 109 (61%)
Female 69 (562%) 67 (39%)
Total 132 176
Educational 11th G* (45.5%) A1* (51%)
stage 12th G (55.5%) A2* (49%)
Age Mean 16.5 17.2

*G = Grade, A1 = Elementary, A2 = Pre-intermediate.

demographic section of the questionnaire administered to the
learners in the private institutes also contained an additional
item regarding their current English proficiency level. Moreover,
to prevent age differences from affecting our results, the data
collected from those institute learners older than 18 and younger
than 15 were excluded from the analysis. The details of the
different parts of the questionnaire are detailed below.

The L2 Learners’ Willingness to Communicate
Questionnaire

A modified version of L2 WTC by Weaver (2005) adopted
by Peng and Woodrow (2010) was used in this study. The
participants answered the 10 items such as I am willing to do
a role-play standing in front of the class in English on a five-
point Likert scale ranging from 1 (definitely not willing) to 5
(definitely willing).

The Grit Questionnaire

The researchers employed the L2 domain-specific grit scale
developed by Teimouri et al. (2020) that consisted of two separate
sections, namely POE and COI, in the classroom. Overall, the
questionnaire consisted of 9 items including 5 items regarding
POE such as I am a diligent English language learner and 4 items
regarding COI such as I am not as interested in learning English
as I used to be. The participants could select their responses on
a five-point Likert scale ranging from 1 (not like me at all) to 5
(very much like me).

The L2 Motivational Self-System Questionnaire

To investigate L2MSS, 20 questions were adopted from Taguchi
et al’s (2009) study of L2MSS in three contexts of Japan, China,
and Iran. To suit the purpose of the present study, among the 76
items of this scale, ten items measuring the ILS including I can
imagine a situation where I am speaking English with foreigners
and ten items such as study English because close friends of mine
think it is important measuring the OLS were adopted. A five-
point Likert scale ranging from strongly agree to strongly disagree
was utilized in the present study.

Data Collection Procedure

To collect the required data for the present research, the following
procedure was adopted. First, the questionnaires were translated
into Persian by two professional translators. Google Forms was
chosen to design an online survey. A pilot study was conducted
with 50 students (25 public school students and 25 private
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TABLE 2 | The reliability statistics for the three questionnaires of the survey.

TABLE 4 | Mann-Whitney U-test results.

Survey sections Cronbach’s alpha N Mann-whitney U Wilcoxon W z Asymptotic. Sig. (2 tailed)
WTC 0.97 10 6789.50 16567.500 -6.278 0.000

POE 0.95 5

Col 0.95 4

ILS 0.93 10 that the participants’ POE, COI, ILS, and OLS were at medium
oLs 0.76 10 range for private institute learners. The POE has the highest mean

language institute learners) from the target population. Based
on the participants’ comments, the translation of some of the
items were edited to avoid confusion. After obtaining the schools
(N = 5) and institutes (N = 6) board approval, the survey link
was sent to the participants. The participants were assured of
anonymity, and their participation was entirely voluntary.

RESULTS

Descriptive Statistics

Cronbach’s alpha was used to estimate the reliability of each
questionnaire comprising the survey. As seen in Table 2, the
questionnaires enjoyed high levels of reliability to elicit L2 WTC,
Grit, and L2MSS from all the respondents in public schools and
private institutes.

For the first research question, the mean and standard
deviation for each group were calculated (Table 3). The results
of the descriptive analysis revealed that the mean of L2 WTC
in public schools was 2.56, and the standard deviation was 1.29.
Table 3 displays the descriptive statistics for WTC, L2 Grit (POE
and COI), and L2MSS (ILS and OLS) in public schools and
private language institutes. The respondents in public schools
mean performance regarding these variables was above 2, which
indicates a medium performance on L2 Grit (POE and COI), and
L2MSS (ILS and OLS).

The mean of L2 WTC in private institutes was 3.82, and the
standard deviation was 1.22, revealing that the participants’ level
of L2 WTC was also medium. The mean for POE, COL, ILS, and
OLS, which were 3.90, 2.33, 2.61, and 3.31, respectively, indicated

(3.90) compared with that obtained for COI, ILS, and OLS.

To investigate how public school students and private institute
learners differ in their level of L2 WTC, Kolmogorov-Smirnov
and Shapiro-Wilk tests were first conducted to see if the data were
normally distributed. The results showed the data did not enjoy
normal distribution; therefore, the Mann-Whitney U-test, the
non-parametric equivalent of the independent ¢-test, was used. As
shown in Table 4, the Mann-Whitney U-test showed a significant
difference between the level of L2 WTC in private and public
school learners (U = 6789.50, p < 0.001).

Correlational Analyses

The Spearman correlation was employed to investigate the
relationship between L2 WTC, L2 Grit (POE and COI), and
L2MSS (ILS and OLS) among the EFL learners in public schools

TABLE 5 | Spearman’s rho correlation, grit, L2MSS, and WTC for public school
students and private institute learners.

PS students’ Pl learners

WTC WTC

Spearman’s  Grit (POE) Correlation coefficient 0.588" 0.352**
rho Sig. (2-tailed) 0.000* 0.000
Grit (COIl)  Correlation coefficient 0.110 0.135

Sig. (2-tailed) 0.210 0.073

ILS Correlation coefficient 0.340* 0.372**

Sig. (2-tailed) 0.000* 0.000*

OoLS Correlation coefficient 0.679* -0.117

Sig. (2-tailed) 0.000* 0.123

*“*Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

TABLE 3 | Descriptive Statistics for WTC, L2 Grit (POE and COl), and L2MSS (ILS and OLS).

N Mean SD Skewness Std. error skewness Kurtosis Std. error kurtosis

Ps2 WTC 132 2.56 1.29 0.76 0.21 -1.29 0.41

POE 132 3.00 1.40 0.22 0.21 -1.85 0.41

COl 132 2.86 1.39 0.28 0.21 -1.76 0.41

LS 132 3.32 0.76 0.10 0.21 -0.82 0.41

OLS 132 2.66 1.45 0.46 0.21 -1.63 0.41
PP WTC 176 3.82 1.21 -1.28 0.18 -0.23 0.36

POE 176 3.90 1.04 -1.39 0.18 0.24 0.36

COl 176 2.33 1.13 0.70 0.18 -0.87 0.36

ILS 176 3.31 1.20 -0.28 0.18 -1.55 0.36

OLS 176 2.61 0.92 0.04 0.18 -1.34 0.36
apyplic schools.
bPrivate institutes.
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TABLE 6 | Multiple regression analysis for public school students.

TABLE 9 | Multiple regression analysis for private institute learners.

Model summary

Model summary

Model R R square Adjusted R Std. error of the Model R R square Adjusted R Std. error of the
square estimate square estimate
1 0.9002 0.809 0.803 0.57427 1 0.5082 0.258 0.241 1.06010
@Predictors: (Constant), OLS, ILS, COl, POE. 4Predictors: (Constant), OLS, ILS, COl, POE.
TABLE 7 | The ANOVA results for public school students. The results of the ANOVA test (Table 7) revealed that
Institutes Model Sumof Df Mean E sig. this model differed significantly from the hypothetical model
squares square (4,127) :134.716,p <0.001).
: . . Moreover, the coefficients table (Table 8) showed that POE
Public schools 1 Regvressmn 177.710 4 44428 134.716 0.000 as the Grits first component (Beta -0.589, p <0.001)’ OLS
Residual — 41.883 127 0.330 (Beta =0.439, p < 0.001), and the ILS (Beta = 0.143, p = 0.001)
Total 219.593 131

@Predictors: (Constant), OLS, ILS, COI, POE.

and private institutes (questions two and three). The results
revealed that, in public schools, there was a significant positive
association between POE and WTC, [r(132) = 0.588, p < 0.001]
(Table 5). In the case of L2MSS, the results indicated a significant
positive correlation between OLS and L2 WTC, [r(132) = 0.679,
p < 0.001] and, between ILS and L2 WTC, [r(132) = 0.340,
p < 0.001]. Grit (COI), on the other hand, did not show a
significant correlation with L2 WTC, [r(132) = 0.110, p > 0.05].
Regarding the private institute learners, the results indicated
significant positive associations between POE, [r(176) = 0.352,
p < 0.001], and ILS, [r(176) = 0.372, p < 0.001], and L2 WTC
in private institutes’ context. COI, [r(176) = 0.135, p > 0.05],
and OLS, [r(176) = -0.117, p > 0.05], on the other hand, did
not show significant correlations with private institutes EFL
learners’ L2 WTC.

Regression Analyses
Two separate regression analyses were also performed to estimate
the predictive power of L2 Grit (POE and COI) and L2MSS

wielded significant predictive power over public schools’ students
L2 WTC. On the other hand, COI did not show any significant
predictive power on L2 WTC among learners (Beta -0.026,
P 0.05).

Table 9 demonstrates that the four variables positively
correlate with the total score at R = 0.508, which is high.
R-squared (R?) shows 26 percent of the variance. The adjusted
R? in the model reveals that L2 Grit (POE and COI) and L2MSS
(ILS and OLS) could predict 24 percent of EFL learners’ L2 WTC.

Examining the ANOVA results (Table 10), one can realize
that this model differed significantly from the hypothetical model
[F(4,171) = 14.855, p < 0.001].

The table of coeflicients (Table 11) displays that POE as the
Grit’s first component (Beta = 0.265, p = 0.003), and the ILS
(Beta = 0.266, p = 0.007) exerted a significant predictive power

TABLE 10 | The ANOVA results for private institute learners.

The ANOVA results
Private institute Model Sum of Df Mean F Sig.
squares square

(ILS and OLS) for L2 WTC. Table 6 shows information about 1 Regression  66.777 4 16.694 14.855 0.000°

the regression model as a whole. The four variables together Residual 192172 171 1.124

positively correlated with the total score at 0.90, which is high. Total 258.949 175

The adjusted R? indicated that the model significantly predicted Dependent variable: WTC.

81 percent of the variance in the population. apredictors: (Constant), OLS, ILS, COI, POE.

TABLE 8 | Coefficients of grit and L2MSS for public school students.

Coefficients?
Model Unstandardized coefficients Standardized coefficients T Sig.
B Std. error Beta

Public schools 1 (Constant) -0.851 0.280 -3.040 0.003
POE 0.544 0.042 0.589 13.007 0.000
COl -0.025 0.037 -0.026 -0.669 0.505
ILS 0.242 0.069 0.143 3.488 0.001
oLSs 0.392 0.041 0.439 9.600 0.000

aDependent variable: WTC.
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TABLE 11 | Coefficients of Grit and L2MSS for private institute learners.

Coefficients?

Private institutes Model Unstandardized coefficients Standardized coefficients T Sig.
B Std. Error Beta

1 (Constant) 1.335 0.533 2.503 0.013

POE 0.309 0.101 0.265 3.047 0.003

COl 0.110 0.085 0.108 1.295 0.197

ILS 0.268 0.098 0.266 2.726 0.007

OLS 0.052 0.108 0.040 0.487 0.627

aDependent variable: WTC.

over learners’ L2 WTC in the private institutes setting. COI and
OLS, however, did not wield a significant effect on L2 WTC.

DISCUSSION

This study is among the first to investigate and compare the
role of a positive variable (grit) and a motivational variable (L2
MSS) in L2 WTC among EFL learners in two educational settings.
To some extent, the present study’s results replicate but mainly
extend previous findings on EFL learners’ L2 WTC. To conclude
the findings presented in the previous section and observe how
the results of this particular study stand in relation to similar
studies, a thorough discussion of the results is provided.

Willingness to Communicate in Public
Schools and Private English Language

Institutes

The descriptive data and the Mann-Whitney U-test
demonstrated higher levels of L2 WTC among private institutes
learners than public school students. From a socio-educational
perspective, several reasons can be highlighted concerning
this phenomenon.

Teaching Methodology

One way to interpret the significant difference between level
L2 WTC is by highlighting the differences in the dominant
methodology in these two settings. For decades, Iranian public
schools’ primary pedagogy of English learning suffered a sheer
focus on “reading, translation, memorization, and grammar”
(Hosseini Goodrich, 2020, p. 9). In 2013, the Ministry of
Education succumbed to the long-called-for radical paradigm
change from grammar-translation to a modified communicative
language teaching (CLT). Nonetheless, criticism was still directed
at the quality and effectiveness of the new English teaching
method and its textbooks (Hosseini Goodrich, 2020). In essence,
the revision in the English curriculum and textbooks aimed
mainly at inserting the “Islamic-Iranian identity, national culture
and local beliefs” (Mirhosseini and Khodakarami, 2015, p. 25),
and in practice, public schools’ English courses still focused on
reading comprehension, grammar, and vocabulary development
(Sadeghi and Richards, 2016). Writing practice is limited to
composing decontextualized sentences, listening cannot be seen

anywhere in the syllabus, and speaking does not move beyond
a few drills and short dialogues (Rahimi, 2009; Sadeghi and
Richards, 2016; Khoshsima and Hashemi Toroujeni, 2017).

In contrast, by having the advantage of a decentralized system,
private institutes utilize various international coursebooks and
different approaches to teaching English. The majority of the
private English institutes design their courses based on the
principles of the CLT approach (Zhang and Rahimi, 2014)
to prepare learners to communicate in both spoken and
written modalities (Rahimi and Zhang, 2015; Moradkhani and
Shirazizadeh, 2017). As a result, compared to private institute EFL
learners, the lack of willingness to communicate among public
school students is not surprising.

The Classroom Atmosphere

The majority of English classrooms in public schools suffer
a strict teacher-dominated atmosphere which can discourage
students’ communicative participation. Compared to public
schools, due to the less age difference between the EFL learners
and their teachers, more appropriate teaching methodology,
and the employment of novel activities, private institute
classrooms are less strict and teacher-centered. This can be
further confirmed by Zarei et al’s (2019) findings suggesting
that the teacher-centered style is among the debilitating factors
regarding L2 WTC.

Teachers’ Role and Test-Oriented Classrooms

Reflection upon teachers role is crucial due to their effects on
the educational process which ensures the quality of human
and social resources of society (Zlatkovic and Petrovic, 2011).
The EFL teachers play an influential role in students WTC
in many ways, including topic selection (Zarrinabadi, 2014),
teaching style (Zarei et al., 2019), and appropriate activities
selection (MacIntyre et al., 1998). Public school EFL teachers are
forced/accustomed to avoiding employing L2 tasks, which can
encourage and facilitate communication in the target language
(Khoshsima and Hashemi Toroujeni, 2017; Hosseini Goodrich,
2020). This can be due to the centralized curriculum, the limited
classroom time, excessive workload, inappropriate coursebooks,
and crowded classes. This gains relevance in the Iranian public
schools’ context. English study for most public-school students
in Iran is undertaken only to meet the need for passing
examinations where performance-based tasks are disregarded in
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the final exam criteria (Farhady and Hedayati, 2009). A similar
observation has been reported for English language learning in
the Chinese context where Peng and Woodrow (2010) found
that EFL teachers and learners prioritize test-related skills such
as vocabulary, reading, and writing over speaking in an exam-
oriented context.

On the other hand, thanks to the decentralized curriculum,
longer classroom hours, and more appropriate coursebooks,
Iranian private institutes’ teachers experience more freedom in
choosing activities. Therefore, they are more likely to employ
L2 communicative tasks such as information gap. Furthermore,
these performance-based tasks are included in their examination
criteria. Yashima et al. (2017) and Lee and Lee (2020) also
further confirmed that inserting performance-based activities in
the examination criteria can enhance students’ WTC in Japanese
and Korean contexts.

Grit and L2 Learners’ Willingness to

Communicate

In line with Teimouri et al. (2020), Cheng (2021), and Khajavy
et al. (2021), who confirmed the superiority of a two-factor
model over a single-factor model of language-specific grit, in the
present study, the researchers examined grits’ components (POE
and COI) separately. This is in disagreement with Duckworth
et al. (2007), who saw grit as a single variable. The results of
Spearman’s rho and multiple regression analyses revealed that
grit (POE) has a positive correlation and significant predictive
power with/over L2 WTC in both contexts, whereas grit (COI)
showed no significant correlation or predictive power with/over
EFL learners L2 WTC in either context. In a similar vein,
Credé et al. (2017) proposed that “perseverance is a much
better predictor of performance than either consistency or overall
grit.” (p. 502).

The positive relationship between grit (POE) and WTC
can be reviewed in light of Fredrickson’s (2003) “broaden
and build” theory: The “broaden” side of this theory explains
in what way positive emotions play a motivating role in
encouraging the learners to explore new experiences and
seek more learning opportunities. This theory expounds why
learners who experience positive emotions in the classroom
are more willing to participate in communicative activities.
Therefore, we can infer from the analysis that grittier students
who show determination and hard work are more likely
to engage in communication despite setbacks. This is in
agreement with Dornyei and Ushioda’s (2013) claim that
success in an L2 is at the mercy of learners sustained
effort. These findings align well with those of the prior
studies that confirmed a positive relationship between positive
emotions and L2 WTC (Peng, 2015; Khajavy et al., 2018, 2021;
Jiang and Dewaele, 2019).

Regarding grit (COI), during the lengthy and tedious language
learning process, learners’ interest in language learning may
suffer some ups and downs due to the numerous setbacks and
failures. Nonetheless, learners’ hard work and sustained effort are
not reliant on unwavering interest in the process. Similar findings
in other contexts such as Korea (Lee, 2020), Switzerland (Karlen

et al,, 2019), and China (Feng and Papi, 2020) further confirms
the results of this article.

L2 Motivational Self-System and L2

Learners’ Willingness to Communicate
According to the Spearman correlation, both ILS and OLS
showed a significant relationship with L2 WTC in public school
setting. However, in the case of the learners in the private
institutes, only ILS correlated with L2 WTC. Additionally, the
multiple regression revealed that OLS was the second predictor of
WTC in public school, while it failed to predict WTC in private
language institutes. On the other hand, the ILS was the second
predictor of L2 WTC in private language institutes and the third
in public schools.

As noted, between the two components of L2ZMSS, OLS plays
a more vital role on L2 WTC of public school students, which
suggests that these students tend to become motivated to learn
English to meet the expectations of their significant others, such
as parents and teachers. Although the OLS usually appears as
the weakest component of L2MSS (Csizér and Kormos, 2009;
Aubrey, 2014), research in collectivist cultures has proved the
opposite. It has been claimed that learners with collectivist
cultures, such as Thai and Chinese EFL learners, tend to have
stronger OLS (Patterson and Smith, 2003; Taguchi et al., 2009;
Lanvers, 2016; Darling and Chanyoo, 2018). In concordance
with these findings, the results of the present study invite the
possibility that Iranian collectivist culture has led to a significant
relationship between OLS and school students’ L2 WTC.

The strong impact of the ILS on the L2 WTC of private
language institute learners denotes that in this group of learners,
an ideal future image rather than external expectations and
obligations aid language learners to put aside any fears they might
have of communication and engage in the communicative act.
The general tenor of previous studies on L2MSS has introduced
the ILS as the strongest dimension of the model (Csizér and
Kormos, 2009; Dérnyei and Ushioda, 2009; Papi, 2010; Kim,
2012). Thus, the present study’s findings tie in well with the
literature. Furthermore, the results of the current research are
in line with studies that have reported a positive relationship
between ILS and L2 WTC among Turkish (Bursali and Oz,
2017, 2018; Sak, 2020), Thai (Darling and Chanyoo, 2018),
Japanese (Munezane, 2013, 2015, 2016), Chinese (Peng, 2015;
Lan et al., 2021; Li and Liu, 2021), and Iranian (Ghasemi,
2018) EFL learners.

CONCLUSION

The present study set out to investigate if/how L2MSS and grit
correlate/predict L2 WTC in two educational settings of public
schools and private language institutes. The findings pointed out
that public school students with stronger ILS and POE enjoyed
higher levels of WTC; meanwhile, private institute learners with
a stronger OLS were less willing to communicate compared
to their counterparts. Moreover, while POE was the strongest
predictor of WTC in both settings, COI did not display a
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significant correlation or predictive power with/over L2 WTC
in either context.

The implications of this study mainly call for changes in
the overall Iranian system of education to improve WTC
among EFL learners. The present research highlights the role
of grit (POE) and L2MSS (ILS) in this process. The fact that
learners with higher levels of ILS (private institute learners) were
more willing to communicate than those learners with strong
OLS (public school students) underlines Dornyei’s (2009) call
for the promotion of motivation in academic settings, which
can be achieved by enhancing what he calls learner’s vision.
As the centerpiece of classroom instruction, teachers play an
essential role in helping students hold and build more vivid
ILS images. Creating vivid ILS images may be achieved by
visualization and goal-setting activities such as writing future-
oriented autobiographies, creating L2 goals for the semester
and for the next 10 years (Al-Murtadha, 2019; Safdari, 2019);
establishing short-term goals that are tangible and achievable
through more active participation in communicative classroom
activities (Lan et al., 2021). Meanwhile, by having high levels of
POE, EFL learners would be more likely to exert themselves to
achieve these goals (communication in the target language in this
case) despite setbacks and failures.

Grit has a malleable nature meaning that it can be increased
through practice and instruction. EFL teachers should be aware
of the importance of grit and how it can help learners in
the possible tedious and challenging (e.g., participating in
communicative activities) language learning process (Wang et al.,
2021). They can ensure that their learners are familiar with the
positive role of POE by giving lectures, introducing successful
people, and encouraging them to be persistent to achieve their
objectives. Keegan (2017) explains that being “gifted” is not
the only predictor of success in language learning. Therefore,
EFL students should be informed of the malleable nature of
intelligence which explains that besides talent, other appreciated
factors such as assiduousness and perseverance can aid them
to achieve their goals in relation to L2 WTC. This gains
relevance in the EFL context since many teachers, regardless
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Identifying Determinants of Dyslexia:
An Ultimate Attempt Using Machine
Learning

Sietske Walda*, Fred Hasselman and Anna Bosman

Behavioural Science Institute, Radboud University, Nijmegen, Netherlands

Research based on traditional linear techniques has yet not been able to clearly identify
the role of cognitive skills in reading problems, presumably because the process of
reading and the factors that are associated with reading reside within a system of
multiple interacting and moderating factors that cannot be captured within traditional
statistical models. If cognitive skills are indeed indicative of reading problems, the
relatively new nonlinear techniques of machine learning should make better predictions.
The aim of the present study was to investigate whether cognitive factors play any
role in reading skill, questioning (1) the extent to what cognitive skills are indicative of
present reading level, and (2) the extent to what cognitive skills are indicative of future
reading progress. In three studies with varying groups of participants (average school-
aged and poor readers), the results of four supervised machine learning techniques
were compared to the traditional General Linear Models technique. Results of all
models appeared to be comparable, producing poor to acceptable results, which
are however inadequate for making a thorough prediction of reading development.
Assumably, cognitive skills are not predictive of reading problems, although they do
correlate with one another. This insight has consequences for scientific theories of
reading development, as well as for the prevention and remediation of reading difficulties.

Keywords: dyslexia, cognitive skills, reading development, machine learning, word decoding and reading
outcomes

INTRODUCTION

Dyslexia is characterized by severe problems with learning basic subskills of reading and spelling,
often resulting in delays in broader literacy skills and unequal opportunities in education and
society. In the Netherlands, approximately 10-15% of children in primary and secondary education
are diagnosed with dyslexia (Inspectie van het Onderwijs, 2019). Research indicates that dyslexia is
sometimes associated with impairments in various cognitive skills, such as phonological awareness,
orthographical awareness, syntactic awareness, working memory, as well as general cognitive
deficits such as impairments of attention, rapid naming, and self-control (Vellutino et al., 2004;
Catts, 2017).

The role of cognitive skills in dyslexia has been subject to varying interpretations. Some
authors advocate the existence of different types of reading problems, explaining them by a
dysfunction of different cognitive functions. Others interpret these cognitive dysfunctions as a
consequence of a more general deficit that causes both cognitive dysfunctions and reading problems
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(Parrila et al., 2019). Most theories, however, suggest that dyslexia
is caused by some sort of brain dysfunction, resulting in an
“all or nothing” diagnosis of dyslexia: Children with the brain
dysfunction do and children without the brain dysfunction do
not have dyslexia. Still other theories suggest that symptoms
of dyslexia result from a multi-factorial interplay of (genes),
cognitive skills and environment, resulting in a continuum of
more to less severe reading and spelling problems (Vellutino
et al., 2004; Catts, 2017).

The relevance of the role of cognitive skills in reading
problems differs between varying perspectives. From a theoretical
perspective, knowledge about cognitive skills involved in learning
to read can lead to insights in the nature of reading and processes
that accompany the development of automated reading skill (e.g.,
see Hammill, 2004). From a prevention perspective, knowledge
about cognitive skills predictive of reading difficulties can help
identify children at risk for developing reading difficulties. If
children at risk are identified early, instruction and exercises can
be adjusted to lower the chance of developing reading problems
(e.g., see Hammill, 2004; Al Otaiba and Fuchs, 2006; Stuebing
et al., 2015). From a remediation perspective, it is argued that
knowledge about cognitive skills affecting the development of
automated reading skill will provide more effective interventions
for children lagging behind. When strengths and weaknesses on
these particular cognitive skills are known, they could be part of
the remediation process. This knowledge is of great importance,
because a substantial part of children with dyslexia receiving early
literacy intervention respond below expectations and are labeled
treatment resisters (e.g., see Al Otaiba and Fuchs, 2006; Stuebing
etal., 2015).

The aim of the present study was to find cognitive factors of
varying origin that play a role in the development of reading
skill in children with dyslexia and children with typical reading
development. In this introduction, we will first discuss results of
previous research (see Table 1). Previous research demonstrates
two concerns: (1) empirical identification of causal factors, and
(2) the application of research models adequate for identifying
factors involved in reading level and in reading progress. Next,
ideas on potential models of reading development are considered,
resulting in a discussion of potential utility of machine learning
techniques in an ultimate attempt to identify cognitive skills that
are involved in learning to read. Finally, we will present the aims
and research questions of the present study.

The relationship between reading level and various cognitive
skills has been well established by previous research. The
statistical technique most frequently used for identifying factors
that are important in the process of learning to read is correlation
analysis. Even though correlations are bivariate and cannot
determine any directional or causal influences, researchers
assume that a correlational analysis provides information
concerning factors that might be involved in learning to read. In
search for causal factors, significant correlations are insufficient
to establish causal relationships with learning to read. However,
researchers assume that in the search for causal factors, significant
correlations should at least be present (corresponding to the fifth
axiom of Spinoza, 1678/1928, p. 15). Therefore, factors that prove
to correlate with reading level are of interest for researchers who

seek to find causal relationships between cognitive factors and
reading skill (Hammill, 2004; Stuebing et al., 2015).

In the first three rows of Table 1 meta-analyses on cognitive
skills and reading level are presented. Several cognitive skills
tend to correlate significantly (not necessarily substantially) with
reading level. Age or reading skill often have moderating effects
on these correlations (see Hammill and McNutt, 1981; Swanson
etal., 2003; Melby-Lervag, 2012). However, there are three issues
that impede the interpretation of correlation between cognitive
skills and reading level: (1) For some variables, the amount
of overlap with reading skill is unclear. For example, variables
such as academic achievement, spelling, pseudoword reading
and letter identification could be considered reading skills or at
least literacy skills. These skills rather mirror subskills of reading
and literacy than function as independent potential cognitive
determinants of reading skill. (2) Correlation analyses have not
yet led to desirable correlations between cognitive determinants
and reading level in such a way that they imply an exhaustive
explanatory model of reading skill. Skills close to the reading
process (e.g., spelling, pseudoword reading, letter identification)
correlate more strongly with reading level than with other
cognitive skills (e.g., IQ, memory, attention). Still, correlation
coefficients between cognitive skills and reading level rarely
exceed r = 0.50 (see Table 1), which corresponds to a proportion
of explained variance of 0.25; thus 75% of variance remains
unexplained. (3) Indices of heterogeneity between studies, when
specified and not biased by small samples of studies, indicate a
medium to high degree of heterogeneity between studies included
in these meta-analyses (see Swanson et al., 2003; Melby-Lervig,
2012; based on Huedo-Medina et al., 2006). High heterogeneity
among the selected studies indicates that fixed effects models,
applied when interpreting unique effect sizes, are unsuitable for a
comparison of results, because effect sizes tend to differ between
studies and as such, results of the studies included in these
meta-analyses are not unequivocal.

Several authors studied discrepancies in cognitive skills of
children with dyslexia and typically developing children. The
meta-analyses displayed in rows 5-7 of Table 1 indicate that
children with dyslexia have an increased chance of lower abilities
on several cognitive skills compared to typically developing
children. Effect sizes (converted to correlation measures in
Table 1) suggest that cognitive skills of children with dyslexia
tend to differ from cognitive skills in typically developing
children, although indices of heterogeneity (when specified
and not substantially biased) again indicate that results were
not unequivocal (Aratjo and Faisca, 2019; Lonergan et al,
2019; Parrila et al, 2019). Meta-analyses that distinguished
age-matched controls from reading-matched controls, however,
reveal that cognitive skills of children with dyslexia do not
significantly differ from those of reading-matched controls
(e.g., Aratjo and Faisca, 2019; Parrila et al, 2019). This
indicates that at least some of these lower abilities might
have resulted from lower reading level by origin, that is,
implying circular causality. On that note, it is suggested that
children with dyslexia are identified by decoding skills (i.e.,
translating printed words in speech) in itself rather than by
cognitive skills.
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TABLE 1 | Results of meta-analyses on the relation between reading level and cognitive skills, and reading progress and cognitive skills.

Article Measure Study aim Sample characteristics? Coghnitive skill © k Effect Size®9 12 ef
Hammill and Reading level Concurrent and longitudinal  Predominantly mixed samples; few General academic achievement 14/ 14 0.85/0.74 n.s.
McNutt, 1981 and progress (after > 1 year) correlation  learning disabled/disabled reader; aged Phonics knowledge 4/n.s. 0.71/n.s. n.s.
with word recognition, Kindergarten 2, Grade 3-12, and other. Intelligence 100/ 25 0.61/0.52 n.s.
composite reading or Language: n.s.; Readiness 20/19 0.56/0.50 n.s.
reading comprehensiond Orthography: n.s. Spoken Language 8/3 0.51/0.48 n.s.
Perceptive abilities 14/4 n.s./n.s. n.s.
Motor generalizations 19/5 n.s./n.s. n.s.
Affect (emotional functioning) 30/8 n.s. /.25 n.s.
Swanson et al., Reading level Concurrent correlation with  Average and poor readers; Spelling 6 0.78 0.00
2003 word reading (real and Language: English, Dutch Pseudoword reading 24 0.69 79.02
pseudowords) Orthography: n.s. Phonological awareness 194 0.43 74.03
Rapid naming 107 0.42 68.46
Vocabulary 37 0.38 58.16
Orthography 61 0.41 72.23
1Q 35 0.42 55.99
Memory span 46 0.37 25.26
Melby-Lervag, Reading level Concurrent correlation with ~ Average school-aged; Phoneme awareness 7 0.56 67.64
2012 text decoding Language: n.s.; Rhyme awareness 7 0.41 67.01
Orthography: n.s. Verbal short-term memory 7 0.28 51.21
Parrila et al., 2019  Reading level Comparison of children Children with dyslexia and reading level Phonological awareness 19/19 -0.21/-0.49 87.31/83.562
with and without dyslexia controls (<13 years) Nonword reading 12/10 -0.05/-0.76 89.71/91.94
(reading level-matched Language: Finnish, Greek, Spanish, Rapid naming 14 /14 -0.01/-0.57 74.61/80.43
[RL]and chronological Hungarian, Icelandic, ltalian, Swedish,  Verbal short term memory 12/12 0.09/-0.58 85.72 / 86.69
age-matched [CA])™ Norwegian, German; Auditory temporal processing 5/5 -0.24/-0.21 85.56 / 76.88
Orthography: highly consistent
European alphabetic
Parrila et al.,, 2019 Reading level ~ Comparison of children Dyslexic readers; age-matched Rapid automatized naming:
with and without dyslexia  controls; - accuracy 21 0.23 9.91
(age 7-37) - fluency 216 0.50 78.53
Language: English, French, Italian, - letters 67 0.50 86.81
Finnish, Spanish, Dutch, German, - numbers 127 0.54 83.24
European-Portuguese, Chinese - objects 93 0.54 75.12
Orthography: “opaque,” “transparent,” - colors 56 0.32 64.39
“medium”
Aravjo and Faisca, Reading level Comparison of children Children with and without dyslexia; (age Inhibition
2019 with and without dyslexia’  5-18) - reaction time 10 0.29 0.00
Language: Dutch, English, German, - error rate 5 0.24 0.00
Norwegian, Italian, Greek, French, - accuracy 2 0.48 0.00
Brazilian, Portuguese, Polish, Algerian,  Switching attention 3 0.33 0.00
Chinese - reaction time 6 0.41 0.00
Orthography: n.s. - error rate 2 0.72 0.00
- accuracy 14 0.48 0.00

Auditory working memory
- accuracy
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TABLE 1 | (Continued)

Article Measure Study aim Sample characteristics? Cognitive skill k Effect Size®9 2 ef
Scarborough, 1998 Reading Correlation with future (after Unselected samples, few high risk Concepts of print 7 0.46 0.00
progress 1, 2, or 3 years of samples; Letter-sound and reading skills 22 0.56 0.00
instruction) word reading, Language: n.s.; Letter identification 24 0.52 0.00

composite reading score or Orthography: n.s. Phonological awareness 27 0.46 0.00

rarely reading Speech discrimination 11 0.22 0.00

comprehension Speech production 4 n.s. 0.00

1Q full scale 11 0.41 0.00

Verbal IQ 12 0.37 0.00

Performance 1Q 8 0.26 0.00

Receptive vocabulary 20 0.33 0.00
Expressive vocabulary 5 0.45 0.00
Rapid naming: 9 0.37 0.00

- Colors, objects 8 0.41 n.s.
- Digits, letters 9 <0.37 0.00
Receptive language skills 11 0.24 0.00
- Syntax/morphology 1 0.32 0.00
- Semantic/unspecified 18 0.33 0.00
Expressive language skills 11 0.45 0.00
Verbal memory 5 0.22 0.00
- Words, digits 6 0.16 0.00
- Story, sentences 8 0.31 0.00

Visual perception 5 0.25

Visual-motor integration
Visual memory
(Motor skills)

(Continued)
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TABLE 1 | (Continued)

Nelson et al., 2003  Reading Treatment effectiveness of ~ Students at risk for reading disabilities;  Rapid naming 7 0.47 0.00
progress early literacy interventions  Preschool-3rd Grade; (Problem behavior) 6 0.43 0.00
Language: German and n.s. Phonological awareness 17 0.40 0.00
Orthography: n.s. - phonemic 13 0.35 0.00
- rhyming 4 0.49 0.00
Alphabetic principle 18 0.34 0.00
Memory 11 0.30 0.00
- short term 8 0.29 0.00
- long term 3 0.32 0.00
Q 8 0.25 0.00
(Demographic) 5 0.07 0.00
- (disability / retention) 3 0.10 0.00
- (ethnicity) 1 0.10 0.00
- (grade) 1 -0.24 0.00
Tran et al., 2011 Reading Comparing reading level of ~ Children at risk for reading disabilities; ~ General IQ 2/9 0.36/0.11 0.00/91.56
progress responders and Language/orthography: n.s. Verbal IQ 1/3 0.34/1.07 n.s./79.25
low-responders during Orthography: n.s. Real-word identification 21/11 1.06/1.53 77.99/79.40
interventions in reading: Rapid naming speed 13/15 1.31/0.74 82.02/0.00
pretest and posttest’ Phonological awareness 28/9 1.15/0.82 85.25/69.21
Pseudo word reading 19/11 1.10/1.28 89.24 /88.59
Vocabulary 4/8 0.71/1.19 0.00/93.83
Reading comprehension 8/18 0.45/1.43 70.56 / 72.56
(Spelling) M 1.85/0.79 n.s./n.s.
Phonological memory 2/8 0.41/0.92 0.00/64.77
(Behavior) 6/6 0.15/-0.51 81.82/72.97
(Reading fluency) 2/2 0.70/0.66 95.03/94.99
(General reading achievement) 1/2 -0.32/-0.50 100/ 0.00

n.s. = not specified.

@ Information about age/Grades, dyslexia diagnosis, and language or orthography (when specified).

b Skills that were reported by the articles, but cannot be considered cognitive skills are placed between brackets.

¢ Effect sizes in the meta-analyses were reported using d, g, and r. In order to ease comparison of effect sizes between meta-analyses we inferred r from the information provided by the authors. When d measures
were reported as effect size metric, r was inferred using the formula: r = ﬁ%ﬁ; when g measures were reported as effect size metric, r was inferred using the formula: r = gzg e where a is a correction factor
that depends on the ratio of the sample sizes. Tran et al. (2071) provided only d as effect size and provided insufficient information to infer r. Therefore, d measures are displayed in the effect size column for the
meta-analysis of Tran et al. (2011).

9 All meta-analyses provided mean weighted effect sizes, except Hammill and McNutt (1981), who reported median correlation coefficients, only when correlations were significant.

€ When Q measures were reported as homogeneity metric, I° was inferred using the formula: 2 = W x 100% for Q > (k- 1), P = 0 for Q < (k — 1), where k is the number of studies. ° is used to quantify
heterogeneity among the studies included in a meta-analysis, and is defined as “a percentage of heterogeneity, that is, the part of total variation that is due to between-studies variance 2.” (Huedo-Medina et al., 2006,
p. 197). Homogeneity statistics could not be derived for results of Hammill and McNutt (1981), because they reported median correlation coefficients as effect size metric.

" Please note that I? is biased when the number of studiies is small. Interpretation of I is problematic when k < 20 see Huedo-Medina et al. (2006).

9 results on concurrent concurrent reading / results on longitudinal reading.

b for comparison with RL group / for comparison with CA group.

" positive correlations indicate highest group means for the dyslexia group.

I positive correlations indicate highest group means for the (non-dyslexic) control group.

k for pretest reading level / for posttest reading level.
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Thus, several cognitive skills tend to correlate with reading
level and children with dyslexia tend to differ from age-matched
controls in their cognitive skills. Considering the relationship
between cognitive skills and reading level, it can be concluded
that the relationships are evident, although the magnitudes of
these relationships are limited.

Investigating the relationship between reading progress
and cognitive skills is less straightforward than the relation
with reading level. As discussed in the previous paragraph,
correlations between reading level and cognitive skills indicate
possible determinants or causal factors of reading progress: In
order to be predictive of future reading progress, a factor should
at least correlate to some extent with present reading level (e.g.,
Nelson et al., 2003; Tran et al., 2011). However, even when factors
correlate with reading level, one cannot exclude the possibility
of the effects of a third variable, influencing both cognitive skills
and reading level, and thereby generating a correlation between
them. Also, correlations never express directions of relationships
between variables: The relationships could be opposite to what
was expected (instead of cognitive skills causing variations in
reading level, reading level might be causing variations in
cognitive skills), or being bidirectional (cognitive skills and
reading level might mutually influence each other over time).
Bidirectional relationships between variables form a considerable
possibility in research on reading skill, as is evidenced by the
relationship between word reading and phonological awareness
(see Castles and Coltheart, 2004). According to Catts (2017),
such bidirectional relationships could inflate the correlations that
were found over time. Catts probably meant to point out that
a correlation measure is not suitable to indicate the strength of
a causal relationship: One obvious reason is that factors with
reciprocal relationships will produce strong correlations over
time when they keep mutually influencing each other all the time.
Thus, correlations between reading level and cognitive skills do
not necessarily indicate that (lacking) cognitive skills cause lower
reading level. To predict reading development, a factor should at
least be associated with gains in reading skill over time. In other
words, in order to prove that a factor affects reading development,
its causal role should be observed in an experiment. In the
field of reading development, possibilities are limited, because
participants with dyslexia and typical reading development
cannot be randomly assigned to groups. Therefore, only quasi-
experimental designs can meet this demand. Several authors
discuss possibilities for quasi-experimental designs, resulting in
roughly three suggestions, listed by ascending validity in proving
causal relationships:

(1) Models that explain variance in growth in
reading/spelling over time by cognitive skills at baseline
(unconditional models, see Stuebing et al., 2015);

(2) Models that explain outcome of reading/spelling skills
by baseline reading/spelling skills as well as baseline
cognitive skills (conditional models, see Stuebing et al.,
2015);

(3) Models that explain progress in reading/spelling skills
from progress in cognitive skills (see Vellutino et al., 2004).

Unconditional models fit theoretical research questions
about correlations between baseline cognitive skills and
reading/spelling development, but do not aim at explaining any
causal relationships. If these correlations prove to be compelling,
one could ask whether baseline cognitive skills could add to
baseline reading/spelling skills during an intervention, which
would fit the conditional model. Vellutino et al. (2004), however,
argue that possible causal relationships can only be inferred
from a model that explains progress in reading skill from
progress in cognitive skills. This would be the only opportunity
to approximate the demand of observing the causal trajectory in
an (quasi-)experiment.

Research results on the relationship between reading progress
and cognitive skills are less common and less clear than research
results on the relationship with reading level. Overall, studies
using unconditional models tend to identify more baseline
cognitive skills related to outcome reading level measures and
stronger relationships than studies using conditional models
(e.g., Stuebing et al., 2015). Although some studies indicate that
a number of baseline cognitive skills are related to outcome
reading-level measures, it is questionable to what extent these
cognitive skills are truly separable from reading skill itself. Meta-
analyses on the relation between baseline cognitive skills and
progress in reading are presented in the first row and the
last three rows of Table 1. The results of the meta-analyses
presented in Table 1 originated from the results on unconditional
models, albeit Tran et al. (2011) also presented results on
conditional models. These meta-analyses reveal little evidence for
a relationship between baseline cognitive skills and progress in
reading skill. Factors that were most strongly related to results
of early literacy training overlapped with reading skill (e.g.,
general achievement, word reading, pseudoword reading, and
reading comprehension), whereas other cognitive skills (e.g.,
IQ, memory, rapid naming speed, and phonological awareness)
produced less strong results (see Hammill and McNutt, 1981;
Scarborough, 1998; Nelson et al., 2003; Tran et al., 2011).

Again, when specified, indices of heterogeneity between
studies included in the meta-analyses indicated that results
were not unequivocal. Findings from empirical research provide
suggestions for causes for the varying results on the relationship
between reading (level and progress) and cognitive skills.
Studies tend to differ in sample characteristics, measurement
instruments, methodological approach, and study design (e.g.,
see Vellutino et al., 2004; Stuebing et al., 2015). As such,
comparing studies on the role of cognitive skills in reading
development seems like comparing apples to oranges. Thus,
research on the relationship between reading progress and
cognitive skills is limited in quantity and methodological
strength. Moreover, little evidence is found for a relationship
between cognitive skills and progress in reading skill and results
tend to vary between studies.

Analyses based on traditional linear techniques such as
correlations and variances, as presented in the previous
paragraphs, may not be applicable to a multifactorial and
multidirectional system such as reading development. As Parrila
et al. (2019) state, no single factor alone can be accountable
for development of a skill as complex as reading, especially
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not regarding development over time. Even traditional multi-
factorial approaches do not have the capacity to encompass all
possible factors and relationships (e.g., Connor and Morrison,
2017). Catts (2017) proposed that dyslexia could be the outcome
of multiple interacting factors, moderated by several positive
and negative influences. Dyslexia, then, is understood as a
condition that follows the risk-resilience framework, in which
specific factors serve as moderators of risk, determining different
outcomes in individuals with similar precursors (Catts, 2017).

Research based on traditional linear techniques has not been
able to clearly identify the role of cognitive skills in reading
problems, presumably because the process of reading and the
factors that are associated with reading reside within a system
of multiple interacting and moderating factors that cannot be
captured within traditional statistical models. In contrast, the
view of a broad set of interacting variables fits the model
of complex adaptive systems: “(...) systems that have a large
number of components, (...), that interact and adapt or learn”
(Holland, 2006, p. 1). The most important characteristics of
complex adaptive systems are:

(1) Components act simultaneously;

(2) Components only act upon rules (specific conditions
e.g., actions of other components, environmental
circumstances);

(3) Within a component, several rules can combine into
specific sequences of rules to, for example deal with novel
situations;

(4) Components can adapt over time, that is, they change
their actions in order to abide to the rules and the
sequences of rules. Usually these changes are not random,
but designed to improve the outcome based on prior
experiences (Holland, 2006).

If lags in cognitive skills play a critical role in the emergence
and persistence of reading problems, analyses based on complex
adaptive systems should be able to at least identify which
cognitive skills are involved, and possibly also how and to what
extent they are involved. A relative novel way of investigating
complex systems is the use of machine learning, in which a set of
data together with a set of algorithms seek to find the best solution
given the data. Machine learning roughly falls apart in two
types of learning: unsupervised and supervised. Unsupervised
learning is used to find patterns in the input data without using
any output data, particularly to find clusters or dimensions. In
supervised learning, the model is confronted with input and
output data in order to find the best function between them.
Supervised learning is mostly used for predicting future events
(Russell and Norvig, 2010).

Research applying the technique of machine learning to the
field of reading skill is scarce. To our knowledge only two studies
have been published, both applying the unsupervised learning
technique of Self Organizing Maps (SOM; Loizou and Laouris,
2010; Astle et al., 2018). Loizou and Laouris (2010) used the SOM
technique to make different clusters of participants based on
measures of cognitive skills and word reading skill. Subsequently,
they identified which (sub)tests made the strongest contribution

to the assignment of participants to clusters. Their results showed
that information of only four tests (auditory memory, navigation,
word identification and word attack, and rapid naming of
pictures) were sufficient to classify 94.64% of the participants in
the identified clusters. Also, the fifth strongest factor contributing
to the classification was age. Astle et al. (2018) adopted a slightly
different approach. They used the SOM technique to distinguish
between different clusters of participants based only on measures
of cognitive skills (“cognitive profiles,” based on seven measures:
nonverbal reasoning, vocabulary, phonological processing, and
four measures of short-term memory) and afterwards compared
these clusters to initial referral routes and diagnoses. Their results
showed that participants allocated to the cluster “lag in a broad
spectrum of cognitive skills,” showed the most severe problems
in reading, spelling, and math skills. More importantly, learning-
problems characteristics and how participants were diagnosed
were not related to the cognitive profiles determined by the
SOM technique. Thus, some efforts were made studying the role
of cognitive skills in reading skill, revealing some preliminary
results: Only a small number of cognitive and reading skills were
needed to make up some clusters, albeit when clusters were based
on cognitive skills only, they were not related to learning skills.

Although both studies on the role of cognitive skill in
reading development did consider the multifactorial nature of
reading skill, neither was capable of identifying cognitive factors
predictive of reading skill. These studies used the unsupervised
learning SOM technique, which aims at classification, and both
input (cognitive) variables and output (reading level) variables
are from the same moment of measurement. As such, participants
are labeled according to their reading level, and not according
to their reading progress. To come back to the relevance of
the role of cognitive skills in reading problems, this mainly
serves the theoretical perspective about the nature of reading and
processes that accompany the development of automated reading
skill. Questions such as which cognitive skills are predictive of
reading difficulties (prevention perspective) and which cognitive
factors can affect the development of automated reading skill
(remediation perspective) are left unanswered.

To answer these questions, supervised machine learning
techniques should be applied, because these techniques are
capable of making predictions about future events (Russell and
Norvig, 2010; Lantz, 2019). More specifically, machine learning
based on neural networks seems the most likely technique to
identify cognitive factors predictive of reading skill. According
to Lantz (2019), neural networks belong to so-called black-box
methods and these are, more than any other technique, capable
of modeling complex patterns. Moreover, neural networks pose
few assumptions on the input data.

The aim of the present study was to find cognitive factors of
varying origin that play a role in the development of reading
skill in children with dyslexia and children with typical reading
development. The present study will address the following
research questions:

1. To what extent are cognitive skills indicative of present
decoding level?
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2. To what extent are cognitive skills predictive of future
decoding progress?

The present study is unique in applying supervised
machine learning techniques to the field of reading
development. Moreover, the present study includes
analyses on a relatively homogeneous group of
reading disabled children as well as a heterogenous
group representing a sample of the population of
school age children to correct for the effects of
restriction of range.

GENERAL METHODS

Overview

Three datasets will be subjected to machine-learning modeling
and reported on in three studies. Study 1 was performed on
the dataset of Verhoeven and Keuning (2018) on cognitive
precursors of reading and reading level of 2007 Dutch primary-
school children. For Study 2, data of a previous study (Walda
et al., 2014) were used and supplemented with new cases
(i.e., more participants with dyslexia) and new cognitive skills
variables, that is, in the Walda et al. study a number of
specific executive functions were investigated, whereas the
current study 2 considers cognitive skills in a more general
way (noem hier wat voorbeelden van specifiek en algemeen).
The dataset of the present study contained data on cognitive
skills, reading and spelling in 383 Dutch children with
dyslexia. The data consist of results on cognitive precursors
of reading and reading level prior to reading and spelling
remediation as well as reading level after three months of
reading and spelling remediation in a Dutch clinic for the
assessment and remediation of learning disorders. Study 3
was conducted on the dataset of Braams and Bosman (2000)
pertaining to kindergarten predictors of reading and spelling
level of two cohorts (117 and 82, respectively) Dutch primary-
school children in Grade 1. Study 1 was aimed at answering
research question 1. Studies 2 and 3 also aimed at answering
research question 1 (Study 2a and Study 3a) as well as
research question 2 (Study 2b and Study 3b). For a schematic
overview of the particular characteristics of the studies, see
Figure 1.

Although the original datasets contained more cases, only
results on complete cases are presented in the present study:
Cases with a missing record on one or more variables (word
decoding or one of the cognitive skills variables described in
Supplementary Material B) were excluded from the analyses
because they do not contribute to the building of a model.
Concerning research question 1 (word decoding level) in
Studies 1, 2a, and 3a, input data of cognitive skills on T1
were modeled on output data of word decoding skill at T1.
Concerning research question 2 (word decoding progress)
in Studies 2b and 3b, input data of cognitive skills on T1
were modeled on output data of word decoding level at T2,
corresponding to what was considered an unconditional model
in the “Introduction” section.

Data Analysis

The models were trained in R (CRAN version). The data of
Studies 1 and 2 were normalized to a zero to one range.
Those of Study 3 had to be normalized using Z-scores to
be able to compare between participants. To maximize the
opportunity of selecting a model with a good fit, each dataset
was subjected to four different techniques of supervised machine
learning. Two techniques building single predictive models were
used, namely, neural networks and k-nearest neighbors and
two ensemble techniques, namely, random forests and extreme
gradient boosting (Xg-boost). In addition, a model using General
Linear Model (GLM) technique was used to compare the
results of all four nonlinear techniques to a linear one. For a
description of the Xg-boost technique, see Lesmeister (2019); for
a description of the other four techniques see Lantz (2019).

Model Building

Each model was built to result in a topology with several
input factors measuring cognitive skills, which predicted one
outcome measure, that is, word-decoding level. To compare
the fit of most models to the data, outcome measures were
treated binomially, distinguishing between participants with the
20% lowest word-decoding raw scores and participants with
the 80% best word-decoding raw scores in Studies 1 and 3. In
Study 2, standardized scores (i.e., c-scores) were used for the
outcome measure, resulting in binomial scores distinguishing
between c-scores 0 and 1 and c-scores 2-9, which corresponds
to approximately 10% lowest word-decoding efficiency and 90%
highest scoring in the regular population.

Parameters of the four models were tuned until they
approximated the model that best fit the data in the dataset
(for more information about building these models see Lantz,
2019; Lesmeister, 2019). Which parameters can be tuned depends
on the specific machine learning technique, and is specified in
Supplementary Material A. In Studies 1 and 2, 90% of the
datasets were used for tuning and training and 10% for testing
the model. Because of the relatively small sample of data in Study
3, 75% of the dataset was used for tuning and training and 25%
for testing the model. To overcome the problem of differential
findings as a result of the seed set, a number of models were built
for each technique and results were run on 100 different seeds.
Results are reported with a 95% confidence interval. For more
details about building, tuning, training, and testing of the models
see Supplementary Material A.

Model Evaluation

Subsequently, model performance was evaluated computing
summary statistics for the predictive ability of the model and
visualizing performance tradeoff for all five (one linear and four
nonlinear, see Figure 1) models. We used R’s set.seed function
(R Core Team, 2018) to generate random initializations of
R’s internal Random Number Generator, which was set to the
“Mersenne Twister” algorithm (cf. Matsumoto and Nishimura,
1998). To make the analyses based on random sampling exactly
reproducible, we stored the random seeds as variables (for details,
see the analysis scripts in the Supplementary Material).
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Study 1 | ] Study 2 | Study 3 |
Study Study Study Study
2a 2b 3a 3b
Aim RQ1 RQ1 RQ2 RQ2
level level progress progress
Input data: cognitive skills { [ T1 | | Tl [ Tl |
Output data: decoding skill { [ Tl | [m ][ 1 ] T2 | [ 13 |
[ Linear:
Generalized Linear Models (GLM)
Nonlinear:
Applied machine learning ] - Single predictive models
techniques o Neural networks (NN)
o K-nearest neighbours (K-nn)
- Ensemble models
o Random forests (RF)
| o Extreme gradient boosting (Xg-boost)
FIGURE 1 | Schematic overview of conducted studies and aims, research questions, and model building techniques that were involved. RQ, research question.

TABLE 2 | Confusion matrix for positive class and negative class allocation by the models.

Group membership according to model

Group membership according to word decoding test

Performance statistic (usefulness)

Lowest decoding

Not lowest decoding

Lowest decoding TP
Not lowest decoding FN
Performance statistic (identification) SE

FP PP
TN NP
SP Accuracy

TR, True positives; FR, False positives; FN, False negatives; TN, True negatives; PR, Positive predictive value; NF, Negative predictive value; SE, Sensitivity; SF, Specificity.

TABLE 3 | Descriptive statistics for input variables and output variable of the
models (n = 2009).

Range M SD

Input variables

Nonword repetition 11-40 33.72 477
Naming speed - digits 43-166 96.25 17.09
Naming speed - letters 1-157 91.79 19.13
Naming speed — pictures 5-129 61.82 11.93
Phoneme segmentation 0-20 18.55 3.07
Phoneme manipulation 0-20 18.55 2.52
Output variable

Word decoding efficiency 0.56-120.75 57.47 20.88

The predictions vectors were set to contain probabilities.
Summary metrics were computed based on average performance
using 10-fold cross validation.

Performance tradeoff was evaluated using metrics based on
the confusion matrix of model predictions and actual class
membership according to the decoding test. Table 2 presents
the confusion matrix and metrics that were considered. Both
metrics indicating usefulness of the model for assessment of low
decoding skill (i.e., positive predictive value [PP] and negative
predictive value [NP]), and accurate identification of children
with low decoding skill by the model (i.e., accuracy, sensitivity

[SE], specificity [SP]) were considered. Usefulness of the model
for assessment of low decoding skill concerns the likelihood that
the constructed model can successfully identify whether children
indeed have the lowest decoding skill or not, as illustrated by the
last column of Table 2. Accurate identification of children with
low decoding skill by the model concerns the similarity of the
allocation of children to the lowest decoding group by the model
to actual lowest decoding skill according to the word decoding
test, as illustrated by the last row of Table 2 (Trevethan, 2017).

Positive Predictive Value

The proportion of positive cases that were accurately allocated to
the target category (lowest decoding level group) by the model,
that is, when the model allocates members to the low decoding
level group, how many belong to this group according to the word

. true positives
? =
deCOdlng test? PP true positives + false positives

Negative Predictive Value

The proportion of negative cases that were accurately allocated
to the non-target category (not lowest decoding level group), that
is, when the model allocates members to the not-lowest decoding
level group, how many belong to this group according to the word

. true negatives
decoding test? NP = e R .
true negatives + false negatives

Sensitivity
The proportion of cases that were accurately allocated to the
target category (lowest decoding level group) by the model, that
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is, of the children who belong to the lowest decoding level group

according to the test, how many were allocated to the lowest
true positives
true positives + false negatives

decoding group by the model? SE =

Specificity

The proportion of cases that were accurately allocated to the non-
target category (not lowest decoding level group), that is, of the
children who do not belong to the lowest decoding level group

according to the test, how many were not allocated to the lowest
true negatives
true negatives + false positives

decoding group by the model? SP =

Accuracy
The  proportion of cases that were accurately
allocated to the non-target and to the target group.

true positivestrue negatives
true positives + true negatives + false positives 4 false negatives

Accuracy =

Cohen’s Kappa (k)

Statistic with values between 0 and 1, indicating the agreement
between predictions of the model (decoding level within lowest
decoding category or not) and the true membership of decoding
level category (according to the word decoding test). The results
of Cohen’s Kappa were evaluated to account for the possibility
of accurate prediction by chance alone, which is an evident risk
because of class imbalance in the present study. In the present
study, Cohen’s k will interpreted as suggested by Lantz (2019,
p- 324):

Poor agreement = less than 0.20
Fair agreement = 0.20 to 0.40
Moderate agreement = 0.40 to 0.60
Good agreement = 0.60 to 0.80
Very good agreement = 0.80 to 1.00

Receiver Operating Characteristic Curve

Visualization of the tradeoff between the sensitivity and the
proportion of cases that were falsely allocated to the target
category by the model.

Area Under the Curve

Statistics with values varying between 0.5 and 1, with higher
values indicating better predictive models. AUC is based on the
tradeoft between sensitivity and the proportion of cases that were
falsely allocated to the target category by the model. Although
some guidelines for classifying AUC are available, AUC is best
evaluated in a comparative way. In the present study, AUC will be
classified using the convention suggested by Lantz (2019, p. 333):

e No Discrimination = 0.5 to 0.6
e Poor=0.61t00.7
e Acceptable / Fair = 0.7 to 0.8
e Excellent/ Good = 0.8 t0 0.9
e Outstanding = 0.9 to 1.0

Due to the fact that the binary classes were not evenly
distributed (80% / 20%), some distortion of the metrics were
expected. Specifically, the uneven distribution in favor of the non-
target category leads to a higher chance of correct allocation to the
non-target category. Therefore, results were interpreted primarily
using Cohen’s Kappa, ROC curve, and AUC.

STUDY 1

In this study, we built a model from an existing dataset
on phonological abilities and word-decoding accuracy in
Dutch children. The present database originates from research
conducted by Verhoeven (Expertisecentrum Nederlands) and
Keuning (Cito) on precursors of dyslexia in Dutch children (see
Verhoeven and Keuning, 2018). Study 1 aimed at answering
the question: To what extent are cognitive skills indicative of
present decoding level? Baseline cognitive skills in Study 1
consisted of phonological awareness skills, rapid naming skills,
and working memory skills (for a detailed description see
Supplementary Material B).

Materials and Methods

Participants

Participants were Dutch children attending 68 elementary
schools: 782 in Grade 3, 707 in Grade 4, 263 in Grade 5, and 255
in Grade 6 after deletion of cases with missing variables.

Materials

Measures of one output variable and six input variables were
collected using assessments. The output variable consisted
of a test score for word-decoding efficiency and the input
variables of test scores for nonword repetition, naming speed,
phoneme segmentation, and phoneme deletion. A detailed
description of the tests that were used can be found in the
Supplementary Material B.

Procedure

Assessment of input and output variables took place in an
individual setting by trained graduate students. The sequence
of the tests within a session was randomized. All students were
assessed halfway the school year. For more details about the
methods, see Verhoeven and Keuning (2018).

Results

Means and standard deviations for all input variables and the
output variable of the models are presented in Table 3. The output
variable (word-decoding efficiency) was transformed into binary
classes, with 438 cases in the 20% lowest decoding level class and
1571 cases in the alternative class.

Evaluation results of the models built with five machine
learning techniques are presented in Table 4. Concerning
identification of low decoding skill by the models, Positive
Predictive (PP) and Negative Predictive (NP) values were
evaluated. The results on the 95% confidence-intervals of PP
appear between 0.25 and 0.37. Thus, between 25 and 37% of
children allocated to the low decoding-category by the model,
truly performed within the low decoding category when assessed
with a decoding test; 63 to 75% of children allocated to the low
decoding-category did not. The results on the 95% confidence-
intervals of NP revealed that 92 to 96% of children not allocated
to the low decoding-category by the model, truly did not perform
within the low decoding category when assessed with a decoding
test; 4 to 8% of children not allocated to the low decoding-
category did.
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TABLE 4 | Confidence intervals of summary statistics for the predictive ability of the models built with five machine learning techniques.

Technique PP 95% ClI NP 95% CI SE 95% ClI SP 95% ClI Acc 95% ClI k 95% CI AUC 95% ClI
Neural network [0.32, 0.34] [0.94, 0.95] [0.61, 0.65] [0.83,0.84] [0.81,0.82] [0.29, 0.34] [0.77,0.79]
K-nn [0.27, 0.30] [0.94, 0.95] [0.58, 0.62] [0.83,0.83] [0.80, 0.81] [0.27, 0.30] [0.73,0.75]
Random Forests [0.32, 0.35] [0.93, 0.94] [0.57, 0.61] [0.83, 0.84] [0.80, 0.81] [0.30, 0.33] [0.78,0.79]
Xg-boost [0.34, 0.37] [0.92, 0.93] [0.55, 0.59] [0.84, 0.84] [0.80, 0.81] [0.31,0.34] [0.77,0.79]
GLM [0.25, 0.28] [0.96, 0.96] [0.64, 0.68] [0.82, 0.83] [0.81,0.81] [0.27, 0.30] [0.77,0.79]

PR, positive predictive value; NR, negative predictive value; SE, sensitivity; SF, specificity; Acc, accuracy; k, Kappa, AUC, area under the ROC; ClI, confidence interval.

Concerning the usefulness of the models of detecting
low decoding skill, accuracy, sensitivity, and specificity were
evaluated. The results of the 95% confidence-intervals of accuracy
revealed that between 80 and 82% of the children were correctly
allocated to the right decoding skill category by the models. The
results on the 95% confidence-intervals of sensitivity showed that
between 55 and 68% of children who truly performed within the
low decoding category when assessed with a decoding test, were
indeed allocated to the low decoding group by the model; 45%
to 32% of children with actual low decoding skills were not. The
results on the 95% confidence-intervals of specificity revealed
that between 82 and 84% of children who truly performed not
within the low decoding-category when assessed with a decoding
test, were indeed allocated to the not low decoding group by
the model; 16 to 18% of children without actual low decoding
skill were falsely allocated to the low decoding group by the
model. The results of Cohen’s k were evaluated to account for
the possibility of accurate prediction by chance alone. The results
on the 95% confidence-intervals of the Cohen’s k appear between
0.27 and 0.34, and indicate fair agreement between the models’
predictions and the true values. See “Materials and Methods”
section for suggested interpretation of Cohen’s k.

The charts in the first column of Figure 2 visualize
results of identification of first-quintile word-decoding
efficiency for all models. The curves indicate positive
predictive abilities of all models. The results on the 95%
confidence-intervals of the AUC-statistics appear between
0.73 and 0.79, and indicate acceptable identification of
first quintile word decoding for all models. See “Materials
and Methods” section for suggested interpretation of AUC
statistics. Visual inspection of the curves confirms the
similarity between the five models pertaining to results of
the AUC statistic.

Conclusion

Study 1 aimed at building a model of five cognitive skills
input variables to predict which participants achieved within
the 20th percentile of decoding skill of children attending
regular Dutch schools. The results indicated that model
building by nonlinear machine learning techniques yields results
comparable to model building by more traditional linear
techniques. The predictive ability of both the linear model
and the four nonlinear models appeared to be acceptable, as
indicated by the ROC curves and AUC statistics. Balancing
the tradeoff between sensitivity and specificity reveals best
results in terms of specificity, at the expense of sensitivity,

that is, the models tend to identify about 80% of children
without decoding problems correctly (specificity), but only
about 60% of children who indeed have low decoding skill
(sensitivity), which results in accuracy of about 80%. The
results of Cohen’s k, however, indicate only fair agreement
between the expected decoding category and the true decoding
category. Recall that accuracy can be overestimated due to
class imbalance, which is the case in the present study (see
“General Methods” section). The weak agreement according to
Cohen’s k demonstrates that accuracy scores were affected by the
imbalanced categories.

STUDY 2

In this study, we built a model from a dataset on performance
on cognitive tests and word-decoding accuracy in Dutch
children with dyslexia. Two types of model design were
evaluated: Study 2a models fourteen cognitive predictors
and uses decoding accuracy as an outcome variable at the
same moment of measurement, pertaining to the question:
To what extent are cognitive skills indicative of present
decoding level? Study 2b models fifteen cognitive predictors
at T1 and uses decoding accuracy after three months of
reading and spelling remediation (T2) as an outcome variable,
pertaining to the question: To what extent are cognitive skills
predictive of future decoding progress? Baseline cognitive skills
in Study 2 consisted of phonological awareness skills, rapid
naming skills, working memory skills, nonverbal reasoning
skills, and vocabulary skills (for a detailed description, see
Supplementary Material B).

Materials and Methods

Participants

After excluding all cases with missing variables, the data of 383
children attending Braams & Partners (a Dutch clinic for the
assessment and remediation of learning disorders) could be used
in this study. All participants were attending Dutch primary
schools Grade 2-6 and were diagnosed with severe dyslexia
according to the criteria of Blomert (2006) and the Stichting
Dyslexie Nederland (Dutch Dyslexia Foundation).

Materials

Measures of one output variable and fourteen input variables
were collected using the following assessments. The output
variable consisted of a test score for word decoding. The
input variables consisted of test scores for grapheme-phoneme
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FIGURE 2 | ROC-curves for the predictive ability of the models in all three studies built with five machine learning techniques.

identification, grapheme-phoneme discrimination, naming
speed, vocabulary, nonverbal reasoning, digit recall, block recall,
and word recall. A detailed description of the tests that were used
can be found in the Supplementary Material B.

Procedure

The tests administered at the clinic assessed whether criteria
were met for severe dyslexia and thus for reading and spelling
remediation at the clinic. Only children who met the criteria for
severe dyslexia were included in the study. The Protocol Dyslexia
Diagnosis and Treatment (Blomert, 2006) required the following
criteria for a diagnosis of severe singular dyslexia:

(1) Persistence: The main criterion for referral to a clinic
was that students appear not to profit from at least eight
weeks of extra reading and spelling remediation in school,
which is roughly operationalized in persisting scores below
the 10th percentile on reading tests.

(2) Severity: Upon referral, severity of the reading and
spelling impairment was assessed by means of several
standardized reading and spelling tests.

(3) Cogoitive profile: Other cognitive skills associated
with dyslexia (e.g., phonological processing, rapid naming,
verbal working memory) were assessed as well.

(4) Differential diagnostics: To exclude students whose
reading and spelling impairment stem from alternative
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TABLE 5 | Descriptive statistics for input variables and output variable of the models.

Variable Study 2a (n = 384) Study 2b (n = 183)

Range M SD Range M SD

Input variables
Grapheme-phoneme identification

Speed 1.28-5.60 2.54 0.58 1.28-4.99 2.58 0.57
Accuracy 35.56-100 87.26 8.66 53.33-100.00 86.61 8.19
Grapheme-phoneme discrimination

Speed 0.83-19.44 1.85 1.04 0.00-3.39 1.80 0.52
Accuracy 17.78-96.67 81.39 10.02 0.98-95.56 80.40 11.74
Naming speed

Digits 3.54-42.58 10.39 3.03 6.51-42.58 10.57 3.45
Letters 3.78-20.63 11.25 2.53 7.14-19.28 11.32 2.37
Pictures 3.71-31.22 15.66 3.54 9.72-31.22 15.60 3.41
Vocabulary 57-144 110.11 9.96 85-144 110.84 9.26
Nonverbal reasoning 5-119 19.90 6.78 5-119 20.46 9.22
Digit recall

Forward 6-36 2415 3.83 11-32 24.25 3.92
Backward 3-39 11.05 3.74 5-30 11.17 3.65
Block recall 2-37 25.58 4.45 2-37 25.76 4.41
Word recall

Reproduction 16-61 39.86 8.47 16-61 40.21 8.26
Recall 1-15 8.51 2.71 1-15 8.47 2.82
Output variable

Word decoding efficiency 0-6 1.45 1.29 0-5 1.50 1.49

TABLE 6 | Confidence intervals of summary statistics for the predictive ability of the models built with five machine learning techniques in study 2a.

Technique PP 95% ClI NP 95% CI SE 95% CI SP 95% ClI Acc 95% Cl k 95% CI AUC 95% ClI
Neural network [0.33, 0.45] [0.59, 0.71] [0.52, 0.58] [0.51, 0.54] [0.51, 0.53] [0.02, 0.06] [0.55, 0.57]
K-nn [0.50, 0.54] [0.53, 0.57] [0.52, 0.55] [0.52, 0.55] [0.52, 0.55] [0.04, 0.09] [0.56, 0.58]
Random forests [0.33, 0.45] [0.59, 0.71] [0.52, 0.58] [0.51, 0.54] [0.51, 0.53] [0.02, 0.06] [0.60, 0.63]
Xg-boost [0.52, 0.56] [0.57, 0.61] [0.55, 0.59] [0.55, 0.57] [0.55, 0.58] [0.10, 0.15] [0.57, 0.60]
GLM [0.48, 0.53] [0.58, 0.62] [0.54, 0.58] [0.53, 0.56] [0.54, 0.57] [0.07, 0.13] [0.56, 0.59]

PR, positive predictive value; NP, negative predictive value; SE, sensitivity; SP, specificity; Acc, accuracy; k, Kappa; AUC, area under the ROC; Cl, confidence interval.

TABLE 7 | Confidence intervals of summary statistics for the predictive ability of the models built with five machine learning techniques in study 2b.

Technique PP 95% ClI NP 95% ClI SE 95% ClI SP 95% ClI Acc 95% ClI k 95% CI AUC 95% ClI
Neural network [0.70, 0.79] [0.20, 0.27] [0.51,0.53] [0.42, 0.53] [0.49, 0.53] [-0.05, 0.02] [0.54, 0.58]
K-nn [0.59, 0.66] [0.34, 0.40] [0.51, 0.54] [0.44, 0.50] [0.48, 0.53] [-0.05, 0.04] [0.56, 0.60]
Random forests [0.53, 0.60] [0.37, 0.45] [0.50, 0.54] [0.42, 0.48] [0.47, 0.51] [-0.07, 0.02] [0.56, 0.60]
Xg-boost [0.48, 0.55] [0.38, 0.44] [0.47, 0.52] [0.40, 0.46] [0.44, 0.49] [-0.12, -0.03] [0.58, 0.62]
GLM [0.58, 0.64] [0.34, 0.41] [0.50, 0.54] [0.42, 0.49] [0.47,0.52] [-0.07, 0.03] [0.59, 0.63]

PR, positive predictive value; NP, negative predictive value; SE, sensitivity; SP, specificity; Acc, accuracy; «, Kappa; AUC, area under the ROC; Cl, confidence interval.

“causes,” several additional cognitive skills were assessed at the clinic. Students who did not satisfy these criteria
(e.g, IQ, nonverbal memory). Children with other were provided with specific recommendations for remediation
diagnoses that can account for language problems, such as  in school or referred to another specialist, depending on
SLI and sensory problems, were also excluded. assessment results.

Once assessment results met all criteria, the student was Results
diagnosed with severe singular dyslexia and was eligible for a Means and standard deviations for all input variables and the
subsidized, specialized reading and spelling remediation program  output variable of the models are presented in Table 5. The output
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variable (word decoding efficiency) was transformed into binary
classes, with 190 cases in the lowest decoding level class and
194 cases in the alternative class in Study 2a and 99 cases in
the lowest decoding level class and 84 cases in the alternative
class in Study 2b.

Evaluation results of the models built with five machine
learning techniques are presented in Table 6 for Study 2a and
in Table 7 for Study 2b. Concerning identification of lowest
decoding skill by the models, PP and NP were evaluated. The
results on the 95% confidence-intervals of PP reveal that between
33 and 56% of children allocated to the lowest decoding category
by the model, truly performed within the lowest decoding
category when assessed with a decoding test; 54 to 67% of
children allocated to the low decoding-category did not. The
results on the 95% confidence-intervals of NP reveal that between
53 and 71% of children not allocated to the lowest decoding
category by the model, truly did not perform within the lowest
decoding category when assessed with a decoding test; 29 to 47%
of children not allocated to the lowest decoding category did.

Concerning the usefulness of the models to detect lowest
decoding skill, accuracy, sensitivity, and specificity are evaluated.
The results of the 95% confidence-intervals of accuracy reveal
that between 51 and 58 % of the children were correctly allocated
to the right decoding skill category by the models. The results
on the 95% confidence-intervals of sensitivity reveal that between
52 and 59% of children who truly performed within the lowest
decoding category when assessed with a decoding test, were
indeed allocated to the lowest decoding group by the model;
41 to 48% of children with actual lowest decoding skills were
not. The results on the 95% confidence-intervals of specificity
reveal that between 51 and 56% of children who truly performed
not within the lowest decoding-category when assessed with a
decoding test, were indeed allocated to the not lowest decoding
group by the model; 44 to 49% of children without actual lowest
decoding skill were falsely allocated to the lowest decoding group
by the model. Cohen’s k -were evaluated to account for the
possibility of accurate prediction by chance alone. The results on
the 95% confidence-intervals of the k statistics appear between
0.02 and 0.15, and indicate poor agreement between the models’
predictions and the true values. See “Materials and Methods”
section for suggested interpretation of Cohen’s k.

The charts in the second column of Figure 2 visualize
results on identification of the lowest decoding level class for
all models in Study 2a, and the charts in de third column
for Study 2b. For both studies, the curves indicate minimal
yet predominantly positive predictive abilities of all models,
with little to no differences between models based on different
techniques. The results on the 95% confidence-intervals of the
AUC-statistics appear between 0.55 and 0.63, and indicate no
to poor identification of lowest word decoding for all models.
See “Materials and Methods” Section for suggested interpretation
of AUC statistics. Visual inspection of the curves confirms the
similarity between the five models on results on the AUC statistic.

Conclusion
Study 2 was aimed at building a model of fourteen cognitive skills
input variables to predict which participants achieved within the

TABLE 8 | Descriptive statistics for raw scores on input variables and output
variable of the model.

Variable Study 3a (n = 203) Study 3b (n = 199)
range M SD range M SD

Input variables

Rhyme 0-28 17.67 5.1 0-28 17.75 4.96
Rhyme prime 2-26  12.54 5.05 2-26  12.54 5.04
Auditory synthesis 0-24 13.42 4.98 0-24 13.43 4.98
Phoneme deletion 0-29 1247 7.98 0-29 1241 7.98
Letter naming 0-20 7.71 6.52 0-20 7.73 6.49
Output variable

Word decoding efficiency 4-68 16.16 10.39 4-74 27.32 1416

lowest category of decoding skill within children with severe
dyslexia. The results of this study again indicated that results
on model building by nonlinear machine learning techniques
are comparable to results on model building by more traditional
linear techniques. The predictive ability of both the linear model
and the four nonlinear models appeared to be poor, as indicated
by the ROC curves and AUC statistic. Balancing the tradeoff
between sensitivity and specificity indicates that the models tend
to identify only about 50% of children without lowest decoding
skill correctly (specificity), and only about 50% of children who
have indeed lowest decoding skill (sensitivity), which results
in a disappointing accuracy of about 50%. Correcting for the
imbalanced categories, the results of Cohen’s k leave only poor
agreement between the expected decoding category and the
true decoding category. Results for prediction of participants
achieving within the lowest category of decoding skill at T1
(Study 2a, aimed at word decoding level) were comparable to
those at T2 (Study 2b, aimed at word decoding progress).

STUDY 3

In this study, the predictive validity of five phonological-
awareness tests on initial reading was investigated in Dutch
children attending primary school. Phonological awareness was
assessed once: In the last year of kindergarten (T1). Word
decoding was assessed twice: Halfway Grade 1 (T2, providing
results for Study 3a) and at the end of Gradel (T3, providing
results for Study 3b), both answering to the question: To
what extent are cognitive skills predictive of future decoding
progress? Baseline cognitive skills in Study 3 consisted of
phonological awareness skills (for a detailed description see
Supplementary Material B).

Materials and Methods

Participants

Participants were Dutch children attending three primary
schools. The group that was assessed on phonological awareness
halfway the last year of kindergarten (cohort 2) consisted of 121
participants, and the group that was assessed on phonological
awareness at the end of the last year of Kindergarten (cohort 1)
consisted of 82 participants, after deletion of cases with missing
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TABLE 9 | Confidence intervals of summary statistics for the predictive ability of the models built with five machine learning techniques in study 3a.

Technique PP 95% ClI NP 95% CI SE 95% ClI SP 95% ClI Acc 95% ClI x 95% Cl AUC 95% ClI
Neural network [0.10,0.15] [0.88,0.93] [0.20, 0.30] [0.80, 0.80] [0.79, 0.80] [0.00, 0.01] [0.64, 0.66]
K-nn [0.13,0.17] [0.91, 0.96] [0.41,0.53] [0.81,0.82] [0.78, 0.80] [0.10, 0.15] [0.60, 0.63]
Random Forests [0.20, 0.25] [0.88, 0.93] [0.39, 0.46] [0.82, 0.83] [0.77,0.79] [0.14, 0.20] [0.63, 0.67]
Xg-boost [0.17,0.22] [0.84, 0.90] [0.28, 0.35] [0.81,0.82] [0.74,0.76] [0.07, 0.13] [0.63, 0.66]
GLM [0.08, 0.11] [0.94, 0.98] [0.42, 0.57] [0.81,0.81] [0.79, 0.80] [0.05, 0.10] [0.67,0.71]

PR, positive predictive value; NR, negative predictive value; SE, sensitivity; SF, specificity; Acc, accuracy; k, Kappa, AUC, area under the ROC; ClI, confidence interval.

TABLE 10 | Confidence intervals of summary statistics for the predictive ability of the models built with five machine learning techniques in study 3b.

Technique PP 95% ClI NP 95% CI SE 95% ClI SP 95% ClI Acc 95% ClI k 95% CI AUC 95% ClI
Neural network [0.36, 0.43] [0.72, 0.80] [0.40, 0.49] [0.75,0.76] [0.75,0.76] [0.00, 0.01] [0.65, 0.67]
K-nn [0.20, 0.24] [0.91,0.93] [0.48, 0.58] [0.78,0.79] [0.74,0.76] [0.14,0.19] [0.63, 0.66]
Random Forests [0.19, 0.23] [0.91,0.93] [0.46, 0.56] [0.78,0.79] [0.74,0.76] [0.14, 0.19] [0.61, 0.64]
Xg-boost [0.23,0.28] [0.84, 0.87] [0.35, 0.41] [0.78,0.79] [0.70,0.72] [0.10, 0.15] [0.61, 0.64]
GLM [0.07, 0.10] [0.93, 0.95] [0.28, 0.40] [0.76, 0.76] [0.73,0.74] [0.01, 0.05] [0.67,0.70]

PP, positive predictive value; NR, negative predictive value; SE, sensitivity; SP, specificity; Acc, accuracy; k, Kappa, AUC, area under the ROC; Cl, confidence interval.

variables in Study 3a. In Study 3b, cohort 2 consisted of 82
participants, and cohort 1 consisted of 117 participants, after
deletion of cases with missing variables.

Materials

Measures of one output variable and five input variables were
collected using assessments. The measures of the input variables
were designed by Braams (see Braams and Bosman, 2000). The
output variable consisted of a test score for word decoding.
The input variables consisted of test scores for rhyme, rhyme
prime, auditory synthesis, phoneme deletion, and letter naming.
A detailed description of the tests that were used can be found in
Supplementary Material B.

Procedure

Participants were split in two groups: Cohort 1 and Cohort 2.
Participants in both cohorts were assessed on word decoding
twice in Grade 1, halfway and at the end of the schoolyear.
Participants in Cohort 2 were assessed on the five phonological
awareness measures halfway the last year in kindergarten,
and participants in Cohort 1 at the end of the last year in
Kindergarten. For more details about the methods, see Braams
and Bosman (2000).

Results
Means and standard deviations for all input variables and the
output variable of the models are presented in Table 8. The output
variable (word decoding efficiency) was transformed into binary
classes, with 42 cases in 20% lowest decoding level class and
161 cases in the alternative class in Study 3a, and 48 cases in
20% lowest decoding level class and 151 cases in the alternative
class in Study 3b. Scores of input variables were transformed
into Z-scores, in order to even out effects of differing assessment
moments between cohort 1 and 2.

Evaluation results of the models built with five machine
learning techniques are presented in Tables 9, 10. Concerning
identification of low decoding skill by the models, PP and NP

were evaluated. The results on the 95% confidence-intervals of
PP reveal that between 8% and 25% of children allocated to the
low decoding-category by the model, truly performed within the
low decoding category when assessed with a decoding test; 75
to 92% of children allocated to the low decoding-category did
not. The results on the 95% confidence-intervals of NP reveal
that between 88 and 98% of children not allocated to the low
decoding-category by the model, truly did not perform within the
low decoding category when assessed with a decoding test; 2 to
12% of children not allocated to the low decoding-category did.

Concerning the usefulness of the models to detect low
decoding skill, accuracy, sensitivity, and specificity were
evaluated. The results of the 95% confidence-intervals of
accuracy reveal that between 74 and 80% of the children were
correctly allocated to the right decoding skill category by the
models. The results on the 95% confidence-intervals of sensitivity
reveal that between 20 and 57% of children who truly performed
within the low decoding category when assessed with a decoding
test, were indeed allocated to the low decoding group by the
model; 43 to 80% of children with actual low decoding skills were
not. The results on the 95% confidence-intervals of specificity
reveal that between 80 and 83% of children who truly performed
not within the low decoding-category when assessed with a
decoding test, were indeed allocated to the not low decoding
group by the model; 17 to 20% of children without actual low
decoding skill were falsely allocated to the low decoding group by
the model. The results of Cohen’s k -were evaluated to account
for the possibility of accurate prediction by chance alone, which
is an evident risk because of class imbalance in the present study.
The results on the 95% confidence-intervals of Cohen’s k appear
between 0.00 and 0.15, and indicate poor agreement between
the models’ predictions and the true values. See “Materials and
Methods” Section for suggested interpretation of Cohen’s k.

The charts in the fourth column of Figure 2 visualize results
on identification of the 20% lowest decoding level class for all
models in Study 3a, and the charts in de fifth column for Study 2b.
For both studies, the curves indicate minimal yet predominantly
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positive predictive abilities of all models, with little to no
differences between models based on different techniques. The
results on the 95% confidence-intervals of the AUC-statistics
appear between 0.60 and 0.67, and indicate poor identification
of first quintile word decoding for all models. See “Materials and
Methods” Section for suggested interpretation of AUC statistics.
Visual inspection of the curves confirms the similarity between
the five models on results on the AUC statistic.

Conclusion

Study 3 was aimed at building a model of five cognitive skills
input variables to predict which participants achieved within
the lowest 20th percentile of decoding skills among children
attending Grade 1 of regular Dutch education. The results again
indicated that results on model building by nonlinear machine
learning techniques are comparable to results on model building
by more traditional linear techniques. The predictive ability of
both the linear model and the four nonlinear models appeared
to be poor, as indicated by the ROC curves and AUC statistics.
Balancing the tradeoff between sensitivity and specificity reveals
best results in terms of specificity, at the expense of sensitivity,
that is, the models tend to identify about 80% of children without
decoding problems correctly (specificity), but only about 20-
50% of children who have indeed low decoding skill (sensitivity),
which results in accuracy of about 75%. The results of Cohen’s k,
however, indicate poor agreement between the expected decoding
category and the true decoding category, demonstrating that
accuracy scores were affected by the imbalanced categories.
Results for prediction of participants achieving within the
lowest 20th percentile of decoding skills at T2 (Study 3a) were
comparable to those at T3 (Study 3b).

GENERAL DISCUSSION

The main goal of the present study was to find whether cognitive
factors of varying origin play any role in the development
of reading skill in children with dyslexia and children with
typical reading development. The present study focused on the
possibilities of nonlinear machine learning techniques compared
to traditional, linear statistical techniques.

The results of the present study pertain to two research
questions: (1) To what extent are cognitive skills indicative of
present decoding difficulties (Studies 1 and 2a), and (2) To what
extent are cognitive skills predictive of future decoding difficulties
yielded similar findings (Studies 2b, 3a, and 3b). Results of
models built with nonlinear machine learning techniques were
comparable to results of models built by the more traditional
linear (GLM) technique and results on data of average school-
aged children were comparable to those on data of children with
severe dyslexia.

Cognitive Skills and Decoding Level

Irrespective of the building technique, models built to determine
present decoding skill level based on an input set of present
cognitive skills seem to produce the best results in the present
study. However, these results indicate an inadequate base for
making a potential thorough prediction of reading development.

The best performing models in the present study only produced
an AUC 95%-confidence interval of 0.78-0.79, corresponding
to a proportion explained variance of 0.23-0.25 (see Ruscio,
2008). Leaving 75% of variance unexplained, these results are
comparable to the results on correlations between cognitive
skills and reading skill discussed in the “Introduction” section
(Hammill and McNutt, 1981; Scarborough, 1998; Swanson et al.,
2003; Melby-Lervag, 2012).

These results are in line with those of Verhoeven and Keuning
(2018), who studied the predictive ability of several models
on the dataset used for Study 1 of the present study. The
present study differed from the study of Verhoeven and Keuning
(2018) in two ways: (1) Verhoeven and Keuning (2018) used the
logistic regression analyses (based on linear techniques, and using
traditional statistical analysis for data modeling) to build the
models, whereas the present study used several techniques (linear
and nonlinear) of machine learning, and (2) Verhoeven and
Keuning (2018) aimed to predict a dyslexia diagnosis (according
to formal criteria of the Dutch Dyslexia Foundation) as the
outcome variable, whereas the present study aimed to predict
low decoding skill. Verhoeven and Keuning (2018) found an
AUC of 0.84 when modeling cognitive skills variables on dyslexia
diagnosis, which roughly agrees with the results of the AUC
95%-confidence intervals of best performing models in the
present study (AUC 0.78-0.79, see Table 4 in “Results” section).
A question arises when we look at the outcome variables, which
differed between these particular studies, as noted earlier. In
our study, the variable of the dyslexia diagnosis was only to
a limited extent related with low decoding skill (only 38% of
dyslexic children belonged to the target category “decoding level
within lowest 20%”) in the dataset of Verhoeven and Keuning
(2018). This suggests that the children in their sample with
a dyslexia diagnosis are not necessarily performing worst on
decoding skill. Thus, irrespective of using traditional statistical
analyses versus machine learning techniques for data modeling,
and irrespective of the outcome being low word decoding or a
dyslexia diagnosis, these studies on the role of cognitive skills
in the field of reading ability suggest that relationships between
cognitive skills and reading ability do exist. The relative weakness
of this relationship does not justify the conclusion that these
skills play a substantial role in reading performance. Therefore,
cognitive skills and decoding skill are moderately related, leaving
room for considering (1) other potential variables that could be
related to reading skill, and (2) more complicated relationships
than only the unidirectional explanation of cognitive skills being
predictive for decoding skill.

Cognitive Skills and Decoding Progress
As Vellutino et al. (2004) pointed out, in order to predict future
reading development, a model needs to include a variable that
indicates progress in reading skill, which requires at least two
moments of measurement. Studies 2b and 3b partly fulfilled
this criterion, by modeling input cognitive variables on future
decoding skill, corresponding to the unconditional models
discussed in the “Introduction” section.

Models built to indicate future low decoding skill based on
an input set of present cognitive skills seem to produce both
weak and highly varying results in Studies 2b and 3b, which
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poses doubts on the usefulness of these models. A small caveat
has to be made because the relatively low sample size may have
troubled the prospects of building adequate models. Results of
the present study have yet to be confirmed by future research to
strengthen conclusions.

The results on the role of cognitive skills in reading
progress of the present study are in line with research based
on linear techniques, and using traditional statistical analysis
for data modeling. The present study confirms results of
correlational meta-analyses discussed in the “Introduction”
section, that revealed no evident role of cognitive skills in
reading development (Nelson et al., 2003; Tran et al, 2011).
Furthermore, the present study confirms correlational studies
on decoding skill and cognitive skills in children with dyslexia.
Walda et al. (2014) found many significant (80%) correlations
between present cognitive skills (e.g., executive functions) and
present decoding level, whereas significant correlations between
present cognitive skills and progress in decoding skill were nearly
absent (8.2%). Walda et al. (2022) studied the role of attentional
skill in children with dyslexia and found that the working speed
component of attentional skill was related to decoding level,
whereas both the working speed component and the distraction
component of attentional skill did not affect progress in decoding
skill during remediation.

Thus, present and past research suggest that it is unlikely
that cognitive skills play a determinant role in future decoding
progress. Previous research based on traditional statistical
methods discussed in the “Introduction” section revealed
unconvincing and unequivocal results. Results of the present
study, based on machine learning techniques, although
preliminary, confirms results of previous studies. As machine
learning techniques enable the model to take into account
multidirectional, reciprocal, and concurrent relationships
between variables, results of the present study add to previous
studies the cautious suggestion that a determinant role for
cognitive skills in decoding progress is not evident.

Implications for Future Research and

Educational Practice
Apart from low sample size, some other factors may have flawed
the potential of the used algorithms for model building. In Study
2, the sample included only children with dyslexia might have
caused restriction of range in both input and output variables,
as it is known that children with dyslexia tend to have lower
abilities in both cognitive skills and decoding skill compared to
average school aged children. Therefore, results of Study 2 should
not be interpreted without considering results of Studies 1 and 3.
Also, the output variable (decoding skill) was recoded in a binary
variable with uneven classes (i.e., approximately 20-80% in study
1 and 3, and approximately 50%-50% in Study 2), which might
have produced a slight class-imbalance problem, including only
a small number of cases in the target category of the test set,
especially when small samples are used.

In the present study, we have used several machine learning
techniques to compare the results. Although different techniques
differ in the extent to which they are sensitive to class imbalance,

this problem seems limited because various techniques agree on
the results. This was the case for Studies 1 and 2. In Study 3,
however, the results did differ between the techniques that were
used. We have tried to limit this problem in Study 3 by expanding
the test set to 25% of the sample (instead of 10% in Studies 1
and 2) and by training and testing all models on 100 different
seeds of the sample.

Our findings should be considered preliminary due to the
fact that previous research using nonlinear techniques and
adequate modeling in this field is scarce. We, therefore, suggest
future research on the role of cognitive factors in reading
development applying nonlinear techniques for model building
and to include designs and variables that expand insights
in development of future reading skill, as was suggested by
Vellutino et al. (2004) and Stuebing et al. (2015). Still, adequate
model building is complicated because it requires sufficient
sample sizes and longitudinal data gathering on large sets
of variables, producing high costs, dedicated and often long-
lasting participation of many stakeholders, and time-consuming
strategies. Such research on the specific group of children with
learning disabilities is even more complicated: Because of limited
prevalence, sampling a large number of children with dyslexia is
problematic. Pending more substantial results in future research,
we would like to propose some thoughts on practical implications
of present results.

From a theoretical perspective, the present results reveal that
cognitive skills do correlate with reading skill, suggesting a
relationship. The nature of this relationship is, however, unclear
and it is as yet unlikely that cognitive skills will make good
predictions about reading skill.

From a prevention perspective, it seems unlikely that children
at risk for reading difficulties could be identified by assessment
of cognitive skills, even if these cognitive skills consist of
phonological awareness (specifically the case in Studies 1 and
3). In this line, it seems not sensible to use results of individual
cognitive skills assessment in identifying children eligible for
a dyslexia diagnosis. Instead, individual reading development,
operationalized by repeated assessment of (word and text)
decoding skills, should make better predictions of longitudinal
reading development. Fortunately, in the Netherlands the
Protocol Dyslexie Diagnose en Behandeling version 3.0 [Protocol
Dyslexia Diagnosis and Treatment] (Tijms et al., 2021) has
dropped cognitive skills criteria as requirements to diagnose
dyslexia and specifies solely criteria on the reading and writing
skill level. Still, the Protocol Dyslexie Diagnose en Behandeling
version 3.0 considers cognitive skills as protective and/or risk
factors for developing reading disorder. However, pending
more effective strategies to identify these children, it seems
even more tenable to monitor initial literacy development in
an intensive and professional way, and intervene immediately
when potential struggles appear in any child (independent of a
dyslexia diagnosis). It is noteworthy that the nature of machine
learning techniques does not allow to identify which cognitive
variables could be relevant from the prevention perspective,
and we certainly do not want to fall into the trap of detailed
interpretations about individual variables involved in a black box
model (e.g., see Rudin, 2019). A slight drawback of machine
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learning techniques is that the mechanisms of the results that
were produced are difficult to interpret (Lantz, 2019). Note,
however, if there is any predictive value of cognitive factors
regarding reading development, machine learning techniques
should be able to at least identify them. The fact that none
of the models in the present study had sufficient predictive
value for decoding skill, seems to suggest that these cognitive
skills have no valuable role in reading development from the
prevention perspective.

In a similar way, from a remediation perspective, it seems
unlikely that training cognitive skills could prevent children from
developing reading difficulties or that training cognitive skills
could stimulate reading development. In this line, we agree with
Hammill (2004), that:

(1)professionals interested in improving literacy skills
should focus on teaching written language abilities such as
print awareness and book handling, letters, phoneme-letter
correspondences, word recognition, alphabet knowledge,
and comprehension and (2) the current interest in the
role of nonprint abilities in reading such as phonological
awareness, rapid naming, intelligence, and memory might
be overemphasized (p. 453).

Moreover, awaiting results from future research suggested
earlier, we propose to reconsider the role of cognitive skills in
criteria for dyslexia or severe reading problems. If a lack of
cognitive skills does prove to have accidental side effects in some
but not all children with low reading skill, assessing cognitive
skills does not have any use in diagnosis and selection, let alone
remediation, of children who need extra attention. This is in
accordance with a proposal of McEaneaney et al. (2006) to
move away from defining disabilities relying on factors within
individuals and to center instructional needs and future steps
in the process of remediation, and with Vellutino et al. (2004),
who argue that inadequate instruction and other experiential
factors play a crucial role for many children developing reading
difficulties, and that cognitive factors such as IQ should have
less emphasis in diagnosing reading difficulties. Thus, both
assessment and instruction of children who are learning to read
should be focused on reading skill itself.
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With this study, we aim to test the predictive relationships between determinants
of major choice (DMC) and academic expectations (AEs) and to analyze gender
differences, using six items of the Determinants of Major Choice Scale and the Academic
Perceptions Questionnaire to assess AEs. A convenience sample of Portuguese
(n = 839) and Spanish (n = 1,001) first-year students (age-range = 17-23 years), mostly
composed of women (56.9%, n = 1,047), was selected from two public universities.
The invariance of the multivariate regression model with latent variables of the effect of
DMC on AEs, with determinants linked to Personal Characteristics (PCs; e.g., capacities)
and Mediating Agents (MAs; e.g., parents) as AE predictors, was tested across gender
with LISREL. The invariance test of the multivariate regression model across gender fit
the data well and revealed an equivalence of slopes between women and men, which
allows a unique interpretation of the model’s predictive relationships for both genders.
We also found statistically significant predictive relationships of PCs for six AE factors
and MAs for five AE factors. The results showed theoretical relationships with the self-
determination theory. At a practical level, they indicated the importance of PCs and MAs
to design AE intervention programs in Higher Education (HE) institutions.

Keywords: major choice, academic expectations, first-year students, gender, structural equation modeling

INTRODUCTION

Educational expectations in Higher Education (HE) are students’ aspirations and desires about
what they hope to achieve during their academic life. Educational expectations are cognitive and
motivational, so they represent a key element for adaptation to the university context and the
decision to prolong studies (Cabrera et al., 1993; Tinto, 1993; Braxton et al., 2014). They constitute
the mental foundations of everyday engagement, which guides student behavior inside and outside
educational institutions toward higher-order educational goals such as high school or college
graduation (Lorenz et al., 2020). Educational expectations represent the lower or realistic limit
of a continuum of educational alternatives ordered from a lower to a higher level of difficulty
where aspirations are at the upper or idealistic limit. Along this continuum, students make
decisions about educational alternatives based on their potential for fulfillment and their personal
value for the students (Zimmermann, 2020). Students adapt and revise their expectations in a
continuous Bayesian updating process (Morgan, 2005) in response to new information received
or educational experiences. Thus, educational expectations provide early insight into students’
subjective perceptions of opportunities and constraints to further study (Anders, 2017).

The development of the continuum, represented by educational expectations and aspirations,
requires time and mental maturity. Children broaden their knowledge of the social structure and
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their position in it through the family, the peer group, and
the school, and later on, as youths, they become aware
of their potential, and of the classification of occupations
according to their prestige, and they recognize the interaction
between income, occupation, and educational level (Gottfredson,
2002). Although the students must evolve to discover their
desired place in society and to be able to distinguish between
ideal or real aspirations (expectations), youth is where a
potentially realizable educational choice is made throughout their
educational trajectory (Zimmermann, 2020). These predictions
or expectations, which may be more or less idealized or realistic,
influence behavior: if it occurs, the planned behavior will be
performed in line with the interpretation of the situation. This
influence occurs by translating experiences, knowledge, attitudes,
motivations, and beliefs into academic actions (Kuh et al., 2005).
Understanding one’s subsequent behavior grants an adaptive role
to expectations that may or may not match the attainment of
students’ desires and hopes.

In the context of HE, a student’s career choice is a crucial
moment that will have a high impact on their professional life and
future achievements (Ahmed et al., 2017). An appropriate career
choice will make the student feel satisfied and motivated, whereas
an inappropriate career choice can lead to the abandonment
of their studies (Rodriguez-Muiiz et al, 2019). As for the
change of major subject, one of the aspects that differentiate
students who change from those who do not is that the former
attribute less primacy to their interests and skills when choosing
a course (Diniz and Almeida, 2007). On another hand, students’
motivation and positive expectations toward studies (educational
expectations) are variables that promote academic permanence
and success (Castillo-Sanchez et al., 2020).

There are various ways of classifying the determinants of
career choice that condition success or failure: individual and
contextual (Zacher et al., 2019); internal (personal characteristics,
interests: Pafller and Hell, 2012; Zafar, 2013) and external
(socioeconomic background: Ma, 2009; Parker et al., 2012). In
addition, a third type, interpersonal determinants, is related to the
influence of mediating agents (parental support, peer influence,
and the interaction with teachers and other educators: Whiston
and Keller, 2004; Fouad et al., 2010; Lerkkanen et al., 2012).
These classifications are an anchor in the Social Cognitive Career
Theory (SCCT; Lent et al., 1994). Among the determinants of
career choice, the internal determinants seem to be the most
important for the choice of major subjects in both genders (Pif3ler
and Hell, 2012; Zafar, 2013).

From the interaction of the set of internal, external, and
contextual factors, students obtain various types of information
that consolidate into a series of perceptions about the curriculum
of the chosen degree program. These perceptions or “a priori
expectations” will be modified over time, based on the actual
knowledge of the studies acquired while pursuing the degree
(Navarro and Soler, 2014), and will determine whether or
not the career choice was appropriate (Dias, 2011). Thus, a
close relationship between determinants of career choice and
educational expectations can be assumed.

Current studies link internal determinants of career
choice with aspirations and expectations of job satisfaction,

development of autonomy and self-efficacy, and enhancement
of learning experiences, in addition to deepening of knowledge
in the area of interest (Eren, 2017; McLean et al., 2019).
External determinants of career choice relate to aspirations and
expectations associated with pursuing a particular profession
that ensures appropriate financial remuneration, job security,
and promotion opportunities (Akosah-Twumasi et al., 2018).
Parents, teachers, and friends also play a relevant role in
consolidating college students’ expectations, especially those
linked to opportunities for socialization in that context (Akosah-
Twumasi et al., 2018; Lorenz et al., 2020) and those related to
satisfying the desires of others (Guan et al., 2015).

PURPOSE OF THE PRESENT STUDY

The main objective of this study is to test a predictive model
between determinants of major choice (DMC) and academic
expectations (AEs) of first-year university students, analyzing
their gender invariance.

From a multifactorial conception of AEs, they were grouped
into seven factors related to future employability, personal
and social development, student mobility, political/citizen
engagement, social pressure, quality of education, and social
interaction. These factors were analyzed considering country
(Deanio et al., 2015) and country and gender (Diniz et al., 2018),
resulting in a cross-cultural validation of a questionnaire to assess
them (Almeida et al., 2018), which was used in this study. The
DMC considered in this study involves the influence of personal
characteristics (PCs) and mediator agents (MAs). We used six
items retrieved from the Determinants of Major Choice Scale
(Diniz, 2008).

Taking into account the target variables and the instruments
used for their operationalization, as a first hypothesis, we
expected that their psychometric properties would allow testing
a prediction model between the DMC and the factors of
expectations. Furthermore, considering the variability and
number of factors that affect the DMC and AEs, country and
gender were introduced as variables to be considered in the study.

As a second hypothesis, we conjectured that the DMC factors
would have a significant impact on the factors of expectations.
To our knowledge, no research has considered both types
of constructs conjointly through a prediction model while
considering gender, a key variable of major selection (Parker et al.,
2012). The exploration of the DMC’s impact on AEs through a
multivariate regression model with latent variables across gender
can shed light on these relationships.

MATERIALS AND METHODS

Sample

A convenience sample of 1,840 Portuguese (n = 839) and Spanish
(n = 1,001) first-year university students (age-range = 17-
23 years; Mdn = 18) was selected from two public universities.
More of the voluntary participants in this study were enrolled in
the humanities and social studies area (60.9%, n = 1,121) than
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TABLE 1 | 9-Factor oblique model: factorial invariance across countries and gender.

Model SBX 2(df) RMSEA[go%c” SRMR CFI

Countries Spain(, = 1,001) Portugal (, = gao)

M1 7314.142,088) 0.052(0.051-0.054] 0.075 0.077 0.975

M2 9846.392,268) 0.060;0.059—0.062] 0.101 0.094 0.963

M3 9284.72(2,267) 0.058(0.057-0.060] 0.101 0.095 0.966

M1-M3 ACFI = —0.009
Gender Men (s = 793) Women (n = 1,047)

M1 7007.23(2,088) 0.051(0.049-0.052] 0.070 0.076 0.974

M2 7974.66(2,268) 0.0520.051-0.054] 0.099 0.079 0.970

M1-M2 ACFI = —0.006

M1, form invariance; M2, M1 fully invariant; M3, M2 with the intercept of Item 37 of the Academic Perceptions Questionnaire freely estimated across countries (Spain 5.61,
Portugal, 3.53). RMSEA, root mean square error of approximation; SRMR, standardized root mean square residua, CFl, comparative fit index; A = difference between

tested model and baseline model.

in the scientific and technological area. Most participants were
women (56.9%, n = 1,047).

Materials

We used six items retrieved from two factors of a scale
for the assessment of HE students’ valuation of the DMC
(Diniz, 2008): determinants linked to PCs (e.g., capacities) and
MAs (e.g., parents). Items are rated on a 5-point Likert-type
scale, ranging from 1 (not at all important) to 5 (decisive or
extremely important).

To assess AEs, we used the Academic Perceptions
Questionnaire (APQ; Almeida et al, 2018) which measures
seven factors of expectations, with six items each: (1) Training
for Employment (TE), (2) Personal and Social Development
(PSD), (3) Student Mobility (SM), (4) Political Engagement
and Citizenship (PEC), (5) Social Pressure (PS), (6) Quality of
Education (QE), and (7) Social Interaction (SI). Items are rated
on a 6-point Likert-type scale ranging from 1 (totally disagree) to
6 (totally agree).

Data Collection and Analysis

We collected the data before the SARS-CoV-2 pandemic, at the
beginning of the first semester (mid-October and the beginning
of November), after obtaining students’ informed consent. We
used the IBM SPSS Statistics for Windows (version 24.0)
for descriptive data analysis and to deal with missing values
(substituted by the respective distributional median).

The invariance of the multivariate regression model with
latent variables, or factors, of the effect of DMC on AEs, with
both PCs and MAs as AE predictors, was tested across gender
with LISREL 8.80 (Joreskog and Sorbom, 2006).

We performed the multivariate regression model invariance
test across gender only after the invariance testing, through
confirmatory factor analysis, of its analogous 9-factor oblique
model across countries and gender, and the subsequent
inspection of its psychometric properties to complete the model’s
structural validity study (Anderson and Gerbing, 1988; Joreskog
and Sorbom, 1993). We followed Fornell and Larcker (1981)
criteria of factors’ convergent and discriminant validity (CV and

DV), as well as their composite reliability (CR). CV is based on
the items’ average variance extracted (AVE), which should be at
least 0.50, and DV is based on the comparisons of any two factors’
shared variance (¢?%; squared disattenuated correlation) and the
AVE of each factor, which should be higher than ¢?. Factors
reliability should be at least 0.70, and 0.80 is desirable for group
comparisons (Nunnally and Bernstein, 1994).

Because the observed variables were ordinal, model estimation
and testing were performed with the underlying bivariate normal
approach (Joreskog, 2005), using the robust Satorra-Bentler
(SB) scaled correction for maximum likelihood (Satorra and
Bentler, 1994). This approach involves the estimation in PRELIS
2 (Joreskog and Sorbom, 1996) of the means and the asymptotic
covariance matrix of the polychoric covariances of each group’s
latent normal counterparts of the observed variables, under
thresholds fixed to the pooled thresholds estimated in the
combined group. The result of this multi-group analysis was
used as input for model estimation and testing with the SIMPLIS
command language (Joreskog and Sérbom, 1993) under the
independence of the items error measurement, or residuals
(uniqueness and random error), and the factor’s identification
was ensured by setting to one (1.00) the path to one of its items.

The analysis was conducted by comparing the 9-factor oblique
model’s form of invariance (all parameters freely estimated across
groups) with a more restrictive model (i.e., with more degrees
of freedom), the fully invariant model, which is invariant across
groups at measurement (factor scores, intercepts, and residuals)
and factor levels (variances and covariances).

The multivariate regression model was specified by freely
estimating the error covariances between the criteria (AE factors),
assuming that the predictors (PCs and MAs) do not capture
the totality of their correlations. The model was tested across
gender with different slopes and then, with equal slopes (Joreskog
and Sorbom, 1993) to assess the invariance of the model
with equal slopes.

The assessment of model invariance was based on the
variation (A) of the comparative fit index (CFI) and, in addition,
on the following goodness-of-fit indices and recommended
benchmarks to indicate a good fit (Hu and Bentler, 1998): a
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TABLE 2 | Fully invariant 9-factor oblique model by country and gender: common metric’s robust maximum likelihood estimates completely standardized, convergent

validity, and composite reliability (N = 1,840).

Countries Gender
Item (Factor) B R2 B R?
Personal aptitudes and capacities (PCs) 0.71 0.50 0.70 0.49
Interest in the professional area 0.67 0.45 0.68 0.46
Way of being and personal characteristics 0.74 0.54 0.73 0.54
AVE/CR 0.50/0.75 0.50/0.75
Parents, siblings, or other relatives (MAs) 0.71 0.50 0.70 0.50
Friends, colleagues, or girlfriend/boyfriend 0.70 0.50 0.71 0.50
Teachers 0.53 0.28 0.54 0.29
AVE/CR 0.43/0.69 0.43/0.69
1. Achieve a prestigious profession (TE) 0.59 0.35 0.57 0.32
8. Have better career opportunities in the job market 0.79 0.62 0.77 0.59
15. Obtain training to achieve a good job 0.83 0.69 0.83 0.69
22. Qualify to achieve professional success 0.84 0.71 0.84 0.71
29. Ensure a successful professional career 0.82 0.67 0.83 0.69
36. Achieve in-service training to facilitate access to work 72 0.52 0.72 0.52
AVE/CR 0.59/0.90 0.58/0.89
2. Improve my identity, autonomy, and self-confidence (PSD) 0.69 0.48 0.68 0.46
9. Develop my personality traits 0.72 0.52 0.72 0.52
16. Gain self-confidence in my potential 0.76 0.58 0.76 0.58
28. Have goals in life 0.74 0.55 0.73 0.53
30. Deal autonomously with life’s difficulties 0.74 0.55 0.73 0.53
37. Acquire skills to be a responsible adult 0.77 0.59 0.73 0.53
AVE/CR 0.54/0.88 0.52/0.87
3. Participate in student exchange programs (SM) 0.80 0.64 0.80 0.64
10. Accomplish a stay in another country 0.84 0.71 0.84 0.71
17. Obtain training that allows me to achieve international employment 0.77 0.59 0.76 0.58
24. Obtain international quality training 0.69 0.48 0.73 0.53
31. Spend some of my study time in another country 0.87 0.76 0.73 0.58
38. Achieve an international title 0.86 0.74 0.77 0.59
AVE/CR 0.65/0.92 0.60/0.90
4. Contribute to improving the world and society (PEC) 0.77 0.59 0.77 0.59
11. Solve problems that disadvantaged people face 0.77 0.59 0.77 0.59
18. Develop a critical view of the world 0.71 0.50 0.71 0.50
25. Participate in volunteer activities 0.68 0.46 0.68 0.46
32. Be an educated citizen committed to society 0.75 0.56 0.75 0.56
39. Contribute to the improvement of the human condition 0.83 0.69 0.82 0.67
AVE/CR 0.57/0.89 0.56/0.89
5. Meet my family’s expectations (SP) 0.77 0.59 0.77 0.59
12. Not obtain worse grades than other classmates 0.55 0.30 0.55 0.30
19. Not disappoint my family or friends because of my grades 0.83 0.69 0.83 0.69
26. Seize the educational opportunity provided by my family 0.54 0.29 0.54 0.29
33. Fulfill the desire of people close to me who encourage my higher education 0.75 0.56 0.75 0.56
40. Achieve a close to or higher level of education than that obtained by my parents (or older siblings) 0.57 0.32 0.57 0.32
AVE/CR 0.46/0.83 0.46/0.83
6. Participate in debates or scientific conferences (QE) 0.52 0.27 0.53 0.28
13. Deepen my knowledge of specific subjects 0.61 0.37 0.62 0.38
20. Participate in research projects 0.53 0.28 0.53 0.28
27. Correspond to society’s investment in higher education 0.65 0.42 0.64 0.41
34. To get a satisfactory academic performance to conform a good curriculum 0.71 0.50 0.72 0.52
41. To have teachers with recognized capacity in the area of training they teach 0.60 0.36 0.59 0.35
AVE/CR 0.37/0.78 0.37/0.78
(Continued)
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TABLE 2 | (Continued)

Countries Gender
Item (Factor) B R2 B R?
7. Enjoy living with others and having fun (Sl) 0.75 0.56 0.74 0.55
14. Engage in extracurricular activities 0.50 0.25 0.51 0.26
21. Establish a weekly schedule that allows for other activities 0.63 0.40 0.62 0.38
28. Attend university student parties 0.65 0.42 0.65 0.42
35. Have a group of friends with whom | can relax and socialize outside of class 0.85 0.72 0.85 0.72
42. Socializing/connecting with a new group of friends 0.77 0.59 0.77 0.59
AVE/CR 0.49/0.85 0.49/0.85

PCs, Personal Characteristics; MAs, Mediating Agents; TE, Training for Employment; PSD, Personal and Social Development; SM, Student Mobility; PEC, Political
Engagement and Citizenship; SR, Social Pressure; QE, Quality of Education; Sl, Social Interaction. p, standardized factor loading; R? (communality), 1—e (standardized

residual); AVE, average variance extracted; CR, composite reliability.

TABLE 3 | Fully invariant 9-factor oblique model by country and gender: Disattenuated correlations from the common metric completely standardized solution

(N = 1,840).
PCs MAs TE PSD SM PEC SP QE SI
Countries
PCs 1.00
MAs 0.06 1.00
TE 0.31 0.06 1.00
PSD 0.38 0.07 0.78 1.00
SM 0.16 0.06 0.41 0.48 1.00
PEC 0.38 0.07 0.51 0.74 0.54 1.00
SP 0.05 0.41 0.48 0.46 0.29 0.36 1.00
QE 0.35 0.14 0.80 0.82 0.52 0.78 0.66 1.00
Sl 0.16 0.10 0.57 0.65 0.45 0.48 0.42 0.58 1.00
Gender
PCs 1.00
MAs 0.06 1.00
TE 0.33 0.06 1.00
PSD 0.40 0.07 0.79 1.00
SM 017 0.07 0.41 0.47 1.00
PEC 0.38 0.07 0.53 0.74 0.53 1.00
SP 0.00 0.41 0.49 0.46 0.29 0.36 1.00
QE 0.35 0.15 0.82 0.82 0.52 0.78 0.66 1.00
Sl 0.16 0.12 0.56 0.64 0.45 0.47 0.43 0.58 1.00

Refer to Table 2 for abbreviations.

comparative fit index (CFI) close to or above 0.95, a root mean
square error of approximation (RMSEA) close to or below 0.06,
and a standardized root mean square residual (SRMR) close to
or below 0.08. Values of 6CFI between a restricted model and a
baseline model of less than —0.01 indicate non-invariance of the
restricted model (Cheung and Rensvold, 2002).

RESULTS

Oblique Model Invariance Across

Countries and Gender

The 9-factor oblique model was fully invariant across countries
and gender, as shown in Table 1, but with the nuance of a
differential item functioning between countries presented by

Item 37 of the APQ. This difference occurred in its intercepts
(Spain = 5.61; Portugal = 3.53), not indicating different levels of
item ambiguity but merely differences in the item’s attractiveness
to the samples (Ferrando, 1996).

In Tables 2, 3, we present the psychometric data for the fully
invariant 9-factor oblique model by country and gender.

In Table 2, it can be seen that all items represented their
respective factors well (B > 0.50), and also that the factors’ CV
(AVE) and CR ranged between acceptable to good, except for
MAs and, mainly, for QE. The QE factor showed similar problems
with other Portuguese and Spanish samples (Diniz et al., 2018).
Without Items 6 and 20, the factor CV improves and, in the
opposite, its reliability deteriorates in both samples (VME = 0.41;
FC = 0.73). Considering previous psychometric results (Diniz
et al., 2018), and that the items showed standardized factor
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TABLE 4 | Comparisons of the means of the model’s predictor factors by gender.

Men(,, = 739) Women(,, = 1,047)
Predictor factors M M SE T
Personal characteristics 0.00 0.41 0.07 5.86"
Mediating agents 0.00 —0.05 0.05 —1.02

4 < 0.007.

loadings higher than 0.50 (all R?> > 0.26, high effect size;
Cohen, 1988), they were retained in the model for further
analysis. Furthermore, the SM factor presented a better CV in
countries than in gender.

Regarding factors DV, taking Tables 2, 3 conjointly,
undesirable correlations (¢; Table 3) and, consequently, shared
variances (¢?), were found between TE-QE (countries, > = 0.64;
gender, @2 = 0.67), PSD-QE (countries and gender, ¢? = 0.67),
and PEC-QE (countries and gender, ¢*> = 0.61), jeopardizing
their DV (see respective CV in Table 2). Similar results for these
factors emerged in a previous study (Almeida et al., 2018). In the
current study, problems in DV also appeared between TE-PSD
(countries, ¢* = 0.61; gender, ¢* = 0.62), and minor problems
between PSD and PEC because their shared variance (countries
and gender, ¢? = 0.55) was close to and lower than their AVE (see
Table 2).

Finally, PC and MA factors were independent (¢ = 0.06),
verifying the assumption regarding the predictors of the
regression model’s gender invariance.

Regression Model Invariance Across

Gender

Once the oblique model’s full invariance was guaranteed across
countries and gender, the regression model could be estimated
and tested across gender under full invariance at measurement
and factor levels to examine the slopes invariance between
predictors (PCs and MAs) and criteria (AEs).

Before examining the model slopes’ invariance, we noted
that model testing revealed a different pattern for PCs and
MAs factors mean comparisons by gender. Although there
were gender differences in PCs, there were no differences in
MAs (Table 4).

In Table 4, it can be seen that women presented a significantly
higher PC factor means than men, considering that LISREL 8
fixes to zero the factor means of the first group of data, the men’s

group, and estimates factor means of the second group of data,
the women’s group (Joreskog and Sorbom, 1993).

The regression model with equal slopes was fully invariant
across gender (Table 5), and its unstandardized structural
estimates mostly presented very significant effects of PCs and
MAs on AEs (Figure 1).

Figure 1 shows that the only AE not well predicted by PCs
was SP, and MAs did not predict TE and PSD and only slightly
predicted SM. Finally, the magnitude of the effect size of both
PCs and MAs on AEs, according to Cohen’s criteria (1988), was
around small (R* = 0.02) for SM and SI, and around medium
(R% = 0.13) for all the others.

DISCUSSION AND CONCLUSION

With this study, we intended to examine the predictive
relationships between DMC and AEs of first-year university
students across gender. To pursue this goal, we tested a
multivariate regression model of the effect of PC and MA, as
determinants of major choice (DMC), on APQ’s 7-factors AEs
with large samples of Spanish and Portuguese students.

First, we wanted to determine the model’s possible equivalence
across countries and gender and whether its factors would
have adequate psychometric properties by country and gender.
Similarly, in a two-step approach (Anderson and Gerbing, 1988;
Joreskog and Sérbom, 1993), before testing this regression model,
we tested its oblique model counterpart, which was well fitted
and denoted full invariance by country and gender, with all
the nine factors presenting acceptable psychometric properties
(Fornell and Larcker, 1981; Nunnally and Bernstein, 1994). In
this process, we also observed that the two model predictors (PCs
and MAs) were independent, which allows a clear interpretation
of their relationships with the criteria (AEs). Concerning the
gender differences in the factor means of the model predictors,
we found that women attribute more importance to the PCs
for a major choice than men, similar to Nadelson et al. (2013)
results. By contrast, the importance of MAs for a major choice
does not differentiate between women and men, contradicting
the belief that women attribute more importance to MAs than
men do (e.g., Pifller and Hell, 2012; Sojkin et al, 2012).
This result can be a by-product of the lack of importance
attributed by college students to external influences in their
decision to pursue HE (Nadelson et al, 2013), reflected in
the tendency for career choices in women to be increasingly

TABLE 5 | Regression model of the effect of determinants of major choice on academic expectations: invariance across gender.

RMSEA g05 1, SRMR CFI

Model SBX z(df) Men(n = 793) Women(,, = 1,047)

M1 7749.082,045) 0.052(0.0500.053] 0.092 0.076 0.971

M2 7802.732,259) 0.052(0.050—0.053] 0.098 0.078 0.971

M1-M2 ACFI = 0.000

Regression models were estimated and tested under full invariance at measurement and factor levels and with factor correlations of academic expectations freely
estimated. M1, model with different slopes; M2, model with equal slopes. Refer to Table 1 for other abbreviations.
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FIGURE 1 | Regression model of the effect of determinants of major choice
on academic expectations with equal slopes across gender. Unstandardized
robust maximum likelihood estimates for structural relationships (N = 1,840).
Refer to Table 1 for abbreviations. ¢, disattenuated correlation. Standard
errors are in parentheses. Dashed arrows, non-significant paths. *p < 0.05.
**p < 0.001.

dispersed and more similar to those of men (Montmarquette
et al,, 2002; Ma, 2009; Chang and ChangTzeng, 2020). Second,
we conjectured that DMC would have a significant impact on the
factors of expectations across gender. The invariance test of the
multivariate regression model across gender indicated that it was
well-fitted to data and revealed an equivalence of slopes (Joreskog
and Sérbom, 1993) between women and men. As a consequence,
a unique interpretation of its predictive relationships for both
genders is allowed. Traditionally and currently, numerous
studies corroborate gender differences in Science, Technology,
Engineering, and Mathematics (STEM) students related to career
choice motives and students’ educational expectations (Su and
Rounds, 2015; Trusz, 2020). Nevertheless, we can speculate that
this equivalence of slopes between genders occurs in our study
because most of the sample is made up of students from degrees
belonging to the social sciences and humanities (60%). On
the other hand, it seems that family background and previous
learning experiences, among others, play a much more important
role in career choice and the formation of AEs than gender
(Babarovi¢, 2021). Moreover, educational institutions’ increasing
efforts to homogenize formative programs and methodologies
minimize gender inequalities (Babarovi¢, 2021; World Economic
Forum, 2021).

The equivalent slopes for gender revealed statistically
significant predictive relationships of PCs and MAs on six
and five of the seven AEs, respectively. Consistent with other
studies, we found that PCs predicted AEs related to PEC, PSD
(Nyamwange, 2016; Eren, 2017; McLean et al., 2019), and TE
(Akosah-Twumasi et al., 2018) more strongly than those related
to QE, SI, and SM. Furthermore, PCs did not predict SP, implying

that accomplishing the expectations of others or finishing the
degree within a given time frame seems to take a back seat to the
primacy of students’ self-interests (Brahm et al., 2017).

Along with evidence from some other studies, we also found
that MAs’ prediction of AEs, compared to PCs, was higher in SP
(Guan et al., 2015) and SI (Akosah-Twumasi et al., 2018; Lorenz
etal., 2020) and lower in PEC and SM. No relationship was found
between TE and PSD. This may be because the content of the
items of these EAs, as presented in the APQ, refer to personal
evaluations of access to a job (good job, professional success)
and PCs (autonomy, self-confidence). TE and PSD were better
predicted by PCs, as in other studies (Navarro and Soler, 2014;
Rodriguez-Muiiiz et al., 2019).

Opverall, we can state, as an educated guess, that students who
choose HE studies according to their PCs form AEs based on
the possibility of performing experiences and activities in that
environment that give them the opportunity to help others to
improve and enhance personal skills and achieve a successful
professional future. On the other hand, students who base their
choice of HE studies more on the influence of MAs expect to
find experiences of social interaction in HE and to achieve an
academic performance consistent with others’ expectations.

Some theoretical implications can be derived from the findings
of this study. First, as far as we know, there are no studies
in which the DMC and AEs have been explored conjointly
across gender. The multivariate regression model studied offers
the opportunity to link these two key elements for academic
persistence and success in HE (Bargmann et al., 2021; Eren &
Rakicioglu-Soylemez, 2021). It also allows interpretations in tune
with Tinto (1993) attrition theory and with those made in the
self-determination theory’s studies on the importance of personal
value-interest and expectations in career choice and student
retention (Duchatelet and Donche, 2019; Eccles and Wigfield,
2020; Ryan and Deci, 2020; Schnettler et al., 2020).

Moreover, within our attempt to link career and academic
psychological constructs, the finding that the DMCs’ effect on
AEs is equivalent across gender points to an indistinct gender
role in the influence of personal and contextual variables of career
choice on AEs among first-year university students.

On a practical level, educational institutions could adjust their
intervention programs to favor the retention and permanence
of students (Bergmark et al., 2018) who have chosen a career to
some degree based on their PCs or MAs, knowing what each
group expects from HE. Moreover, based on the effect size results,
the majority of the effects of PCs and MAs on AEs were of
medium size, indicating that these two DMCs are relevant in
practical terms when intervening on AEs. We also note that,
according to study results, this DMC relevance is independent
of gender. However, it seems that no practical implications of
PCs and MAs on SM and SI should be considered, as small effect
sizes emerged for these relationships. First-year students vaguely
represent these AEs because of their lack of knowledge of the new
organizational structure and the opportunities to achieve them in
their HE studies (Trautwein and Bosse, 2017). In contrast, we can
conjecture that they are a kind of AEs that neither the students
nor their significant social environment found relevant for the
choice and development of an HE career.
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These types of studies can help HE institutions to be
more attentive to the students they welcome, to create the
necessary conditions for them to have experiences matching
their interests and expectations, identify and model adequately
planned behaviors that promote academic adaptation and
persistence (Dewberry and Jackson, 2018).

Despite the cautions to avoid threats to the study’s internal
validity, for example, model estimation and testing using the
underlying bivariate normal approach (Jéreskog, 2005) with
the robust Satorra and Bentler (1994) correction, and ensuring
the model’s psychometric assumptions, the external validity
of the statistical conclusions presented is limited, given the
non-probabilistic sampling used (Shadish et al., 2002). For
example, the replication of the current study in other samples
could shed light on the possible generalization of its findings.
Also, it would be interesting to extend the obtained results by
analyzing the invariance of the model according to the students’
area or their major subject of study, or diverse cohorts of
students, e.g., traditional vs. non-traditional students, or first-
generation vs. continuing-generation students. We could also
conduct longitudinal studies to explore how the model would
behave considering the academic organization by semesters or
academic years. These studies would help to better customize the
interventions to the diversity of subpopulations of HE students.

Finally, this research is a contribution to the study of the
significant relationships between the determinants of career
choice and academic expectations, factors that are understood as
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Understanding the beliefs held by the learners about learning a language, and the way
they utilize their thoughts about knowledge and learning seem essential for planning a
constructive language program. Following this line of research, this paper aims at testing
a hypothetical model of the relationship between epistemic beliefs (EBs) and subscales
of language-learning strategies (LLSs) through the mediating role of learners’ self-efficacy
(LSE). To this end, a sample of 300 Iranian high school students, taking regular
courses, completed three survey questionnaires. At this stage, correlational analysis
and structural equation modeling (SEM) were employed to probe the interconnections,
analyze the model, and outline the conceptual framework. The results revealed that
the LSE framework can adequately account for the learners’ LLSs. In particular, the
results indicated that efforts, persistence, and imitation (i.e., the subfactors of LSE)
positively and significantly influenced LLSs. However, EBs with the mediating role of
LSE were known to be a significant factor in demoting the LLSs. Notably, knowledge
and learning agents were the negative predictors of LLSs. This paper suggests that
LSE has higher explanatory power than EBs in predicting LLSs. The findings of this
study suggest that teachers and material developers should pay serious attention to
the learners’ self-efficacy as they were known to influence LLSs.

Keywords: EFL learners, epistemic beliefs, language learning strategies, learners’ self-efficacy, structural
equation modeling

INTRODUCTION

Drawing on the second language (L2) professional literature indicates a paradigm shift from a
cognitive and process-oriented approach to a beyond method-based pedagogy. Kumaravadivelu’s
(2006) paradigm in education potentially invites the learners with knowledge, beliefs, attitude, and
autonomy necessary to foster their language learning. In line with Kumaravadivelu, voluminous
studies (e.g., Hofer, 2016; Griffiths, 2018; Chamot, 2019; Lindner and Retelsdorf, 2019; Shirzad
et al., 2020) have stipulated that learning conception, learners’ beliefs, thinking about the essence
of knowledge, and learning are connected to language learning. Recently, different studies (e.g.,
Morris et al., 2017; Liu et al., 2019; Takeuchi, 2019; Cheng, 2020; Mercer and Dérnyei, 2020; Razmi
and Jabbari, 2021) have released evidence that learners’ beliefs influence the academic achievement.
They have provided strong evidence to support the predictive effect of learners’ beliefs in learning

Frontiers in Psychology | www.frontiersin.org

59 April 2022 | Volume 13 | Article 867560


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.867560
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.867560&domain=pdf&date_stamp=2022-04-12
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:ha_bar77@yahoo.com
https://doi.org/10.3389/fpsyg.2022.867560
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.867560/full

Shirzad et al.

A Structural Equation Modeling Study

achievement and course satisfaction. The findings also indicated
that there is a positive interplay between different dimensions of
EBs with different fields in sociology, psychology, and education.
In education, various constructs were significantly reported
to connect EBs such as epistemological theories (Hofer and
Pintrich, 1997), language achievement (Winberg et al., 2019),
self-concepts, learning conception (Liu et al., 2019), self-efficacy
and assessment (Cheng, 2020), personal beliefs (Mardiha and
Alibakhshi, 2020), LLSs and motivational self-system (Shirzad
et al., 2020), and perfectionism (Razmi and Jabbari, 2021) to
name but a few. Moreover, the EBs have been explored in various
correlational studies (e.g., Chan and Elliott, 2004; Liu et al., 2019;
Winberg et al., 2019; Mardiha and Alibakhshi, 2020; Shirzad et al.,
2020; Kérchner et al., 2021; Zhu et al., 2021). The findings of such
empirical studies indicated that EBs correlated with different
variables such as stability, contingency of self-esteem, academic
achievement, regulatory focus, learning engagement, conceptions
of teaching and learning, and L2 motivational self-system. The
results substantiated that learners’ EBs have predictive power in
education, in general, and learning conception. Besides, some
other studies (e.g., Schommer, 1990; Hofer and Pintrich, 1997;
Hofer, 2016) endorsed that learners with a high level of EBs
seemed to act differently in various aspects of language learning
and learning conception.

As a complex multidimensional trait, EBs (i.e., views about the
quality of knowledge and learning), and LSE (i.e., the tendency
for initiating tasks, investing adequate effort to conduct activities,
endurance and perseverance in facing difficulties) are among
the important affective factors in educational psychology (Hofer
and Pintrich, 1997; Deuling and Burns, 2017; Shirzad et al.,
2020; Razmi and Jabbari, 2021). An individual’s EBs depict the
conceptions of his/her delineations of scientific knowledge and
what it denotes. Greene et al. (2016) used the term epistemic
cognition to imply how students gain, apprehend, justify, and
utilize knowledge. They postulated that learners involve in
epistemic cognition when they arouse self-beliefs about the
essence of knowledge and knowing (i.e., epistemic beliefs). Hofer
and Pintrich (1997) postulated that EBs are indispensable for
learning conception and understanding within several domains
and contexts. Another construct of the current study is self-
efficacy beliefs. Bandura (1997) conceptualized self-efficacy beliefs
as an “individual’s belief in his or her own ability to organize
and implement action to produce the desired achievements and
results” (p. 3). It is classified as a general or a specific belief. The
former concerns a general perceived ability to confront stressful
conditions, while the latter deals with a particular context or
situation (Bandura, 1997). This study concentrates on specific
self-efficacy beliefs related to the academic field described as an
individual’s perceived abilities to manage various instructional
areas and learning conceptions. For the current study, EBs and
LSE have been used as independent constructs to predict LLSs.
Various theoretical studies (e.g., Oxford, 2017; Cohen, 2018;
Griffiths, 2018; Chamot, 2019) pinpointed that learning strategies
are an affiliative factor in promoting language achievement.
Besides, the findings of some empirical studies (e.g., Oxford,
2017; Habok and Magyar, 2018; Takeuchi, 2019; Shirzad et al.,
2020; Razmi and Jabbari, 2021; Tang, 2022) corroborated that

LLSs can help the learners apply their knowledge in a real-
world context, gain knowledge, and achieve higher academic
results eventually. Accordingly, different taxonomies of LLSs
were proposed by the authorities in educational psychology (e.g.,
Oxford’s direct and indirect strategies; O’Malley and Chamot’s
socio-affective strategies; Cohen’s L2 learning and use strategies).
They substantiated the notion that utilizing LLSs can influence
the quality of knowledge and learning (i.e., EBs) and different
psychological constructs such as self-beliefs, self-concept, self-
efficacy, to name but a few.

Despite the enriched literature (e.g., Hofer, 2016; Yang et al.,
2019; Cheng, 2020; Kdrchner et al,, 2021; Lonka et al., 2021;
Razmi and Jabbari, 2021; Zhu et al., 2021) on the predictive
power of self-efficacy beliefs and their influence on the learning
conception, the effects of EBs and LSE on the students’ learning
strategies are not yet clear. Accordingly, there has been no
credible empirical study to support the conceptual interplay
between EBs and LLSs with the mediating role of LSE. Therefore,
it seems important to test a model to uncover how the learners’
knowledge of EBs and their specific self-efficacy in the academic
setting may predict the LLSs language learners employ in the
learning process. Notably, it is significant to explore whether the
dimensions of EBs promote or demote the learning strategies
students utilize for language learning. Accordingly, it has been
hypothesized that EBs and LSE promote students’ learning
strategy which in turn may foster their academic achievement.
Moreover, it has been hypothesized that students’ EBs and LSE
positively predict high school students’ LLSs. Despite sufficient
evidence to support the positive effect of learners” beliefs, this
paper claims that the target variables (i.e., EBs, LLSs, and LSE)
have a complex and unpredictable relationship. Therefore, this
study hypothesized a model based on the learners’ beliefs and
their sense of efficacy as the predictors of LLSs. Notably, this
study was guided by the following objectives:

(i) To identify the relationship among the students’ EBs, LLSs,
and LSE.
(ii) To determine whether EBs with the mediating role of LSE
positively predict the high school students’ LLSs.
(iii) To explore if LSE positively predicts the high school
students’ LLSs.

LITERATURE REVIEW

Theoretical Framework

The professional authorities in Epistemology (e.g., Perry,
1970; Schommer, 1990; Magolda, 1992; Hofer and Pintrich,
1997; Hofer, 2001) classified two aspects for the EBs studies.
They distinguished both developmental and multidimensional
facets. The first aspect (i.e., developmental) is one-dimensional.
Therefore, learners move through a cycle of developmental
phases (i.e., from the objectivist view of knowledge to uncertainty
of knowledge and then to extreme subjectivity). Notably,
individuals move through the successive stages like fashion,
and they progress in a patterned sequence of developmental
stages. Hofer (2001) assumed that the thinking in this model
opens with the objectivist perspective of knowledge to extreme
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subjectivity. Perry’s model 1970 and Magolda’s (1992) model of
EBs are instances of the developmental model. Hofer (1994)
postulated the notion of EBs as developing step by step in a
linear fashion from dualism, multiplism, relativism, and finally
commitment. Besides, Baxter Magolda (1992) conceptualized EBs
in four stages: (a) absolute, (b) transitional, (c) independent,
and (d) contextual knowing. In contrast to the developmental
model, Schommer (1990) suggested a multidimensional system.
Schommer claimed that EBs approximately exist in independent
beliefs. This delineates that one dimension may be developed
but another aspect may be quite immature. Notably, there are
different beliefs that may (not) develop coincidently. Schommer’s
model included five dimensions (e.g., stability, structure, source,
speed of acquisition, and control of acquisition). Hofer and
Pintrich (1997) criticized Schommer’s model in that the model
cares about the nature of learning and not the nature of
knowledge and knowing. Thus, they proposed four dimensions
including certainty (stability), simplicity (structure), source of
knowing (authority), and judgment for knowing (evaluation
of knowledge). This study, therefore, delimited its scope on
the learners’ EBs in the educational domain. Accordingly,
Schommer’s model was adopted for the study because the scope
of this paper was concentrated on the nature of learning and the
academic setting.

The Theoretical Connections Among EBs, LSE, and
LLSs

A growing body of theoretical and empirical studies (e.g.,
Morris et al., 2017; Takeuchi, 2019; Cheng, 2020; Razmi and
Jabbari, 2021) corroborated that the learners’ beliefs and their
conception of learning influence language-learning behavior.
Various theoretical studies (e.g., Perry, 1970; Schommer, 1990;
Hofer and Pintrich, 1997; Bandura, 2006) pinpointed that
individuals’ EBs and LSE play pivotal roles in the learning
process. As individuals with various beliefs may adopt different
learning strategies, it seems that the constructs (i.e., EBs and
LSE) may affect the learning process. Therefore, students with
different levels of EBs and self-efficacy may act differently in
language learning. Accordingly, they may adopt various learning
strategies as far as their levels of EBs and self-efficacy are
concerned. Despite consensus on the implications of the beliefs
held by the learners, the way they may influence language
learning raised doubts among the practitioners. Accordingly,
various taxonomies for LLSs (e.g., O’Malley and Chamot;
Cohen; Oxford) and scales for EBs and LSE (e.g., Clarebout
et al.,, 2001; Chan and Elliott, 2004; Rezaei, 2010) have been
proposed by the authorities to conceptualize the way the
targeted variables influence language learning for different
cultural situations. Recently, some empirical studies have gained
attention on the learners’ internal factors in the learning
process. They underscored the connection between LLSs in
the light of voluminous affective factors like learners’ self-
efficacy (Cheng, 2020), learners’ beliefs (Winberg et al., 2019),
L2 motivational self-system (Shirzad et al., 2020), self-control
depletion (Lindner and Retelsdorf, 2019), regulatory focus, and
learning engagement (Liu et al., 2019). Such empirical studies
developed the perspective about learning strategies, thinking

process in learning, and internal forces in education. Notably,
exploring the interplay among EBs, LSE, and LLSs and the
way EBs and LSE may influence language learning can foster
significant pedagogical implications. Such findings formed the
theoretical underpinning of this study.

Epistemological Beliefs

The term epistemology is an area in psychology that deals
with reasoning, the essence of knowledge, and the ideas about
knowledge (Hofer and Pintrich, 1997). Hofer (2016) presumed
that studies in EBs concentrate on the way learners come
to know, and the way students employ their thoughts about
knowledge and know how to conceptualize their environment.
Winberg et al. (2019) conceptualized EBs as the beliefs about the
essence of knowledge, learning, and knowing. Despite the lack
of agreed-upon implementation of EBs, some authorities (e.g.,
Hofer, 2016; Winberg et al., 2019) used a multilayered stage. In
line with the different layers, Shirzad et al. (2020) introduced
some terminologies (e.g., epistemic cognition, epistemic cognition,
epistemological resources, epistemological reflection, personal
epistemologies, reflective judgment) to refer to EBs in the L2
professional literature.

In line with Perry’s (1970) dualism model, Schommer (1990)
suggested different beliefs about the origin of knowledge. She
maintained that authorities manipulate various aspects of the
beliefs. To Schommer, the structure of knowledge is an isolated
rather than interrelated fact. Schommer distinguished different
dimensions. The first dimension was established as simple
knowledge (i.e., isolated facts) in the L2 professional literature.
The second aspect (i.e., the certainty of knowledge) considers
knowledge as an absolute (i.e., certain) construct. Schommer
(1990) coined the term omniscient authority for the certainty
of knowledge. The third aspect (ie., speed of acquisition)
pinpoints learning as a prompt vs. a gradual process. Finally,
the control of acquisition refers to the ability to learn as natural
vs. being acquired. To Schommer, it is an innate ability where
learners believe learning cannot be enhanced with instruction.
Concerning the multidimensional nature of EBs, Hofer (2016)
elucidated that EBs deal with various constructs such as the
source, justification, certainty, and the development of knowledge.
Hofer assumed that the source of knowledge is at the level of less
complex beliefs that originate beyond the self and occupies an
exterior authority. At more complex beliefs, it is made by the
knower in interaction with the peer. The term justification of
knowledge deals with the way individuals account for knowledge.
At the lower levels, they employ authority or observation rather
than experiments, data, and inquiry rules. The certainty of
knowledge is the belief about the validity of knowledge ranging
from a belief in a correct answer to complicated problems.
Finally, the development of knowledge concerns knowledge
progress. It considers science as an evolving subject.

Self-Efficacy Theory

Bandura’s (1986) self-efficacy theory illustrates a picture of the
learners™ activity in which they are neither unlikely controlled
by external factors nor automatically shaped by their genetic
faculty. Bandura assumed that self-efficacy is an assumption
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in ones ability to conquer essential life events. In his theory,
Bandura (1997) defined LSE as “people’s judgments of their
capabilities to organize and execute courses of action required
to attain designated types of performance” (p. 174). Notably,
various cognitive, affective, and biological forces are reciprocally
influential SET. Bandura proposed five human abilities (i.e.,
symbolizing capabilities, forethought, self-regulatory and self-
reflective potential) as the cornerstone of social cognition. Thus,
LSE affects what learners select to do, their level of endeavor,
persistence in case of problems, and subsequent performance
(Sherer et al., 1982). Later, Bandura (2006) conceived that
learners have a self-system that helps them to manipulate
their emotions, feelings, and actions. In line with this claim,
Morris et al. (2017) concluded that self-reflective capability
provides learners with the capacity to think and to influence
their future behavior. Likewise, Cheng (2020) conceptualized the
notion of LSE as the belief that individuals can optimize their
learning performance by their psychological attempts besides the
scaffolding received by their peers and teachers in the educational
settings. Specifically, LSE serves as a self-regulatory function that
affects the learners’ cognition and actions (Liu et al., 2019).

Pajares (2007) expressed that LSE is regarded as an
anticipation process within self-regulation models. Pajares
believed that LSE is a personal and social construct because
learners act both collectively and individually. He maintained
that LSE has a proactive effect on performance and self-evaluative
operations along with performance. He outlined three distinctive
self-efficacy features: First, self-efficacy focuses on perceived
competence to execute a task rather than on psychological traits.
Second, LSE beliefs are task-, domain-, and context-specific.
Third, LSE depends on the mastery criterion of performance
instead of the normative criteria. Finally, LSE beliefs are mainly
evaluated before engaging in a specific task or activity. Spratt
et al. (2002) released a motivational construct for the term LSE
which predisposes learners to autonomous behavior. In this line,
Lindner and Retelsdorf (2019) postulated that LSE is a dynamic
and accomplished belief system that alters in diverse tasks and
situations. Bandura (1997) highlighted the impact of LSE beliefs
in individual performance. Bandura maintained that “people’s
level of motivation, affective states, and actions are based more
on what they believe than on what is objectively true” (p. 2).
Therefore, the way the learners act can be anticipated by the
conceptions they hold about their abilities than by what they are
capable of performing. Schunk and Zimmerman (2007) believed
that such a construct encompasses different facets such as level,
generality, and strength. More precisely, the former concerns the
difficulty level of a task. The latter relates the transferability of the
learners’ efficacy judgments on various activities such as different
academic subjects.

Dimensions and Sources of Academic Self-Efficacy
in the Learning Context

Bandura (1986) postulated that the learners assess their
efficacy by analyzing information from various aspects such
as mastery experience, vicarious experience, social persuasion,
and physiological and affective states. Bandura (1986, 1997)
called this sort of attainment “performance accomplishments”

and “enactive attainments”. Pajares (2007) concluded that
mastery experiences comprised the attainment of goals (i.e.,
accomplishment/attainment) via direct and personal action
(i.e., enactive). Vicarious experience is deeply rooted in the
social model. Bandura (1986) believed that this source of self-
efficacy is influential for the development of LSE for the novel
task. Bandura called this model a coping model that openly
struggles to overcome obstacles (Cheng, 2020). Later, Bandura
(2006) highlighted the role of evaluative feedback. To him,
it is a form of social persuasion that is often conciliated by
perceived knowledge. Bandura maintained that the learners’ self-
beliefs may be more harmed by disappointing messages than
influenced by positive conviction. He highlighted the roles of the
physiological and affective states as the leading sources of LSE.
Cheng (2020) stated that the notion of LSE concerns various
self-beliefs, such as self-esteem, self-regulation, self-concept, and
self-control. However, LSE is different from other kinds of self-
beliefs (i.e., self-concept, self-esteem, and self-efficacy) that are
mistakenly used interchangeably.

Bandura (1986) defined self-concept as a generalized self-
assessment comprising different self-feedbacks such as feelings of
self-worth and general competence beliefs. On the other hand,
self-efficacy beliefs are context-specific judgments of individual
capacity to manipulate courses of action to achieve a specific
objective (Liu et al, 2019). LSE focuses on the tasks and
activities one can perform than more global assessments of
self-concept. Therefore, LSE promotes academic performance
both directly and indirectly by its role on a learners self-
concept (Cheng, 2020). Pajares (2007) supported that self-esteem
refers to the assessment of self-worth, which relies on the
way culture values the characteristics one possesses and how
well one’s behavior corresponds to the standards of worthiness.
Kiérchner et al. (2021) called self-esteem a personal judgment of
worthiness. Different practitioners conceptualized the construct
as a subjective experience with general, situational, and task levels
to capture its multifaceted aspects.

Hypothesized Model

Drawing on previous theoretical frameworks, empirical studies,
and justifying the connection among the targeted variables, this
study proposed a structural model to determine the multivariate
relations. The provided empirical evidence for the universal
beneficial effects of EBs on academic achievement (Hofer,
2016; Peffer and Ramezani, 2019; Ongowo, 2021), and the
supportive literature on the relationship between LSE and LLSs
(Bandura, 1988; Pajares, 2007; Morris et al., 2017; Cheng, 2020)
resulted in drawing a hypothesized path from the EBs to LSE
and LSE to LLSs. For the current study, EBs and LSE are
considered as independent variables, and the LLSs are regarded
as dependent variables. To map the conceptual framework, a path
diagram was generated based on the theoretical underpinnings
to conceptualize a hypothetical model. At the theoretical
phase, three constructs, measured by 11 observed variables,
formulated the proposed model. Specifically, the hypothesized
model predicts the path and the interconnections between EBs
and LLSs with the mediating role of LSE. Following Fornell
and Larcker’s (1981) guidelines for generating a path diagram,
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FIGURE 1 | The hypothesized SEM model and the causal paths among the
variables.

latent (i.e., circles/ovals) and observed (rectangles) variables are
illustrated in Figure 1.

Based on the hypothesized model and the interconnections
proposed in the literature from the theoretical and empirical
aspects among the variables, the following research questions
were addressed.

RQ1: Is there any significant relationship among EBs, LLSs,
and LSE?

RQ2: Do the learners™ self-efficacy have a significant direct
effect on their learning strategy?

RQ3: Do the students’ epistemological beliefs have a significant
direct effect on their learning strategy?

RQ4: Do the epistemological beliefs with the mediating role of
the learners’ self-efficacy have a significant indirect effect on
LLSs among high school students?

METHODS

Participants

To address the objectives of the current research, 300 Iranian
high school students from a cluster of the entire population
(n = 500) of Amol and Babol (i.e., two cities of Mazandaran)
were recruited as the participants of this study. They were
native Persian speakers who were both males (n = 123) and
females (n = 177) with a similar language, social and cultural
background. They were placed at the pre-intermediate level
having 4 years of experience in learning English at different
language institutes. To select a more representative sample, a
cluster random sampling method was employed (Ary et al,
2018). The sampling multistage included two cities, five districts,
and 12 state high schools. To control the bias effect, the
respondents were randomly selected from two genders with
different age ranges. Their ages ranged from 16 to 18 (M =17,
SD =1.7).

Instrumentation

To collect the data, three scales were utilized regarding the
target variables. Two questionnaires were translated into Persian
and then back-translated by an expert translator to ensure
the accuracy of the translation. To probe the translated
versions, the original scales were examined by another expert
holding a Ph.D. in Applied Linguistics. It was done to ensure
the comprehensibility of the item, translation accuracy, and
to check any ambiguities in comprehending the message.
Next, the internal consistency was examined and reported.
In addition, all the scales were piloted in a similar context.
Specifically, to test the reliability of the scale within the EFL
context of Iran, a pilot study was conducted among 120 pre-
intermediated students learning English at three private English
language institutes. The results enjoyed adequate reliability
(a0 =0.87).

Epistemological Beliefs Questionnaire

Razmi and Jabbari (2021) EBQ has been regularly administered
as a well-known scale to appraise EBs. Originally, it comprised
63 items to be completed by the respondents. However, the
appropriateness of this scale has been criticized for being long
with confusing items. Accordingly, different adapted versions
were validated in a setting different from the original one. For
this study, an adapted version of the EBQ has been validated by
Rezaei (2010). Rezaei examined the reliability and factor analysis
of revised EBQ among 518 Iranian students studying different
majors. To test the construct validity, exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) were run. The EBQ
scale enjoyed high reliability (o = 80.5) and validity indices. The
revised EBQ comprised 16 items in either the negative or positive
extreme. It aimed to measure the knowledge (n = 9 items) and
learning agent (n = 7 items). The first dimension aimed to assess
the respondents’ assumption about the nature of knowledge
(e.g., If scientists try hard enough, they can find the truth to
almost anything; wisdom is not knowing the answers, but knowing
how to find the answers). The second dimension concerned the
learners’ assumptions about acquisition/learning (e.g., Learning
something well takes a long time or much effort; How much you
get from your learning depends mostly on your effort). Students
were asked to rate the statements on a five-point Likert scale
from 1 (strongly disagree), anchoring the right end to 5 (strongly
agree) anchoring the left end. In addition, the revised version
was piloted for this study. The questionnaire was distributed
among similar subjects (e.g., 100 junior high school students) in
Amol and Babol, Iran. Some of them also joined the follow-up
interviews to ensure the comprehension of all items. The scale
enjoyed the total reliability coefficient (o = 0.77). The reliability
coefficient for the subscale was as follows: simple/definitive
knowledge (a 0.78) and fast/fixed learning agent
(a0 =0.76).

General Self-Efficacy Questionnaire

The original GSEQ was developed by Sherer et al. (1982). It
comprised 23 items with a construct of two factors (i.e., general
and social self-efficacy). The general and social self-efficacy
explained 26.5 and 8.5% of the variance. The alpha coefficient
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TABLE 1 | Cronbach’s alpha coefficients for GSEQ.

TABLE 2 | Skewness, kurtosis, and normality test for different variables.

Sub-factor Items Alpha
Initiative 9 0.84
Persistence 5 0.82
Effort 3 0.73
Total 17 0.796

for the items is 0.86 and 0.70, suggesting that the items have
a relatively high internal consistency. The GSEQ was arranged
in a five-point Likert scale with 1 (not at all true) anchoring
the left end and 5 (exactly true) anchoring the right end. The
revised version comprised a construct of three factors: Initiative
(9 items), Persistence (5 items), and effort (3 items). The GSEQ
score ranged from minimum (17) to maximum (85). The score
of the following items: 1, 13, 8, 9, 3, and 15, will increase
from the right to the left, and the rest is vice versa. A higher
score indicates a higher level of self-efficacy. To examine the
internal consistency of the GSEQ in the EFL context of Iran, the
questionnaire was piloted among high school students (n = 210)
who were randomly selected from eight junior high schools. The
estimated reliability was found to be (o = 0.796). Table 1 reports
the reliability coefficient for each subscale.

As indicated in the table, all the subfactors (i.e., initiative, o =
0.84; persistence, a = 0.82; effort, a = 0.73) enjoyed a relatively
high level of reliability.

Strategy Inventory for Language Learning

Oxford’s (1990) SILL (version 7) was utilized to determine the
frequency of LLSs. The SILL included 50 items in six subscales:
(a) memory strategies utilized for storing and retrieving data (n
= 9 items), (b) cognitive strategy employed for comprehension
and production (n = 14 items), (c) compensation strategy aimed
to address boundaries in linguistic knowledge/ performance (n=
6 items), (d) metacognitive strategy aimed to plan, organize, and
monitor learning (n = 9 items), (e) affective strategy exploited
to control motivation and emotion (n = 6 items), and (f) social
strategies applied for interactive cooperation (n = 6 items). It
employed a five-point Likert type ranging from 5 (always or
almost always true of me) to 1 (never or almost never true of
me). The score in a complete SILL ranged from 50 (minimum)
to 250 (maximum). Different researchers (Griffiths, 2018; Habdk
and Magyar, 2018; Shirzad et al., 2020) reported the reliability
coefficients for the SILL ranging from 0.85 to 0.98. Tahmasebi
(1999) used CFA and EFA psychometric methods for validating
and norming the translated version of the questionnaire for the
Iranian students. The internal consistency of the scale was o =
0.91, suggesting that the translated version enjoys a relatively high
internal consistency.

Procedure

To collect the data, three questionnaires (i.e., EBQ, GSEQ, and
SILL) were disseminated both through the survey link and
through direct contact of the students. To undertake the study,
the Google Docs application was utilized as a platform to create

Construct Skewness Kurtosis Kolmogorov Smirnov*

SE Statistic SE  Statistics Statistics Sig.
Knowledge 0113 0.224 -0.162 0.364 1.695 0.006
Learningagent 0.302 0.224 —-0.535 0.364 2116 0.000
EBs 0.379 0.224 -0.077 0.364 1.529 0.019
Initiative —-0.040 0.224 -0.185 0.364 1.731 0.005
Effort -0.115 0.224 -0.116 0.364 1.521 0.02
Persistence 0.180 0.224 -0.159 0.364 1.681 0.007
LSE —-0.151 0.224 -0.217 0.364 1.814 0.003
Memory 0.275 —-0.222 0.364 1.134 0.153
Cognitive -0.46 0224 -0.175 0.364 1.090 0.186
Compensatory —305 0.224 -0.525 0.364 1.136 0.151
Metacognitive  0.322  0.224 —-0.639 0.364 1.023 0.246
Affective -0.311 0.224 —-0.506 0.364 2.056 0.000
Social —164 0.224 0.345 0.364 1.702 0.006
LLS —-137 0224 -0.173 0.364 1.361 0.049
*This is a lower bound of the true significance.
TABLE 3 | Outlier detection with Mahalanobis distance.

Minimum Maximum Mean SD N

MD 0.004 47.341 7.867 3.469 300
Leverage values 0.000 0.022 0.007 0.005 300

MD, Mahalanobis’ Distance.

online questionnaires. Besides, some hard copies were distributed
via the direct contacts of the researchers. Each questionnaire
was distributed during regular class time. The students were
asked to download each questionnaire and fill it out in the
classroom, which took 15min on average. They were asked to
complete the questionnaires as meticulously as possible. To avoid
fatigue, the instruments were administered at different intervals.
The data were collected over 3 months in 12 weeks during the
fall semester of 2019. A total of 240 students completed the
questionnaires. All were completed to maximize the response rate
(e.g., highlighting the benefits of the study, ensuring anonymity,
providing reinforcement to respond). To minimize the bias
effect, different high schools from three districts in two cities
were randomly selected to distribute the questionnaires. After
collecting the data, all the responses were screened for fact-
checking to promote the veracity and correctness of reporting.
Accordingly, a total of 130 questionnaires (29%) were not
qualified for the analysis because they were incomplete or
returned late. Specifically, 720 questionnaires (86%) met a valid
response rate of 95%. Then, all the valid data were analyzed in the
statistical package for the social science (SPSS) and the analysis of
moment structures (AMOS) software using the SEM approach.

Data Analysis
The data were analyzed using the SPSS version 22 and the
AMOS version 20. The SPSS was employed to run descriptive
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FIGURE 2 | Standardized (8) coefficients for CFA analysis and error variance of LSE.

- 52
persistence

statistics, and to check the normality of the data. The AMOS
software was utilized to examine the probable structural relations
between the independent variables (i.e., EBs, LSE) and the
dependent variables (i.e., LLSs). SEM is a theory-driven and
analytic procedure that provides the capability of path analysis
to examine the interplay among various latent and observed
variables with the capacity of factor analysis to ensure the
construct validity of the factors and subfactors (Clark-Carter,

2010; Creswell, 2014). To run the SEM, both measurement and
structural models are used. The former examines the interplay
between a latent variable and its indicators. The latter checks the
relation between the latent variables (Kline, 2011). Thus, CFA
and expectation-maximization algorithm (EMA) were used to
check the validity and missing items. Following Kline’s guidelines,
the goodness-of-fit indices (GFI) were utilized to examine the
validity of the hypothesized model. The indices included x2/df,
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root mean square error of approximation (RMSEA). To check the
parameters of distribution by promoting a likelihood function,
maximum likelihood estimation (MLE) was utilized. Kline (2011)
proposed that the values of these indices are acceptable if RMSEA
< 0.06, x2/ df < 3, CFI > 0.95, TLI > 0.95, and GFI > 0.95.

Screening the Assumptions of Normality

To answer the research questions, some preliminary steps were
taken to check the assumptions for normality of EBs, LLSs, and
LSE. In so doing, skewness and kurtosis analyses of the target
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variables were run. Table 2 illustrates skewness, kurtosis, and ~ bounds for the different constructs. It implies that the values

normality analysis for the subscale of EBs, LSE, and LLS. of skewness for the subfactors fall between - 3 and + 3, and
As indicated in Table 2, the distribution of data is normal,  kurtosis range from - 10 to + 10. Specifically, the measure
and the measure of skewness and kurtosis are at appropriate  of skewness (range = —0.040 to 0.379) and kurtosis (range =
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—0.077 to —0.639) are at appropriate bounds for the different
subscales. In addition, the result of the KS test indicated that
the data were not normally distributed (p > 0.05). To identify
multivariate outliers, the Mahalanobis test was run. Mahalanobis
distance (MD) determines the multivariate outliers. A maximum

MD larger than the critical chi-square value (p < 0.001) for df =
k (i.e., the predictor construct) shows the number of one or more
multivariate outliers (Aryadoust and Raquel, 2020).

TABLE 7 | Goodness-of-fit indices of the EBs, LSE, LLSs.

TABLE 4 | Conformity of measurement models with fitness indicators. Fit index Pre::lr::ce g::::;]igv‘;::z: zt:f:::n;:i\;ia::‘e
Constructs CFI X2/df GFI TLI RMSEA Sig.

X2 /df <3 3.042 2.847
LSE 0.957 104 0.967 0972 0.048 0000 X - 319.41 296.088
EBs 0.954 72 0.93 0.968 0.031 0000  Df - 105 104
LLSs 0.984 24 0982 0985 0.032 0.000  RESMA <0.1 0.051 0.041

AGFI <0.90 0.897 0.990

NFI <0.90 0.909 0.982
TABLE 5 | Composite reliability for EBs, LSE, and LLSs. CFl <0.90 0.923 0.993
Construct AVE CR Cronbach alpha

TABLE 8 | Direct maximum likelihood estimation for LLSs.
Knowledge 0.723 0.839 0.745
Learning agent 0.521 0.770 0.786 Variable Unstandardized Standardized R? T Sig.
EBs 0.539 0.766 0.824 coefficients coefficients
Initiative 0.567 0.793 0.811 B B
Effort 0.555 0.751 0.754
Persistence 0.590 0.801 0.796 EBs —0.482 -0.380 0.183 5.739 0.001
LSE 0.53 0.916 0.854 LSE 0.243 0.167 0.042 3.421 0.002
Memory 0.555 0.895 0.752
Cognitive 0.553 0.832 0.798 TABLE 0 | B . - . - LSS with
Compensatory 0.507 0.810 0.731 mediatin&; |LScI>Ec.>tstrap estimate of indirect effect of EBs on S wit
Metacognitive 0.502 0.734 0.751
Affective 0.728 0.839 0.769 Variable B Lower Upper Sig.
Social 0.572 0.759 0.824 limit limit
LLSs 0.555 0.726 0.846 ) -

EBs with mediating 0.441 0.260 0.497 0.000
AVE (o > 0.5); CR(p > 0.7). role of LSE on LLSs
TABLE 6 | Pearson correlation matrix among EBs, LSE, and LLSs.
F M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 45.97 5.87 1
2 40.63 4.34 *0.82 1
3 81.08 12.25 **0.62 *0.51 1
4 11.82 2.45 **0.29 **0.33 **20. 1
5 21.68 2.58 **-0.18  **-0.18  *-0.18  *0.52 1
6 13.83 3.38 *-0.17  **-018  *-0.17  *0.49  **0.55 1
7 41.18 5.04 *-020 **-019  *-0.21 *0.54  *0.67  *0.62 1
8 24.38 3.67 *-0.19  **-019  *-0.17  *0.21 *0.16  *0.15  *0.19 1
9 33.17 2.89 *-0.17  **-018  *-0.18 *0.19  *0.17 19 *0.21 *0.51 1
10 15.96 2.32 *-0.30 *-0.27 **-0.26  *0.31 019  *0.20 *0.25 *0.43  *0.43 1
11 19.74 1.23 026  *-0.26  **-0.21 *0.25 017  *0.21 *0.24  *0.35 *0.50 **0.48 1
12 18.06 1.45 *-023 **-0.20 022 *0.25 *0.10 017  *™0.22 *0.48 *0.52  **0.68  **0.51 1
13 15.73 1.22 *-022 **-0.26 *-037 *0.53 *0.20 *0.22 *0.22 **0.66 **0.65 **0.68  **0.40  **0.63 1
14 127.08 8.74 **-0.21 **-0.28 **-0.33 **0.60 **0.22 **0.22 **0.23 *0.74 **0.40 **0.46 **0.51 **0.46 **0.64 1

1. Knowledge; 2. Learning agent, 3. EBs; 4. Initiative; 5. effort; 6. persistence 7. LSE 8. Memory; 9. Cognitive; 10. Compensatory; 11. Metacognitive; 12. Affective; 13. Social; 14. LLSs.
P < 0.01.
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As indicated in Table 3 (K = 28.87; df = 19-1, p < 0.005),
the minimum and maximum MD are 0.004 and 0.47, 0.341,
respectively. The MD analysis indicates that 15 multivariate
outliers do not match the general character of the dataset, and the
total number of students (n = 258) falls within the normal range.

Validation of Scales: CFA and Composite
Reliability

To assure the construct validity of the instruments, CFA was run.
The following models were designed and analyzed by the AMOS
Graphics. Each figure schematically represents the standardized
(B) coefficients for CFA analysis, different degrees of observed
variables along standardized and unstandardized indices (see
Figures 2-4).

The standardized (B) coefficients for CFA analysis indicate
that all observed variables are above 0.30. Table 4 reveals that
all observed variables for the different subscales fall within the
acceptable model fit for LSE (i.e., CFI = 0.957; df = 104, GFI
= 0.967, TLI = 0.972, RMSEA = 0.048), EBs (i.e., CFI = 0.954;
df = 72; GFI = 0.93, TLI = 0.968, RMSEA = 0.031), and LLSs

(i.e., CFI = 0.984; df = 24; GFI = 0.982, TLI = 0.985, RMSEA =
0.032). Thus, all the values illustrated for the model confirm that
the factor loading of all the subscales for the variables are within
the acceptable range and should be considered for the current
study. Table 4 summarizes the confirmatory measurement model
with the indicators.

In addition, the convergent validity of the measurement
model was examined by the average variance extracted (AVE)
and composite reliability (CR). Following Fornell and Larcker’s
(1981) guidelines, the values of each indices are acceptable if AVE
(p > 0.5) and CR (p > 0.7).

Table 5 indicates that the AVE and CR for all the components
are above the criterion limit. Thus, it could be concluded that all
questionnaires enjoy internal consistency as far as AVE and CR
are concerned.

To probe the interconnections among the main constructs
(i.e., EBs, LLSs, and LSE), Pearson product-moment correlation
was employed. Table 6 indicates the Pearson correlation
matrix among EBs, LSE, and LLSs along with all the
relevant subfactors.
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The results of descriptive statistics and Pearson correlation
matrix among EBs, LSE, and LLSs indicate a significant
correlation between two subfactors of EBs and three subfactors
of LSE and LLSs. Notably, there is a significant negative interplay
between EBs and LLSs. This implies that students with a higher
level of EBs employ fewer learning strategies. Besides, there
is a significant positive correlation between the total LSE and
total LLSs. This shows that when language self-efficacy increases,
students tend to use more learning strategies.

After conducting first-order CFA, the SEM approach was
conducted to uncover the causal effects in the hypothesized
model and to test the significance of the effects of the main latent
variables. The second phase of the study was to examine if EBs
and LSE significantly predict LLSs among high school students.
Therefore, different fit indices were tested to evaluate the model
fit. Table 7 indicates the GFI of the target variables.

Table 7 indicates that RMSEA (0.051) lies within the
preference value (p < 0.1). This value represents that the mean
square error of the revised model falls within the acceptable
fit threshold. Following the guidelines proposed by Aryadoust
and Raquel (2020), all the fit indices (i.e., AGFI = 0.990; NFI
= 0.982; CFI = 0.993; df = 2.847), enjoy the acceptable fit
threshold. Accordingly, the revised measurement model was
considered appropriate for further analysis. Table 8 indicates
the regression analysis and coefficients for exogenous and
endogenous variables. To determine the direct effect of EBs and
LSE on LLSs, the MLE method was run. The MLE estimates the
subfactors in distribution by maximizing a likelihood function
(Richard, 2018). Table 8 indicates the result of the MLE for
LLS.

Table 8 indicates that the standardized coefficients of EBs
(B = —0.380, p < 0.001) and LSE (B = 0.167, p < 0.001)
are significantly predicted by LLSs. In addition, R? for the EBs
(R? = 0.183) and LSE (R? = 0.042) reveals that the conceptual
model is statistically significant. To examine the indirect effects
of EBs on LLSs with the mediating role of LSE, bootstrapping
regression model was run. Table 9 reveals the bootstrap estimate
of the indirect effect.

Table 9 indicates the standardized beta coefficients (8 = 0.441,
the lower limit = 0.260, upper limit = 0.422; p < 0.05). The
result of the bootstrap for testing the indirect effect shows a
significant level. In short, the path analysis for all direct and
indirect effects predicts 34% of LLSs. The results show that
EBs reduce LLS by 38% and LSE increases LLSs by 167%.
Figure 5 indicates the interrelationship among the EBs, LSE, and
LLSs.

DISCUSSION

The purpose of this study was to investigate the significance of the
EFL learners’ EBs and LSE in predicting their LLSs. To pursue
the objectives, the interplay among EBs, LLSs, and junior high
school LSE along with their components was examined using the
SEM approach. The results of the SEM analyses indicated that
the constructs (i.e., EBs and LSE) had a different contribution
to LLSs. The standardized paths after correction for direct and

indirect analyses revealed a direct and indirect effect on the EFL
learners’ LLSs concerning the exogenous factors (i.e., EBs and
LSE). Notably, the results indicated that the subfactors of EBs and
LSE significantly affect the subfactors of LLSs. The correlation
coefficients among the two general variables of EBs and LSE
were found to have significant positive and negative effects
on LLSs.

The primary focus of this study was to probe whether
EBs positively predict learners’ LLSs. The path analysis of the
hypothesized model revealed that EBs have a direct significant
effect on LLSs. It has been hypothesized that EBs promote
students’ learning strategy which in turn may affect their
academic achievement. The findings revealed that EBs with
the mediating role of LSE on LLSs had a significant negative
correlation with the subscales of LLSs. Notably, the findings
suggested that EBs had an indirect effect on the types of strategy
L2 learners may employ in the learning process. This finding
implies that when students feel competent in their knowledge,
they employ less learning strategy. The result echoes some
theoretical studies (Bandura, 1997; Hofer and Pintrich, 1997;
Hofer, 2016) that released evidence for the different aspects
of EBs. The findings of such theoretical studies indicated a
significantly strong correlation between the learners’ LLSs and
EBs. They postulated that some dimensions of EBs are negative
predictors of academic achievement. They underscored that
students are more unlikely to use different strategies when they
show stronger beliefs in their knowledge and learning agent.
Similarly, the findings corroborated the previous claims by
L2 practitioners (e.g., Oxford, 2017; Griffiths, 2018; Chamot,
2019; Winberg et al., 2019; Tang, 2022). They corroborated that
learning strategies are consistent with the beliefs held by learners.
Different qualitative studies discussed in the literature review had
also confirmed that the learners’ beliefs (i.e., the beliefs about
knowledge and learning) can influence the learning strategies
their academic achievement (Habdok and Magyar, 2018; Liu et al.,
2019; Yang et al, 2019; Cheng, 2020; Mercer and Dornyei,
2020). Such studies provided evidence that the level of the
learners’ beliefs affected their academic language achievement.
Similarly, some authorities (Duell and Schommer-Aikins, 2001;
Hofer, 2016; Griffiths, 2018) in the L2 professional literature
highlighted that learning conception, thinking on the essence
of knowledge, and learning strategies are interrelated with
each other. Accordingly, they might have different positive and
negative impacts on language learning. This study identified that
the EBs influenced LLSs in a negative direction. The finding
is consistent with Shirzad et al. (2020) corroborating that the
level of the learners’ EBs influence the type of strategies they
utilize. Similarly, they concluded that the students who evaluate
themselves as competent in their knowledge did not use strategy
in terms of language learning. Therefore, it could be suggested
that the higher the EBs, the fewer LLS would be employed in the
learning process by language learners. In addition, the finding of
the current study echoes the claim made by some practitioners
(e.g., Sherer et al., 1982; Ekinci, 2017) that the learners’ beliefs
about their efficacy in language learning might affect their
imitation, effort, and persistence. In other words, the high school
students’ beliefs in their competencies in employing appropriate
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strategies can predict their likelihood of effort, persistence, and
imitation. To simply put, the EFL students who have stronger
beliefs in their knowledge and learning agents are less likely to
experience LLSs.

The findings of this study added to the claim in the L2
professional literature that when the learners imagine themselves
as competent learners, they can use less learning strategy. The
results echo Cohen (2018) and Hofer (2016) who highlighted
the learners” beliefs and learning strategies. They underscored
that the beliefs held by the learners and learning strategies
play a pivotal role in the learning process. Specifically, the
findings proved the theoretical underpinning that EBs can
affect academic success. Accordingly, they corroborated Razmi
and Jabbari (2021) model for the learners’ beliefs in that EBs
of the learners are in line with the learners’ cognitive and
affective factors. Notably, this finding supports Razmi and Jabbari
(2021) theoretical claim that different aspects of the beliefs
about the structure and source of knowledge affect the learners’
academic achievement and psychological factors. Moreover,
several qualitative studies, discussed in the literature review
released evidence that the learners’ beliefs promoted academic
success (e.g., Morris et al., 2017; Lindner and Retelsdorf, 2019;
Takeuchi, 2019; Mercer and Dornyei, 2020). Similarly, some
practitioners (e.g., Liu et al., 2019; Yang et al., 2019; Cheng, 2020)
substantiated the predictive role of the learners’ beliefs in the
learning outcome and course satisfaction. They postulated that
the beliefs held by the learners about knowledge and learning
could affect their academic language achievement positively.

Another aspect of this study was to probe if LSE positively
predicts their LLSs. Despite sufficient evidence to justify the
positive effect of the learners’ beliefs, this paper hypothesized
that LSE may have a complex and unpredictable effect. Thus, it
has been hypothesized that LSE promotes their learning strategy
which in turn may foster their academic achievement. The
path analysis of the hypothesized model revealed that LSE has
a direct significant effect on LLSs. The analysis verified that
all direct and indirect effects could account for 34% of the
LLSs. The standardized tested model and correlation among the
components of LSE and LLSs indicated that the two constructs
(i.e., LSE and LLSs) correlated in a positive direction. Therefore,
it could be postulated that when the students have a high
level of academic self-efficacy, they use more learning strategies.
It implies that the students who had a higher level of LSE
seemed to employ greater LLSs. Moreover, some qualitative
studies highlighted that self-efficacy positively correlated with
the overall strategy use. Different studies (e.g., Bandura, 2006;
Pajares, 2007; Lindner and Retelsdorf, 2019; Liu et al., 2019;
Cheng, 2020) discussed in the L2 professional literature have
also acknowledged a positive interplay between these two
variables. The findings of the present study echoes different
bodies of studies (i.e., Schunk and Zimmerman, 2007; Hofer,
2016; Osiochru, 2018; Winberg et al., 2019) and suggests that
LSE was the robust predictor of LLSs. Moreover, the findings
supported Briten and Olaussen (2005, cited in Bandura, 2006)
who specified that learners with higher levels of LSE seem to
have higher knowledge beliefs. The result of the present study
affirmed previous studies that learners who had a higher level

of LSE also reported greater use of LLSs (e.g., Bandura, 2006;
Pajares, 2007). The findings of this study added the claim in
the literature that LSE might be increased teaching how to learn
LLSs. Specifically, the findings reinforced the claim made by
some authorities (e.g., Oxford, 2017; Cohen, 2018; Takeuchi,
2019) that learning strategies can promote different self-learning
(e.g., Selfefficacy, self-regulated learning strategies, self-directed
learning). Likewise, the findings support Cheng (2020) and
Liu et al. (2019) who claimed that LSE serves a self-regulatory
function. They postulated that LSE provides students with the
ability to affect their cognitive processes and actions. Overall,
the findings disclosed that LSE could affect LLSs in a positive
direction and it could foster academic success in general. This
finding might be a direction for future research.

CONCLUSION

Considering the findings of the study, some pedagogical
implications were made for those individuals who work as
educational planners, teachers, and learners in the educational
contexts. Furthermore, the results can be helpful for educational
policymakers to review their educational policies and programs
for teacher training according to the proposed model
Specifically, positive interconnections were observed between
two subfactors of EBs and three subfactors of LSE concerning
LLSs. Accordingly, a general conclusion for the current study is
that incorporating a focus on learners’ beliefs into L2 language
learning can promote EFL learners’ pedagogical efficacy in
general. A straightforward implication of the study is that LSE
should receive more attention from the language teachers and
language policymakers. Notably, more attention should be
given to fostering learners’ beliefs, in general, and promoting
LSE skills. Thus, L2 learners will not only get higher academic
achievements, but may also be motivated in learning, develop
autonomous learning, and self-regulate their academic activities.
To put it simply, a distinct conclusion for this study is that the
EFL students’ EBs and LSE can affect their choice and application
of LLSs. The findings illustrate that there is a negative correlation
between EBs and LLS, and there is a positive causal relationship
between LSE and LLSs. Notably, the model proposed in this
study suggests that the higher the students have epistemic beliefs,
the less likely they will adopt a wide range of LLSs. Besides, the
more LSE they have, the more likely they will use LLSs. This
reveals that the beliefs held by the learners and the level of LSE
influence the type of strategies they adopt. The proposed model
encourages material developers and school managers to consider
learners’ beliefs seriously to help students promote sophisticated
beliefs about knowledge and learning agent. However, due to the
limitations we encountered for collecting the data and selecting
the subjects at the high school level, we may not generalize the
findings to other contexts. Therefore, the current study could be
replicated to investigate the level of EFL learners’ EBs, reflective
thinking, learning strategy use, and the contribution of EBs to
their learning strategy use (i.e., cognitive, socio-affective, and
metacognitive strategies). Besides, future studies may be directed
if qualitative or mixed-method research designs with different
validated scales are adopted to generalize the findings.
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Current educational reforms concerning curricula and digitalization challenge educators
to meet new demands for learning and schooling. What is common for current
educational reforms is that they tend to emphasize competencies that are not related to
the traditional subject-matters and reflect a stance which presents learning as a naturally
reflective and collaborative act. It is often assumed that teachers are automatically ready
to implement ideas of this kind in practice. In this study, we propose that teachers’
theories about knowledge, knowing and learning, particularly their epistemic theories,
may be related to how teachers approach these reforms which challenge their previous
ways of working and how they perceive their wellbeing at work. To examine these
matters, we explored the dynamic interrelations between teachers’ epistemic theories,
conformity with the novel curricular and digital reforms (ideas behind the new curriculum
and digitalization program), perceptions of the school leadership, work engagement
and burnout. Participants (Study 1 n = 228; Study 2 n = 200) were Finnish class
teachers and subject-matter teachers. Both data sets were collected before the COVID-
19 pandemic. For data analysis, we plotted correlation network figures. Results showed
that if teachers’ epistemic theory was in harmony with the curricular or digital reforms,
there is a positive association with work engagement and negative association with
burnout. In sum, results of this provided a hint of the phenomenon suggesting that
teachers’ epistemic theories may be a factor which buffers teachers to meet the current
epistemic and developmental challenges of teachers’ profession, and furthermore, serve
as grounds for a positive association for teachers to feel adequate and satisfied in
their work.
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INTRODUCTION

While current policy documents concerning education have
started to reflect exceedingly complex theories on the nature
of knowledge and learning, new national curricula have
been introduced during the last 5 years in several parts
of the world followed by the Organisation for Economic
Co-operation and Development (OECD) guidelines for 21st
century competencies (OECD, 2018). Simultaneously, the overall
globalization megatrend has guided schools to take a digital
leap and therefore to reconsider the overall conceptions and
contexts of learning (e.g., Chiu et al, 2021). In implementing
these reforms, teachers play a central role and that is not an
effortless task.

Various teacher-related factors may foster or hinder the
implementation of curricular requirements, but teachers’ beliefs
are the filters, frames and underlying states of expectancy which
color teachers work, and from a wider perspective, schools’
organizational change (Rokeach, 1968; Fives and Buehl, 2012).
Especially teachers’ epistemic beliefs (beliefs about knowledge and
processes of knowing) are of interest when looking at the ideas
teachers put into action (Fives and Buehl, 2012, 2016). That
presumption is based on evidence showing that epistemic beliefs
may shape and predict which teaching practices and pedagogy
are applied (see e.g., Nespor, 1987; Pajares, 1992; Richardson,
1996; Fives and Buehl, 2012, 2016; Buehl and Beck, 2015). It
is also indicated that teachers epistemic beliefs (or personal
epistemologies or conceptions of knowledge and learning, as they
were referred to at the time) were related to their ideas about
how to foster learning of their students (Lonka et al., 1996; Hofer
and Pintrich, 1997). It has been also pointed out that teachers’
beliefs about learning and teaching could even become obstacles
to instruction, when teachers are overly relying on their intuitive
laypeople theories, for instance, teaching and learning as non-
problematic processes that can be learned by experience only
(Joram and Gabriele, 1998). However, epistemic beliefs are not
only separate beliefs about the nature of knowledge and knowing,
but together they construct coherent epistemic theories (Hofer,
2016; Lonka et al., 2021).

In the present article, we explore Finnish teachers’ epistemic
theories and their perceptions of the Finnish National Core
Curriculum (Finnish National Agency for Education, 2014)
which underlines the development of broad-based competencies
and interdisciplinary projects that cross the boundaries of
subject-matter learning (Lonka, 2018). In general, implementing
the new national curriculum reflected the growing trend of
emphasizing 21st century competencies and active citizenship,
as well as calling for metacognitive skills and collaborative
knowledge construction was something new, even reformative
(European Parliament, 2015). After this curricular renewal there
was a pressure to implement a more detailed digital strategy to
implement digital tools and digital learning practices better into
schooling in 2019. Related to this, we then studied how teachers’
epistemic theories are associated with their approaches to new
digital demands.

Adopting pedagogical ideas that are not based on traditional
subject-matter teaching and schooling practices and bringing

them into the classroom may fundamentally challenge teachers’
intuitive epistemic theories, as they need to rethink the basis
of their ideas about what learning is and how it should be
promoted. Therefore, we are also interested in how challenging
teachers’ epistemic theories are related to teachers’ wellbeing
at work, especially work engagement and burnout. There is
evidence indicating that shared and congruent beliefs about the
importance of desirable end states or behaviors relate to job
satisfaction and organizational engagement (Edwards and Cable,
2009). We focused on work engagement that typically manifests
itself as high dedication, vigor, and absorption at work (Schaufeli
et al., 2006). It is important that the work is experienced as
meaningful and aligned with the teachers’ state of expectations
and values. If there is a match between teachers epistemic
theories and the ideas behind the reforms, it may promote
work engagement.

In turn, if occupational stress is prolonged and gradually
becomes chronic, it may lead to burnout (Maslach et al., 2001;
Schaufeli et al., 2002; Salmela-Aro et al., 2011). There also is
evidence that a lack of social or administrative support or a lack
of coherence between the teacher and the working environment
may be the kinds of stressors that pose a risk of burnout (Verquer
etal., 2003; Cable and Edwards, 2004; Pillay et al., 2005; Kokkinos,
2007; Sharplin et al., 2011). Recently, there have been many other
challenges in schools even before the advent of the COVID-19
pandemic, such as financial cuts, a refugee crisis and an ambitious
inclusive approach in Finnish schools: there can be students from
a range of socio-economic and ethnic backgrounds as well as
special needs students in the same class (Lonka, 2018).

To examine these matters, we studied the dynamic
interrelationship  between teachers’ epistemic theories,
conformity with the new curriculum and digital demands
(ideas behind the new curriculum and digitalization program),
perceptions about pedagogical leadership, work engagement
and burnout. We investigated the correlation networks in two
different datasets that helped us to point out the connections
between these variables. These matters were first studied at the
time when the new curriculum was introduced (2016; Study
1). Then we studied the same matters 4 years later, except
the main challenge was no longer implementation of the new
curriculum, but the new strategy for successful digitalization
process in Finnish schools (2019; Study 2). We assumed that if
teachers’ epistemic theories were in line with the ideas behind
the curriculum reforms, it would be manifested as conformity
in implementing the new practices, and moreover, it would
relate to higher work engagement and lower rates of burnout.
Moreover, it was presupposed that major changes in teachers’
work call for an empowering or servant kind of leadership
(Upadyaya et al., 2016).

Teachers’ Epistemic Beliefs Constitute
Epistemic Theories

Teachers maintain a range of beliefs about knowledge and
knowing. These beliefs are considered to be epistemic beliefs,
and they are independent beliefs about knowledge, especially
about the nature of knowledge and knowing, and how knowledge

Frontiers in Psychology | www.frontiersin.org

April 2022 | Volume 13 | Article 861437


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Lammassaari et al.

Exploring the Relations Among Teachers’

can be acquired and justified (see e.g., Schommer, 1990; Hofer,
2000, 2004). Epistemic beliefs have links to several facets of
knowledge-related functioning. Schommer (1990) and Lonka
and Lindblom-Ylidnne (1996) showed that students’ epistemic
beliefs were closely related to their conceptions of learning (see
also Lonka et al., 2021). Further, when investigating teachers’
epistemic beliefs, they have shown to be closely connected with
teachers’ beliefs about teaching and learning (Maggioni et al.,
2009; Olafson and Schraw, 2010). Epistemic beliefs also have a
practical dimension: among teachers, epistemic beliefs are related
to their instructional practices, such as how they help students
in acquiring knowledge, building understanding on learning, and
seeking for the truth (Nespor, 1987; Pajares, 1992; Hofer, 2004;
Tsai, 2007; Maggioni and Parkinson, 2008; Vedenpid and Lonka,
2014; Buehl and Fives, 2016).

Epistemic  beliefs  constitute systematic =~ dimensional
constructs, namely, epistemic theories (Hofer, 2016; Muis
etal., 2016; Lonka et al., 2021) that are also as an essential part of
broader cognitive construction referred to as epistemic cognition
(Chinn et al., 2011; Hofer, 2016; Lonka et al., 2021). This term
is holding a position as an umbrella term for various kinds of
cognitive processing related to epistemic matters (e.g., Greene
etal., 2016; Hofer, 2016). The term personal epistemology has also
been used (Hofer and Pintrich, 1997), but as terms, epistemic
cognition and epistemic beliefs have recently been the most
predominant (Sinatra, 2016), especially epistemic cognition
holding a position as an umbrella term for various kinds of
cognitive processing related to epistemic matters (e.g., Greene
et al., 2016; Hofer, 2016). Common in epistemic beliefs and
epistemic theories is their multidimensional nature meaning
that separate beliefs constitute belief systems which may or may
not develop in a synchronized way (Schommer, 1990, 1993;
Hofer and Pintrich, 1997; Hofer, 2004). This multidimensional
approach for epistemic beliefs can be distinguished from other
approaches such as developmental or contextual approach which
represent a slightly different perspective on epistemic beliefs (see
e.g., Hofer, 2016).

On the basis of work by Lammassaari et al. (2021) and
Lonka et al. (2021), the present article explores two quite
general dimensions of teachers’ epistemic theories that were
confirmed both in Finnish and in Taiwanese context: the
knowledge transmission theory and the reflective-collaborative
theory. The former sees knowledge as certain and simple in
nature, referring to the process of knowing as mere transmission,
and the justification of knowledge being based mostly on certain
facts delivered by the teacher. The latter epistemic theory
presents knowledge as complex, relativistic and integrated in
nature, and the process of knowing is creative, constructive
and collaborative, and the source of knowledge is mostly based
on scientific references and methods, which can be critically
reflected by applying metacognitive processes. Whereas the
knowledge transmission theory is often manifested as passive
reproduction [e.g., the review by Fives et al. (2015)], the
reflective-collaborative theory could be seen more as active
knowledge construction (Lonka, 1997; Deng et al., 2014). As
these two kinds of theories may occur rather clearly, they are
not necessarily opposite (Lammassaari et al., 2021). In higher

education, such theories have also been referred to as the
student-centered approach, aimed at facilitating students’ learning
processes and knowledge construction, and the teacher-centered
approach which emphasizes a way of teaching in which students
are more like passive recipients of information that transmitted
from the teacher to the students (e.g., Trigwell and Prosser,
1996a,b; Kember and Kwan, 2000; Postareff and Lindblom-
Ylanne, 2008). These approaches may be field-related: recently
Lonka et al. (2021) showed that pre-service teachers were more
likely to express the reflective-collaborative epistemic theory
than higher education students from other fields. Less is known
about how teachers’ epistemic theories are in line with the novel
challenges of their profession (e.g., implementing new curricula
or demands related to digitalization), and how it is related to
teachers” wellbeing at work.

Curricular and Digital Reforms in
Schools

In addition to the traditional subject-matter content, new,
modernized curricula around the globe reflect new learning-
related aims as they have begun to introduce content such as
transversal competencies and interdisciplinary learning to be
implemented in education at all levels (Lonka, 2018; OECD,
2018). Alongside the nation-specified curricular work, the OECD
as a global, widely acknowledged policy forum has notably
had its impact on the future of education. As an example,
the OECD’s Learning Compass (OECD, 2019) is a framework
which presents not only shared language for international
education-related discussion, but also a broad vision for the
future of learning and desired competencies. It expresses “the
need for students to learn to navigate by themselves through
unfamiliar contexts and find their direction in a meaningful and
responsible way, instead of simply receiving fixed instructions
or directions from their teachers” (OECD, 2019, p. 24). These
agency-related and competence-related ideas come alive in
schools when constructivist, collaborative and reflective learning
activities are required. However, it seems that implementing
such inherently complex ideas into teaching is more difficult
than the educational community tend to expect (Windschitl,
2002). Moreover, it has been shown that although teachers
may express the desire to maintain nuanced epistemic beliefs
and theories in harmony with the epistemic ideas of the new
curricula, their actual classroom practices could continue to
be quite traditional (Hofer, 2001; Vedenpédd and Lonka, 2014;
Buehl and Fives, 2016).

In the ideal situation, technology use should co-evolve
hand-in-hand with novel learning and teaching practices
(Hakkarainen, 2009; Lonka, 2018). Before the COVID-19
pandemic, the overall digital transformation in schools tended
to be inert, the reason probably being that using digital
technologies successfully in education call for fundamental
changes in the knowledge practices in schools and other
institutions (Hakkarainen, 2009). At present, collaborative
tools and data-enriched technologies are increasingly about
to be adopted in education (OECD, 2018), but that still
requires both strong developmental upbeat from teachers, and
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readiness to review critically one’s own beliefs, expectations and
conceptions about learning.

Becoming a modern learning environment, various practices
to enable both individual and collaborative professional growth
must be adopted. According to Vaara and Lonka (2014), this
requires dynamic pedagogical leadership which occurs in schools
mostly at the interface between the traditional domains of
classroom activities and formal administration. Such leadership is
often characterized by empowerment and accountability, namely
servant leadership (Russell and Stone, 2002), and it creates
opportunities for employees, helping them to grow. This kind
of leadership promotes work-specific and general wellbeing but
also seems to buffer against the negative impact of workload
(Luthans, 2002; Luthans and Avolio, 2003; Upadyaya et al., 2016)
which might appear especially during reform situations which
fundamentally change the basic principles of one’s work.

Wellbeing at Work

In the present study, wellbeing at work was approached through
work engagement and burnout. Work engagement is a positive
state of mind that reflects one’s experience about one’s work
(Schaufeli et al., 2002; Bakker et al., 2011). According to Schaufeli
and Bakker (2004), engagement is a multidimensional factor
which reveals to how vigorous, dedicated and absorbed teachers
felt while working. Energy means having the will to invest
mental resources in work, including persistence, which also helps
to work resiliently in challenging situations and environments.
Dedication is a dynamic combination of enthusiasm, sense of
meaning, and deep devotion about work. For its part, absorption
reflects deep concentration and attraction to work. Energy and
dedication are often considered to be the key elements of work
engagement, whereas it is disputed whether absorption is more
like the third key dimension of work engagement or rather a
consequence of it (Bakker et al., 2008).

While experiencing work engagement, there appears to be a
positive individual-workplace relationship which is beneficial for
both the organization and the individual (see e.g., Macey and
Schneider, 2008; Bakker, 2011; Eldor, 2016). There is evidence
that work engagement is related to not only individual proactivity
but also how innovative the working community is (see e.g.,
Hakanen et al., 2008). Work engagement is typically a stable state
which makes the difference to the experience of flow that is linked
to a certain situation or context, for instance (Schaufeli et al,,
2002; Bakker, 2011). Still, work engagement doesn’t appear in a
vacuum: both work-related resources and personal resources are
factors that relate to how the individual experiences their work
(Bakker and Demerouti, 2007; Luthans et al., 2008; Hakanen
etal., 2011). Work-related resources might be physical resources,
social environment and support for personal professional growth,
and personal resources such as individual abilities, competencies
and resilience. According to Bakker and Demerouti (2008), these
two types of resource, independently or in combination, predict
work engagement.

In teachers’ work, its independent nature, sense of competence
and support from colleagues and school leaders are found to be
such organizational resources that are positively related to work
engagement (Rosenholtz and Simpson, 1990; Coladarci, 1992).

While personal resources are presented as being positive
self-evaluations linked to sense of ability to control and impact
on one’s professional environment (Xanthopoulou et al., 2009),
we propose that one personal resource in teachers’ work might
be their approach to learning in general. First, referring to
processes and outcomes related to teachers’ own learning, teacher
learning has been found to be a factor that is valuable, especially
during school reforms (Bakkenes et al., 2010). In contrast, if
teachers’ intentions and epistemic theories are not in line with the
demands of the new curriculum, their readiness to change their
thinking and practices may hinder. Second, there is evidence in
the student-context that appreciating a certain kind of learning
(in this case, reflective learning) was positively related to study
engagement (Heiskanen and Lonka, 2012). Lonka et al. (2021)
also found that students who maintained collaborative-reflective
epistemic theory expressed higher levels of study engagement,
and furthermore, they were more likely to be student teachers
than, e.g., science or engineering students. Based on these
findings, it seems that in different academic cultures, a certain
type of epistemic theory may create a positive relationship to
engagement, especially if it is shared institutionally and in the
community at hand (see also Lonka et al., 2019).

Job-related burnout, in turn, is a psychological, gradually
developing syndrome in response to prolonged stress on the job
(Maslach and Leiter, 1999; Maslach et al., 2001). It manifests
itself as symptoms of exhaustion, cynicism, and professional
inefficacy (see e.g., Maslach et al., 2001; Maslach and Leiter,
2005; Hakanen et al., 2006) or alternatively sense of inadequacy
(Salmela-Aro et al., 2011). Exhaustion refers to lack of emotional
energy, feelings of tension and particularly chronic fatigue caused
by overstraining work while the second symptom, cynicism, is
a detached or a distant attitude about work and a disaffected
attitude to the people with whom one works, leading to low
organizational commitment and feeling that work has lost its
meaning (Maslach et al, 2001; Schaufeli and Buunk, 2003;
Hakanen et al., 2006). The third symptom, lack of professional
efficacy or sense of inadequacy, refers to a sense of incompetence
and feeling of lacking successful achievement and productivity at
work (Hakanen et al., 2006; Salmela-Aro et al., 2011).

How burnout evolves has been widely discussed. Previous
studies in work contexts have shown that time pressure, work
overload, emotional burden and lack of social or administrative
support are all positively correlated with burnout symptoms
(Schaufeli and Bakker, 2004; Hakanen et al., 2006; Kokkinos,
2007). Moreover, the lack of congruence and accordance between
an employee and the working environment have been found to
increase stress and job dissatisfaction, and therefore produce an
increased risk of burnout (Pillay et al., 2005; Sharplin et al., 2011).

In comparison to other academic client-related professions,
the average level of experiencing burnout symptoms among
teachers has been found to be comparably high (Maslach et al.,
1996; Schaufeli and Enzmann, 1998). Continuous challenging
interaction situations, experiencing an intense work pace,
heavy workload and an increasing number of administrative
assignments are examples of such factors that pose a burnout risk
for teachers (Leithwood et al., 1999; Hargreaves, 2003; Lindqvist
and Nordinger, 2006; Skaalvik and Skaalvik, 2010). Also, it has
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been found that prolonged unsolved problems and perceived
destructive frictions within the professional community play a
role in the stage of burden that is experienced, gradually leading
to the development of teacher burnout (Pyhalto et al., 2011).

Teacher burnout is not only an individual matter, but it
might also have its dynamic and complex reflections to the
working context in hand. Retelsdorf et al. (2010) found that
teacher burnout is related to an increased use of performance-
oriented teaching practices. In turn, they are related to lower
improvement in the students’ conceptual application skills
(Fraser, 1998; Gillies and Ashman, 2003). Moreover, Smylie
(1999) showed that teachers’ burnout was inversely related to
schools that have been classified as innovative and learning-
oriented working communities. In contrast, if individuals who
should adopt something new and simultaneously have a strong
belief in certain and stabile facts, they may cling to their prior
knowledge and focus only on things that support what they
already know (Schommer-Aikins, 2011). In the teacher context,
this could lead to being incapable of the cognitive flexibility that
educational reforms inevitably call for. In this study, we assume
that teachers’ epistemic theories may color the way they perceive
the novel epistemic aims of obligatory curricula and new digital
demands, and therefore how much burden teachers express in
their work — manifesting as burnout.

Context of the Study

This study was carried out in Finland, where the National Core
Curriculum for Basic Education (Finnish National Agency for
Education, 2014) is an obligatory document for “basic education”
(classes 1-9) nation-wide. The National Curriculum of Basic
Education (Finnish National Agency for Education, 2014) came
into force in 2016, and it introduced a requirement to implement
a set of broad-based competencies, as well as requiring regular
projects that bridge across the borders of subject-matter domains
to be carried out. Simultaneously, the Finnish National Agency
for Education (2015), which included similar ideas about learning
and competencies was about to be implemented. This curricular
content and requirements are created by a group of municipal
officials, scholars and experts, and they also guide local curricula
development. The core goal for this curricular reform was to
strengthen students’ own activity and to increase the sense
of meaning of content overall (Finnish National Agency for
Education, 2014, 2015). Both the learning goals and learning
content were revised to bring them into line with the competence
and knowledge requirements of a modern society. In the Finnish
National Agency for Education (2014) and for Finnish National
Agency for Education (2015) this was manifested as referring
to the importance of learning to learn, and as a demand to
apply collaborative practices, creative and critical thinking, self-
regulatory skills, continuous evaluation of one’s own learning
and meaningful use of information technology in instruction.
In this study, we operationalized the new curricular demands
to call for reflection and collaboration, whereas more traditional
ways of instruction based on teaching certain and simple facts
would be an aim that is contradictory to the ideals of the current
curriculum. Our first data set was collected in 2016, just after the
new curriculum implementation process was started.

Technology-enhanced pedagogy has been actively put into
practice hand in hand with curricular reform of the Finnish
basic education. The prevalent basic education curriculum
(Finnish National Agency for Education, 2014, p. 29) makes it
imperative for information technology to be “an essential part
of multifaceted learning environments” and “novel solutions
related to information technology will be adopted to enhance and
support learning.” Our second data set was collected in 2019,
when the new, municipality-specified digitalization program
aiming at bringing digitalization into the core of learning and
education was supposed to be implemented and applied in
schools that are represented in our data (City of Helsinki
Education Division, 2015). Besides enhancing students’ future
skills and updating the concept of learning environment, one
of the key goals of the digitalization program was to develop
teachers’ pedagogical and digital competencies. Another was
to bring change management to school principals (City of
Helsinki Education Division, 2015, 2016). In this study, the new
digital demands were operationalized to call for teachers” overall
active role in developing their digital pedagogy and use digital
tools in teaching.

Aims
In this study, we explored the relations among teachers’ epistemic
theories, contemporary challenges of teachers’ profession and
wellbeing. We aimed to find out how teachers’ epistemic theories
are connected to the novel ideas and requirements of modern
curricular and digital demands, perceptions of pedagogical
leadership work engagement and burnout. On this basis we posed
the following research questions:

What are the dynamic interrelationships between teachers’
epistemic theories, work engagement, burnout, and perceptions
of pedagogical leadership:

1. In relation to the new curriculum demands, when was the
new curriculum introduced in 2016 (Study 1)?

2. With approach to digital pedagogy and demands set for
it when new digital strategy was introduced in 2019
(Study 2)?

We expected that teachers who entertained reflective-
collaborative theory, coherent with the new curricular and
digital demands, would report higher work engagement
and lower burnout. In contrast, it was assumed that
teachers who entertained an epistemic theory that reflects
knowledge transmission would report lower engagement
and higher burnout. Based on previous research we
assumed that implementing the curricular reforms described
above would require dynamic pedagogical leadership
(Vaara and Lonka, 2014).

MATERIALS AND METHODS

Participants

Study 1

The participants (n = 228) were teachers from two major cities
and one town in North-East area of Finland. Participants were

Frontiers in Psychology | www.frontiersin.org

April 2022 | Volume 13 | Article 861437


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Lammassaari et al.

Exploring the Relations Among Teachers’

teaching in comprehensive schools as class teachers or subject-
matter teachers in middle school or upper secondary school. The
participants represented a range of subject-matter domains and
were at various stages of their career.

Study 2

The participants (n = 200) were class teachers, subject-matter
teachers, and special education teachers in a major city in Finland.
They were working either in a primary school or middle school.
The participants represented various subject-matter domains and
stages of their career.

Procedure

Study 1

The data for the Study 1 were collected by a teacher questionnaire
in 2016 as a part of the Mind the Gap study (Academy of
Finland, 265528). This convenience sample represented selected
schools which participated in the research project (2013-2016).
The overall project aim was to examine prevailing gaps between
the personal and social practices of students and those of their
schools and the educational institutions.

Study 2

The data for Study 2 were collected by a teacher wellbeing
questionnaire in 2019 in selected six schools as a part of the
ongoing Growing Mind study (Strategic Research Council of the
Academy of Finland, 312527). These six schools were chosen
to be a part of this cooperative project aiming at producing
developmental activities related to the aims of the new core
curriculum and teachers’ professional development.

In both studies, the participating schools were contacted by
the principal investigators of the project and the teachers at
these schools were asked to complete the questionnaire. Both
questionnaires were conducted electronically.

Data collections were carried out in line with the ethical
guidelines for research (National Advisory Board on Research
Ethics, 2019), basing the participation on volition, ensuring
participants’ anonymity of participants, as well as storing and
handling the data according to the ethical permission obtained
from the University of Helsinki.

Instruments

Instruments for Study 1 and Study 2

Teachers’ epistemic theories were measured with 12 questions
that first posed the same item at the idea level (A), and then
at the practical level (B) (Vedenpdi and Lonka, 2014; see
an example in Table 1) on scale 1-6 (1 = totally disagree;
6 = totally agree). Their instrument was based on the MED
NORD questionnaire (Lonka et al., 2008), which was originally
developed for assessing medical students’ conceptions and
orientations to knowledge and learning. The original version
consisted of 93 items, and later the briefer versions were
formulated based on the original version. In this study, four
scales were used valuing metacognition, collaborative knowledge
construction, certain knowledge, and simple/surface learning.
Each scale consisted of three items. As in our more recent study,
the first two scales formed reflective-collaborative theory and the
last two formed knowledge transmission theory (Lammassaari
et al,, 2021). Reflective-collaborative theory emphasized teaching
as a process to promote metacognition and collaborative
knowledge construction, whereas knowledge transmission theory
brought together the dualistic epistemic beliefs emphasizing the
certainty of knowledge and seeing teaching as a knowledge
transmission process.

Work engagement was measured by the short Utrecht Work
Engagement Scale with nine items (UWES-S; Schaufeli et al,
2002, 2006). The nine items included the following three factors:
vigor, dedication, and absorption. The responses were rated on
a 7-point scale (0 = never; 7 = daily). Previous research had
suggested the use of an overall measure of work engagement
(Schaufeli et al., 2006), so we measured the participants’ overall
engagement at work in both studies.

Burnout was measured by nine items from the Bergen Burnout
Inventory (BBI-9; Nédtinen et al., 2003; Salmela-Aro et al,
2011) including the following three factors: exhaustion at work,
cynicism about the meaning of work and sense of inadequacy.
The responses were rated on a 6-point scale (1 = strongly
disagree; 6 = strongly agree). Previous research has supported
the use of an overall burnout indicator (Salmela-Aro et al,
2011) therefore, we measured the participants’ overall burnout
in both studies.

TABLE 1 | Instruments.

Scale name Scale No. of items Abbreviation = Example item Study 1 Study 2
Reflective-collaborative theory 1-6 6 RCT (A) In my opinion, it is essential that students generate new ideas X X
and thoughts together
(B) | reserve a lot of time for this in my work as a teacher
Knowledge transmission theory 1-6 6 KTT (A) The main aim of teaching is to offer certain facts about the X X
subject of study
(B) This is essential in my teaching
Work engagement 1-7 9 EDA | find the work that | do full of meaning and purpose X X
Burnout 1-6 9 BBI My expectations of my job and of my performance have been X X
reduced
New curriculum demands 1-6 6 NCD In my opinion, it is essential to develop students’ critical thinking X
New digital demands 1-5 8 NDD | strive to develop myself professionally in digital pedagogy skills X
Empowering leadership 1-7 7 LEAD Leadership offers me abundant opportunities to learn new skills X
Servant leadership* 1-6 4 LEAD The principal encourages me to come up with new ideas X

*This construct consists of four dimensions of servant leadership.
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Contextual Instruments: Study 1

New curriculum demands (Study 1) were measured by six
items considering the emphasis of teaching critical and creative
thinking and providing constant constructive feedback to the
pupils (Finnish National Agency for Education, 2014; Lonka,
2018). The responses were rated on a 6-point scale (1 = totally
disagree; 6 = totally agree).

Empowering leadership (Study 1) was measured by seven
items. The scale was based on Van Dierendonck and Nuijten
(2011) scale, and the responses were rated on a on a 7-point scale
(1 = strongly disagree; 7 = strongly agree). The items considered
the encouragement, resources, and autonomous approach for
one’s work that the school administration provided and favored.

Contextual Instruments: Study 2

New digital demands were measured by eight items rated on
a 5-point scale (1 = never; 5 = very often). The scale was
developed as a part of the Growing Mind study (2019-2023) and
its questionnaire targeted at teachers. Items consisted of claims
related to the participants’ initiative role in digital development
projects in their schools and willingness to learn and adopt new
digital tools, methods, and practices to develop their pedagogy.
The items were formed to be in line with aims of the new digital
program implemented in 2019.

Servant leadership was measured by four items (Upadyaya
and Salmela-Aro, 2020), and the responses were rated on
a 5-point scale (1 = strongly disagree; 5 = strongly agree).
The scale was based on Van Dierendonck and Nuijten (2011)
scale. The items considered the encouragement, resources,
and autonomous approach for one’s work that the school
administration provided and favored.

Data Analysis

Identical procedure of data analysis was applied for both Study
1 and Study 2. First, we specified and tested the structure of the
model using item parcels of the A and B parts of the items for the
epistemic theories and the raw items for the other constructs. We
followed the next fit indices: chi-square, root mean square error
of approximation (RMSEA) with an approximate cutoff value for
a good fit of less than 0.05, SRMR with a cut-off value <0.08,
comparative fit index (CFI) with a cutoff value of greater than
0.96 as well as the Tucker-Lewis index (TLI) with a cutoff value of
greater than 0.95 (Hu and Bentler, 1999; Yu, 2002).

The model was specified as a confirmatory factor analysis
model (CFA) with ordered items. All items were allowed to load
on their corresponding factor only. The analyses were conducted
using “lavaan” (Rosseel, 2012) in R and RStudio (RStudio Team,
2020). We used robust weighted least squares (WLSMV) as
the estimator. Second, we used a method of visualizing the
correlations between the constructs in the model (see e.g.,
Sjoblom et al., 2020).

To describe the method more specifically, the correlations
among the epistemic theories, new curriculum demands, and
approach to digital pedagogy, pedagogical leadership as well as
work engagement and burnout were visualized and examined.
We did this by exporting the latent variable correlation matrix
of the model and visualizing the cross-sectional correlations by

plotting the latent variables as nodes in a correlation network
(Epskamp and Fried, 2018). We used R-package “qgraph”
(Epskamp et al.,, 2012), similarly to a latent variable network
model (see e.g., Epskamp et al., 2017).

The edges in the latent correlation network represent simple
bivariate correlations. The figures display the strength of
correlations between the different constructs as well as whether
it is negative or positive. The strength of this modeling is that
it allows for powerful measurement error-corrected modeling
of undirected structural relationships between latent variables
(Guyon et al., 2017).

RESULTS

Table 2 shows means, standard deviations and Cronbach’s alphas
for variables used in this study.

The model in Study 1 was a good fit for the data [chi-square
(725) = 1214.32, scaling = 1.837, p < 0.001, RMSEA = 0.055,
SRMR = 0.081, CFI = 0.947, TLI = 0.942]. The model in Study
2 also fit the data well enough [chi-square (804) = 1324.53,
scaling = 2.366, p < 0.001, RMSEA = 0.065, SRMR = 0.095,
CFI = 0.937, TLI = 0.932], and no post hoc modifications were
considered for the sake of parsimony and replicability.

Study 1

We studied the relationships between the epistemic theories
and new curriculum demands, empowering leadership, work
engagement and burnout. The model seen in Figure 1 indicated
that there were direct positive relationships between reflective-
collaborative theory, conformity with the new curriculum
demands (0.75), work engagement (0.40), and empowering
leadership (0.15). This was in line with our expectations.
Reflective-collaborative theory also mediated a negative
relationship between knowledge transmission theory and
burnout. In turn, teachers knowledge transmission theory
was positively related to empowering leadership (0.09) and
burnout (0.07), but negatively to conformity with the new
curriculum demands (—0.08) and work engagement (—0.03).
The relationships between knowledge transmission theory and

TABLE 2 | Raw M, SD, and « for Study 1 and Study 2.

Study 1 Study 2

RawM SD o RawM SD o

Reflective-collaborative 4.8 0.619 0.887 4.9 0.494 0.828
theory

Knowledge transmission 3.3 0.903 0.901 3.5 0.656 0.832
theory

Work engagement 6.1 0.854 0.898 5.4 0.892 0.915
Burnout 2.4 0.969 0.861 2.6 0.887 0.860
Contextual measures

New curriculum demands 4.5 0.691 0.776

New digital demands 3.3 0.720 0.879
Empowering leadership 5.0 143 0.929

Servant leadership 3.5 0.662 0.608
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FIGURE 1 | Latent variable correlation network Study 1. Abbreviation RCT refers to reflective-collaborative theory, KTT to knowledge transmission theory.
Abbreviation NCD (NCD, new curriculum demands) refers to items measuring the conformity with the new curriculum demands, LEAD to empowering leadership,
EDA to work engagement, and BBI to burnout symptoms. Blue edges in the figure refer to positive relations, and red edges to negative relations. The width of the
edges corresponds to the absolute value of the correlations: the higher the correlation, the thicker the edge (see Epskamp et al., 2012).

the other variables were mostly expected; however, except for
a negative relationship between the two epistemic theories, the
relationships were quite modest, as the width and frail edges
between these variables indicate in Figure 1.

Then we looked at the results from the perspective of wellbeing
variables. Figure 1 shows that teachers’ work engagement
had a direct positive association to reflective-collaborative
theory (0.40), conformity with the new curriculum demands
(0.75), and empowering leadership (0.15). In contrast, work
engagement was negatively related to knowledge transmission
theory (—0.03) and burnout (—0.60). When observing teachers’
burnout, results show that it was positively related to knowledge
transmission theory (0.07) and empowering leadership (0.10), but
negatively related to reflective-collaborative theory (—0.25), new
curriculum demands (—0.28) and work engagement (—0.60).
These findings were mostly in line with our presumptions
regarding the coherence between a certain kind of epistemic
theory and new curriculum demands, and its reflection on better
occupational health.

Study 2

We examined the relationships between epistemic theories and
new digital demands, servant leadership, work engagement
and burnout. As Figure 2 shows, there were expected positive
relationships  between reflective-collaborative theory and
new digital demands (0.17), servant leadership (0.44),
and work engagement (0.14). Contrariwise to Study 1,
reflective-collaborative theory was also positively related to
knowledge transmission theory (0.16). In turn, knowledge
transmission theory was positively related to burnout (0.07),
but negatively related to new digital demands (—0.13) and
servant leadership (—0.06). These relationships were in line

with our expectations although especially relationships between
knowledge transmission theory and the rest of the variables
were quite modest as the width and thickness of the edges in
Figure 2 indicate.

When taking a specific look at the wellbeing variables, Figure 2
shows that the associations between work engagement, burnout
and the rest of the variables were mostly in line with our
expectations: Work engagement had a positive association with
reflective-collaborative theory (0.14), new digital demands (0.25),
and servant leadership (0.43). Work engagement had an only
direct negative association to burnout (—0.65). In contrast,
burnout was negatively related to reflective collaborative theory
(—0.16), new digital demands (—0.22), and servant leadership
(—0.35), but positively to knowledge transmission theory (0.07).
In contrast to Study 1, in Study 2, servant leadership was
also mediating the associations between reflective-collaborative
theory, and work engagement as well as new digital demands. In
these two mediated cases, the relationships were more apparent
as thicker edges in Figure 2 indicate.

DISCUSSION

Discussion of the Results

In the present study, we aimed to find out what kinds of
interrelations can be found out between teachers epistemic
theories, contemporary professional challenges related to
novel curricula and digitalization, perceptions of work-related
wellbeing and pedagogical leadership. Overall, the findings of
this study extend the understanding of the factors which may
be associated with the current institutional renewals concerning
teachers’ work. In Study 1 (data collected in 2016), we expected
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LEAD

FIGURE 2 | Latent variable correlation network Study 2. Abbreviation RCT refers to reflective-collaborative theory, KTT to knowledge transmission theory, NDD (New
digital demands) to developmental orientation for digital pedagogy, LEAD to servant leadership, EDA to work engagement, and BBI to burnout symptoms. Blue
edges in the figure refer to positive relations, and red edges to negative relations. The width of the edges corresponds to the absolute value of the correlations: the

higher the correlation, the thicker the edge (see Epskamp et al., 2012).

NDD

that reflective-collaborative epistemic theory would be positively
associated with work engagement and to the new curriculum
demands. This was due to the novel ideas and practices presented
in the new national curriculum which emphasized reflection
and collaboration as an essential part of learning and classroom
activities. In Study 2 (data collected 2019), we expected that
teachers who expressed this same reflective-collaborative
epistemic theory would be more willing to develop their digital
pedagogy by using modern digital tools and would therefore also
express higher work engagement and lower burnout. During
Study 2’s data collection the new digitalization program reflecting
the background ideas of the national curriculum reforms was
about to be fully implemented.

The results in both studies were aligned with these
expectations, however, in Study 2 servant leadership seemed to
play its role as a strengthener or mediator of associations between
reflective-collaborative epistemic theory, approach to new digital
demands, and wellbeing. Both studies pointed out that if teachers’
epistemic theory was in harmony with the reforms, there would
appear a positive association with work engagement and negative
to burnout. This finding is in line with several previous studies
(see e.g., Hakanen et al., 2006; Upadyaya et al., 2016) which have
suggested that there occur various person-related factors which
might be positively associated with teachers” wellbeing at work.

In sum, results of these studies provided a hint of the
phenomenon suggesting that teachers’ epistemic beliefs could
be a resource which buffer teachers to meet the current
epistemic and developmental demands of teachers’ profession,
and furthermore, serve as grounds for a positive association for
teachers to feel adequate and satisfied in their work. As epistemic
beliefs or theories are suggested to be socially shared, so that the
origin of knowledge does not lie only within an individual mind
(see e.g., Packer and Goicoechea, 2000), this resource might not
occur only in the individual level but even more in a group or
community level. In the case of teachers, this community could
be for instance the school where they work.

In contrast, teachers’ knowledge transmission theory was
assumed to be less likely to agree with ideas of these same
curricular and digital reforms. Knowledge transmission theory
was also expected to be associated with lower work engagement
and higher rates of burnout. Especially in the case of Study 2,
when the focus was on digitalization, the expected associations
were not that obvious.

However, what was notable were the associations between
reflective-collaborative theory and knowledge transmission
theory: in Study 1 the association between these two epistemic
theories was negative whereas in Study 2 the association was
positive. Due to a cross-sectional nature of this study, there
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is limited capacity to find an explanation for this difference,
nevertheless, in 2016, there might have been a more prominent
need to make a shift toward the new national curriculum and
its comparably sophisticated epistemic climate (meaning how the
nature of knowledge and knowing is portrayed and perceived in
a certain context, such as in classroom practices or curriculum
discourses; see e.g., Feucht, 2010; Muis and Dufty, 2013). That
shift might have reflected in our Study 1 results as a more
observable juxtaposition between the two epistemic theories and
their relationships to other variables under this exploration.

In Study 2 (2019), results hinted that the focus has changed
from purely epistemic issues toward the actual challenges of
digitalization. This may be due to the fact that a profound
curriculum reform is more closely linked to epistemic theories
than a digital reform, which may be based on various theories.
This could also indicate the growing emphasis on epistemic
fluency meaning that standing behind a certain epistemic stance
is more important than one being able to recognize and use
several culturally shared ideas about what knowing is and
how knowledge should be constructed (Morrison and Collins,
1995): there is a place for details and facts, but also for a
comprehensive approach integrating reflective and collaborative
learning practices. In this respect, it is appropriate to remark
that these two epistemic theories are not automatically opposite
by nature, but they may exist side-by-side as Lammassaari et al.
(2021) pointed out.

Methodological Limitations
The present study has some limitations. First, the study was based
on teachers’ self-reports, and the sample size in both studies
was quite small. Especially Study 1 represented a convenience
sample which is a consequence of the wider challenges in data
collection related to teacher questionnaires. Over time, it has
been a challenge to collect comprehensive teacher data which
may be related to the considerable number of questionnaires
constantly addressed to teachers in the profession. Moreover,
participants in these two studies were different, making the
studies present in this study cross-sectional as a design. Studies
in the future call for being carried out with larger samples
and with longitudinal design. Longitudinal design could reveal
a more precise perception of how new institutional demands
such as curricular renewals or novel digital programs and their
associations to teachers’ epistemic theories are reflected and
evolved over time which was not possible in this study’s setting.
Some scale and overall methodological developments are
also required. As an example, our results did not indicate yet
the directions of the relationships which would have offered
another angle to overview this complex phenomenon of teachers’
epistemic theories and their associations with a range of
variables. In this study, we were not assuming causality, merely
exploring the complex relationships between epistemic theories,
work engagement and the epistemic demands of teachers’
contemporary work. The scales used in this study were mostly
robust, therefore more detailed perceptions related to teachers’
wellbeing and as mentioned, more refined associations between
used variables might have been left out of the network. Despite
these promising results about teachers’ epistemic theories and
their relationships to current challenges of teachers’ work and

occupational health, a more subtle approach should be applied
to explore the wider spectrum of the epistemic theories and
overlap that potentially exists between them. This may also
require a mixed-method approach. Overall, this is a worthwhile
working hypothesis and in the future, we will look more closely
into these relations and triangulate the results with several
representative samples.

Future Implications

This variable-oriented study identified associations between
teachers’ epistemic theories, new curricular and digital demands,
school leadership and teachers’ occupational health. Our research
revealed that teachers epistemic theories, which consist of
teachers’ epistemic beliefs and how they report putting these
ideas into practice, play a role when looking at dynamic
interrelationships between these theories, new demands set for
schooling, work engagement and burnout. Previous research has
shown that when taking a closer look at teachers’ wellbeing
at work, two profiles of Finnish teachers have been identified:
engaged (30%) and engaged-burnout (70%) profiles, the latter
being still engaged in their work, but already starting to
show some symptoms of burnout (Salmela-Aro et al.,, 2019).
Simultaneously, it has been shown that teachers may express
quite complex and constructivist epistemic beliefs and theories,
but their actual classroom practices may contradict them (Hofer,
2001; Vedenpid and Lonka, 2014; Buehl and Fives, 2016). Some
researchers even propose that theories and beliefs about learning
should be distinguished more clearly from theories about
teaching (Richardson and Placier, 2001; Fives et al., 2015). In the
context of this discussion, we suggest that as a combination, the
possible discontinuity between teachers’ epistemic theories, novel
epistemic aims and demands set for schooling might show up
overwhelming for some teachers and manifest, in some timespan,
even as symptoms of burnout.

In this sense, novel approaches are needed to offer all teachers
an equal opportunity to adopt new curriculum-related and
developmental ideas as well as to implement these changes
in their practice. As this study indicated, this is not only an
individual matter but also a community-level matter related to,
e.g., school leadership that, in its best, encourages and supports
teachers to evolve and even transform in their thinking and
profession to meet the new requirements. However, epistemic
change, if looked for, is not a simple mission since unless
individuals have a good reason to abandon their beliefs, they
will be unlikely do so (see e.g., Bendixen, 2002; Muis and Dufly,
2013). In the teacher context this might be manifested as clinging
onto the traditional pedagogical ideas and practices which have
governed schools over time and might still offer a sense of
something that surely works. For this reason, it is important to
note that a prerequisite for epistemic change is that individuals
must be able to understand the new beliefs, and consider them
to be plausible, so that they can be applied and be fruitful
for further inquiry (Pintrich et al., 1993). Interestingly, it has
been shown that working in an innovative and future-oriented
school is positively related to teachers’ engagement (Rosenholtz,
1989). Although this offers a hint that school communities which
constantly evolve and look forward to the future may keep
teachers engaged, we still do not clearly recognize the origins
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of this phenomenon. Therefore, further research is required to
dig deeper theoretically into looking at fruitful preconditions for
teachers’ epistemic growth to support the readiness for change
implementation. The local and global evolution is ongoing, and
the post-pandemic era will inevitably bring again new challenges,
such as hybrid learning, for teacher profession.
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Open access to information is now a universal phenomenon thanks to rapid
technological developments across the globe. This open and universal access to
information is a key value of democratic societies because, in principle, it supports well-
informed decision-making on individual, local, and global matters. In practice, however,
without appropriate readiness for navigation in a dynamic information landscape, such
access to information can become a threat to public health, safety, and economy, as the
COVID-19 pandemic has shown. In the past, this readiness was often conceptualized
in terms of adequate literacy levels, but the contemporarily observed highest-ever
literacy levels have not immunized our societies against the risks of misinformation.
Therefore, in this Perspective, we argue that democratization of access to information
endows citizens with new responsibilities, and second, these responsibilities demand
readiness that cannot be reduced to mere literacy levels. In fact, this readiness builds
on individual adequate literacy skills, but also requires rational thinking and awareness
of own information processing. We gather evidence from developmental, educational,
and cognitive psychology to show how these aspects of readiness could be improved
through education interventions, and how they may be related to healthy work-home
balance and self-efficacy. All these components of education are critical to responsible
global citizenship and will determine the future direction of our societies.

Keywords: open access, COVID-19, 21st century skills, health literacy, critical literacy, statistical literacy,
metacognition, rational thinking

INTRODUCTION

We live in the age of nearly universal access to information. With decentralized news outlets,
growing access to open science, and worldwide social media coverage, individuals can be more
broadly and diversely informed than ever before. Open access to information is a key value
of modern democratic societies, as only thoroughly informed citizens can participate in society
and make informed decisions about the directions in which they wish their society to evolve.
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It seems, however, that despite open and multisource access
to information, individuals fail to make thoroughly informed
choices at both societal and individual levels. In this Perspective,
we aim to examine why such failures may happen and how they
could be remedied in education.

The ongoing COVID-19 crisis exposed, and perhaps
augmented, society-wide difficulties with critical processing of
dynamically changing information. This may have impeded
many important outcomes such as sufficiently high vaccination
rates, which, in turn, impose health, social, and economic losses
on entire societies. Misinformation and other environmental
factors outside of an individual’s control have certainly
contributed to such losses (Okuhara et al., 2020; Engledowl
and Weiland, 2021; Montagni I. et al., 2021). However, in this
Perspective, we focus on the lack of individual readiness for
navigating the dynamic information landscape, which may
exacerbate poor decision-making under the pressing conditions
of the prevailing global crisis. As educational psychologists,
we suggest that equipping citizens with such readiness is a
pressing challenge for contemporary education that needs to
be targeted at all stages of individual development across the
lifespan. We are certainly not alone in this view, as prolific
literacy research has shown for several decades (e.g., Cervetti
etal., 2006; Leu et al., 2017). Literacies are essential competencies,
skills and dispositions that support individual comprehension
and use of “information in daily activities to achieve goals,
develop knowledge and potential” (cf. Organization Economic
Cooperation Development [OECD], 2000, p. x; Leu et al,
2017). Since improving literacies is only part of the solution,
we sketch out a more complex and comprehensive picture of
the challenge ahead by coupling literacy research with relevant
research on rational thinking and cognition. We argue that
fostering responsible citizenship demands, at the very least,
literacies, rational thinking (i.e., reflective, effortful processing of
information), and awareness of our own information processing
(i.e., using psychological knowledge to take stock of own
mental operations; Figure 1). Throughout the paper, we recount
evidence-based solutions developed within each of these research
fields to offer concrete suggestions for education stakeholders.

OPEN ACCESS, LITERACIES, AND
RATIONAL THINKING

Open Access Endows the Citizen With

New Responsibilities

Openness and Participation are critical to democratic citizenship
(Knight Commission Report, 2009; Simsek and Simsek, 2013).
Openness implies that everybody can reach the information that
supports civic and personal decisions, which serves to facilitate
Participation, that is, joining and using information systems
to solve civic and personal issues (Knight Commission Report,
2009). As open and multisource access to information secures
these values, it cannot be realistically controlled by democratic
governments (Eysenbach, 2008). This emancipation from top-
down control forces individual citizens to assume responsibility

for their own navigation in the dynamic information landscape
(Weiland, 2017). Citizens need to learn how to identify and
critically process relevant information (Eysenbach, 2008), and
how to position themselves in relation to a myriad of views,
values, and ideas (Weiland, 2017). The COVID-19 crisis is one
example that clearly showed that citizens were not ready for
such navigation.

Soon before the onset of the crisis, vaccine hesitancy, a delay
in acceptance, or a refusal of vaccine despite its availability
(MacDonald and SAGE Working Group on Vaccine Hesitancy,
2015; Montagni I. et al., 2021), was listed among the 10 critical
global threats by the World Health Organization [WHO] (2019),
Okuhara et al. (2020). Hesitant attitudes toward vaccines became
increasingly studied during the COVID-19 crisis, showing that
they were associated with poor health literacy (Montagni I
et al., 2021; Turhan et al, 2021; in particular, digital health
literacy, Patil et al., 2021) and a mismatch between affect-laden
anti-vaccination messages and statistics-based governmental
communication (Okuhara et al, 2020). In the cognitively
and emotionally challenging “infodemic,” understood as an
overabundance of information on virus-related matters (Duplaga
et al., 2019; World Health Organization [WHO], 2020; Patil
et al., 2021), the citizens were left to their own devices. Despite
higher-than-ever literacy rates, the public was poorly prepared
for universal access to information and failed to assume the
responsibilities that come with such access. Paired with poor
readiness for selecting, evaluating, and processing information,
universal access to information became a threat, not an aid.

Literacies Are Key but Insufficient

Universal access to information is here to stay but using it
to individual and societal advantage rather than disadvantage
demands better readiness, and it is better to foster it late than
never. The notion that the age of access demands specific
skills, and that educational systems across the world should
support individuals in honing these skills, is not new. For over
two decades now, educational psychologists have investigated a
myriad of literacy skills (i.e., literacies) that support individual
navigation in the dynamically changing information landscape
(Cervetti et al., 2006; Simsek and Simsek, 2013; Leu et al,
2017). Literacy became a popular buzzword in educational
psychology and an umbrella term for multiple, multimodal and
multifaceted skills (Cervetti et al., 2006). Literacy for twenty-
first century citizenship is digital, complex, and dynamic, but
it builds on traditional literacies, such as reading, writing and
comprehension (Leu etal.,, 2017). These traditional literacies need
to be applied in the digital world, in which information is no
longer provided in a single modality (e.g., audio only), a single
flow (e.g., without simultaneous advertising), or by a limited
group of individuals sharing similar values, views, and ideas. The
line between the addresser and the addressee is fuzzy, as each
member of the online community may smoothly move on the
continuum between these roles. Therefore, twenty-first century
literacies demand not only technical readiness for the modern
technologies, but, critically, control over one’s own information
seeking and processing, awareness of the complexity of the social
world (Cervetti et al., 2006; Leu et al., 2017), and a balance
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FIGURE 1 | The proposed model of the relationship between literacies and readiness for navigating the information landscape, moderated by rational thinking and
awareness of own information processing. Here, literacies are defined as “competencies and dispositions that support individual comprehension and use of
information in daily activities”; rational thinking as “reflective, effortful processing of information”; and awareness of own information processing as “using
psychological knowledge to take stock of own mental operations”. Healthy work-home balance and self-efficacy are also components of the educational sphere that

may contribute to readiness for navigating the information landscape.

between emotional engagement and emotional distance toward
arguments presented by others (Gee, 2012; Olin-Scheller and
Tengberg, 2017).

Technical readiness is typically a minor challenge for “digital
natives” (Prensky, 2001; Valenza, 2006; Harris, 2008) or “insiders”
(Lankshear and Knobel, 2006; Wimmer and Draper, 2019),
who are children and adolescents raised amid rapidly evolving
technologies from their birth (Neumann, 2016). However,
evidence from educational and developmental psychology
showed that digital natives, despite technical readiness, lack
critical literacy and struggle with seeking, selecting, and
evaluating information, and are not by default skilled or
critical consumers of information (Valenza, 2006; Harris, 2008;
Wineburg et al., 2016). Digital natives typically prioritize most
accessible information sources and effortless processing (Shenton
and Dixon, 2004; van Deursen et al, 2014; Loh and Kanai,
2015), and show age-specific difficulties in deploying attention to
relevant information. Younger children (at 8-10 years) struggle
with inhibiting irrelevant yet salient and engaging information
(Eastin et al., 2006) and typically do not question its accuracy
(Hirsh, 1999); older children lack sufficient knowledge base and
analytical skills to contextualize and analyze the information,
and often prioritize the form of the information over its content
(Watson, 1998; Agosto, 2002; Sundar, 2008). This suggests
that critical literacy learning should be adjusted to children’s
cognitive developmental stage (Eastin, 2008) and fostered in
education (Bernstein, 2000; Gee, 2012; Leu et al., 2017; Olin-
Scheller and Tengberg, 2017) because it is central to the new
responsibilities that follow from universal access to information.

Critical literacy, “the ability to argue from evidence, values and
different perspectives (Skolverket., 2011) and to go beyond the
individual and personal, and relate knowledge to more general
and abstract notions (Bernstein, 2000; Gee, 2012), as defined
by Olin-Scheller and Tengberg (2017, p. 428), must be paired
with age-appropriate statistical literacy and scientific literacy to
prepare the prospective citizen for the influx of complex, heavily
data-based information (Gal, 2002; Organization Economic
Cooperation Development [OECD], 2004; Engel, 2017, 2019;
Podkul et al., 2020; Engledowl and Weiland, 2021). To this
end, in educational settings, complex information should not
be simplified, but rather turned into manageable chunks and
presented on multiple occasions (Spiro et al., 2003). Comparing
poorly presented information, e.g., misleading data visualizations
with well-executed visualizations provided by such tools as Engel
(2019), Gapminder (2022) should be also a regular part of
classroom activities (Engledowl and Weiland, 2021).

Critical literacy relies on cognitive skills, but it cannot be
achieved without Students’ emotional investment. Educational
psychologists showed that students need to learn how to self-
regulate their own investment by striking a balance between
emotional engagement and emotional distance toward their own
and others’ arguments when discussing social issues (Gee, 2012;
Olin-Scheller and Tengberg, 2017). Inhibiting own emotional
attitudes is a prerequisite when evaluating own and others’
arguments and can be effectively trained in the classroom
context, by, for instance, drawing Students’ attention to the affect-
laden but irrelevant arguments that they present in response
to a controversial issue (Olin-Scheller and Tengberg, 2017).
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This requires metacognition, understood as active monitoring
of own thoughts and emotions, and switching between own
and others’ perspectives (Flavell, 1976). Although this ability
develops early (Marulis et al., 2016), it becomes an educational
priority only in adolescence (Eysenbach, 2008; Olin-Scheller and
Tengberg, 2017). In adolescence, citizens become increasingly
autonomous, and drift away from reliance on traditional
authority figures (i.e., intermediaries; Eysenbach, 2008) toward
support from peers and less authoritative sources of information
(i.e., apomediaries; Eysenbach, 2008). Individual autonomy
continues to develop in adulthood, and is typically associated
with gains in cognitive ability, literacies, and self-efficacy. Low
capacity and/or insufficient belief in one’s own capacity can
push even adult citizens into reliance on traditional authority
figures and uncritical, unreflective processing of information
(Eysenbach, 2008). Therefore, critical literacy is only a bare
minimum for individual readiness during global crises.

Literate Citizens Are Not Rational
Thinkers

Navigating the information landscape demands critical literacy,
paired with other relevant literacies, such as media literacy, health
literacy, and statistical literacy. To date, various interventions
have aimed to boost relevant literacies in individuals, perhaps
stemming from a belief that a sufficiently literate individual will
be able to scan, select, and evaluate the information landscape to
make thoroughly informed choices. Empirical research findings
on human rationality, however, suggest otherwise, showing
that literacies are fundamental but not sufficient for individual
readiness. Several models of human cognition showed that
information processing roughly follows two separate routes:
either a peripheral, fast route with mental shortcuts and simple
rules (i.e., heuristics) or a central, cognitively effortful route with
a reflective, metacognitive outlook on the available information
(Sundar, 2008; Stanovich, 2009, 2018). Having access to these
two processing routes (or systems, Stanovich, 2009) is highly
adaptive, but overreliance on the heuristic route can lead
to multiple cognitive biases (Sundar, 2008; Stanovich, 2009).
Therefore, people who are sufficiently literate in terms of
health and statistical knowledge may nevertheless suffer such
cognitive biases (Stanovich, 2018) and make irrational choices
as to whether, for example, to vaccinate themselves and/or their
children against COVID-19 due to the anti-vaccination messages.
The messages are typically communicated through affect-laden,
salient imagery focused on vaccine toxicity and its side effects and
consequently tend to trigger fast, heuristic processing (Okuhara
et al,, 2020). Even individuals that reflectively weigh the benefits
and risks of the vaccine against the risks of COVID-19 infection
may struggle with overriding the worry caused by the heuristic
processing of such information (Okuhara et al., 2020).

As the above example showed, cognitive psychologists have
repeatedly shown that individuals are prone to the same
biases across social strata regardless of their literacy levels,
but they may be able to override these biases with sufficient
awareness and training (Stanovich, 2018). Instead of resorting
to fast, automatic processing that prioritizes ease and speed

over rationality, individuals should be able to intentionally
choose slow, reflective processing of the information landscape.
Educating citizens on the multiple heuristics triggered by salient
but irrelevant aspects of communication (Sundar, 2008) may
be a good introduction to rational thinking. To some extent,
training of rational thinking overlaps with literacy training, as
they also involve technical components of statistical and scientific
literacy (Stanovich, 2009). Such technical skills involve, among
others, learning probability theory, switching between absolute
and relative representations of data (e.g., 1,000 individuals vs.
25% of the tested sample vs. 1 in 4 tested people got infected)
and overriding an automatic tendency to overestimate absolute
numbers compared to percentages (Yamagishi, 1997; Stanovich,
2009). Thus far, however, it seems that citizens, lacking systematic
training on this matter, have not had a chance to build an
awareness of their own cognitive functioning. Without such
chances at a society-wide level, many citizens will not be able to
take control over their own cognitive functioning, and, thereby,
will not achieve readiness for universal access to information.
Their information processing will be governed externally, by
those who manipulate vividness, accessibility, and salience of
information (Stanovich, 2009), such as advertising companies in
the modern market-based society. Thus far, the lack of awareness
on own information processing had not threatened the economy,
health, and survival, and had been overlooked in education. Now
that it is generating considerable economic losses for the local
and global communities, it will finally find its way to society-wide
educational practices. We thus propose that developing a habit
of taking stock of one’s mental operations should become more
prominent in the education of children, adolescents, and adults.
Better understanding of one’s own information processing
is a goal that demands concrete, structured action, with the
concept of (ir)relevance of information at its core (Heine,
2006; Eysenbach, 2008; Hobbs and Jensen, 2009; Romén
et al,, 2009; Olin-Scheller and Tengberg, 2017; Bajo et al,
2021). Identifying relevant information is key for critical
and rational thinking, since changes of salient, irrelevant
information can significantly impact human decision-making
(i.e., framing effect; Stanovich, 2009). This skill has been
championed by several scholars in recent years, pointing
toward conditions in which students can efficiently take
responsibility for handling access to information (Lankes, 2008;
Weingarten, 2008; Rapp and McCrudden, 2018). Providing
students with information of varying relevance and credibility,
both in the classroom and in complex real-world contexts,
gives them the best opportunity to determine on their own
what matters regarding the information flow (Lankes, 2008;
Weingarten, 2008; Rapp and McCrudden, 2018). Furthermore,
delegating the responsibility for setting up own sub-goals, and
selecting information without micromanaging instruction leads
to more accurate relevance judgments (Heine, 2006). One
way to achieve such tasks may be to construct self-regulated
and metacognitive learning environments where students can
figure out their own information processing with the help of
technologies in learning analytics (e.g., Winne et al, 2019)
and cooperation with interdisciplinary professionals. Completing
such tasks may further build Students’ confidence in their
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own information processing abilities and steer them toward
autonomous, critical thinking.

DISCUSSION

Over two centuries ago, a French mathematician argued during
the French Revolution that citizens need savoir liberateur,
knowledge built on information raising their awareness of
the state of society (De Condorcet, 1994; Engel, 2019). The
concept of a well-informed citizen is not new (e.g., Schutz,
1964; Strassheim, 2018), but it is, perhaps more than ever,
pivotal for contemporary societies. The COVID-19 crisis
showed that offering citizens universal access to information
is insufficient, and, under some circumstances, detrimental
to the common good. Global citizenship demands multiple
literacies, rational thinking, and awareness of own information
processing.! Although broad views of scientific literacy (Choi
et al., 2011), critical statistical literacy (Engledowl and Weiland,
2021), and civic statistics (Engel, 2019) have incorporated
metacognitive aspects of such literacies, neither rational
thinking nor awareness of own information processing have
been incorporated into twenty-first century skills (Dede,
2009). This demands better integration into curricula for
school-aged children and adolescents, and informational
interventions for adults.

Improving cognitive abilities or an overview of such
abilities will not suffice when facing the challenges of the
twenty-first century. Therefore, beyond the curricula and
interventions at a broader level, we posit that readiness,
relevance, and responsibility are important keywords for
education in the 2020s, the decade of crucial decision-making
that will shape the life of every individual in the global
community. Given that readiness for responsible citizenship
relies on rational thinking, and that overworked or emotionally
burdened individuals may be more likely to engage in fast,
heuristic processing rather than slow, effortful processing
of continuously incoming information (cf. Gillard et al,
2009; Spiliopoulos et al, 2018), we suggest that children,
adolescents, and adults are encouraged to replace unhealthy,
workaholic habits with healthy work-home balance (e.g., Deloitte
Consulting, 2010; Bannai and Tamakoshi, 2014; Anxo et al,
2017; Anxo and Karlsson, 2019). Therefore, unhealthy habits
instilled in school-age children and adolescents through a
tremendous amount of schoolwork should be limited to foster
intentional deployment of cognitive resources from an early
age. To our knowledge, this has not been investigated in
the past, but future experimental studies could, for instance,
longitudinally track adults on a spectrum of such habits and

'Global citizenship, in fact, demands more than education of individuals. In
this Perspective, we have focused on such education, but we acknowledge that
education of individuals must be coupled with broader environmental and societal
changes. On the environmental level, for instance, citizens need external support
in rational decision-making, e.g., by offering them prospectively, not temporarily,
beneficial default choices (like pension funds or savings plans; Stanovich, 2009).
On the societal level, for example, open and universal access to evidence-based
information should be facilitated world-wide in order to alleviate post-colonial
inequalities in such access (Santoro Lamelas and Belli, 2018).

their likelihood of using heuristic vs. reflective processing of
information. Scholars from educational, developmental, and
cognitive psychology need to assume this broad outlook on
individual cognition, socioemotional skills and socioeconomic
pressures to collaboratively and holistically foster responsible
citizenship across all ages, from kindergartners to adults (see, e.g.,
Ellemers, 2021).

Literacy, rational thinking and work-life balance are vital
parts of responsible citizenship, but it also requires sufficient
self-efficacy that shields individuals against overreliance on
authority figures (Eysenbach, 2008). Perceived lack of own
impact on the society and non-meaningful, poorly paid jobs
or unpaid internships cannot build such self-efficacy in the
young citizens. Therefore, we urge adults to include young
citizens in important decision-making, and to offer them
meaningful, well-paid opportunities to contribute to society and
to shape the world of tomorrow. Arguably, young citizens are
leaving the educational system with better readiness for the
contemporary digital world than older generations (Wimmer
and Draper, 2019) and have high stakes in responsible,
well-informed decision-making. However, without secure pay
and a meaningful job, young citizens will not be able to
achieve financial and intellectual autonomy critical to their
participation in society.

Universal access to information is a double-edged sword. It
gives all citizens a chance to shape their societies, but backfires
without their readiness for responsible, well-reasoned choices. In
this Perspective, based on evidence from educational, cognitive,
and developmental psychology, we showed examples of concrete
actions that can be taken by education stakeholders to foster
citizen readiness. Since the twenty-first century globalization
will certainly continue to scale up poor individual choices
into international emergencies, citizen readiness, an essential
remedy to such emergencies, should become a top priority for
educational psychology.
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A Corrigendum on

Aiding Reflective Navigation in a Dynamic Information Landscape: A Challenge for
Educational Psychology

by Bobrowicz, K., Han, A., Hausen, ]., and Greiff, S. (2022). Front. Psychol. 13:881539.
doi: 10.3389/fpsyg.2022.881539

In the original article, there was an error in Introduction, Paragraph 1. “We in the age of nearly
universal access to information. With decentralized news live outlets” should read “We live in the
age of nearly universal access to information. With decentralized news outlets”. A correction has
been made to Introduction, Paragraph 1:

We live in the age of nearly universal access to information. With decentralized news outlets,
growing access to open science, and worldwide social media coverage, individuals can be more
broadly and diversely informed than ever before. Open access to information is a key value
of modern democratic societies, as only thoroughly informed citizens can participate in society
and make informed decisions about the directions in which they wish their society to evolve. It
seems, however, that despite open and multisource access to information, individuals fail to make
thoroughly informed choices at both societal and individual levels. In this Perspective, we aim to
examine why such failures may happen and how they could be remedied in education.

The authors apologize for this error and state that this does not change the scientific conclusions
of the article in any way. The original article has been updated.
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Investigating the Relationship Among
English Language Learning
Strategies, Language Achievement,
and Attitude

Anita Habok"?*, Andrea Magyar? and Gyéngyvér Molnar™?

TInstitute of Education, University of Szeged, Szeged, Hungary, 2MTA-SZTE Digital Learning Technologies Research Group,
Szeged, Hungary

The main objective of the study was to ascertain whether English as a Foreign
Language learners with various levels of English language achievement differ
significantly in applying foreign language learning strategies. We also aimed to explore
strategy use frequency in connection with attitude toward English language learning.
Data were collected from 1,653 lower secondary students in Hungary through a
revised version of the previously developed online Self-Regulated Foreign Language
Learning Strategy Questionnaire (SRFLLSQ) based on Oxford’s Strategic Self-
Regulation (S2R) Model. The findings point to statistically significant differences in the
frequency of English language strategy use among more and less proficient learners.
Quantitative analyses also reported that, in spite of the students stated low or moderate
levels of strategy use, it turned out as a statistically significant predictor of foreign
language attitude and language achievement. The results draw attention to the
relevance of strategy research in foreign language teaching as well as encourages
strategy teaching within language instruction.

Keywords: self-regulated foreign language learning, language learning strategies, foreign language attitude,
language achievement, lower secondary students

INTRODUCTION

Foreign language learning requires many underlying skills and techniques. Learners have to
master a number of complex linguistic, personal, cultural and social skills, and competences
and be aware of effective techniques and strategies to help them cope with various challenges
during the learning process. The frequent use of learning strategies can help learners to become
more competent and effective language users in the classroom and inspire them to achieve
higher levels of mastery in the target foreign language (Wong and Nunan, 2011; Oxford, 2016).
Since the mid-1970s, an immense amount of learning strategy research has attempted to establish
the concept and identify strategies that help learners to become more effective language learners
(Oxford, 1990; Cohen, 1998). It is a widely researched and highly debated area even today
(Thomas and Rose, 2019; Thomas et al., 2021). The most well-known and widely used taxonomy
of language learning strategies (LLS) was developed by Oxford (1990, 2011, 2016). In her
recently reconsidered Strategic Self-Regulation (S’R) Model based on Vygotsky’s (1978) sociocultural
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theory of self-regulated learning (SRL) and Zimmerman’s three-
phase model (Zimmerman, 2000; Zimmerman and Schunk,
2011), she identified four main strategy categories: cognitive,
affective, motivational, and social, each of them guided by the
master category of “meta-strategies” These meta-strategies are
metacognitive, meta-affective, metamotivational, and metasocial
strategies, respectively (Oxford, 2016).

Oxford also developed a measurement tool (Strategy Inventory
for Language Learning, SILL) for investigating LLS use, which
is employed worldwide; however, it is based on her original
conceptualization. Nevertheless, it is essential to relate the latest
pedagogical theories to language teaching practice. Self-regulation
theory, which was the basis for Oxford’s new taxonomy, has
been dominant since the beginning of this century. It is thus
crucial to develop state-of-the-art measurement tools which
can be used in the classroom by language teachers. In previous
research, we have developed and validated a questionnaire
based on Oxford’s SR Model (SRFLLSQ; Habok and Magyar,
2018b). To obtain a more comprehensive view of the role and
possible effect of language learning strategies on certain other
factors, such as attitude, motivation, and self-efficacy, it is
essential to conduct further research. In this study, we aimed
to examine LLS in relation to other crucial factors of language
learning; we have investigated the relationships among the
application of English language learning strategies, language
achievement, and attitude toward English among lower secondary
students in Hungary.

LITERATURE REVIEW

The Concept of Language Learning
Strategies

Language learning strategies have been a research focus since
the mid-1970s, as strategic language learning is a key to
successfully acquiring a foreign language (Rubin, 1975). A
number of definitions of LLS have emerged, with one of the
most influential having proved to be that of Rebecca Oxford,
who not only established a conceptualization, but also conducted
empirical research. In her content-analytic study, Oxford involved
33 distinct definitions and interpretations of the term LLS and
thus determine it as follows:

L2 learning strategies are complex, dynamic thoughts,
and actions, selected and used by learners with some
degree of consciousness in specific contexts in order to
regulate multiple aspects of themselves (such as
cognitive, emotional, and social) for the purpose of (a)
accomplishing language tasks; (b) improving language
performance or use; and/or (c) enhancing long-term
proficiency. Strategies are mentally guided but may also
have physical and therefore observable manifestations.
Learners often use strategies flexibly and creatively;
combine them in various ways, such as strategy clusters
or strategy chains; and orchestrate them to meet learning
needs. Strategies are teachable. Learners in their contexts
decide which strategies to use. Appropriateness of

strategies depends on multiple personal and contextual
factors (Oxford, 2016, p. 48).

Strategic language learners select their LLS according to
their personal preferences, motivational intentions, and situational
circumstances. Therefore, it is especially difficult to identify a
system for these strategies. This is one of the reasons why an
extremely large number of conceptualizations and debates have
emerged (Thomas and Rose, 2019; Thomas et al., 2021). Thomas
et al. (2021) have pointed out that with the emphasis on self-
regulation, the field of strategy research has moved away from
formal educational settings toward learner autonomy. They
argue that this is a hazardous trend because definitions of
LLS minimize teachers’ role and classroom contexts that can
also be an influencing factor in strategic behavior among
students. Thomas and Rose (2019) have therefore suggested a
separation of LLS from self-regulation and introduced the
Regulated Language Learning Strategies Continuum to make
it clear that self-regulation can be conceptually separated in
defining LLS. By interpreting LLS as being both other- and
self-regulated, Dornyei and Skehan (2003) argue that strategy
use cannot be regarded as either emotional or cognitive or
even behavioral, thus opening up another debated area in
the field.

The classification of LLS is another key area of argument.
Oxford’s original classification of six major fields (memory,
cognitive, metacognitive, affective, compensation, and social
strategies) was recently reconsidered and restructured on the
basis of self-regulation theories. Her Strategic Self-Regulation
(S°R) Model was developed based on Vygotsky’s (1978)
sociocultural theory of self-regulated learning (SRL). In her
concept, she identified four main fields—cognitive, affective,
motivational, and social strategies—each of them directed by
a “master category of meta-strategies” These meta-strategies
are metacognitive, meta-affective, metamotivational, and
metasocial strategies (Oxford, 2016). Her taxonomy was again
open to a number of debates as some theorists (Dornyei, 2005;
Hajar, 2019) argued that success in language learning cannot
be assessed through the frequency of strategy use alone.

Research on Language Learning
Strategies

Despite the debates, LLS researchers have been devoted to
conducting quantitative research on LLS use and its connection
with other individual factors, such as gender, learning style,
motivation, attitude, and proficiency (e.g., Radwan, 2011;
Alhaysony, 2017; Habok and Magyar, 2018a, 2019). The most
widespread measurement tool for assessing L2 learners’ strategy
use is Oxford’s Strategy Inventory for Language Learning (SILL;
Oxford, 1990). This questionnaire has been translated into
numerous languages and adapted for a vast number of cultures
around the world. It is based on her original taxonomy and
employs her original six strategy fields. Based on her renewed
taxonomy, a number of reconsidered measurement tools have
been developed since then, which have approached effective
language learning from different perspectives (Wang et al,
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2013; Salehi and Jafari, 2015; Bozinovi¢ and Sindik, 2017; Koksal
and Diindar, 2017; Habok and Magyar, 2018b; An et al., 2021).

One major area for researchers has been to find out what
set of strategies foreign language learners rely on the most
(Platsidou and Sipitanou, 2015; Alhaysony, 2017; Charoento,
2017; Dawadi, 2017; Habok and Magyar, 2018a,b, 2019, 2020;
Habok et al., 2021). Overall, results have concluded moderate
use of LLS among participants. The most frequently used
strategies are cognitive, metacognitive, and compensation
strategies, while affective and memory strategies are the least
preferred. Habok et al. (2021) have pointed out the different
strategy preferences in different cultural contexts. Their results
reinforced the preferred use of metacognitive strategies in both
European and Asian contexts. However, there were statistically
significant differences in the affective field with regard to the
lower strategy use preference in the European sample.

A great deal of research has investigated strategy use in
connection with other aspects (Platsidou and Kantaridou, 2014;
Rao, 2016; Charoento, 2017; Habok and Magyar, 2018a, 2020).
One of the most often used factors was language achievement,
which has been specified and covered in a multitude of ways.
Some studies have focused on level of language proficiency
or achievement test results (Raoofi et al., 2017; Taheri et al.,
2019; An et al, 2021; Malpartida, 2021), others have relied
on self-ratings (Charoento, 2017), and still others have involved
language course marks (Habok and Magyar, 2018a; Sanchez,
2019; Betirovi¢ et al., 2021). As a result, most research has
pointed out that students with higher proficiency use LLS more
frequently than those with less (Rao, 2016; Charoento, 2017;
Raoofi et al,, 2017; Sanchez, 2019). Charoento (2017) highlighted
that successful students mainly used metacognitive strategies
and less proficient students preferred to use social strategies
the most. Sdnchez (2019) reported that the application of social,
metacognitive, and cognitive strategies was the highest among
high achievers. Some research failed to find any significant
differences in LLS use between learners with lower and higher
English proficiency levels (Rianto, 2020).

A relatively small number of studies have examined how
LLS use predicts language proficiency. Some research has pointed
out a positive correlation between strategy use and proficiency.
Comprehensive work by Taheri et al. (2019) indicated a statistically
significant correlation between LLS and second language
achievement. Specifically, they confirmed a statistically significant
relationship between cognitive, social, and compensation strategies
and second language achievement. Platsidou and Kantaridou
(2014) also found that language use is predicted by learning
strategy use in a statistically significantly way and that it anticipates
perceived language performance. Rao (2016) also reinforced
that learners’ English proficiency level determines their strategy
use and highlighted that students with high proficiency use
strategies more frequently than low-level learners. Habok and
Magyar (2018a) stated that strategies have a statistically significant
effect on proficiency through attitudes. In addition, these effects
reflect general school achievement. Bec¢irovi¢ et al. (2021) observed
that LLS can influence students’ English as a foreign language
(EFL) achievement. Specifically, cognitive strategies have a
statistically significant positive effect on EFL achievement, while

other strategies showed negative or no significant impact. An
et al. (2021) also reported the positive direct effect of SRL
strategies on students’ English learning outcomes. Lin et al
(2021) concluded the direct impact of learning strategies on
learners’ performance in literal and inferential comprehension.

Another research direction is the investigation of strategy use
in relation to other underlying factors, like affective variables,
such as motivation, attitude, self-efficacy, and self-concept.
Educational research has pointed out that learners’ attitude toward
language learning is crucial since it can greatly impact learning
results and language learning proficiency (Platsidou and Kantaridou,
2014). Studies have indicated that learners with a positive attitude
toward language learning employ LLS more frequently and effectively.
Platsidou and Kantaridou (2014) used confirmatory factor analysis
to show that attitudes toward language learning predict the use
of both direct and indirect learning strategies. Jabbari and Golkar
(2014) reported a more frequent use of cognitive, metacognitive,
compensation, and social strategies among students with a positive
attitude toward language learning. Habok and Magyar (2018a)
demonstrated the reverse effect: learners who apply LLS effectively
were more likely to have improved learning experiences and
positive attitudes toward foreign language learning.

It can be concluded that strategy research is often related to
other vital areas of language learning, among which attitude plays
an important role. However, only a limited number of researchers
have developed measurement tools for investigating self-regulated
foreign LLS and measured it in relation to attitude. In addition,
most studies have focused on the strategy use of tertiary samples
with relatively high levels of proficiency. This study aims to fill
this gap and provides an insightful investigation into the connections
among strategy use, attitude, and English language achievement
among lower secondary students. Based on the relevant literature
(Jabbari and Golkar, 2014; Platsidou and Kantaridou, 2014; Habok
and Magyar, 2018a), we hypothesized the statistically significant
effect of LLS on proficiency through attitude.

RESEARCH QUESTIONS

The research addresses the following three research questions:

1. Which EFL strategy was the most frequently used by 11-year-
old lower secondary students?

2. Were there statistically significant differences among students
in their language learning strategy use on the basis of their
English language achievement?

3. Which language learning strategy type has a statistically
significant impact on learners’ English language achievement
and attitude?

RESEARCH METHODS

Participants
In Hungary, students start primary school at the age of six.
This lasts 4year. Then, they continue their studies at the lower
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secondary level. At the age of 14, they move on to upper
secondary school. The participants of the present research were
11-year-old lower secondary students in Grade 5 (N =1,653;
Nioys =827, Nyinis =780, Niyigsing=46) from 64 schools in Hungary.
Hungarian students take EFL in compulsory courses in school,
and they usually start learning a foreign language at the age
of nine. However, in some schools, they can start at the age
of six. Typically, they can choose between English and German,
but recently a preference for English has become more common.
In upper secondary school, two foreign languages are compulsory,
English and German or Italian or Spanish. The second language
depends on curricular choice at the school level.

The English proficiency of the participating students was
at beginner/elementary level (A1-A2). As for their engagement
in learning, there were 17 students in the sample who spent
2h or less per week on English. Around half of the learners
(N=884) devoted 3h a week to this subject, and few participants
dedicated four (N=303) or five (N=357) hours a week to the
language. We also found 67 students who dealt with English
six or more hours per week. In addition, we did not receive
any answers to this question from 25 students.

Instrument

The revised and improved version of the Self-Regulated Foreign
Language Learning Strategy Questionnaire (SRFLLSQ) was
employed after our first measurement and validation (Habok
and Magyar, 2018b). We reviewed the new findings on the
theoretical background to foreign LLS research and continued
revising the affective field. In addition, based on the relevant
literature, we included the field of motivation in the questionnaire.
We thus completed the measurement tool with motivational
and metamotivational factors based on Oxfords Strategic S*R
Model. Finally, the questionnaire covered four strategy areas:
metacognitive (eight items), cognitive (six items), meta-affective
(eight items), affective (eight items), metasocial (eight items),
social (six items), motivational (four items), and metamotivational
(four items; see Appendix). The fifth-grade students provided
their responses on a five-point Likert scale, which ranged from
1 (“Never or almost never true of me”) to 5 (“Always or
almost always true of me”). The measurement tool was also
complemented with a background questionnaire, which asked
students about their foreign language school marks, which
indicated students’ English language achievement (1 =fail, lowest
school mark; 5=excellent, highest school mark). Students also
self-reported their attitudes toward English learning on a five-
point Likert scale, which again ranged from 1 to 5.

Procedure

First, the research was accepted by the IRB at the University
of Szeged Doctoral School of Education. It was concluded that
the research design follows IRB recommendations. The
participating learners’ parents were asked for written informed
consent, which was handled by the participating schools. Second,
an invitation was sent to schools to register for the measurement.
In the call, schools were given information about the purpose
of the measurement. Once the schools accepted the invitation,

they received further instructions on data collection and a link
to log into the Online Diagnostic Assessment System (eDia),
which is developed, supervised, and operated by the University
of Szeged Centre for Research on Learning and Instruction
(Csap6 and Molndr, 2019). Students’ participation was voluntary
in the research. They logged into the system with an official
student assessment code (developed by the Hungarian Educational
Authorities), which provided complete anonymity for them. The
researchers could not identify the respondents on this basis.
The identification code was handled by the school administrators,
but the students’ results were not available to them. Thus,
complete anonymity was guaranteed. The eDia system is familiar
to students because they regularly use it for diagnostic purposes
during official school hours. The students had already acquired
the necessary ICT skills at primary level, further improved
through remote learning. For the present questionnaire, the
participants indicated their responses by clicking on radio
buttons. The learners were given a school lesson in a personal
classroom environment provided by the school. After logging
in, the respondents filled in the questionnaire in Hungarian,
which is their native language, because they do not yet have
the foreign language skills to provide reliable answers in English.
This took 20 min to complete the instrument. Teacher assistance
was not required while the questionnaire was being completed,
but it was available. The students had the option to ask for
assistance on any technical problems.

Data Analysis

First, we employed classical test analysis and examined reliability,
means, and standard deviations for the questionnaire fields
with SPSS Statistics 23.0. In the case of frequency of strategy
use, we aimed to find out how strategy use was perceived by
our sample. We also compared the students’ strategy use vis-a-vis
their English language achievement and attitude using an
independent sample t-test. To interpret effect size, we followed
Wei et al’s (2019) and Wei and Hu’s (2019) benchmark: under
0.005 is small, 0.01 is typical or medium, 0.02 is large, and
is 0.09 very large. We used R* unsquared; thus, the benchmark
for the effect size index is 0.07, 0.10, 0.14, and 0.30, which,
respectively, represents small, medium, large, and very large
cut-oftf values. We applied path analysis to map the possible
relationships and effects of our variables. We studied the
goodness-of-fit indices by applying various cut-off values for
many fit indices, including the Tucker-Lewis index (TLI), the
normed fit index (NFI), the comparative fit index (CFI), the
root mean square error of approximation (RMSEA), and
Chi-square values (Kline, 2015). TLI, NFI, and CFI were
regarded as eligible with a cut-off value of 0.95, and RMSEA
values indicated an acceptable fit of 0.8 (Kline, 2015).

RESULTS

Descriptive Analysis

The questionnaire was reliable in all the fields (Table 1). As
regards the whole sample, moderate strategy use was observed.
The lowest strategy use was noted in the field of metasocial
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strategies, and the most frequent strategy was found in the
affective field. As regards the corresponding factors, the most
frequent use was observed in the motivational field (see
Table 1).

We also identified the frequency of strategy use among
the more and less proficient learners. Students were divided
into two categories based on their English language achievement
(Table 2). Those with excellent and good school marks were
placed in the more proficient learners’ category, while learners
with average, fair, or unsatisfactory school marks were grouped
into the less proficient learner category. Students (N=2810)
who received excellent school marks met the requirements
of the English language curriculum and performed at a high
level. Learners (N=500) with good marks had minor gaps.
Those (N=229) with an average school mark had major
gaps in their knowledge, and those (N=65) with unsatisfactory
school marks had difficulty following the curriculum and
varying levels of difficulty in all areas of language learning.
Finally, students (N=9) who received an unsatisfactory school
mark are at a disadvantage which is difficult to overcome.
No data were received from 40 students. Students’ EFL
achievement could be regarded as good with a mean of 4.2
(SD=0.89). As a result, the more proficient learners employed
strategies with greater frequency in all of the fields, a
statistically significant finding. The affective factor indicated
above medium effect size, while the other factors reported
small effect sizes.

TABLE 1 | Frequency of language learning strategy use in Grade 5.

Fields Crb alpha M (SD) M (SD)
Metacognitive 0.79 3.47(0.74) 3.46(0.70)
Cognitive 0.72 3.43(0.78)

Meta-affective 0.73 3.28(0.77) 3.55(0.72)
Affective 0.83 3.82(0.81)

Metasocial 0.88 3.19(0.98) 3.28(0.92)
Social 0.85 3.41(0.94)

Metamotivational 0.76 3.45(0.98) 3.60(0.84)
Motivational 0.66 3.75(0.90)

TABLE 2 | Frequency of language learning strategy use among less and more
proficient learners.

Less More
Fields amereM lamoram  f rltlectsize)
(SD) (SD)
Metacognitive 3.02(0.71) 3.58(0.71) —-12.21* 0.085
Cognitive 3.07(0.74) 3.51(0.76) —9.28%* 0.050
Meta-affective 3.07(0.77) 3.33(0.76) —5.24%* 0.017
Affective 3.26(0.79) 3.96(0.76) —13.85% 0.113
Metasocial 2.82(0.88) 3.27(0.98) —7.30% 0.032
Social 2.98(0.86) 3.50(0.93) —8.78% 0.046
Metamotivational 3.14(0.96) 3.51(0.98) -5.91%* 0.021
Motivational 3.32(0.97) 3.84(0.86) —9.34%* 0.052

*Differences are statistically significant at p <0.001 level.

Multivariate Analyses
Finally, we investigated the effect of strategy use on English
language achievement and attitudes. As Oxford’s Strategic S°R
Model considers strategies as being closely directed by their
corresponding meta-strategies, we have regarded the strategies
and their meta-strategy counterparts as common factors. The
correlation coeficient was statistically significant between every
strategy factor (r=0.45-0.25, p<0.001). Our model showed
acceptable fit indices (Chi-square=35.574, df=5, p=0.000,
CFI=0.995, TLI=0.977, NFI=0.994, RMSEA=0.061).
We therefore concluded that English language achievement and
attitude are statistically influenced by strategy use (Figure 1).
We found that the meta-affective and affective and metasocial
and social categories directly influenced students’ attitude toward
English. A direct effect of attitude was observed on English
language achievement. In addition, the metacognitive and cognitive
categories had a direct effect on English language achievement,
while English language achievement was indirectly affected by
meta-affective and affective and metasocial and social factors.
We could not confirm any significant effect of metamotivational
and motivational factors on attitude or English language achievement.

DISCUSSION

We investigated the strategy use of 11-year-old lower secondary
students in Grade 5 in connection with their language achievement
and attitude toward the English language. Our first research
question asked which LLS was the most frequently used by
the sample. We found moderate strategy use with regard to a
slightly modest application of the metasocial field, and the most
frequent strategy use was observed in the affective field. These
aspects of our findings partly correspond with most of the
recent research with respect to moderate use of strategies;
however, there are profound differences in the strategy preferences
of the sample (Platsidou and Sipitanou, 2015; Alhaysony, 2017;
Charoento, 2017; Dawadi, 2017; Habdok and Magyar, 2018a,b,
2019, 2020; Habok et al., 2021). Raoofi et al. (2017) also pointed
out the low level of social strategy use in their research. Another
important statistically significant finding is that higher proficiency
learners used learning strategies with greater frequency than
their less proficient peers. This applies to every strategy field
in agreement with Charoentos (2017) results.

Our second research question concerned differences in the
use of LLS based on English language achievement. As concerns
the sample, we regarded the EFL school mark as an indicator
of English language achievement. The mean indicated that a
considerable portion of the sample was grouped as more
proficient. As a result, these students used LLS with greater
frequency in all of the categories, which is a statistically
significant finding. These results correspond with other research,
which also reinforces this (Rao, 2016; Charoento, 2017; Raoofi
et al., 2017; Sénchez, 2019). However, we also found that less
proficient learners employed motivational strategies the most
frequently, while their more proficient peers most often preferred
the affective field, a result which is not reinforced by any
previous findings. Apart from this, the strategy uses of both
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FIGURE 1 | The path model for EFL strategies on English language achievement through attitude.

subsamples followed the same order, with social and metasocial
strategy use being the least preferred type for both. This may
be due to the fact that our sample was mainly at the beginner/
elementary level (A1-A2), so they cannot yet Iinitiate
conversations with others, even with native speakers. They also
cannot understand many words and grammatical structures
that are used by more proficient speakers, so social interaction
is more difficult for them, even for the more advanced ones.

Our results on the role of LLS in English language achievement
and attitude confirmed the statistically significant effect of LLS
on background variables. English language achievement was
directly influenced by the metacognitive and cognitive fields
and attitudes and indirectly affected by the meta-affective and
affective fields, as well as the metasocial and social fields. Our
model could not confirm any direct or indirect effect of the
metamotivational and motivational fields on attitude or English
language achievement. This may be because motivational
components form distinct factors and their role differs somewhat
in predicting language achievement. These results are in line
with previous findings (Platsidou and Kantaridou, 2014; Habok
and Magyar, 2018a), which also concluded the outstanding
role of attitudes, which is an important predictor of language
achievement and reinforces the role of strategy use. In summary,
strategy use influences English language achievement through
attitude to language learning in a statistically significant way.

CONCLUSION

The main objective of the study was to find evidence for
the role of strategy use in students’ achievement at the

beginner/elementary level of English language learning. As
a result, the strategy use preferences of the sample differed
somewhat from the findings of previous research, as the
affective and motivational fields were the ones the students
preferred the most. This may be due to the fact that young
children are more likely to use strategies that are rather
emotional and related to their personality traits than strategies
that require deeper understanding, specific learning techniques,
and awareness, such as cognitive strategies. The use of social
strategies was also quite low, probably owing to the low level
of foreign language communication skills in the sample. As
regards the different proficiency levels, more frequent strategy
use was observed among the more proficient learners, a
statistically significant finding. However, the patterns of strategy
use were almost the same across the groups. The only difference
was that the more proficient learners mostly preferred the
affective field, while the less proficient ones mostly employed
motivational strategies. This indicates that students at a higher
level have more confidence to speak up and show how they
feel about learning English. Learners with lower proficiency
at this age often try to show that they are motivated, that
is, that they are trying and want to achieve good results and
present a good image of their own performance. The study
also highlighted the importance of attitude; from the results,
it can be concluded that, even at the beginner/elementary
level, strategy use can affect language achievement and that
a student’s attitude is an important predictor and plays an
important role as mediator between strategies and language
achievement. This can have a positive impact on classroom
performance and highlights the importance of teaching students
about learning strategies.
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LIMITATIONS

There are some limitations to consider in the study. First, the
questionnaire was administered to fifth-grade students, who
were at the beginner/elementary level of their English language
learning. Thus, generalizability cannot be confirmed, and more
research is needed across higher grades and higher proficiency
learners. Second, we had difficulty identifying the affective
domain in the first version of the questionnaire. For the fields
in the present measurement tool, we have succeeded in identifying
the affective and meta-affective domains of LLS. However, they
still have to be optimized. Additional research is also called
for with regard to the motivational components. Third, other
underlying factors should be included in the investigation, such
as self-efficacy, self-esteem, and self-concept.

PEDAGOGICAL IMPLICATIONS

The study points out that the role of learning strategies is
substantial for the students in their language learning. Learning
English is a complex process for Hungarian fifth graders. English
pronunciation, vocabulary, and grammar are very different from
those of Hungarian. For these learners, grammatical rules are
often abstract phenomena, and it is difficult for them to associate
meaning with the words they say and write. Furthermore,
reading and listening comprehension are also influenced by
many factors. The results draw attention to the paramount
importance of teaching LLS, which can promote greater success
among language learners. In addition, it is essential how
consciously strategies are employed. Teachers are strongly urged
to include strategy training in their courses. Strategy training
can be conducted either in the form of an embedded sub-course
in any of the subjects or in an independent form as an individual
course. Strategy courses integrated into a school subject provide
specific help for students learning that specific course material.
For example, language learning strategies paid students in
learning grammatical formulae or vocabulary in a foreign
language, while general strategy courses help students to learn
strategies that can be used in other school subjects, such as
reading and writing strategies.
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APPENDIX

Revised Version of the Self-Regulated Foreign Language Learning Strategy Questionnaire (SRFLLSQ).

When | learn English, ...

O N OA N

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24,
25.
26.
27.
28.
29.
30.

31.
32.
33.

34.
35.
36.
37.

38.

39.
40.
41.
42,
43.

44,

45.
46.
47.
48.

49.
50.
51.
52.

Metacognitive
| think of the relationships between what | already know and new things | learn in English.
| first skim an English passage, then go back and read carefully.
| look for opportunities to read as much as possible in English.
| write notes, messages, letters or reports in English.
| plan my schedule so | will have enough time to study English.
| pay attention when someone is speaking English.
| make summaries of information that | hear or read in English.
| try to find out how to be a better learner of English.
Cognitive
| connect the sound of a new English word and an image or picture of the word to help me remember the word.
| use the English words | know in different ways.
| find the meaning of an English word by dividing it into parts that | understand.
| use new English words in a sentence so | can remember them.
I try to find patterns (grammar) in English.
| try not to translate word for word.
Meta-affective
| notice if | am tense or nervous when | am studying or using English.
| encourage myself as | learn English so that | can learn what | would like.
| read in English as a leisure-time activity.
| organize my English language learning so that | always enjoy doing it.
| plan my English language learning so that | can perform better.
| have more success learning English when | feel like doing it.
| talk to others about how | feel when learning English.
| give myself a reward or treat when | do well in English.
Affective
| try to relax whenever | feel afraid of using English.
| encourage myself to speak English even when | feel afraid of making a mistake.
| try to overcome my anxiety if learning English is difficult.
Making mistakes does not take away my desire to use English language.
It gives me a good feeling when | do well in English.
| am good at learning English.
| like learning English.
| am happy when | can use my knowledge of English in other school subjects.
Metasocial
| try to learn about English-language cultures and/or other cultures through English.
| look for people | can talk to in English.
| look at English-language TV shows, movies or websites to get to know the cultures of English native speakers and/or other cultures
through English.
| choose leisure activities where | encounter English-language cultures and/or other cultures through English as well.
| plan what | want to find out about the cultures of English speakers and/or other cultures through English.
| practise English with my peers.
| look for similarities and differences between my own culture and the cultures of English native speakers and/or other cultures through
English.
Getting to know English-language cultures helps me to learn the language.
Social
| start conversations in English.
| make up new words in English if | do not know the right ones.
When | speak with highly proficient speakers of English, | think it is important to get acquainted with their culture.
The more | learn about English-language culture(s) and/or other cultures through English, the more | love English.
| try to discover similarities and differences between my own culture and English-language cultures and/or other cultures I'm learning
about through English.
| like talking to other students about English-language cultures and/or other cultures I’'m learning about through English.
Metamotivational
| pay attention to the types of English learning tasks that make me excited.
| plan ahead for what I'm going to learn in English in a week or two.
| add something motivating to my English learning environment, such as pleasant music.
| pay attention to making it interesting to learn English.
Motivational
| give myself a reward for good progress or achievement.
| use positive self-talk about my reasons for achieving my aims.
| regard learning English as a game.
| believe that I'm fully capable of doing English learning tasks.
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UNIVERSITY STUDENT LEARNING IN BLENDED COURSE
DESIGNS

Advances in Internet and computer-based technologies have increased the growth of alternative
learning spaces, creating entirely new ways of conceptualizing and assessing the learning experience
of students (Wong, 2019). Research has repeatedly found positive impacts of various forms
of technology-enhanced learning, such as learning embedded in social networking sites, web-
conferencing, webinars, e-portfolio, digital games, mobile apps, and virtual and second worlds
(Jarvoll, 2018; Winkelmann et al., 2020). The higher education sector has also shown a rapid
development in the use of computer and web-based technologies, which has affected experiences of
learning of a significant proportion of university students worldwide. This change has resulted in
the widespread use of diverse online spaces developed for learning in the form of e-learning courses
and/or a combination of face-to-face and online delivery systems, known as blended course designs
(Shin et al., 2018). In a synergy of research foci and research methods of university student learning
in blended contexts, Bliuc et al. (2007) defines blended course designs as “systematic combination of
co-present (face-to-face) interactions and technologically-mediated interactions between students,
teachers and learning resources” (p. 234).

More recently, the coronavirus pandemic (COVID-19) emergency has required higher
education learning and teaching around the world to rapidly respond, in particular, redeploying
even more learning and teaching activities to virtual learning spaces to promote physical distancing.
As a result, more and more face-to-face courses have been delivered as blended courses (Mali and
Lim, 2021). Under such circumstances, it becomes vital importance to understand student learning
experience in blended course designs, its relation to various forms of learning outcomes, and the
key factors which may impact such experience. However, there are many challenges to study the
student experience in blended course designs as it is a complex phenomenon (Ma and Lee, 2021).
Compared with learning in a single mode (i.e., fully face-to-face courses or fully online courses),
in blended course designs, students are increasingly involved in decision-making in the learning
process, such as with whom to work in a classroom tutorial and with whom to discuss in online
forum, how many hours they learn online, whether to study in a physical library or log onto an
online database, whether to collaborate in a face-to-face laboratory or whether to collaborate in
virtual reality. These decisions require students to move back and forth between face-to-face and
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online contexts, and across physical and virtual learning
environments (Han and Ellis, 2020a). As a result, the complexity
of student experience in blended learning involves an interplay
of a wide range of factors, which include students’ cognition
(e.g., conceptions, approaches, and perceptions in learning)
(Trigwell and Prosser, 2020); their choices of social interactions
in learning (e.g., with whom to collaborate and the mode of the
collaborations) (Hadwin et al., 2018); and the material elements
across both physical and virtual learning spaces in face-to-
face and online learning components (e.g., students’ choices
of learning spaces and their interactions with online learning
activities) (Laurillard, 2013). As such, evaluation of university
student learning experience in blended course designs requires
research methods that move beyond approaches that do not
routinely investigate the combined contributions of learners and
the material things involved in learning to achieve academic
performance, (Wu et al., 2010; Lopez-Pérez et al., 2011).

THEORY-DRIVEN APPROACHES

Traditionally, research into student learning experience
and academic performance in higher education has largely
adopted theory-driven approaches, which test hypotheses
derived from theories in educational psychology, learning
sciences, and pedagogy and curriculum research (Trigwell and
Prosser, 2020). Based on the accumulated empirical evidence
which may support or refute the hypotheses, theories and
models of learning have been constantly refined, modified,
and updated. The theoretical frameworks departing from
theory-driven perspectives predominantly assess various
aspects in student learning experience using self-reported
instruments and measurements, such as focus group, semi-
structured interviews, and Likert-scale questionnaires (Han
et al., 2022).

In a number of state-of-the-art articles, for instance,
the instruments in the major frameworks on the student
learning research in higher education have been reviewed
and summarized, including Student Approaches to Learning
Research, Self-regulated Learning Research, Information
Processing Research, and Student Engagement Research
(Lonka et al., 2004; Vermunt and Donche, 2017; Zusho,
2017). Uniformly, the primary means to collect data in these
frameworks are self-reported questionnaires, such as Study
Process Questionnaire (SPQ; Biggs et al., 2001), the Revised
Approaches to Studying Inventory (RASI; Entwistle and
McCune, 2004), and the Inventory Learning to Teach Process
(ILTP; Endedijk et al, 2016) and Motivated Strategies for
Learning Questionnaire (MSLQ; Pintrich, 2004); Inventory
of Learning Patterns (ILP; Donche and Van Petegem, 2008),
Course Experience Questionnaire (CEQ; Ramsden, 1991), and
the Inventory of Perceived Learning Environments Extended
(IPSEE; Konings et al., 2012).

However, the self-reported measures have been criticized
for being subjective and have been questioned about their
accuracy in describing students’ use of learning approaches
and strategies in real learning contexts (Zhou and Winne, 2012).

In addition, the self-reported measures and data also suffers
from their limited capacities to represent the complex (e.g.,
using multiple indicators) and dynamic (e.g., changes over
time) nature of student learning behaviors. To improve the
insights of contemporary university student experiences of
learning, suggestions have been put forward to expand the
current self-reporting methods by including other types of
measurements to study student learning (Vermunt and Donche,
2017). In this regard, learning analytics research is a promising
avenue. For instance, Richardson (2017) suggested “The rapidly
expanding field of learning analytics provides both researchers
and practitioners with the opportunity to monitor students’
strategic decisions in online environments in minute detail and
in real time (p. 359).”

DATA-DRIVEN APPROACHES

The recent development of educational technology has produced
prolific studies using learning analytics, which enables a capacity
to collect rich and detailed digital traces of students’ interactions
with a variety of online learning resources and activities. The type
of digital trace/log data, also known as the observational data,
have the advantage of offering descriptions of student learning
behaviors and strategies relatively more objectively and in a
more granular details than using self-reported methods (Siemens,
2013; Baker and Siemens, 2014). Departing from data-driven
approaches, learning analytics research has emerged as a growing
area and has gradually gained popularity in student learning in
higher education (Sclater et al., 2016). It employs advanced data
mining techniques and algorithms to process the observational
analytic data in relation to students’ demographic information,
which has been increasingly applied in various domains in
higher education sector, such as advising students’ career choice
(Bettinger and Baker, 2013); detecting at risk students to improve
retention (Krumm et al., 2014); providing personalized feedback
(Gibson et al., 2017); identifying patterns of learning tactics and
strategies (Chen et al., 2017); facilitating collaborative learning
(Kaendler et al., 2015); monitoring students’ affect in learning
(Ocumpaugh et al., 2014); and predicting their academic learning
outcomes (Romero et al, 2013). However, the data-driven
approaches are often fragmented from educational theories
and rely purely on empiricism, which limit the insights they
can offer for directing pedagogical innovations and reforms,
supporting learning design, fostering quality learning experience,
and improving academic performance (Buckingham Shum and
Crick, 2012).

Despite its wide applications, learning analytics research
have received criticism that the data-driven approaches it relies
on is fragmented from educational theory but overly focuses
on quantitative number (Rodriguez-Triana et al, 2015). The
patterns and models of student learning derived from such data-
centric perspectives without proper guidance from educational
theories are often result in erroneous interpretation, which have
limited insights for generating actionable knowledge in order to
locate learning barriers and to offer ideas for teaching practice
and curriculum design (Wong and Li, 2020; Han and Ellis, 2021).
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A COMBINED APPROACH

Recognizing the limitations of an overly data-centric approach
used in learning analytics research, researchers have proposed
to adopt a more holistic approach when designing research so
that student learning behaviors and patterns can be captured
in a comprehensive manner, and big data modeling and
interpretation can be guided via sound theories (Lockyer et al.,
2013; Rienties and Toetenel, 2016). This has resulted in an
increasing amount of research using a combined approach,
which employs both self-reported and observational instruments
to measure student learning experience in a complementary
manner (Gasevic et al., 2015).

Reviewing the existing research using a combined approach
suggests that these studies have two different aims. One aim
is to examine how a combined approach may improve the
explanatory power of predicting student learning outcomes
by including both self-reported and observational measures
of aspects in the processes of student learning (Reimann
et al, 2014). Despite basing on different learning theories,
the majority of studies in this line of inquiry have reported
that combing the self-reported and observed measures of
student learning have significantly improved the variance
explained in the prediction of student academic achievement
than using either self-reporting or observational method
alone (Tempelaar et al., 2015; Han and Ellis, 2020b). For
example, using multiple regression analyses, Pardo et al. (2017)
found that students’ reported anxiety in learning and use
of self-regulated learning strategies could only explain 7% of
variance in students’ academic performance; whereas adding
the observed frequency of students’ online interactions into
the regression model could explained 32% of variance in
students’ academic performance, significantly increasing the total
variance explained by 25%. In another study which adopted
Student Approaches to Learning research framework, Ellis
et al. (2017) reported similar findings: while students’ self-
reported use of approaches to learning only predicted 9% of
the variance in their academic learning outcomes, including
students’ observed online learning events in the multiple
regression equation explained an extra of 25% in the students’
learning outcomes.

Another aim of the studies which combine the self-reported
and observational measures is to investigate the consistency
between the two methods in terms of describing student
experiences of learning (Reimann et al, 2014). Similarly,
research with this aim has also departed from different
learning perspectives and has diverse foci, such as using self-
reported questionnaires to assess students’ intrinsic motivation,
test anxiety, self-efficacy, engagement, effort expenditure,
achievement goal, learning orientations and motives on the one
hand. On the other hand, a diversity of observed indicators
of students’ online learning, including frequency of clicks,
completion of online learning tasks, duration of online learning
events, as well as time-stamped sequences of online learning
behaviors have been collected through digital traces to derive
students’ online learning tactics, strategies, and approaches

(Gasevic et al., 2017; Pardo et al., 2017; Han et al., 2020; Sun and
Xie, 2020; Ober et al., 2021). However, inconclusive results have
been reported among studies with this aim. The non-alignment
between the descriptions and categorisations of student learning
experience by self-reports and observations have been found in a
number of studies.

For instance, GaSevi¢ et al. (2017) found that there was
no significant difference of self-reported using surface learning
strategies between students who were categorized as deep and
surface learners according to their observed online learning
strategies. In contrast, consistency between students’ self-
reported learning orientations (as measured by their approaches
to learning and perceptions of learning) and their online
participation was observed in Han et al. (2020). Students
who were categorized as having an “understanding” learning
orientation (i.e., the learning was oriented toward gaining
an in-depth understanding of the subject matter) were also
observed to participate more online learning than those who were
categorized as having a “reproducing” learning orientation (i.e.,
the learning was oriented toward reproducing facts and satisfying
course requirements).

These inconsistent results are possibly caused by (1) different
learning theories have been adopted by these studies (e.g., self-
regulated learning, Student Approaches to Learning, student
engagement); and (2) the diverse means of how students’
online learning is measured (e.g., frequency, duration, temporal
sequence, or a combination of multiple indicators). Until a firmer
conclusion can be made, many more studies are required to
examine the extent to which the self-reported and observational
measures of student learning experience align with each other.

The strengths of a combined approach lie in multiple ways.
First, it has an advantage of offering richer information in
the way of predicting student learning outcomes over using
a single approach, with each approach supplementing the
other. While the observational measures are able to provide
objective evidence as to what students actually do in their
learning (Fincham et al., 2018), they do not, however, have
capacity to reflect students’ intents and motives behind the
ways they learn as in the self-reported studies (Asikainen
and Gijbels, 2017; Gerritsen-van Leeuwenkamp et al., 2019).
Second, a combined approach can serve as a triangulation
to check the validity of the results derived from either
theory-driven or data-driven approaches. Third, the multiple
data collection and analysis methods used in the combined
approach also strengthen the analytical power of the analyses.
All the merits of combining theory-driven and data-driven
approaches point out its future applications to advance university
student learning research and its potential to tackle the
other complex issues of contemporary student experiences
of learning.
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The aim of this research was to delimit the predictive and mediational model of resilience
between character strengths to predict flourishing, in a sample of undergraduate
students. After signing their informed consent, 642 university students completed
three validated scales (i.e., character strengths, resilience, and flourishing). Using
an ex post facto design, regression, structural modeling, and mediation analyses
were carried out, in order to construct a multi-causal predictive model. Results
indicated a consistent predictive direct effect of character strengths on resilience and
flourishing and of resilience on flourishing. As hypothesized, resilience also showed
a mediating effect on the relationship between character strengths and flourishing.
Additionally, results also revealed that the reactive and proactive factors of resilience
were explained by different character strengths (e.g., emotional strength/cognitive,
interpersonal strengths), reinforcing the idea that the two directions are complementary
and necessary. Finally, several implications were established for the practice of
positive psychology.

Keywords: strength character, proactive and reactive resilience, flourishing, university, mediational model

INTRODUCTION

Positive Psychology (PP) focuses on factors that promote human wellbeing, in contrast to the classic
study of factors involved in disorders (Joseph and Linley, 2005), and it is defined as the scientific
study of what makes life most worth living (Seligman and Csikszentmihalyi, 2000; Ghielen et al.,
2018). Thus, positive psychology ultimately seeks to explain and predict psychological wellbeing
(Dodge et al., 2012). In this regard, a wellbeing model based on actual positive psychology (PP 2.0)
needs to enhance individuals’ positive traits, attitudes, and behaviors and/or manage negative ones
in order to promote wellbeing and decrease mental illness at the same time (Ivtzan et al., 2016).
PP 2.0 recognizes that wellbeing involves a dialectical balance between the “light” and the “dark”
aspects of life (Lomas, 2016).

The PP, has also influenced the emergence and interest by of new psychological constructs
(Duckworth et al., 2005; Proyer et al., 2013; Ciarrochi et al., 2016) such as character strengths,
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subjective wellbeing, psychological wellbeing, hedonic wellbeing,
eudaimonic, flourishing, happiness, thriving or resilience which
have become part of this new psychological dictionary (Dodge
et al., 2012; Ruch and Hofmann, 2017; Schreiner, 2018).

The present paper adopts flourishing as an integrated
approach to study wellbeing, which includes both hedonic
and eudaimonic wellbeing traditions (Patnaik, 2021).
Flourishing/Flowering defined as the favorable relationship
between individuals, their environment, and culture, which in
turn influences the experimentation of high levels of wellbeing
and consequently of mental health have developed an important
body of research (Keyes, 2002).

Although character strengths (i.e., positive stable personality
traits; Wagner et al., 2020), resilience (i.e., the ability to resist
negative events and/or to recover from them; Harms et al., 2018),
and flourishing have emerged from different research domains,
they share the common denominator of promoting psychological
wellbeing, while they are related to each other in ways yet to be
defined (Donaldson et al., 2015; Ciocanel et al., 2017). In addition
to flourishing, character strengths and resilience are also complex
constructs. Character strengths are organized under six broad
virtues: (1) Wisdom and knowledge; (2) Courage; (3) Humanity;
(4) Justice; (5) Temperance; and (6) Transcendence (Peterson
and Seligman, 2004). On the other hand, resilience in recent
studies suggests that it consists of two dimensions: reactive and
proactive factors (de la Fuente et al., 2021a).

Thus, the present paper seeks to clarify the relationships
between the mentioned variables by answering the following
questions: Do character strengths predict resilience? To what
degree do these two predict flourishing? To what extent do
character strengths and resilience contribute to the flourishing of
under-graduate students? From a research perspective, our work
will contribute to establishing which character strengths relate to
resilience, to confirming whether resilience comprises of two sub-
dimensions, and to unfolding direct and indirect relationships
among the variables under study. From an applied perspective,
this paper could direct psychological interventions in order to
improve flourishing in under-graduate students.

Wellbeing and Flourishing

Two different conceptual frameworks usually explain wellbeing
(Chaves, 2021). The hedonic paradigm (subjective wellbeing as
defined as by Diener’s model) considers wellbeing as the result
of the cognitive and affective evaluation that a person makes of
his life, which leads him to experience high levels of positive
affect, low levels of negative affect, high life satisfaction, and
happiness (Diener, 2009). For its part, the eudaimonic paradigm
(psychological wellbeing as defined by Ryff’s model) understands
wellbeing as human potential and highlight that wellbeing
is facilitated by overcoming life challenges through applying
human potential traits. He proposes six key components of
wellbeing: purpose in life, mastery of the environment, positive
relationships, self-acceptance, personal growth, and autonomy)
(Ryff and Singer, 2006; Ryff, 2014, 2016). Since both perspectives
can complement each other, tentative attempts have been
proposed in order to unify these two traditions (Hedonistic
and Eudaimonic), with the aim of comprehensively explaining

wellbeing. In fact, mental wellbeing is currently understood as the
combination between the hedonic and eudaimonic perspectives
(Ryan and Deci, 2001; Schotanus-Dijkstra et al., 2016; Chaves,
2021). Recent definitions of flourishing combine hedonic and
eudaimonic elements to create a more comprehensive and
holistic approach (Chaves, 2021).

From a temporal perspective, initially, the most influential
perspective on human flourishing was the eudaimonic
(VanderWeele, 2020). However, from a psychological perspective,
flourishing also incorporates the hedonic experience (Schotanus-
Dijkstra et al., 2016). In this respect, extant research (Keyes,
2007), as well as recent studies, also show the importance
of improving flourishing so as to increase hedonic wellbeing
(Allison et al., 2020; Lee et al., 2021).

Thus, these efforts lead to jointly considering both
perspectives (hedonic and eudaimonic) of wellbeing. That
is, to identify positive psychological states (subjective wellbeing)
together with the value and impact of hedonic experiences that
motivate and reinforce the search for basic needs satisfaction,
and the update of human potential (significant vocation and a
sense of purpose). Based on the above-mentioned, the present
paper’s approach to wellbeing follows this integrative perspective
and accepts that flourishing comprises both wellbeing traditions.

These integrated eudaimonic and hedonic perspectives are
based on influential theoretical approaches. Firstly, the model
of human potential (Ryft and Singer, 2006), which encompasses
emotional and physical health, evaluates autonomy, personal
growth, self-acceptance, life purpose, mastery, and positive
relationships. Secondly, self-determination theory (Ryan and
Deci, 2000), considers that “self-realization” is a facilitator
of wellbeing experience, and emphasizes the fundamental
role that autonomy, competence, and relationships play in
flourishing. Finally, Seligman’s (2018) PERMA model, includes
five fundamental aspects for human flourishing. These aspects
are the experience of positive emotions, personal commitment
to what is done, the establishment of positive interpersonal
relationships, search for meaning, meaning, and purpose in life,
and agency capacity. More recently, from a more interactive and
contextual approach, the Self-vs. External-Regulation Theory,
SR-ER model (de la Fuente et al., 2017; de la Fuente-Arias, 2017)
has proposed that the achievement of psychological wellbeing is a
consequence of the combination of the optimal levels of personal
and contextual regulation.

Thus, Flourishing is a psychological construct referring
to the experience that life is going well which combines a
sense of feeling good and effective functioning. Flourishing
is considered a personal indicator that corresponds to a
high level of mental wellbeing (Huppert, 2009a,b). It is a
global construct that integrates psychological variables from
the hedonic and eudaimonic perspectives (e.g., perceived
competence, emotional stability, engagement, meaning,
optimism, positive emotions, positive relations, self-esteem,
and vitality (Huppert and So, 2013).

Character Strengths and Flourishing
Character strengths spring from the search for personal values
that make us strong and able to face life and adversity
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(Park et al., 2004; Lavy, 2019; Karris-Bachik et al., 2020).
Character strengths may be considered the psychological
ingredients of virtues (Park et al, 2006). Based on this
construct, the Values in Action Inventory of Strengths (VIA-
IS; Park et al, 2004) was designed and it was also adapted
to educational settings (Berkowitz, 2002; Vargas and Gonzalez-
Torres, 2009). Character strength meets the following criteria:
1. Ubiquity—is widely recognized across cultures; 2. Fulfilling—
contributes to individual fulfillment, satisfaction, and happiness
broadly constructed; 3. Morally valued—is valued in its
own right and not for tangible outcomes it may produce;
4. Do not diminish others—elevate others who witness it,
producing admiration, not jealousy; 5. Non-felicitous opposite—
has obvious antonyms that are “negative”; 6. Traitlike—is an
individual difference with demonstrable generality and stability;
7. Measurable—has been successfully measured by researchers
as an individual difference; 8. Distinctiveness—is not redundant
(conceptually or empirically) with other character strengths;
9. Paragons—is strikingly embodied in some individuals; 10.
Prodigies—is precociously shown by some children or youth. 11.
Selective absence—is missing altogether in some individuals; 12.
Institutions—are the deliberate target of societal practices and
rituals that try to cultivate them (Park et al., 2004).

Based on our characterization of flourishing which includes
both hedonic and eudemonic wellbeing (Huppert and So, 2013),
extant research broadly reports significant relationships between
character strengths and the former (Brdar and Kashdan, 2010;
Buschor et al.,, 2013; Hausler et al., 2017; Athota et al., 2020;
Baumann et al., 2020; Villacis et al., 2021). Additionally, specific
research which addresses wellbeing as flourishing confirms
the positive relationship between both variables (Baumann
et al, 2020; Niemiec, 2020). Further support comes from
multicomponent interventions (Hendriks et al.,, 2019), which
report flourishing amelioration via improving character strengths
(VanderWeele, 2020). Along the same lines, extant research
reports several experiences focus on improving both character
strengths and flourishing (VanderWeele, 2017a,b, 2020; Schutte
and Malouff, 2019). Similar results are found when studying the
impact of character strengths on thriving as part of flourishing
(Hausler et al., 2017).

Another line of studies analyses character strengths structural
characteristics and their effects on flourishing (Heintz and
Ruch, 2020). These studies report that the strongest cross-
sectional associations of flourishing are with hope, curiosity,
love, and gratitude (Emmons and Stern, 2013). Although extant
longitudinal research reports that character strengths tend to
be stable over time (Emmons and Stern, 2013; Wagner et al,,
2020), other studies found that character strengths such as
humor, spirituality, and prudence may be more susceptible to
change (Wagner et al., 2020).

From the above-mentioned, a more in-depth analysis is
necessary in order to specify which character strengths relate to
flourishing as well as the strength of such a relationship.

Resilience and Flourishing
The role of resilience, whether in protecting against stress, or in
contributing to flourishing, has been conceptualized from several

perspectives (e.g., rising above, adaptation, and adjustment;
Aburn et al.,, 2016). Literature broadly supports the key role of
resilience in coping with difficulties and in helping individuals to
persist while pursuing their goals (Kim et al., 2016; Kachel et al.,
2020). Additionally, the latest studies propose biased affective
forecasting as a potential mechanism that promotes resilience and
flourishing (Colombo et al., 2020).

Extant research confirms the positive relationship between
resilience and flourishing (Yildirim and Belen, 2019).
Additionally, recent studies analyze its value in personal recovery
after health accidents (Rapport et al, 2020), in preventing
psychopathological symptoms (Chmitorz et al., 2018), in mental
health (Wu et al., 2020), or as a mediator between optimism
and subjective wellbeing (He et al., 2013; Miranda and Cruz,
2020). However, a recent meta-analysis on resilience and
flourishing dimensions shows that effect sizes among studies
are heterogeneous, which points to a large variability within the
reported results (Liu et al., 2020).

To further analyze resilience and based on the Connor-
Davidson Resilience Scale (CD-RISC scale), recent research
(de la Fuente et al,, 2021a), suggests that resilience consists
of two dimensions, that is, reactive and proactive. Reactive
resilience comprises behavioral factors pertaining to endurance
under adverse conditions (reactive factors). On the other hand,
proactive resilience refers to the ability to bounce back and
produce changes under unfavorable situations (proactive factors).
Reactive resilience, stresses tolerance skills, and spirituality
behaviors to predict emotion-focused coping strategies (stress,
spirituality). Likewise, proactive resilience, i.e., the ability to
adapt to change and perceived control (tenacity, control,
change, spirituality), predict problem-focused strategies (de la
Fuente et al, 2021a). Consequently, the two dimensions are
complementary and necessary, although only the proactive
factors could pertain to self-regulatory behavior (de la Fuente
et al., 2021a). Additionally, the moderator role of this two-
component model has also been tested between individual factors
(big five) and the stress experience (de la Fuente et al., 2021b).

Thus, the present paper delves into the distinctive links
between resilience dimensions (tenacity, control, change, stress,
and spirituality) and flourishing in order to uncover the nuances
of this relationship.

Character Strengths and Resilience
Extant studies have already found positive relationships between
character strengths and resilience (Chung, 2008; Hausler et al.,
2017). Specifically, character strengths show predictive power
beyond other related factors (i.e., positive affect, self-efficacy,
optimism, social support, self-esteem, life satisfaction) as well as
sociodemographic variables (Martinez-Marti and Ruch, 2017).
More recent research with US university students reports
a consistent relationship between VIA character strengths
and happiness, wellbeing, resilience, academic success, and
psychopathologies (Karris-Bachik et al, 2020). Specifically,
three functions of character strengths are highlighted when
facing adversity: buffering (i.e., the use of character strengths
prevents problems); reappraisal (i.e., a persons character
strengths explain or reinterpret problems); and resilience (i.e.,
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FIGURE 1 | Study hypothesis. Hypothesis 1 (H1) seeks to test whether the
constituent factors of character strengths positively predict resilience scores
while hypothesis 2 (H2a and H2b) analyses which scores in character
strengths (H2a) and resilience (H2b) predict (directly and indirectly) total scores
in flourishing.

character strengths support the bounce-back from life’s setbacks
(Colombo et al., 2020).

Despite the foregoing evidence, relations between character
strengths and resilience are neither sufficiently established, nor
do we understand precisely how these two constructs are related
to flourishing. Nevertheless, it seems reasonable to assume that
character strengths are foundational to resilient behaviors and to
flourishing itself.

Aims and Hypothesis

Consequently, the objectives of the present paper are: (a) to
establish predictive relationships between character strengths
and resilience; and (b) to determine the joint contribution
of these two variables to predict flourishing. Accordingly,
hypothesis 1 (H1) seeks to test whether the constituent factors
of character strengths positively predict resilience scores while
hypothesis 2 (H2) analyses which scores in character strengths
and resilience predict (directly and indirectly) total scores in
flourishing (H2a). Specifically, resilience may be expected to play
a mediating role on flourishing with a direct and indirect effect
(H2b) (Figure 1).

MATERIALS AND METHODS

Participants

A convenience sample of 642 undergraduate students was
formed from the two universities involved in this research
project; these students subsequently completed questionnaires
that assessed ten teaching-learning processes (i.e., ten academic
subjects). The participants were enrolled in either Psychology
or Primary Education degrees; 83.5% were female, and 16.5%
were male. Mean age was 20.13 years (oy = 5.8), and
age range was 19-45 years. Participation was anonymous
and voluntary. Lecturers from various departments were
invited to participate, and those who agreed then extended
the invitation to their students. Participating lecturers and
students were awarded a Certificate of Participation. Online
questionnaires were applied to assess each specific teaching-
learning process.

Instruments

The VIA Inventory of Strengths

The short form of the VIA Inventory of Strengths (VIA-IS-72)
(Peterson and Seligman, 2004) includes 72 items, 24 factors and
6 dimensions, that allow subjects to self-assess on 24-character
strengths. For each character strength, there are three Likert-style
items with five possible responses, where 1 = “Very Much Unlike
Me” and 5 = “Very Much Like Me.” For example, the statements
include “I am a highly disciplined person” (self-regulation).
According to measures of internal consistency reliability and
validity, the VIA-72 is substantially equivalent to the original,
long VIA-IS, as verified by its developers (VIA Institute on
Character, 2020). VIA-72 psychometric report showed a mean
Cronbach alpha (reliability) of 0.75 for the 24 scales, and Omega
index of 0.71; coeflicients ranged from 0.70 to 0.87 (VIA Institute
on Character, 2020). The Spanish version of the VIA-72 was
obtained for this study [CFI = 0.96, TLI = 0.94, RMSEA = 0.05,
and SRMR = 0.06].

The Connor-Davidson Resilience Scale

The validated, Spanish version (Manzano-Garcia and Ayala-
Calvo, 2013) of the CD-RISC Scale (Connor and Davidson,
2003) was applied to measure resilience. Reliability and validity
values are adequate in Spanish samples, and there is a five-factor
structure: F1: Persistence/tenacity and strong sense of self-efficacy
(tenacity); F2: Emotional and cognitive control under pressure
(stress); F3: Adaptability/ability to bounce back (change); F4:
Perceived Control (control), and F5, Spirituality (spirituality).
Subjects are asked to rate statements such as “I give my best
effort, no matter what the outcome may be” or “I believe I
can achieve my goals, even if there are obstacles”. This Likert-
type scale contains 25 items and five factors: (1) personal
competence, high standards and tenacity (o = 0.80), (2) self-
confidence, tolerance of negative affect and strengthening effects
of stress (o = 0.75), (3) positive acceptance of change, and secure
relationships (a = 0.77), (4) control (a = 0.71), and (5) spiritual
influences (0.71) and an Omega index of.76. Adequate reliability
and validity values had been obtained in Spanish samples, and a
five-factor structure emerged [Chi-square = 1,619, 170; Degrees
of freedom (350-850) = 265; p < 0.001;Ch/Df = 6,110; SRMR
(Standardized Root Mean-Square) = 0.062; NFI (Normed Fit
Index) = 0.957; RFI (Relative Fix Index) = 0.948; IFI (Incremental
Fix Index) = 0.922; TLI (Tucker Lewis index) = 0.980; CFI
(Comparative fit index) = 0.920; RMSEA (Root Mean Square
Error) = 0.063; HOELTER = 240 (p < 0.05) and 254 (p < 0.01)].

The Flourishing Scale

A Spanish version validated in Spanish populations
(Garzon-Umerenkova, 2016; Pozo-Munoz et al., 2016; Garzon-
Umerenkova et al., 2017) of the Flourishing Scale (Biswas-Diener
et al., 2009) was applied. This scale seeks to measure flow or
flow state (flourishing) and contains eight items on a five-point
Likert scale. Responses range from 1 (strongly disagree) to 5
(strongly agree). Subjects are asked to rate statements such as
“I have a useful and meaningful life” or “I am a good person
and I live a good life”. Cronbach alpha for the Spanish sample
is 0.85; and an Omega index of 0.81. The unidimensionality of
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the scale and the metric invariance in the evaluated samples
was confirmed [Chi-square = 79,392; Degrees of freedom (44—
24) = 20; p < 0.001;Ch/Df = 3,970; SRMR (Standardized Root
Mean-Square) = 0.052; NFI (Normed Fit Index) = 0.946; RFI
(Relative Fix Index) = 0.953; IFI (Incremental Fix Index) = 0.959;
TLI (Tucker Lewis index) = 0.955; CFI (Comparative fit
index) = 0.958; RMSEA (Root Mean Square Error) = 0.039;
HOELTER = 757 (p < 0.05) and 905 (p < 0.01)].

Procedure

University students voluntarily completed the validated
questionnaires, after signing their informed consent via the
online platform (de la Fuente et al, 2015). Five specific
teaching-learning processes were assessed, corresponding to
different academic subjects that were taken over a 2-year period.
In September-October of 2018 and 2019, presage variable
(characters strength) were assessed. Process variable (resilience)
were measured in February-March of 2019 and 2020, and
product variable (flourishing) in May-June of 2019 and 2020.
Approval for this procedure was obtained from the Ethics
Committee of University of Navarra, within a larger R&D Project
(2018-2021; ref. 2018.170).

Data Analysis

An ex post facto prospective and transversal design (Lohr, 1999)
was used. The ex post facto design come to solve the problem
that occurs when the variable of interest has already occurred
and/or it is not ethical to cause it. It is prospective because
the independent variable precedes the dependent variable in the
analysis. Additionally, it is cross-sectional because longitudinal
follow-up is not possible and the data was collected within a short
period of time. Three types of analyses were performed. The usual
assumptions of regression analysis were tested beforehand.

(1) Preliminary analysis. First, the quality of the data was
explored by testing for outliers and missing cases. Univariate
outliers were tested by calculating the typical scores of each
variable, considering cases with Z scores outside the £3 range
to be potentially atypical cases (Tabachnick et al., 2007). On
the other hand, the Mahalanobis distance (D2) was used to
detect atypical combinations of variables (atypical multivariate
cases), a statistical measure of an individual’s multidimensional
distance from the centroid or mean of the given observations
(Lohr, 1999). This procedure detects significant distances from
the typical combinations or centroids of a set of variables.
Literature suggests removing univariate and multivariate outliers,
or reassigning them to the nearest extreme score (Weston and
Gore, 2006). The procedure was carried out using SPSS (v.26,
IBM, Armonk, NY, United States), which provides a specific
routine for missing values analysis that determines the magnitude
of missing values and whether they are presented in a systematic
or random manner.

Assumptions related to sample size, independence of
errors, univariate, and multivariate normality, linearity,
multicollinearity, recursion, and interval measurement level were
also evaluated, showing acceptable reliability levels. Regarding
the sample size, inclusion of 10-20 cases per parameter is
recommended, and at least 200 observations (Kline, 2005).

Independence of error means that the error term of each
endogenous variable must not be correlated with other variables.
In order to test for univariate normality, the distribution of each
observed variable was examined, and its indices of asymmetry
and kurtosis. Asymmetry values greater than 3 and kurtosis
greater than 10 suggest that the data should be transformed.
Additionally, values less than 70 on the Mardia multivariate index
indicate that the distance from the multivariate normality is not
a critical deterrent to this analysis (Mardia, 1970). Although one
of the assumptions is the level of interval measurement, in some
cases, variables measured at a nominal or ordinal level were used,
as long as the distribution of scores, particularly of the dependent
variables, were not markedly asymmetric.

(2) Predictive analysis. For Hypothesis 1, multiple regression
analysis was applied using SPSS (v.25)

(3) Structural prediction and mediational models. Hypotheses
2 were tested using a Structural Equation Model (SEM) and a
mediational model for complex measurement (Ato and Vallejo,
2011). Model fit was assessed by first examining the ratio of chi-
square to degrees of freedom, then the Comparative Fit Index
(CFI), Normed Fit Index (NFI), Incremental Fit Index (IFI),
Relative Fit Index (RFI) and Tucker-Lewis Index (TLI). All fit
measures of the incremental model were above the suggested
limit of 0.90 (Bentler, 1990). The value of the Comparative fit
index (CFI) was equal to 0.928, which is also satisfactory. The
results of the original scale were replicated. The value of the Root
Mean Square Error of Approximation (RMSEA) was 0.08 less
than the warning value 0of 0.09 (Ho, 2006). Ideally, these should be
greater than 0.90. The Hoelter Index was also used to determine
the adequacy of sample size. AMOS (v.22) was used for these
analyses. Keith (2006) proposed the following beta coefficients as
research benchmarks for direct effects: less than 0.05 is considered
too small to be meaningful, above 0.05 is small but meaningful,
above 0.10 is moderate, and above 0.25 is large. For indirect
effects, we used Kenny’s (2012) definition which considers them
as the product of two effects; using Keith’s benchmarks above,
we propose a small indirect effect = 0.003, moderate = 0.01, and
large = 0.06, values that are significant in the sphere of education.

RESULTS

Results from the analyses applied in order to test normality, a
prerequisite for linear analysis, show an adequate distribution of
sample variability (see Table 1).

Predictive Value of Character Strengths

on Resilience, and Flourishing

Regression analyses showed, that D2 (emotional strength) was
the strength dimension that established significant relationships
with four of the five resilience dimensions (adaption to
change), total resilience and flourishing. Specifically, it was the
strongest predictor of stress tolerance, flourishing and tenacity. D1
(cognitive strength) explained resilience strongly and adaption to
change. D3 (interpersonal strength) was only related to control
and D6 (strength from the meaning of life) predicted resilience.
As expected, D5 (strength against excess) is negatively related
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TABLE 1 | Descriptive values of the variables under study (n = 641).

Variable Min Max M (SD) Mean std. Asymmetry Standard Kurtosis Standard Kolmogoroff-
error asymmetry kurtosis Sminoff
error error

D1 1.93 5.00 3.655(0.595) 0.059 0.116 0.116 —0.3038 0.343 0.065, p < 0.200
D2 1.80 5.00 3.823(0.551) 0.039 —0.105 0.175 0.044 0.348 0.056, p < 0.200
D3 2.74 5.00 4.000(0.530) 0.037 —0.205 0.174 —0.506 0.346 0.061, p < 0.200
D4 1.89 5.00 3.951(0.555) 0.040 -0.316 0.175 0.236 0.349 0.085, p < 0.200
D5 1.96 5.00 3.552(0.549) 0.038 0.233 0.170 0.070 0.377 0.064, p < 0.200
D6 2.10 5.00 3.578(0.603) 0.042 0.049 0.172 —0.281 0.343 0.043, p < 0.200
SCTOT 2.89 4.88 3.731(0.448) 0.038 0.355 0.206 —0.456 0.408 0.070, p < 0.200
Stress 1.43 5.00 3.627(0.539) 0.013 -0.162 0.061 —0.06 0.121 0.067, p < 0.200
Spirituality 1.00 5.00 3.257(1.00) 0.024 —0.071 0.060 —0.494 0.120 0.087,p < 0.155
Tenacity 1.00 5.00 3.912(0.591) 0.014 —0.450 0.060 0.286 0.121 0.074,p < 0.174
Change 1.63 5.00 3.942(0.613) 0.015 —0.489 0.060 0.462 0.120 0.058,p < 0.188
Control 1.20 5.00 3,893(0.755) 0.018 -0.516 0.060 0.499 0.120 0.69, p < 0.196
RESTOT 1.52 4.86 3.725(0.476) 0.121 —0.492 0.062 0.558 0.125 0.049, p < 0.200
FLUORISHING 2.13 5.00 4.100(0.629) 0.031 —0.569 0.121 0.015 0.241 0.045.p < 0.150

D1, cognitive strength (Wisdom),; D2, emotional strength (Courage); D3, interpersonal strength (Humanity); D4, Civic strength (Justice); D5, strengths that protect against
excess (Temperance); D6, strength from the meaning of life (Transcendence). SCTOT, Total Strength Character; RESTOT, Total Resilience.

TABLE 2 | Multiple regression of the dimensions of character strengths, resilience and flourishing.

Strengths dimensions Stress tolerance Spiritual Tenacity Adaptation to change Control Total resilience Flourishing
D1 0.193 0.110 0.028 0.295* 0.242 0.506*** 0.028
D2 0.565"** 0.344* 0.433* 0.215 0.340** 0.248* 0.443"*
D3 0.003 0.137 0.087 0.117 0.276* —0.108 0.087

D4 —0.034 —0.013 —-0.110 —0.196 0.014 0.170 -0,110
D5 —0.161 —0.056 —-0.116 —0.148 —0.266™* 0.131 —-0.116
D6 0.025 0.000 0.217 0.090 0.201 0.581*** 0.035
F6, 124) = 15,646** 7,185 10,05 15,646"* 7,790 4,501 19,5628***
R? 0.421 0.249 0.337 0.208 0.262 0.170 0,327

D1, cognitive strength (Wisdom),; D2, emotional strength (Courage); D3, interpersonal strength (Humanity); D4, Civic strength (Justice); D5, strengths that protect against
excess (Temperance); D6, strength from the meaning of life (Transcendence). *p < 0.05; “p < 0.01; **p < 0.001.

to control. Control and resilience were the criteria variables
predicted by more character strengths dimensions. So, control
was explained by emotional, interpersonal, and strength against
excess while resilience was predicted by cognitive, emotional, and
strength from the meaning of life. Overall, character strengths
explained 42% of the variance of stress tolerance, 33.7% of tenacity
and 32.7% of flourishing (see Table 2).

Predictive Value of the Factors of
Character Strengths on Resilience

Factors and Flourishing

In more detail, multiple linear regression analyses showed that
the factors that most significantly and positively predicted total
resilience were F9 (vitality and zest), F6 (bravery) and F14 (sense
of justice), and F19 (self-regulation) and F17 (modesty, humility),
negatively. The most significant and negative predictors of total
flourishing were F20 (appreciation for beauty and excellence)
and F9, positively. Referring to specific factors of resilience,
F9 and F7 (perspective and diligence) significantly predicted
tenacity. Stress tolerance was positively predicted by factors F12

(emotional intelligence) and F9, and negatively predicted by F13
(citizenship). Adaptation to change was positively predicted by
factors F12 and F15 (leadership), and negatively by F17, F18
(prudence), and F24 (spirituality). The resilience factor with the
highest number of predictive character strengths was perceived
control, being predicted by F9, F14, F10 (love and be loved), F2
(love for knowledge) and F7 (positively) and by F1 (curiosity),
F11 (kindness), F20 (appreciation for beauty), F22 (hope) and
F17 (negatively). Factors F21 (gratitude) and F19 were positive
predictors of spirituality (F24), whereas F24 did not predict them
(see Table 3).

Structural and Mediational Prediction
Model of Character Strengths,

Resilience, and Flourishing

Model Testing

Four structural predictive models were tested. The first referred to
personal strengths predicting resilience. The second model tested
resilience as a predictor of flourishing. The third model tested
prediction between resilience and flourishing and the fourth,
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TABLE 3 | Multiple regression between the dimensions and factors of strengths, resilience and flourishing.

PV  Stress Spirituality Tenacity Change Control Total resilience Flourishing

D1
Fi
F2
F3
F4
F5
D2
F6
F7
F8
F9
D3
F10
Fi1
Fi2
D4
Fi3
Fi4
Fi5
D5
F16
Fi7
Fi8
F19
D6
F20
F21
F22
F23
Fo4
F  F(24,111) = 5563
R2 0208

—0.378™
0.242¢

0.214*
0.277* 0.173"

0.291* 0.399" 0.478 0.409™ 0.567*
0.291*
—0.316*

0.343™ 0.293"

—0.275%
0.314* 0.282¢

0.239*

—0.194*
-0.185*

—0.174 —0.157*

0.179*

—0.205* —0.239" -0.219%
0.342**

—0.205*

—0.173*
F(24,112) = 2.709***
0.367

F(24,114) = 2.961***
0.384

F(24,111) = 4,474
0.492

F(24,112) = 4.214™*
0.475

F(24,106) = 4,336"**
0.497

F(24,137) = 4,494
0.512

D1 = Cognitive strength (Wisdom): F1, Curiosity, interest in the world; F2, Love for knowledge and learning; F3, Judgment, critical thinking, open-mindedness; F4,
Ingenuity, originality, practical intelligence; F5, Perspective; D2 = Emotional strength (Courage): F6, Bravery; F7, Perspective and diligence; F8, Integrity, honesty,
authenticity; F9, Vitality and zest; D3 = interpersonal strength (Humanity): F10, Love, ability to love and be loved; F11, Kindness, friendliness, generosity; F12, Emotional,
personal, and social intelligence; D4 = Civic strength (Justice): F13, Citizenship, social responsibility, loyalty, teamwork; F14, Sense of justice, fairess; F15, Leadership;
D5 = Strengths that protect against excess (Temperance): F16, Ability to forgive, mercy; F17, Modesty, humility; F18, Prudence, discretion, caution; F19, Self-control,
self-regulation; D6 = Strength from the meaning of life (Transcendence): F20, Appreciation for beauty and excellence, capacity for wonder; F21, Gratitude; F22, Hope,
optimism, future-mindedness; F23, Sense of humor; F24, Spirituality, religious sense. PV = Predictors Variables. Bold values indicate predictor variables. *p < 0.05;
*p < 0.01; **p < 0.001.

tested strengths and resilience combined, as joint predictors of
flourishing (Table 4). As shown in Table 4, the data fit best to the
fourth model as hypothesis 2 stated.

Direct Effect
Direct statistic effects showed character strengths to be significant
predictors of resilience (0.51) and flourishing (0.43), and
resilience was also a predictor of flourishing (0.60) (see Table 5
and Figure 2).

Indirect Effect
Additionally, indirect effects were also observed between
character strengths and the components of resilience.

Mediation Effects
These results demonstrate that character strengths have a
significant overall effect on fluorishing (0.60), both direct and

indirect. Thus, character strengths have a direct effect on
flourishing (0.38) and an indirect effect -through resilience- on
flourishing (0.22).

DISCUSSION

These results partially corroborate findings from previous
research, which reveal relationships between character strengths
and resilience (Chung, 2008) bringing to light the importance of
those strengths.

Character Strengths and Resilience

Regarding Hypothesis 1, which studies the positive linear
prediction of strengths on resilience, results uphold that character
strengths are foundational to resilient behavior, by showing
how character strengths, as a multidimensional construct,
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TABLE 4 | Models of structural linear resullts.

Chi? FG CH/df SRMR p < NFI RFI IFI TLI CFI RMSEA HOELT. p < 0.05;p < 0.01
(1) 120,687 34 3,55 0.09 0.000 0.898 0.835 0.924 0.875 0.923 0.098 0.108 0.125
(2) 75,147 9 8,35 0.10 0.000 0.910 0.789 0.920 0.810 0.918 0.062 0.421 0.522
(3) 106,774 9 11,864 0.12 0.000 0.958 0.901 0.961 0.909 0.961 0.075 0.303 0.338
(4) 256,454 52 4,932 0.05 0.000 0.951 0.954 0.956 0.955 0.966 0.047 0.500 0.526

Model 1: Strengths, Resilience; Model 2: Strengths, Flourishing; Model 3: Resilience, Flourishing; Model 4: Strengths, Resilience, Flourishing.

TABLE 5 | Total, direct, and indirect effects of the variables under study, and 95% bootstrap confidence intervals (CI).

Predictive variable Criterion variable Total effect CI(95%) Direct effect Cl (95%) Indirect effect  CI (95%)  Results effects  Cl (95%)
CS-> Resilience 0.51 [0.39, 0.74] 0.51 [0.39, 0.74] 0.00 [-0.03, 0.02] Direct only [0.39, 0.74]
R-> Fluorishing 0.43 [0.37, 0.54] 0.43 [0.37, 0.54] 0.00 [-0.03, 0.02] Direct only [0.37, 0.54]
CSs- > Fluorishing 0.60 [0.41,0.76] 0.38 [.23,0.48] 0.22 [0.16,0.34]  Partial mediation [0.16, 0.34]
CS- > Stress 0.34 [0.32, 0.47] 0.00 [-0.04,0.12] 0.34 [0.26, 0.48]  Full mediation [0.26, 0.48]
CS- > Spiritualily 0.09 [0.02, 0.14] 0.00 [-0.03, 0.09] 0.09 [0.02,0.14]  Full mediation [0.02, 0.14]
CSs- > Tenacity 0.42 [0.32,0.57] 0.00 [-0.04, -0.08] 0.42 [0.32,0.67]  Full mediation [0.32,0.57]
CS- > Change 0.41 [0.20, 0.38] 0.00 [-0.03, 0.04] 0.41 [0.20,0.38]  Full mediation [0.20, 0.38]
CS- > Control 0.32 [0.43, 0.21] 0.00 [-0.07, 0.08] 0.30 [0.43,0.21]  Full mediation [0.43, 0.21]

CS, Character strengths; R, Resilience; Cl, confidence interval. Bootstrapping sample size = 643.

significantly, and jointly predict resilience, as prior evidence
had founded (Niemiec, 2020; Seale et al., 2020). Thus, the
essential value of the present study lies in uncovering a more
precise specification of this relationship, from a large sample
of Spanish students. These results reveal how each factor of
resilience was predicted by one or more character strengths.
Specifically, emotional strength (D2) was the strongest predictor
of resilient tenacity; cognitive strength (D1) enabled adaption
to change; emotional strength (D2) and interpersonal strength
(D3) positively predicted control, but the opposite occurred with
the strength of temperance (D5); and finally, emotional strength
(D2) predicted resilient spirituality. Although with less statistical
power, these dimensions also predicted flourishing, confirming
previous research (Park and Peterson, 2009).

The factors of character strengths also proved their predictive
value for various components of resilience and flourishing.
Referring to specific factors of resilience, F9 (vitality and zest)
and F7 (perseverance) significantly predicted resilient tenacity.
These results suggest a similar behavioral component between
the two psychological constructs, but with factorial independence
(Martinez-Marti and Ruch, 2017).

Factors F12 (emotional, personal and social intelligence) and
F9 (bravery) acted as positive predictors of stress tolerance,
whereas F13 (citizenship, social responsibility, loyalty, teamwork)
was a negative predictor. This result concurs with abundant
evidence that has established emotional intelligence as a
protective factor against stress (Elshall et al.,, 2020; Trigueros
et al.,, 2020). However, this potentially contradictory relationship
between citizenship and resilience would need further analysis
in future research. Factors F12 (emotional intelligence) and F15
(leadership) positively predicted adaptation to change, while F17
(modesty, humility), F18 (prudence, discretion, caution) and
F24 (spirituality, faith, religious sense) were negative predictors.
This result is of great interest because it shows that, there

is strong likelihood that personal strengths also depend on
the circumstance in which one lives. Prudence can also be
expected to protect against inappropriate decisions or changes
(Reeves et al., 2014).

The resilience factor with the greatest number of predictive
character strengths was perceived control, predicted by F9, F14,
F10, F2, and F7 (positively) and by F1, F11, F20, F22, and
F17 (negatively). These results seem to concur with evidence
that personality or character factors predict resilience (Goodman
et al., 2017). It is also of interest that factors F21 (gratitude)
and F19 (self-control/self-regu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>