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Abstract: The purpose of this paper is to present the need to
develop the integrated Science, Technology, Engineering and
Mathematics (iISTEM) course training module for preparing the
pre-service mathematics teachers’ readiness in teaching the
iISTEM course in their future classroom instruction. In this
paper, the researchers present the data for the study collected
qualitatively using semi-structured interview questions. Purposive
sampling was used in choosing 6 university lecturers in Nigeria
for conducting the interview to identify and seek their insights
regarding the need for iISTEM course training and module for
teaching iISTEM course. An interview data collected was
transcribed and inductively analysed using an exploratory
content analysis approach in which five main themes have been
identified, namely: (i) pedagogical knowledge; (ii) content
knowledge; (iii) conception of the iSTEM; (iv) instructional
strategy and (v) curricula knowledge for teaching iISTEM course.
The results of this study indicated that all the six interview
participants responded that they have no idea and had
insufficient knowledge about the teaching of integrated STEM
course. Moreover, the lecturers indicated that they were not
exposed to the iISTEM course at all. The findings revealed that
there is a need for the iSTEM course training and development
of the iISTEM teaching module in helping the pre-service
mathematics teachers’ readiness in teaching the iSTEM course.
Based on the findings, the researchers recommended suitable
iSTEM course training module to prepare the pre-service
mathematics teachers’ readiness in teaching iSTEM course could
be integrated into the teacher education curriculum in Nigeria.

Index Terms: Integrated STEM, Pre-service Mathematics
Teachers, Need Analysis, Training Module.

I. INTRODUCTION

Integrated Science, Technology, Engineering, and
Mathematics (iISTEM) is a new approach that emphasises
application linking all the STEM disciplines. This approach
is receiving increasing global attention to help in tackling
the 21st-century challenge to national growth and
development. Ideally, the trend in the whole world is
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moving towards iSTEM teaching and learning (Evans,
2015). In line with this, the developed nations viewed
iISTEM teaching and learning as cohesive and focused on
the interconnectivity of all the STEM disciplines (Fogarty,
1991; Stohlmann et al., 2012).

The reality in Nigeria is that, in spite of the importance of
iSTEM education to the development of the nation at large,
the stakeholders were only familiar with the individual
STEM discipline. As such, each of the STEM individual
disciplines is taught separately as silos and distinct field of
study [1]. However, over the years in Nigeria, there are calls
from stakeholders in education for action to integrate STEM
disciplines into the Nigerian curriculum due to the lack of
implementation of the iISTEM in the country. The situation
is that the pre-service mathematics teachers are not exposed
to the iSTEM course and are only receiving training in the
single and separate field of STEM (Okpala, 2012; Ugo,
2016).

The consequences associated with separate disciplines
instruction is that it is likely that single discipline pedagogy
may not help the pre-service mathematics teachers to
understand the connection between and within the STEM
disciplines. Adversely, if the iISTEM education is not
implemented in Nigeria, it will affect the productivity of the
learners. Thus, for the pre-service mathematics teachers to
move from their existing approach of teaching separate
STEM subjects to promoting the iISTEM course in Nigeria,
there must be a strong focus on teacher preparation course
on iSTEM education (Muhammad, 2017; Yusha'u, 2015).

A.  The Need for the iSTEM Course Training

Following the above combined problems prompted the
researchers to carry out this study on the need to develop the
iSTEM course training and teaching module for preparing
the pre-service mathematics teachers' readiness in teaching
the iISTEM course in their future classroom instruction. The
reason for employing the pre-service mathematics teachers
is due to their capability and willingness to embrace change.
This assertion aligns with Evans (2015) statement that pre-
service teachers as the future iSTEM education leaders can
be at the forefront in the STEM movement, particularly with
a meaningful experience within their teacher preparation
course for integrating STEM course into their instructions.
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The iSTEM course, if implemented will be able to
prepare and promote the pre-service mathematics teachers'
readiness to connect the STEM disciplines into one cohesive
teaching and learning pedagogy for solving the real-world
problems that would lead the road for the effective and
better understanding the connection of mathematics between
and among the STEM disciplines.

B. Purpose of the Study

The purpose of this research was to present a study on the
need to develop the iISTEM course training module for
preparing the pre-service mathematics teachers' readiness in
teaching the iSTEM course in Nigeria.

Il. LITERATURE REVIEW

This 21st-century competence demand human resources
engineering design, science, technology, and mathematics to
integrate the four STEM disciplines. In this era of competent
human resources, there is a need for workers to have the
knowledge of mathematics skills and science, creativity,
expertise in communication and information technology,
and the capability to solve complex real-world problems [2].
In relation to solving real-world problems, single disciplines
prevent the preservice mathematics teachers from building
the needed competencies and connection between and
among the four fields of STEM [3].

In essence, the results from the iSTEM 2017 conference
clearly indicated that the iSTEM should be guided by
meaningful engagement and constructivist principles [4].
Specifically utilising the principles of the importance of
iSTEM into the instruction, demonstrated how the STEM
skills can be integrated into interdisciplinary instruction, and
increase the commitment, confidence and readiness level of
pre-service teachers for integrating STEM into their own
instructions [4]. In the more recent researches of the ISTEM
such as Dooley, Atkinson-Hamilton [4], Honey, Pearson
[5], Evans [6], Heba, Mansour [7] it was indicated that
iSTEM is an interdisciplinary strategy that is more focused
and addresses a specific problem.

Furthermore, it is essential that curriculum developers,
teacher educators and scientific institutions recognise the
need for an iISTEM course for preparing future innovators,
creative problem solvers, qualified workers that can
contribute immensely to the global economy (Roberts,
2012). In addition to this, most of the researchers indicated
that, the iISTEM curriculum offers favourable circumstances
for more relevant, integrated, coherent, and more for
learners stimulating experiences [8-11].

Building on the above needs of the iISTEM course, the
iSTEM teaching and learning nowadays received attention
and widely emphasises aspects of practicality and reality in
which students can learn mathematics and science through
the application of engineering and technology in realistic
and meaningful ways around the world [12]. The push for
the iISTEM Education comes from the continually growing
demand for the required STEM skills to meet present and
future global economic and social challenges [13, 14].
Additionally, according to Stohlmann, Moore [15], there are
numerous approaches and needs that teachers are required to
effectively teach iISTEM education such as knowledge,
experience, and background. Also, Stohlmann, Moore [15],

detailed the importance of supporting teachers; teaching
practice on teaching integrated mathematics and science
provides a good basis for iISTEM education; teachers' beliefs
about their capabilities to produce the desired effect on
students learning, and materials needed to implement STEM
integration. These are vital for the future success of students
as they build their careers in STEM fields and may improve
their motivation, interest, performance in mathematics and
science.

To this end, due to the inability of empirical research on
integrated STEM in Nigeria, this study serves as an
excellent starting point and preamble for the researchers
who wish to drive the future of pre-service teachers for
iSTEM teaching and learning. Likewise, this study is needed
as a way for framing future research and also guide the
teacher educators with the necessary information that would
be of importance while hoping to conduct research on
iSTEM teaching module for fruitful collaboration [16] in
addressing pre-service teachers with STEM integration.

A. Theoretical Framework of this Study

The theoretical framework that guided this study is
Pedagogical Content Knowledge (PCK) based on the ideas
of [17, 18]. This study connected to the theory of PCK
because of its importance in the training and preparing the
pre-service mathematics teachers to teach the iSTEM
course. The concept of PCK was developed by Shulman Lee
in his research in the year 1986 and since then several
researchers used the concept to explain the components
necessary to teach the iISTEM course effectively. However,
the five components of PCK employed in this study were
built upon on the study of Shulman [17] and extended by
Grossman [19] and Magnusson, Krajcik [20] research
includes: Pedagogical Knowledge; Content Knowledge;
Knowledge of instructional strategy; Knowledge of
Curricula; and Knowledge of pre-service mathematics
teacher's conception for teaching iISTEM course. In relating
PCK to iSTEM, if pre-service mathematics teachers lack
either iISTEM PK or CK, then they lack the iSTEM PCK
that enables them to teach iISTEM effectively [21]. The
theoretical framework derived for this study can be seen in
Figure 1 below.

Pedagogical Content Knowledge
(PCK)

. Content Knowledge .

(CK) Curricula Knowledge

Pedagogical
Knowledge (PK)

Knowledge of

Knowledge of

Conceptions Instructional Strategies

Fig. 1: Shulman [17], Shulman [18] categories of PCK
and subcategories of CK by Shahali, Halim [21].
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Shulman [18] argued that PCK is the knowledge base of
teaching and transforming knowledge into adaptive
instruction; the essential way to determine the knowledge
base of teaching depends on the incorporating of content and
pedagogy; in the capacity of teachers to transform the
content knowledge acquires into a structure that are
pedagogically powerful to teach all students to reason and
think critically in solving problems; and this teaching
adaptive necessary understanding and which begin with
what is to be learned and the manner on how it is to be
taught by representing ideas so that the learner can come to
learn, the slow learner can comprehend and discern, and the
novice can become veteran adept [18]. So, Pedagogical
knowledge incorporates teaching approaches, such as hands-
on activities, inquiry-based learning and micro-teaching in
order to build conceptual understanding of teaching
strategies, where content knowledge and Pedagogical
knowledge are linked. In relating the iISTEM to PCK, if
the pre-service mathematics teachers lack either iISTEM
content knowledge or iISTEM pedagogical knowledge, then
likely they will lack the iSTEM-PCK knowledge that
prepared them to teach iISTEM to their students effectively
[22]. Consequently, content knowledge includes the actual
knowledge of the content that is to be learned or taught, that
has the potential to strongly influence how pre-service
mathematics teachers represent the content and design a
learning experience and strategies to support the learners
about the content to be taught. In order to ensure that
teachers are successful, it is important that they receive
support for developing their content knowledge to be able to
effectively teach integrated STEM [15].

However, the knowledge of conceptions for teaching has
been identified as general mental structures that represent
frameworks for the way teachers interpret and interact with
the teaching environment [23]. Conceptions influence our
behaviour and according to Pratt [23], it mediates the
response to situations. Additionally, some studies have
shown that the perception of teachers that can be defined as
their way of conceiving classroom work in connection to
teaching and learning of students [24] has an impact on their
science and classroom practices in mathematics [25].
Because there are different ways to conceptualize iISTEM
education [26-28] and because conceptions influence
behaviour [23] examining teachers' conceptions of an
iSTEM is important and particularly as it relates to
curriculum development and classroom practices.

Additionally, Knowledge of instructional strategies in
teaching ISTEM improves the pre-service mathematics
teacher practice to explicitly address teaching strategies
necessary to know the ways to incorporate the pedagogical
knowledge and content knowledge in order to have the
ability to teach the iISTEM course. Moreover, Knowledge of
instructional strategies is a set of activities systematically
employed by the teachers that involve specific steps to get
learners outcome [18]. Also, According to [29, 30] defined
instructional strategies as a meaningful way in which the
teacher understands and uses a variety of instructional
strategies to develop a deep understanding of content areas
and build skills in applying the knowledge.

Conclusively, curricular knowledge is also a knowledge
of what to teach to a particular group of learners. Though
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educational theorists have debated how to best to define the
term curriculum [31]. The knowledge of curriculum is
commonly not only define what is to be taught but also set
out or at least advise on the way teachers should teach, it
requires consideration of the learners potential and the
definition adopted here is a plan for learning as proposed by
Ring [31]. Building on an integrated curriculum required
that teachers are responsible to create challenging,
meaningful tasks and fun that help learners connect to the
content. Further integration of contents in the fields of
mathematics and science [10, 11, 32-36] to enhance the
meaning of what is taught reduce the need to get everything
covered and to make natural and holistic learning. The
Teachers whose education tends to be more general in its
scope, can feel overwhelmed by the amount of content
knowledge required when implementing iISTEM curricula
[37]. While various teachers understand the benefits to both
improve and implement an iSTEM curriculum and content
knowledge. Moreover, professional development helps
teachers to understand the opportunities available are limited
in their classroom on how to integrate STEM disciplines
[38, 39].

I11. METHODOLOGY

In this study, a qualitative research design using semi-
structured interview questions was used to explore the need
to develop the iISTEM course training module for the pre-
service ~mathematics teachers. The semi-structured
interviews are used across disciplines because it gives the
respondents the opportunity to spell out their viewpoints on
the phenomenon under study [40]. Purposive sampling was
used in choosing 6 university lecturers (donated by R1, R2,
R3, R4, R5 and R6) who are also mathematics and science
lecturers. The lecturers were prominent in the field of STEM
education in Nigeria for conducting this study to identify
and seek their insights regarding the need for the iISTEM
course training and module for teaching the iISTEM course.
The researchers utilised 20 minutes each to interviewed the
six respondents. The interviews data collected was tabulated
based on the questionnaire items and analysed inductively
[41] using the content analysis approach [42]. According to
Creswell [40], an interview data generated can be
transcribed and inductively categorised using qualitative
content analysis approach. The qualitative content analysis
approach was employed in this study because it is one
among the several qualitative methods used to make sense
out of textual data into a summary format [43] and, as such,
the data collected for this study is also a raw text data.

IV. RESULTS AND FINDINGS

In this study six university lecturers were interviewed to
gain insight about the need for teaching and learning of
iSTEM course. The interview questions and responses are
shown in Table 1 below. The researcher introduced and
briefed the lecturers on the concepts of iISTEM but their
responses showed that they have no idea and knowledge
about the concept of ISTEM.
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Also, they pointed out that they have insufficient
knowledge in teaching iISTEM course. The interviews also
revealed that the teachers were not exposed to the
integration of various disciplines as there are no guidelines
for teaching iISTEM provided by the National Universities
Commission (NUC) for the teaching of
integrated STEM course. Likewise, most respondents also
stated that there are no iSTEM teaching and learning
syllabus or teaching module available for the teaching of
iSTEM provided by the NUC. Additionally, they feel
unprepared to connect several STEM disciplines together
and they had insufficient knowledge for teaching the iISTEM
course. Consequently, the participants revealed that they
have no idea about combining two or more disciplines and
they are still teaching individual discipline. The results of
this study supported the need for the iSTEM course training
and the development of iISTEM course module. The
interview data set resulted in the identification of five main
themes which includes: pedagogical knowledge, content
knowledge, curricula knowledge, the iISTEM conceptions,
and instructional strategies for teaching the iSTEM course.

Table 1. Interview Questions and Responses for
the Need Analysis
SN Question Responses Themes
1 Whatdovouknow [ have no idea about iSTEM T only owabout STEMaz
ahoutiSTEM? an acromymor abbreviation(R1, B2 and R4) Concsption of
#[ don thnowwha iSTEM iz (F3, RS and Rf) iSTEM
] bowSTEMa: the ur sparate dizciplines of scisnes,
Technology, Enginsering, and mathemarics (R1,F3, B3
andRE).
2 Dovouknowhow  #[have insyfficient inowledge onteaching the iSTEM
totrainthe lssmars  cowrse (R] and R3);
tobepraparad to teach  #No idea, thers iz no guidelings or gyllabus (R B3 and  Pedagogical
theiSTEMcourse?  Ri); Knowledgs
#No, I haveno idea and also there iz na teaching and
leaming modulz providsd by te NUC on taaching iSTEM
course (R1, B3, B3, RA)
#No exposure to the teaching of iSTEM cowse (B2, R4).
3 Whatis vourcurrant  #Our curvent uillabus in Nigeria iz still on teaching
syllabus? indrvidual diseipling Curriculs
(R1,R2 K3 R4 RS, andR6). Enowladgs

4 Whatis vourteaching  #Our current taaching practice it Nigeria iz based on e Instructional

stratagy] single dissiplin instruction (R], B2, B3, R4, RS, and BY).  Steatesy

5 Arzvoustilltsaching  *Absolutalvves, no idsa shout combiningtwo ormors Padagogieal
in this way? disciplines (K1, K2, B3, R4, RS, andRf). Enowlades

] Arstheraanvneads  #Jer, sure Butno idea how to integrate the discipling
for the intagrated together (R1, B3, andRd4)

STEM coursasin yer, defiitely. ] don't know how it can be regratad (B2
makingtheteaching  and Rd) Content Knowladzz
andleamingmors  *afcowrss, yer butthe teachers in Nigeria were not
comnected! Whv!  axposad to the intsgration of several STEMdisciplines (R
and B
#] fael urpreparad to comect STEMfieldz as heve are no
guidelines provided (R4).

7 Dovouthinka #Yes, definitely (R1, B2, B4, andR6) Curricula
traimingmodulais  # e cure it is needed (K3 andR3) Knowladgs
nazdad fortaaching
iSTEM course!

R= stand for Respondent

V. DISCUSSION AND CONCLUSION
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The typical responses identified in this study were based
on the three key issues recorded during the interviews with
regards to the conception of iISTEM, the teaching of the
iSTEM course, and the need for iSTEM teaching and
learning. Overall, all the respondents indicated that they
have no idea or knowledge about the concept of iISTEM
education. This finding is related to the study of Okpala [1],
that the teachers in Nigeria are not exposed to integrated
STEM and were only receiving training in the single and
separate fields of STEM. Consequently, 100% of the
respondents recommended the need for teaching the iSTEM
course and to be incorporated into the Nigerian educational
system. In addition, this finding is in line with the study of
Ugo [44], that call for action to integrate STEM disciplines
into the Nigerian curriculum. Conclusively, all the
respondents expressed a need for a training module for
teaching iSTEM course in making the teaching and learning
more connected. Hence, the outcomes of this study provided
a strong justification for the researchers of this study to
design and develop iSTEM training module as a guideline
for the pre-service mathematics teachers to be prepared for
the teaching of an iSTEM course.

The overall outcomes of this study indeed provide
evidence and cover two issues. The first issue relates to the
need for iISTEM course training. The second is teaching
module to increase the ability for making the teaching
strategy more connected. This would also help in preparing
the pre-service mathematics teachers' readiness in teaching
iSTEM course. Looking at the nature and status of the
respondents, the findings of this study are worth
generalisation for the need of iISTEM training course in
Nigeria. Conclusively, the findings for this study pave the
way for the need to conduct an elaborative study about the
iSTEM course training and the development of iISTEM
teaching module in Nigeria.

A. Suggestion for Further Study

This study suggests that a future study could be explored
and designed to involve both the qualitative and quantitative
research methods.
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