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Abstract: The purpose of this research was produced the physics learning material through guided inquiry
model that effective to improve student’s problem solving skills based on multiple representation in senior
high school. The development of learning material used the Kemp model and was implemented in class X1,
X2, and X3 (93 students) of State Senior High School of 19 Surabaya in academic year 2013/2014 with one
group pretest posttest design. The data collection used pretest and posttest. The data analysis techniques used
descriptive analysis of statistic inferential, non-parametric. The results of this research are the physics
learning material through guided inquiry model effectiveness in terms of improving student’s problem
solving skills based on multiple representation by getting the n-gain score with high category and the
analysis results of statistic non parametric are: 1) nothing different of student’s problem solving skills based
on multiple representation at each class, 2) different student’s problem solving skills based on multiple
representation after implementation of physics learning material through guided inquiry model, and 3)
nothing different of improving student’s problem solving skills based on multiple representation at each
class. It’s conclusion that the learning material through guided inquiry model are effective to improve
student’s problem solving skills based on multiple representation in senior high school.
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1. INTRODUCTION
Physics was core of the development of information technology and communication has
changed the fundamental operates human life. Student’s competences were formed when students
engage active on activities of mental, physical, and social. Based on standard competence in
Indonesia, physics lesson must be student centered learning-based activities scientific. Students
need appreciation of attitude, knowledge, and skills that they can be then adjust against of learning
experiences them through multiple representation. Learners will learn more effective and the
process is efficient when they are active for the review process the information with multiple
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representation (Nieminen, Savinainen, & Viiri, 2013; Mahardika, Agus, & Dadi, 2012;
Abdurrahman, Liliasari, Rusli, & Bruce, 2011).

Based on tests the problem solving skills based on multiple representation in State Senior
High School of 19 Surabaya on a sample of 32 students of class X are completed correctly the
problems of physics sub subject of heat only 12.50%. The results of observations through
interviews and questionnaires to students and teachers found some cause has not been done the
maximum effort to practice the problem solving skills based on multiple representation in learning
physics, namely: (1) The limited time teacher of physics to be able to provide a learning tool in the
training of students' ability to multiple representation; (2) Students have difficulty using a multiple
representation of physics; and (3) Master's field of study of physics difficulty dealing with students
with low ability can be activated and motivated to learn physics. Physics teacher should ideally
conceptual understanding of physics and deep, able to perform qualitative and quantitative
reasoning, understand and be able to develop multiple representation, and have skills in scientific
inquiry, and able to anticipate the conceptual difficulties experienced by students. On learning of
physics students need to be trained to develop the problem solving skills based on multiple
representation. Multiple representation is one good method and is expanding to cultivate an
understanding of concepts, problem solving physics and difficulties due to the many engagement
picture (David, Christophe, & Norma, 2013; Nieminen, Savinainen, & Viiri, 2013).

The result of research (Heuvelen & Zou, 2001; Meltzer, 2005, Kohl & Finkelstein, 2008)
suggested the shape of a multiple representation physics is the ability to resolve issues in physics
with the representation of the various ways mathematically, verbal (written or oral), and visual
(notation, images, and graphics). The main function of multiple representation in learning for
students, namely: as a complement to cognitive processes, limiting interpretation between
representation and builders of understanding (Ainsworth, 2006; 1999). Issues concerning lack of
ability to multiple representation of students completing the physical problem can be solved by
providing exciting new experiences for students (Putri, Mahardika, & Ketut, 2012). Challenges in
the formation of multiple representation capabilities can be achieved by using the inquiry model
(Mahardika, Agus, & Dadi, 2012).

Based on the curriculum in Indonesia on the material of heat required to plan and carry out
experiments to investigate the thermal characteristics of a material, especially the heat capacity.
Students need the ability to perform multiple representation of scientific activities and develop
science (Waldrip, Prain, & Carolan, 2010). One of the learning activities in the investigation of the
heat learning material is inquiry learning model. Guided inquiry learning model as an alternative
needs to be developed to achieve basic competency topic of heat and improve problem solving
skills based on multiple representation of students through inquiry and guidance. Learning ability
can improve problem solving skills based on multiple representation is an inquiry and guidance.
Each step in the inquiry model requires the ability representation when the student is able to use the
problem solving skills based on multiple representation maximally expected to make it easier to
solve the problems on the material of heat. Learning model of guided inquiry consists of six stages,
namely: (a) planning, (b) information, (c) process information, (d) making information, (e)
communicate information, and (f) evaluate (Branch & Oberg, 2004). Guided inquiry learning allows
students to build knowledge in a multiple representation and help students develop an understanding
of concepts.

The ability of mathematical representations and verbal is required in the inquiry, among other
things: abstracting from the data analysis to draft the necessary proportionality math’s, solving
problems is required count math is right, to understand the definition, during the discussion, make
sentences, communicate, interpret, formulate and communicate the conclusions (Maliyah, 2012).
The use of guided inquiry model is expected to improve problem solving skills based on multiple
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representation, especially in each phase of guided inquiry model. At this stage of communicating
information students are required to use all the knowledge represented in the various representations
that the results can be presented inquiry process valid. After students conduct an investigation, in
evaluating the students were given about the test's ability to view multiple representation of physical
mastery of the ability to multiple representation of physics students. The results of the study (Kohl
& Finkelstein, 2008; Kohl & Finkelstein, 2007) stating that the student has not been experts still
need guiandce when solving problems using multiple representation in building the description of
verbal, visual and mathematical activities inquiry.

Students must gain an understanding of the concept and requires a learning activity that can
present their concept as a whole with multiple representation (Nieminen, Savinainen, Nurkka, &
Viiri, 2011; Cook, 2006). The results of the study (Putri, Mahardika, & Ketut, 2012) concluded
through inquiry can overcome the lack of ability to multiple representation of students in solving
physics problems. The results of the study (Maliyah, 2012) concluded that guided inquiry learning
on material temperature and heat affect the ability of representation and student achievement in high
school. The results of the study (Mahardika, Agus, and Dadi, 2012) concluded inquiry model can
improve the ability of multiple representation and physics of high school students learning
outcomes. The ability to multiple representation of physics have been studied in other countries
(Heuvelen & Xueli, 2001; Meltzer; 2005; Kohl & Finkelstein, 2008; Kohl & Finkelstein, 2007;
Kohl & Finkelstein, 2006; Kohl & Finkelstein, 2005; Nieminen, Savinainen, & Viiri, 2013;
Nieminen, Savinainen, Nurkka, & Viiri, 2011; Waldrip, Prain, & Carolan, 2010; Waldrip, Prain, &
Carolan, 2006).

Further research, especially to heat the material at high school students based on the
curriculum in Indonesia, which refers to guided inquiry model to improve student’s problem solving
skills based on multiple representation was very need to be implemented. Based on the above, the
selected models of guided inquiry model to improve student’s problem solving skills based on
multiple representation on the material of heat. In general, the purpose of this research is to produce
a physics learning material through guided inquiry model was effective to improve student’s
problem solving skills based on multiple representation of senior high school.

2. METHODOLOGY OF RESEARCH

The research subject of the implementation of the results of the development of guided
inquiry model learning device on the material of heat in the implementation is class X1, X2 and X3
in State Senior School of 19 Surabaya in the academic year 2013/2014 a total of 93 students. The
design of the test is used to investigate the effectiveness development of the learning material
physics model of guided inquiry. This research include in a pre-experimental research (Creswell,
2014; Fraenkel, Wallen, & Hyun, 2012), one-group pretest-posttest design. When the student
reaches a minimum value of 75 each to improve student’s problem solving skills based on multiple
representation (mathematical, visual, and mathematical), then the student has reached the stated to
improve student’s problem solving skills based on multiple representation (Mahardika, Agus, &
Dadi, 2012). The analysis of the effectiveness of physics learning material through guided inquiry
model to improve student’s problem solving skills based on multiple representation, the result of the
pre-test, post-test, n-gain that had been collected were analysed by using the parametric statistical.
N-gain (g) showed increased student’s problem solving skills based on multiple representation
before and after treatment. Normalized Gain < g > = (score post-test — score pre-test) / (100 — score
pre-test) (Hake, 1998).
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Table 1 Normalized gain

N-Gain Criteria
0.70 < N-Gain High
0.30<N-Gain<0.70 Moderate
N-Gain < 0.30 Low

3. RESULTS OF RESEARCH

The result of the development of the physics learning material through guided inquiry model
valid for use in teaching physics to improve student’s problem solving skills based on multiple
representation. The effectiveness of physics learning material through guided inquiry model were
the implementation of devices with three of replication in class X1, X2, X3 views of the application
physics learning material through guided inquiry model can improve student’s problem solving
skills based on multiple representation. The improving of the student’s problem solving skills based
on multiple representation can be seen from n-gain of the third class of replication derived n-
average gain of class X1, X2, and X3 is equal to 0.78, 0.75, and 0.78 with the high category.

Based on the results of non-parametric statistical analysis, namely: 1) In the class X1 and X2;
class X1 and X3; class X2 and X3 there are differences in the ability to multi earliest student’s
problem solving skills based on multiple representation in one class to another class; 2) In the class
X1, X2, and X3 there is an increased student’s problem solving skills based on multiple
representation; and 3) In class X1 and X2, and X3 class X1, X2 and X3 class there is no difference
upgrading of student’s problem solving skills based on multiple representation in one class to
another class. Based on the above results it can be concluded that physics learning material through
guided inquiry model that have been developed effective to improve student’s problem solving
skills based on multiple representation of senior high school.

Based on the results of the implementation physics learning material through guided inquiry
model can improve student’s problem solving skills based on multiple representation with n-average
gain of class X1, X2, and X3 is equal to 0.78, 0.75, and 0.78 with the high category (Hake, 1998).
Based on the average completeness multipurpose learning student’s problem solving skills based on
multiple representation on implementation in class X1, X2, and X3 for 93.55%, 77.25%, and
95.93%. Aspects of the student’s problem solving skills based on multiple representation is highest
for the problem solving skills of mathematical representation and the lowest on verbal
representations. Normality data test of pretest and posttest student’s problem solving skills based on
multiple representation using Shapiro-Wilk test with significance level a = 0:05 (two-tailed).
Normality test results pretest and posttest data obtained in class X1, X2, and X3 sig. <0:05, this
means pretest and posttest data is not normally distributed. Normality test results obtained from the
data n-gain in class X1 and X2 sig. <0:05, it means the data is n-gain in class X1 and X2
distribution is not normal. In the X3 class sig. > 0.05, this means that the data on the class of n-gain
X3 normal distribution.

The results of analysed by using the parametric statistical of student’s problem solving skills based
on multiple representation.
A. Difference of student’s problem solving skills based on multiple representation before
implementation physics learning material through guided inquiry model
Test the difference of the earliest representations of multi pretest students using the data
capabilities of multiple representation using Mann-Whitney U test with significance level o =
0:05 (two-tailed). Table 2 show the result of u Mann-Whitney test on pretest of student’s
problem solving skills based on multiple representation before implementation physics learning
material through guided inquiry model in one class to another class. In class X1 and X2; class X1
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and X3; and class X2 and X3 sig. > 0.05, this means that there is no difference of student’s
problem solving skills based on multiple representation before implementation physics learning
material through guided inquiry model in one class to another class.

Table 2 Result of U Mann-Whitney Test on pretest

Asymp. Sig.
Sampel Mean (2-tailed)
Pretest 6.646
X1land X2 1.507 183
Pretest 7.181
Xland X3 1.983 264
Pretest 6.678 281

X2and X3 2.483

B. Improving of student’s problem solving skills based on multiple representation after
implementation physics learning material through guided inquiry model

Test of improving student’s problem solving skills based on multiple representation
using the data pretest and posttest of each class using the Wilcoxon test with significance level
a = 0:05 (two-tailed). Table 3 shows that in class X1, X2, and X3 value sig. <0.05, this means
there is an increased student’s problem solving skills based on multiple representation after
implementation physics learning material through guided inquiry model in class X1, X2, and

X3.

Table 3 Results of Wilcoxon on the data pretest and posttest

Preteg?li?)sttest Mean A(?—Ta?ieséi)g.
Xl ;4;?5116611 000
X2 72§ .10867255 000
oS

C. Difference of improvement the student’s problem solving skills based on multiple
representation
Test the difference increased student’s problem solving skills based on multiple
representation using the n-gain of each class, Mann-Whitney U test with significance level o =
0:05 (two-tailed). Table 4 shows that in class X1 and X2; class X1 and X3; class X2 and X3
have sig. > 0.05, this means that there is no difference improvement of student’s problem
solving skills based on multiple representation in one class to another class.

Table 4 Results of Mann-Whitney U test on n-gain

Asymp. Sig.
Sampel Mean (2-tailed)
N-gain .7656
Xland X2 151 579
N-gain 7821
Xland X3 1.98 766
N-gain .7668 973

X2and X3 2.48
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4. DISCUSSION

Based on previous research (Kohl & Finkelstein, 2008; Kohl & Finkelstein, 2007; Kohl &
Finkelstein, 2006; Kohl & Finkelstein, 2005; Meltzer, 2005; Heuvelen & Zou, 2001) states the form
of a problem solving based on multiple representation in physics is the ability to resolve issues in
physics with the representation of the various ways mathematically, verbal (written or oral) and
visual (symbols / notation, images, and graphics). The student’s problem solving skills based on
multiple representation gained from multi ability tests on the material representation of the physics
of heat consisting of nine indicators that were translated into 18 essay using Bloom's taxonomy new
(revised by Anderson, & Krathwohl, 2001) of C4 (analyzing) to C6 (creating).

Tests performed twice, the initial test (pretest) and final test (posttest). Pretest value is used to
determine the student’s problem solving skills based on multiple representation before beginning
student learning using the physics learning material through guided inquiry model. Values obtained
posttest students describe mastery of the student’s problem solving skills based on multiple
representation after participating in guided inquiry learning models can be known about whether
there is an increase of the physics learning material through guided inquiry model is implementation
to heat the material. The improvement of the student’s problem solving skills based on multiple
representation can be seen from n-gain of the third class. The n-gain average of class X1, X2, and
X3 is equal to 0.78, 0.75, and 0.78 with the high category (Hake, 1998).

The incensement shown by the results of analysis using n-gain shows on the implementation
of physics learning material through guided inquiry model was effective in improving the student’s
problem solving skills based on multiple representation mastery of physics in the material of heat.
The implementation in there of class shows that the consistency of the physics learning material
through guided inquiry model was developed to improve student’s problem solving skills based on
multiple representation. Learning based on guided inquiry model allow students to build knowledge
in a multiple representation and help students develop conceptual understanding (Pandey, Nanda, &
Ranjan, 2011; Lee, Linn, Varma, & Liu, 2010; Minner, Levy, & Century, 2010; Wilson, Taylor,
Kowalski, & Carlson, 2010). Furthermore the students really need concepts to define and connect
between each representation which is a constituent element of a multiple representation (Cheng &
Gilbert, 2007; Chittleborough & Treagust, 2008; Cook, 2006; Meij & Jong, 2006 ). The research
was also found there are still some students who have not completed a multiple representation. This
is consistent with the results (Cook, 2006; Larkin & Simon, 1987; Meij & Jong (2006), which
concludes the student should obtain an understanding of concepts and requires a learning activity
that can present their concept as a whole with multiple representation of mathematical, visual, and
verbal (multiple representation) so successful in achieving the desired competence. This is
consistent with their responses cited difficulty working and less confident when doing multiple
representation. In reality test item difficulties they experienced during the learning because they do
not perform activities relevant to learning scenarios that have been developed by researchers. They
are not active and more dominant in activities that are not relevant, other than that they find it very
difficult to represent abstract concepts. In the learning objectives of incomplete given remedial
solutions to the accompaniment of learning to be able to visualize and represent verbally in the
process of understanding the concepts in meaningful learning. Students are able to represent to
visualize abstract concepts easier to understand the concept of heat from the students who are still
not experts (Meltzer, 2004; Loverude, Kautz, & Heron, 2002).

Possible solutions to be applied in order to achieve mastery indicators for students who are
weak in the student’s problem solving skills based on multiple representation is giving us more
about relating, students gain an understanding of physics concepts in context through multiple
representation, and the guidance of a teacher for learning should be more intensive for students have
the speed of learning is still low. The results of the study (Kohl & Finkelstein, 2008) concluded that
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students are not expert guidance they need to use a special representation in building multi verbal
and visual description of a problem to be converted into a mathematical representation.

The response of students who stand out and recorded during the learning is that students feel
very need the guidance of teachers in teaching when they experience difficulties, especially on new
material and abstract. It became real evidence and guided inquiry reinforces that the model is able to
teach the student’s problem solving skills based on multiple representation through guidance to
students who are not expert. The use of multiple representation play an important role in helping
students build an understanding with easier and better, because the concept is complex and wide can
be presented more simply and holistic (Ainsworth, 2006; Ainsworth & Labeka, 2004; Ainsworth &
Loizou, 2003; Ainsworth, Bibby, & Wood, 2002; and Ainsworth, 1999).

The results of inferential statistical analysis was conducted to determine the student’s problem
solving skills based on multiple representation after physics learning material through guided
inquiry model which has been developed by researchers. Based on a review of data for normality
test showed that the data are not normally distributed, so the statistical analysis used in the form of
non-parametric inferential statistical analysis (Mann-Whitney U test and Wilcoxon). The student’s
problem solving skills based on multiple representation of the data analyzed pretest student’s
problem solving skills based on multiple representation on the Mann-Whitney U test with
significance level a = 0:05 (two-tailed). In class X1 and X2; class X2 and X3; class X1 and X3 have
sig. > 0.05, this means that there is no difference in the ability to multi earliest student’s problem
solving skills based on multiple representation in one class to another class. It shows that students
have the student’s problem solving skills based on multiple representation was same on early
learning. Improving the student’s problem solving skills based on multiple representation of the
data were analyzed student pretest and posttest ability to multiple representation of each class (X1,
X2, and X3) using Wilcoxon test with a significance level o = 0:05 (two-tailed). In class X1, Class
X2 and X3 class sig. <0:05, this means an increased student’s problem solving skills based on
multiple representation significantly heat the material for each class after using the physics learning
material through guided inquiry model. The result of differences in improvement student’s problem
solving skills based on multiple representation using the n-gain the student’s problem solving skills
based on multiple representation of each class using Mann-Whitney U test with significance level a
= 0:05 (two-tailed). In class X1 and X2; class X1 and X3; class X2 and X3 have sig. > 0.05, this
means that there is no difference student’s improvement problem solving skills based on multiple
representation one class to another class.

The results of Mann-Whitney U test is used to determine whether there is a significant
difference from the increased student’s problem solving skills based on multiple representation of
senior high school in class X1, X2, and X3. The results showed that no significant difference in the
increase in the student’s problem solving skills based on multiple representation of senior high
school in class X1, X2, and X3. This may occur possible because teachers have implemented
physics learning material through guided inquiry model to the fullest. No differences increase the
student’s problem solving skills based on multiple representation due to the role of teachers in
designing learning and student activity is maximal learning (Axford, Harders, & Wise, 2009)

Based on the results of learning indicators completeness, n-gain, non-parametric statistical
analysis, student activities and student responses indicate on the implementation physics learning
material through guided inquiry model to be effective in improving the student’s problem solving
skills based on multiple representation of on the material of heat. Model of guided inquiry was
defined as one inquiry learning model that is presenting problems, questions and supporting
material or material determined by the teacher. Guidance in the form of problems, questions, and
this analogy that encourages students conduct an investigation to determine the answer (Acevedo,
Dooren, Clarebout, Elen, and Verschaffel 2010; Bao, et al., 2009). Vygostky states that children
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develop concepts in a more systematic, logical, and rational which is the result of a dialogue with
skilled mentors. The physics learning process using physics learning material through guided
inquiry model focused on exploratory activities with social interaction, exercises and tasks
regarding the ability of problem solving skills based on multiple representation of physics in the
material of heat, and the guidance of teachers through questions and analogies. This is consistent
with the theory of constructivism by Vygotsky, which has three major implications in learning,
namely: 1) Through social interaction students become aware of mental function and is able to use
it basically for growth; 2) The teacher gives the tasks within the reach of students (zone of proximal
development); and 3) Provide learning by scaffolding (Arends, 2012). The improvement of
student’s problem solving skills based on multiple representation at every stage of inquiry model
(Maliyah, 2012). On the guided inquiry learning models developed by the researchers also used
questions and analogies as guidance when experimentation and investigation activities to improve
student’s problem solving skills based on multiple representation. Analogies and the question will
be guidance for students not yet proficient to practice expected competencies. The student’s
problem solving skills based on multiple representation is very important because students can
improve their understanding of the concepts of physics when students can present with multiple
representation of concepts of physics that have (Rosengrant, Van Heuvelen, & Etkina, 2008).
Guided inquiry learning can to improve student’s problem solving skills based on multiple
representation. Results of the study is strengthened by the result of research (Putri, Mahardika, &
Ketut, 2012; Mahardika, Agus, & Dadi, 2012) which concluded inquiry model can improve the
student’s multiple representation in physics of senior high school. Guided inquiry learning on the
material of heat using experimental methods and demonstrations discussion requires the ability to
multiple representation that affect the learning achievement (Maliyah, 2012).

Based on of the results of this research that physics learning can be improve the student’s
problem solving skills based on multiple representation in Indonesia. Therefore, teachers can use
the physics learning material through guided inquiry model to support implementation the
curriculum in Indonesia of a holistic manner so that the learning can touch the basic elements of
each component of the subjects that will be discussed in physics learning.

5. CONCLUSION

Based on the results and discussion of this research are the learning material effectiveness in
terms of improving student’s problem solving skills based on multiple representation by getting the
n-gain score with high category and the analysis results of statistic non parametric are: 1) nothing
different of student’s problem solving skills based on multiple representation at each class, 2)
different student’s problem solving skills based on multiple representation after implementation of
physics learning material through guided inquiry model, and 3) nothing different of improving
student’s problem solving skills based on multiple representation at each class. It’s conclusion that
the learning material through guided inquiry model are effective to improve student’s problem
solving skills based on multiple representation in senior high school. Besides, the findings of the
research should be confirmed through more studies in different level and countries.
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