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Abstract

Background: STEM education needs to begin in primary schools and should aim to prepare young people for

active participation in their future. To produce a generation interested and skilled in STEM, the key foci within

schools may best occur through teams of teachers working together in an integrated approach, based on cross-

curricular teaching and learning. Teachers play a key role in STEM education, and it is important to attract high

achievers with relevant backgrounds into teaching. This research study focused on the beliefs, understandings, and

intentions of pre-service primary teachers to teach STEM. These beliefs, understandings, and intentions form the

platform on which the pre-service teachers build their capacity to teach STEM subjects in primary schools.

Results: The data (n = 119) collected from a designed questionnaire were analysed qualitatively and quantitatively.

An interpretive practice has been used in formulating categories based on responses regarding beliefs,

understandings, intentions, and ideal scenarios for future practices and a grounded theory approach for formulating

scenarios based on data analysis. The qualitative data were coded into categories based on responses. Structural

equation modelling (SEM) and logical regression were conducted to find relationships of the pre-service teacher’s

platform for capacity building and connecting to what is required in their classrooms now and in the future.

Logistic regressions were used to explore the association of all the questionnaire items and open responses related

to the platform and future capacity building. Based on the results, it is evident that the platform developed for

teaching STEM based on experience in their teaching degree is limited; however, they have positive intentions to

take up STEM. They are not seeing any positive initiative at schools, and they have limited confidence to teach

STEM. However, they were suggesting that they should be provided with more opportunities to teach STEM.

Conclusions: Overall, our findings indicate that pre-service teachers do not have strong understanding; however,

they have strong beliefs and intentions to teach STEM in their future career. The results of this study indicate that

the capacity they have built provides them with explicit views on how to teach STEM in primary schools now and

informs what they need for the future teaching of STEM. It is essential to formulate a course work and professional

development in STEM, capable of integrating disciplines, providing an understanding of pedagogical approaches,

and connecting to real-life relevance with the twenty-first century competencies.
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Introduction
What is taught in schools is based on thoughtful consid-

erations about what young people will need in order to

grow, develop, and thrive as they meet the challenges as-

sociated with their lives. While young people must be

able to react in strategic ways to these challenges, they

need to also be proactive and drive change. They need

to be equipped to design the future. Obviously, this is a

big ask for schools, but it is a requirement of a demo-

cratic society that needs to be met (Kalantzis and Cope

2012). An education for the twenty-first century de-

mands skills in science, technology, engineering, and

mathematics (STEM) to deal with challenging complex

situations, and these capabilities need to be developed

from as early as primary school (NRC 2015). Early inter-

est and appropriate experiences can influence and foster

interest in STEM. Integrated approaches to teaching and

learning and teacher preparation are key aspects to be

focused on to produce a responsible generation that is

interested and skilled in STEM. It is important to attract

high achievers and boost the rigour of STEM within pri-

mary school teaching and pre-service teacher prepara-

tions (Prinsley and Johnston 2015). Pre-service teachers

need subject matter knowledge, pedagogical content

knowledge (PCK), and expertise to innovate and deal

with STEM in their own future classrooms (Abell 2007,

2008). Further, there is a need in pre-service teacher

education to deal with PCK development as an oppor-

tunity for creative and innovative practices in class-

rooms. Professional learning should be able to translate

to a professional knowledge competency to deal with

STEM in their future teaching (Berry et al. 2008; Lee et

al. 2007).

Current practices, education goals, and policies of

STEM education internationally lack a proper frame-

work at the moment and need a greater focus for produ-

cing technologically competent and informed citizens

(Zeidler 2016). Many of the stakeholders in society are

advocating for the need for STEM knowledge and cap-

abilities to be developed at school. STEM capabilities are

defined as the capabilities that are derived from an inte-

gration and synthesis of knowledge bases from what has

previously been separate specialised disciplines and bod-

ies of knowledge, i.e. science, technology, engineering

and mathematics. Organisations like the Foundation for

Young Australians (FYA) have conducted and dissemi-

nated research to suggest that a new work order is emer-

ging and that as many as 75% of all the jobs in the

future will involve STEM capabilities (Foundation for

Young Australians 2017). Accordingly, there is an urgent

need to educate our students, parents, and teachers

about STEM-related challenges to deal with lifestyle and

workplace changes using efficient and viable technolo-

gies (Tobin 2016). STEM has significance in everyday

practices, valorisation of knowledge, language choice,

and different forms of engagement of individuals. Differ-

ent domains of STEM practice for everyday life, school,

and STEM disciplines are required (Civil 2016).

The workplace of the future is being variously de-

scribed as Industry 4.0 (Germany and Europe), Industrial

Internet Consortium (USA), and Industrial Value Chain

Initiative (Japan and Asia). These terms refer to develop-

ing approaches to work where whole supply chains,

work, and production processes are enhancing efficiency

and effectiveness through increased digitalisation. In-

creasingly, workplaces are using sensors and actuators to

fine-tune and regularise their workflow and processes. A

never-ending flow of data is being collected and turned

into digital information. This information is being com-

municated across the internet and cloud computing sys-

tems. The workers in these workplaces are utilising this

information making decisions and taking appropriate ac-

tions. Hence, Industry 4.0 is about generating and col-

lecting data as digital information from across a network

of stages and steps in the value chain that is all intercon-

nected. It includes an increasing use of automation, ro-

botics, digital information, big data, the internet,

large-scale computing, and cyber-social systems (Graube

and Mammes 2018). In STEM education, these aspects

connect with the six principles identified by Falk et al.

(2016) for improving STEM learning and generate inter-

est among primary and secondary school children for

their capacity building. The six principles are as follows:

learning should reflect a lifelong process; STEM content

is worth learning, examine learning as a cultural process

involving everyday experiences, involve practitioners and

learners in the research process, emerging technology

and new needs will continue to shape contents and prac-

tices of STEM, and considerations should be given to

broader sociocultural and political contexts. STEM

should provide skills and capacity for individuals to deal

with modern life efficiently in terms of technology, sci-

ence, and ethics. Media and technologies provide major

influences in understanding the world including know-

ledge and interest in subjects, and learning in school and

in out-of-school contexts (Falk and Needham 2013;

NRC 2015). More recently the idea of an educational in-

frastructure has been reframed by STEM educators

using the concept of ecosystem of social networks, peers,

educators, friends, and families for in school and

out-of-school contexts of learning (NRC 2015).

It is also important to empower students to deal re-

sponsibly with issues associated with changing and ap-

propriate use of technology, and education should

address understanding as well as societal implications of

democratic informed decisions and actions (Schreiner et

al. 2005). Likewise, Perkins (2014) uses the concept of

“life-worthy learning” to discuss an approach to
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educating young people for a changing world. Levinson

et al. (2012) argue that if students are provided with au-

thentic scenarios in which decision-making involves

considerations of different viewpoints, they will be more

responsible and look to make democratic decisions. In

reality, students should be capable of using their know-

ledge, not just in a scientific context but also for societal

and environmental needs (Fernández-Manzanal et al.

2007), and Slaughter’s (1996) categories for future plan-

ning scenarios of predict, prefer, possible, promise, and

precedent will prove a useful framework in civic demo-

cratic decision-making. It is a big ask for our teachers

and our schools to prepare our young people for these

contemporary and future workplaces—this is their mis-

sion. Curriculum decisions are being made about what

preparing our students for these workplaces looks like in

the context of primary, secondary, and post-compulsory

education. But at the very least, it will involve key as-

pects of digital literacy such as writing code and analys-

ing and representing data. In addition, it will also

involve reasoning, making judgements, problem-solving,

decision-making, and communication skills (Founda-

tions for Young Australians 2015; Hajkowicz et al.

2016). With this in mind, this current study asks pri-

mary teachers how well prepared they feel they are to

teach STEM. Future primary teachers should have com-

petency and confidence to teach STEM education con-

nected to the daily lives of their learners.

Future teachers are expected to have clarity with

coursework, understanding of pedagogy, and perform-

ance indicators. All forms of STEM experiences such as

school-based activities and out-of-school activities like

workplace visits play a vital role in a successful educa-

tion program (Shah et al. 2018). Further, a real-life rele-

vance and its connections to school programmes could,

in the long run, help future STEM workforce with the

twenty-first century competencies focused on innova-

tions (Kitchen et al. 2018).

Conceptual framework
STEM education policies should make clear concept and

procedural connections for the purpose of developing

instructional material and implementing teaching prac-

tices. This should be configured to the four-dimensional

framework of purpose, policy, program, and practices

formulated for STEM education by Bybee (2013). New

research paradigm and approaches should be created by

stepping back and looking more holistically at questions

of the what, when, where, why, how, and with whom

STEM learning is needed. These research designs need

to cut across the diverse settings and investigate multiple

contexts and media in which learners live and interact

(Dierking and Falk 2016). Future STEM education and

research needs to be positioned in the life-wide,

life-deep, and life-long approach in terms of teaching

and learning environment (Rahm 2016). A very practical

approach includes using a suite of the twenty-first cen-

tury skills to conceptualise and utilise information liter-

acy using STEM education via science, mathematics,

technology, and engineering practices (Storksdieck

2016).

Beliefs and understandings constitute clarity of scien-

tific discourse and assessment of scientific information.

Beliefs regarding issues influence a wide range of atti-

tudes concerning science and technology and conse-

quences of the impacts of human activities. Beliefs also

lead to the understanding of a person being a part of the

natural environment (Schultz 2001). The interpretation

of scientific and technological issues associated with

STEM not only requires a platform of scientific know-

ledge but also positively held beliefs about the reality

and impacts (Thomm and Bromme 2012). Interdisciplin-

ary approaches to democratic civic informed

decision-making (Johnson and Adams 2011) align with

the Next Generation Science Standards (NGSS Lead

States 2013) and National Research Councils’ focus on

integrating divergent thinking and lead to democratic

civic practices for informed decision-making scenarios

in classrooms. Such approaches involve different ways of

thinking, solving problems, and communicating. Stu-

dents learn to use a range of technologies to plan, ana-

lyse, evaluate, and present their work. They learn the

valuable reasoning and thinking skills that are essential

for functioning both within and outside the school envir-

onment and about creativity, design principles, and pro-

cesses involved. The nature of learning today is

interactive, enabled through the use of the internet

where schools take the initiative in designing active

learning that emphasises the interaction rather than just

the content (Anderson 2004).

Many issues in STEM education are very complex,

and solutions require political, economic, cultural, social,

and individual decisions and actions. School science pro-

grams should provide for societal participation as a po-

tential for life-long participation in STEM learning that

relates to the many varied societal issues faced by our

societies today. In this process, teachers and students are

required to extend their knowledge of science proce-

dures and connect this to democratic civic

decision-making (Fensham 2015, 2016). The knowledge

gained from practical life-oriented and life-related situa-

tions and connecting these to daily life would provide

students with confidence and competence to function ef-

fectively as informed citizens (Ryder 2001). An education

program targeting STEM issues should encourage stu-

dents to actively participate in societal issues investigat-

ing democratic civic decision-making by selecting

suitable contexts that are related to the daily lives of
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students (Liu et al. 2011; Dede 2009 2013). This would

provide uninterrupted lifelong learning related to what is

important in the day-to-day life and cope with changes

in their daily lives (Roth and Lee 2004). The application

of Challenge Based Learning processes begins with a big

idea (or issue), followed by an essential question, a chal-

lenge, guiding questions, activities, and resources, pro-

viding solutions through action based on reflection and

assessment and finally publishing to a wider audience

(Apple Inc. 2010).

It is important that teacher education focuses on pro-

ducing teachers capable of dealing with STEM in their

future classroom teaching and learning. This study fo-

cuses on identifying the basis of building capacity to

teach STEM based on pre-service teachers’ overall ex-

perience in their university teacher education program

and utilises a two-tier conceptual framework for generat-

ing a platform (Walker 1971) for and identifying the

capacity for pre-service teachers to deal with STEM in

their future career. In these two tiers, aspects covered

are four-dimensional STEM education (Bybee 2013),

democratic decision-making, willingness of engaging

STEM-related issues with ideas of disciplines, and con-

texts connected to daily life for human knowledge,

inquiry, and design. These aspects build capacity in

STEM for future teachers in developing programs that

will connect to all disciplines with school-based and

life-based scenarios. Internationally, there is an increas-

ing trend to prepare STEM-focused schools and compe-

tent STEM teachers. Future teachers need to understand

STEM for building confidence in teaching STEM which

is integrated, interdisciplinary, and connected to the real

world.

Tier 1

Pre-service teachers’ beliefs, understanding, and inten-

tions regarding STEM based on their present expertise

from their course and professional practicum place-

ments in schools will expand their platform to deal with

STEM. The basis of this platform is formulated using

pre-service teachers’ beliefs, understandings, and inten-

tions to teach STEM (Ajzen and Fishbein 1980). This

platform is considered to enable pre-service teachers to

build possible capacity to teach STEM with confidence

and competence in their future teaching careers.

Tier 2

The aspects considered in tier 1, which will contribute

to capacity, is identified in the second tier where they

are provided with specific aspects of how to build this

capacity. Pre-service teachers provided details of what

they observed and practised from the overall experience

in their teacher education program which consists of

university teaching and learning and professional

experience of practicum in schools. They further sug-

gested what they look forward to deal with STEM in

their future classroom experience.

Figure 1 provides details and aspects covered in gener-

ating a platform and building capacity of pre-service

teachers regarding STEM based on tiers 1 and 2.

Purpose and research questions
The purpose of this research was to investigate future

primary school teachers’ beliefs and understandings re-

garding STEM, their confidence to teach in this area,

and their ability to engage in their future school settings.

This is viewed from the perspective of their platform

and capacity to deal with STEM in their teaching career.

More specifically the research questions were as follows:

1. What beliefs, understandings, and intentions do

pre-service primary teachers have about teaching

STEM subjects in primary schools? (the platform

that these future teachers’ have for STEM

education)

2. To what extent are pre-service primary teachers

confident, competent, and prepared to teach STEM

subjects in primary schools and what are their chal-

lenges? (future teachers’ capacity to deal with STEM

in their career)

Methods
Instrument

In this research, we studied the response of pre-service

teachers based on a questionnaire using the theory of

reasoned action (Ajzen and Fishbein 1980) and based on

the aspects the Office of Chief Scientist of Australia

identified for transforming STEM teaching in Australian

primary schools (Prinsley and Johnston 2015). The in-

strument contained five items each on beliefs, under-

standings, and intentions to teach STEM on a 5-point

Likert scale (1 strongly disagree to 5 strongly agree), and

also, for each section, there were descriptive questions

to position the capacity to deal with STEM and what is

happening now as well as future needs (Kurup et al.

2017). This part generated tier 1 a platform of beliefs,

understandings, and intentions to teach STEM, which

led to tier 2 building capacity to teach STEM. The de-

scriptive parts of the responses were related to what they

believe, understand, and intended while teaching STEM

in actual future practices. These responses were read

and reread to make different categories, and these were

coded accordingly.

Participants

This study is conducted among 119 pre-service teachers

from an Australian University, in Melbourne, Australia

(male 26, female 83, and 10 who chose not to disclose
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their gender; some of the pre-service teachers ques-

tioned the use of gender in such studies). These

pre-service teachers had primary science, mathematics,

and design and technology methods in their teaching

programs.

Qualitative and quantitative analysis
Qualitative analysis

Paper-based printed questionnaires were given to the

participants and collected for analysis. All the descriptive

parts of the questionnaire, such as future teachers’ be-

liefs, understanding, intentions, and future expectation,

were first read by one of the researchers and made into

different categories. Samples of these were

cross-checked by another researcher before frequencies

of these categories were made by the researcher with ex-

pertise in statistics. This rigorous process generated cat-

egories in beliefs, understanding, intentions, what is

happening now, and future needs. Categories in under-

standing will be from one among five categories, and de-

tails of these categories are described in Tables 1 and 2.

Categories are formulated based on written responses

and are described in detail in the following analysis, re-

sults, and discussions. Categories formulated were found

to be consistent with quantitative responses (tier1) and

were thematic. An interpretive practice has been used in

formulating categories based on responses regarding

beliefs, understandings, intentions, and ideal scenarios

for future practices (Holstein and Gabrium 2005). It was

used as a grounded theory approach in formulating sce-

narios based on data analysis (Charmaz 2005).

Statistical analysis

The questionnaire items have been described elsewhere

(Kurup et al. 2017). This study is focused on categorical

open questions and first-described frequencies and per-

centages. Logistic regression models were used to ex-

plore the relationship between the response regarding

what is happening now and future needs separately with

the questionnaire items and the open question coded re-

sponses. To examine the more complex relationship

among belief, understanding, and intention, partial least

squares (PLS) estimation based structural equation

model (SEM) was used. SEM is a largely confirmatory,

rather than exploratory, technique to determine whether

a certain model is valid. SEM is not only used to assess

the structural model (path relationships among latent

variables) but also to evaluate the measurement model

(loadings of observed items on their latent variables).

PLS is a well-established technique for estimating path

coefficients in SEM accomplished using ordinary least

squares (OLS) techniques which have minimal demands

on measurement scales, sample size, and residual distri-

butions (Chin and Newsted 1999). Hence, it is more

Fig. 1 Conceptual framework of future primary teachers’ platform of capacity to deal with STEM in their future teaching

Table 1 Aspects of capacity building regarding STEM generated from qualitative responses

Capacity building on STEM teaching and learning in primary schools

Beliefs about STEM Positions of understanding STEM Intentions of teaching STEM

1. Resources (BQ1) 1. Confidence and competence to teach STEM
(UQ1)

1. Teach S, T, E, and M in the curriculum (ITQ1)

2. Leadership and support (BQ2) 2. Confident with mathematics not with science
and technology to teach STEM (UQ2)

2. Confident teachers in dealing with STEM (ITQ2)

3. Experienced teachers, teacher
knowledge, and ability to integrate (BQ3)

3. Underprepared and lack of knowledge to teach
STEM (UQ3)

3. Student participation and activity-oriented teach-
ing and learning (ITQ3)

4. Team of teachers dealing STEM (BQ4) 4. Not confident with science to teach STEM
(UQ4)

4. Creativity, innovation, and interdisciplinary focus
in teaching and learning STEM (ITQ4)

5. Student-centred learning activities (BQ5) 5. Not at all confident to teach STEM (UQ5) 5. STEM should be a specialised and compulsory
subject (ITQ5)
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suitable for research with small to medium samples and

non-normal distributions. PLS method has gained inter-

est and a corresponding increasing use among re-

searchers (Chin 1998; Compeau and Higgins 1995).

There is a set of standard goodness-of-fit index for

PLS-SEM to measure reliability and validity. For a re-

flective measurement PLS-SEM, composite reliability

(CR), which measures internal consistency, is considered

acceptable if its value is greater than 0.7; similarly, factor

loadings are also considered acceptable when they are

greater than 0.7 and should be eliminated when they are

below 0.4. The average variance extracted (AVE) is used

to evaluate the discriminant validity and should also be

greater than 0.5 for all latent variables. For a structural

model, the path coefficients are evaluated first in terms

of sign and significance by applying a bootstrapping test.

The determination coefficient R2 is then used to reflect

the level or share of the composites’ explained variance

for established constructs. A bootstrapping procedure

was adopted to assess statistical significance. In this

study, the inner estimate of the standardised latent vari-

able was accomplished through a path-weighting

scheme, and 800 resamples were specified in the boot-

strapping procedure.

Results and discussions
Generating a platform of beliefs, understandings, and

intentions to teach STEM (tier 1)

This study examined beliefs, understandings, and

intention to teach using five questions each on 5-point

Likert scale. These aspects taken together are identifying

a platform that the pre-service teachers have for STEM.

The linking relationship between beliefs, understanding,

and intentions to teach STEM recognises the overall pic-

ture of their views towards STEM and will contribute to

their capacity to teach STEM in their future career. The

questionnaire has the basic assumption underlying the

theory of reasoned action that humans are quite rational

and make use of all available information both personal

and social before they act. Behaviour is defined as an

overt action under an individual’s volitional control and

within the individual’s capability (Ajzen and Fishbein

1980).

The questions were based on the position paper de-

scribing the need for transforming STEM teaching in

Australian primary schools by the Office of the Chief

Scientist of Australia (Prinsley and Johnston 2015).

Questions on beliefs included about their beliefs regard-

ing STEM in terms of importance, innovation, skills in

future, and high-quality specialist teachers to teach in

primary schools; questions on understanding focused on

attracting high achievers to teaching, including STEM in

teacher preparation, professional development, and lead-

ership in primary schools; and questions on intentions

to teach STEM included the interest connected to daily

life, the ability to apply mathematics, the need for pri-

mary teachers to be supported by a specialist STEM

teacher, the needs for separate subject on STEM in the

university for pre-service teachers’ university programs,

and the teachers’ ability in STEM to transform creativity

and innovation among children.

Three latent factors were constructed according to the

belief, understanding, and intention theory. We con-

structed an initial SEM model (Fig. 2) with those three

latent factors and their corresponding indicators

(B1~B5, U1~U5, IT1~IT5) as shown in Table 3.

Based on the initial PLS estimation result, factor load-

ings of B1 and B2 were all found below 0.4, so they were

removed from the modified model (Fig. 3).

This diagram shows that there is a relationship be-

tween beliefs, understanding, and intentions to teach

STEM among future pre-service teachers (Kurup et al.

2017). This is considered as tier 1 the platform. This

platform provides a strongly held belief about the need

of STEM for the changes in lifestyle practices. Their un-

derstandings of science, mathematics, and engineering

are minimal and not enough to deal pedagogically to

teach these subjects in classrooms; however, they have

positive intentions to teach STEM. Further, they would

be committed in their future teaching as they consider

STEM-related issues important for life. This relationship

is considered as the prequel to the present study of iden-

tifying the capacity building to teach STEM. The present

study focuses on the pre-service teachers’ platform from

tier 1 towards their capacity to teach STEM in future

career.

Capacity building (tier 2)

The major objective of this study is to identify capacity

building towards dealing with STEM teaching in their

career using their responses to open-ended questions in

the questionnaire and connecting it to the quantitative

responses (platform from tier1). The responses were

read and reread to formulate into categories. It is ob-

served that responses were provided with authenticity as

Table 2 The response generated from the qualitative data

regarding what is happening now and future needs

Future teachers views of STEM

Now Future needs

1. Not effectively happening in
teaching and learning in schools
(N1)

1. Teacher knowledge and
capacity to teach STEM (F1)

2. There is a push but no one is
clear about it (N2)

2. Teacher preparation and
professional development for
existing teachers (F2)

3. Happening only for namesake
(N3)

3. The government should take
this a priority (F3)
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they are based on the pre-service teachers’ experience in

professional placements in schools. Table 1 describes all

categories formulated for beliefs, understanding, and in-

tentions to teach STEM based on their descriptions

from the responses.

The beliefs generated from pre-service teachers’ writ-

ten responses were focused on five themes; these are re-

sources, leadership, expertise of teachers to integrate

STEM, student-centred teaching, and team teaching for

future teaching. Some pre-service teachers provided

multiple responses in this category and some none. The

pre-service teachers’ understanding of their confidence

tends to be reflected in one of the five categories only.

This ranges from confident at present, confident to

teach mathematics but not in science and technology,

underprepared, not confident with science, and not at all

confident to teach STEM. Intentions are focused on five

categories such as curriculum; confident STEM teachers;

student participation and activity-oriented teaching; cre-

ativity, innovation, and interdisciplinary approaches; and

STEM should be a specialised subject. Intentions are

also provided with sometimes multiple or no response

by pre-service teachers.

They also provided responses to what is happening

now and what they would like to do in the future. These

responses are also based on their professional placement

experience in schools and based on what they observe in

schools, along with what they learned from their univer-

sity courses. The descriptions of their views in building

their confidence and competence to teach STEM in the

future are provided in Table 2.

Based on their experience in professional placements

and from the teaching and learning from the university,

pre-service teachers perceived that at present STEM is

not effectively taught or learned at the university in their

teaching course or evident in their experience of profes-

sional placements in schools; however, they expressed

that in the future, STEM should become a focus within

teacher preparation, building STEM capacity, as aligned

to government initiatives.

Table 4 and Fig. 4 describe the frequency of responses

for beliefs, understandings, and intentions in terms of

Fig. 2 Initial SEM model of STEM

Table 3 Latent factors and their indicators of beliefs, understandings, and intentions

Latent factors Code Indicators

Belief B1 STEM education should begin in primary school.

B2 We cannot be innovative and creative unless we have a quality education system.

B3 STEM education can produce skills needed in the future.

B4 Need high-quality teachers at all levels.

B5 Primary schools needed specialist science, technology, and mathematics teachers.

Understanding U1 Attracting high achievers in STEM to primary school teaching.

U2 Boosting the science, technology, and mathematics.

U3 Should have a specialist STEM teacher.

U4 Should be a national professional development.

U5 Primary school principals should be leaders in STEM.

Intention IT1 Teaching STEM will make teaching and learning more interesting and connected to daily life.

IT2 Mathematics is central, and students’ success in STEM depends upon understandings and ability to apply mathematics.

IT3 Every primary teacher should be supported by a specialist STEM teacher to build effective STEM education.

IT4 There should be a separate subject in university teacher education programs that are fully focused on STEM.

IT5 Teachers ability, skills, and interest in STEM will transform creativity and innovation among children.
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open responses coded for their capacity building

capability.

The platform generated based on the written re-

sponses from pre-service teachers indicated that they be-

lieve that resources, leadership, and teachers’ ability to

integrate are of high significance above 60% as shown in

Table 4 and Fig. 4. Their overall understanding is very

poor, and only less than 10% have understanding level 1,

which is the overall STEM understanding covering all

aspects of STEM. Their intentions are found more than

50% on IQ1 to IQ4, and only IQ5 which is making it

compulsory and everyday experience has less than 50%

response. These responses were linked to what

pre-service teachers responded to with regard to what is

happening now and their future needs.

Logistic regressions were used to explore the associ-

ation of all the questionnaire items and open responses

related to the platform (as in Table 5) and future cap-

acity building (as in Table 6). From Table 5 univariate lo-

gistic regression, open responses in belief and intention

are all positively related to platform descriptions (p value

are all less than 0.05, OR > 1); questionnaire item

“attracting high achievers in STEM to primary school

teaching” (U1) is negatively related to platform (OR < 1).

Multivariate logistic regression in Table 6 showed only

BQ1 (OR (95%CI) 4.171 (1.453, 11.977)), ITQ3 (OR

(95%CI)10.659 (3.801, 29.892)), and ITQ5 (OR (95%CI)

4.108 (1.410, 11.967)) which are all positively related to

platform, and U1 is still negatively related to platform

(OR (95%CI) 0.298 (0.116, 0.766)). Univariate logistic re-

gression revealed BQ1-3, ITQ4-5 are all positively re-

lated to future needs (OR>1), U1 is still negatively

related to future needs, only two variables (BQ1, ITQ4)

in multivariate logistic regression were found be posi-

tively related.

These results indicate that the pre-service teachers’

present understanding of STEM is limited; however,

their beliefs and intentions show they recognise the need

for capacity to teach STEM in the future. There is high

significance in the need for resources in terms of beliefs

and with creativity and innovations regarding their

intentions.

Since there is minimal understanding about STEM,

the connections were made with beliefs and intentions

towards what is happening now and future needs, based

on the pre-service teachers’ responses. Then, the SEM

model was used to identify this complex relationship.

Figure 5 provides the final modified SEM model by

these pre-service teachers. We carried out bootstrapping

to check the significance of each indicator (200 samples,

100 Cases). Based on Fig. 5, we found all of the loadings

and inner path coefficients were significant at 5% level

of significance. The SEM model depicted in Fig. 5

Fig. 3 Modified SEM model of STEM

Table 4 Frequency of description regarding belief,

understanding, and intentions

Category of open question responses N (%)

Belief*

Resources (BQ1) 88 (73.95)

Leadership and support (BQ2) 81 (68.07)

Experienced teacher and integrating STEM (BQ3) 76 (63.87)

Team teaching (BQ4) 54 (45.38)

Student-centred teaching (BQ5) 53 (44.54)

Understanding**

Understanding—overall (UQ1) 11 (9.24)

Understanding—confidence in Maths (UQ2) 34 (28.57)

Understanding—underprepared (UQ3) 27 (22.69)

Understanding—no confidence in science (UQ4) 15 (12.61)

Understanding—not at all confident (UQ5) 32 (26.89)

Intention*

Teach S, T, E, and M (ITQ1) 82 (68.91)

Confidence of teachers (ITQ2) 73 (61.34)

Student-centred activities (ITQ3) 66 (55.46)

Creativity and interdisciplinary focus (ITQ4) 60 (50.42)

Compulsory and specialised STEM (ITQ5) 53 (44.54)

*Multiple Responses by one person

**Categorised to only one of the category to overall responses

Kurup et al. International Journal of STEM Education            (2019) 6:10 Page 8 of 14



includes the loadings of the measurement and path coef-

ficients of the structure model. Table 7 presents the

evaluation of the measurement model and loading coef-

ficients, which showed that all factor loadings were

higher than 0.4, the CR for each latent variable was

above or close to 0.7, and the AVE was always greater

than 0.5. Therefore, the measurement models were con-

sidered acceptable for the evaluation of the SEM.

The R2, which is used to measure the model’s explana-

tory power, was 0.437 for “Now”, indicating that 43.7%

of the total variance in the proportion was explained by

“Belief” and “Intention”, while 26.7% of the total variance

in “Future” was explained by “Belief” and “Intention”,

and only 13.4% of the total variance in “Intention” was

explained by “Belief”. All of the path coefficients were

statistically significant (p < 0.05) based on bootstrapping.

The total effect of “Belief” to “Now” is 0.482 (t = 6.593),

“Intention” to “Now” is 0.487 (t = 5.150), “Belief” to “Fu-

ture” is 0.400 (t = 5.149), “Intention” to “Future” is 0.353

(t = 3.108), and “Belief” to “Intention” is 0.367 (t = 4.205).

Based on these results, it is evident that the platform

developed for teaching STEM based on experience in

their teaching degree is limited; however, they have posi-

tive intentions to take up STEM. They are not seeing

any positive initiative at schools, and they have limited

confidence to teach science. However, they were suggest-

ing that they should be provided with more opportun-

ities to teach STEM.

Based on this body of evidence, the following overall

model can be formulated and this model provides the

connections between the platform of primary pre-service

teachers towards their capacity to deal with STEM in

their future career. At present, teachers are trained with

limited understanding and experience of STEM in pri-

mary schools; however, they have optimism that is

clearly expressed in their beliefs and intentions. Exam-

ples of aspects mentioned in terms of beliefs and inten-

tions are resources, leadership, ability to integrate,

innovations, and interdisciplinary approaches. This

seems an expression of their genuine concern for STEM

education and a true reflection. They were very explicit

in mentioning their limited understanding. The reflec-

tions of what is happening now and what is needed in

the future were based on their overall experience of their

course including professional placements, and this seems

realistic. Statistical significance of the responses provides

authenticity to this overall model (Fig. 6) of the platform

towards the capacity for teaching STEM among future

primary teachers.

Implications of this study

Future teachers in this study revealed some of the gaps

existing, based on their university education experience

and teaching practice in schools during practicum. Based

on this, the following future practices could be consid-

ered in teacher preparation to build confident, compe-

tent, and skilled teachers in STEM. This could lead to

the production of twenty-first century skilled workforce

in STEM-related fields.

� There should be experiences in STEM for future

teachers so that they can apply knowledge and skills

in actual practices

Fig. 4 Overall representation of beliefs, understandings, and intentions of capacity building of STEM among pre-service teachers
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� Ability to integrate knowledge and understanding of

disciplines to STEM-related experiences

� Integrated knowledge should have sound

pedagogical practices and coherence in the

curriculum to implement best practices connected

to daily life in STEM-related issues

� There is a need for ongoing professional

development in STEM for all teachers

� Schools should link school and out-of-school experi-

ences to STEM-related activities.

These practices are basically coming under STEM

knowledge base, policies, and practices. Reports like the

National Research Council (NRC 2015) and Next Gener-

ation Science Standards (NGSS Lead States 2013) high-

light the importance of STEM knowledge base at all

levels. Policies of STEM education would present clarity

with knowledge integration and curricular coherence

(Linn et al. 2008) so that teachers would be comfortable in

teaching STEM with an integrated and interdisciplinary

focus. In this context, it would be considered to have con-

nections with STEM industry to showcase STEM actual

practice and STEM knowledge in schools. This would

provide effective knowledge and disciplinary integration

within classroom practices.

Limitations of this study

The present study used self-reported beliefs, understand-

ings, and intentions of pre-service teachers as a plat-

form. The understanding of STEM disciplines like

science and mathematics seems limited and is reflected

in their quantitative responses. Qualitative responses

from which categories are formulated concur this. Ana-

lysis of the data revealed that there is a relationship be-

tween beliefs and intentions rather than beliefs,

understandings, and intentions. We have taken extreme

care in the analysis of the data using appropriate statistical

techniques. The reality is that this sample of preservice

teachers represent only one campus in a metropolitan city

Table 5 Platform logistic regression results

Variable Unadjusted OR p value Adjusted OR p value

B1 0.761 (0.478, 1.212) 0.250

B2 0.915 (0.637, 1.315) 0.631

B3 0.764 (0.408, 1.431) 0.401

B4 0.825 (0.394, 1.725) 0.608

B5 0.796 (0.518, 1.222) 0.297

BQ1 (1vs.0) 3.913 (1.660, 9.223)* 0.002 4.171 (1.453, 11.977)* 0.008

BQ2 (1vs.0) 3.175 (1.415, 7.120)* 0.005

BQ3 (1vs.0) 4.384 (1.954, 9.838)* < 0.001

BQ4 (1vs.0) 4.601 (1.939, 10.921)* 0.001

BQ5 (1vs.0) 3.351 (1.472, 7.626)* 0.004

U1 0.374 (0.184, 0.762)* 0.007 0.298 (0.116, 0.766)* 0.012

U2 0.782 (0.441, 1.388) 0.401

U3 1.147 (0.753, 1.747) 0.522

U4 0.828 (0.531, 1.291) 0.405

U5 1.164 (0.764, 1.771) 0.480

UQ (1vs.0) 1.448 (0.363, 5.780) 0.600

IT1 1.397 (0.858, 2.275) 0.179

IT2 0.652 (0.408, 1.041) 0.073

IT3 0.852 (0.539, 1.347) 0.493

IT4 0.831 (0.564, 1.223) 0.348

IT5 1.035 (0.669, 1.602) 0.877

ITQ1 (1vs.0) 4.069 (1.787, 9.264)* 0.001

ITQ2 (1vs.0) 7.179 (3.091, 16.675)* < 0.001

ITQ3 (1vs.0) 9.651 (3.952, 23.568)* < 0.001 10.659 (3.801, 29.892)* < 0.001

ITQ4 (1vs.0) 5.536 (2.367, 12.948)* < 0.001

ITQ5 (1vs.0) 3.182 (1.399, 7.238)* 0.006 4.108 (1.410, 11.967)* 0.01

*p < 0.05
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in Australia. Care should be taken in broader generalisa-

tion based on this study.

Regarding the sample size, there is no consensus in

the literature what would be an appropriate sample size

for using SEM. Some evidence exists that simple SEM

models could be meaningfully tested even if the sample

size is quite small (Hoyle and Kenny 1999; Marsh and

Hau 1999), but usually, N = 100–150 is considered the

minimum sample size for conducting SEM (Tinsley and

Tinsley 1987; Anderson and Gerbing 1988; Ding et al.

1995; Tabachnick and Fidell 2001), and this study has a

sample of 119 and is appropriate to use SEM model.

Conclusions
Teachers’ platform of knowledge, confidence, and effi-

cacy for teaching STEM influences the students learning

and their classroom practices (Nadelson et al. 2013), and

the teachers’ ability in integrating background knowledge

Table 6 Future confidence and capacity logistic regression result

Variable Unadjusted OR p value Adjusted OR p value

B1 0.708 (0.392, 1.276) 0.250

B2 0.962 (0.623, 1.484) 0.860

B3 1.463 (0.720, 2.972) 0.293

B4 1.213 (0.531, 2.771) 0.647

B5 1.078 (0.652, 1.780) 0.770

BQ1(1vs.0) 3.483 (1.340, 9.052)* 0.010 3.315 (1.196, 9.184)* 0.021

BQ2(1vs.0) 2.937 (1.154, 7.472)* 0.024

BQ3(1vs.0) 4.384 (1.954, 9.838)* < 0.001

BQ4(1vs.0) 2.718 (0.987, 7.485) 0.053

BQ5(1vs.0) 0.713 (0.286, 1.775) 0.467

U1 0.750 (0.356, 1.580) 0.449

U2 0.566 (0.269, 1.191) 0.134

U3 1.370 (0.833, 2.253) 0.215

U4 1.063 (0.641, 1.763) 0.814

U5 1.439 (0.855, 2.420) 0.170

UQ (1vs.0) 0.606 (0.148, 2.490) 0.487

IT1 1.086 (0.608, 1.940) 0.780

IT2 1.030 (0.603, 1.758) 0.914

IT3 1.031 (0.601, 1.768) 0.913

IT4 0.968 (0.618, 1.520) 0.891

IT5 0.955 (0.557, 1.638) 0.868

ITQ1 (1vs.0) 2.468 (0.970, 6.279) 0.058

ITQ2 (1vs.0) 2.482 (0.983, 6.264) 0.054

ITQ3 (1vs.0) 2.274 (0.896, 5.769) 0.084

ITQ4 (1vs.0) 6.650 (2.101, 21.045)* 0.001 6.441 (1.992, 20.831)* 0.002

ITQ5 (1vs.0) 4.952 (1.568, 15.641)* 0.006

*p < 0.05

Fig. 5 SEM model of beliefs and intentions towards what is happening now and future needs
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of technological pedagogical content knowledge to a

STEM curriculum seems a challenge to pre-service and

in-service teachers (Hofer and Grandgenett 2012). The

demands of a twenty-first century education include

challenges to the existing practices, and there is a need

to make overall make shifts across education and within

the primary level (NRC 2015). Teachers’ beliefs and

worldview have a great influence on teaching methods

and strategies used (Davis 2003). There is a gap between

beliefs, understandings, and intentions to teach with

capacity and confidence, and to bridge this gap, there is

a need for innovative practices in teacher preparation

and teacher professional development (Barak 2014).

Though there are gender differences in STEM education

(Pasha-Zaidi and Afari 2016), however, professional par-

ticipation studies have shown that all perform equally

Table 7 Results summary of the SEM model

Variable Loading Composite Reliability (CR) Average Variance Extracted (AVE) R2 t-statistics

Belief 0.862 0.558

BQ1 0.712 8.226

BQ2 0.736 9.740

BQ3 0.834 28.674

BQ4 0.777 16.154

BQ5 0.664 8.569

Intention 0.855 0.600 0.134

ITQ1 0.779 13.732

ITQ2 0.825 16.552

ITQ3 0.871 27.673

ITQ4 0.597 6.347

Now 0.871 0.694 0.437

N1 0.874 27.022

N2 0.890 34.475

N3 0.725 12.899

Future 0.800 0.578 0.267

F1 0.771 8.834

F2 0.604 4.521

F3 0.879 19.759

Fig. 6 Overall model of STEM among future teachers’ platform towards capacity building regarding STEM
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well (Bergeron and Gordon 2017). In primary schools,

there are more female teachers than male teachers, and

in this research, there were more female pre-service

teachers as participants.

This study revealed that future teachers have strongly

held beliefs and intentions for teaching STEM in their

future classrooms. The reality they face is the lack of un-

derstanding of connections to integrate science, math-

ematics, engineering, and technology as well as

pedagogical approaches to deal STEM based on real-life

situations. For building an effective STEM capacity

among future teachers, there is a need for policies of

STEM that are based on the four-dimensional frame-

work advocated by Bybee (2013). This would enable the

development of resources, leadership, integration, and

team teaching as stated by the future teachers in this

study to become a reality. The complexities associated

with training of teachers, changing classroom practices

to achieve an ideal STEM focus, require innovations and

decisions from all levels of individuals and governments

(Fensham 2016). There should be future funded place-

ments in higher education institutions so future teachers

can experience place-based STEM pedagogies to build

the capacity in dealing with STEM (Adams et al. 2014).

Overall, it is indicated that present university courses or

placements are not adequately preparing pre-service

teachers to teach STEM in primary schools. Pre-service

teachers may have adequate capacity to deal with literacy

and numeracy; however, they find it sometimes difficult

to deal with science in primary schools in Australia.

Pre-service teachers reported that they have not experi-

enced any STEM-based program during their practicum

experience indicating that only in few schools it is hap-

pening in Australia. Pre-service teachers have intentions

to integrate STEM and provide their students with

STEM experience; however, they need professional de-

velopment. This suggests that there should be

STEM-focused experience in university teacher educa-

tion degree program. It is essential to formulate a course

work in STEM capable of integrating disciplines, provide

understanding of pedagogical approaches and capable of

connecting to real life relevance with 21st century

competencies.
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