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Abstract: The study aims to investigate the effect of distributed scaffolding in inquiry learning to
higher order thinking skills (HOTS) of students, especially on optical geometry subject. This study
used a quasi-experimental design with pretest and posttest control group design. The study used 10
multiple choices with open-ended questions. The data were analyzed using ANCOVA. The results
showed that higher order thinking skills of students learned by inquiry learning with distributed scaf-
folding better than the control class. Every inquiry stage which integration with scaffolding train stu-
dent to organize prior knowledge with new knowledge. Further research can deepen qualitatively a-
bout the thinking process of students in learning Physics with distributed scaffolding.

Key Words: higher order thinking skills (HOTS), distributed scaffolding, inquiry

Abstrak: Tujuan penelitian ini adalah mengkaji pengaruh scaffolding terdistribusi dalam pembelajaran
inkuiri terhadap keterampilan berpikir tingkat tinggi (HOTS) siswa, pada pokok bahasan optik geometri.
Jenis penelitian ini adalah kuasi eksperimen dengan rancangan pretest and posttest control group de-
sign. Instrumen penelitian untuk mengukur HOTS berbentuk pilihan ganda beralasan sebanyak 10
soal. Data penelitian dianalisis dengan menggunakan Ancova. Hasil penelitian menunjukkan keterampilan
berpikir tingkat tinggi siswa yang belajar dengan pembelajaran inkuiri disertai scaffolding terdistribusi
lebih baik dari pada kelas kontrol. Setiap tahapan inkuiri yang terintegarasi bersama scaffolding melatih
siswa untuk berpikir pemecahan masalah yang komplek. Penelitian lanjutan dapat memperdalam secara
kualitatif tentang proses berpikir siswa dalam pembelajaran Fisika dengan scaffolding terdistribusi.

Kata kunci: keterampilan berpikir tingkat tinggi , scaffolding terdistribusi, inkuiri

INTRODUCTION

The main purpose of learning Physics is to
develop high order thinking skills of students
(Zohar & Dori, 2003) that can be conceptual-

ized as complex thinking skills to produce several al-
ternative solutions, apply several criteria, and reflect
(Resnick, 1987). The development of high order think-
ing skills of students in learning is an important aspect
to build the ability to connect, manipulate, and trans-
form the knowledge and experience that they already
have to think broadly and deeply and to determine de-
cisions in solving complex and new problems.

High order thinking skills are complex and in-
volve several criteria. One of the criteria for high or-
der thinking is Bloom’s criteria which include the abil-
ity to analyze, evaluate and create (Anderson & Krath-

wohl, 2010). Analyzing is a thinking skill of students to
decipher knowledge into small parts and think of those
parts related to the overall structure as a whole. At
this level, students have the ability to differentiate, or-
ganizing, and attributing. Evaluating is a thinking skill
to make judgments based on certain criteria and stan-
dards. Creating is a thinking skill to generalize ideas,
products, or new ways of seeing an event (Anderson
& Krathwohl, 2010).

High order thinking skills can be achieved if the
learning involves students by carrying out various activ-
ities that encourage students to analyze, evaluate and
create. Inquiry learning contains high mental processes
and is difficult to apply to students who are not accus-
tomed, thus it need scaffolding in learning to assist.
Scaffolding is able to assist difficulties with the knowl-
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edge and skills they want to achieve (Koes, 2013).
Scaffolding also improves the clarity of thinking, organ-
izing ideas, and analyzing and solving complex prob-
lems (Tan, et al., 2001; Kuhlthau, 2010; Hsu, et al.,
2014). The use of scaffolding in inquiry learning cannot
use only one type of scaffolding since the needs in
learning are very complex (Hsu et al., 2014). Some
scaffolding is needed to explore complex and important
phenomena. Combining several types of scaffolding
as a system in the form of learning is called distributed
scaffolding (Reiser, 2004; Puntambekar & Hubscher,
2005).

Some Scaffolding can be applied in inquiry learn-
ing. First, an advance organizer which is a step in the
form of a flowchart investigation. Second, written
prompt in the form of conceptual and metacognitive
questions that guide students to make discoveries and
problem solving (Raiser, 2004; Hsu, et al, 2014). Third,
teacher facilitation by encouraging questions, or au-
thentic contexts, provides immediate feedback to facili-
tate elaboration (Krajcik et al, 2009). Fourth, visualiza-
tion tools assist  students to design steps of work proce-
dures in the form of Youtube videos to reduce the
cognitive burden of students (Hannafin et al, 1999; Jo
An, 2014). The four scaffolding works one unit at
each step of the inquiry, to stimulate and train stu-
dents’ high order thinking skills.

Geometrical optics is one of the material in a
high school Physics lesson. The results showed that
students endured difficulty in Optics lesson, especially
in analyzing the formation of shadows on mirrors and
lenses which were subsequently overcome by experi-
mental activities (Outtara & Boudaoné, 2012). To im-
prove students’ ability to understand and design optical
devices, inquiry learning and the project in making re-
fracting telescopes can be taken into account (Tural,
2015). When taught by guided inquiry learning strategy,
students have lesser difficulty in understanding geomet-
rical optics and obtain higher learning outcomes than
conventional learning (Wijayati et al., 2010).

The results of the research on the use of scaf-
folding show that conceptual scaffolding encourages
students to apply the basic principles of Physics that
are appropriate in solving synthesis problems (Ding et
al., 2012). There are differences in Physics learning
achievement between students studying with learn-
ing and scaffolding with learning without scaffolding
(Koes, 2013). Metacognitive scaffolding has a posi-
tive effect on designing students’ problem-solving pro-
cesses, although it is not significant to the results of
problem-solving (Molenaar et al., 2011 & Joan, 2014).

The development of high order thinking skills re-
quires initial knowledge. The results of the study show
that initial knowledge will be carried by students in
understanding the formation of reflection on the mir-
ror and lens after learning, although it can be changed
through the learning process (Galili, 1993). Students’
initial knowledge causes differences in students mak-
ing approaches to solving problems after learning (Liu
et al, 2008).

This study aims to compare high order thinking
skills between students who learn by means of inquir-
y learning with distributed scaffolding and students
who learn by means of conventional learning.

METHOD

This study was a quasi-experimental study using
the pretest and posttest control group design (Creswell,
2012). The experimental group was given inquiry learn-
ing treatment with distributed scaffolding and the con-
trol group was given conventional learning.

The study was conducted at SMAN 1 Waru Pa-
mekasan in X Natural Science Class consisted of three
classes, with a population of 117 students. Sampling
was done using cluster random sampling technique.
The random sampling obtained X-A as the experi-
mental class and X-B as the control class. Students’
high order thinking skills were measured using test in-
struments in the form of ten items of reasoned multi-
ple choice questions. Pre-test of high-level thinking
skills was also used for data on students’ initial knowl-
edge as covariates (Yilmaz & Eryilmaz, 2006). The
impact of treatment on students’ high-level thinking
skills employed post-test scores. Data were analyzed
using ANCOVA (Analysis of Covariance).

RESULTS

The results of data analysis show that the average
value of the initial knowledge of the experimental class
is higher than the control class, with a range of 0-100,
the average value of the experimental class was 32.77
and the value of the control class was 27.26. There
are differences in the average value of high order
thinking skills of students, the experimental class was
65.64 and the control class was 59.00 from the range
of 0–100.

High order thinking skills in the experimental class
were higher than the high-thinking skills in the control
class with an average difference of 5.88. This means
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that after being controlled by the covariable initial
knowledge, higher order thinking skills of students who
learn by means of inquiry learning with distributed scaf-
folding are better than students who learn by means
of conventional learning. The data on students’ high
order thinking skills are shown in Tables 1 and 2.

tion to discover a certain concept and its understand-
ing. Synergy among varied scaffolding used during
inquiry learning assist students to enhance their un-
derstanding and reasoning to achieve learning objec-
tive (Hsu et al., 2014; Smagorinsky et al., 2015). On
the other hand, during conventional learning, students
only required to follow stages that have been explained
by the teacher and thus students’ thinking processes
were not enhanced optimally. This made students in
the control class have limited chance to explore criti-
cal thinking in the observation processes in construct-
ing their knowledge independently. Conventional class
offered limited room for students to create their own
learning and problem-solving strategies (Wallace,
1992). Inquiry learning with distributed scaffolding of-
fers a wider opportunity to improve students’ thinking
skills.

Advance organizer scaffolding that contains
schemes of the stages of investigation in general and
questions related to the phenomena that occur are a-
ble to train students in finding problems with their own
observations and experiences. By means of an ad-
vance organizer, the formulation of the problems made
by students is more oriented towards learning goals.
Advance organizers make students focus more on for-
mulating investigations that must be done (Hsu et al.,
2014). This stage provokes students to think systemati-
cally and critically to conduct investigations (Karlsson
et al., 2012). Meanwhile, the initial phase of the control
class learning centered on the teacher’s explanation.
Before explaining the formula, the teacher demon-
strates the phenomenon in the experimental class.
Teacher’s explanation about the relationship of phe-
nomena with the formulation of the problem, offers a
prompt understanding of students about the topic to
be studied compared to the experimental class, this
occurs because they listen first to the explanation.
Compared to the experimental class, students in the
control class were less active in finding and discover
problems to investigate. The teacher no longer needs
to direct students to criticize problems such as in the
experimental class, which in the experimental class
students review problems from various perspectives

Table 1. Students’ High Order Thinking Skill
Average

Dependent Variable: High Order Thinking Skill 
Learning Strategy Avg Std. Error 

Inquiry with Scaffolding 65.262a 1,585 
Conventional 59.379a 1,585 

 

Table 2. Comparison of Students’ High Order Thinking Skill Average Score

Dependent Variable:  High Order Thinking Skill 
(I)                                  (J) 
pembelajaran       pembelajaran 

Average Score Comparison 
 (I-J) 

Std. Error Sig.b 

Inquiry with 
Scaffolding  

Conventional 5.883* 2,262 0,011 

Conventional Inquiry with 
Scaffolding 

-5.883* 2,262 0,01 

The probability of the initial knowledge F ratio
value was 0.84 (p > 0.05) at the 95% confidence level
indicating that there is no linear relationship between
initial knowledge and students’ high order thinking
skills. The probability value of the F ratio of high order
thinking skills was 0.011 (p < 0.05) indicating that by
controlling the initial knowledge of high order thinking
skills students who learn by means of inquiry learning
with distributed scaffolding are better than students
who use conventional learning.

DISCUSSION

The analysis results indicate that students’ high
order thinking skills is higher when they were taught
by means of inquiry learning strategy with distributed
scaffolding than when they were taught by means of
conventional learning. This argument confirms that
treatment given influences students’ high order thinking
skill.

Scaffolding given to the students in each step of
inquiry learning assists them to be able to work inde-
pendently and assists them to understand and compre-
hend the Geometrical Optics topic. The scaffoldings
used are advance organizer, conceptual and metacog-
nitive questions, and experimental procedure video.
The scaffoldings were successfully motivating and en-
couraging students to plan and implement observa-
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thus the teacher needs to facilitate and discuss to direct
learning according to the objectives.

In the experimental class, scaffolding in the form
of conceptual questions stimulates students to focus
more on facts and knowledge that must be explored
to be concluded as hypotheses or temporary answers.
Scaffolding is very effective in inquiry learning to stim-
ulate students in scientific inquiry (Adorno & Pizzolato,
2015). In making a hypothesis, students answer con-
ceptual questions. The answer was analyzed to an-
swer the problem statement. The teacher does not
need to give explanations to students, but students ac-
tively think and discuss in groups to form temporary
answers. In the control class, so students can answer
the hypothesis, the teacher gives questions and ex-
plains the concept of reflection or refraction through
demonstrations. Classically, students are guided by the
teacher to obtain answers from the problem state-
ment. Learning in the control class tends to be teacher-
centered, students only listen and carry out teacher
instructions. Whereas in the experimental class, the
stimulation given is a question aid and an advance or-
ganizer that makes the active students think indepen-
dently to find hypotheses from the problem statement.

Scaffolding in the form of experimental videos
and advance organizers offers access for students to
assemble data collection tools and techniques. Students
more easily understand the usefulness of the tool than
the explanation of conventional learning. Video as an
aid in the experimental procedure in each group allows
students to design experiments about convex and re-
fraction topics. Meanwhile, the video is no longer used
on the topic of KIT tool functions because students
already understand the function of an optical KIT tool
and can design it themselves based on purpose and
advance organizer. Visualization tools encourage stu-
dents to carry out investigative steps at a high level
(Linn et al., 2006). The visualization tool as scaffolding
allows students to manipulate data from different per-
spectives. The integration of visualization tools with
advance organizers helps students direct investigations
to build their own knowledge (Hsu et al., 2014).

Different from conventional learning, students
work based on the example demonstrated by the
teacher. The teacher explains how to use the tool until
value the experimental data that must be investigated.
Students only imitate the teacher in designing and carry-
ing out experiments. In this method, the opportunity to
think, analyze, evaluate, and design the experiment it-
self is not as much as in the experimental class. A de-
tailed and classical explanation of the trial procedure

is still carried out at each meeting, because students
are not able to independently design the experiment
just by looking at the experiment objectives in gen-
eral. Students do not know systematically how to ob-
serve phenomena that must be investigated. While in
the experimental class students are stimulated by an
advance organizer to do the order of data retrieval.
The advance organizer helps students identify and or-
ganize information important to understanding new
knowledge (Ni et al, 2016). The teacher’s role is very
dominant in the control class because the teacher is
the only facilitator for students. Less trained students
think of solving technical problems during experiments.
The dominant effect of teacher guidance is not train-
ing students to solve problems (Hsu et al, 2014).

Conceptual questions help students to analyze da-
ta. The use of scaffolding helps students in obtaining
the initial idea to analyze, evaluate, and design mirrors
and lenses according to their needs, conceptual and
metacognitive questions. Also, guiding students to ex-
plore the concept of forming a reflection on mirrors
and lenses. At this stage, students are more dominant
because the scaffolding of conceptual questions helps
students to organize ideas, improve misconceptions,
generate plan and strategy in achieving learning and
problem-solving goals (Ding et al, 2012). In the control
class, the teacher gives the opportunity to discuss, ana-
lyze the experimental data by answering questions on
the worksheet. When experiencing difficulties, the
teacher immediately provides a solution therefore stu-
dents immediately obtain answers without the thought
process first. This offers a limited chance to solve
simple and complex problems thus learning with scaf-
folding has a better effect on students’ high order think-
ing skills. Learning that prioritizes student activities to
think independently encourages students to practice
high order thinking skills (Saido et al., 2015).

Teacher assistance directs students to recall find-
ings during the experiment to draw the right conclu-
sions. Scaffolding in the form of metacognitive ques-
tions trains students to re-organize findings in experi-
ments with learning objectives. Metacognitive scaf-
folding encourages students to use several problem
solutions based on investigations (Roll et al., 2012).
Student activity in the control class is almost the same
as the experimental class, students discuss the results
of the experiment and analyze the data to draw conclu-
sions. The difference is that students in the experimen-
tal class were assisted by questions to direct conclu-
sions, while the control class only received guidance
and explanation from the teacher. The process of draw-
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ing conclusions trains students to use the results of in-
vestigations to answer a problem (Hsu et al., 2014).
The results of the investigation from the formulation
of the problem to making conclusions were presented
in front of the class in both the experimental and control
classes. The aim is to share opinions and additions to
the findings of other groups to be integrated into a
conclusion.

Reflection questions from the teacher help stu-
dents to understand the investigation method of con-
ducting experiments, uncovering phenomena to an-
swer a problem. Reflections in the form of questions
from the teacher about the investigation, train stu-
dents to monitor and reflect on investigations, improve
and reinforce the findings of the investigation
(Quintana et al., 2004; Sandoval & Reiser, 2004). In
the control class there is no stage of reflection, so
students are not accustomed to carrying out complex
thinking processes such as remembering, selecting,
determining, analyzing, then evaluating the method of
investigation when trying to build knowledge. Reflec-
tion activities can develop students’ scientific thinking
skills that are very important in learning (Etkina et al.,
2010).

Each stage of inquiry trains students’ skills in
building students’ knowledge, by confirming students’
initial knowledge and new knowledge gained from ob-
serving an event or fact. Organizing knowledge re-
sults requires some scaffolding, to provide a learning
framework, which encourages students to develop ini-
tiative, motivation, and resources in training high or-
der thinking skills.

Conventional learning tends to be dominant with
the provision of information, as well as demonstra-
tions directly and thoroughly. Learning in the control
class does not stimulate students to think, develop prob-
lem-solving when collecting and analyzing data. Stu-
dents imitate what the teacher exposes to express
their knowledge. When facing new and complex prob-
lems, students in the control class have difficulty solv-
ing it. Therefore, the results of data analysis, and class
averages, show the higher order thinking skills of stu-
dents in the control class is lower than the experi-
mental class learning with inquiry learning with dis-
tributed scaffolding. This is in line with other studies
that show that inquiry learning or constructivist learn-
ing is better than conventional learning towards miscon-
ceptions, mastery of concepts and student achieve-
ment in geometrical optic material (Hussain et al.,
2011; Tekos & Solomonidau 2009). In line with other

studies, the achievement of high order thinking skills
of students is better when learning by means of in-
quiry model with a pedagogical approach compared
to conventional classes by means of laboratory lectur-
ing (Madhuri et al, 2012).

Research on scaffolding in inquiry learning cur-
rently integrates computer simulation technology in
achieving Physics learning goals. The results showed
that the use of computer-based scaffolding improves
student learning outcomes in science, technology, en-
gineering and mathematics (STEM) (Belland et al,
2015). Other research shows that there is an increase
in student motivation and achievement of learning goals
by students in inquiry learning which is accompanied
by scaffolding in the form of computer simulations in
learning physics (Rutten et al., 2015).

 CONCLUSION

The results show that controlling students’ initial
knowledge and high order thinking skills by means of
Inquiry Learning with distributed scaffolding offer
higher outcomes rather than by means of conventional
learning in Geometrical Optics topic.

According to the results obtained, some points of
suggestion are made as follows: Teachers are advised
to apply distributed scaffolding in Inquiry learning be-
cause students are directly involved in active learning
and stimulate students’ high-order thinking skills. Ex-
panded research should be conducted in a qualitative
manner about how students think in high order think-
ing skills thus it obtained qualitative findings that are
useful for learning. It is also suggested to conduct other
forms of distributed scaffolding research in complex
learning and stimulate the achievement of high order
thinking skills of students in other Physics topics.
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