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Abstract: This study used descriptive research and pre-experimental design. The first one was used to
identify student misconception in the mass balance topic at macroscopic, sub-microscopic and symbolic
levels. The second design aims to correct the misconceptions discovered by using the POE strategy.
After three weeks the delayed test was done to find out the concept improvement using POE strategy.
This design was also used to determine the effectiveness of POE strategies to achieve the aims. The re-
sults showed misconception on mass balance material with an average of 32.97%. The average POE ef-
fectiveness of 76.02% with high effectiveness criteria and retention of understanding with POE strategy
after 2 weeks on average was 91.27% with very good criteria.
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Abstrak: Penelitian deskriptif dan pra eksperimen bertujuan untuk mengidentifikasi miskonsepsi siswa
dalam neraca massa pada tingkat makroskopik, sub-mikroskopik dan simbolik. Sedangkan rancangan
pra eksperimental bertujuan untuk memperbaiki miskonsepsi yang ditemukan dengan menggunakan
strategi POE. Rancangan pra-eksperimental juga digunakan untuk mengetahui keefektifan strategi POE
dalam memperbaiki miskonsepsi siswa pada materi neraca massa. Setelah tiga minggu dilakukan delayed
test untuk mengetahui perbaikan konsep dengan strategi POE. Rancangan pra-eksperimental (pre-ex-
perimental) yang digunakan adalah modifikasi model one group pretest-posttest design dengan satu
macam perlakuan. Hasil penelitian menunjukkan terjadi miskonsepsi pada materi neraca massa dengan
rata-rata 32.97%. Selain itu didapatkan efektifitas POE rata-rata 76.02% dengan kriteria efektivitas ting-
gi dan retensi hasil remidi dengan strategi POE setelah 2 minggu rata-rata adalah 91.27% dengan kriteria
sangat baik.

Kata kunci: miskonsepsi, neraca massa, POE, kimia industri, test two tier

Mass balance is an exact calculation of all
incoming ingredients, which accumulates
and exits within a specified time in a chemi-

cal process. The statement is in accordance with the
Law of Conservation of Mass stating that mass cannot
be manifested or destroyed (Wuryanti, 2016). Drawn
up mass balance also illustrates the components–any
component contained in the mass flow input and out-
put. Mass balance calculations will also be the basis
of other calculations in the chemical industry, such as
calculating instrument specification and the energy bal-
ance (Himmelblau, 1982). Mass balance takes a role
as an important matter and must be mastered by stu-

dents of Industrial Chemistry vocational high school
since they will learn the process of raw materials
changing into products and the design and calculation
of instruments used in the industrial process (Suparmi,
2010). The material of mass balance calculation on
Industrial Chemistry vocational high school is taught
in the subject of Chemical Engineering Principles and
is closely related to other vocational subjects such as
Chemical Engineering Operations, Chemical Industry
Tools and also subjects of Chemical Engineering Prin-
ciples II which will be studied in the next grade. The
authors also conducted a simple analysis of the results
of students’ examination of XI Industrial Chemistry 2
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SMKN 1 Pasuruan showed that 81.8% of students
obtained a low score from Minimum Mastery Standard
(KKM) on mass balance topic as well as the other
vocational related topic. Therefore, it is imperative to
recover the misconception of mass balance within stu-
dents in order to avoid further integration of misconcep-
tion in students’ cognitive structure.

There are various methods and instruments de-
veloped to identify students’ misconceptions such as
CRI (Certainly Response Index), interviews, multiple
choice tests, multiple choice tests with an open reason,
or leveled multiple-choice tests called two-tier tests.
Basically, the methods and instruments developed by
previous research have their own advantages and dis-
advantages. Such as interview methods that can in-
quire deeper students’ misconception, but it takes a
considerably long time and requires intensive training
to be a reliable interviewer (Peterson and Treagust,
1989). In this case, the authors are interested in pre-
paring a mass-scale diagnostic instrument in the form
of a two-tiered test for the following reasons; two-
tier tests proved to be convincingly capable of identify-
ing misconceptions in a short time (Treagust in Chan-
drasegaran and Treagust, 2007). Two-tier multiple
choice is also effective to assess meaningful learning
in students and also serves as an effective diagnostic
tool (Tamir, 2010). In addition, the two-tier test is easier
to be corrected and analyzed by a teacher (Peterson
and Treagust, 1989). Research in the Indonesian con-
text also shows a positive results regarding the use of
two-tier tests in identifying misconceptions on chemi-
cals, among others, 1) Nursiwin’s research (2013) on
chemical calculations, 2) Maharani’s research (2013)
on solubility topic and 3) Asnawi’s research (2015) on
electrochemical topic.

Students’ misconception which has been identified
should be immediately resolved. Various strategies or
conceptual changes and advancement by experts to
avoid misconception such as Predict, Observe and
Explain (POE) method; cognitive conflict strategy;
Conceptual Change Text Model; Cause and Effects
of Changes Model (CEC Model). Previous research
indicated that laboratory learning activity using POE
strategy on acid-bases materials topic could recover
students’ misconception (Özdemir, Bað, & Bilen, 2011).
Computer simulations with POE strategy also helps
to improve students’ misconceptions on force and mo-
tion topics (Tao, 1996). Mental model with POE strate-
gy also improves students’ misconceptions on force
and motion topics (Khanthavy & Yuenyong, 2009).
POE strategy is a learning strategy that requires stu-

Class SMKN 1 Pasuruan, which showed a significant
correlation between regular examination results on
mass balance topic with other vocational subjects.

There are several subjects studied in the mass
balance topic such as 1) scale and unit conversion, 2)
equations and stoichiometry of chemistry, and 3) the
Law of Conservation of the Masses. These three ma-
terials need to be mastered by students in order to
master the mass balance topic. Previous research has
shown that students often experience difficulties or
misconceptions on one of three subjects. The students
were lacking the ability to convert units (Rusilowati,
2007), students also have difficulties when converting
units of a derived quantity such as volume (Tariq,
2008), students often forget or incorrectly convert units
(Rufaida, Budiharti, Fauzi, Fisika, & Uns, 2010). Stu-
dents easily convert from larger units to smaller units
but have difficulty converting otherwise (Gilman, 2013).
In the field of chemistry, it was found that students
have difficulty when converting mol units into other
units (Nursiwin, 2013).

Some research regarding students’ misconception
on stoichiometry showed that students often confused
between the use of the Law of Conservation of Mass
and Law of Definite Proportions (Anugrah, et al, 2013).
This is indicated by the use of a comparison in predict-
ing the amount of reactor and reactor produced in a
chemical reaction based on Lavoisier law and summing
the reagent mass before reacting to determine the
number of reaction products without considering the
given mass ratio. Another misconception is to deter-
mine the mass of reagents which reacts by multiplying
the reagent mass to the ratio of the element to another
(Siswaningsih, 2014).

Some misconceptions related to the Law of Con-
servation of Mass that occur in students among oth-
ers: 1) the student assumes that the gas has no mass,
2) the student assumes that the liquid is lighter than
the solid, 3) in the dissolution process, for instance,
salt dissolution in water, the student assumes that the
salt is dissolved (Dial, Riddley, Williams, & Sampson,
2009). Dial, et al (2009), states that this misconception
will hamper students’ ability to understand science at
higher levels of concept. If the aforementioned mis-
conceptions are believed by the Industrial Chemistry
vocational high school students, it will distract the stu-
dent’s ability regarding mass balance calculation.
Which at the end, it declines students’ learning out-
comes or results on students’ misunderstanding on the
other related topic. The analysis result of students’
regular examination of XI Industrial Chemistry 2
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dents’ active participation. This strategy also challenges
students to express what they think, develop their ability
to communicate and improve their critical thinking skills
(Haysom & Bowen, 2010). This is in accordance with
the objectives of education in vocational schools as
stated in the Regulation of the Minister of Education
No. 22 of 2006 concerning on Content Standards for
Basic and Secondary Education Unit stating that the
Vocational High School students should have distin-
guished resilience, master their areas of expertise and
the foundations of science and technology, have a con-
siderable work ethic, and are able to communicate in
accordance with the demands of their work, and have
the ability to develop themselves.

In addition, POE is able to improve conceptual
understanding to both students whose the ability is
low and whose the ability is average (Costu, 2008). In
fact, students’ learning outcome on mass balance topic
of XI Industrial Chemistry 2 SMKN 1 Pasuruan
showed that students were divided into three categories
of ability, namely, low, average, and high. Then, Wahyu-
dah’s research (2015) identifying students’ misconcep-
tion avoidance on chemical bond shows that POE is
able to increase students’ understanding retention.
Mass balance topic which is needed in the next grade
is important for Industrial Chemistry students and
therefore it should be delivered through learning model
which is able to improve students’ understanding reten-
tion.

METHOD

This study used descriptive and pre-experimental
design. The descriptive research design was used to
identify student misconception in the mass balance at
the macroscopic, sub-microscopic and symbolic levels.
While the pre-experimental design aimed to correct
the misconceptions found by using the POE strategy.
After three weeks, the delayed test was done to find
out the persistence of conceptual understanding im-
provement with the POE strategy. A pre-experimental
design was also used to determine the effectiveness
of POE strategies in improving student misconceptions
on mass balance topic. The pre-experimental design
used was the modification of the one group pretest-
posttest design model with one treatment type as pre-
sented in Table 1.

The instruments used in this study were measure-
ment instruments and treatment instruments. The mea-
surement instrument used was a two-tier diagnostic
instrument of mass balance to identify student miscon-

ception on mass balance material. While the treatment
instrument used was Lesson Plan of Mass Balance
topic using the strategy POE. In this research, IDNM
was validated by one chemistry lecturer of Universitas
Negeri Malang and one industrial chemistry teacher
from SMKN 1 Pasuruan to ensure the items are well
arranged and suitable for the mass balance sheet of
Industrial Chemistry Vocational High School. Sugges-
tions from validators were used to correct the items
so they are more easily understood by students and
more scientifically valid. To each validator, it was sub-
mitted a question sheet, lesson outline, and validation
sheet. The questions contain items that are planned
as research instruments. The lesson outline contains
a list of questions about the mass balance instrument
that will be studied and arranged in a number of ques-
tions as an instrument in the study. The validation sheet
is a scoring sheet on each item that will be filled by
each validator. The validated research instrument was
then tested to the students of XII of Industrial Chemis-
try SMKN 1 Pasuruan of the academic year 2016/
2017 which was not included as a subject in the re-
search who have taken or are taking mass balance
topic learning. The test question aims to know the
validity of the item, reliability, distinguishing force, diffi-
culty level, and the amount of real time required to
complete the test.

In terms of items validity and reliability, this re-
search was assisted by data analysis computer soft-
ware to calculate Pearson Correlation (r) between
trial subject individual score and a total score of each
question item. Meanwhile, to identify the reliability,
Cronbach Alpha calculation was employed. Question
item was categorized valid if r count is higher than r
table and IDNM was categorized reliable if the Cron-
bach Alpha score is more than 65 (George D. Kuh,
Ty M. Cruce, Rick Shoup, Jillian Kinzie, & Robert M.
Gonyea, 2008).

RESULTS

The result of IDNM validation from both vali-
dators obtained a score of 87.77% and considered as
feasible with minor revision. Then, it was revised ac-

Subject Pre 
test 

Treat
ment 

Post
test 

Delayed 
Test 

Experiment 
Class O1 X O2 O3 

 

Table 1. One Group Pretest-Posttest Design
Model with One Treatment Type



130   Jurnal Pendidikan Sains, Volume 5, Number 4, December 2017, Page 127–134

cording to the validator notes and direction. After the
revision was completed, IDNM was tested on 20 stu-
dents of XII Industrial Chemistry to identify its validity,
reliability, distinguishing force, difficulty level, and the
amount of real time required to complete the test.
The testing indicated that the IDNM is reliable and
its difficulty level is moderate. In addition, it took ap-
proximately 50 to 60 minutes to complete from 75
minutes given.

Then, treatment instrument in the form of Lesson
Plans and Students’ Worksheet with POE Strategy
was also validated. The validation result showed that
the Lesson Plans obtained a score of 97.28% and
categorized as good, while the Students’ Worksheet
obtained a score of 91.32% and categorized as good.
As a conclusion, the developed Lesson Plan and Stu-
dents’ Worksheet are feasible to be used.

From the diagnostic result, it obtained that the
subject 43.49% understand, 11.09% moderately un-
derstand, 12.45% do not understand, and 32.97% mis-
conception. Then, POE method was given to the sub-
ject class and it was given for approximately 2 x 5
learning session. During the treatment, the researchers
used the developed and validated Lesson Plan and
Students’ Worksheet. Post-test was given after the
treatment of the subject class to identify the effective-
ness of POE strategy in recovering students’ miscon-
ception. The comparison of students’ misconception
before and after the treatment was presented in Table
2.

The results of post-test on the subject indicates
a conceptual improvement, it can be seen from the
decline in the number of subjects with misconcep-
tions. On average, POE strategy was able to improve
the concept of the effectiveness of 76.02%. After
two weeks, a delayed test was done to the subject to
determine the retention of the misconceptions improve-
ment. The comparisons of misconceptions before and
after the delayed test are shown in Table 3.

DISCUSSION

The purpose of this research is to know what
misconception happened on mass balance material.
After performing diagnostic tests, it appears that in
all the tested concepts, misconceptions happened.
There are five concepts tested in this research: 1) u-
nit conversion, 2) law of conservation of mass, 3)
principles and the basis of the reaction of stoichiometry,
4) stoichiometric correlations and composition, and
5) excesses in chemical reactions. Then, it will be

discussed the misconception that occurs in each sub-
material.

Unit Conversion

Unit conversion learning is the basically simple
topic and should be taken by students since the elemen-
tary education. However, the diagnostic test showed
that some students of Industrial Chemistry still misun-
derstood upon unit conversion. The diagnostic test indi-
cated that 18.75% students experienced misconcep-
tion on unit conversion. In IDNM, unit conversion con-
cept is tested by four items; number 1, number 2, num-
ber 3, and number 4. Students experienced different
misconception on the four items although the four items
have a similar difficulty level.

Question item number one ask students to convert
a larger unit to a smaller unit, for instance, students
are asked to convert kg to g or m to cm. While question
number 2, students are given a chance to convert a
smaller unit to a larger unit. A number of 12.50% stu-
dents experienced misconception on the question num-
ber 1 and 18.75% students experienced misconception
on the question number 2. This is in line with Gilman’s
research (2013) argues that students tend to easily
convert a larger unit to a smaller unit. In other words,
converting a unit to a larger unit is a considered diffi-
cult rather than to a smaller unit.

Further, questions number 4 and 3 ask students
to solve the power of two and three exponential unit
conversion. Students experienced misconception on
question number 3 was 18.75% while on question num-
ber 4 was 25.00%. Taylor and Tariq (2008) report
that students are basically easy to calculate areas size
rather than volume. One major reason argued by them
is students do not master exponential numerical opera-
tion, for instance, students consider 32 is similar with
33 or equal to 9. This will hamper students particularly
if they need to deal with more complicated exponential
calculation.

Law of Conservation of Mass

In IDNM, the law of conservation of mass con-
cept is tested by having four questions, question num-
ber 5, 6, 7, and 8. Questions number 5 and 6 ask stu-
dents regarding the law of conservation of mass con-
cept on physical changes of matter process without a
chemical reaction. Questions number 7 and 8 ask stu-
dents regarding the law of conservation of mass within
dissolution process.
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Students who experienced a misconception on
question 5 and 6 were 12.50%. Question number 5
explains physical changes of matter from solid matter
to gas, while question number 6 explains physical
changes of matter from gas matter to liquid. Students
who experienced misconception on both questions
consider the solid matter is heavier than liquid and liq-
uid is heavier than gas. This is in line with the research
conducted by Dial (2009) which shows that some stu-
dents consider the solid matter is heavier than liquid
matter and liquid matter is heavier than gas.

No. Tested Concept Question 
Number 

Diagnostic 
Test (%) Avg (%) Post 

Test (%) Avg (%) Effectiveness 
(%) 

1 Unit Conversion 

1 12.50 

18.75 

3.13 

4.69 75.00 2 18.75 3.13 
3 18.75 6.25 
4 25.00 6.25 

2 Law of Conservation of 
Mass 

5 12.50 

21.88 

0.00 

3.91 82.14 6 12.50 3.13 
7 31.25 3.13 
8 31.25 9.38 

3 Stochiometry Principle and 
Basics 

9 28.13 

32.03 

6.25 

9.38 70.73 10 18.75 12.50 
11 34.38 9.38 
12 43.75 9.38 

4 
The Correlation of 
Stoichiometry and 

Composition 

13 31.25 
40.63 

9.38 
7.29 82.05 14 34.38 6.25 

15 56.25 6.25 

5 Excess in chemical reaction 

16 43.75 

52.34 

15.63 

15.63 70.15 17 43.75 25.00 
18 65.63 0.00 
19 56.25 21.88 

 Avg 32.97% Avg 8.18% 76.02% 
 

Table 2. Misconception on Diagnostic Test and Post-test (after treatment)

No. Tested Concept Question 
Number 

Diagnostic 
Test (%) Avg (%) Delayed 

Test (%) Avg (%) Retention 
(%) 

1 Unit Conversion 

1 3.13 

4.69 

6.25 

9.38 95.08 2 3.13 6.25 
3 6.25 12.50 
4 6.25 12.50 

2 Law of Conservation of 
Mass 

5 0.00 

3.91 

6.25 

14.84 88.62 6 3.13 18.75 
7 3.13 15.63 
8 9.38 18.75 

3 Stochiometry Principle and 
Basics 

9 6.25 

9.38 

9.38 

15.63 93.10 10 12.50 18.75 
11 9.38 25.00 
12 9.38 9.38 

4 
The Correlation of 
Stoichiometry and 

Composition 

13 9.38 
7.29 

18.75 
12.50 94.38 14 6.25 9.38 

15 6.25 9.38 

5 Excess in chemical reaction 

16 15.63 

15.63 

25.00 

28.13 85.19 17 25.00 34.38 
18 0.00 21.88 
19 21.88 31.25 

 Avg 8.18% Avg 16.09% 91.27% 
 

Table 3. The Comparisons of Misconceptions Before and After The Delayed Test (after two
weeks)

Questions number 7 and 8 give students how the
law of conversion of mass in the dissolution process
of sugar in water. An amounted to 31.25% of students
experienced a misconception. 12.5% of students expe-
rienced misconception and considered sugar will be
dissolved and the liquid mass is equal to water mass
(choice B), 18.75% of students experienced miscon-
ception and considered that sugar was reacted with
water and thus the mass of water increased (choice
A). Johnson and Scott (1991) conduct a research re-
garding misconception on dissolution concept. Several
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misconceptions found are 1) sugar dissolved and be-
came a smaller and lighter particle, 2) sugar dissolved
in liquid and liquid is lighter than solid sugar, 3) sugar
dissolved in liquid and sugar particle vanished. The
three aforementioned misconceptions are similar to
those found within this research and occurred within
12.5% research subject. Meanwhile, 18.75% miscon-
ception occurred within research subject since they
do not comprehend chemical reaction characteristic.

Stoichiometry Principle and Basics

Question number 9, 10, 11, and 12 on IDNM
aim to examine students’ conceptions of principles
and basics of stoichiometric reactions. In the case of
numbers 9,10 and 11, diagrams are used because
based on previous research, students are more aware
of the material of the reaction equation which is given
in the form of diagrams (Cotes & Cotuá, 2014). Ac-
cording to four questions given to students, it was
known misconception that occurred in the study sub-
jects are as follows.

First, the subject did not understand the meaning
of equation of the equivalent reaction. According to
the subject’s understanding of equivalent equation
of reaction, the equation is only from equating the
number of atoms on the side of the reaction with the
product side. Thus, according to subjects, it is allowed
to write the coefficient in the form of fractions
(choice of reason “B” at number 9).

Second, the subject assumed that the terms of
the equivalent equation of the reaction are only the
number of atoms on the product side and the same
plane, whereas, by rule, the ratio of coefficients in
the equation of the reaction must be expressed in
the simplest comparison (choice of reason “A” at
number 9).

Third, the subject did not understand the symbol
of an element, for example, because the reaction of
alumininum and oxygen produces alumininum oxide
(Al2O3) there was a subject which assumed that the
Alumininum element symbol is Al 2. (choice of rea-
sons “C” and “D” at number 12).

The Correlation of Stoichiometry and
Composition

Questions number 13, 14, and 15 aim to examine
the subject’s understanding of the relationship between
stoichiometry and composition. Particularly, it is to test

students’ understanding of the ratio of volume, pres-
sure, temperature, mass, and mole between two or
more different gases. According to three questions
given to students, it was known misconception experi-
enced by the subjects are as follows. (1) The subject
assumed that the coefficient ratio in the equation of
the reaction equals to the mass ratio. (2) The subject
assumed a mole ratio equal to the mass ratio. (3)
The subject considered the volume ratio to be equal
to the mass ratio

If it is related to the previous research which one
of them is done by Krisnawati, (2013), states that the
level of student’s understanding on Basic Chemistry
Law material only average 24,84% with “low” criteri-
on, so this research as answer to research conducted
by Krisnawati, et al, that one of the causes of low un-
derstanding of students in the material is because stu-
dents have misconceptions.

Excess in Chemical Reaction

The last concept tested in IDNM is about exces-
ses in chemical reactions. Questions numbers 16, 17,
18, 19 deal with excesses in chemical reactions. This
concept is a quite difficult concept for the subject
where only 14.84% subject who understands this con-
cept. Previous research from Krisnawati, et al (2013)
also mention that students’ understanding of excess in
a chemical reaction is low. On average, the misconcep-
tions about excesses in chemical reactions are high,
this is what causes the low level of student understand-
ing. Therefore, remedial steps are needed to correct
misconceptions. The misconceptions found in this study
are also similar to the misconceptions found by Dahsah
& Coll (2008) that students assume the reagents with
the smallest number of moles will be the limiting rea-
gents. In addition, some students also assume that the
reagents with the smallest coefficient will be a limiting
reagent.

In questions number 16 and 17 there is no calcula-
tion because of the use of diagrams, while on the ques-
tions number 18 and 19 there are calculations. The
number of students experiencing misconceptions in the
two groups of questions is not the same and the
probability of misconceptions on problems with calcu-
lations is higher. This is in line with what is examined
by Scott (2012) that the ability of math (counting) of a
person is very influential on one’s ability in chemistry.

On average, it can be concluded that as much as
32.97% have a misconception on mass balance topic.
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Based on Özmen & Ayas (2003) research, one factor
that is suspected to be the cause of the high miscon-
ception about stoichiometry and law of conservation
of mass is because teachers emphasize to memorize
and apply the calculation formula but provide less infor-
mation regarding the concepts. In addition, the concept
of stoichiometry and law of conservation of mass are
more elusive sub-microscopic representation than ma-
croscopic things (Rahayu & Kita, 2010).

The average effectiveness of the POE strategy
in improving the balance sheet misconception is
76.02%. Coeu & Niaz (2012) conduct a study to de-
termine the effectiveness of POE in improving mis-
conceptions on evaporative and condensation materi-
als, the results show that POE has a high effectiveness
with an average of 85.94% in improving misconcep-
tions on evaporation and condensation topic. Another
comparison is from Juita’s (2013) study, which con-
cludes that POE has moderate effectiveness with an
average of 45%. From these two studies, it can be
concluded that POE has a high effectiveness in im-
proving mass balance misconception.

CONCLUSION

According to the results and discussion, it can be
summed up that there is a misconception on the mass
balance topic with an average of 32.97%, with details
on each sub-material as follows, unit conversion
18.75%, law of conservation of mass 21.88%, princi-
ples and basics of stoichiometric reactions 31.25%,
stoichiometry and composition 40.63% and excess in
chemical reaction 52.34%. Employing POE strategy
as a remedial attempt is effective in improving miscon-
ceptions on mass balance topic with an average effica-
cy of 76.02% and considered as highly effective.

Because the misconceptions found in the mass
balance material are considerably high, there is a need
for preventive measures using POE strategies in learn-
ing to prevent their major misconceptions on mass
balance topic.
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