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Abstract

Many students have found the difficulties to give proper evidence scientifically. Therefore, it is necessary
to provide the learning approach model which guides students to argue scientifically on the laboratory
work writing namely science writing heuristic (SWH). In this research, we tried to describe the quality of
students scientific argumentation on acid-base and buffer solution laboratory work writing through mixed
methods embedded concurrent. The research data was obtained through assessment rubric of ability
scientific argumentation SWH formatted and field notes. The overall of ability scientific argumentation
was moderate (63.60%). From this research, we found that laboratory work writing with laboratory
report SWH formatted can improve students’ ability on their scientific argumentation.

Keywords: evidence; laboratory work; inquiry
Abstrak

Banyak pelajar telah menemukan kesulitan untuk memberikan bukti yang tepat secara ilmiah. Oleh
karena itu, perlu untuk menyediakan model pendekatan pembelajaran yang memandu pelajar untuk
berdebat secara ilmiah tentang penulisan kerja laboratorium yaitu heuristik penulisan sains (SWH). Dalam
penelitian ini, kami mencoba mendeskripsikan kualitas argumentasi ilmiah pelajar pada penulisan kerja
laboratorium larutan asam-basa dan buffer melalui metode campuran yang disatukan secara bersamaan.
Data penelitian diperoleh melalui rubrik penilaian kemampuan argumentasi ilmiah SWH yang diformat
dan catatan lapangan. Keseluruhan argumentasi ilmiah kemampuan adalah sedang (63,60%). Dari
penelitian ini, kami menemukan bahwa penulisan kerja laboratorium dengan laporan laboratorium yang
diformat SWH dapat meningkatkan kemampuan pelajar dalam argumentasi ilmiah mereka.
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Introduction

The laboratory activities in education field
only were claimed to confirming the information
from the textbook or teachers’ explanation
(Wickman, 2004). Also, the purpose of learning
process in laboratory is limited to improve the
students’ cognitive domain only, while other
aspects such as creative thinking and problem
solving are not noticed (Abrahams and Millar,
2007). However, as time goes by, learning in the
laboratory has paid attention to these aspects and
the learning design has been oriented to the
inquiry. Including the experiment manual used
is highly synchronized from the "cookbook" to
the instruction manuals that train students to
argue based on experimental facts (Hofstein and
Lunetta, 2003; Hofstein, 2004; Reid and Shah,
2007; Wheeler et al., 2015; Akkuzu and
Uyulgan, 2017; Crujeiras-Pérez and Jimenez-
Aleixandre, 2017; Wheeler et al., 2019). Moody
and Foster (1997) offered laboratory approach
that asked students to read of material and
during this activity instructor discuss about the
theory and practical advice also can be
introduced. In contrast to Tsaparlis and Gorezi
(2007) who have successfully added the project
to the traditional practice so that initially
monotony with the addition of the project, the
experiment becomes more attractive.
Modification of other traditional experiment is a
practical approach to laboratory assistants
(Hong-BinYu, 2015). Domin (1999), Fay et al.
(2007) categorized the experiment work into
four types, namely expository, inquiry, discovery
and problem-based. These types of experiment
work depend on the role of teacher. However,
many schools do not conduct practical work
since tools and chemicals are incomplete. One of
them is MAN 1 Pati in Central Java. The
ongoing chemical learning is still teacher-
centred. Students got the chemistry knowledge
was only from their teacher explanations. It will

decrease students' curiosity towards chemistry
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and students difficult to understand the concepts
and lacking practical skills (Shulman and Tamir
1973). Therefore, it is necessary to carry out the
practical work that allows students to do inquiry
skills so that process skills and chemical
knowledge are improved (Hodson, 1990; Chebii
et al., 2012). One is Process Oriented Guided
Inquiry Learning (POGIL) (Soltis et al., 2015;
Rivers, 2002; Weaver et al., 2008). At the time
of the lab for students' inquiry skills to be more
students need

comprehensive, writing

assignment because it will help students
understand the concept of chemistry more
deeply (Kovac and Sherwood, 1999). Writing an
experiment report can improve students
conceptual understanding better. Besides that it
trains students imitate a chemist since students
to organize experiment data into meaningful
information or problem solving (Thomas et al.,
2015). One of these experiment report formats
uses a Heuristic strategy known as Science
(SWH).
writing with SWH format refers to learning cycle

theory (Lawson et al., 1989; Keys et al., 1999).
The SWH consists of titles in the form of

questions,

writing Heuristic Practical report

probation procedures, temporary
claims, and evidence. This SWH format report is
similar to the mini-journal developed by Zhao
and Wardeska (2011). At this stage, the filing of
evidence that the student is required to explain
why the proof is appropriate to support a
temporary answer ecarlier. The last stage, a
reflection that asks students to compare the
discussion (claim and evidence) with the
experiments that have been done (Schroeder and
Greenbowe, 2007; Burke and Greenbowe, 20006;

Rudd II, Greenbowe and Hand, 2007).

Based on the stages in the SWH report, it is
learning style of inquiry or problem-based
experiment (Domin, 1999; Domin, 2009;
Moskovitz and Kellog, 2011). The benefits of
the SWH report format are encouraged students
to understand the concept of chemistry more
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deeply and high-order thinking skill (Schroeder
and Greenbowe, 2007; Burke and Greenbowe,
2006; Rudd II, Greenbowe and Hand, 2007,
Rudd 11, et al., 2001; Poock et al., 2007; Bruck
and Towns, 2009; Putti, 2011). This article
provides a description of how the quality of
students’ arguments MAN 1 Pati who previously
never practised and writing arguments through
SWH formatted laboratory reports.

Methods

This research used Mix Methods with
Embedded Concurrent approach. The sample is
class XI IPA-1 MAN 1 PATTI (32 students). It

was collected by purposive sampling technique.

This technique is chosen because the teacher
better understands students’ cognitive, affective
and psychomotoric abilities.

The theoretical learning was on acid-base
solution with POGIL
approach. When the students would like to do

material and buffer

the experiment work, the explanation was given
descriptively to them about how the quality of
scientific arguments written by students. The
quality of students' scientific argumentation was
the
argumentation capability assessments referring to
Akkus et al. (2007); Schroeder and Greenbowe
(2007); (Walker et al.2011). The score of
Scientific Argument Ability’s
converted to qualitative data (Widyoko, 2009).

evaluated by rubric  of  scientific

students are

Table 1. Assesment Rubric of Scientific Argument Ability SWH oriented (Walker et al.2011)

Includes > 75% of investigation data in data formats (diagrams, graphs, or

Includes 50% - 75% of investigation data in data format (diagrams, graphs, or
Include only < 50% of data of investigation results with data format (diagrams,

Able to make statements (claims) based on theories, data/evidence, and/or other
support as many as > 5 claims correctly.

Able to make statements (claims) based on theory, data/evidence, and/or other
support as many as 3 - 5 claims correctly.

Able to make statements (claims) based on theory, data/evidence, and/or other
support of as many as < 3 claims correctly.

Capable of explaining data/evidence from 3 - 4 experiments to underpin

Able to explain data/evidence from second experiments to underlying statement

Able to explain data/evidence from 1 experiment to undetlying statement

Be able to write the reasons (justification and support) using internal and
external sources of data/evidence to support claims on acid-base statements and

Be able to write the reasons (justification and support) using internal or external
sources of data/evidence to support the claim (claims) on the acid-base
statements and/or buffer solutions (any).

Not writing reasons (justification and support) using internal and external
sources (not both) to support the claim (claim).

Able to associate arguments with hypothesis on acid-base statements and buffer

No. Aspects Scale  Description
1. Able to provide evidence 3
of investigation results labels).
2
labels).
1
graphs, or labels).
2. Able to make the claim to 3
answer  the  inquiry
question
2
1
3. Able to use evidence of 3
investigation results to statements (claims).
claims
2
(claim).
1
(claim).
4. Be able to write the 3
reasons
buffer solutions (both).
2
1
5. Able to associate 3
arguments with solutions.
hypothesis
2

Able to associate arguments with hypothesis on acid-base statements or on
buffer solutions.
Do not associate arguments with hypothesis.
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Table 2. conversion scores of scientific argument ability each aspect to category (Widyoko, 2009)

Score interval

Percen tage

Category

X > Xi+1,80x SBi
X>2+180x0,33

X > 2,59

Xi+0,60xSBi < X< Xi+1,80xSBi
2+0,60x0,33<X<2+180x0,33
2,19<X<2,559
Xi—0,60xSBi < X< Xi+0,60xSBi
2-0,60x0,33<X<2+0,60x0,33
1,81 <X<2,19

Xi-1,80xSBi < X< Xi—-0,60xSB{
2-1,80x0,33<X<2-0,60x0,33
1,41 <X< 1,81

X < Xi- 1,80 x SBi
X<2-1,80x0,33

X< 1,41

X > 86,33 %

X <47,00 %

Very good

73,00 % < X < 86,33 % Good

60,33 % < X <73,00 % Enough

47,00 % <X < 60,33 % Less

Very less

Result and Discussion

Based on the assessment of three observers
through the SWH-oriented scientific argument
ability rubric (Table 2), results is shown in Table
3.

Table 3. Average Scores of Student Scientific Overall
Scientific Ability on Writing SWH-Oriented
Practicum Reports

No. Aspects of Scientific Average Percentage Category
Argument Ability

1. Aspects of Ability to 2,13
Provide  Evidence  of
Inquiry

2. Aspects of Ability to 1,56
Make a Statement or
Claim for Answering the
Inquiry Question

3. Aspects of Ability to Use 1,98
Data or Evidence of
Inquiry to Explain claims

4. Aspects of Ability to 2,02
Write the Reason
(justification and support)
of the Data / Evidence to
Support the claim

5. Aspects  of Ability to 1,83
Relate  Arguments to
Hypothesis

71,00 % Enough

52,00 % Less

66,00 % Enough

67,33 % Enough

61,00 % Enough

Total Aspect of Scientific 9,54
Argument Ability

63,60 % Enough

Based on table 3, it can be seen that the
average overall score of the results of the
assessment of scientific argumentation ability is
63.60% with sufficient category (enough). The
results obtained are not satisfactory because the
first new students to carry out experiment
activities and write a report so that data written

experiments are mostly stll less
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precise,

consequently the aspects of writing the report
oriented SWH less satisfactory as well. These
results are not as obtained in previous research
reporting (Cooper and Oliver-Hoyo, 2016).
Although  the

significant, at least with the assignment to

results obtained show less
making SWH-oriented practice reports provide a
new learning experience of students of MAN 1
Pati who had never practised before. Learning
experiences such as students is required to make
a question. Starting from this question the stages
in the SWH will run (Cronje et al., 2013; Burke
and Greenbowe, 2006; Rudd II et al., 2007;
2016;
Shamuganathan and  Karpudewan, 2017;
Stephenson and Sadler-McKnight, 2016). Even

this question, if examined from the aspect of

Cooper and Oliver-Hoyo,

research, will provide the identity of how far the
research is up to date (Farrugia et al., 2010). Also
to being demanded to ask questions, the SWH-
oriented report requires students to make
hypothesis claims, submit evidence (evidence)
and the reason why the evidence that has been
obtained from the experimental results can
support or reject the hypothesis. The stages of
the SWH report actually invite students to
think, write and work as scientists think, write
and work (Thomas et al., 2015; Krieter et al.,
2015; Zeir, et al., 2016; Graulich et al. , 2009;
Graulich,2015; McClaryand Talanquer,2011).
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In table 3, the ability to make the answer is
the smallest compared to other aspects
(52.00%). This is because in this aspect the
students have difficulties in determining the pH
estimate of the solution so that they can not
make a temporary answer and there is also the
answer while the student is still less precise (table
4), that is "From the experimental results the
solution types A, B, C and D have the difference
slight or relatively fixed pH changes ". From the
report on the buffer solution, it can be seen that
in writing the claim is still less precise, because it
has not been able to answer the experiment
question correctly. The question posed is "how is
the effect of adding acid, base and dilution to
buffer solution?" So the supposedly temporary
answer is "adding a little strong acid, strong base
and dilution to buffer solution has no significant

No. Aspects Field Notes

In the buffer solution report, the average
student has been able to compare their data
or claims; there are only 2 students who are
still less precise in comparing data with one
source.

The majority of students have not been able
to relate the argument with their hypothesis
completely, because on average they do not
make a complete claim.

There are 12 students who do not link the
argument with the hypothesis, because they
do not write the report to completion.

In the report of the average buffer solution
students have been able to relate the
argument with the hypothesis. But there are
7 students who do not link the argument
with the hypothesis.

the majority of students just read what they
write. They deliver experiment reports in
less loud, unresponsive, hesitant, and less
understood voices to what they have written
in the lab report. But some students can
report practically well, loudly, firmly and
face-to-face in the classroom, although the
results of the lab work they convey are
inappropriate.

5 Associate
arguments  with
hypothesis

6 Communicating
activities

effect".
Table 4. Summary of Field Notes
No. Aspects Field Notes
1 Provide data of In experiment 2, the average student did not
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investigation
results

Make claim to
answer the
inquiry question

Use the
investigation data
to support the
claim

Write down the
reasons to
support the claim

write the estimate results of the pH of the
solution and did not specify the nature of
the solution in the observed data.

There was one student who only included
data in experiment 1.

In the buffer solution report, the average
student is not appropriate in classifying the
properties of the solution, because the result
of pH measurement data obtained by the
students is also much less precise.

In the experimental acid-base report 2, the
average student did not make claim.

In experiments 2 and 3, there were 14
students who did not make claim.

In the buffer solution report, the average
student is still less precise in making a claim.

There are 7 students who make a claim
correctly.

the majority of students have not been able
to explain all data from table form to
written form to underlying claims.

All students are not using data in
experiment 2.

In the buffer solution report, the average
student can already use the data to base the
claim.

There are four students who can not explain
their experiment data to support the claim.

Students have compared their claims, but on
average they do not make a complete claim.
There is one student who only compares
data with internal sources only.

The next aspect is the ability to use data or
evidence of investigation results to explain
claims. Ability in this aspect is only 66.00%
(enough). This capability is indicated by the
appearance of two experiments described by
students from 4 experiments on report writing of

and buffer

Here's an example of student writing on this

acid-base  experiment solutions.

aspect,

"The proof of my claim is that on the basis of
experiment 1 the acid solution are a solution
which can break the litmus paper, the basic
solution is a solution that can brighten the
litmus paper. And based on experiment 3 acid
solution is solution having pH <7, alkaline
solution is solution having pH> 7 ".

It appears on students' writing that the data
or evidence written to base their temporary
answers is unclear. This is indeed an observation,
not yet able to explain or translate in detail all
the data obtained from the table form of written
form to underlie their claims (table 3). They
should write at least the following,

"Experiment 1: The proof of my claim is
that when electrolyte A and B solutions are
tested with red litmus paper it still produces
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a red color and when tested with a blue
litmus paper produces a red color. While
when the electrolyte solution C and D in
the test of red litmus paper produces the
blue color and when tested for a blue litmus
paper still produce blue color. It can be
concluded that solutions A and B are acidic
solutions because they can dispense litmus
paper and solutions C and D are basic
solutions because they can brighten litmus
paper ".

Experiment 2: The proof of my claim is that
when the electrolyte solution A and B is
added the orange methyl indicator produces
a red color, added red methyl yields a red
color, added a blue bromthymol produces a
added
phenolphthalein and pH of electrolyte A
and B solution <8 , 2. Whereas when the
electrolyte solution C and D was added the

yellow color, colorless

methyl orange indicator yielded a yellow
color, added red methyl vyielding yellow
color, solution C added a blue bromtonol
yield dark green color, solution D added
bromthymol blue yielding yellow color,
solution C added phenolphthalein yield red,
D is added colorless phenolphthalein and
pH of electrolyte solution C> 10, pH of
solution D 5,8 - 8,2 ". It can be concluded
that solutions A and B are acidic solutions
because they show an estimate of pH <8.2
and solutions C and D are basic solutions
because they show an estimate of pH> 10
and 5.8 - 8.2.

"Experiment 3: The proof of my claim was
that when the electrolyte A solution to the
test of the universal indicator showed pH 2,
the electrolyte solution B showed pH 4, the
electrolyte solution C showed pH 12, and
the electrolyte solution D showed pH 8. So
it can be concluded that the solution A and
B is an acidic solution having a pH <7 and

171-177

the solution of C and D is an alkaline

solution having a pH> 7"

While the students' buffer reports do not
use experimental data to base their claims, as
there are some students who only write one
report of the lab alone (only acids or buffer
alone).

The next aspect is the ability to write down
the reasons for supporting temporary answers. In
this aspect the students are asked to write down
the reason for the data to support their claim.
The purpose of writing the reasons for using
internal and external sources is to strengthen
student’s claims. They are trained to argue not
only based on the data they get, but also based
on data obtained by others, so that the data
obtained can be compared to finding out
whether the claims made have the same
conclusions or not. The internal sources in
question are comparing and discussing the data
obtained with a classmate, while the external
source is comparing data obtained with books,
articles or the internet (Walker and Sampson,
2013). Here's an example of this aspect,

"Internal Source: after I compare or discuss
my data with my classmates it turns out that
the data we get has the same conclusion that
the acid solution can break the litmus paper
and the alkaline solution can brighten the
litmus paper"."External sources: based on
external sources (books, articles, internet)
that I read also mentions that acid solutions
can redden the blue litmus".

It appears in the above examples that
students have compared their temporary answers
to classmates' claims and other sources, but most
of them have not been able to compare and
explain in detail all of their claims on the
experiment, as most of them do not make a
complete claim. They should write at least the
following,
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"Internal Source: after I compare or discuss
my data with classmates it turns out that the
data we get has the same conclusion that the
acid solution can break the litmus paper and
the alkaline solution can brighten the litmus
paper. Acid and base solutions are solutions
which when added acid-base indicator:
methyl orange, red methyl , bromthymol
blue, and phenolphthalein will produce
predictable colors of their pH value, ie acid
solutions are solutions having a pH <7 and
an alkaline solution having pH> 7 ".

"External sources: based on external sources
(books, articles, internet) I read also
mentions that acid solutions can redden the
blue litmus paper and alkaline solutions can
brighten red litmus paper. Acid and base
solutions are solutions which when added
acid-base indicator: methyl orange, red
methyl, bromthymol blue, and
phenolphthalein will produce predictable
colors of their pH value, ie acid solutions are
solutions having a pH <7 and an alkaline
solution having pH> 7 ".

While the report on the buffer solution
students did not write reasons to support their
claims. Whereas students should write down
reasons to support their claims. Here's an
example that students do not write down reasons
to support their claims, "Internal sources: after I
compare and discuss it, my data onto classmates
has little difference but have the same conclusion
that buffer solution is a solution that has a
relatively fixed pH after a little acid, alkaline and
dilution".

"An external source: based on the literature I
read also mentions that a buffer solution is a
solution that can maintain the pH from the
addition of acids, bases and dilutions, thus
having a relatively fixed pH".

The two aspects above are the ability to use
the evidence to explain a temporary answer and
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the ability to write reasons (justification and
support) to the data, giving students the
evidence or

opportunity  to  articulate

experimental results and temporary answers.
Whether the
experiment support or even contradicts a
temporary answer (McNeill, 2011; Walker and
Sampson, 2013; Knight and McNeill, 2015).
Thus these aspects train students to think

evidence generated in the

critically (Walker et al, 2011; Sampson and
Walker, 2012; Walker and Sampson, 2013) and
reflectc how deep the students' concept of
understanding is. The last aspect of linking
arguments with the hypothesis is to train
students to think reflectively (enough category,
61.00%). Whether the results have been
obtained during the experiment changes or
support the previous hypothesis and how far the
students' knowledge has been gained from the
experiment. Here's an example of reflective
thinking of students,"My hypothesis is correct
that acid is a substance that can break down
litmus paper and have a pH <7, whereas a base is
a substance that can brighten a litmus paper and

have a pH> 7".

Examples of reflective thinking are less than

perfect  because they only associate with
hypothesis. Should at least students write it as
yp

follows,

"My hypothesis is correct that the acid
solution are a solution that can break with
the litmus paper and when added acid-base
indicator: methyl orange, red methyl ,
bromthymol blue, and phenolphthalein will
result in red, red, yellow and colorless, pH
<7. While the alkaline solution is a solution
which can brighten the litmus paper and
when added acid-base indicator: methyl
orange, red methyl , bromthymol blue, and
phenolphthalein  will result in yellow,
yellow, dark green or yellow, red or not

colored, and have a pH> 7 ".
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After students write SWH-oriented reports,
they are asked to present in front of the results
class of their group. In this section the quality of
the argument will be assessed. Based on field
notes it was found that during presentation
activities, most students only read what they
write. They deliver experiment reports less loud,
unresponsive, hesitant, and less understood voice
to what they have written in the lab report. But
some students can report practically well, loudly,
firmly and face-to-face in the classroom, even
though the results of the lab work are poor
(table3). The results of this study as a whole did
not show satisfactory results, only 63.60%
(enough category). This is because students are
still not familiar with the writing of SWH-
oriented reports. Even they are also in the daily
learning of chemistry, never experiment.
Nevertheless, SWH-oriented reports writing still
have the potential to be better implemented and
sufficient time will result in satisfactory learning
outcomes, as Kingir et al. (2012). Assignment to
practical report writing can help students
understand the concept better indicated by the
absence of different post-test results from low

and high ability students.

To further increase students' interest in

chemistry learning and to help students
understand deeper concepts, the issues of daily
life such as environmental themes can be
combined with practical and laboratory reports
(Kingir, et al., 2012; Juntunen and Aksela ,
2014; Mandler, et al., 2012; Shamuganathan
and Karpudewan, 2017). Other matters based
on the results of this study (from field notes and
assessment of SWH experiment report), it is
suggested in the writing of SWH practice reports
using the version of McNeill et al. (2000)
because it is more appropriate for students that
have not adapted to practical learning
environments and the steps in the McNeill et al.
(2006) version makes it easier to argue

scientifically, although Cooper and Oliver-Hoyo
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(2016) study results state that the quality of
Sandoval's argumentation ( 2003) is better than
the version of McNeill et al. (2006). The results
of this study also suggest further research on how
to understand students' concepts if writing
SWH-oriented experiment reports on McNeill et
al. (2006) or Walker et al. (2011) than Sandoval
(2003). The students' understanding of the
concept can be done in designing the problem as
reported by Rudd II et al. (2001). Also, modify
the design of the report of McNeill et al. (2000)
version or Walker et al. (2011) and Sandoval
(2003) versions to suit the characteristics of high
school or MA students in Indonesia. Also, it also
encourages the design of inquiry learning that is
appropriate to the characteristics of students in
Indonesia (Abraham, 2011; Xu, and Talanquer,
2013) because the design of learning in the
laboratory is also related to the writing of reports
that require students to think high level
(Cacciatore and Sevian , 2006). And lastly, it is
necessary to research how to evaluate Sampson
and Clark (2008) based practice reports.

From the results of this study, it can be
said that the chemical laboratory have a very
important role in learning chemistry. The type
of instructional designs will determine the
student's learning experience whether laboratory
activities of type expository, discovery or inquiry,
research-based

problem-based

learning, or

learning. But chemistry learning in the
laboratory provides hands-on experience of
interacting with chemicals, so that from various
types of learning experience in the laboratory it is
expected to emerge scientific habits of mind.
These habits would emerge better if the learning
design in the laboratory was centered on the
students (Hofstein and Mamlok-Naaman, 2007;
Russell et al., 2014). One of the activities in the

laboratory is report-writing.
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Conclusion

The students’ ability to argue scientifically
in MAN 1 Pati through writing SWH-oriented
reports was in the good enough -category
(63.60%). By this research, we also suggest
teacher to more better guide and motivate them
through Socratic method especially to connect
evidence-reasoning-claims (hypothesis) in
writing report (Yuriev et al., 2017). It should be
used in every laboratory work. Besides that, the
utilizing of the SWH report format that adopts
Walker et al. (2011) or McNeill et al. (2006) for
students who face difficulties to adapt their
laboratory

learning  environment in the

experiment work.
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