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A B S T R A C T

More people studying and working within science are desired in numerous countries, although it
remains less clear how educators can help. Analysis considered nationally-representative samples
of students in England, aged 15 (Year 11), from 2006 and 2015. On both occasions, accounting
for students’ background and other views, students’ perceived utility of science most strongly and
positively associated with their science-related career aspirations, while students’ reports of
encountering different teaching approaches had smaller or no associations. Conveying the wider
applications of science to students was the only teaching approach to consistently and positively
associate with students’ utility and other attitudes. Developing students’ attitudes, and hence
their aspirations, through highlighting the applications and relevance of science to everyday life
may be beneficial.

1. Introduction

Understanding students’ aspirations to study and work within science continues to be a central concern for science educators in
England and other countries (EACEA, 2011; NSTC, 2013; Royal Society, 2014). More students studying science-related subjects have
been desired as a means to foster greater quantitative skills, to meet an expected demand for increased numbers of science-related
professionals, and to address under-representation and promote equity (CASE, 2014; OECD, 2015; Royal Society, 2008; WISE, 2014).

In England, in common with many other countries, studying science subjects at upper-secondary school is generally necessary to
study science courses at university, and studying science at university is generally necessary for a science career. Accordingly,
experiences in school may be especially important in facilitating or precluding future careers in science. Primary and secondary
education have indeed been found to be important times for developing students’ interest in science (Maltese, Melki, &Wiebke,
2014), and students’ interest in science and their perceived utility of science (students valuing science through thinking that science
leads to various benefits such as fostering their skills and facilitating careers) have been found to be closely associated with their
studying and career aspirations (Regan & DeWitt, 2015). Students’ attitudes and aspirations to study science reported during sec-
ondary school have indeed predicted whether they subsequently gained science-related degrees at university (Maltese & Tai, 2011;
Morgan, Gelbgiser, &Weeden, 2013; Tai, Qi Liu, Maltese, & Fan, 2006). However, it remains somewhat unclear what educators can or
should do in order to foster attitudes such as interest in science and to promote aspirations towards science, especially with regard to
applying particular teaching approaches such as using practical work or debates within classrooms.

Numerous teaching approaches are possible within science education, and historical attention on selecting approaches to increase
attainment, and/or on approaches that are assumed to reflect what scientists do, has increasingly expanded to also consider how
teaching may influence students’ attitudes (Osborne and Dillon, 2008; Savelsbergh et al., 2016). Students’ classroom experiences in
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secondary school have been found to associate with their interest in science, for example, but any direct associations between specific
teaching approaches and students’ aspirations remains somewhat unclear (Abrahams, 2009; Hampden-Thompson & Bennett, 2013;
Wang, 2012).

Accordingly, the research presented here focused on revealing the associations between students’ reports of encountering different
teaching approaches and students’ reported science-related career aspirations, while accounting for students’ different background
characteristics. In more detail, the research considered associations between teaching approaches and theorised antecedents of as-
pirations (including students’ interest and perceived utility), and then considered what factors (including teaching approaches,
interest, utility, and other factors) actually associated with students’ reported aspirations, in order to gain greater practical insight.
The analysis considered nationally-representative samples of students (aged 15) from the Programme for International Student
Assessment (PISA) from 2006 and from 2015 in order to consider the consistency of any findings to enhance the overall insight. The
analysis focused on students in England in order to maximise its local contextual relevance.

1.1. Science aspirations and choices

The numbers of students studying science-related subjects at upper-secondary school and at university in England have histori-
cally varied, and have often been lower than other subjects and imbalanced with respect to students’ gender and home backgrounds
(Homer, Ryder, & Banner, 2014; Royal Society, 2006, 2008; Smith, 2011). These differences in studying choices have often been
explained by students’ different attitudes and beliefs (DeWitt, Archer, & Osborne, 2014; Mujtaba & Reiss, 2014). Essentially, various
aspects of students’ lives, such as their parents’ beliefs (DeWitt et al., 2011) and classroom experiences (Wang, 2012), may influence
their attitudes about science, which may then primarily influence their aspirations.

Considered in review across multiple studies, students’ interest in science and their perceived utility of science have most strongly
associated with their studying and career aspirations, to greater extents than other attitudes, measures of their attainment, and
various other indicators related to their homes and backgrounds (Bøe &Henriksen, 2015; Regan and DeWitt, 2015; Tripney et al.,
2010). Recent research in England has reaffirmed the relevance of interest and utility to students’ prospective aspirations towards
studying and working in science, together with further factors including the personal value of science to their identities, their current
confidence, their confidence in their future attainment, and influences from their parents (DeWitt & Archer, 2015; Mujtaba & Reiss,
2014; Sheldrake, 2016). Similarly, students in England have retrospectively reported that their studying choices have followed from
their interest, perceived utility, and confidence (Bates, Pollard, Usher, & Oakley, 2009; Jensen &Henriksen, 2015; Mellors-Bourne,
Connor, & Jackson, 2011; Vidal Rodeiro, 2007). Studies undertaken outside of England, such as in the United States of America (e.g.
Maltese and Tai, 2011; Tai et al., 2006) and in continental European countries (e.g. Bøe &Henriksen, 2013; Bøe, 2012), have revealed
broadly similar findings, especially regarding the importance of students’ interest and perceived utility.

It remains unclear whether any one factor is the most influential, however. Studies highlighting that students cited interest as the
primary reason for their choices (Bates et al., 2009; Mellors-Bourne et al., 2011), for example, may contrast with studies that
highlighted the primary importance of students’ perceived utility of science (Mujtaba & Reiss, 2014; Vidal Rodeiro, 2007). Any
number of methodological differences may be relevant, given that studies have variously considered students’ prospective studying
aspirations (e.g. Mujtaba & Reiss, 2014) or their retrospective recollections about their choices (e.g. Jensen &Henriksen, 2015). While
many studies have been large in scale, and broadly generalizable to students across England given particular attainment char-
acteristics (e.g. DeWitt et al., 2014; Mujtaba and Reiss, 2014), they have not necessarily considered precisely nationally-re-
presentative samples.

Overall, while students’ attitudes towards science have been found to associate with their aspirations, greater clarity would be
beneficial, especially as to whether any teaching approaches also associate with students’ aspirations and/or with any attitudes that
may in turn associate with aspirations. In general, it remains less clear as to what might associate with (and hence potentially
influence) students’ interest in science and perceived utility of science.

1.2. Teaching approaches

Students’ studying and career aspirations have been found to be difficult to directly change (Archer, DeWitt, & Dillon, 2014).
Pragmatically, in order to increase the numbers of students aspiring towards science careers, educators could instead attempt to foster
students’ attitudes, such as their perceived utility of science, and/or apply various different teaching and learning approaches or
activities in order to inspire or engage students.

Various interventions have explicitly focused on fostering students’ attitudes towards science (Rosenzweig &Wigfield, 2016).
Numerous approaches have been applied to help increase students’ interest in science, such as emphasising the relevance of science
and explaining the experiences and work of scientists (Bernacki, Nokes-Malach, Richey, & Belenky, 2016; Hong & Lin-Siegler, 2012;
Hulleman &Harackiewicz, 2009). Similarly, promoting the relevance and utility of science to students and their parents has been
found to associate with higher science interest and attainment in students, and with students selecting courses in science
(Harackiewicz, Rozek, Hulleman, & Hyde, 2012; Rozek, Hyde, Svoboda, Hulleman, & Harackiewicz, 2015). In general terms, edu-
cators may be able to explain science careers or the wider applications of science in various ways, perhaps during and/or to sup-
plement other teaching approaches or activities.

Various teaching approaches have been historically applied or recommended within science education. Practical work (often
experimental laboratory work) remains valued within science education, for example, due to practical work being assumed to reflect
the empirical nature of science, but other justifications and contrasting views are possible (Abrahams & Reiss, 2012; Hodson, 1993;
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Millar, 1998). More broadly, ‘inquiry-based’ teaching of science focuses on student-led rather than teacher-led activities (but with
some guidance and support from teachers), often via observation and experimentation (and so can overlap with practical work), and
where students broadly apply a scientific approach or method (Furtak, Seidel, Iverson, & Briggs, 2012; Minner, Levy, & Century,
2010; Schroeder, Scott, Tolson, Huang, & Lee, 2007). Further teaching approaches, such as fostering ‘argumentation’ or debates, are
also assumed to both develop and reflect practices that scientists apply in their work, such as critical reasoning and justification
(Cavagnetto, 2010; Erduran & Jiménez-Aleixandre, 2007). Alternately, ‘context-based’ teaching focuses more on enhancing students’
interest and perceived relevance of science, through using applied contexts as avenues to learn scientific skills and ideas (Bennett,
Lubben, & Hogarth, 2007).

Teaching approaches have often been considered in the context of attainment, essentially in order to determine optimal or
efficient practices. Considered in review across multiple studies, inquiry-based learning has generally associated with increased
attainment, with the most benefits arising from including some degree of support from teachers (Furtak et al., 2012; Savelsbergh
et al., 2016; Schroeder et al., 2007). The benefits of argumentation approaches appear less clear or less explicitly quantified
(Cavagnetto, 2010; Rönnebeck, Bernholt, & Ropohl, 2016). Context-based approaches have appeared broadly equivalent to other
teaching approaches in relation to developing students’ understanding, while appearing to help increase students’ attitudes to science
(Bennett et al., 2007; Vaino, Holbrook, & Rannikmäe, 2012). More specifically, both inquiry-based and context-based approaches
(and also using computers to enrich learning, collaborative learning, and providing extra-curricular activities) have generally as-
sociated with students’ interest in science (Savelsbergh et al., 2016).

Most evidence has come from (and/or reviews have focused mostly on) the United States of America (e.g. Furtak et al., 2012;
Schroeder et al., 2007). Specifically in England, practical work has sometimes appeared less effective than expected in developing
students’ understanding of underlying scientific ideas, and may not necessarily help foster a process of inquiry and ‘working like a
scientist’; nevertheless, students have found practical work interesting, although it has been unclear whether this has helped foster
wider interests in science (Abrahams &Millar, 2008; Abrahams, 2009; Toplis, 2012). Interventions in England to develop students’
scientific argumentation/justification have appeared effective in promoting particular patterns of argumentation, but this appeared
to have no clear impact on students’ science attainment (Osborne, Erduran, & Simon, 2004; Osborne, Simon, Christodoulou, Howell-
Richardson, & Richardson, 2013). In England, context-based learning of chemistry has appeared equivalent to other approaches in
terms of developing students’ scientific understanding while also appeared to be interesting to students (Bennett & Lubben, 2006;
Ramsden, 1997).

Overall, it may be difficult to justify any particular teaching approach as clearly being ideal or optimal. Variable findings have
arisen from research, which is perhaps complicated due to potentially differing conceptualisations or operationalisations of the
underlying ideas (e.g. Rönnebeck et al., 2016). Justifying a particular teaching approach may also require considering which jus-
tifications are favoured, necessary, and/or sufficient for a recommendation, such whether teaching approaches should reflect
practices within science, follow from theories of learning, be empirically identified as increasing attainment or other measures of
understanding, and/or for any other reasons. Fundamentally, and to pragmatically avoid such issues, further clarification would be
beneficial into whether and how specific teaching approaches influence students’ aspirations and/or attitudes, especially within
England.

1.3. Research aims

Research has highlighted that students’ attitudes are especially relevant to their science-related career aspirations, particularly
their interest in science and their perceived utility of science (Bøe &Henriksen, 2015; Regan & DeWitt, 2015).

Research has increasingly considered these attitudes within motivational theories, and has especially focused on the expectancy-
value model of motivated behavioural choices within social-cognitive theory (Bøe &Henriksen, 2015; Bandura, 1997; Eccles, 2009).
The expectancy-value model proposes that science studying and career choices are closely related to someone’s ‘expectations for
success’ (their confidence in their current abilities and/or future capabilities in science) and the ‘subjective values’ attached to their
various options (specifically including someone’s interest and perceived utility regarding science); these beliefs are developed within
someone’s wider environment, such as their family and learning contexts (Eccles, 2009). These assumptions have been broadly
supported by studies that have found that contextual aspects of students’ lives have associated with the students’ expectations
(confidence) and subjective values (interest and utility) about science, which have then associated with their studying intentions or
choices (e.g. DeWitt et al., 2011; Wang, 2012). Nevertheless, it remains less clear whether or which particular teaching approaches
associate with students’ attitudes and/or career aspirations within such models.

Accordingly, this study aimed to (1) clarify how various teaching approaches associated with theorised antecedents of choices
from the expectancy-value model (interest, utility, confidence, and also attainment), and then (2) clarify which factors (including
teaching approaches) actually associated with students’ science-related career aspirations.

Given the assumptions of the expectancy-value model and prior studies (e.g. Eccles, 2009; Wang, 2012), it was hypothesised that
teaching approaches would not necessarily directly associate with students’ aspirations, but might instead associate with interest and
utility (and hence potentially indirectly associate with aspirations). Specifically, given prior research, it was hypothesised that ap-
proaches representing inquiry-based teaching, context-based teaching, and/or providing general explanations of the wider context or
applications of science would associate with students’ interest and potentially with their perceived utility of science (e.g. Savelsbergh
et al., 2016; Straw and Macleod, 2015). Additionally, given prior research, it was hypothesised that students’ interest and perceived
utility of science (key elements from the expectancy-value model) would have the strongest associations with students’ aspirations
(e.g. Mujtaba & Reiss, 2014; Sheldrake, 2016).
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2. Methods

2.1. Samples

The Programme for International Student Assessment (PISA) consists of various surveys undertaken by the Organisation for
Economic Co-operation and Development (OECD), targeting students aged 15 (Year 11 in England) within full-time education.
Recently, PISA focused on science in 2006 (OECD, 2007) and in 2015 (OECD, 2016). On both occasions, schools were systematically
sampled (with probabilities proportional to their size) within strata (with separate sampling of schools within geographical regions
and other strata), and around 35 students were then randomly-sampled within each school (OECD, 2007, 2016).

Sample-weighting was calculated by the OECD to allow the complex samples to reflect the wider populations of students in
England at the time of the surveys (OECD, 2009b). The various results presented here include sample-weighting, excepting that
numbers of students are reported as unweighted numbers for intuitive clarity.

In England, PISA surveyed 4935 students (across 171 schools) in 2006 and 5194 students (across 206 schools) in 2015. The
majority of the surveyed students in England were indeed in Year 11 (99.7% in 2006 and 98.8% in 2015) with an average age of 15.7
years on both occasions. The samples were relatively equally split between boys and girls, with 49.4% being boys in 2006 and 50.8%
being boys in 2015 (without sample-weighting: 2403 boys being 48.7% of the unweighted sample in 2006, and 2719 boys being
52.3% of the unweighted sample in 2015).

2.2. Student questionnaires

Students in PISA 2006 and PISA 2015 completed questionnaires that measured their aspirations and attitudes towards science,
information about their backgrounds, and their performance across various science tasks.

Comprehensive processes of questionnaire development were applied by the OECD, and the various items/factors represent
established attitudes within educational research (OECD, 2007; OECD, 2016; Wigfield and Cambria, 2010). For example, students’
interest and their perceived utility of science are integral to the expectancy-value model of motivational choices (being aspects of
students’ ‘subjective values’; Eccles, 2009), and/or can be contextualised as intrinsic and extrinsic motivation (Ryan &Deci, 2000).
Similarly, students’ self-efficacy beliefs (concerning their perceived capabilities in science) reflect their expectancies/confidence
within the expectancy-value model and within social-cognitive theory itself, where higher confidence is considered motivational and
where lower confidence may be limiting (Bandura, 1997; Bong & Skaalvik, 2003; Eccles, 2009).

The theorised assignment of items to factors has been internationally validated by the OECD (OECD, 2009a, 2017), and was also
verified for England alone as part of the current study through confirmatory factor analysis (via maximum-likelihood estimation, i.e.
factor by factor) and through exploratory factor analysis (via principal-components analysis, i.e. considering emergent factors from
all available items). The factors showed acceptable reliability (internal consistency via Cronbach’s alpha coefficients). For brevity,
given the number of items/factors across both surveys, the reliability coefficients are appended (Supplementary material: Table A).

In order to maximise their interpretability and consistency across both surveys, factors were calculated as the average of the
relevant individual items, reverse-scoring items when necessary to maintain consistency (i.e. higher factor-scores reflected higher
interest, utility, etc.). Accordingly, the items/factors then reflected the underlying response-scales. For most items/factors, this in-
volved agreement-scales from (1) ‘Strongly disagree’, (2) ‘Disagree’, (3) ‘Agree’, to (4) ‘Strongly agree’. The frequency of students
receiving or encountering different teaching approaches when learning science was measured from (1) ‘Never or hardly ever’, (2) ‘In
some lessons’, (3) ‘In most lessons’, to (4) ‘In all lessons’. The frequency of engagement with home/extra-curricular science activities
was measured from (1) ‘Never or hardly ever’, (2) ‘Sometimes’ (3) ‘Regularly’, to (4) ‘Very often’. The key items/factors used within
the analysis are described in the following sections.

2.2.1. Science aspirations
In PISA 2006 and PISA 2015, students were asked what kind of job they expected to have when they were around 30 years old.

Following the current OECD guidance (OECD, 2016, pp. 282–283), the analysis involved coding these into ‘science-related career
aspirations’ that encompassed occupations in: science and engineering; medicine/health; and information/technology. Previously
published results from PISA 2006 (OECD, 2007) have included various other occupations as science-related, such as architects, social
workers, sociologists, and psychologists, which were classified as non-science-related within the current analysis.

2.2.2. Science attitudes and context
Various science-specific attitudes and beliefs were similarly measured across both surveys. From the expectancy-value model

(Eccles, 2009), students’ ‘expectancies’ were measured as their self-efficacy for undertaking various applied science tasks (their
confidence in being able to e.g. ‘Describe the role of antibiotics in the treatment of disease’). Students’ ‘subjective values’ were
measured as their generalised interest in science (interest/intrinsic value of science, e.g. ‘I am interested in learning about science’)
and their perceived utility of science (utility/extrinsic value of science, e.g. ‘Studying my science subjects is worthwhile for me
because what I learn will improve my career prospects’). Additionally, both surveys also measured students’ interest across specific
science areas and topics (covering topics across physics, chemistry, and biology), students’ engagement in home/extra-curricular
science activities (frequencies of e.g. ‘[Watching] TV programmes about science’), and the frequencies of encountering various
teaching approaches. Further factors were measured in only one survey (for brevity, these are detailed, together with example items,
in the Supplementary material; Supplementary material: Table A).
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Teaching approaches were similarly measured across both surveys, and specifically covered students reporting the frequency of
receiving or encountering: ‘interaction/debate’ (e.g. ‘Students are given opportunities to explain their ideas’, ‘There is a class debate
about investigations’); ‘practical/hands-on activities’ (e.g. ‘Students spend time in the laboratory doing practical experiments’,
‘Students are asked to draw conclusions from an experiment they have conducted’); ‘student-led investigations’ (e.g. ‘Students are
allowed to design their own experiments’, ‘Students are asked to do an investigation to test out their own ideas’); and teaching that
focused on the ‘applications of science’ or the wider relevance of science (e.g. ‘The teacher clearly explains the relevance of science
concepts to our lives’, ‘The teacher explains how a science idea can be applied to a number of different phenomena’).

The students’ background and home context were similarly measured in both surveys via their: gender; home possessions (re-
flecting their general family affluence, and including the number of books at home); whether their parents worked within science-
related occupations (coded in the same way as the students’ career aspirations as part of the analysis); their parents’ level of edu-
cation; and their parents’ level of occupation (i.e. broadly reflecting inferred income/‘socio-economic status’, given their occupation).
Students’ ethnicity was not measured within PISA for students in England.

2.2.3. Science task-scores
The students’ science task-scores reflected their performance across various sets of applied tasks that were not necessarily cur-

ricula-based, and the OECD indicators (‘plausible-values’) were used in the analysis (OECD, 2009b). PISA task-scores have been found
to be positively associated with students’ subsequent examination attainment with small to moderate magnitudes, and so may reflect
(to some extent) their curricula-based classroom attainment (Fischbach, Keller, Preckel, & Brunner, 2013; Parker, Marsh, Ciarrochi,
Marshall, & Abduljabbar, 2014).

2.3. Analytical approaches

PISA 2006 and PISA 2015 were considered separately, given that almost ten years occurred between the surveys. This offered
potential replication or disconfirmation within the overall study: the consistency of any emerging findings across both surveys could
enhance any insight, while differences could highlight a need for caution when forming conclusions. Accordingly, analysis focused on
the items/factors that were covered within both surveys, in order to enhance potential comparability.

On a wider level, the analysis focused on students’ reported experiences and beliefs for consistency, and given their centrality
within motivational theory and prior studies (Bøe & Henriksen, 2015; Eccles, 2009). All the items/factors were therefore on the
student-level, rather than also including school-level or wider contextual indicators, which could be matched or calculated in diverse
ways (such as forming indicators of school-average task-scores) but which were outside of the current research aims and scope.

2.3.1. Missing values/responses
Students may not necessarily report their experiences and beliefs for every questionnaire item. Calculating factors as averages

across multiple items helped to minimise, but not eliminate, any impact of missing responses. However, statistical analysis such as
predictive modelling often only considers those students with responses/scores for every modelled item/factor; this would entail only
considering 2981 of 4935 students from PISA 2006 and 2072 of 5194 students from PISA 2015. Essentially, using many single-item
indicators (such as parental education), and using many predictors in general, increases the risk of reducing the number of considered
students; such students may differ in views/profile from the entire sample, and fewer students reduces the power of statistical tests to
reveal significant differences.

Accordingly, aspirations (and parental occupations) were coded as ‘science-related’ or ‘non-science-related, missing, unsure, and/
or unclear’. Estimates of other missing values/scores were produced using full-information maximum-likelihood via expectation-
maximisation, which is considered one of the best contemporary approaches to handling missing values/scores (IBM, 2014;
Peugh & Enders, 2004). This allowed all students to be consistently considered (4935 in PISA 2006 and 5194 in PISA 2015), re-
gardless of the type of analysis (e.g. correlations or predictive modelling) and/or the number of items/factors being modelled (e.g.
used as predictors).

Preliminary analysis highlighted that the same results/conclusions emerged regardless of the aspiration/occupation coding ap-
proach and whether missing values/scores were estimated or not. The presented results include estimates of missing values/scores in
order to maximise the considered student numbers.

2.3.2. Statistical analysis
Preliminary analysis applied various analytical approaches, including single-level linear regression (via ordinary least-squares

estimation) and also multi-level linear regression (via maximum-likelihood estimation with variable intercepts per school) to account
for students being clustered within schools (Snijders & Bosker, 2012). Parameter estimates were similar across different approaches,
and the results/conclusions remained constant (examples are appended in the Supplementary material for brevity; Supplementary
material: Table B for PISA 2006 and Supplementary material: Table C for PISA 2015). Given the preliminary results/conclusions,
single-level modelling was reported for efficiency/parsimony, and to best accommodate the complexity of the OECD design through
official software (using ‘Balanced Repeated Replication’ elements of sample-weighting to help account for the stratified/clustered
sample design; OECD, 2009a, 2017). The presented analysis therefore used SPSS with the IEA IDB Analyzer, specifically designed to
handle PISA data. This accommodated the complex sample-weighting, with ‘Balanced Repeated Replication’ elements, and analy-
tically aggregated the multiple (plausible-value) indicators of students’ task-scores (Rubin, 1987).

The standard criterion (p < 0.05) was used for statistical significance. For linear outcomes, predictive associations (‘effect sizes’)
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were reported as standardised coefficients: how many standard deviations of increase/decrease would occur in the outcome, given
one standard deviation increase in the predictor. For binary outcomes (students’ science-related aspirations), predictive associations
were reported as odds ratios: the change in odds given one unit increase in the predictor, where values below one reflected decreased
odds of the outcome and values above one reflected increased odds. For conciseness, decreased odds ratios were referred to as
negative associations while increased odds ratios were referred to as positive associations.

3. Results

3.1. Summary statistics

In England (Table 1), 18.6% of students in PISA 2006 aspired to science-related careers compared to 29.7% of students in PISA
2015. Greater proportions of parents were also categorised as working in science-related careers in PISA 2015, despite the analysis
applying the same categorisation scheme to both surveys. Given that the two samples covered different students, any potential
differences do not describe individual changes over time and may not necessarily reflect wider trends or changes in society (which
might require approaches such as surveying Year 11 students every year in order to reveal trends over time).

In PISA 2006 (Table 1), students most frequently reported experiencing ‘interaction/debate’, ‘hands-on/practical activities’, and
‘applications of science’ (with relatively similar frequencies), then ‘student-led investigations’ within science teaching. In PISA 2015
(Table 1), students most frequently reported experiencing science teaching that highlighted the ‘application of science’, then ‘hands-
on/practical activities’, and then ‘student-led investigations’ and ‘interaction/debate’.

For the comparable items/factors across PISA 2006 (Table 2) and PISA 2015 (Table 3), students’ aspirations most strongly
correlated with their perceived utility and general interest in science (with small to moderate magnitudes, given indicative
thresholds; Cohen, 1988). More extensive correlations with aspirations, including items/factors specific to one survey but not the
other, are appended in the Supplementary material for brevity (Supplementary material: Table D).

In both surveys (Tables 2 and 3), all indicators of teaching approaches positively correlated with students’ interest, perceived
utility, and self-efficacy beliefs; across the different teaching approaches, the ‘applications of science’ consistently had the highest
(but still small) correlations with these factors. However, in PISA 2006 (Table 2), ‘student-led investigations’ negatively correlated
with task-scores while ‘interaction/debate’ had no significant association with task-scores. In PISA 2015, reported ‘interaction/
debate’ and ‘student-led investigations’ in teaching both negatively correlated with students’ task-scores (Table 3).

3.2. Modelling theorised antecedents and students’ aspirations (PISA 2006)

The independent associations between the various teaching approaches (‘interaction/debate’, ‘hands-on/practical activities’,
‘applications of science’, and ‘student-led investigations’) and students’ interest, perceived utility, self-efficacy, and task-scores were
considered for PISA 2006, while accounting for students’ background characteristics (Table 4). Students’ science-related aspirations

Table 1
Sample summary.

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Means and standard
deviations (‘Std. Dev.’) are reported. Parental education was scaled by the OECD via the International Standard Classification of Education with 4 reflecting upper-
secondary education, 5 reflecting vocational university-equivalent education, and 6 reflecting (non-vocational) university education. The OECD’s home possessions
and parental occupation scales were not directly comparable in means across surveys (due to the OECD amending how these scale indicators were calculated over
time), but similarly operated as linear indicators and via the underlying items; in predictive modelling, preliminary analysis provided similar results/conclusions
regardless of re-scaling/re-calculating the factors and via alternate approaches such as only using the single-item indicator of the number of books at home. Teaching
factors are shaded for clarity.
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were similarly predicted for comparability (Table 4), and were then predicted through more detailed models for greater insight
(Table 5).

In PISA 2006, when accounting for the students’ different background characteristics (and the other teaching approaches), the
students’ reports of encountering different teaching practices had varying independent associations with the different outcomes
(Table 4). The ‘applications of science’ was the only teaching factor to consistently and positively independently associate with each
outcome, including students’ science-related aspirations (Table 4).

Students’ science-related aspirations were then predicted through sequential steps, which offered more comprehensive insights
(Table 5). The models considered: students’ home and background (Table 5, step 1); teaching approaches (Table 5, step 2, mirroring
Table 4); students’ interest, utility, and task-scores (Table 5, step 3); students’ self-efficacy for undertaking science areas/tasks and
their interest in science areas/topics (Table 5, step 4); and then the remaining predictors that were only measured in PISA 2006 and
not PISA 2015 (Table 5, step 5).

Students’ home and background characteristics only explained a modest amount of variance in students’ aspirations, but this
revealed the relevance of home/extra-curricular activities and fathers working within science, which independently positively as-
sociated with aspirations (i.e. increasing the odds of students aspiring to science-related careers; Table 5, step 1). Including the
teaching factors produced little change in explained variance; the ‘applications of science’ positively associated with aspirations (i.e.
increasing the odds of students aspiring to science-related careers) while ‘student-led investigations’ negatively associated with
aspirations (i.e. decreasing the odds; Table 5, step 2). Including students’ general interest, perceived utility, and task-scores high-
lighted that these all positively associated with aspirations (while the teaching factors lost significance; Table 5, step 3). Including
students’ interest in science areas/topics and self-efficacy beliefs highlighted that these were not significantly associated with in-
tentions, when also accounting for students’ interest, utility, and task-scores (Table 5, step 4). Finally, accounting for the most

Table 2
Correlation summary (PISA 2006).

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Pearson correlations
coefficients are reported. Significant coefficients (p < 0.05) are highlighted in bold. Parental education and employment level factors have been omitted for brevity
(see the Supplemental Material for more correlations). Teaching factors are shaded for clarity.
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comprehensive array of factors, students’ science-related career aspirations in PISA 2006 most strongly associated with the students’
perceived utility of science, personal value of science, perceived provision of careers information, fathers working within science-
related careers, and engagement in home/extra-curricular science activities (Table 5, step 5).

In summary, students who reported experiencing more teaching that conveyed the ‘applications of science’ generally reported
higher science aspirations, when accounting for the other teaching approaches and their background characteristics (Table 4).
Students who reported higher ‘applications of science’ also generally reported higher interest, utility, and had higher attainment
(Table 4); when accounting for these factors, the ‘applications of science’ had no associations with aspirations (Table 5; i.e. higher
aspirations primarily associated with higher utility, rather than from experiencing higher ‘applications of science’ in itself). Expressed
simply, the results suggest that conveying the ‘applications of science’ may not necessarily foster science aspirations directly, but may
primarily help foster students’ perceived utility (Table 4), which may then primarily foster aspirations (Table 5). However, given the
cross-sectional nature of the survey, any such processes can only be inferred and not proven.

3.3. Modelling theorised antecedents and students’ aspirations (PISA, 2015)

The analysis was repeated for PISA 2015 to consider a more contemporary perspective, and to consider whether any results were
similarly observed in both PISA 2006 and in PISA 2015.

In PISA 2015 (Table 6), the ‘applications of science’ was the only teaching factor to consistently and positively associate with
students’ interest, perceived utility, task-scores, self-efficacy, and aspirations, when accounting for the other teaching approaches and
differences in students’ background characteristics (which mirrored the earlier results from PISA 2006).

In more detailed models (Table 7), students’ aspirations were initially positively associated with the students’ engagement in

Table 3
Correlation summary (PISA 2015).

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Pearson correlations
coefficients are reported. Significant coefficients (p < 0.05) are highlighted in bold. Parental education and employment level factors have been omitted for brevity
(see the Supplemental Material for more correlations). Teaching factors are shaded for clarity.
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home/extra-curricular science activities, and with their parents working in science-related fields (Table 7, step 1). Including teaching
approaches highlighted that ‘interaction/debate’ was negatively associated with aspirations while conveying the ‘applications of
science’ was positively associated with aspirations, accounting for the other modelled factors (Table 7, step 2). Including the students’
general interest, perceived utility, and task-scores highlighted that these positively associated with aspirations, while earlier factors
lost significance (Table 7, step 3): home/extra-curricular activities, the ‘applications of science’ in teaching, and parents working in
science all lost significance at this stage. Including students’ self-efficacy for undertaking science areas/tasks and students’ interest in
science areas/topics revealed that these were not significantly associated with aspirations, when accounting for the other factors
(Table 7, step 4). Including further factors, measured in PISA 2015 but not in PISA 2006, revealed that expecting to undertake higher
levels of education (measured on a scale from the minimum compulsory level at secondary school, through upper-secondary edu-
cation, through to university, and including equivalent vocational levels within the response options) was the only other relevant
factor to aspirations (Table 7, step 5). Finally, when accounting for the most comprehensive array of factors, the students’ science-
related career aspirations in PISA 2015 positively associated with their perceived utility of science, their expected level of education,
their general interest in science, and their science task-scores, and negatively associated with ‘interaction/debate’ in teaching
(Table 7, step 5).

In summary, considered together, these results again suggested that students with higher interest, utility, and/or task-scores were

Table 4
Summary of models predicting interest, utility, task-scores, self-efficacy, and science-related career aspirations (PISA 2006).

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Linear modelling was
used to predict interest, utility, self-efficacy, and task-scores; standardised coefficients (‘Std. Effect’) and significance (‘Sig.’; p-values) are reported. Logistic modelling
was used to predict science-related career aspirations; exponential coefficients (‘Exp.’) and significance (‘Sig.’; p-values) are reported. Exponential coefficients are ‘odds
ratios’; for one unit change in the predictor, an exponential coefficient above 1 reflects increased odds of the student intending a science career, while an exponential
coefficient below 1 reflects decreased odds (minus signs have been added in brackets for additional clarity in these cases). Significant coefficients (p < 0.05) are
highlighted in bold. Explained variance shows adjusted R2 for linear models and Nagelkerke R2 for logistic models. Teaching factors are shaded for clarity.
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more likely to report science aspirations (Table 7). The initially observed positive association between ‘applications of science’ and
aspirations could be inferred to follow from underlying positive associations between ‘applications of science’ and interest, utility,
and task-scores (which then positively associated with aspirations; Table 6 and Table 7). This mirrored the earlier results from PISA
2006, although again, given the cross-sectional nature of the survey, any such processes can only be inferred and not proven.

4. Discussion

The presented results highlighted the importance of students’ perceived utility of science, and to a lesser extent their interest in
science, in relation to their science-related career aspirations, even when accounting for extensive arrays of other factors. The clearest
new insight for science education was that conveying the ‘applications of science’ was the only measured teaching approach to

Table 5
Detailed models predicting science-related career aspirations (PISA 2006).

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Exponential coeffi-
cients (‘Exp.’) and significance (‘Sig.’; p-values) are reported. Exponential coefficients are ‘odds ratios’; for one unit change in the predictor, an exponential coefficient
above 1 reflects increased odds of the student intending a science career, while an exponential coefficient below 1 reflects decreased odds (minus signs have been
added in brackets for additional clarity in these cases). Significant coefficients (p < 0.05) are highlighted in bold. Explained variance shows Nagelkerke R2. Teaching
factors are shaded for clarity.
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consistently and positively associate with students’ perceived utility, interest, and task-scores in science, accounting for the other
teaching approaches and students’ background characteristics. Essentially, conveying the wider relevance of science to everyday life
and to wider contexts may help foster students’ perceived utility of science, which may then help foster students’ aspirations towards
science careers.

4.1. Teaching approaches in science

Addressing the first research aim, from across the indicators of students experiencing different frequencies of teaching approaches
(engagement in ‘interaction/debate’, undertaking ‘hands-on/practical activities’, undertaking ‘student-led investigations’, and tea-
chers conveying the ‘applications of science’), conveying the ‘applications of science’ was the only approach to consistently and
positively associate with theorised antecedents of aspirations from the expectancy-value model (specifically, students’ interest,
perceived utility, self-efficacy beliefs, and their task-scores in science), when accounting for the other teaching approaches and
students’ background characteristics. These results were consistently observed in both PISA 2006 and PISA 2015.

The results supported the hypothesis that explaining the wider context or applications of science would associate with students’
interest and perceived utility of science, which accordingly coheres with implications from existing research (Savelsbergh et al.,
2016; Straw and Macleod, 2015). However, the results did not clearly support the hypothesis that inquiry-based teaching approaches

Table 6
Summary of models predicting interest, utility, task-scores, self-efficacy, and science-related career aspirations (PISA 2015).

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Linear modelling was
used to predict interest, utility, self-efficacy, and task-scores; standardised coefficients (‘Std. Effect’) and significance (‘Sig.’; p-values) are reported. Logistic modelling
was used to predict science-related career aspirations; exponential coefficients (‘Exp.’) and significance (‘Sig.’; p-values) are reported. Exponential coefficients are ‘odds
ratios’; for one unit change in the predictor, an exponential coefficient above 1 reflects increased odds of the student intending a science career, while an exponential
coefficient below 1 reflects decreased odds (minus signs have been added in brackets for additional clarity in these cases). Significant coefficients (p < 0.05) are
highlighted in bold. Explained variance shows adjusted R2 for linear models and Nagelkerke R2 for logistic models. Teaching factors are shaded for clarity.
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Table 7
Detailed models predicting science-related career aspirations (PISA 2015).
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(assumed to be identified through the ‘hands-on/practical activities’ and ‘student-led investigations’ indicators) would associate with
higher interest (Savelsbergh et al., 2016). When accounting for the other teaching approaches and students’ background, in both PISA
2006 and PISA 2015, ‘hands-on/practical activities’ had positive but minimal associations with students’ interest. However, when
accounting for the other factors, ‘student-led investigations’ negatively associated with students’ interest in PISA 2006 and had no
significant association with interest in PISA 2015.

The analysis considered indicators of teaching approaches that have variously been explored and applied within science edu-
cation. Applying ‘hands-on/practical activities’ has often been assumed to reflect the empirical nature of science (Millar, 1998).
Practical work and ‘student-led investigations’ both occur within wider ideas of inquiry-based learning of science, which again aim to
reflect overall processes of scientific inquiry (Furtak et al., 2012). Fostering ‘interaction/debate’ or argumentation has similarly been
assumed to reflect aspects of scientific inquiry, such as reasoning and justification (Erduran & Jiménez-Aleixandre, 2007). Alter-
nately, conveying the ‘applications of science’ does not necessarily require an underlying assumption that students must learn by
doing what scientists do. Conveying the ‘applications of science’may potentially link with wider teaching/learning approaches where
students learn scientific skills and ideas specifically through considering applied contexts, but does not necessarily imply or require
this (Bennett et al., 2007). Conveying the ‘applications of science’ could supplement any other teaching approaches, practical or
otherwise.

On a wider level, the presented results highlight the potential benefit of continuing to explore how students perceive their
teaching/learning context, rather than focusing on applying theoretical or conceptual ideas of (or various other rationales for) how
students could or should learn science. Assumptions that students must learn by doing what scientists do may appear reasonable, but
may risk science education focusing only on professional development, and may inadvertently perpetuate an idealised or dis-
couraging version of who or what a scientist is (Archer, Dawson, DeWitt, Seakins, &Wong, 2015; Claussen &Osborne, 2013;
Osborne & Dillon, 2008). For example, research in England has highlighted that girls who strongly aspired towards physics often
preferred the theoretical elements and ‘big ideas’ of physics rather than practical work (Archer, Moote, Francis, DeWitt, & Yeomans,
2016). Widening foci may then also help consider or address differences in the numbers of students aspiring towards science.

4.2. Science-related career aspirations

Addressing the second research aim, students’ perceived utility of science (valuing science through thinking that science leads to
various benefits such as increased skills and facilitating careers) had the strongest positive independent association with their science-
related career aspirations. This finding was consistent across PISA 2006 and PISA 2015. This supported the earlier hypothesis, and
coheres with recent studies undertaken within England (DeWitt & Archer, 2015; Mujtaba & Reiss, 2014; Sheldrake, 2016). Students’
interest in science also associated with aspirations, although at a lower magnitude than utility in PISA 2015, and was not significantly
associated with aspirations in PISA 2006 when accounting for the comprehensive array of other factors. Accordingly, further research
into any differing effects of utility, interest, and/or other factors at different times, educational stages, and/or choices may be
beneficial.

In contrast to the assumptions of the expectancy-value model (Eccles, 2009), students’ confidence, expressed as self-efficacy
beliefs, was not associated with their aspirations when accounting for the other modelled factors. This may follow from the OECD
measuring self-efficacy as students’ confidence to undertake applied tasks (their confidence in being able to, for example, ‘Recognise
the science question that underlies a newspaper report on a health issue’ and ‘Predict how changes to an environment will affect the
survival of certain species’). Students’ confidence in their capabilities to accomplish other, more contextually-relevant and/or at-
tainment-based, tasks may be more relevant to their studying or career decisions. For example, recent research in England has
measured self-efficacy beliefs through students’ confidence in being able to gain particular grades in upper-secondary school science
examinations (A-Levels), which indeed associated with their aspirations (Sheldrake, 2016). Researchers may need to remain mindful
that insights from PISA may be implicitly constrained by the nature of its particular questionnaires (specifically, what is measured
and how it is measured). As another example, in PISA 2006, students’ personal value of science to their own identity (agreement with
items such as ‘Science is very relevant to me’) had the second-strongest association with aspirations (after the students’ perceived
utility of science), but personal value was not measured in PISA 2015. Future research may benefit from measuring and/or exploring
the implications of students perceiving science to be an inherent aspect of personal identity and/or as a means to convey an identity
to other people (Carlone & Johnson, 2007; Sheldrake, 2016).

The results also highlighted few associations between teaching approaches and students’ aspirations, when accounting for the full
arrays of other factors. In the final models, ‘student-led investigations’ negatively associated with aspirations but only in PISA 2006,
while ‘interaction/debate’ negatively associated with aspirations but only in PISA 2015. These varying results suggest that more
research may be beneficial (perhaps measuring teaching approaches in other ways and/or in more detail), and/or that such asso-
ciations are unavoidably somewhat dependent on particular cohorts of students. One set of results was consistent across PISA 2006
and PISA 2015, however: teaching the ‘applications of science’ initially positively associated with students’ aspirations, but lost
significance once students’ interest and utility were modelled (which positively associated with aspirations and with the ‘applications

Notes: Missing responses were estimated by expectation-maximisation; task-scores (plausible-values) were aggregated via multiple-imputation. Exponential coeffi-
cients (‘Exp.’) and significance (‘Sig.’; p-values) are reported. Exponential coefficients are ‘odds ratios’; for one unit change in the predictor, an exponential coefficient
above 1 reflects increased odds of the student intending a science career, while an exponential coefficient below 1 reflects decreased odds (minus signs have been
added in brackets for additional clarity in these cases). Significant coefficients (p < 0.05) are highlighted in bold. Explained variance shows Nagelkerke R2. Teaching
factors are shaded for clarity.
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of science’). It was plausible to infer that this pattern of results reflected the ‘applications of science’ positively associating with
interest and utility, which then positively associated with aspirations (i.e. where the teaching approach has an indirect rather than a
direct association with aspirations). This partially supported the earlier hypothesis and hence coheres with implications from prior
research (e.g. Eccles, 2009; Wang, 2012). However, future research, occurring with the same students over time, remains necessary in
order to provide conclusive evidence of causes and effects.

From the indicators of students’ home and background (including their gender), engagement in home/extra-curricular science
activities (which measured frequencies of watching science programmes, reading science books, magazines, and web-sites, and
attending science clubs) had the strongest positive association with their aspirations. This coheres with research highlighting the
potential influence of extra-curricular activities (Aschbacher, Li, & Roth, 2010; Bennett, Lubben, & Hampden-Thompson, 2013;
Straw&Macleod, 2015). However, in PISA 2015, home/extra-curricular activities had no significant association with aspirations,
when accounting for students’ interest, utility, and task-scores, which coheres with existing research that has suggested that students’
context may help foster (or limit) their attitudes to science (DeWitt & Archer, 2015; Mujtaba & Reiss, 2014). While educators cannot
easily influence students’ home activities, some extra-curricular activities may be facilitated within schools, such as providing science
clubs and/or ambassadors from science-related fields who visit schools to give career talks, provide advice, and deliver demon-
strations (Straw&Macleod, 2015).

On a wider level, given the overall importance of students’ perceived utility of science, it may be beneficial to explore in more
detail how and why science is considered indirectly valuable, for example perhaps as ‘use value’ (e.g. studying science to gain skills
for a specific career, not necessarily within science) and/or as ‘exchange value’ (e.g. studying science to gain qualifications that are
generically valued) (Black &Hernandez-Martinez, 2016). Studying science may also be (both indirectly and directly) valued through
being part of an expected or unavoidable progression to become a scientist, which is ultimately what is valued and aimed for.
Increased clarification may be beneficial, since otherwise highlighting that science can be used as a means to achieve many different
careers may not necessarily inspire students to actually become scientists, although this may help reassure students that studying
science can pragmatically keep their options open.

4.3. Limitations

PISA studies cover nationally-representative samples of students. Despite the similarities across the PISA 2006 and PISA 2015
results, the differences suggest that some results may be sample-dependent. Specifically, even nationally-representative samples are
grounded in particular sampling methodologies that occur at a particular time. Future research may need to consider whether and/or
how choices are influenced by wider social or cultural contexts that might change over time. This might be achieved through
integrating any such indicators within statistical models of longitudinal samples, and/or through surveying ‘the current Year 11’ or
another specific cohort every year and hence considering how different cohorts might systematically change (or be similar) in their
thinking, and/or through qualitative approaches that may reveal far more detail into students’ experiences and beliefs than ab-
stracted statistical models are able to.

Measurement in PISA studies is planned and implemented by the OECD rather than by different researchers addressing their own
specific aims/questions. Future research may therefore benefit from considering further and/or different indicators of students’
attitudes, beliefs, and choices. Additionally, as in any other research, the presented results only apply to the items/factors as mea-
sured. For example, the reported frequency of experiencing ‘interaction/debate’ (measured through items such as experiencing ‘class
debate about investigations’), may cover discussion into how best to undertake an investigation, how to engage in evidencing or
justifying conclusions, to address misconceptions about results/conclusions, and/or any number of other areas, potentially within or
outside of theoretical ideas of ‘argumentation’ (Erduran & Jiménez-Aleixandre, 2007).

The perceived frequencies of encountering different teaching approaches as reported by students might differ from frequencies as
reported by teachers. The presented research focused on students’ perceptions and beliefs, broadly following from motivational
theory (Eccles, 2009), but other perspectives and/or analytical approaches remain possible (although limited in this case by the data
available within PISA surveys).

Students’ ‘science-related career aspirations’ can also be defined in numerous ways. When planning and implementing new
surveys, researchers may also need to consider students’ aspirations towards studying science at the next educational stage(s) as well
as working within a science career, and consider whether results vary from those seen here. Additionally, research in science edu-
cation in England has often considered aspirations as degrees of agreement or disagreement (e.g. DeWitt & Archer, 2015;
Mujtaba & Reiss, 2014), while the research presented here unavoidably considered a binary/dichotomous aspirations indicator
(where students either intended a career in science or did not). Research may benefit from also exploring whether and how particular
thresholds of agreement are relevant, in order to help link both approaches.

Fundamentally, the analysis only considered associations between concurrently-reported items/factors. Longitudinal explorations
would be beneficial to clarify whether specific items/factors are indeed antecedents to particular outcomes, and formalised structural
models could then be applied (e.g. path analysis and/or structural equation modelling), which are less meaningful with cross-
sectional data. This is perhaps best illustrated through the positive association between higher expected levels of education and
science-related aspirations that was observed in PISA 2015. It is possible that higher expected levels of education somehow foster
science-related aspirations (e.g. someone first decides that they want to study at university, and then thinks that they might as well
study science since they would be at university; the process of someone’s decision-making remains somewhat unclear within this
interpretation). Conversely, it is possible that students recognise that science-related aspirations require higher levels of education,
and any causality is actually reversed (e.g. someone first decides that they want a career in science, and then recognises that they
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need to study at university for this). Alternately, there may not necessarily be simple cause-effect relations, and science-related
aspirations and expected levels of education may develop concurrently and/or rely on wider assumptions or beliefs (i.e. measuring
further factors may be necessary for increased insight).

In prior research, students have retrospectively reported that their studying choices followed from their interest and perceived
utility (e.g. Jensen &Henriksen, 2015; Vidal Rodeiro, 2007), so it may nevertheless be plausible to infer that fostering interest and
utility can help foster someone’s aspirations (i.e. in contrast to other factors such as someone’s expected level of education, where
relations may be less clear). Nevertheless, it generally remains less clear how attitudes form (and/or influence aspirations) over time;
it remains possible that students’ attitudes, beliefs, and choices associate and form in complex ways, and future longitudinal research
into the area would be beneficial.

4.4. Conclusions

Analysis of PISA 2006 and PISA 2015 for students in England highlighted that teaching the ‘applications of science’ (conveying
the wider applications and/or relevance of science to students’ lives) was the only measured teaching approach to consistently and
positively associate with students’ interest and perceived utility of science, accounting for other teaching approaches and students’
background characteristics. Additionally, in PISA 2006 and in PISA 2015, the ‘applications of science’ initially positively associated
with students’ science-related career aspirations, but lost significance once students’ interest, utility, and other factors were modelled.

Students’ perceived utility of science (students valuing science through thinking that science leads to various benefits such as
fostering their skills and facilitating careers) consistently had the strongest positive association with their science-related career
aspirations, in PISA 2006 and in PISA 2015, accounting for extensive arrays of other factors. Students’ interest in science also
appeared relevant to their aspirations in PISA 2015.

Overall, these patterns of results suggested that conveying the wider relevance of science to everyday life and to wider contexts
may help foster students’ interest in science and perceived utility of science, which may then help foster students’ aspirations towards
science careers.
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