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Abstract

Purpose — The aim of this study is to determine the effects of inquiry instruction incorporating with STEM
learning on Chemistry Education of Malikussaleh University students’ science process skills and science attitudes.
Design/Methodology/Approach — The pre-experimental design, which is a mixed method approach is
used in the study that included a pretest-posttest one group model and descriptive quantitative.

Findings — As a result of data analysis that STEM learning significantly enhances students’ science process
skills and attitudes toward inquiry instruction. This study examines how participation in a semester long
inquiry-based STEM learning project that involves interdisciplinary skills, sociological research on attitudes,
and behaviors enhances the scientific and quantitative literacies of STEM students.

Research Limitations/Implications — Quantitative research is needed to determine the more common
effects of learning outcomes. However, this study only determines a self-assessment on science attitudes. The
other one is a limitation on the participants and reviewing aspects of learning with more variables in order to
obtain more optimal results.

Practical Implications — The results of this study have practical implications in terms of hands-on
activities. The learning model can be used to explain the concept of multidisciplinary studies and particularly
to students and their parents. It will be a useful model for lecturers, personal tutors, and any other
practitioners involved in hands-on activities.

Originality/Value — This paper innovative at a conceptual level of education development for students,
graduates, and it is very simple descriptive papers. It will be of value to anybody with an interest in education
competitiveness issues.
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1. Introduction

Science is knowledge initially acquire and develop based on experiments but further
developments are also derived and develop science-based theory. Science also related to the
natural way of finding out about a systematic manner, so that science is not just the
acquisition of knowledge but also a process of discovery. As explained in the curriculum
2013, science was developed as integrative science subjects rather than as educational
disciplines, namely as applicative-oriented education, the development of thinking and
creative skills, study skills, curiosity, and the development of caring and responsible
attitude towards the social and natural environment.

In this era of curriculum, considerable attention is being focused on curriculum
integration. The inquiry is an aspect of transformational teaching and learning on
curriculum integration and involves activity and skills which has been spurred by the
development of several learning principles and methods of instruction.

For this aims of this study was to determine the effects of hands-on activities and skills
incorporating inquiry-based STEM learning and teaching on Malikussaleh University
chemistry education student’s science process skills and attitudes toward science lessons. It
compared the performance of the students using hands-on activities incorporating inquiry-
based STEM learning and teaching to students using a traditional science curriculum. From
a science perspective, inquiry-based STEM learning and teaching engage in the
investigative nature of science. The basic process skills in this study were determined as
observing, classifying, planning of experiment, defining operationally with using tools and
materials in the experiment, measuring, recording and interpreting to applicated of learning
concept. Then, performance in social studies have improved by a self-assessment on science
attitudes with materials preparation of multimedia power point.

Integrative STEM education is very effective way to engage students in higher-order critical
thinking and problem solving skills by placing rigorous mathematics and science in the context
of technology and engineering (Central Pennsylvania Workforce Development Corporation, 2010)
and STEM educated student is a problem solver, logical thinker, technologically literate, and able
to relate his own culture to the learning (Morrison, 2006).Learning the pure science become less
interesting, the dead knowledge or text bookish and finally it brought to low in learning
motivation. Environment science is a topic both in chemistry and biology subject but they are
taught in segregated views and not a integrated elaboration as supposed to be in the STEM.

All this time, some of the methods used by lectures are expository, verification and
makes students become very passive. Students learn calculus or biochemistry in college but
none knows the application. Students learn calor transfer in physics but they do not know
how refrigerator works. Students learn distillation in analytical chemistry but they do not
separate water with oils. According to (Moomaw and Davis, 2010), that desires effect of
developing individuals’lifelong learning skills, as well as the potential for sustained interest
in STEM topics and issues, and should be exposed to positive and authentic STEM learning
experiences and throughout their educational pathways in the STEM education.

2. Methods

Research design

A mixed method approach was used in this study that included a pretest-posttest one group
model and pre-experimental design. This method is used to determine science process skills



improvement and self-assessment on science attitudes of basic chemistry concepts between
the students who received learning method inquiry-based STEM learning and students who
receive conventional learning.

Participants

This study held in academic year 2016/2017 in Malikussaleh University of chemistry
education. The sample in this study is third semester students, as a selected sample based
on purposive sampling technique (Sugiyono, 2004). This study involves the independent
variable is inquiry-based STEM learning and dependent variable are science process skills
and science attitudes.

Collecting of data

The data were collected through testing. Both instruments have been through the validation
process. The data were collected using a pretest and posttest for students’ science process
skills, presentation group observation sheets, and student activities, as well as lecture and
student questionnaires.

Analysis of data

Data processed through several stages, including the validity, reliability, test difficulty
levels, and different power on the instrument to be used in research. Furthermore, to
determine the increase in science attitudes and science process skills is calculating N-Gain
from the pretest and posttest students. Later, the data were tested for normality test analysis
(Lilifors test) is the prerequisite of data distribution, homogeneity of variance test (Barlett
test), and test the equality of two mean correlations between the dependent variable of
Pearson/Kendal dan Spearman in SPSS 18 for windows to data analysis.

3. Results

Learning actiities with STEM

Activities of students for learning with inquiry-based STEM derived from the observation
sheet that has been provided and observations. The results of the implementation of
learning by observation method based STEM prepared based learning steps. Based on the
observation, learning activities that have been done already reflects the process of inquiry-
based STEM learning. Average activities of students at every learning stage performing
well, it is based on data enthusiasm of students is 3.41%. This suggests that learning with
practical methods facilitate lecture inquiry-based STEM teaching for basic chemistry as
well as provide opportunities for students to construct knowledge so that learning objectives
be achieved with better and more effective than conventional learning. This is in line with
the research (Andriani et al, 2011), who found that the application of guided inquiry
learning model can improve the enthusiastic students in the implementation of learning
activities and students become the focus in the implementation of learning. In his research, a
feasibility study was obtained for 88.7% and 73.3% the percentage of student activity.
Furthermore, explained that STEM education in high schools have been intensively
studying and reported to give great impact on promoting integrated science in school
following the development of science and technology as well as improving student learning
motivation and creativity (Goonatilake, and Bachnak, 2012; Zhe et al., 2010)
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Figure 1.
Comparison diagram
average scores

Figure 2.

N-Gain diagram of
each science process
skills indicator

Increased N-Gain data of students’ science process skills obtained from normalized gain.
Based on analysis data of class describe that average score comparisons N-Gain of
experiments class 0.58% higher than the 0.41% control class that included in the medium
category. The Comparison diagram average scores of pretest, posttest, and N-GainScience
Process Skills are shown in Figure 1.

Then, Improving students’ mastery of each science process skills indicator can be
described from the diagram in Figure 2. N-Gain mastery of each science process skills
indicator between the experimental class students was higher than the control class, except
for using tools and materials indicator that have an equal on N-Gain value. To this end,
students in the control class can use and handle tools safely and accurately measure.

Increased highest N-Gain for the experimental class is on observation and classification
indicator is equal to 0.71 (Figure 2). Based on N-Gain scores on each indicator, it can be
concluded that in an inquiry-based STEM activities, students can discover knowledge
through the exploration of objects in the daily lives of students compared to the verification
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lab activities. According to (Haryono, 2006), through a learning process that integrates a
series of science process skills in the learning process, allowing students to gain experience
and relatively diverse learning more meaningful. In relation to that, (Wilke and Straits, 2005)
explained, scientific inquiry exercises typically serve as the primary source of science
process skills development and inquiry is used to teach science process skills.

In the analysis, prerequisite of science process skills test have distribution of pretest is not
normal and have the same level of variance (homogeneous). Meanwhile, posttest of control
class is normally distributed and the experimental class distribution is abnormal. However,
both classes have a level of learning that is not the same variance (inhomogeneous). This means
that most of the data are not eligible sig > « = 0.05. So that the mean test performed with non
parametric test (Mann-Whitney test), where as the N-Gain used for parametric test (t test)
because the data were normally distributed and homogeneous.

Table 1 known that the inquirybased STEM learning can improve the science process
skills. This is indicated from the data posttest and N-Gain, which has a significantly smaller
extent than a = 0.05 (0.018 <« = 0.05) in the data posttest and 0.003 <« = 0.05 for the data
of N-Gain. This means that there are differences in the activity of the students before and
after a given treatment in the experimental class with a method that is an inquiry-based
STEM learning. This is consistent with the results of the study (Khan ef al, 2011), that the
performance of the experimental group was significantly better than the control group at the
time of the posttest. The difference between the two mean statistically significant at the 0.05
level. The overall results of the study indicate that the guided inquiry can be used as a
backup strategy to support traditional teaching methods.

The effectiveness of self-assessment on science attitudes

Implementation of self-assessment on science attitudesgiven to students that is preparation of
presentation materials from a multimedia powerpoint of chemistry experimental. Students are
given the time of at least a week before presentation.The analysis results to presentation
materials showed that 70% on the definition description and chemistry experimental activities
75%. For component parts of completeness of presentation as learning objectives already
showed in accordance with the sub concepts which has been determined is 90%, subconcepts
discussion is 85%, systematics of list writing a bibliography with a percentage of 90% and
presentation of power point slides is 90%. As obtained by the result of the study (McCright,
2012) shownthat participation in the inquiry-based learning project had a positive effect on

Mann-Whitney Test Independent

Data z value Sign sample t test Conclusion
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Pretest -0,176 0,860 - Not Different
Posttest —2,360 0,018 - Different
N-Gain - 0,003 3,11 Different

Table 1.

A different test
average of science
process skills

Variable rcount. 7 table pearson Conclusion

SPS-Self assesment 0.362%* 0.301 Significant

Table 2.

The result of
correlation testof
formative
assessment to science
process skills
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attitudes and improved students’ attitudes toward sociology specifically and social science in
general.

The effectiveness of implememtation in formative assessment to science process
skillsone of them seen from the number of contributions in self-assessment to form science
attitudes and students’ science process skills. To know the number of contributions self-
assessment on science attitudes to students’ science process skills conducted correlation test
with correlated students’ observation rubric and science process skills posttest. The result of
correlation test self-assessment on science attitudes to science process skills for experiment
class are shown in Table 2.

The correlation test of formative assessment is shown in Table 2. As obtained that r
count experiment class significant to science process skills with r count > r table value is
0.362, where are both have r countvalue greater than r tableis 0.301. This means there
significantlyscience process skills between self-assessment on science attitudes.

4. Conclusion

The research results are shown in the application of STEM learning provide simultaneous
influence of the students’ science process skills and science attitudes on chemistry
education. Furthermore, integrating STEM through project-based activities and skills has
the potential of increasing the quality of learning. Students in the STEM need to develop
interdisciplinary skills that help them understand the social dynamics of environmental
problems and solutions. To that end, this study examines how participation in inquiry-
based learning project that involves sociological research on attitudes, and behavior
enhances the scientific, motivation, and quantitative literacies of STEM students. Also, it is
suggested that the lecturer can use this as an alternative learning by taking into account the
characteristics of teaching for students to learn more active and able to construct their own
knowledge based on inquiry learning stages, as well as similar studies need to be done by
reviewing aspects of learning more wide with more variables in order to obtain more
optimal results.
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