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Students in Indonesia still have the low level of scientific argumentation
skills. This study purposed to examine the impact of Problem-based Learning
(PBL) with Argument Mapping and Online Laboratory in improving the
scientific argumentation skill. It describes the significance of the differences
between participants who learn through PBL, PBL with Online Laboratory
(PBL-OL), Problem-based Learning with Argument Mapping and Online
Laboratory (PBL-AMOL) model. The population of this study were students
from Madrasah Aliyah Negeri (MAN) Yogyakarta, Indonesia with a random
sampling technique. This was quasi-experiment with pre and post test
designs. In this study, there were 97 students at MAN 1 as respondent. Paired
sample t-test, independent sample t-test and ANOVA mixed design was used
to analysis data. The PBL-AMOL group has a significant difference based on
pre-test and post-test (sig. 0000). The PBL-AMOL was most effective to

improve the skill with gain score 0.43 (medium). Learning with the PBL-
AMOL model can be an alternative to solve the problems of creative
thinking skill.
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1. INTRODUCTION

The Indonesian students’ scientific argumentation skills are still low. The ability of scientific
argumentation was only at level 1, only able to make claims [1]. In addition, they also cannot provide the
correct concept to support claims [2]. Therefore, Indonesia needs learning model to improve these skills. One
learning model that supports student activity is Problem-based Learning (PBL) model. According to Smith
and Hung [3], in PBL students study the subject through pedagogical processes actively. Students also learn
to be partners, are responsible for learning, work as a team, overcome new situations, and gain lifelong
learning skills [4]. PBL is effective in improving student learning outcomes, reducing conceptual difficulties,
and preventing the formation of alternative conceptions [5].

Another advantage of the PBL model is generating ideas and encouraging students to argue about
certain problems being discussed [6]. The skills of students argue that accompanied by evidence is the center
of scientific thought that helps in solving problems [7]. Scientific argumentation skills can help students
engage in various scientific practices thereby increasing their knowledge of science content [8].

Efforts to improve students' scientific argumentation skills have been widely carried out by policy
makers or school [9]. These efforts include: orienting students to problems and encouraging students to solve
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problems. This is in accordance with the PBL model because students will solve structured problems in small
groups, and then present arguments to support their solutions [7]. In presenting arguments, students must be
able to state based on the criteria and aspect of scientific argumentation skills. A complete argument consists
of claims, data, warrant and rebuttal [10]. To achieve this aspect, students can be guided using the concept of
mapping or argument mapping [11]. Argument mapping helps students to have a clear understanding of the
topic or problem and the right attitude to solve the problem [12].

Students' argumentation skills can also be developed using online/internet based scientific
argumentation learning [13]. Online learning can also strengthen student assessment and decision making
because it enhances students' understanding of the social nature of the argument, critical thinking skills, and
evidence-based reasoning [14]. The development of scientific argumentation skills using improved learning
environment technology can really help students develop this 21st century skills [15]. Online learning
simulation (OLS) can improve students' understanding about knowledge content related to science topics
[16]. It also allows students to feel the scientific reality that is impossible to do directly [17]. Online learning
also can enhance learning motivation [18]. The simulation gives students the opportunity to interact more
with learning topics because they can visualize complex and abstract scientific phenomena [19].

The aim of this study is to describe the significance of the differences between participants who
learn through PBL-AMOL, OLS-PBL, PBL model and the effectiveness of these learning model in
improving students’ scientific argumentation skill. However, the PBL-AMOL model has never been aplied or
previously applied to the teaching argumentation topic in class.

2. RESEARCH METHOD
2.1. Model of research

This study was quasi-experimental which is the objective was observing the scientific argumentation
skill of students using PBL, PBL-OL, and PBL-AMOL. This PBL-AMOL model, however is the new
learning and has not been apllied in imrpving scientific argumentation skill. The research design was pre-test
and post control group design. The aim of the study was to know the students’ scientific argumentation skill
between the PBL-AMOL and PBL-OL as the experimental groups and PBL model as the control group. The
first competency of all groups would be the same with the homogenity test of the variance from the pre-test
data of each group.

According to Jager, et al. [20] confounding can be prevented by the use of randomization,
restriction, or matching and be controlled by using stratification after completion of a study. In this study, the
randomization and stratification was used to control confounding variable. The stratification started from
Madrasah Aliyah Negeri (MAN) Yogyakarta City. There were three schools MAN 1, MAN 2 and MAN 3.
Based on the the level of scientific argumentation or 21st century skill, the sample choosed was MAN 1
because from perevious study [21], they had low level of scientific argumentation skill. In MAN 1
Yogyakarta, the class was chosed based on the material in the Indonesia Curriculum (K13). The material on
this study was relevan with Grade XI science. There were four classess in XI Science MAN 1 Yogyakarta,
but in this study only three class (97 students) as participant. The fourth class only consisted less than 20
students (special class). So, the total respondent only three science class from MAN 1 Yogyakarta Grade XI.

2.2. Implementation

There were 97 students from Madrasah Aliyah Negeri 1 Yogyakarta as the respondent. Random
sampling technique was used from the Islamic State School in Yogyakarta, Indonesia. There are two classes
for the online laboratory (OL) group. The first class was only taught with PBL-OL which consisted of 30
students. The second class was based on the PBL-AMOL learning model consisting of 30 students. The third
class was only taught with the PBL model consisting of 30 students. All group were given six sessions, and
each session consists of 60-90 minutes.

The research tools used are: 1) PBL-AMOL, PBL-OL, and PBL matrices that contain learning
competencies based on topics, activities and assessments given to students during the learning process. All
matrices have been validated by experts; 2) Guidelines for teachers which consist of lesson plans. This serves
as a guide for teachers to convey the students with different approaches to each class; 3) Learning Materials
which are modules developed by researchers; 4) Instruments to test the ability of scientific argumentation
include open tests [21]. Assessment of student skills based on the rubric 0-5. Table 1 shows a description of
each level. Students are asked to complete five questions, with each question containing aspects of the
scientific arguments’ skill. In this study, the aspect of scientific argumentation skill according to Riwayani
[22] as shown in Table 2.
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Table 1. Level of scientific argumentation skill

Level Range
Very low 0-1.49

Low 1.50-2.49
Average 2.50-3.49

High 3.50-4.49
Very high 4.50-5.00

Table 2. Scientific argumentation skill

Aspect Description
Claim Express a statement or opinion for solving the problem.
Data/Evidence Explain data, evidence or facts that support the claim
Warrant Analyzing the relationship between data and claims
Backing Explain the basis of truth to support the claim
Rebuttal Make the statements that conflict with claims, data, warrant, or backing

2.3. Data collection and assessment

Data were analyzed using SPSS 16 Software. The profiles of scientific argumentation skills were
analyzed by descriptive statistics. Independent sample t test was used to determine differences of the results
of the pre-test and post-test. In addition, the level of scientific argumentation skills of students will be
analyzed based on the level claim, data, warrant, backing, and rebuttal. To find out the differences in each
group based on the model taught, we use ANOVA mixed design analysis. The level of learning effectiveness
in PBL-AMOL, PBL-OL, PBL only is calculated based on the value of the gain score with the Hake’s
formula [23]:

Xposttest_xpretest (1)

Gain (g) =

maximum score—Xpretest

Where, X post-test is the average score of post-test and X pre-test is the average score of pre-test. The level
of effectiveness is based on the above equation as g>0.7 high; 0.7>g>0.3 medium; and g<0.3 Low.

3. RESULTS AND DISCUSSION

According to Jones and Hafner [24] as one of the competencies in physics, students must be able to
communicate based on written reports, presentations, and explanations directly. This skill is related to the
scientific argumentation skills such as making claim, data, backing, warrant, and rebuttal. Argumentation
skills allow students to explore, critics and wonder about scientific reality [25]. This activity is in accordance
with physics, where students must be more critics [26]. Therefore, students' scientific argumentation skills
need to be improved during the teaching of physics [27]. In this study, Paired sample t-test, independent
sample t-test and ANOVA mixed design, and Homogenity test were used to analysis data. Table 3 shows the
result of Homogenity test and for the other test will be described ont each group. Table 3 shows that sig value
is 0.134>0.05. It can be concluded that the initial skill or variance of students in the PBL, PBL-OL and PBL-
AMOL groups are the same or homogen.

Table 3. Test of homogeneity of variances
Levene statistic dfl df2 Sig.
2.057 2 194 134

3.1. PBL group

Students were given questions based on five aspects of scientific argumentation. Table 4 shows the
result of their skill in scientific argumentation. It shows that students’ level in PBL Group are very low. The
level of students in this group before and after learning is shown in Table 5. Paired sample t test is used to see
whether there are significant differences in scientific argumentation skill as shown in Table 6.

Int J Eval & Res Educ, Vol. 10, No. 1, March 2021: 16 - 23



Int J Eval & Res Educ ISSN: 2252-8822 a 19

Table 4. Level of scientific argumentation skill of PBL-only group

Aspect of scientific Pre-test Descrintion Post-test Descriotion
argumentation skill Mean SD P Mean SD P
Claim 0.38 1.34 Very low 2.03 2.15 Low
Data 0.19 0.61 Very low 1.78 2.00 Low
Warrant 0.14 0.58 Very low 1.44 1.74 Very low
Backing 0.08 0.45 Very low 161 2.00 Low
Rebuttal 0.08 0.51 Very low 0.69 131 Very low
Overall 0.17 0.37 Very low 151 0.33 Low

Note: 4.50-5.00=very high; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 5. Level of students’ scientific argumentation skills of PBL only group before and after learning

process
Level Before After
f % f %
Very high 0 0 0 0
High 0 0 0 0
Average 0 0 0 0
Low 0 0 17 53.13
Very low 32 100 15 46.87
Overall Mean=0.15 (Very low), SD=0.25 Mean=1.28 (Low), SD=0.63

Note: 4.50-5.00=very high; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 6. Paired sample t-test of the students’ scientific argumentation skill of PBL only group
Mean SD t-value df Sig

Pre-test 0.15 0.25
Post-test 1.28 0.63 -11.048 31 0.000
*significant at 0.05

3.2. PBL-OL group

Students were given questions based on five aspects of scientific argumentation skills. Student
answers are analyzed and the results are shown in Table 7. It shows that students in the PBL-OL group have
very low level. The level of students' scientific argumentaion skills in PBL-OL Group before and after they
were taught with this model is shown in Table 8. Paired sample t-test was used to determine differences in
the results of scientific argumentation skills in this group as shown in Table 9.

Table 7. Level of scientific argumentation skill of PBL-OL group

Aspect of scientific Pre-test Description Post-test Description
argumentation skill Mean SD Mean SD
Claim 0.80 1.58 Very low 2.95 1.49 Average
Data 0.59 1.00 Very low 2.75 2.03 Average
Warrant 0.31 0.98 Very low 244 154 Low
Backing 0.39 0.97 Very low 2.78 1.85 Average
Rebuttal 0.09 0.40 Very low 1.88 1.34 Low
Overall 0.44 0.42 Very low 2.56 0.28 Average

Note: 4.50-5.00=very high; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 8. Level of students’ scientific argumentation skills of PBL-OL group before and after learning process

Level Before After
f % f %
Very high 0 0 0 0
High 0 0 0 0
Average 0 0 8 25
Low 1 3.12 23 71.88
Very low 31 96.88 1 3.12
Overall Mean=0.37 (Very low), SD=0.35 Mean=2.19 (Low), SD=0.53

Note: 4.50-5.00=very high”; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 9. Paired sample t-test of the students’ scientific argumentation skill of PBL-OL group
Mean SD t-value df Sig

Pre-test 0.37 0.35 N
Post-test 2.19 053 -18010 31 0.000

*significant at 0.05
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3.3. PBL-AMOL group

Students were given questions based on five aspects of scientific argumentation skills. Student
answers are analyzed and the results are shown in Table 10. The quality of scientific argumentation that are
still very low in the PBL-AMOL group. It shows that their skills related to scientific argumentation have not
been improved. The level of students' scientific argumentation skills in PBL-AMOL Group before and after
they were taught with this model is shown in Table 11. Paired sample t-test was used to determine
differences in the results of scientific argumentation skills in this group as shown in Table 12.

Table 10. Level of scientific argumentation skill of PBL-AMOL group

Aspect of scientific Pre-test Post-test

argumentation skill Mean SD Description Mean SD Description
Claim 1.79 2.09 Very low 3.30 1.73 Average
Data 0.83 0.89 Very low 4.05 3.22 High
Warrant 0.79 1.23 Very low 2.74 1.70 Average
Backing 0.74 1.28 Very low 3.98 2.28 High
Rebuttal 0.18 0.74 Very low 2.42 1.39 Low
Overall 0.87 0.58 Very low 3.30 0.28 Average

Note: 4.50-5.00=very high; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 11. Level of students’ scientific argumentation skills of PBL-AMOL group before and after learning

process

Level Before After

f % f %

Very high 0 0 0 0

High 0 0 3 9.09
Average 0 0 22 66.67

Low 1 3.03 7 21.21
Very low 32 96.97 1 3.03

Overall Mean=0.76 (Very low), SD=0.36 Mean=2.76 (Average), SD=0.66

Note: 4.50-5.00=very high; 3.50-4.49=high; 2.50-3.49=average; 1.50-2.49=low; 0-1.49=very low

Table 12. Paired sample t-test of the students’ scientific argumentation skill of PBL-AMOL group
Mean SD t-value df Sig

Pre-test 0.76 0.35
Posttest  2.76 066 16384 32 0.000*

*Significant at 0.05

3.4. Comparison of all group

In this study, we use ANOVA mixed design to determine the greatest influence between PBL, PBL-
OL, and PBL-AMOL learning on students' scientific argumentation skills. The results as shown in Table 13.
A comparison of all groups was also analyzed using the gain score. The results are presented in Table 14. It
shows that there is an increase in all groups. But, the level of effectiveness of all groups is still low.

Table 13. Result of ANOVA mixed design analysis

Group Sig. Partial Eta Squared
PBL only 0.000 0.529
PBL with online laboratory 0.000 0.745
PBL with argument mapping-online laboratory  0.000 0.785

Table 14. Gain score of all group

Group Average of pre-test  Average of post-test  Gain Score  Description
PBL-only 0.15 1.28 0.23 Low
PBL-OL 0.37 2.19 0.39 Medium
PBL-AMOL 0.76 2.76 0.47 Medium

Note: g>0.70=high; 0.3<g<0.7=medium; g<0.3=low
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3.5. DISCUSSION

The mean of scientific argumentation skills of students in PBL group was very low before learning
process (mean 0.17, SD=0.37). Among the 25 questions, the lowest student answers are in aspect rebuttal
with mean 0.08 (very low). Meanwhile, the highest average score of student answer is aspect claim 0.38
(very low) and the backing and rebuttal aspects showed the lowest average of 0.08 (very low). In general, the
average scientific argumentation skills of students in the PBL only based on the pre-test were 0.17 (very
low).

After students are taught with PBL learning, there is an increasing in several aspects. Claims, data
and backing aspects increased from "very low" to "low" level. Meanwhile, the aspects of warrant and rebuttal
are still at a "very low" level. The highest average is aspect of claim (2.03) while the aspect of rebuttal shows
the lowest (0.69). The students from the PBL group had very low scientific argumentation skills (mean=0.15,
SD=0.25) based on pre-test and all students (N=32) had a "very low" level. After students are taught with
PBL model, the number of students at "low" level increases (53.13%) and students at the "very low" level
decreases (46.87%). Despite the increase, the level of scientific argumentation skills of this group is still at a
low level (1.28; SD=0.63). It shows that the model was used in teaching has no significant effect in
improving the skills.

The results of scientific argumentation skills in PBL group after learning process show a significant
difference. The difference in the mean of post-test (1.50) and the pre-test (0.17) was 1.33. It indicates that
PBL model helped in increasing the level of students' scientific argumentation skills. This is similar with
Nurinda, et al. [28], problem-based learning can be used to improve students' scientific argumentation skills.
According to Ponimin, et al. [29], the scientific argumentation skill in the experimental class (using the PBL
model) were better than the control class (non-PBL). Because PBL can help students generate ideas and
encourage debate or discussion about certain problems [6].

For PBL-OL group, the students' answers on the claim aspect showed the highest mean (0.80: very
low) and the rebuttal aspects showed the lowest (0.09: very low) based on pre-test. In general, the students’
scientific argumentation skills in the PBL-OL group based on the pre-test were 0.44 (very low). After
students are taught with PBL-OL, all aspect of scientific argumentation skills is increase. Claims, data and
backing aspects from "very low" increased to "average" level. Meanwhile, the aspects of warrant and rebuttal
are still at "low" level. The highest mean is aspect of claim (2.95) while the aspect of rebuttal shows the
lowest (1.88).

The level of students in the PBL-OL group before learning process was at very low (96.88%) and
only 1 student (3.12%) showed a low level. In general, the students in this group have a very low level of
with mean 0.37 with SD=0.35. No one shows a high level of scientific argumentation skills. After students
are taught with PBL-OL, the number of students at the "low" level (71.88%) and average level (25%)
increases, and students at the "very low" level decreases (3.12%). Despite the increase, overall, the students’
level of this group is still at low level (2.19; SD=0.53). It shows that the model was used in teaching has no
significant effect in increasing the level of students. The results of scientific argumentation skills in PBL-OL
group after learning process show a significant difference. The difference in the mean post-test (2.19) and the
pre-test (0.37) was 1.82 indicating that PBL-OL significantly helped in increasing the level of students'
scientific argumentation skills.

For PBL-AMOL Group, the students' answers on the claim aspect showed the highest (1.79; very
low) and the rebuttal aspects showed the lowest (0.18; very low). In general, the students’ level in the PBL-
AMOL group based on the pre-test were 0.87 (very low). After students are taught with PBL-AMOL model,
all aspect of scientific argumentation skills is increase. Claims and warrant were initially at "very low"
increased to "average". Aspect data and backing increase to “high” level. Meanwhile, the rebuttal is still at
"low" level. This is similar to Nurinda, et al. [30], where PBL was able to increase 27.27% of students'
rebuttal abilities. The highest mean is aspect data (4.05) while the aspect of rebuttal shows the lowest (2.42).

The level of students in the PBL-AMOL group before learning process was very low level (96.97%)
and only 1 students (3.03%) showed a low level. In general, the results of the pre-test this group have a very
low level (0.76; SD=0.36). There is no students shows a high level of scientific argumentation skills. After
students are taught using PBL-AMOL maodel, there is an increasing the level of student’s skill at "low" level
(21.21%), average level (66.67%), high level (9.09) and students at the "very low" level decreases (3.03%).
Despite the increase, overall, the level of scientific argumentation skills of the PBL-AMOL group is still at
average level (2.76; SD=0.66). It shows that the model was used in teaching has effect in increasing the level
of students' scientific argumentation skills. The results of scientific argumentation skills in PBL-AMOL
group after learning process show a significant difference. The difference in the mean of post-test (2.76) and
the pre-test (0.76) was 2.00 indicating that PBL-AMOL significantly helped in increasing the level of
students.
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The Partial Eta Squared value of PBL is 0.529, PBL-OL is 0.745 and PBL-AMOL is 0.785.
According to Riwayani [22], the meaning of this value: PBL only is able to improve students’ scientific
argumentation skills by 52.9%, PBL-OL 74.5% and PBL-AMOL 78.5%. These results indicate that the PBL-
AMOL learning is be most effective in improving students' scientific argumentation skills. It similiar
according to Perdana, et al. [31], where the integrated of PBL-OL and concept maps give the positive impact
on students’ achievement and 21st skills. In the PBL-AMOL group there is an explanation of scientific
argumentation theory that students must understand [13]. In addition, mapping arguments help students in
solving problems and facilitate students to have a clear understanding [12].

Based on the gain score, there is an increasing of scientific argumentation skill in all groups also as
shown in Figure 1. The PBL group is at low level. This is because students are not directed how to make the
correct scientific arguments. They are only encouraged to solve problems, without being guided by the
criteria for good scientific argumentation skills. The PBL-OL group is at the middle level. It is because
students can looking for the information on several websites. They become more skilled in determining how
to properly claim. The PBL-AMOL group is also at the middle level but is better than the two existing
groups, because student was guided to provide good scientific arguments through concept maps and
compared with several aspects of scientific argumentation on several websites.

Estimated Marginal Means of MEASURE_1

3.00 Group

— PBL-Cnly
~——PBL with OL

250 PBL with AM-OL

2.001

1.507

1.00

Estimated Marginal Means

0504

0.004

time

Figure 1. Pre-test and post-test all group

4. CONCLUSION

The result of data analysis showed that the PBL-AMOL model was more effective in improving
student’s scientific argumentation skills than the PBL-OL and PBL model. Based on test, the PBL-AMOL is
able to stimulate students in claim, data, warrant, backing, and rebuttal skill in scientific argumentation skill.
The PBL-AMOL model can be regarded as the solution to solve the problems of students' scientific
argumentation skill. Hence, the final results indicate that there is a significant difference (sig .000) between
the PBL-AMOL, PBL-OL, and PBL groups. In addition, the PBL-AMOL model had also proven to be
effective for teaching scientific argumentation skill which shows a significant difference (sig .000) between
the pre-test and post-test.
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