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Abstract—The data of students problem solving ability was acquired
through given test both prior to and after the implementation of metacognitive
skill-based learning model (MSBL model) for stoichiometry and chemical equi-
librium materials. Problem solving skill was measured using four indicators,
consist of; understanding problem, Devising, implementing the plan and evalu-
ating result. The overall students problem solving ability are classically catego-
rized as good in each time of measurement providing the number of students
with high minimum category were fewer than 60%. The results indicate the im-
provement of student’s ability to understand, to plan, to implement, and to eval-
uate the problem solving result gradually from prior to stoichiometry study, af-
ter the stoichiometry study, prior to chemical equilibrium study and after the
chemical equilibrium study. Therefore, the students of chemistry education re-
quire time to be able to solve problems well.

Keywords—MSBL model, problem solving ability, time series, stoichiometry,
and chemical equilibrium

1 Introduction

The purpose to learn chemistry is to have the ability to comprehend and to apply
the concept, principle, law, chemical theories in order to solve problems in daily life.
The students solving problems will have ability to think critically [1]. Problem
solving is a behaviour directed to the purpose requiring an exact mental representative
from problems and certain implementation method or strategic to attain the expected
goals [2]. A person is regarded to have problem solving ability providing the person
could implement the sequence of steps able to change the problems circumstance into
goal and the sequence is the solution of the problems [3]. Thus, in solving problems, a
person requires several sequences consist of to understand problems, to clarify goals,
to devise plans, to implement the plans and to evaluate/crosscheck result [4]. Due to
it, the basical things in attaining improvement of problem solving ability could be
realized by using the metacognitive skill [5].
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Metacognitive skill is an activity reflecting what would be done by someone when
not knowing what to do (finding problems). Metacognitive skill influences a thinking
process of students on how to implement what has been learned in solving problems
[6]. The metacognition refers to the someone’s thinking process to monitor and to
controll the cognitive process in completing the assigments involving ability to
arrange, to observe and to assess the idea towards what is happened or a skill of
devising, monitoring and evaluating [7]. Metacognitive skill could develop by means
of exercises and training in a learning [§].

Several researches directing to the metacognitive skill learning has been designed
for ability of problem solving. A problem manipulating method based recitation
learning model in order to improve the skill of metacognitive and chemistry problem
solving [9].A metacognitive skill based learning model (MSBL model) [10] and
developed the instruments of learning from the MBSL model to be implemented for
the chemistry education students[11]. The result has indicated that the MSBL model
could improve the conceptual understanding and students ability of understanding
problems, devising, implementing the average problem deciphering at high categort
and evaluating the high enough category.

Therefore, MSBL model has a probability to be implemented in the learning of
chemistry for chemistry education students under focusing point on the study of
problem solving ability improvement by time series.

2 Method

MSBL model is implemented to the chemistry education students at Tadulako Uni-
versity undertaking basic chemistry study. Total of samples are 67 students divided
into two learning classes (first learning class and second learning class). The imple-
mentation of the model is conducted by the sequences of MSBL model involving by
assessing the student’s problem solving ability and by figuring the progress by time to
time. Accordingly, the MSBL model is undergone through experiment quasi in a
design within education setting [12].

Design of experimental quasi is applied in a modified form of Equivalent Time Se-
ries Design corresponding to the education setting[13]. The assessment utilizes re-
peated measurement or observation along certain period both prior to and after the
learning using MSBL model. The modified Equivalent Time Series only using one
group, consequently the implementation of the research is figured out as follows:

| O | X | [ | 0s [ x ] 0s |

Each of O1 and Oz is a test of chemical problem solving for both prior to and after
the stoichiometry study. Furthermore, each of O3 and Oa4is a test of chemical problem
solving for both prior to and after the chemical equilibrium study. X is the process of
learning using MSBL model in Stoichiometry and Chemical equilibrium topics. The
evaluation of problem solving ability is analyzed descriptively quantitative [14].
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3 Result and Discussion

The analysis of problem solving ability of the chemistry education students is in-
tended to figure out the progress of students ability to solve problems by time series
during the learning in two classes using MSBL model. The explanation about the
students ability improvement in solving problems is reviewed from the achievement
of criteria in succeeding the implementation of MSBL model during learning. The
achievement of problem solving skill through MSBL model could be categorized as
good when clasically the percentage of students having high and very high/perfect
categories is fewer than 60%. The data of students problem solving ability at first and

second class are shown in Table 1 and Table 2 below.

Table 1. The percentage of Chemistry Education Students in Various Categories of Problem
Solving Skill Prior to and After Studies of Stoichiometry and Chemical Equilibrium at
First Class

Stoichiometry Chemical Equilibrium
Problem | Devising | Imple- |Evaluating| Problem | Devising | Imple- | Evaluat-
Category unde.r- (%) menting (%) unde.r- (%) menting | ing (%)
standing (%) standing (%)
(%) (%)
TO | T1 TO T1 | TO | T1 | TO T1 TO | T1 | TO | T1 | TO | TI | TO | TL
Very High 85 0 52 0 55 0 21 55 | 100 [ O 67 0 45 0 6
High 15 0 27 0 36 0 3 15 0 3 27 0 24 0 46
Medium 0 0 21 0 1 0 27 9 0 6 3 6 21 6 18
Low 0 0 0 0 3 0 30 18 0 45 3 15 3 15 15
Very Low 94 0 100 0 | 100 O |100]| 18 3 0 45 0 79 6 79 15

TO = Before; T1 = After

Table 2. The percentage of Chemistry Education Students in Various Categories of Problem
Solving Skill Prior to and After Studies of Stoichiometry and Chemical Equilibrium at
Second Class

Stoichiometry Chemical Equilibrium
Problem | Devising | Imple- | Evaluat- | Problem | Devising | Imple- | Evaluat-
Category unde.r- (%) menting | ing (%) umle.r- (%) menting | ing (%)
standing (%) standing (%)
(%) (%)
TO | T1 | TO | T | TO| T1 | TO |T1 | TO | T1 | TO | T1 | TO | TL | TO | T1
Very High 0 | 91 0 121 0 6 0 3 147|100 0 |76 | 0 |47 ] O 6
High 0 9 0 3510 |50 0 [21]26] 0 6 |21 3 |26] 0 | 38
Medium 0 0 0 5310 [44| 0 [18]15] 0 |12 0 0 |15 21
Low 351 0 0 0 0 0 0 |[18] 6 0 [15] 3 |21 | 9 | 18| 32
Very Low 651 0 100 | O |100| O |[100]| 41| 6 0|68 | 0 |76 3 |8 3

Data on table 3 and 4 apparently show the total of students with ability to develop
strategies of chemical equilibrium’s problem solving after the lesson for both classes
have had good ability
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Table 3. The Percentage of Chemistry Education Students with High and Very High Problem
Solving Abilities Prior to and After The Studies of Stoichiometry and Chemical Equi-
librium at First Class

Ability Stoichiometry Chemical Equilibrium
Before (%) After (%) Before (%) After (%)
Problem Understanding 0 100 70 100
Devising 0 79 3 84
Implementing 0 91 0 69
Evaluating 0 24 0 51

Table 4. The Percentage of Chemistry Education Students with High and Very High Problem
Solving Abilities Prior to and After The Studies of Stoichiometry and Chemical Equi-
librium at Second Class

Ability Stoichiometry Chemical Equilibrium

Before (%) After (%) Before (%) After (%)
Problem Understanding 0 100 73 100
Devising 0 47 6 97
Implementing 0 56 3 73
Evaluating 0 24 0 44

Table 4 show that a number of students who have ability to understand problems
prior to the study of chemical equilibrium increases after the study, even reaching the
maximum percentage (100%). The fact proves that the training of metacognitive skill,
discussion and self-evaluation in MSBL model could support the students to improve
their abilities in identifying problems and determining the required goals although the
material has not been taught. The main purpose of teacher in metacognition learning
was how the students could have main role in the learning, improve awareness, and
help to utilize the learning strategic for reaching the goals [15]. The implementation
evidence supporting the success of students is derived from the activeness and posi-
tive response of the students during the lesson. Elaborating problem solving into col-
laborative learning, every student get involved with the partners to debate in collabo-
ration process and to negotiate for enhancing knowledge[16].

Furthermore, the data in table show that percentage of students with ability to de-
vise the problem solving of stoichiometry after MSBL model implementation at first
class have attained the ability expected, yet different from second class with 47%
only. By observing the assessment result data of students problem solving ability at
second class (Table 2), the student’s abilities to devise the problem solving generally
remain in category of medium/satisfying (53%). The achievement in that category is
affected by students who have not been able to arrange strategies completely. A dis-
tinction emerges after chemical equilibrium study. The fact indicates that the success
of metacognitive skill training is not only affected by teacher, but also by internal
factors of the students. Student’s abilities to be skilled on arranging strategies of prob-
lem solving at second class require time to reach the ability expected, since the
achievement of the ability occurs gradually.
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Table 1 and 2 denote that prior to chemical equilibrium study, the total of students
able to devise the problem solving well are 3-6% only. It is higher than the pre-study
of stoichiometry. It means that a number of students have been able to arrange strate-
gy of problem solving by applying the concept of chemical equilibrium although it
has not been taught yet. Someone who had skill to arrange strategies and to allocate
time or attention prior to commence the problem solving would lead to decipher the
problem well [17]. Thus, students who have been trained for metacognitive skill in
stoichiometry study have had awareness to arrange strategies prior to do the problem
solving in chemical equilibrium, as a result the ability progress would be better.

Some of researchers support that by the time the students able to devise a problem
solving means they have comprehended, analyzed, interpreted, defined problems and
connected cues of the problem statements to determine purposes [18]. The students
doing this thinking process could be regarded have utilized their cognitive variable in
the skill of interpreting as an important predictor from problem solving skill. The time
the students process the problem, at the time they are doing the step of accepting cog-
nitive [19]. It enables the students to locate the information in a cognitive structure
net. the metacognitive skill of orientation and planning give the essential roles to
prevent students from the trial-and-error approach and to enable the students in using
the previous knowledge to determine what information has been given and what has
been asked [20].

The result about the problem solving completion skill of the data above generally
show that prior to the stoichiometry study, the chemistry education students of first
implementation class have not been able to do the problem solving refer to the plan.
Most of students (>50%), teacher candidates, have an incomprehension to stoichiome-
try concepts well and low ability of math from their previous high school [21]. How-
ever, after the learning, the total of students having the ability achieves the good abil-
ity (91%). It indicates the training of metacognitive skill implementation in the study
of stoichiometry could improve the student’s ability to solve problems according to
the strategy. Accordingly, the success of the research is not separated from the im-
plementation of the metacognitive skill strategy training of which the students could
improve their abilities to solve stoichiometry problems well.

The success of chemical equilibrium problem solving is determined by the students
ability to interpret the problem statements and to express the comprehension, factual
knowledge, conceptual and procedural knowledge [22]. Therefore, the implementa-
tion of MSBL model guiding the students to solve problems systematically in the step
of metacognitive skill implementation and the step of doing the follow-up plan leads
the students to solve problems more improving. The process of problem solving and
monitoring conducted by students during the implementation of the steps requires a
thinking process to implement their knowledge, consequently it would affect the stu-
dent to be more aware to their limited knowledge. The self-awareness of students
leads to the emergence of self-motivation to learn more and to practice the problem
solving. Monitoring skill involves the awareness of comprehension and performance
of someone towards the assignment done [23].

Someone ability to solve problems depends on individual’s knowledge and exper-
tise [24]. It means not all the problems faced by someone are problem for another
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person because someone’s difficulties to solve problems is not affected by intrinsic
characteristic from the problems faced, yet depends on the problem solver’s
knowledge and experiences. Thus, seemingly the ability of students in the research is
the consequence of the knowledge and many opportunities given to students to solve
problems and to assess themselves towards their own knowledge and problem solving
ability, hence they have a high self-confidence to be good problem solvers.

The total of students having the ability of result evaluating for both implementation
classes show the lowest percentage among the other three problem solving ability’s
indicators. The percentage of students having this ability for both stoichiometry and
chemical equilibrium studies at both classes have not reached the criteria determined
in this research. The fact indicates the implementation of MSBL model has not been
success to improve the student’s ability to evaluate the result of the problem solving
well. Nevertheless, a good phenomenon shown by students at both classes is the
growth in number of students who could provide the logic evidences to correlate the
obtained result by their comprehension of the mole concept, mass, molar, chemical
formula, chemical equation, limiting reactant, chemistry basic laws implementation
and equilibrium constant concept with the influential factors after the learning. There
is an improvement of student’s ability to evaluate a result by time to time although it
is not the same as the other ability indicators.

The result of the research is apparently relevant to the Carroll argument [25] who
has stated that several factors influencing towards the study result of the students
consist of

Time provided
Individual ability
Learning quality
Environmental factor

In addition to the quality and environmental factors, other influencing factors indi-
cated in this research are also the time provided and individual ability. According to
the data, the training of evaluating skill requires not a short time, hence it should be
continuously to have a good evaluating ability. The use of time period in this research
(the MSBL model implementation’s time period) apparently has not been optimal to
maximize the success of the ability. Therefore, the skill is affected by time period of
the training and the internal ability of the students.

4 Conclusion

The ability of students to understand, to devise and to implement the completion of
stoichiometry and chemical equilibrium problems are in a highly probability of good
achievement because no student has a low ability after the MSBL model implementa-
tion. The training of metacognitive skill within MSBL model consistently has guided
the students to improve their ability to solve problems and to monitor the problem
solving towards the desired purpose being better by time to time. The ability of chem-
istry education students to evaluate the result has not achieved the good criteria, yet it
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has shown the improvement to be good slowly by time to time although not the same
as the improvement of understanding problems, devising and doing the problem solv-
ing
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