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Abstract: This research was conducted to examine the effects of the socioscientific issue approach (SSI) with thinking wheel
map (TM) on entrepreneurial science thinking (EST) and the constructs of Observation, New Ideas, Innovation, Creativity, and
Value. A teaching and learning (TL) module was developed to guide teachers in implementing the infusion of SSI with T™M TL
approach on EST among fifth graders. A quasi-experimental quantitative research was conducted on 345 fifth graders in urban
primary schools in Malaysia. A total of three TL groups were assigned randomly; namely, i) SSI-TM approach (n=115), ii) SSI
(n=115) and iii) Conventional approach (CONV, n=115). The Entrepreneurial Science Thinking Test Instrument (ESTT) was
developed to measure the level of entrepreneurial science thinking. Data analysis was performed using MANCOVA, ANCOVA,
and Effect Size. The results of the MANCOVA analysis showed a significant effect across the three groups of TL approach for
EST. Meanwhile, the ANCOVA analysis results showed a significant effect of the SSI-TM TL approach compared to SSI and
CONV on EST and in all constructs of EST. The SSI-TM TL approach showed a higher post-test mean score than the SSI, and
then the SSI post-test mean score was significantly higher than the CONV in all constructs studied except the Observation.
The findings prove that the SSI-TM TL approach positively impacts the cultivation of EST among fifth graders.
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1. Introduction

Entrepreneurial thinking has been identified as one of the key cognitive skills that needs be mastered by students
in facing an increasingly challenging future. According to Edwards-Schachter et al. (2015), entrepreneurial
thinking is necessary to produce students who can master the characteristics and ethics of entrepreneurship,
manage current resources and face future challenges efficiently. The element of entrepreneurship had been
applied in the Malaysian school curriculum, for example through the subjects of Basics Finance and
Entrepreneurship which were offered to secondary school students of the Literature stream only. Although this
effort has been made, students have been found to lack the elements and skills of entrepreneurship in their lives
(Malaysian Ministry of Education, 2013).

Now, there is a high demand for the application of entrepreneurial thinking in the school curriculum. Like any
other countries, Malaysia is currently preparing school students with the global needs of the world through the
Education Blueprint 2013-2025. In the 2017 Revised Primary School Standard Curriculum (Curriculum
Development Centre, 2017), elements of entrepreneurship across the curriculum are applied in all subjects
including Science. Despite the increased emphasis on fostering students’ entrepreneurial thinking in the revised
curriculum, there is a little evidence to demonstrate research done on entrepreneurial thinking among primary
school students. This scenario carries a connotation that a learning approach that integrates innovation and
entrepreneurship in the science curriculum needs to be introduced so that the students who are produced are
able to create, innovate and have entrepreneurial values thus being able to meet the expected human capital
criteria by the year 2030. This is also one of the efforts to fulfill the aspirations set in the revised Primary School
Standard Curriculum 2017 which is to produce students who are creative in solving problems in accordance with
the needs of society.

According to Sadler and Zeidler (2009), the socioscientific issues approach is a consistent process in guiding
students to apply scientific knowledge and be creative thinkers to create a more competitive future. Through
the discussion of social issues with a scientific component related to real life, students can create meaningful
learning outcomes in addition to allowing them to connect and apply Science knowledge in an environment
outside the classroom (Prain & Tytler, 2012). However, a teaching and learning (TL) approach can only achieve
the maximum objective if the teaching medium supports it. Thus, an added value is needed to make teaching
and learning approaches easier to understand and teaching and learning objectives easier to achieve. In this
regard, thinking maps (TM) are seen as a tool that can improve thinking skills among students (Hyerle, 2009). In
fact, its use has also been identified to increase students' understanding in identifying the potential effects and
consequences of science (Saad & BouJaoude, 2012). This is supported by Hmelo-Silver (2004) and Hyerle (2011),
who found that problem-based learning with the help of thinking maps can improve students' critical thinking.
Therefore, this research was conducted to examine the effects of the socioscientific issue approach with thinking
maps (SSI-TM) on entrepreneurship science thinking.
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2. Literature Review

2.1 Entrepreneurial Science Thinking

Entrepreneurial thinking (ET) is a cognitive phenomenon that seeks creative and innovative ideas and
opportunities (Krueger, 2005). ET is also defined as the ability to identify opportunities in the market and explore
appropriate ways to use them (Bacigalupo et al., 2016). In this regard, ET is not a mindset taught to become an
entrepreneur alone. However, ET is a skill that can empower human resources, marketability of work and
competition. Following this concept of ET, a new concept called entrepreneurial science thinking (EST) was
founded by Halim and Buang (Syukri et al., 2013). In this research, EST is referred to as design thinking skills
based on scientific knowledge and entrepreneurial orientation (Buang et al., 2009). EST has five constructs which
are: (1) Observation: making observations with a plan and purpose; (2) New Ideas: generating ideas by looking
for uniqueness or advantages; (3) Innovation: selecting some ideas that can be modified or improved and
evaluating those ideas; (4) Creativity: strengthen and improve ideas in a focused manner; and (5) Value: Ensuring
that the ideas or products produced are beneficial to society. All steps in this EST are used as the TL phase in the
SSI-TM learning module developed by researchers (Ahmad & Siew, 2021a).

2.2 Socioscientific Issues Approach

In cultivating entrepreneurial science thinking, the researcher has chosen the socioscientific issue approach (SSI).
SSlis an approach that requires students to make decisions about social issues that involve moral implications
in a scientific context (Sadler, 2004; Zeidler & Keefer, 2003; Zeidler et al., 2005). These issues also allow students
to study and connect science, daily life and society in the community (Driver et al., 2000; Sadler, 2004). In SSI-
based learning, students will be asked to argue and debate in a more conflictual discussion context to discuss
current societal issues (Martini et al., 2021). This is in line with the objective of fostering entrepreneurial science
thinking, where students who can connect science with society will be able to produce invented products
adapted to the needs of society and solve socioscientific issues that occur in society.

2.3 Thinking Wheel Map

The researcher used the thinking wheel map (TM) adapted from Bloom (1956), Glenn (1972) and Bengston
(2016) (Figure 1). This TM s a thinking tool that helps students identify the implications of a change. TM was
used in groups through a structured brainstorming process to determine changes and impacts at various levels
(Bengston, 2016). The TM contains a centre and five levels to help students generate and organize their ideas.
During the use of SSI-TM TL module, students are given socioscientific issues to discuss and argue. At this time,
any logical and scientific reasoning ideas are written in the centre of the map. These ideas are the trigger ideas
for students to solve in the next stage. Then, students write their ideas at each level according to the constructs
of Observation, New Ideas, Innovation, Creativity, and Values. In the first stage, Observation, students are given
stimulus pictures that display current product designs. Then, students are asked to make observations to obtain
information about the building materials, design, and product characteristics. The second stage is New Ideas,
where students produce ideas by finding uniqueness or advantages in the product observed in the building
materials, design, and product characteristics. This stage is followed by the third stage, which is the Innovation
stage, where students have to choose three out of six uniqueness or advantages in the observed product.
Following the selection, students are asked to evaluate the ideas by stating why they choose them.

In the fourth stage, Creativity, students are asked to strengthen and improve ideas in a focused manner based
on the ideas selected in the previous step. All of these reinforced ideas are written in the fourth stage of TM.
Then, students are asked to sketch and label their product designs on a piece of A3 paper. Students are also
required to name their product design and state the selling price and the target group of buyers. All this
information needs to be written on the thinking map. Finally, there is the fifth level, Value, where students have
to express the values of products that benefit society. Students can express the benefits of cost savings, product
functionality, and values and ethics in product creation. The students then present the designed products in
front of the class. After that, they explain the benefits of their products with the help of TM.
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Figure 1: Thinking Wheel Map

—

Stage 1 Observation
Stage 2 New Ideas
Stage 3 Innovation
Stage 4 Creativity
Stage 5 Values

Source : Adapted from Bloom (1956), Glenn (1972) & Bengston (2016)

2.4 Purpose and Research Questions

Overall, this research was conducted to determine the effects of the Socioscientific Issue Approach with Thinking
Wheel Map (SSI-TM) in fostering the entrepreneurial science thinking of fifth graders compared to the
Socioscientific Issue (SSI) and Conventional (CONV) approaches. This research focused on comparisons between
two different forms of SSI TL approach, as well as comparisons with non-SSI TL approach in order to determine
if other mode of SSI was equally effective in producing desired student outcomes. Consequently, this research
was undertaken to further investigate if there were any significant differences in student’s entrepreneurial
science thinking between learners who were taught in three different TL approaches.

The research question that drive this research was: Would students taught via the SSI-TM TL approach perform
significantly better than students taught via the SSI approach, who in term perform significantly better than
students taught via conventional approach in entrepreneurial science thinking and the constructs of i)
Observation, ii) New Ideas, iii) Innovation, iv) Creativity, and v) Value?

3. Research Methodology

3.1 Research Design and Sample

The research employed a quasi-experimental pre-test and post-test control group design to examine the effects
of three different TL approaches on fifth graders’ entrepreneurial science thinking. The independent variable
was the three TL approaches: the SSI-TM (Experimental group), and SSI (placebo group), and the CONV (control
group). Dependent variables are based on students’ attainment of entrepreneurial science thinking and the
constructs of i) Observation, ii) New Ideas, iii) Innovation, iv) Creativity, and v) Value. The research lasted three
months from January to March 2021.

The research population consisted of all fifth graders totaling 4222 people (Tawau District Education Office,
2019) in Tawau district, Sabah, Malaysia. A purposive sampling technique was employed. The schools were
selected based on criteria such as the number of classes in the school, socioeconomic background, cultural
diversity and the level of academic performance of students in a school. Approximately 60% of parents were
government employees, while 40% were working for a small business and industry sectors such as palm oil. The
majority of the parents are made up of the Bajau, Suluk, Ida'an and Bugis tribes as well as the Chinese. This
shows the uniqueness of students in Tawau compared to other geographical areas in Malaysia. A total of 345
fifth graders from four schools were involved as research samples, comprising of 186 (54 %) females and 159
(46 %) males aged 11 years old. In each school, three groups of students were involved and randomly assigned
to the SSI-TM approach, the SSI approach and the conventional (CONV) approach. In total, each group of SSI-
TM, SSI, and CONV has 115 students.
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3.2 Teaching and Learning (TL) Approaches

The SSI-TM learning module was utilized in the SSI-TM TL approach. The SSI-TM module was found to have a
valid and reliable content which is feasible in nurturing fifth-graders’ entrepreneurial science thinking (Ahmad
& Siew, 2022). The SSI-TM learning module was administered in six separate activities in six weeks, with each
learning activity would take about 90 minutes to complete. The SSI-TM activities were conducted in groups of
four to five students under the facilitation of their teachers. At the end of the learning sessions, the groups
presented their sketches and prototypes to the class, while other groups gave comments. From the input given
by their peers and teacher, the groups made improvements to their sketches and prototypes.

The students taught in the SSI group undertook similar learning activities as their counterparts in the SSI-TM
group in groups of 4-5 people but were not exposed to the utilization of thinking wheel maps. Students could
use i-Think Maps such as Flow Maps to which they had been exposed in previous science lessons to carry out
the learning activities. In the CONV TL approach, students completed the learning activities in a conventional
way without using SSI-TM module and TM. Students in their own groups build sketches and prototypes. Students
approached their teachers for assistance if they encountered problems during the learning activities. At the end
of the learning sessions, students made presentation and improvements of their sketches and prototypes as
their counterparts in the SSI-TM group and SSI group.

3.3 Entrepreneurial Science Thinking Test (ESTT)

The Entrepreneurial Science Thinking Test (ESTT) was developed to measure students' entrepreneurial science
thinking (Ahmad & Siew, 2021b). ESTT has evidence of good construct validity and reliability assessed using the
Rasch Measurement Model (MPS). The ESTT test is an instrument of open-ended questions requiring students
to answer questions in statements and idea sketches. The constructs in ESTT are built based on the construct of
Entrepreneurial Science Thinking (EST) by Buang et al. (2009), namely Observation, New Ideas, Innovation,
Creativity, and Value. Overall, the ESTT includes five constructs and ten items. The ESTT scoring criteria was
adapted from Ho et al. (2013), where each item provided in this test carries a minimum score of 0 and a
maximum score of 3.

3.4 Data Analysis

The data obtained from the ESTT instrument were analyzed descriptively and inferentially using SPSS software
version 26. For descriptive analysis, the means (M), standard deviations (SD) and mean difference (MD) were
calculated. The mean value for each construct and the whole is using the scale recommended by De Vaus (2002),
where the mean classification is according to low, medium, and high levels can be made by dividing the full value
of each construct into three parts according to the context of the research. Table 1 shows the level of analysis
and interpretation of the mean in this research.

Table 1: Level of Mean Analysis and Interpretation of Mean

Level EST Construct EST
Low .00 -2.00 .00 - 10.00
Moderate 2.01-4.00 10.01 - 20.00
High 4.01-6.00 20.01 —30.00

For inferential analysis, multivariate analysis of variance (MANOVA) was used to compare the average score of
the answers obtained from the pre-test. Multivariate analysis of covariance (MANCOVA) was used to evaluate
the effect of three different teaching and learning groups on the whole and construct of entrepreneurial science
thinking. The researcher handled six covariates: pre-EST, pre-Observation, pre-New Idea, pre-Innovation, pre-
Creativity, and pre-Value. This covariate served as a control variable for teaching and learning groups, adjusting
for possible differences between groups. The next step of statistical analysis is if the ANCOVA results are
statistically significantly different in the three teaching and learning groups, a post-hoc comparison technique is
performed to determine which group is significantly different compared to the other group for each dependent
variable. The significance level was set at p <.05, which means that the researcher determined a difference
between the research groups.
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4. Research Results

Through MANCOVA analysis, the results of Pillai's Trace multivariate test (Table 3) show that overall there is a
significant effect of independent variables (teaching and learning (TL) approaches) [F(10, 666) = 42.043, p < .05]
on entrepreneurial science thinking. However, there was no effect of control variables or covariates (pre-EST)
on the dependent variable of entrepreneurial science thinking [F (5, 332) = 1.612, p >.05]. The same findings are
also seen in the construct of entrepreneurial science thinking, where there is a significant effect of TL
approaches [F(10, 666) = 42.043, p < .05] on the construct post-Observation, post-New Idea, post-Innovation,
post- Creativity, and post-Value. However, there was no effect of control variables or covariates (pre-
Observation, pre-New ldea, pre-Innovation, pre-Creativity, and pre-Value) on the dependent variable of the
post-Observation construct [F (5, 332) = 1.651, p >.05], post-New Ideas [F(5, 332) = 1.876, p > .05], post-
Innovation F(5, 332) = 1.471, p > .05], post-Creativity [F(5, 332) = 1.590, p > .05], and post-Value F(5, 332) =
1.488, p > .05] respectively. This shows that by controlling covariate variables, TL approaches contribute to the
mastery of entrepreneurial science thinking and the mastery of the constructs of Observation, New Ideas,
Innovation, Creativity, and Values.

Table 2: Summary of the Results of Multivariate MANCOVA and Univariate ANCOVA Tests for the Effect of TL
approach and Entrepreneurial Science Thinking Covariate

MANCOVA ANCOVA

Effect Pillai’s df o] F df p Partial ETA

Trace F Square (n?)
TL Approach 42.043 10, 666 p <.05 393.918 2,341 p <.05 .698
Pre-EST 1.612 5,332 156 3.429 1, 341 .065 .010
TL Approach 42.043 10, 666 p <.05 74.875 2,341 p <.05 .305
Pre- Observation 1.651 5,332 146 .091 1, 341 763 .000
TL Approach 42.043 10, 666 p <.05 238.940 2,341 p <.05 .584
Pre- New Ideas 1.876 5, 332 .098 3.490 1, 341 .063 .010
TL Approach 42.043 10, 666 p <.05 239.017 2,341 p <.05 .584
Pre- Innovation 1.471 5, 332 199 .235 1, 341 .628 .001
TL Approach 42.043 10, 666 p <.05 309.394 2,341 p <.05 .645
Pre- Creativity 1.590 5,332 162 2.578 1, 341 1109 .008
TL Approach 42.043 10, 666 p <.05 211.114 2,341 p <.05 .553
Pre-Value 1.488 5,332 193 .005 1, 341 .942 .000

Further, the researcher conducted an ANCOVA test to identify whether the independent variable (TL
approaches) affects the dependent variable, which is entrepreneurial science thinking, and constructs of
observation, new ideas, innovation, creativity, and values. ANCOVA analysis shows that there is a significant
effect of TL approaches on entrepreneurial science thinking [F(2, 341) =393.918, p <.05, n2 = .698], Observation
[F(2, 341) = 74.875, p < .05, n2 = .305], New ideas [F(2, 341) = 238.940 p < .05, n2 = .584], Innovation [F(2, 341)
=239.017, p < .05, n2 =. 584], Creativity [F(2, 341) = 309.394, p < .05, n2 = .645], and Value [F(2, 341) =211.114,
p < .05, n2 = .553]. The high relationship was found between TL approaches, with the dependent variable
showing that 69.8% (entrepreneurship science thinking), 30.5% (Observation), 58.4% (New ideas), 58.4%
(Innovation), 64.5% (Creativity), and 55.3% (Value). The variance obtained is taken into account by the SSI-TM
TL approach.

Post-Hoc analysis was also performed to determine the effect of the independent variable on the dependent
variable. Table 4 shows the results of mean pairwise comparison tests and effect sizes for the effect of TL
approaches on EST, along with the constructs of Observation, New ldeas, Innovation, Creativity, and Values.
Mean pair comparison shows that the SSI-TM TL approach is significantly higher than the SSI approach for the
entire EST as well as all the constructs in the EST (p < .05) except for the Observation construct (p = .062).
Meanwhile, the mean pair comparison also shows that the SSI-TM approach is significantly higher than the CONV
approach for the entire EST and all constructs (p <.05). The same finding is also seen in the mean pair comparison
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between the SSI and CONV approaches, where the SSI approach is significantly higher than the CONV approach
for the entire EST as well as all constructs in the EST (p < .05).

For the effect size analysis, in the aspect of EST as a whole, students exposed to the SSI-TM TL approach showed
alarger effect size (d = 1.89) than the SSl approach. In addition, a large effect size was also seen in the comparison
between the CONV approach with the SSI-TM (d = 3.84) and SSI (d = 1.76) approaches. The same findings can
also be seen on all constructs in EST except for the Observation construct. In this regard, the SSI-TM approach
showed a small effect size compared to the SSI approach in the Observation construct (d = 0.36). Statistically,
the SSI-TM approach effectively improves entrepreneurial science thinking and constructs New ldeas,
Innovation, Creativity, and Value.

Table 3: Mean Pair Comparison Test Results and Effect Size for the Effect of TL approaches on
Entrepreneurial Science Thinking along with Constructs

Construct Pair Comparison MD p d Interpretation
(Cohen, 1988)
EST SSI-TM vs SSI 5.417 p <.05 1.89 Big
SSI-TM vs CONV 10.894 p <.05 3.84 Big
SSlI vs CONV 5.477 p <.05 1.76 Big
Observation SSI-TM vs SSI 0.298 .062 0.36 Small
SSI-TM vs CONV 1.480 p <.05 1.48 Big
SSI vs CONV 1.182 p <.05 1.12 Big
New Ideas SSI-TM vs SSI 1.173 p <.05 1.46 Big
SSI-TM vs CONV 2.312 p <.05 2.98 Big
SSI vs CONV 1.139 p <.05 1.36 Big
Innovation SSI-TM vs SSI 1.384 p <.05 1.71 Big
SSI-TM vs CONV 2.365 p <.05 2.98 Big
SSI vs CONV 0.982 p <.05 1.14 Big
Creativity SSI-TM vs SSI 1.428 p <.05 1.81 Big
SSI-TM vs CONV 2.543 p <.05 3.70 Big
SSlvs CONV 1.115 p <.05 1.37 Big
Value SSI-TM vs SSI 1.105 p <.05 1.42 Big
SSI-TM vs CONV 2217 p <.05 2.78 Big
SSlvs CONV 1.112 p <.05 1.28 Big

5. Discussion

This finding shows that the mean score for the SSI-TM TL approach is significantly higher than the SSI and CONV
approaches. The intervention of SSI-TM that applies the socioscientific issue approach and the thinking wheel
map provides a systematic and structured space for students to develop their entrepreneurial science thinking.
Furthermore, exposure to the SSI-TM module allows students to produce unique products by finding uniqueness
or advantages in existing products. In the investigation of uniqueness and advantage, the use of a thinking wheel
map helps students research uniqueness in a more structured way, reveal their abstract concepts and share
ideas among group members more systematically (Omar et al., 2020). Due to the ability of the socioscientific
issue approach to improving entrepreneurial science thinking, the implementation of the socioscientific issue
approach with the help of a thinking wheel map is highly encouraged in the teaching and learning of Science
(Friedrichsen et al., 2016).

Even so, for the Observation construct, the difference in mean scores for students who follow the SSI-TM and
SSl approaches is insignificant. This proves that TM does not help students improve the observation construct.
In improving the observation construct of entrepreneurial science thinking, the approach to socioscientific issues
alone is sufficient. This is due to the ability of the socioscientific issue approach to increase student involvement
in learning and arguing about issues of community benefit (Owens et al., 2017), which leads to a significant
increase in knowledge (Sadler, 2011). Students in the SSI group exposed to socioscientific issues provide a
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meaningful learning experience to increase students’ level of observation and understanding regarding an issue
(Zeidler, 2016). Focused socioscientific issues revealed to students increase students' powers of observation
where they need to observe many things, including the characteristics of objects, building materials, and the
design of existing objects (Topgu et al., 2018). The significant increase for the SSI group also shows that the
approach of socioscientific issues that highlight social issues around students stimulates low-level thinking, such
as making preliminary observations. This is in line with Piaget's Theory of Cognitive Constructivism, which states
that based on early observations, with the help of an environment with various signs, symbols, and tools, a more
progressive process will occur and create a higher level of the thinking process. In this context, the cultivation
of constructs after Observation is more high-level, namely New Ideas, Innovation, Creativity, and Values in the
thinking of entrepreneurial science.

In the context of improving the New Idea construct of entrepreneurial science thinking, the SSI-TM approach in
this research displays a significant improvement with a large effect size compared to the SSI and CONV
approaches. Coinciding with the use of SSI, students were exposed to various socioscientific issues that could
lead to differences of opinion among students based on their respective beliefs. Scientific and social knowledge
built as a result of a debate among students that is shared among them will generate their ideas to identify the
uniqueness or advantages found in the objects they observe (Walker & Zeidler, 2007). In the SSI-TM TL approach,
students are given space to argue critically, provide justification and reasoning for each argument they argue
(Martini et al., 2021) and record all their ideas in the second stage of the thinking wheel map systematically. The
infusion of the socioscientific issue approach, together with the wheel thinking map, allows students to easily
record any of their ideas in a systematic approach (Bengston, 2016). Any idea thought to be logical and
compatible with the observed uniqueness or advantage is included in the second stage of the TM. This makes it
easier for students because the concept of levels in the wheel helps in the rapid collection of data to find the
unigueness or advantage of an observed object. As a result, the infusion of SSI with TM can help students master
the construction of New Ideas where the TM is easy for students to understand and stimulate their systematic
thinking during the group brainstorming process (Krueger, 2005).

Next, the dominance of the Innovation construct has also shown that the mean score for the SSI-TM TL approach
is significantly higher than the SSI and CONV approaches. At the same time, the SSI approach also showed a
significantly higher mean score than the CONV approach. The infusion of the socioscientific issue approach and
the thinking wheel map helps students select ideas more easily because all the new ideas that have been
identified have been expressed in the previous second stage. With the help of the SSI-TM approach, the selection
can be made more efficiently compared to the SSI approach, which requires students to make the selection
abstractly in their minds. At this stage of Innovation, students should analyze by making the best choice of ideas
from the uniqueness and advantages of the products listed before and justify the evaluation made. This is where
the thinking wheel map helps in mastering the Innovation construct. The increase in the mean score for students
who follow SSI-TM compared to SSI and CONV can also be explained by the ability of SSI to infuse with TM in
fostering the construct of Innovation. In mastering the Innovation construct, students need to do research
before choosing a unique product idea to be developed (Crespi & Scellato, 2015). In this regard, mapping in the
wheel map helps students make the best choices to ensure that the unique ideas chosen at this stage can lead
to the production of creative and innovative products (Najafi-Tavani et al., 2018).

The activities designed based on the infusion of SSI and TM have the potential to help students to strengthen
and improve ideas in a focused way based on the ideas selected in the previous step. In this construction,
students express ideas that have been improved by making design sketches, labelling, and building product
design models. Students were asked to state the product's name, the price offered, and the target group of
buyers for the product. Careful planning of activities in this teaching and learning module can help students to
explore various possibilities and stimulate students to produce something new, more unique, and cutting-edge
(Repenning et al., 2021). As a result, the intervention carried out for the SSI-TM TL approach positively impacted
the mastery of the Creativity construct.

SSI-TM provides students the opportunity to consider the issues that occur, evaluate statements, analyze
evidence, and evaluate various views on ethical issues through discussion and debate. This can clearly help in
fostering the fifth construct of EST, which is Value, where students need to ensure that the ideas or products
produced are beneficial to the community. In addition, students are also trained to relate ethical issues in
product creation. This can be realized through SSI-TM TL approach because students will be actively involved in
the issue debate process, especially in matters involving ethical issues (Lindahl et al., 2019). In addition, the
learning concept for the SSI-TM TL approach organizes students' ideas through the consideration of
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socioscientific issues from various aspects of life (science concepts, student needs, society, economy, politics
and the environment), which also affects the mastery of this construct.

6. Conclusion

The resuls of the research showed a significant positive effect of the SSI-TM TL approach compared to SSI and
CONV approaches in improving entrepreneurial science thinking and its constructs: New Ideas, Innovation,
Creativity, and Value. Nevertheless, for the Observation construct, it was found that the SSI TL approach
recorded a significant improvement compared to the SSI-TM and CONV approaches. Overall, the cognitive
effects obtained show that the implementation of SSI-TM TL approach is better than SSI and Conventional
approaches. This proves that the infusion of SSI and TM TL approaches in the teaching and learning process can
make teaching based on explicit thinking to be implemented. This situation can improve the mastery of the
lesson's content and the aspect of students' entrepreneurial science learning.

For future research, the researcher proposes to conduct an SSI-TM infusion approach for secondary school
students, which will provide more findings from different cognitive levels. The target focus sample can also be
widely distributed to students in rural schools to find out if rural school students have the potential to develop
their entrepreneurial science thinking compared to their peers in urban schools.

References

Ahmad, J., & Siew, N. M. (2021a). Modul PISPP: Pemikiran sains keusahawanandan sifat ingin tahu terhadap STEM [PISPP
module: Entrepreneurial science thinking and curiosity towards STEM]. UMS Press.

Ahmad, J., & Siew, N. M. (2021b). Development of a children entrepreneurial science thinking test for STEM education.
Journal of Baltic Science Education, Vol. 20, No. 4, pp 528-545. https://doi.org/10.33225/jbse/21.20.528

Ahmad, J., & Siew, N. M. (2022). An entrepreneurial science thinking module based on the socioscientific issues approach
with thinking wheel map for primary school students in STEM education. Problems of Education in the 21st Century,
Vol. 80, No. 1, pp 30-51. https://doi.org/10.33225/pec/22.80.30

Bengston, D. N. (2016). The futures wheel: A method for exploring the implications ofsocial-ecological change. Society and
Natural Resources, Vol. 29, No. 3, pp 374-379. https://doi.org/10.1080/08941920.2015.1054980

Bloom, B. S. (1956). Taxonomy of educational objectives, Handbook 1: Cognitive domain (2nd ed.). David McKay.

Buang, N.A., Halim, L., & Mohd. Meerah, T.S. (2009). Understanding the thinking of scientists entrepreneurs: Implications
for science education in Malaysia. Journal of Turkish Science Education, Vol. 6, No. 2, pp 3-11.

Crespi, F., & Scellato, G. (2015). Knowledge cumulability and path dependence in innovation persistence. In C. Antonelli &
A. Link (Eds.), The Routledge handbook of the economics of knowledge (pp. 116—-134). Routledge.

Curriculum Development Division. (2017). Primary School Standard Curriculum Revision 2017. Ministry of Education
Malaysia.

Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific argumentation in classrooms. Science
Education, Vol. 84, No. 3, pp 287-312. https://doi.org/10.1002/(SIC1)1098-237X(200005)84:3<287::AlD-
SCE1>3.0.CO;2-A

Edwards-Schachter, M., Garcia-Granero, A., Sdnchez-Barrioluengo, M., Quesada- Pineda, H., & Amara, N. (2015).
Disentangling competences: Interrelationships on creativity, innovation and entrepreneurship. Thinking Skills and
Creativity, Vol. 16, pp 27-39.

https://doi.org/10.1016/].tsc.2014.11.006

Friedrichsen, P. J., Sadler, T. D., Graham, K., & Brown, P. (2016). Design of a socio- scientific issue curriculum unit: Antibiotic
resistance, natural selection, and modeling. International Journal of Designs for Learning, Vol. 7, No. 1, pp 1-18.
https://doi.org/10.14434/ijdl.v7i1.19325

Glenn, J. (1972). Futurizing teaching vs. futures courses. Social Science Record, Vol. 9, No. 3, pp 26-29.

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn? Educational Psychology Review, Vol.
16, No. 3, pp 235-266. https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Ho, H. C., Wang, C. C., & Cheng, Y. Y. (2013). Analysis of the scientific imagination process. Thinking Skills and Creativity,
Vol. 10, pp 68-78. https://doi.org/10.1016/].tsc.2013.04.003

Hyerle, D. N. (2009). Beyond the wall of text: Thinking maps as a universal visual language for transforming how we see
knowledge, thinking and learning. In J. E. Pedersen & K. D. Finson (Eds.), Understanding and applying visual data to
research in education (pp. 31-49). Brill. https://doi.org/10.1163/9789087905163 004

Hyerle, D. N. (2011). Student successes with thinking maps school-based research, results, and models for achievement
using visual tools. Sage.

Hyerle, D. N., & Yeager, C. (2007). Thinking maps: A language for learning. Thinking Maps.

Krueger, N. F. (2005). The cognitive psychology of entrepreneurship. In Z.J. Acs & D. B. Audretsch (Eds.), Handbook of
entrepreneurship research (pp. 105-140).Kluster Law International. https://doi.org/10.1007/0-387-24519-7_6

820
Proceedings of the 18th European Conference on Innovation and Entrepreneurship, ECIE 2023


http://dx.doi.org/10.33225/jbse/21.20.528
http://dx.doi.org/10.1080/08941920.2015.1054980
https://doi.org/10.1002/(SICI)1098-237X(200005)84:3%3C287::AID-SCE1%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1098-237X(200005)84:3%3C287::AID-SCE1%3E3.0.CO;2-A
https://doi.org/10.1016/j.tsc.2014.11.006
https://doi.org/10.14434/ijdl.v7i1.19325
https://doi.org/10.1023/B:EDPR.0000034022.16470.f3
https://doi.org/10.1016/j.tsc.2013.04.003
https://brill.com/search?f_0=author&q_0=Kevin+D.+Finson
https://doi.org/10.1163/9789087905163_004

Nyet Moi Siew

Lindahl, M. G., Folkesson, A. M., & Zeidler, D. L. (2019). Students’ recognition of educational demands in the context of a
socioscientific issues curriculum. Journal of Research in Science Teaching, Vol. 56, No. 9, pp 1-28.
https://doi.org/10.1002/tea.21548

Malaysian Ministry of Education (2013). Malaysia Education Blueprint 2013-2025. Ministry of Education.

Martini, M., Widodo, W., Qosyim, A., Mahdiannur, M. A., & Jatmiko, B. (2021). Improving undergraduate science education
students’ argumentation skillsthrough debates on socioscientific issues. Jurnal Pendidikan IPA Indonesia, Vol. 10, No.
3, pp 428-438.

Najafi-Tavani, S., Najafi-Tavani, Z., Naudé, P., Oghazi, P., & Zeynaloo, E. (2018). How collaborative innovation networks affect
new product performance: Product innovation capability, process innovation capability, and absorptive capacity.
Industrial Marketing Management, Vol. 73, pp 193-205. https://doi.org/10.1016/j.indmarman.2018.02.009

Omar, A., Othman, Y., & Saleh, W. M. (2020). The impact of a stratgey based on thinking maps in the teaching of science on
educational achievement and developing Marzano’s productive habits of mind at preparatory school pupils. PalArch’s
Journal of Archeology of Egypt / Egyptology, Vol. 17, No. 4, pp 836-870.

Owens, D. C., Sadler, T. D., & Zeidler, D. L. (2017). Controversial issues in the science classroom. Phi Delta Kappan, Vol. 99,
No. 4, pp 45-49. https://doi.org/10.1177/0031721717745544

Prain, V., & Tytler, R. (2012). Learning through constructing representations in science: A framework of representational
construction affordances. International Journal of Science Education, Vol. 34, No. 17, pp 2751-2773.
https://doi.org/10.1080/09500693.2011.626462

Repenning, A., Lamprou, A., & Basawapatna, A. (2021). Computing effect sizes of a science-first-then-didactics
computational thinking module for preservice elementary school teachers. In M. Sherriff., L. D. Merkle., P. A.
Cutter., A. E. Monge, J. Sheard (Eds), SIGCSE '21: The 52nd ACM Technical Symposium on Computer
Science Education (pp. 274-280), ACM.

https://doi.org/10.1145/3408877.3432446

Saad, R., & Boulaoude, S. (2012). The relationship between teachers’ knowledge andbeliefs about science and inquiry and
their classroom practices. Eurasia Journalof Mathematics, Science and Technology Education, Vol. 8, No. 2, pp 113-
128. https://doi.org/10.12973/eurasia.2012.825a

Sadler, T. D. (2004). Informal reasoning regarding socioscientific issues: A critical review of research. Journal of Researchin
Science Teaching, Vol. 41, No. 5, pp 513-536. https://doi.org/10.1002/tea.20009

Sadler, T. D. (2011). Socio-scientific issues in the classroom: Teaching, learning andresearch. Springer.

Sadler, T. D., & Zeidler, D. L. (2009). Scientific literacy, PISA, and socioscientific discourse: Assessment for progressive aims
of science education. Journal of Research in Science Teaching, Vol. 46, No. 8, pp 909 - 921.

Syukri, M., Halim, L., Mohd. Meerah, T.S., & Buang, N.A.. (2013). Pengetahuan pedagogi isi kandungan guru sains sekolah
rendah dalam mengajarkan pemikiran sains keusahawanan: Satu kajian kes [Pedagogical content knowledge of primary
school science teachers in teaching entrepreneurial science thinking: A case study]. Jurnal Teknologi, Vol. 63, No. 2, pp
13-19. https://doi.org/10.11113/jt.v63.1999

Tawau District Education Office. (2019). Primary school student statistics. Ministry of Education Malaysia.

Topcu, M. S., Foulk, J. A., Sadler, T. D., Pitiporntapin, S., & Atabey, N. (2018). The classroom observation protocol for
socioscientific issue-based instruction: Development and implementation of a new research tool. Research in Science
& Technological Education, Vol. 36, No. 3, pp 302-323. http://doi.org/10.1080/02635143.2017.1399353

Walker, K. A., & Zeidler, D. L. (2007). Promoting discourse about socioscientific issues through scaffolded inquiry.
International Journal of Science Education, Vol. 29, No. 11, pp 1387-1410.

http://doi.org/10.1080/09500690601068095

Zeidler, D. L., & Keefer, M. (2003). The role of moral reasoning and the status of socioscientific issues in science education:
Philosophical, psychological and pedagogical considerations. In D. L. Zeidler (Ed.), The role of moral reasoning on
socioscientific issues and discourse in science education (pp. 7-38). Kluwer Academic.

Zeidler, D. L., Sadler, T. D., Simmons, M. L., & Howes, E. V. (2005). Beyond STS: A research-based framework for
socioscientific issues education. Science Education, Vol. 89, No. 3, pp 357-377. https://doi.org/10.1002/sce.20048

821
Proceedings of the 18th European Conference on Innovation and Entrepreneurship, ECIE 2023


https://doi.org/10.1002/tea.21548
https://doi.org/10.1016/j.indmarman.2018.02.009
http://dx.doi.org/10.1177/0031721717745544
https://doi.org/10.1080/09500693.2011.626462
https://researchr.org/alias/mark-sherriff
https://researchr.org/alias/laurence-d.-merkle
https://researchr.org/alias/pamela-a.-cutter
https://researchr.org/alias/pamela-a.-cutter
https://researchr.org/alias/alvaro-e.-monge
https://researchr.org/alias/judithe-sheard
https://doi.org/10.12973/eurasia.2012.825a
https://doi.org/10.1002/tea.20009
https://doi.org/10.11113/jt.v63.1999
http://dx.doi.org/10.1080/09500690601068095
https://doi.org/10.1002/sce.20048

	Siew-EIE-005
	1. Introduction
	2. Literature Review
	2.1 Entrepreneurial Science Thinking
	2.2 Socioscientific Issues Approach
	2.3 Thinking Wheel Map
	2.4 Purpose and Research Questions

	3. Research Methodology
	3.1 Research Design and Sample
	3.2 Teaching and Learning (TL) Approaches
	3.3 Entrepreneurial Science Thinking Test (ESTT)
	3.4 Data Analysis

	4. Research Results
	5. Discussion
	6. Conclusion
	References




