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Abstract

The abundance of chemical concepts and general chemistry lessons that tend to be monotonous and have not yet
considered the ability of mathematical thinking to cause problems in learning that resulted in low student learning
outcomes. The purpose of this research is to know the influence of learning model and mathematical thinking
ability toward General Chemistry study result, also interaction between learning model through laboratory usage
and mathematical thinking ability. This research is an experimental research using PBL and DI model. The
learning result data is obtained from general chemistry study result test and mathematical thinking ability data is
obtained through the test of mathematical thinking ability which has all been validated. The data analysis
technique used two way analysis of variance (ANOVA). The result of the research shows that there is a significant
effect of the learning model on the students ‘learning outcomes in the General Chemistry course and there is
interaction between the learning model using the laboratory with the ability to think mathematically on the
students’ General Chemistry students learning outcomes. This research concludes that the PBL model using
laboratories is well used in general chemistry learning, and preferably in teaching general chemistry courses, the
lecturer considers students’ mathematical thinking skills.

Keywords: ANOVA 2x2, learning result, mathematical thinking ability, problem based learning (PBL).
1. Introduction

Problems faced by students so far in addition to the lessons that tend to be used by lecturers are still monotonous
because they have not considered the ability to think, and students do not have the habit of learning needed to be
successful in the study. So far, Chemistry Education Study Program has not maximally produced competent
alumni to become professional teachers. This is very clearly visible from the low learning result of General
Chemistry course.

General Chemistry Course is one of the compulsory courses for Unimed Chemistry education degree students.
From the profile data of the organizers of the General Chemistry course, shows that the results of the General
Chemistry course subjects are over 50% below the standard of graduation (Archival of Chemistry Unimed) (Onder
& Omer, 2006; Nieswandt, 2001; Pinarbasi & Canpolat, 2003). Chemistry is a difficult subject both by students
and teachers. Chemical learning is more focused on scientific concepts and solving problems. In order that the
General Chemistry lecture is more optimal, it needs a model of learning that is able to empower the students in the
recovery activity. Lessons learned so far have not considered the learning model. The abstracts of chemical
concepts and the difficulty of chemicals as (Sihar, 2007), and the limitations of tools and materials in laboratory
activities can be overcome with the use of laboratory through virtual lab.

In addition to the commonly used Direct Instruction (DI) model, the Problem Based Learning (PBL) model is
expected to solve problems in General Chemistry learning. The aim of the PBL is to give students the knowledge,
intrinsic motivation to learn, and experience using effective problem solving, self-learning, and collaboration skills
(Whitehill, Bridges, & Chan, 2014), using student-level PBLs tends to facilitate the development of competent
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graduate students and professional (Beker & Maunsaiyat, 2014; Blumberg, 2000; Chen, Chang, & Chiang, 2001).

PBL is a student-centered approach to building problem-solving skills (Louise, Angela, & Kim, 2017).
Problem-based learning emphasizes active learning by guiding students to develop their own understanding and
knowledge of a topic through experience and reflection (Hmelo-Silver, 2004; Savery, 2006). PBL is a learning that
displays a student-oriented problem with a problem-solving with one correct answer (Anne & Gary, 2016; Chin &
Chia, 2006). Teaching using PBLs creates more choices in learning (Lancaster et al., 1997; Nowak, 2001).
Students had a positive perception of PBL. The findings further confirm the comprehensive benefits of PBL, both
in the cognitive and non-cognitive domains. Exploration studies conducted examined the impact of PBL on
teachers’ technological pedagogical content knowledge (TPACK) and found that the PBL approach creates a
critical but safe opportunity for teachers to better understand when using technology (Kalpana & Hema, 2014).

Success in learning chemistry, in addition to influenced model and laboratory usage, can also be influenced by
internal factors in the learning process. One of the internal factors required in General Chemistry learning is the
ability to think mathematically. The ability to think mathematically is very necessary in the study of chemistry,
especially on the material that is the nature of the calculations are common in general chemistry courses.

In general, students’ mathematical thinking ability is not adequate. This is also indicated by the results of the Trend
Third International Mathematics and Science Study (TIMSS) survey, the achievement of Indonesian students’
achievement in science and low math, the ability of students is still dominant in the initial level or more on the
ability to memorize in science and math learning (TIMSS and PIRLS, 2011). For the field of Mathematics,
Indonesia was ranked 38th with a score of 386 from 42 countries. Other facts that show low Indonesian students’
reasoning ability are the results of the Program for International Student Assessment (PISA) test, as follows:
Indonesia ranks second lowest, in mathematics ability with score 375, Indonesia has low achievement in
mathematics below level 2 working with models for complex systems, students’ mathematical thinking and
reasoning skills have not been well developed (PISA, 2012).

From the TIMSS and PISA data it can be concluded that students’ reasoning and thinking ability is still very low. In
relation to that, then the learning process must be improved that is the learning process that should encourage the
development of thinking and reasoning students.

Students of the 9 institutions he surveyed showed many deficiencies in aspects of mathematical thinking (Mulhern
& Wylie, 2004).

The aspect of mathematical thinking ability that induces and ways of thinking systematically, also using symbols
(Mamoon, 2012). Humans have processes in intelligence that are different from the ability of every human being to
have applications in his intelligence in solving problems and creating objects (Gardner, 1993). Ability to think
mathematically is logical thinking and analysis as reasoning (Devlin, 2012). Mathematical thinking indicator to be;
interpret, analyze, evaluate and infer (Facione, 1994). Teachers involved support student learning should be aware
of potential gaps in students’ knowledge of the core components of mathematical reasoning, such as estimation,
probability, sampling and algebra (Gerry & Judith, 2004).

The use of laboratory can also support success in General chemistry learning. The use of instructional media,
especially the use of laboratory in teaching and learning process can generate motivation and psychological
influences to students. In connection with the use of laboratories found no effect of Inkuiri learning model using
real laboratory and virtual laboratory on student learning outcomes (Gulmah & Hasibuan, 2017).

2. Method

The sample of this research consists of 26 students in one expoment class and 26 mhs in expriment class 2. The
research design used is the 2 x 2 factorialdesign. There are two factors studied namely PBL learning model model
using laboratory (A) and ability factor think mathematically (B). Factor A has two levels, namely the PBL learning
model using virtual laboratory and DI learning model using virtual laboratory. For factor B there are two levels
namely the ability of mathematical thinking high and low.
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Table 1.

Learning Method Using Lab (A)
PBL Virtual Lab (A;) DI Virtual Lab (A,)

High (B)) AB, AsB;

Low (By) AB, AsB,
Note. A;B| = Combination of PBL learning model treatment with virtual lab usage and high mathematical thinking
ability. A;B, = Combination of PBL learning model treatment with virtual lab usage and low mathematical
thinking ability. A,B; = Combination treatment of DI learning model with the use of virtual laboratory and high
mathematical thinking ability. A;B, = Combination treatment of DI learning model with the use of virtual
laboratory and low mathematical thinking ability.

3. Results

The data collected in this study include: mathematical thinking ability data and general chemistry learning
outcomes. Data of this mathematical thinking ability are grouped into 2 categories namely high mathematical
thinking ability (26 students) and low mathematical thinking ability also 26 students.

Thinking Ability to Learn (B)

Hypothesis testing is done by testing 2 lines of Analysis of Variance (ANAVA) at o = 0.05 with the criteria if
Fcount> Ftable then Ho is rejected. Based on the calculation of SPS, a description is obtained as shown in Table 2,
while the hypothesis testing of general chemistry learning data shows that there is an interaction between
mathematical thinking ability (B) and learning model (A) on general chemistry learning outcomes as illustrated in
Figure 1. List of anava results learning that is given a combination of treatment learning models using a laboratory
and mathematical thinking skills are shown in Table 3.

Table 2. Descriptive statistics

Class MTA (B) Mean Std. Deviation N
High MTA 79.6154 5.84934 13

PBL Model Low MTA 70.7692 5.98476 13
Total 75.1923 7.34585 26

High MTA 71.7308 5.43758 13

DI Model Low MTA 71.9231 5.51077 13
Total 71.8269 5.36459 26

High MTA 75.6731 6.83951 26

Total Low MTA 71.3462 5.66704 26
Total 73.5096 6.59136 52

Table 3. Tests of between-subjects effects

Source Type Il Sum of Squares ~ Df Mean Square F Sig.
Corrected Model 656.130° 3 218.710 6.731  .001
Intercept 280990.505 1 280990.505  8647.994 .000
Class 147.236 1 147.236 4531 038
KBM 243.389 1 243.389 7491  .009
Class * KBM 265.505 1 265.505 8.171  .006
Error 1559.615 48 32.492

Total 283206.250 52

Corrected Total 2215.745 51

a. R Squared = .296 (Adjusted R Squared = .252)
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Figure 1. Form of interaction using laboratory learning models (factor A) and Mathematical Thinking Ability (B)
on learning outcomes of General Chemistry

4. Discussion

1. Fcount (A)> (0.05) (1; 51) where 4.531> 4.04 then Hol is rejected, there is an influence of PBL learning model
by using laboratories on learning outcomes of General Chemistry. The influence shows that the class that is taught
by PBL learning model by using a laboratory has an average score of higher learning outcomes that is 75,192
compared to the DI learning model using a laboratory that is 71,827.

Research found PBL influencing teachers’ pre-service TPACK (technological pedagogical content knowledge).
The findings of this study seemshows that the design of PBL classes with a conducive emotional and academic
environment can stimulate teacher learning (Meng & Shuh, 2011). PBL give students improved communication
skills and critical thinking skills that enable them to more efficiently synthesize information and generate
appropriate conclusions (Visconti, 2010). Next, the results of research showed the influence of learning models
using the laboratory on student learning outcomes on thermochemical materials with the value Fcount> Ftable that
is 4.015> 3.99 (Gulmah & Bastian, 2018).

2. Fcount (B)> (0.05) (1:51) where 7.492> 4.04 then Ho2 is rejected, meaning that there is an influence of high
mathematical thinking ability and low mathematical thinking ability on learning outcomes of General Chemistry
courses. Student learning outcomes data conclude that students who have high mathematical thinking ability
provide higher average Chemistry learning outcomes compared to students who have low mathematical thinking
skills. The results of this study relate to the research results which found the influence of high logical thinking
ability and low logical thinking ability on students’ general chemistry learning outcomes on the material of
reaction rate (Gulmah & Hasibuan, 2017). 8 universities in the UK showed a shortage of students in many aspects
of mathematical thinking (Mulhern & Wylie, 2004). Problem-based learning model is a learning model that can
encourage students to learn independently and improve thinking skills (J. Kivela & R. J. Kivela, 2005).

3.Fcount(AB)> F (0.05) (1:15) ie 8.171> 4.04 then Ho3 is rejected means there is an interaction between the
learning model using the laboratory with the ability to think mathematically to the General Chemistry learning
outcomes. In this study, it was found that if the factor of learning model by using laboratory (factor A) and
mathematical thinking ability (factor B) combined, there is an interaction between the two factors that significantly
affect student’s learning outcomes. This is in line with previous researchinteraction between the learning model
with mathematical ability in influencing student learning outcomes (Gulmah, Abdul, & Mukhtar, 2017).

The result of this research concludes that PBL learning model using laboratory well used in General Chemistry
learning. And preferably in learning General Chemistry must consider the ability of student’s mathematical
thinking.
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