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ABSTRACT

Understanding students’ intentions to study science at upper-
secondary school, at university, and to follow science careers
continues as a central concern for international science education.
Prior research has highlighted that students’ science confidence has
been associated with their intentions to study science further,
although under-confidence and over-confidence (lower or higher
confidence than expected, given someone’s attainment) have not
been considered in detail. Accordingly, this study explored whether
under-confident, accurately evaluating, and over-confident students
expressed different attitudes towards their science education, and
explored how under-confidence and over-confidence might influence
students’ science intentions. The questionnaire responses of 1523
students from 12 secondary schools in England were considered
through analysis of variance and predictive modelling. Under-
confident students expressed consistently lower science attitudes
than accurately evaluating and over-confident students, despite
reporting the same science grades as accurately evaluating students.
Students’ intentions to study science were predicted by different
factors in different ways, depending on whether the students were
under-confident, accurate, or over-confident. For accurately evaluating
and over-confident students, science intentions were predicted by
their self-efficacy beliefs (their confidence in their expected future
science attainment). For under-confident students, science intentions
were predicted by their self-concept beliefs (their confidence in
currently ‘doing well' or ‘being good’ at science). Many other
differences were also apparent. Fundamentally, under-confidence may
be detrimental not simply through associating with lower attitudes,
but through students considering their choices in different ways.
Under-confidence may accordingly require attention to help ensure
that students’ future choices are not unnecessarily constrained.

1. Introduction
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education (Education, Audiovisual, and Culture Executive Agency, 2011; National Science
and Technology Council, 2013). Students’ intentions associate with various factors,
including their attainment, confidence, (intrinsic) interest in science, and perceived
(extrinsic) utility of science (Boe & Henriksen, 2015; Regan & DeWitt, 2015). Intuitively,
promoting higher perceptions of the utility of science, for example, may then help increase
the number of students studying science.

Students’ confidence, however, appears to require closer consideration. While higher
confidence may be motivationally beneficial (Bandura, 1997), students’ confidence does
not necessarily correspond to their actual attainment. Some students can be under-confi-
dent (with lower confidence than would be expected given their attainment) while others
can be over-confident (Bouffard & Narciss, 2011). Aiming to increase the number of stu-
dents studying science through universally increasing confidence may reduce under-con-
fidence for some but further increase over-confidence for others, and it is unclear whether
this would be helpful.

Under-confidence and over-confidence have not been considered in detail within
science education. For example, controlling for both confidence and attainment within
predictive models does not necessarily reveal any differential effects across under-confi-
dence and over-confidence. Instead, other methods are required to identify and explore
confidence biases.

Accordingly, the research presented here identified and considered the views of under-
confident, accurately evaluating, and over-confident students in order to explore how
these cases might be detrimental or beneficial. For example, under-confident students
might report lower attitudes towards science, including for factors that predict intentions
to study science further. Additionally, the research considered whether students’ science
intentions were predicted in different ways, depending on whether students were
under-confident, accurately evaluating, or over-confident. Any differences would
provide greater understanding into how students’ choices are made, and provide
further insights into the potential impact of under-confidence or over-confidence.

1.1. Students’ intentions or choices and influential factors

It remains important to gain a wider understanding of secondary-school students’ inten-
tions and/or choices to study science further. In some countries, such as England, science
is not compulsory in upper-secondary education. Relatively early experiences or choices at
secondary school then become even more important in facilitating or precluding future
science careers.

Students’ experiences and intentions reported during secondary school have indeed
predicted whether they subsequently gained science degrees (Tai, Qi Liu, Maltese, &
Fan, 2006; Wang, 2013). Additionally, for a large survey of science graduates, while
over half reported that their interest in science developed before or during primary/
elementary school, around a third nevertheless reported that their interest developed
during secondary school (Maltese, Melki, & Wiebke, 2014). In England, secondary-
school students have generally considered science to be interesting, relevant for careers
and gaining wider knowledge, and important for school and wider life, although relatively
few students have liked science better than other subjects or aspired to be scientists
(DeWitt, Archer, & Osborne, 2014; Jenkins & Nelson, 2005).
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It remains difficult to determine what factors most strongly associate with students’
intentions or choices. For example, various research has highlighted the importance of stu-
dents’ background or characteristics such as gender (Homer, Ryder, & Banner, 2014), eth-
nicity (Riegle-Crumb, Moore, & Ramos-Wada, 2011), or the attended schools (Bennett,
Lubben, & Hampden-Thompson, 2013), although such studies have often not included
students’ attitudes. Further research has revealed that students’ intentions to study
science have been predicted more by their own attitudes and beliefs than by their back-
ground or gender (DeWitt et al., 2014; Mujtaba & Reiss, 2014). Essentially, various
aspects of students’ background and context, such as their parents’ beliefs (DeWitt
et al, 2011) and classroom experiences (Wang, 2012), influence their attitudes about
science, which then influence their intentions.

Recent research has highlighted that students’ science intentions and/or choices have
been predicted by their attainment, confidence, (intrinsic) interest in science, (extrinsic)
utility of science (such as in helping to gain a specific career or well-paid employment),
and by advice and guidance to study science (Mujtaba & Reiss, 2014; Wang & Degol,
2013). Further factors, including students’ conceptions of themselves or their identities,
and students’ conceptions of science and/or scientists, also appear to be relevant, although
it remains harder to quantify their potential impact (Archer et al., 2010; Boe & Henriksen,
2015).

The importance of students’ confidence has been highlighted in various ways. Students’
current confidence in science (self-concept) has predicted their intentions to study upper-
secondary science (DeWitt & Archer, 2015; Mujtaba & Reiss, 2014). Additionally, stu-
dents’ confidence in their future capabilities (self-efficacy) has been found to influence
their ideas of potential careers (Bandura, Barbaranelli, Caprara, & Pastorelli, 2001) and
to directly predict their intentions to study specific courses (Bong, 2001) and to enter uni-
versity (Parker, Marsh, Ciarrochi, Marshall, & Abduljabbar, 2014).

Nevertheless, it remains unclear as to what factors most strongly associate with stu-
dents’ intentions, and how different expressions of confidence compare to other factors.
Additionally, under-confidence and over-confidence remain under-explored in science
education, although recent research in England has considered confidence biases for
other subjects (e.g. Sheldrake, Mujtaba, & Reiss, 2015).

1.2. Students’ confidence and motivational theories

An increased understanding of students’ confidence may help provide wider insights into
students’ science intentions.

Students’ confidence can be conceptualised in various ways. Within educational
research, confidence has often been conceptualised as ‘self-concept’ and ‘self-efficacy’
beliefs (Bong & Clark, 1999). Self-concept reflects someone’s current and relatively gener-
alised beliefs about their abilities within an area, while self-efficacy reflects someone’s
future-oriented beliefs about their capabilities to successfully undertake particular
actions or gain particular outcomes (Bandura, 1997; Bong & Skaalvik, 2003). Self-
concept is usually measured through perceptions of attainment-related experiences and
more subjective interpretations (such as whether someone thinks that they are ‘doing
well’ or not), while self-efficacy is usually measured through expectations linked to
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more objective outcomes (such as someone’s perceived confidence/capability to gain
specific grades at the end of a course) (Bong, 2001; Bong & Skaalvik, 2003).

Confidence conceptualised as self-efficacy forms an integral aspect of social-cognitive
theory: high self-efficacy beliefs may be motivational and facilitate someone to surpass
their normal performance, while low self-efficacy beliefs may be limiting and ensure
that some actions are not even attempted (Bandura, 1997). In accordance with these theor-
etical assumptions, higher self-efficacy has indeed been associated with motivational
approaches such as aiming to learn and master academic work (Jiang, Song, Lee, &
Bong, 2014) and with persistence (Multon, Brown, & Lent, 1991).

Subsequent applications of social-cognitive theory, such as the expectancy-value model
of motivated behavioural choices, have assumed that confidence is motivational regardless
of whether it is considered as self-efficacy or as self-concept (Eccles, 2009; Wigfield &
Eccles, 2000). These assumptions have again been supported through higher self-
concept beliefs associating with beneficial outcomes such as higher attainment (Huang,
2011) and higher interest (Viljaranta, Tolvanen, Aunola, & Nurmi, 2014).

Essentially, high confidence (conceptualised as self-concept and/or as self-efficacy)
appears to be beneficial within education, and directly relevant to science intentions.
However, it remains unclear whether any benefits occur even if someone is over-confident
(they have higher confidence than would be expected given their attainment). Conversely,
it remains unclear whether under-confidence (lower confidence than would be expected
given their attainment) is necessarily detrimental.

Less research has explored confidence biases, and results have varied. Studies of second-
ary-school students have, via different approaches and samples, variously associated under-
confidence with higher performance (Chiu & Klassen, 2010), over-confidence with higher
subsequent progress (Dupeyrat, Escribe, Huet, & Régner, 2011), and higher accuracy (not
being over-confident or under-confident) with higher performance (Chen, 2003; Chen &
Zimmerman, 2007; Méller & Pohlmann, 2010; Pajares & Graham, 1999).

Little research has explored associations between confidence biases and students’ atti-
tudes or motivational beliefs. Nevertheless, over-confidence across both mathematics and
languages has been associated with higher persistence and aims to understand and master
work, compared to accuracy and under-confidence, while over-confidence in mathematics
considered alone associated with higher interest in mathematics (Gonida & Leondari,
2011). In England, over-confidence has been associated with higher interest in mathemat-
ics and perceived utility of mathematics at Year 8 (age 13), while accuracy associated with
higher affective responses and intentions to study mathematics further at Year 10 (age 15)
(Sheldrake, Mujtaba, & Reiss, 2014).

1.3. Research aims

Students’ confidence has been associated with their science intentions, together with their
interest, perceived utility, and other factors (Bee & Henriksen, 2015). However, it remains
unclear whether under-confidence is necessarily detrimental and over-confidence is
necessarily beneficial within science education, and specifically applied to students’
science intentions.

Under-confidence may be detrimental in that students may express lower interest and
other views, perhaps including lower science intentions. Additionally, under-confidence
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may be detrimental in that these students may consider different factors when making
decisions about studying science further, when compared to other students. For
example, when considering their future intentions, under-confident students might
focus more on their own (overly low) confidence and less on their interest in science,
while other students might focus more on their interest.

These areas were considered through the following research questions.

e What did students report about their intentions and other views concerning their
science education? Did under-confident, accurate, and over-confident students
express different attitudes or intentions?

o What predicted students’ intentions when students were under-confident, accurate, or
over-confident? Were there any differences across these cases?

2. Methods
2.1. Sampling

In England, during Year 9 (age 14) students select various subjects to study during Years
10 and 11 (ages 14-16) at General Certificate of Secondary Education (GCSE) or equival-
ent level, where science is compulsory. Students can then undertake upper-secondary edu-
cation in Years 12 and 13 (ages 16-18) at Advanced Level General Certificate of Education
(A-Level) or equivalent level, where science is optional.

Secondary schools within England were randomly sampled. Schools were invited
regardless of type, admissions policies, and other school features, but excluding schools
exclusively for those with special educational needs.

The presented research covered 12 participating schools, of which 7 were mixed-admis-
sions comprehensive schools (admitting boys and girls, and not selecting students based
on their attainment); mixed-admissions comprehensive schools formed the majority
(68%) of all secondary schools within England as of 2014 (Department of Education,
2015). Selective schools (only admitting students based on their attainment) and boys-
only and girls-only schools were also represented in the sample. The 12 schools covered
a range of prior performance, although on average 60% of their students were reported
to have achieved 5 or more A*-C grades (including in both English and mathematics)
at GCSE level compared to a national average of 47% as of 2014 (Department of Edu-
cation, 2015).

The views of students in Years 9-11 were sought regarding their science education and
their intentions to study science further. Understanding students’ prospective intentions
may inform interventions or guidance for students of similar ages.

The presented research explored the views of 1523 students from these schools (685 in
Year 9, 489 in Year 10, and 349 in Year 11; 635 girls and 871 boys, the remainder left the
gender question blank). Data were collected during the 2014/2015 academic year.

2.2. Measuring students’ experiences and beliefs

Students completed science-specific questionnaires, designed to be comparable with a
broad range of national and international research to enhance validity (e.g. Mullis,
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Martin, Ruddock, O’Sullivan, & Preuschoff, 2009). Science was considered holistically in
accordance with the National Curriculum (Department for Education, 2013) and prior
research (e.g. DeWitt & Archer, 2015).

Relevant questionnaire areas are described in the following sections (see also Table 1).
The questionnaire broadly applied the expectancy-value model of motivated behavioural
choices (Eccles, 2009), with contextually relevant extensions. The various items/factors
served as potential predictors of science intentions, and concurrently served as indicators
of under-confidence or over-confidence being potentially beneficial or detrimental (Bouf-
fard & Narciss, 2011). For example, lower/higher interest in science may be contextually
detrimental/beneficial (from the perspective of science educators) due to interest likely
predicting outcomes such as science intentions (Regan & DeWitt, 2015).

The majority of the questionnaire items applied agreement scales with categories of (1)
‘strongly disagree’, (2) ‘disagree’, (3) ‘slightly disagree’, (4) ‘slightly agree’, (5) ‘agree’, and
(6) ‘strongly agree’. Depending on the question phrasing, categories were reverse-scored
when necessary so that high item/factor scores (e.g. 6) consistently indicated a positive
experience or belief (e.g. doing well, being interested, the absence of anxiety).

When applicable, factors were calculated through averages of the relevant items; single-
factor structures (via confirmatory factor analysis) and acceptable indicators of reliability
(Cronbach’s « coefficients) were confirmed (Table 1).

2.2.1. Science intentions
Students’ intentions towards science were measured across upper-secondary (A-Level)
study, university study, and a career involving science (agreement/disagreement with,

Table 1. Science-specific item/factor measurement and reliabilities.

Cronbach’s
Item/factor Example item Items a
Science intentions I intend to study science at A-Level 3 .882
Self-concept | usually do well in science 5 .896
Self-efficacy What grade do you think you will be able to get at GCSE (or equivalent) 2 .835
science?
Interest/intrinsic value | am interested in the things | learn in science 7 936
Utility/extrinsic value | need to do well in science to get the job | want 7 .908
Attainment/personal value Thinking scientifically is an important part of who | am 2 886
Cost value (absence of) | have to give up a lot to do well in science 2 686
Mastery experiences What overall grade have you got so far this year in science? 1 NA
(current grade)
Mastery norms (what isa ~ What grade do you think people need to get in order to be ‘good’ at 1 NA
good grade) science?
Subject-comparisons Science is harder for me than any other subject 1 NA
Peer-comparisons Science is harder for me than for many of my classmates 1 NA
Social persuasions (praise) My science teacher tells me | am good at science 3 797
Vicarious experiences When | see how another student solves a science problem, | can see 1 NA
myself solving the problem in the same way
Anxiety (absence of) Science makes me confused and nervous 5 .905
Norms/influence (friends)  Most of my friends do well in science 3 645
Norms/influence (parents) My parents believe it's important for me to study science 3 .820
Teacher perceptions My science teacher is easy to understand 8 904
Teacher/school careers My science teacher tells me about careers and jobs in science 2 674
Effort/futility (absence of)  If | put in enough effort | can succeed in science 3 771
Effort/futility exams | do badly in science whether or not | study for my exams 2 742
(absence of)
Task score Appendix 1 10 645

Task confidence Appendix 1 10 .897
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for example, T intend to study science at A-Level’) in order to consider aspirations to
persist within science across all these stages.

2.2.2. Science confidence (self-concept and self-efficacy)

Students’ science confidence was measured through expressions of self-concept (e.g. ‘I
usually do well in science’); the relevant items were ensured to be comparable with
prior research (e.g. Mullis et al., 2009).

Expressions of self-efficacy are inherently contextualised and have accordingly been
measured in various ways within prior research, for example as students’ confidence to
successfully accomplish specific types of tasks or to successfully gain specific grades at
the end of their course (Bong, 2001; Bong & Skaalvik, 2003). Researchers have been
advised to ensure that the measurement of self-efficacy relates to the area and level of
detail being researched (Bong & Clark, 1999; Bong & Skaalvik, 2003).

Given the focus on students’ subject-level choices, subject-level expressions of self-effi-
cacy were measured through students’ confidence in their capability to gain future attain-
ment (‘What grade do you think you will be able to get at GCSE (or equivalent) science?’
and ‘What grade do you think you would be able to get if you studied your best science
subject at A-Level?’). This expression of self-efficacy has strong contextual relevance to
students in England who may need to gain specific grades in order to study on particular
courses or to enter university. Prior research has similarly considered self-efficacy as future
capabilities to gain course-specific attainment (e.g. Bong, 2001), although it remains poss-
ible that alternate measures of self-efficacy could be formed.

2.2.3. Potential influences on confidence

Theorised sources, antecedents, or influences on students’ confidence were measured (e.g.
Bandura, 1997; Bong & Clark, 1999; Mullis et al., 2009). Specifically, these were mastery
experiences (the students’ current reported science grade); mastery norms (‘What grade
do you think people need to get in order to be “good” at science?’); subject-comparisons;
peer-comparisons; positive vicarious experiences; positive social persuasions (praise); and
anxiety (see Table 1 for example items). These theorised influences served as additional
predictors (i.e. controlling factors), given their use in prior research and/or theoretical rel-
evance to students’ confidence.

2.2.4. Potential influences on intentions (expectancy-value model)

Theorised influences (‘subjective-task-values’) from the expectancy-value model (e.g. Boe
& Henriksen, 2015; Wigfield & Eccles, 2000) were measured as interest/intrinsic value;
utility/extrinsic value; personal/attainment value; and cost value (see Table 1 for
example items).

2.2.5. Potential influences on intentions (wider factors)

Further potential influences from the theory of planned behaviour (Ajzen, 1991) were also
measured covering implicit influences or ‘subjective-norms’ regarding the students’
friends (e.g. ‘Most of my friends do well in science’) and parents (e.g. ‘My parents
believe it’s important for me to study science’). Students’ ‘perceived control’ or effort/futi-
lity regarding science was covered, considered in general terms (e.g. ‘If I put in enough
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effort I can succeed in science’) and regarding examinations/attainment (e.g. T do badly in
science whether or not I study for my exams’).

The students’ science learning context was also measured, covering students’ views of
their teacher and immediate learning context (e.g. ‘My science teacher is easy to under-
stand’) and the provision of information about science careers (e.g. ‘My science teacher
tells me about careers and jobs in science’).

2.2.6. Students’ background characteristics

Students’ self-reported background was also measured, given prior research in science
education (Regan & DeWitt, 2015). Specifically, students were asked about their gender;
background/ethnicity; the highest level of education completed by the students’ mother
and father (or equivalent guardians); the number of books at home; and whether either
parent/guardian worked in any job or area related to science.

2.3. Measuring students’ confidence biases

The questionnaire included a selection of assessment/attainment tasks, and students rated
their confidence in each answer, so that indicators of under-confidence and over-confi-
dence could be calculated. This approach has been reliably applied within many prior
studies (e.g. Chen, 2003; Chen & Zimmerman, 2007; Sheldrake et al., 2014). While any
consideration of confidence biases involves an unavoidable degree of imprecision, task-
level responses can be directly and efficiently compared.

The tasks were sourced from the Trends in International Mathematics and Science
Study (TIMSS) 2011 and accordingly have been internationally validated as reliable indi-
cators of performance (Foy, Arora, & Stanco, 2013; Mullis et al., 2009). TIMSS was
designed to cover curricula areas from the majority of participating countries, so task per-
formance should be relatively representative of classroom/examination performance.
Practically, TIMSS tasks were also more concise than prior national examination questions
(e.g. from discontinued Key Stage 3 tests, GCSE examinations, etc.).

The selected tasks covered areas within the National Curriculum, including photosyn-
thesis, atomic structures, changes of state, electricity and current, and various other areas
(broadly covering biology, chemistry, and physics). The tasks used multiple-choice and
free-response formats (see Appendix 1 for examples). Answers were scored as in
TIMSS (Foy et al.,, 2013).

After each task, students rated their (task-level) confidence in their answer (i.e. ‘How
confident are you that you solved this correctly?’), providing a retrospective self-evaluation
of their performance.

An indicator of confidence bias (‘calibration bias’, or the degree of under-confidence
through accuracy through to over-confidence) was then calculated via the difference
between the students’ average task confidence and average task score (both equalised to
0-1 scales).

The indicator was standardised (via a z-score transformation). Students were then
assigned to groups based on these values: below —.5 was classified as ‘under-confident’;
between —.5 and +.5 as ‘accurate’ (one standard deviation range); and above +.5 as
‘over-confident’.
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2.4. Analytical approaches

Analysis considered students across Years 9-11 to ensure sufficient numbers for reliable
predictive modelling when considering under-confident, accurately evaluating, and
over-confident students separately, and to increase statistical power and reliability.
Other research has similarly considered confidence biases across different years/ages
(e.g. Gonida & Leondari, 2011).

Students’ reported science intentions and other views (i.e. the items/factors described
above) were considered through analysis of variance, with Bonferroni post hoc tests, to
identify any mean differences across pairs of groups (e.g. between under-confident and
accurately evaluating students).

Students’ science intentions were also predicted using the various items/factors. The
relative predictive associations (i.e. the ‘effect’ of each item/factor on science intentions)
could then be directly compared, controlling for all the other factors. Students’ science
intentions were predicted for all students, and separately for under-confident, accurately
evaluating, and over-confident students, in order to determine whether any predictive
associations differed across these cases. Differences were highlighted through modelling
pairs of groups together and using Wald tests to compare the coefficient magnitudes (Sta-
taCorp, 2013).

2.4.1. Predictive models

Preliminary sensitivity analysis was undertaken via single-level linear regression (via
ordinary least-squares estimation) and also via multi-level linear regression (via
maximum-likelihood estimation with variable intercepts per school) to account for stu-
dents being clustered within schools (Snijders & Bosker, 2012). No residual variance
remained at the school level when all predictors were included and parameter estimates
were similar for both approaches, suggesting that single-level modelling could be
sufficient.

The questionnaire unavoidably used many single-item indicators (e.g. ethnicity, par-
ental education, number of books at home, etc.), increasing the risk or impact of
missing values. Predictive modelling often only considers those students with responses
for every modelled item/factor (e.g. ‘listwise deletion’ when using ordinary least-squares
regression). Increasing the number of predictors increases the risk of reducing the
number of considered students (who may also differ in views from the entire sample),
which reduces the power of statistical tests to reveal significant differences.

Single-level linear regression models were then reproduced using full-information
maximum-likelihood estimation (StataCorp, 2013), allowing all students to be considered
even if values were missing on some items/factors. This approach assumed joint normality
of all the included items/factors and that any missing responses occurred at random
(missing values were either completely random in occurrence, or that any values more
likely to be missing than others could be predicted by any other items/factors in the
model) (StataCorp, 2013). Applying full-information maximum-likelihood is considered
to be one of the best contemporary approaches to handling missing values (Peugh &
Enders, 2004).

Within these full-information maximum-likelihood models, standard errors were cal-
culated via relaxing the assumption of independent error variances within schools, helping
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to account for students being clustered within schools (i.e. the potential similarity of stu-
dents studying within the same school) (StataCorp, 2013).

The models gave standardised coefficients (how many standard deviations of increase/
decrease would occur in the outcome, given one standard deviation increase in the predic-
tor), which provided measures of ‘effect size’ that were directly comparable across the
different predictors. The coefficient of determination (R?) reported the proportion of var-
iance explained by the model and provided a general indicator of ‘goodness of fit’.

3. Results
3.1. Classifying under-confidence and over-confidence

Students’ confidence biases on the task level were reflected in their subject-level self-
concept confidence beliefs (Table 2).

Accurately evaluating and under-confident students reported similar current grades,
yet under-confident students reported significantly lower self-concept and lower self-effi-
cacy beliefs.

Accurately evaluating and over-confident students reported similar self-concept beliefs,
yet accurately evaluating students reported significantly higher current grades and higher
self-efficacy beliefs.

Surprisingly, accurately evaluating (and not over-confident) students reported the
highest self-efficacy beliefs. However, as self-efficacy beliefs are future-orientated beliefs
of capability, longitudinal research would be necessary to explicitly consider their accuracy
(i.e. comparing students’ expected future grades with their actual grades).

3.2. Students’ reported experiences and beliefs when under-confident, accurate,
and over-confident

On average, students reported moderately positive or somewhat neutral views (Table 2).
Under-confident students generally reported the lowest, while accurately evaluating and
over-confident students generally reported similarly, including for the students’ interest,
utility, and personal value of science.

However, there were no differences across the groups for cost value, mastery norms
(what grade meant ‘being good’ at science), the subjective-norms/influences of friends,
and perceived control for examinations/attainment. There were no group differences for
students’ parental/home/background factors (not tabulated for brevity) except for the
number of books at home (means (1-5, 3 = ‘Around one bookcase’): under-confident =
3.29, accurate = 3.26, over-confident = 2.91; F(2, 1489) = 11.612, p< .001).!

The confidence bias groups were formed by applying +.5 standard deviations as the
group boundaries. Students’ science intentions did not significantly differ across the
groups (F(2, 1191)=2.783, p=.062, slightly above the p<.05 criterion), although
under-confident students reported slightly lower intentions (Table 2).

Focusing on students with considerable under-confidence/over-confidence by applying
11 standard deviations as the group boundaries (which some research has done, e.g.
Gonida & Leondari, 2011) confirmed that students’ science intentions significantly dif-
fered across these groups (means (1-6): considerably under-confident = 3.06, broadly
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Table 2. Students’ reported science-specific experiences/beliefs.
Confidence bias groups (+.5 SD group boundaries)

Under-confident Over-confident
All students (V)] Accurate (A) (0) ANOVA
Item/factor M SD M SD M SD M SD  Sig.  Pp?
Science intentions 347 155 331 160 350 1.53 358 155 062  .005
Self-concept 382 110 YAY9355 107 UA395 1.06 Y9391 114 <.001 026
Self-efficacy 443 1.8 YA434 116 UA9460 1.3 R0428 121 <001 015
Interest/intrinsic value 405 125 YAU0383 126 UAg18 121 Y0408 127 <.001 014
Utility/extrinsic value 411 120 YAY390 123 UA418 1.7 Y9421 117 <001 012
Personal/attainment 340 148 YAY302 142 UA351 146 Y9359 149 <.001 .025
value
Cost value (absence of) 360 134 362 132 366 132 350 137 221 .002
Mastery experiences 357 164 Y9362 153 R0372 166 Y7326 169 <001 013
(current grade)
Mastery norms (what is a 434 1.02 433 1.01 437 94 434 113 775 <001
good grade)
Subject-comparisons 399 155 UYAY374 152 YA 412 156 Y9403 154 <.001 011
Peer-compatrisons 414 136 YAU0385 142 UA 428 131 Y9420 135 <.001 019
Social persuasions 385 118 UAY9364 116 YA396 1.15 Y9391 124 <.001 014
(praise)
Vicarious experiences 400 129 YAY383 126 YA 405 126 Y9400 137 .007 007
Anxiety (absence of) 418 124 YAY392 12 YA431 122 Y9426 127 <.001 019
Norms/influence 3.73 93 373 .85 3.75 .90 371 1.06 830  <.001
(friends)
Norms/influence 425 120 YA411 120 YA 435 1.6 424 125 .008  .007
(parents)
Teacher perceptions 433 103 YA421 98 YA 437 1.00 438 112 .027 006
Teacher/school careers 344 132 YAY0323 125 UA344 126 Y0365 144 <.001 014
Effort/futility (absence 467 1.06 UA456 106 UYAA9479 1.00 AO458 115 .001 011
of)
Effort/futility exams 419 133 410 133 429 130 413 138 074 004
(absence of)
Gender (1=male) 58 49 URUO 47 50 UA 63 48 Y62 49 <001 021
Task score (0-1) 56 29 @ 75 19 AL 58 25 @A 31 24 <001 336
Task confidence (0-1) 53 23 A 44 19 W56 35 A 60 22 <.001 078
Task confidence bias (—1 02 26 WO_31 14 “O_p 08 AL 29 17 <001 761
to +1)
Students (number) 1523 444 653 405

Notes: Items/factors used 1-6 scales unless otherwise indicated. Means (M) and standard deviations (SD) are shown. For
group comparisons, significance values (p-values; Sig.) and the associated effect size via partial n? (Pn?) are shown from
analysis of variance (ANOVA) tests and significant results (p < .05) are highlighted in bold for clarity; significant Bonferroni
post hoc tests (p < .05) have been highlighted in superscript (for brevity, ‘(ALL)’ indicates where all pairs were significantly
different).

accurate = 3.51, considerably over-confident = 3.62; F(2, 1191) = 6.433, p =.002). The pat-
terns of means and group differences for the other items/factors remained similar regard-
less of the group boundaries (Appendix 2).

However, the numbers per group were unbalanced when analysing those with consider-
able under-confidence/over-confidence (students: considerably under-confident =217,
broadly accurate = 1082, considerably over-confident = 203). Predictive modelling there-
fore considered the original groups (+.5 standard deviations) to ensure feasible and
reliable modelling.

3.3. Predicting students’ science intentions

On average, for all students (Table 3, step 1), students’ background characteristics only
explained a modest amount of variance in their science intentions.
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Including students’ reported grades, self-concept, and self-efficacy (Table 3, step 2)
highlighted that self-concept appeared to be most predictive.

Including theorised influences on intentions (Table 3, step 3) allowed around half of the
variance in students’ intentions to be explained. Students’ perceived utility of science was
the strongest predictor, while self-concept had lost significance.

Including the remaining factors (Table 3, step 4) produced no substantial changes in
significance for the previous predictors. The largest predictors of students’ science inten-
tions (standardised coefficients over .10) were the students’ perceived utility of science,
personal value of science, self-efficacy, subjective-norms/influences from parents, and
interest in science.

Nevertheless, reported membership of some background/ethnicity groups predicted
higher intentions while controlling for all other items/factors (although the magnitudes
involved were small), highlighting that further (unknown) factors likely need to be con-
sidered to explain such differences.

Table 3. Science items/factors predicting students’ science intentions (A-Level, university, careers) for
all students.

Step 1 Step 2 Step 3 Step 4

Item/factor Std. Est. Sig. Std. Est. Sig. Std. Est. Sig. Std. Est. Sig.
Intercept/constant 2,706 <.001 .807 115 =796 039 635 230
Year (9, 10, 11) —.082 .001 —.036 140 .013 511 .017 491
Gender (1 =male) .081 023  —.001 982 .007 .850 —.005 907
Ethnicity (Black) .025 302 .037 315 .055 016 .047 .026
Ethnicity (East-Asian) 026 154 .019 241 —.007 320 —.009 435
Ethnicity (South-Asian/Indian) 223 <.001 149 <.001 .089 .001 .073 .005
Ethnicity (Mixed) 027 249 017 211 .037 .015 .029 .028
Ethnicity (Other) 077 .007 .049 131 .047 .048 .045 .047
Highest level of schooling (mother) -.028 442 —063 077 -.025 293 -.023 349
Highest level of schooling (father) .071 .099 —.003 951 —-.014 638 —.022 465
Number of books at home .080 <.001 —.022 .158 —.024 .095 —.022 239
Parents working in science (1 =yes) 078 <.001 067 <.001 .031 .051 017 316
Mastery experiences (current grade) 011 758 -.015 644 -.010 766
Self-concept 310 <.001 015 .388 .040 203
Self-efficacy .204 .002 113 .002 109 .001
Interest/intrinsic value .083  <.001 .100 .001
Utility/extrinsic value 501 <.001 457  <.001
Personal/attainment value 142 .003 151 <.001
Cost value (absence of) .046 .006 .041 .007
Mastery norms (what is a good grade) .001 967
Subject-comparisons .028 254
Peer-comparisons -.016 575
Social persuasions (praise) —.058 .065
Vicarious experiences —.066 .004
Anxiety (absence of) .046 .189
Norms/influence (friends) —.050 015
Norms/influence (parents) 109 <.001
Teacher perceptions —.008 795
Teacher/school careers .036 .188
Effort/futility (absence of) —-.024 .309
Effort/futility exams (absence of) —.036 136
Task score .008 818
Task confidence .002 962
Goodness of fit (R?) 11 270 552 572

Notes: Standardised coefficient estimates (Std. Est.) represent measures of effect size; for brevity, only p-values (Sig.) are
also shown. The ethnicity categories are comparisons against those reporting ‘White’ backgrounds (the reference cat-
egory). Significant predictors (p < .05) are highlighted in bold for clarity.
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The various theorised influences on students’ confidence, such as receiving praise or
students comparing themselves against their peers, were not predictive of students’ inten-
tions, except for vicarious experiences (un-intuitively) predicting lower intentions but only
with a small magnitude.

Similarly, the subjective-norms/influences of friends, controlling for all other factors,
(again, un-intuitively) predicted lower intentions although only with a small magnitude.

3.4. Predicting students’ science intentions when under-confident, accurate, and
over-confident

When predicting students’ science intentions for under-confident, accurate, and over-con-
fident students (Table 4), the predictive associations of various items/factors were
confirmed to differ (statistically significantly) across these cases. In statistical terminology
(Baron & Kenny, 1986), confidence biases therefore ‘moderated’ the relations between the
various predictors and students’ intentions. Essentially, students with different confidence
biases can be inferred to form their intentions or to be influenced in different ways.

Controlling for all other factors, the science intentions of under-confident students
were predicted by their science self-concept beliefs but not by their self-efficacy beliefs.
Conversely, the science intentions of accurately evaluating and over-confident students
were predicted by their self-efficacy beliefs but not by their self-concept beliefs.

Students’ perceived utility of science had a lower predictive association with intentions
for over-confident students than for accurate or under-confident students. Students’ per-
sonal value of science had a higher predictive association with intentions for under-con-
fident students than for accurate students (and was not significantly predictive for over-
confident students). The subjective-norm/influence of parents had a higher predictive
association with intentions for over-confident students than for under-confident students
(where it was not significantly predictive).

Differences associated with reported background/ethnicity also occurred across the
groups, including that reporting a South-Asian/Indian or a Mixed background predicted
higher science intentions (compared to White students) only for over-confident students.
Reporting higher levels of education undertaken by the students’ father or male guardian
predicted lower science intentions only for over-confident students.

Various other differences were also apparent, although the associated predictive coeffi-
cients were generally smaller (around or less than .10).

4, Discussion

The presented research helped clarify the importance of students’ confidence within
science education, and highlighted that considering under-confidence and over-confi-
dence provided new insights.

What did students report about their intentions and other views concerning their science
education? Did under-confident, accurate, and over-confident students express different
attitudes or intentions?

Compared to accurately evaluating students, under-confident students generally reported
lower across the considered factors. Students with considerable under-confidence indeed
reported lower science intentions. Given that accurately evaluating and under-confident
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Table 4. Science items/factors predicting students’ science intentions (A-Level, university, careers)
across confidence bias groups (+.5 SD group boundaries).

Under-confident (U) Accurate (A) Over-confident (O)

Item/factor Std. Est. Sig. Std. Est. Sig. Std. Est. Sig.
Intercept/constant -.519 .264 —.236 .780 —1.519 .052
Year (9, 10, 11) —.005 853 —.009 815 .090 143
Gender (1 =male) .030 .665 —.022 507 014 779
Ethnicity (Black) .062 135 034 511 010 831
Ethnicity (East-Asian) UAUO g9 073 YA _.064 .027 Yo _ 018 765
Ethnicity (South-Asian/Indian) Yo 026 384 067 185 Y136  <.001
Ethnicity (Mixed) .010 .620 .032 107 .095 .046
Ethnicity (Other) VA 052 025 YA 042 om 085 166
Highest level of schooling (mother) Yo _ 057 155 A9 _039 260 VO A0 140 052
Highest level of schooling (father) Yo 041 186 -.016 651 Vo _ 147 018
Number of books at home 015 554 —.063 128 —.009 853
Parents working in science (1 = yes) 027 352 —.003 .890 .032 386
Mastery experiences (current grade) —.079 157 —.025 667 043 652
Self-concept VALO 147 015 YA_014 694 Y0 014 810
Self-efficacy .048 424 .138 .001 .108 015
Interest/intrinsic value .020 .842 133 <.001 135 .027
Utility/extrinsic value Y0 551 <001 A0 460  <.001 U0 A0 290  <.001
Personal/attainment value VA 215 <.001 YA 116 .046 144 114
Cost value (absence of) .056 137 .047 .090 .020 646
Mastery norms (what is a good grade) Y0 036 271 A% 026 395 U0 A0 _ 070 .009
Subject-comparisons .018 778 .020 .706 .051 378
Peer-comparisons —.016 719 —.009 733 018 819
Social persuasions (praise) —-.101 016 —.053 .069 —.049 249
Vicarious experiences Yo _ 024 457 —.091 .003 Yo _.105 .010
Anxiety (absence of) .021 765 .040 263 .066 .169
Norms/influence (friends) VA 008 532 YA 072 .003 —.099 132
Norms/influence (parents) Y0 042 21 116 <.001 U0 223 <.001
Teacher perceptions —.047 372 .007 902 .042 465
Teacher/school careers —.002 983 .030 .059 .050 395
Effort/futility (absence of) Yo _ 072 016 -.008 879 Yo 043 388
Effort/futility exams (absence of) UALO 080 001 YA _114 .001 Yo _ 036 552
Task score 023 718 A% 097 255 A0 _.108 .009
Task confidence —-.003 982 026 .828 —.026 438
Goodness of fit (R?) 657 592 563

Notes: Standardised coefficient estimates (Std. Est.) represent measures of effect size; for brevity, only p-values (Sig.) are
also shown. The ethnicity categories are comparisons against those reporting ‘White’ backgrounds (the reference cat-
egory). Significant predictors (p <.05) are highlighted in bold for clarity. Differences in coefficient magnitude across
paired groups (p < .05 via Wald tests for separate paired-group models) are highlighted in superscript.

students reported the same current grades, under-confidence may be considered detrimental
within science education.

What predicted students’ intentions when students were under-confident, accurate, or
over-confident? Were there any differences across these cases?

Across all students, the strongest predictors of students’ intentions towards studying
science further were the students’ perceived utility of science, personal value of science,
self-efficacy (confidence in their expected future science attainment), influences from
parents, and interest in science.

However, students’ intentions were predicted by different factors in different ways,
depending on whether students were under-confident, accurate, or over-confident. The
pattern of predictive factors was broadly similar for all students considered together
and for accurately evaluating students. For under-confident students, however, science
intentions were most strongly predicted by their perceived utility of science, personal
value of science, and their self-concept beliefs (subjective beliefs about currently ‘doing



1270 (&) R.SHELDRAKE

well’ or ‘being good’ at science); however, self-efficacy beliefs, interest, and parental influ-
ences were not significantly predictive. Under-confidence may be detrimental not simply
through associating with lower attitudes, but through students considering their choices in
different ways.

On a wider level, the results cohered with earlier research that has also highlighted the
importance of perceived utility, interest, and support/encouragement to pursue science (e.
g. Mujtaba & Reiss, 2014; Regan & DeWitt, 2015; Sjaastad, 2012). The results presented
above also extended earlier research through highlighting that support or guidance may
be more relevant or less relevant to different students: parental influences predicted
science intentions for over-confident students but not for under-confident students.
Researchers may need to explore whether guidance is sometimes perceived as pressure
or inadvertently reduces self-reflection for some students, and/or which forms of
support or encouragement are the most beneficial.

The results also extended earlier research through quantitatively highlighting the pre-
dictive association between science intentions and someone’s personal value of science
(e.g. “Thinking scientifically is an important part of who I am’). The personal value of
science to someone’s identity has been increasingly explored in prior research, but gen-
erally only through qualitative methods (e.g. Aschbacher, Li, & Roth, 2010; Holmegaard,
Ulriksen, & Madsen, 2015). The results presented above highlighted that students” per-
sonal value of science predicted science intentions across all students (at a higher mag-
nitude than students’ interest in science), and for under-confident and for accurately
evaluating students, but not for over-confident students. Accordingly, researchers may
need to further explore the effects of over-confidence and/or someone’s personal
value of science on students’ retention within science. For example, it is possible to
hypothesise that if someone does not necessarily consider personally valuing science
as relevant to their choices, then they may only persist within science education for
as long as their other goals are met.

4.1. Under-confidence in science education

Considering students’ confidence may help ensure that their future choices are not
unnecessarily constrained. The results presented above highlight that under-confident stu-
dents do not lack ability: they reported the same current grades as accurately evaluating
students and they scored the highest on the questionnaire tasks.

For under-confident students, interest in science and influences from parents were not
predictive of science intentions. Educators may need to address under-confidence before
assuming that increasing interest in science entails increased participation for all students.

For under-confident students, science intentions were predicted by their self-
concept beliefs and not by their self-efficacy beliefs. Educators and students may
need to discuss perceived abilities, current grades, and expected grades so that
under-confidence/over-confidence could be revealed, and so that students can focus
more on their self-efficacy.

Compared to other students, the science intentions of under-confident students were
predicted more by their perceived utility of science and their personal value of science
(science as being part of their identity). Accordingly, these may be beneficial areas for edu-
cators to promote.
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Attempting to directly influence students’ confidence may have unforeseen results.
Higher praise may increase students’ confidence (Bandura, 1997). However, praise (un-
intuitively) predicted lower science intentions for under-confident students, controlling
for the other factors. However, it remains unclear if higher praise would ultimately
have a positive effect on intentions, via the indirect effect of higher confidence beliefs,
regardless of the negative direct effect.

Nevertheless, it may be beneficial to initially focus on practice examination papers to
provide more tangible reassurance and increase students’ confidence about their expected
grades, for example, or to increase self-regulated learning or self-reflection (e.g. Dignath &
Biittner, 2008).

4.2. Over-confidence in science education

The results presented above highlight that accurately evaluating and over-confident stu-
dents generally reported similar attitudes to science, self-concept beliefs, and intentions
to study science further. However, over-confident students reported lower current
grades and lower self-efficacy.

While under-confidence may provide an obvious area for intervention, over-confidence
should not be overlooked. While high confidence may be motivationally beneficial
(Bandura, 1997), students may be ultimately disappointed or encounter problems if
they are sufficiently over-confident as to lack the attainment necessary to meet their goals.

The science intentions of over-confident students were most strongly predicted by their
perceived utility of science and by parental influences. Compared to other students, the
effects of parental influences were relatively higher and the effect of perceived utility
was relatively lower.

Educators could discuss intentions and current/expected grades with students, and help
ensure that everyone can meet any pre-requisite attainment for their goals. Students’ men-
tioning parental influences may not necessarily be a cause for concern (this factor also pre-
dicted science intentions for accurately evaluating students), but may suggest that
educators need to be ready to provide closer support if any difficulties arise.

4.3. Limitations and implications to subsequent research

While science is considered holistically in the National Curriculum, students in England
ultimately need, if they continue with science, to select specific subjects (e.g. physics) at
A-Level and at university. While the presented results provide a plausible overview, differ-
ent factors may be relevant for different science subjects.

Confidence biases and groups can be explored and defined in various ways. While
some research has applied paired tasks and confidence ratings (e.g. Chen, 2003), as
applied here, other research has explored students’ beliefs and attainment compared
(relatively) across samples (e.g. Dupeyrat et al., 2011). Different methods may provide
different insights.

The results generalise across students in Years 9-11, and provide plausible findings for
future refinement and focused exploration. Further research with increased numbers of
students and schools (via stratified sampling) would allow individual academic years to
be considered separately, and to consider any potential effects of schools in more detail.
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4.4. Conclusions

Considering students’ confidence may help ensure that their future choices are not
unnecessarily constrained. Under-confident students expressed consistently lower
science attitudes than accurately evaluating and over-confident students, despite reporting
the same science grades as accurately evaluating students.

Under-confidence may be detrimental not simply through associating with lower atti-
tudes, but through students considering their choices in different ways. For under-confi-
dent students, the strongest predictors of their intentions towards studying science further
were their perceived utility of science, personal value of science, and self-concept beliefs.

Across all students, however, science intentions were most strongly predicted by per-
ceived utility of science, personal value of science, self-efficacy, influences from parents,
and interest in science.

Policy, practice, and research in science education may need to further consider how
different students may be influenced in different ways. Otherwise, attempting to increase
every apparently relevant factor may not necessarily produce the expected gains in science
participation.

Note

1. Following TIMSS, the number of books was measured/scaled as (1) none or very few (0-10
books), or enough books to fill (2) around one shelf (11-25 books), (3) around one bookcase
(26-100 books), (4) around two bookcases (101-200 books), or (5) three bookcases or more
(over 200 books).

Disclosure statement

No potential conflict of interest was reported by the author.

Funding information

This work was supported by the Economic and Social Research Council.

Notes on contributor

Richard Sheldrake is currently researching various aspects of students’ attitudes and motivational
beliefs, especially in relation to their subject choices and educational progression. He has worked on
a range of research projects within science and mathematics education at the UCL Institute of Edu-
cation, and has focused on applying advanced quantitative analysis.

References

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human Decision
Processes, 50(2), 179-211. doi:10.1016/0749-5978(91)90020-T

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B. (2010). ‘Doing’ science versus
‘being’ a scientist: Examining 10/11-year-old schoolchildren’s constructions of science through
the lens of identity. Science Education, 94(4), 617-639. doi:10.1002/sce.20399


http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1002/sce.20399

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 1273

Aschbacher, P., Li, E., & Roth, E. (2010). Is science me? High school students’ identities, partici-
pation and aspirations in science, engineering, and medicine. Journal of Research in Science
Teaching, 47(5), 564-582. doi:10.1002/tea.20353

Bandura, A. (1997). Self-efficacy: The exercise of control. New York, NY: Freeman.

Bandura, A., Barbaranelli, C., Caprara, G. V., & Pastorelli, C. (2001). Self-efficacy beliefs as shapers
of children’s aspirations and career trajectories. Child Development, 72(1), 187-206. doi:10.1111/
1467-8624.00273

Baron, R., & Kenny, D. (1986). The moderator-mediator variable distinction in social psychological
research: Conceptual, strategic, and statistical considerations. Journal of Personality and Social
Psychology, 51(6), 1173-1182. do0i:10.1037/0022-3514.51.6.1173

Bennett, J., Lubben, F., & Hampden-Thompson, G. (2013). Schools that make a difference to
post-compulsory uptake of physical science subjects: Some comparative case studies in
England. International Journal of Science Education, 35(4), 663-689. doi:10.1080/09500693.
2011.641131

Boe, M. V., & Henriksen, E. K. (2015). Expectancy-value perspectives on choice of science and tech-
nology education in late-modern Societies. In E. K. Henriksen, J. Dillon, & J. Ryder (Eds.),
Understanding student participation and choice in science and technology education (pp.
17-29). Dordrecht: Springer. doi:10.1007/978-94-007-7793-4_2

Bong, M. (2001). Role of self-efficacy and task-value in predicting college students’ course perform-
ance and future enrollment intentions. Contemporary Educational Psychology, 26(4), 553-570.
doi:10.1006/ceps.2000.1048

Bong, M., & Clark, R. (1999). Comparison between self-concept and self-efficacy in academic
motivation  research.  Educational  Psychologist,  34(3), 139-153.  doi:10.1207/
$15326985ep3403_1

Bong, M., & Skaalvik, E. (2003). Academic self-concept and self-efficacy: How different are they
really? Educational Psychology Review, 15(1), 1-40. d0i:10.1023/A:1021302408382

Bouffard, T., & Narciss, S. (2011). Benefits and risks of positive biases in self-evaluation of academic
competence: Introduction. International Journal of Educational Research, 50(4), 205-208. doi:10.
1016/j.ijer.2011.08.001

Chen, P. (2003). Exploring the accuracy and predictability of the self-efficacy beliefs of seventh-
grade mathematics students. Learning and Individual Differences, 14(1), 77-90. doi:10.1016/j.
lindif.2003.08.003

Chen, P., & Zimmerman, B. (2007). A cross-national comparison study on the accuracy of self-effi-
cacy beliefs of middle-school mathematics students. The Journal of Experimental Education, 75
(3), 221-244. doi:10.3200/JEXE.75.3.221-244

Chiu, M. M,, & Klassen, R. (2010). Relations of mathematics self-concept and its calibration with
mathematics achievement: Cultural differences among fifteen-year-olds in 34 countries.
Learning and Instruction, 20(1), 2-17. doi:10.1016/j.learninstruc.2008.11.002

Department for Education. (2013). National curriculum in England: Science programmes of study.
London: Author. Retrieved November 1, 2015, from https://www.gov.uk/government/
publications/national-curriculum-in-england-science-programmes-of-study

Department of Education. (2015, March 31). School performance tables [2014]: 2014 download data.
Author. Retrieved November 1, 2015, from http://www.education.gov.uk/schools/performance/
download_data.html

DeWitt, J., & Archer, L. (2015). Who aspires to a science career? A comparison of survey responses
from primary and secondary school students. International Journal of Science Education, 37(13),
2170-2192. doi:10.1080/09500693.2015.1071899

DeWitt, J., Archer, L., & Osborne, J. (2014). Science-related aspirations across the primary-second-
ary divide: Evidence from two surveys in England. International Journal of Science Education, 36
(10), 1609-1629. doi:10.1080/09500693.2013.871659

DeWitt, J., Archer, L., Osborne, J., Dillon, J., Willis, B., & Wong, B. (2011). High aspirations but low
progression: The science aspirations-careers paradox amongst minority ethnic students.
International Journal of Science and Mathematics Education, 9(2), 243-271. doi:10.1007/
$10763-010-9245-0


http://dx.doi.org/10.1002/tea.20353
http://dx.doi.org/10.1111/1467-8624.00273
http://dx.doi.org/10.1111/1467-8624.00273
http://dx.doi.org/10.1037/0022-3514.51.6.1173
http://dx.doi.org/10.1080/09500693.2011.641131
http://dx.doi.org/10.1080/09500693.2011.641131
http://dx.doi.org/10.1007/978-94-007-7793-4_2
http://dx.doi.org/10.1006/ceps.2000.1048
http://dx.doi.org/10.1207/s15326985ep3403_1
http://dx.doi.org/10.1207/s15326985ep3403_1
http://dx.doi.org/10.1023/A:1021302408382
http://dx.doi.org/10.1016/j.ijer.2011.08.001
http://dx.doi.org/10.1016/j.ijer.2011.08.001
http://dx.doi.org/10.1016/j.lindif.2003.08.003
http://dx.doi.org/10.1016/j.lindif.2003.08.003
http://dx.doi.org/10.3200/JEXE.75.3.221-244
http://dx.doi.org/10.1016/j.learninstruc.2008.11.002
https://www.gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study
http://www.education.gov.uk/schools/performance/download_data.html
http://www.education.gov.uk/schools/performance/download_data.html
http://dx.doi.org/10.1080/09500693.2015.1071899
http://dx.doi.org/10.1080/09500693.2013.871659
http://dx.doi.org/10.1007/s10763-010-9245-0
http://dx.doi.org/10.1007/s10763-010-9245-0

1274 (&) R.SHELDRAKE

Dignath, C., & Biittner, G. (2008). Components of fostering self-regulated learning among students.
A meta-analysis on intervention studies at primary and secondary school level. Metacognition
and Learning, 3(3), 231-264. doi:10.1007/s11409-008-9029-x

Dupeyrat, C., Escribe, C., Huet, N., & Régner, 1. (2011). Positive biases in self-assessment of math-
ematics competence, achievement goals, and mathematics performance. International Journal of
Educational Research, 50(4), 241-250. doi:10.1016/j.ijer.2011.08.005

Eccles, J. (2009). Who am I and what am I going to do with my life? Personal and collective iden-
tities as motivators of action. Educational Psychologist, 44(2), 78-89. doi:10.1080/
00461520902832368

Education, Audiovisual, and Culture Executive Agency. (2011). Science Education in Europe:
National policies, practices and research. Brussels: European Commission. doi:10.2797/7170

Foy, P., Arora, A., & Stanco, G. (Eds.). (2013). TIMSS 2011 user guide for the international database
[Released items (Science - Eighth Grade)]. Chestnut Hill, MA: TIMSS & PIRLS International
Study Centre.

Gonida, E., & Leondari, A. (2011). Patterns of motivation among adolescents with biased and accu-
rate self-efficacy beliefs. International Journal of Educational Research, 50(4), 209-220. doi:10.
1016/j.ijer.2011.08.002

Holmegaard, H. T., Ulriksen, L., & Madsen, L. M. (2015). A narrative approach to understand stu-
dents’ identities and choices. In E. K. Henriksen, J. Dillon, & J. Ryder (Eds.), Understanding
student participation and choice in science and technology education (pp. 31-42). Dordrecht:
Springer. doi:10.1007/978-94-007-7793-4_3

Homer, M., Ryder, J., & Banner, 1. (2014). Measuring determinants of post-compulsory partici-
pation in science: A comparative study using national data. British Educational Research
Journal, 40(4), 610-636. doi:10.1002/ber}.3106

Huang, C. (2011). Self-concept and academic achievement: A meta-analysis of longitudinal
relations. Journal of School Psychology, 49(5), 505-528. doi:10.1016/j.jsp.2011.07.001

Jenkins, E., & Nelson, N. (2005). Important but not for me: Students’ attitudes towards secondary
school science in England. Research in Science and Technological Education, 23(1), 41-57. doi:10.
1080/02635140500068435

Jiang, Y., Song, J., Lee, M., & Bong, M. (2014). Self-efficacy and achievement goals as motivational
links between perceived contexts and achievement. Educational Psychology, 34(1), 92-117.
doi:10.1080/01443410.2013.863831

Maltese, A., Melki, C., & Wiebke, H. (2014). The nature of experiences responsible for the gener-
ation and maintenance of interest in STEM. Science Education, 98(6), 937-962. doi:10.1002/sce.
21132

Moller, J., & Pohlmann, B. (2010). Achievement differences and self-concept differences: Stronger
associations for above or below average students? British Journal of Educational Psychology, 80
(3), 435-450. doi:10.1348/000709909X 485234

Mujtaba, T., & Reiss, M. J. (2014). A survey of psychological, motivational, family and perceptions
of physics education factors that explain 15-year-old students’ aspirations to study physics in
post-compulsory English schools. International Journal of Science and Mathematics Education,
12(2), 371-393. doi:10.1007/s10763-013-9404-1

Mullis, 1., Martin, M., Ruddock, G., O’Sullivan, C., & Preuschoff, C. (2009). TIMSS 2011 assessment
frameworks. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Lynch School of
Education, Boston College.

Multon, K., Brown, S., & Lent, R. (1991). Relation of self-efficacy beliefs to academic outcomes: A
meta-analytic investigation. Journal of Counseling Psychology, 38(1), 30-38. doi:10.1037/0022-
0167.38.1.30

National Science and Technology Council. (2013). Federal Science, Technology, Engineering, and
Mathematics (STEM) education: 5-year strategic plan. Washington, DC: Executive Office of
the President of the United States.

Pajares, F., & Graham, L. (1999). Self-efficacy, motivation constructs, and mathematics perform-
ance of entering middle school students. Contemporary Educational Psychology, 24(2), 124~
139. doi:10.1006/ceps.1998.0991


http://dx.doi.org/10.1007/s11409-008-9029-x
http://dx.doi.org/10.1016/j.ijer.2011.08.005
http://dx.doi.org/10.1080/00461520902832368
http://dx.doi.org/10.1080/00461520902832368
http://dx.doi.org/10.2797/7170
http://dx.doi.org/10.1016/j.ijer.2011.08.002
http://dx.doi.org/10.1016/j.ijer.2011.08.002
http://dx.doi.org/10.1007/978-94-007-7793-4_3
http://dx.doi.org/10.1002/berj.3106
http://dx.doi.org/10.1016/j.jsp.2011.07.001
http://dx.doi.org/10.1080/02635140500068435
http://dx.doi.org/10.1080/02635140500068435
http://dx.doi.org/10.1080/01443410.2013.863831
http://dx.doi.org/10.1002/sce.21132
http://dx.doi.org/10.1002/sce.21132
http://dx.doi.org/10.1348/000709909X485234
http://dx.doi.org/10.1007/s10763-013-9404-1
http://dx.doi.org/10.1037/0022-0167.38.1.30
http://dx.doi.org/10.1037/0022-0167.38.1.30
http://dx.doi.org/10.1006/ceps.1998.0991

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 1275

Parker, P., Marsh, H., Ciarrochi, J., Marshall, S., & Abduljabbar, A. S. (2014). Juxtaposing math self-
efficacy and self-concept as predictors of long-term achievement outcomes. Educational
Psychology, 34(1), 29-48. doi:10.1080/01443410.2013.797339

Peugh, J., & Enders, C. (2004). Missing data in educational research: A review of reporting practices
and suggestions for improvement. Review of Educational Research, 74(4), 525-556. doi:10.3102/
00346543074004525

Regan, E., & DeWitt, J. (2015). Attitudes, interest and factors influencing STEM enrolment behav-
iour: An overview of relevant literature. In E. K. Henriksen, J. Dillon, & J. Ryder (Eds.),
Understanding student participation and choice in science and technology education (pp. 63—
88). Dordrecht: Springer. doi:10.1007/978-94-007-7793-4_5

Riegle-Crumb, C., Moore, C., & Ramos-Wada, A. (2011). Who wants to have a career in science or
math? Exploring adolescents’ future aspirations by gender and race/ethnicity. Science Education,
95(3), 458-476. doi:10.1002/sce.20431

Sheldrake, R., Mujtaba, T., & Reiss, M. J. (2014). Calibration of self-evaluations of mathematical
ability for students in England aged 13 and 15, and their intentions to study non-compulsory
mathematics after age 16. International Journal of Educational Research, 64, 49-61. doi:10.
1016/j.ijer.2013.10.008

Sheldrake, R., Mujtaba, T., & Reiss, M. J. (2015). Students’ intentions to study non-compulsory
mathematics: The importance of how good you think you are. British Educational Research
Journal, 41(3), 462-488. doi:10.1002/berj.3150

Sjaastad, J. (2012). Sources of inspiration: The role of significant persons in young people’s choice of
science in higher education. International Journal of Science Education, 34(10), 1615-1636.
doi:10.1080/09500693.2011.590543

Snijders, T., & Bosker, R. (2012). Multilevel analysis: An introduction to basic and advanced multi-
level modeling (2nd ed.). London: SAGE.

StataCorp. (2013). STATA structural equation modeling reference manual release 13. College
Station, TX: StataCorp. Retrieved November 1, 2015, from http://www.stata.com/manuals13/
sem.pdf

Tai, R,, Qi Liu, C., Maltese, A., & Fan, X. (2006). Planning early for careers in science. Science, 312
(5777), 1143-1144. doi:10.1126/science.1128690

Viljaranta, J., Tolvanen, A., Aunola, K., & Nurmi, J.-E. (2014). The developmental dynamics
between interest, self-concept of ability, and academic performance. Scandinavian Journal of
Educational Research, 58(6), 734-756. d0i:10.1080/00313831.2014.904419

Wang, M.-T. (2012). Educational and career interests in math: A longitudinal examination of the
links between classroom environment, motivational beliefs, and interests. Developmental
Psychology, 48(6), 1643-1657. doi:10.1037/a0027247

Wang, M.-T., & Degol, J. (2013). Motivational pathways to STEM career choices: Using expectancy-
value perspective to understand individual and gender differences in STEM fields. Developmental
Review, 33(4), 304-340. doi:10.1016/j.dr.2013.08.001

Wang, X. (2013). Why students choose STEM majors: Motivation, high school learning, and post-
secondary context of support. American Educational Research Journal, 50(5), 1081-1121. doi:10.
3102/0002831213488622

Wigfield, A., & Eccles, J. (2000). Expectancy-value theory of achievement motivation.
Contemporary Educational Psychology, 25(1), 68-81. doi:10.1006/ceps.1999.1015


http://dx.doi.org/10.1080/01443410.2013.797339
http://dx.doi.org/10.3102/00346543074004525
http://dx.doi.org/10.3102/00346543074004525
http://dx.doi.org/10.1007/978-94-007-7793-4_5
http://dx.doi.org/10.1002/sce.20431
http://dx.doi.org/10.1016/j.ijer.2013.10.008
http://dx.doi.org/10.1016/j.ijer.2013.10.008
http://dx.doi.org/10.1002/berj.3150
http://dx.doi.org/10.1080/09500693.2011.590543
http://www.stata.com/manuals13/sem.pdf
http://www.stata.com/manuals13/sem.pdf
http://dx.doi.org/10.1126/science.1128690
http://dx.doi.org/10.1080/00313831.2014.904419
http://dx.doi.org/10.1037/a0027247
http://dx.doi.org/10.1016/j.dr.2013.08.001
http://dx.doi.org/10.3102/0002831213488622
http://dx.doi.org/10.3102/0002831213488622
http://dx.doi.org/10.1006/ceps.1999.1015

1276 R. SHELDRAKE

Appendix 1. Example task score and confidence items

Two example pairs of tasks and confidence ratings are provide below. Tasks were sourced
from TIMSS 2011 (Foy et al., 2013) and were used for research purposes, as described in
the main article.

The IEA has released TIMSS tasks for non-commercial, educational, and research pur-
poses only; please see the relevant documentation for further details (Foy et al., 2013).

Example task

Which of the following best describes the purpose of cellular respiration?
[ To provide energy for cell activities.

[ To produce sugar for storage in cells.

[ To release oxygen for breathing.

[ To supply carbon dioxide for photosynthesis.

Not at all Not very Confident Very
confident confident confident
How confident are you that you solved this correctly? ] ] ]

Notes: TIMSS reference S032611. Correct answer: A (Foy et al., 2013). Retrospective confidence ratings (i.e. ‘How confident
are you that you solved this correctly?’) were not part of TIMSS, and were added as part of the presented research study.
The exact format and presentation from the questionnaire is not exactly reproduced here (e.g. page layout, typeface,
size, etc.).

Example task

The amount of carbon dioxide in the air is increasing in a large city due to the growing number of vehicles. The mayor wants to
plant more trees.

Do you agree with the mayor’s suggestion?

[ Yes [ No

Please explain why you agree or not.

Not at all Not very Confident Very
confident confident confident
How confident are you that you solved this correctly? (O] (] ]

Notes: TIMSS reference S052091. Correct answers (either): ‘Yes’, with an explanation that trees absorb carbon dioxide
(during photosynthesis); ‘No’, with a valid explanation related to reducing carbon dioxide emission (Foy et al., 2013).
Retrospective confidence ratings (i.e. ‘How confident are you that you solved this correctly?’) were not part of TIMSS,
and were added as part of the presented research study. The exact format and presentation from the questionnaire
is not exactly reproduced here (e.g. page layout, typeface, size, etc.).



Appendix 2. Considerable under-confidence/over-confidence groups (+1

SD group boundaries)
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Confidence bias groups (+1 SD group boundaries)

Considerably Considerably
under-confident  Broadly accurate over-confident
All students (L) (A) (0) ANOVA
Item/factor M SD M SD M SD M SD Sig. Pn?
Intentions towards 347 155 YAY0306 155 UA351 155 Y9362 151  .002 011
science
Self-concept 382 110 VYAY340 99 UA388 1.08 Y9394 119 <.001 .025
Self-efficacy 443 1.8 VA422 120 UAA9452 116 h0423 116 <001 013
Interest/intrinsic value 405 125 YAU0360 127 UAg12 122 Y9413 131 <.001 .020
Utility/extrinsic value 411 120 YAY9378 120 YA 414 119 Y9427 116 <.001 012
Personal/attainment 340 148 YAY28 141 UA345 146 Y9365 150 <.001 .024
value
Cost value (absence of) 360 134 356 143 A0366 1.29 A0335 147  .020 .006
Mastery experiences 357 164 353 147 R0363 167 A9324 161 031 006
(current grade)
Mastery norms (what is a 434 1.02 439 .9 435 1.00 428 11 510 .001
good grade)
Subject-comparisons 399 155 YA366 1.50 YA 405 156 397 153  .005 .007
Peer-comparisons 414 136 YAY°373 140 UA421 134 Y9415 141 <.001 015
Social persuasions 385 118 UAY9347 115 UA392 115 Y9385 131 <.001 016
(praise)
Vicarious experiences 400 129 YAY9368 133 YA 403 125 Y9413 145 001 010
Anxiety (absence of) 418 124 Y380 119 YA 426 122 Y9416 133 <001 016
Norms/influence 373 93 3.75 .84 3.72 .90 377 115 811 <.001
(friends)
Norms/influence 425 120 YAY9398 120 UA429 1.8 Y9430 126 .004 008
(parents)
Teacher perceptions 433 103 Y“Y406 107 YA436 .99 Y441 118  .002 010
Teacher/school careers 344 132 Y0319 128 A0342 128 Y9A%377 153 <001 012
Effort/futility (absence 467 1.06 454 1.10 471 1.04 456 1.15 061 .004
of)
Effort/futility exams 419 133 UA393 141 YAA9428 129 A0396 147 .001 012
(absence of)
Gender (1=male) 58 49 UAUO 43 50 YA 61 49 vo. 50 <.001 015
Task score (0-1) 56 .29 @b 8o .18 A 58 25 A 21 20 <001 311
Task confidence (0-1) 53 .23 ALy a8 (b 24 A 62 20 <.001 078
Task confidence bias (—1 02 26 “H_4 2 ®H_p3 g3 A 41 17 <001 717
to +1)
Students (number) 1523 217 1082 203

Notes: Items/factors used 1-6 scales unless otherwise indicated. Means (M) and standard deviations (SD) are shown. For
group comparisons, significance values (p-values; Sig.) and the associated effect size via partial n? (Pn?) are shown from
analysis of variance (ANOVA) tests and significant results (p < .05) are highlighted in bold for clarity; significant Bonferroni
post hoc tests (p < .05) have been highlighted in superscript (for brevity, ‘(ALL)’ indicates where all pairs were significantly

different).
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