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Abstract:- This article describes a summary of the
results of explorative learning research using the model:
Higher Order Thinking Learnig in Democratic
Interactions (HOTL-DI) type A and type B. Two
explorative learning research groups use the model of
HOTL-DI type A, and two other collaborative studies
using the HOTL -DI type B. The four collaborative
research groups apply reflective questions, which are a
set of questions that are formulated based on
exploratory results, and are given to students to reflect
on previous work and make revisions. The research
involved first semester physics students as the target
group, third semester students as the target and as a
mentor, and fifth semester students as a mentor. The
results showed that at the beginning, students experience
difficulties at each stage of exploration, but could be
improved at the next meeting. The results of individual
and group student work assessments show a high variety
of answers and misconceptions. The serious challenges of
the exploration process are identified at the stage of
identifying concepts and the scientific process, due to
partial mastery of scientific concepts and no experience
in linking context with concepts. Prior knowledge and
use of terms obtained from the surrounding
environment, affect the completeness and quality of the
report on exploration activities, even giving rise to
misconceptions. The application of reflective questions
can encourage student initiatives to make corrections or
reinforcement of the results of reflection, improve
misconceptions, encourage group interaction, encourage
initiatives to obtain learning resources. The results of the
study concluded that the application of reflective
questions became a necessity in each stage of
exploration.

Keywords:- Exploration, Democratic Interaction, Reflective
Question.

I INTRODUCTION

Science learning policies such as contextual learning
have long been touted but have not been implemented well.
Learning is still dominated by textual learning, and is very
minimal or never connects the experience of children gained
from outside the classroom with science learning in class.
Learning that is dominated by concept development through
exercises in textbooks causes difficulties for students in
understanding the basic concepts of physics [1]. The
potential use of the natural and socio-cultural environment
around students enables students to understand problems in
the real world, encouraging them to look for relationships
and integrate ideas in authentic contexts [2]-[3]. [4] suggests
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that students can be trained to understand the concepts of
physics through the real world that is around them[5], the
learning context in the form of real phenomena and objects
in daily life is not explicit like in a laboratory, the context
must be found and studied. The context of learning science
includes facts and natural phenomena, as well as issues in
the surrounding environment. The socio-scientific approach
emphasizes the integration of natural and socio-cultural
elements in science learning [6], [7]. Sociocultural
instruction directs students to learn scientific issues that
have social implications [7]-[8] suggested that with a
socioscientific approach, students can do various ways of
getting information and exploration to provide reasons and
arguments. Students must be facilitated to be able to
compare, associate and finally integrate experiences from
outside the classroom with science learning in class. In
industrialized countries, science (physics) provides a
rational and essential foundation of modern life [9). This can
be interpreted that in industrial countries, experience and
knowledge gained from the environment support learning of
science. In developing countries, the knowledge and
experience gained from the socio-cultural environment
negatively influences the learning of science [10].

Explorative research emphasizes observations and
analysis of "hidden reality” to get an explanation of causal
relationships and produce new approaches in problem
solving [11]. Explorative research is research that is used to
observe problems that are not clear.[12] suggested that
explorative research has a strong tendency to associate
problems with real-world problems. Reiter [11] argues that
explorative research seeks to solve alternative problems with
new approaches and perspectives in explaining reality. The
exploration of concepts and scientific processes from facts,
phenomena, and issues in the surrounding environment is
basically explorative research activities. Exploration of
scientific concepts and processes results in an explanation of
the characteristics of the problem, the causal relationships of
the elements or variables that construct facts, phenomena or
issues in the form of scientific descriptions.The learning
process with the main activity of conducting exploratory
research on scientific concepts and processes, has two sides
namely: (1) increasing the ability to do exploratory research,
and (2) producing the reference for further research and
explorative learning at the next stage.Explorative learning
provides broad opportunities for students to build
knowledge through the process and skills of linking initial
knowledge with learning experiences [13]. The exploration
of concepts and scientific processes for facts, phenomena
and issues in the surrounding environment is a process of
integrating experience with knowledge gained in class.Since
2014, our team has designed explorative learning research
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conducted in schools and departments: Physics and Natural
Sciences, Faculty of Mathematics and Natural Sciences,
Manado State University. Our team developed explorative
learning with Higher Order Thinking Learning in
Democratik Interaction (HOTL-DI) models.The principle of
explorative learning emphasizes the exploration of concepts
and processes of science about facts, phenomena and issues,
as a process of learning to think at a higher level. The
process of learning to think highly is an individual process.
Democratic interaction is designed to share experiences,
knowledge and perceptions of individuals through group
interaction.Group interaction produces joint conclusions that
are assumed to be better and more complete than the results
of individual exploration, also to build the democratic
attitudes and behavior of group members. The results found
that individual and group exploration results varied and
misconceptions occurred. Based on evaluating performance,
products, and group interactions, our team formulated a
mechanism for implementation of reflection questions.
Reflection questions are based on individual and group
answers. This article describes the process of exploring
concepts and scientific processes on facts, phenomena and
issues, individually and in democratic interactions.This
article also describes the influence of initial knowledge and
use of terms in daily life, and the application of reflection
questions to improve stidentwork on own initiative, and to
make improvements to misconceptions.

1. EXPLORATION LEARNING: CONCEPTS AND
MODELS

Exploration of science concepts and processes about
facts, phenomena, and issues in the surrounding
environment is the process of integrating real-world
experiences with science learning in the classroom. The
integration of experience as initial knowledge will determine
student learning outcomes [14]- [15]. [16] concluded that
initial knowledge is the best predictor in determining
academic success. [14] suggested that the structural model
of early knowledge includes four types of knowledge,
namely: knowledge of facts, knowledge of meaning,
integration of knowledge, and application of knowledge.
This type of initial knowledge is part of individual
experience gained from outside the classroom [17]
conducted an exploratory study of the relevance of four
types of initial knowledge in determining academic progress
in introductory subjects in physics and biology. [17] found
that in biology learning, the only significant predictor was
knowledge of concepts and principles, whereas in physics
learning, a significant predictor was mastery of concepts,
and the ability to apply knowledge in problem solving. This
shows that material and exploration activities depend on
cases or the problem being studied. The explorative learning
of the HOTL-DI model that we developed emphasizes high-
level thought processes, in the stages of exploratory contexts
(facts, phenomena and issues) and the exploration of
scientific concepts and processes. The HOTL-DI model
includes two types namely the HOTL-DI type A model
(Figure-1) and HOTL-DI type B (Figure-2)
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Fig. 1:- Model of HOTL-DI-type A
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Fig. 2:- Model of HOTL-DI-type B

The explorative learning model: HOTL-DI type A was
formulated by Medellu in 2019, the HOTL-DI-type B was
formulated by Medellu and Silangen in 2019. Type A is
used for objects in the form of facts and natural phenomena
that are not related, or are not influenced by the social and
cultural aspects.

Exploration  activities focus on  experiences,
knowledge, and activities such as observing and measuring
the physical dimensions of objects. Type B is used to
explore objects related to socio-cultural aspects where
knowledge, skills and values in a society are strong enough
to frame the experience and knowledge of students. Social
experience builds ideology as a representation of reality,
including social bonds [18]. The blue circle in Figure-1 and
2 is the stage of exploration of the experience, knowledge or
individual perception on objects in the form of facts,
phenomena or issues. Exploration activities include: (1)
identification of objects, and (2) analysis and description of
objects based on preliminary knowledge. Object analysis,
among others, is to get an explanation of changes in objects,
the distribution of objects, influencing factors, variables and
relationships between variables that characterize objects.
The white circle is the stage of exploring scientific concepts
and processes about facts, phenomena and issues. The stages
of exploration of science concepts and processes include
stages: (3) identification of scientific concepts and
processes, and (4) analysis-synthesis-formulation of a
comprehensive network of scientific concepts and processes
as a scientific explanation of the facts, phenomena and
issues. The stages of exploration (1) to (4) are the stages of a
high-order thinking learning process. This stage corresponds
to the category of high-level thinking learning, among
others,[19],[20], [21]. Example of association of the HOTL-
DI model with levels of abstract thinking (higher order
thinking) according to Hailikari et al. [14] is presented in
Table-1

WWW.ijisrt.com 490


http://www.ijisrt.com/

Volume 4, Issue 11, November — 2019

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

HOTL-DI (as a process of exploring concepts and scientific processes

about objects)

The level of abstract thinking (Hailikari et al., 2007)

Identify facts, phenomena and issues about learning objects

Knowledge of facts

Object analysis (the relationship between facts and phenomena, the
relationship of phenomena and issues, and descriptions

knowledge of meaning

Integration of knowledge

Identify scientific concepts and processes about the relationship between

facts, phenomena and issues

Comprehensive analysis-synthesis-formulation of concept networks and

science processes

application of knowledge

Table 1:- Association matrix of stages of high order thinking learning (HOTL-DI) with the abstract thinking level according to
Hailikari et al (2007)

The process of exploration is a process of high
thinking, including analytical, evaluative and creative
thinking [22] that is individualistic. Experiences, prior
knowledge, values and perceptions about objects vary or
differ between individuals.This difference requires the
process of democratic interaction in explorative learning.
Democratic interaction becomes a forum for sharing
individual opinions to produce a joint [18]-[23], which is
potentially better and more complete than individual
formulations.Democratic interaction also builds individual
attitudes and behavior such as: respecting the opinions of
others, willingness to be criticized and giving positive
criticism, collaborative initiatives, freedom of expression,
etc. [1]. The HOTL-DI model is an explorative learning
model (individual stages) in democratic interactions (group
stages).

Prior Knowledge, Exploratory Talk, and Reflective
Question

Prior knowledge determines an individual's capacity
to build a more complete and more complex knowledge
structure based on new information obtained. In learning
physics, [24]; [25] suggested that initial knowledge largely
determines learning outcomes. In applying the HOTL-DI
model, prior knowledge includes experiences or pure
knowledge from outside the classroom, or knowledge
resulting from the integration of experience and knowledge
gained from the surrounding environment with the
knowledge gained in class. Liu et al (2015[26]) suggested
that prior knowledge is a necessity for constructing and
making valid connections between new science
ideas.Knowledge of facts and meanings, experience and
ability to integrate and apply knowledge is the initial
knowledge of Hailikari et al. [14] can vary greatly between
individuals. The diversity of prior knowledge can be a
supporting or inhibiting factor in democratic interactions.
20019 [17]dan[27] suggest that prior knowledge is a major
predictor of academic progress.

Exploratory talk is a high-quality talk idea to promote
group work where each group member has the opportunity
to actively contribute ideas [18].Lerman, [28] and Sfard
(2001[29]) suggest that exploratory talk is important in
explorative mathematics learning, because it is a window for
individuals to correct opinions or interpretations about
mathematics. [18], states that students enjoy criticism and
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constructively construct each other's ideas. Exploratory talk
set by the teacher for the collaboration group encourages
students to cooperate freely and not depend on the teacher
[18].In collective groups, interactions are initiated and
directed by students themselves [23]. In the HOTL-DI
design, prior knowledge exploration becomes part of the
individual exploration stage, while exploratory talk is
involved in democratic interactions.

Reflective guestionis a set of questions that are
formulated based on the results of evaluations of the
exploration process and products, at each stage of HOTL-DI
exploration. Reflective questions are formulated by our team
for individuals and groups to reflect on the results of
exploration in each stage of exploration. Based on the
results of explorative learning research, reflective questions
become a part that must be done in each stage of the
explorative learning model HOTL-DI. [21] formulate
reflection activities as a stage of high-level, contextual
thinking in mathematics.Exploration will only produce valid
and convincing findings in the social field if done
transparently and through reflection [11].Reflective
questions facilitate students individually or in groups to
reflect on work, correct errors and / or complete the results
of object identification, analysis and description, correct
misconceptions at the stages of concept identification and
the science process, complete the concept network
formulation and a comprehensive description of the whole
science process.Reflective questions facilitate students
individually or in groups to reflect on work, correct errors
and / or complete the results of object identification,
analysis and description, correct misconceptions at the
stages of concept identification and science process,
complete the formulation of concept networks and a
complete description of the science process.

1. METHODS

Explorative learning research is carried out in the
Physics Education Study Program, Faculty of Mathematics
and Natural Sciences, Manado State University. The
research subjects were first semester students as target
subjects, third students as target subjects and as mentors for
semester 1 students, semester V students as mentors for
third semester students. Researchers consisted of a team of
lecturers and VIl semester students who conducted
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collaborative thesis research.This collaborative research
consists of four research groups. The first group conducted a
study of the phenomenon of rainwater falling on open and
vegetated ground, using the HOTL-DI-type A model. The
target subjects were first semester students and mentors
were third semester students. The second group examined
the phenomenon of swinging coconut trees due to wind,
using the HOTL-DI-type A model. The learning subjects
were students in semester IlI, mentored by students in
semester V.The third and fourth groups conducted
explorative learning research using the HOTL-DI-type B
model, with the target group being the third semester
students, mentored by the fifth semester students.The theme
of the third group research is pottery production, and the
fourth group research theme is ceramic production. Each
collaborative research group consists of two students. The
first student examines the process, achievements and
improvement of the ability to explore objects and the other
examines the democratic interaction of the mentor student
group with the target student. This collaborative research
was conducted from May to October 2019.The stages of the
research include: (1) establishing terms of reference of
collaborative research by the lecturer team, (2) recruitment
of researcher students, (3) explanation of stages, substance
and research activities to researcher students, (4) exploration
of learning objects by researcher students, (5) exploration of
learning objects by groups of students who will be
prospective mentors, (6) application of the HOTL-DI model
(types A and B) to target students.

Exploration of objects by researcher students and
mentor uses format-1 for the HOTL-DI-type A and format-3
for the HOTL-DI-type B. Exploration of learning objects by
researcher students and mentor aims to (1) provide
experience and improve the ability to explore, (2) produce
reference material or exploration products that are used to
facilitate the target group of students doing exploration.In
the exploration process, the researchers identify and
formulate learning activity choices, such as discussion,
acquisition and analysis of references, observations,
measurements etc. as part of the HOTL-DI process.The
purpose of exploration activities for mentor groups is to
provide experience in facilitating exploration activities by
the target group.For the HOT-DI-type A learning group,
exploration activities use format-2, while format-4 for the
learning group of the HOTL-DI-type-B.Format-2 and
format-4 are both an implementation and assessment format
of the process of exploration and democratic interaction.
Assessment of individual and group exploration results
using rubric which is formulated based on exploratory
references conducted by a group of researcher students.
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Indicators of democratic interaction are formulated
based on the results of initial evaluations and consultations
with lecturers in the physics department regarding attitudes,
behavior of target student groups in interacting with each
other.Evaluation of democratic interactions using rubric
prepared by a group of researcher students guided by a team
of lecturers.

Exploration activities by the target group, carried out
in stages, following the column-2, Format-2 and Format-4.
For each stage, exploration activities begin with individual
activities wherethe score are filled in columns (3) and (4),
followed by group activities, wherethe score are filled in
columns (6) and (7).For each stage of exploration, an
assessment of democratic interactions is carried out based
on indicators, where the data is filled in column (5). The
application of reflective questions for individual exploration
is done after the assessment of exploration results, before
the implementation of group exploration activities.Group
exploration activities are assessed simultaneously with
assessment of democratic interactions. The results of group
exploration assessment (column (6)) are the results of group
work that reflects the mastery of the material, and the
attitudes of group members in democratic interactions.The
application of reflection questions to the group is done after
the assessment of each stage of exploration activities by the
group. At the end of each exploration stage, the researcher
students and the teaching team, assesst the role of the
mentor. The role of mentor is controlled to provide
maximum opportunities for the target student groups to
explore and interact democratically.Data of the mentor role
assessment are presented in column (8) of Format-2 and
Format-4. The role of the mentor is assessed from the initial
stage to the next stage, and from the first object to the next
object as an indicator of the development of independence
of target group learning.

e This study uses a mix analysis. Qualitative analysis,
among others, is used to analyze the diversity and
patterns of answers, the emergence of misconceptions
and the influence of prior knowledge, changes in
answers after the application of reflection questions, the
development of forms and variations in group
interactions, etc.Quantitative analysis is used to describe
the ability of target students to explore, the intensity of
democratic interactions and their change from the initial
stage to the next stage, the achievements of group
learning, the development of the role of mentors etc
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Object Identification of Analysis and Identification of concept and Analysis — synthesis —
fact, phenomena, description of fact, description of science process | formulation of concept network
issues phenomena, issues and science process — integr.
Table 2:- Format-2 for design — implementation — evaluation of explorative learning model HOTL — DI —type A
Object | Steps of exploration and individual assessment of Score of Democratic Assessment on group | Level of
HOTL (process & achievement Interaction **) exploration mentor
Steps of exploration*) Duration | score indicators Group Duration | interventi
of work 1 [ 23] 4] 5 | achiev. | ofwork on
1) ) @) (4) (©) (6) @) (8)
1 Identification of fact,

phenomena, issues
Analysis and dcsription of
fact, phenomena, issues
Identification of concept
and description of sc.
process
Analysis — synthesis —
formulation of concept
network and science
process — integr
2 ——

Table 3:- Format-1 for exploration of object using model: HOTL-DI type A Notes: * Steps of HOTL to follow horizontal steps
in format-1

** indicators and the number of indicators based on the results of evaluations of previous interactions.
The choice of indicators is based on the need to strengthen democratic interactions or control undemocratic interactions.

Object | Identification Analysis and dscription of fact, Identification of Analysis — synthesis — formula
of fact, phenomena, issues framing by concept and descripti tion of concept network and
phenomena, community knowledge and values on of science process science process — integr.
issues

Table 4:- Format-3 for exploration of object using model: HOTL-DI type B

Object Steps of exploration and individual assessment of Score of Democratic Assessment on Level of
HOTL (process &achiement) Interaction **) group exploration | mentor in
1 Steps of exploration *) Duration | score indicators Group | Duration | terventio
of work 1] 2[3]4]5 | achiev. | ofwork n
1) ) @) (4) (©) (6) (@) (8)
Identification of fact, phenomena,
issues

Analysis and dscription of fact,
phenomena, issues framing by
community knowledge and
values
Identification of concept and
description of sc. process
Analysis — synthesis —
formulation of concept network
and science process — integr

2 ——-

Table 5:- Format-4 for design — implementation — evaluation of explorative learning model HOTL — DI —type B

Notes: * Steps of HOTL to follow horizontal steps in format-3
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** Indicators and the number of indicators based on the results of evaluations of previous interactions.
The choice of indicators is based on the need to strengthen democratic interactions or control undemocratic interactions.

V. RESULTS AND FINDINGS

A. Description of the process and achievements of the

a.

exploration of facts, phenomena and issues

Object exploration activities, starting from the
identification stage, to the formulation of a concept
network and a description of the whole science process
were responded to very positively by the researcher
students, mentor student groups, and target student
groups.Student  responses and  motivations  are
demonstrated by efforts to obtain information related to
facts, phenomena, issues, concepts and scientific
processes through internet browsing, initiatives to
conduct discussions and re-observations.

b. The mentor group and the target students experienced

difficulties at the beginning of the exploration activities,
mainly due to lack of experience. The first difficulty
arises when students identify facts, objects, and issues.
These obstacles then cause difficulties in the next
exploration stage. At the beginning of the activity, the
researcher's student intervention to the mentor group was
carried out more intensively, between 40% and 55% of
the exploratory reference. At the beginning of the
activity, the mentor's intervention on the target student
group was between 50% - 70%. At the next meeting, the
intervention of the mentor to the target student group for
the identification and description of objects is a
maximum of 25%. This proves the potential for
explorative learning activities are developed as
independent activities

c. The lack of experience in identifying physical concepts
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and processes on objects, raises difficulties for groups of
mentor and targets students in identifying concepts and
processes that are relevant to the object of learning.
Nevertheless, students really like and try to carry out this
stage of exploration by searching material from the
internet or consulting to researcher students and lecturer
team.

Mentor and target student groups have difficulty in
analyzing and / or synthesizing to produce a
comprehensive network formulation of concepts and
scientific processes to explain the facts, phenomena and
issues studied. This difficulty was identified from the
beginning to the end of the implementation of the
activity. In individual exploration, the achievement of
target students is only around 40 - 75%.In individual
exploration, the achievement of target students is only
around 40 - 75%. The achievements of group exploration
activities range from 30-70%. The results of the
interview revealed the weaknesses of students, because
they partially understood the concept and were not

related to the context.These results are consistent with
the results of research by Binder et [17] which states that
in physics learning, the factors that determine learning
outcomes are mastery of principles and concepts
(concept exploration) and the application of knowledge
in problem solving (concept-context integration).This is
caused by physics learning and lectures that discuss
concepts partially. These results indicate the importance
of context-based physics lectures, where concept
networks are formulated following the context.

An open exploration process gives students the
opportunity to formulate their experience, knowledge
and opinions, according to the principles of democratic
learning.The diversity of exploration results (some are
distorted and some are too broad or not focus on the
object), requires direction that can focus students on
exploration. The solution chosen is to apply the refletive
question.
individually, prior knowledge strongly influences
exploration processes and conclusions, as identified at
the analysis and description of facts, phenomena and
issues. For some students, prior knowledge reinforces
the conclusion of exploratory results, but for others it
raises misconceptions.For example the collision event is
interpreted and formulated as pressure. The concept of
friction in making ceramics and pottery is interpreted by
most students as a concept of pressure.The interview
results show that this misconception is due to previous
understanding and knowledge which interpret the event
of contact between two objects or two surfaces as
pressure. This misconception spreads to errors at the
identification stage of concepts and scientific processes,
and at the stage of concept network formulation.

. General description of democratic interaction in the

process of object exploration (HOTL-DI models A and
B). The results of the interviews of the research students
with the mentor and target group of students, concluded
that the democratic interaction needed to be developed
are: (1) freedom of expression, (2) willingness to accept
criticism, (3) provide positive criticism of the opinions
of friends, (4) the activity of working together to get a
source of learning, (5) initiatives to motivate groups, (6)
initiatives to validate or complement exploration results.
The results of the democratic interaction assessment on
the four research groups, showed that at the initial
meeting, democratic interaction did not go well, but at
the second meeting and so on positive interaction
increased significantly. A summary of democratic
interaction scores of four group of researchsis presented
in Table 6.
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Score of mentor group, act no...

| Score of group of subject, act no...

Indicator 1

3 etc. 1 2 3etc

freedom of expression 30%-55%

60%-70%

80%-90% 25%-50% 40%-60% 60%-70%

willingness to accept criticism 20%-50%

55%-70%

65%-80% 20%-40% 45%-60% 60%-70%

provide positive criticism of the opinions | 30%-40%

of friends

65%-75%

70%-85% 20%-30% 50%-70% 60%-75%

the activity of working together to get a 65%-75%

source of learning

70%-85%

85%-95% 40%-65% 65%-70% 70%-85%

initiatives to motivate groups 40%-65%

60%-75%

70%-85% 30%-50% 55%-75% 70%-85%

initiatives to validate or complement 0-30%
exploration results

50%-70%

70%-80% 0-20% 40%-65% 65%-80%

Table-6. Range of scores for positive democratic interaction of mentor and target groups of students

Note: the percentage data in Table-6 shows the intensity (number of activities) of democratic interactions compared to reference at
each stage of exploration. The intensity score is calculated using a rubric formulated by researcher students under the direction of
the supervisor.

The data in Table-6 shows a fairly high variation in the
range of interactions. This is because not all group members
in the four research groups were actively involved in the
discussion. The tendency of the lower limit of the range of
scores in the target group which is lower than that of the
mentor group is due to the inadequate interaction between
the first semester student groups.The results of the interview
revealed the first semester students' reluctance to interact
with colleagues in the group, because they had not known
each other for long. The results showed the potential for the
development of explorative learning (lectures and
assignments) through group interaction. The results of the
interview revealed that differences in experience, prior

knowledge, perceptions of objects can be bridged through
democratic interactions.

C. Application of Reflective Question (RQ)

a. Reflective question identification results

Keywords of RQ that are identified from the results of
observations, discussions and assessment of individual and
group exploration tasks are presented in Table-7. Table-7
column-2 presents examples of RQ keywords, statements
and correct concept identification. Column-3 presents
examples of RQ keywords, statements and identification of
distorted concepts, in study group | (the phenomenon of
rainwater falling in open and vegetated land)

steps Ketwords of RQ (right statement and | Keywords of wrong statement or | facts, phenomena and issues being
concept) wrong concept studied
(1)-(2) Collision pressure Raindrops fell on the open ground
(2)-(3) momentum pressure Raindrops fell on the open ground
(3)-(4) Momentum, potential and Kinetic | Pressure, force as: F=m.a Raindrops fell on the open ground
energy,
(1)-(2) Grass elasticity Grass resistance Raindrops fell on grassy ground
(2)-(3) Elastic force and elastic energy Raindrop pressure on the grass Raindrops fell on grassy ground
(3)-(4) Relationship between force and | Not identified. The description is | Raindrops fell on grassy ground
elastic energy, Changes in kinetic | distorted and not well connected
energy of raindrops into elastic | between concept.
energy, decrease in velocity of
raindrops etc.
etc.

Table 7:-Results of RQ identification of the research group-1

b. The application and impact of applying reflective
questions

The application of reflective questions is carried out at
the end of each exploration stage. The reflection activity
starts from individual activities, and then the group
activities. The results of the identification and analysis of
individual and group activities after reflection compared
with before reflection, concludes that this Reflective
Question is needed for the analysis and description of
objects, and at the stage of concepts and
processesidentification. The impact of reflection applied to
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the four research groups, shows that the percentage of
correct exploration results for stages (1) - (2) is 86% -100%,
while in stages (2) - (3) is 56% -78%.This percentage data
shows the number of individuals who correctly revised their
work after reflection, divided by the number of individuals
whose exploration results are biased before reflection. The
low achievement of reflection results in stages (2) - (3) is
caused by the experience and ability of students to identify
scientific concepts and processes on facts, phenomena and
issues. This is due to the experience of attending lectures
which only emphasizes the discussion of concepts. Physics
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concepts are partially understood and cause difficulties in
carrying out formulation of concept networks and describing
physical processes comprehensively (stage (4)). The results
of the interview revealed that prior knowledge obtained by
students from the surrounding environment, influenced the
process of exploration and reflection. For example, the use
of the term pressure which is better known to the public,
creates obstacles in the reception and reconstruction of
knowledge that is specific to facts and phenomena, such as
collisions. Group reflection activities can improve the
opinions and previous knowledge obtained from the
environment. Group reflection activities can improve the
opinions and prior knowledge obtained from the
environment. An open exploration strategy combined with
giving reflective questions, can reveal misconceptions, and
then is used to facilitate students to revise their own
knowledge. These individual exploration results are similar
to the results of research by Kershner et al, 2012[23] and
Alexander, 2005 in [18]. which implements exploratory talk.
The results of the application of this RQ become a necessity
in the process of exploratory learning, at each stage of
HOTL both individually and in groups. The process of
explorative learning is democratic, giving rise to the answers
to very diverse exploration. The application of RQ can
direct and focus individual or group answers.

D. Asessment on the role of mentor

Student mentors and research students act as learning
facilitators for the target student group. All four study
groups showed high mentor intervention at the beginning of
the learning activities. The role of the mentor can be
significantly reduced at the second meeting and beyond,
especially for the exploration stages (1) - (2).From the initial
meeting to the last, intensive mentor roles are needed in
stages (2) - (3) and (3) and (4). Students need more
experience and improving ability to identify concepts and
formulate scientific processes on the facts, phenomena and
issues studied.Another advantage of this mentoring system
is the improvement of the academic climate in the form of
cross-level learning interactions. Interaction in small groups
that develop from this explorative research process has the
potential to develop more broadly and can increase student
academic interaction at the same level or across levels.

E. Findings

Important findings as a reflection and feedback on the
implementation of lectures at the Faculty of Mathematics
and Natural Sciences, Manado State University are:

1. Student attitudes and behavior in group learning
interactions. Some students are passive and just waiting
for group work to be done by friends who are considered
capable. There are also students who just don't give a
chance or accept their friends' opinions to be discussed
and formulated as a group assignment.There is a group
of students who accommodate and formulate all the
opinions of group members as a product of the group's
work, even though there are contradictions. Thirdly
variations in attitudes and behaviors that are not
democratic, and not productive. This is a strong reason
that group learning must be monitored and facilitated for
productive democratic interactions.
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2. The diversity of answers or individual exploration results
indicate that prior knowledge has a significant effect on
the process of identifying and describing objects, the
exploration of concepts and the scientific process. This
diversity shows the importance of exploration activities
that integrate experience with the material or information
to be studied.The application of reflective questions that
associate early knowledge with learning material
becomes a solution that encourages students to reflect
and construct their knowledge, as well as building a
critical attitude in analyzing the relationship of context
with concepts.

V. CONCLUSION

Explorative learning of the HOTL-DI model is
responded to both by students and has the potential to
develop research-based learning patterns, and integrate
experiences with new information. Prior knowledge gained
from the surrounding environment has a significant effect on
the exploration process, can provide reinforcement but also
has the potential to create obstacles in the exploration stage.
Exploration of facts, phenomena and issues that are open,
encourages individuals to express their experiences and
prior knowledge. This open exploration can reveal the
ability of individuals to focus on the analysis of problems
and misconceptions, and individual behavior in
demoraticinteractions. The application of RQ improves the
focus of analysis, improves misconceptions, and encourages
students individually or in groups to reflect and revise their
work. The mentoring system in explorative learning in the
HOTL-DI model can build open learning patterns and cross-
level learning initiatives, thereby improving the academic
climate on campus.
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