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Abstract—Extremely large and unpredictable user generation of data, all dig-
itized and stored in large data repositories is built up by scientists, especially from 
modern analytical chemistry. Modern analytical chemistry studies and uses in-
struments to analyze chemical compounds up to structural analysis.  Modern in-
struments, such as mass spectrometer, generate information of compounds and 
stored in big data bank.  This must be able to be accessed and used in chemistry 
education. This report would be around the benefits of using Big Data during 
learning process in this digital era. This study aims to build a new approach in 
chemistry education, by utilizing Big Data sources to support IDEAL (I-Identify 
problem, D-Define goal, E-Explore possible strategies, A-anticipate outcomes 
and act, L-Look back and learn) - Problem Solving learning model to improve 
student learning outcomes. This research is experimental research designs Pre-
Experimental Design is by using a class which is used as the experimental class 
by giving a pretest before their treatment and provide post-test after being given 
treatment. Based on the results of hypothesis testing, it is found that there is a 
positive effect of using the IDEAL Problem Solving learning model assisted by 
Big Data on student learning outcomes. There is an improve in student learning 
outcomes in the medium category.  

Keywords—Big Data, IDEAL Problem Solving, Modern Analytical Chemis-
try, Mass Spectrometry. 

1 Introduction 

Chemistry is a science to study chemical reaction-based processes from natural sci-
ences which mainly refers to scientific research. Learning chemistry, means being ex-
posed to three worlds or levels, namely the real world (macroscopic), the real world 
and the representation of the theoretical model (submicroscopic) and the world of rep-
resentation (symbolic world) [1]. One of the scope in chemistry is analytical chemistry. 
Analytical Chemistry in general studies and uses instruments and learning models that 
are used to separate, identify, and measure material both qualitatively and quantita-
tively. Analytical chemistry is often described as the field of chemistry which is respon-
sible for characterizing the qualitative and quantitative composition of matter [2]. The 
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scope of analytical chemistry can be divided into four parts, one of which is structural 
analysis. Structural analysis plays a role in analyzing the structure of a compound in a 
sample by utilizing modern instrument such as mass spectrometry (Mass-Spectrome-
try). This mass spectroscopy is used to determine the mass of atoms or molecules. The 
working principle of this instrument is the deflection of charged particles in a magnetic 
field. Molecules that are initially uncharged (neutral), are converted into charged. This 
learning model can also be used to determine the content and composition of com-
pounds in the sample, whose learning model is combined with the separation learning 
model. This instrument can also be used for analysis of reaction mechanisms. The re-
action mechanism can be carried out because the fracture pattern of the molecular body 
can be analyzed the process of breaking the original compound. The resulting mass 
spectrum is the result of breaking the sample compound, which when analyzed will 
provide information about the initial compound [3].  

Increasingly, there are more and more research on structural analysis, especially us-
ing mass spectrometry, where data are finally collected and placed in a data warehouse. 
A survey conducted by IDC reports that the digital world will grow by a factor of 10 
from 2013 to 2020, from 4.4 trillion gigabytes to 44 trillion. This indicates that the 
growth of this data is more than doubling every two years [4]. The growth of data is 
massive, leading to the technological innovations.  In this case the term Big Data 
emerged. Big Data is the word, describing the following characters such as Volume 
(size of data in its increasing units: GB, TB), Velocity (fluency in streaming data), Va-
riety (sources of data: text, images, videos, audios), Veracity (accuracy of data) and 
Value (power to make decision) [5].  

Big data affects the education sector as it does to every sector. Big data analytics 
plays a major role in the education. Big data might transform educational data studies 
by supporting analysts be more efficient and provide more informative conclusions [6]. 
With the existence of big data from various sources, educators are aided in conducting 
classroom learning. Appropriate organizing and direction will provide more meaning-
ful learning and a more effective and efficient learning process. Processing and utilizing 
more detailed data, not only for the development of education itself but also for under-
standing students more deeply, starting from the level of absorption, to learning models 
that match their character [7]. 

The need for information is increasing with the increasingly advanced internet in-
formation technology. Increasing technology automatically affects the education sector 
both in terms of administration and the learning process. Internet technology has led to 
the displacement of the learning process from the "chalk and talk" system to "based on 
internet". The following factors lead to the generation of big data in educational insti-
tutions [8]. Big data is a high-volume, high-speed and high-variety information asset 
that demands cost-effective, innovative forms of information processing for enhanced 
insight and decision making. This large amount of data makes it possible to analyze 
and provide better decision support [9]. 

One of big data in analytical chemistry is NIST. NIST is an institution or data center 
for information and technology, and one of them stores the big data on chemistry of 
mass spectrometry. The NIST mass spectrometry data center is a group in the Bio-
molecular Measurement Division (BMD) that develops the mass spectral library that is 
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evaluated and provides related software.  This site offers information and access to 
NIST mass spectral data products. A collection of data products are presented to aid 
compound identification by supplying reference mass spectra of from any molecules, 
including EI and MS tandem (for small molecules as well as bigger ones like peptides) 
libraries, GC retention index collections and also numerous freely available spectral 
libraries. Data analysis tools are also available for free, including AMDIS (Automated 
Mass Spectral Deconvolution and Identification System, this is for GC/MS), Mass 
Spectrum Interpreter (to elucidate chemical structures from mass spectra), and Mass 
Spectrum Digitizer Program. In a full version of the NIST MS Search Program, a small 
demonstration library is available. This big data source can be accessed through 
chemdata.nist.gov or webbook.nist.gov/chemistry [10]. 

The learning process in the classroom will be better if technological advances in 
terms of Big Data sources are collaborated with the right learning model. According to 
Greeno in Sulasamono, learning models that are triggered by a problem can trigger a 
thought process in learning [11]. Problems are gaps that occur in (cognitive) thinking. 
Based on information processing theory, a problem is a situation when the knowledge 
stored in memory is not ready to be used to solve problems [12]. The learning model 
that can be applied is IDEAL Problem Solving. IDEAL problem solving is a problem 
solving learning model that is carried out at the IDEAL stage.  

IDEAL as a problem-solving model in education introduced by Bransford and Stein.  
There are 5 indicators for this model (1) Identify the problem and make  a creative 
opportunity, (2) Define goals to set, (3) Explore potential solutions and approaches, (4) 
Act on the strategy found and anticipate the results, and (5) Look and learn: review the 
real process as well as consequences from the experience gained [13]. This model 
would enhance the ability to think and improve skills in the problem solving process. 
Sometimes the answers are not in accordance with the objectives set. In IDEAL prob-
lem solving, the fifth step, which is to look back, if the answers are not in accordance 
with the desired goals or have not been achieved, then it can return to the stage where 
the error occurs. The ability of using thinking skills or operational abilities to solve 
problems or tasks, will be used a lot [14]. 

Problem solving learning has several advantages. Problem solving is a good learning 
model for understanding lesson content so that it challenges students' abilities and gives 
satisfaction to finding new knowledge. According to Elias and Colleagues in [15] the 
advantages can be described as: (1) to increase awareness about the problem given and 
have the idea of problem solving, (2) to encourage positive expectations for problem 
solving and distract attention from undesirable or pre-occupying thoughts, (3) to en-
courage perseverance against emotional stress and tough situation, and (4) to simplify 
a positive emotional state especially within a group. The problem solving model shows 
that every subject has a way of thinking, and must be understood. Problem Solving is 
an alternative innovative learning model developed based on a constructivist paradigm. 
Students play an active role in constructing their knowledge so that students can 
develop their thinking skills. Problem Solving is one of the problem based learning 
groups where the teacher helps students learn to solve problems through learning 
experiences [16]. 
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Process of learning using the IDEAL Problem Solving model shows that this model 
is able to improve competency mastery of solve problem or task which includes            
aspects of identifying problems, formulating problems, finding alternative solutions, 
choosing the best solutions [17, 18].  Every problem that exists needs to understand 
carefully how the problem-solving process must be carried out. The problem solving 
process has an important role in developing the ability to improve thinking skills. Prob-
lem solving is a core activity in classrooms at all levels of education around the world, 
since problems are the materials to teaching, learning, and the basis for intellectual ac-
tivity in the classroom. Thus, problems shape students to learn. In the end, anticipating, 
checking and evaluating student assignments on problems is a large part of the teacher 
/ lecturer task [19]. This is in accordance with research conducted by Jitendra et al., that 
when students are given proper instruction, difficulties in problem solving can improve 
problem solving performance proportionally [20]. 

Research of Problem Solving learning model has been widely carried out and found 
that the Problem Solving learning model can increase student activity and learning 
achievement. Tambunan [21], concluded that problem solving strategies were more ef-
fective than scientific approaches to students’ abilities in term of communication, cre-
ativity, as well as mathematical reasoning. Another result by Pinta stated that the 
average percentage of misconceptions of students who are taught with the Problem 
Solving learning model is less than students who are taught using conventional learning 
[22]. 

2 Method 

The method operated in this research was experimental research with a form of re-
search design, namely Pre-Experimental Design one-group pretest-posttest. The use of 
pre-experimental design in this study was because there are still external variables that 
influence the formation of the dependent variable. So the experimental results which 
were the dependent variable were not solely influenced by the independent variable. 
This happens, because there was no control variable and the sample was not randomly 
selected [23]. The one-group pre-test posttest design was chosen because of limited 
access to select classes due to the pandemic, limited lecture and class materials availa-
ble for conducting research. Because of these limitations, this experimental study used 
a one-group design, with the form of a “Pre-experimental designs” design, with a one-
group pretest-posttest design. 

The population for this time were all students of the Biotechnology class, State Uni-
versity of Malang, Indonesia, in Introduction to Spectroscopy and Microscopy Course, 
in which Mass Spectrometry was one of its topic. The sampling technique used was 
purposive sampling, namely taking the sample determined from the research design so 
that the sample criteria really matched the research. The sample in this study was one 
sample class. Taking the sample based on consideration of lecture material, appropriate 
teaching hours, and class limitations.  As many as 19 students were selected for this 
research. 
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The variables in this study were independent and dependent variable. The independ-
ent variable was the influence of the IDEAL Problem-Solving Learning Model assisted 
by Big Data. The dependent variable was the learning outcomes of the biotechnology 
students' mass spectrometry topic. 

The research procedure was divided into three parts, namely the preparation, the 
implementation and the completion stages. The preparatory stage that was carried out 
was preparing the syllabus, lesson plans, grids of learning outcome test questions, re-
search instruments such as problem handouts, mass spectrometry material, and the im-
plementation of the learning process. The implementation stage was carried out in lec-
tures using the IDEAL Problem Solving Model with Big Data Support for 5 online 
meetings (1 meeting for pre-test implementation, 3 meetings for the learning process 
and 1 meeting for post-test). The IDEAL Problem Solving learning model has steps in 
the learning process. This learning step is divided into five stages. The five stages of 
the IDEAL Problem Solving assisted by Big data model are as in Table 1: 

Table 1.  The five stages of the IDEAL Problem Solving assisted by Big data model 

Phase Indicator Activities of mentor Problem Big Data 

1 I-Identify 
Problem 

• Give problems 
• Guiding in developing / analyz-

ing problems 
• Guiding in developing hypoth-

eses 

• Understand MS analysis 
• Understand mass spec-

troscopic instrumentation 
and how it affects the in-
formation provided 

• Predicting simple molec-
ular structures based on 
fragmentation patterns in 
the MS spectrum 

 
• Understand MS applica-

tions in chemistry 

web-
book.nist.gov/che
mistry 
 

2 D-Define goal 

• Guiding in viewing data / vari-
ables that are already known or 
not. 

• Determine the goal of solving 
the problem 

•   

3 
E-Explore 

possible strat-
egies 

• Guiding in finding various al-
ternative solutions to problems 
through big data sources. 

• Guide reviewing each alterna-
tive solution to the problem 
from various perspectives. 

• Guiding the decision to choose 
one of the most appropriate al-
ternative solutions to problems. 

•   

4 
A-anticipate 

outcomes and 
act 

• Guiding in implementing prob-
lem solving in stages 

•   

5 L-Look back 
and learn 

• Guiding in viewing / correcting 
ways of solving problems 

• Guiding in seeing / assessing 
the effect of the strategies used 
in problem solving. 

•   
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The completion stage was carried out with an assessment, namely a test of learning 
outcomes and data analysis. Assessment of this type of research was the process of 
collecting data followed by processing the information as a way to evaluate the achieve-
ment of student learning outcomes [24]. 

The data collection technique used was through learning outcome tests. Learning 
outcomes test questions in the form of essay questions totaling 5 numbers and have 
been validated by experts. The normality test was used to determine the normality of a 
data so that it knows the statistical techniques that will be used for further data analysis. 
In this case, the normality test used the Saphiro-Wilk test using SPSS Version 16. With 
a confidence level of 95% with an error rate of 0.05. To make sure that the data was 
normal or not, the significance value of the SPSS output was evaluated.  The data will 
be normally distributed if the value is sig. > 0.05.  The homogeneity test was used to 
determine that the data come from the same variant. In research to test homogeneity 
using SPSS version 16, namely by looking at the significance value at the SPSS output 
if the value is sig. > 0.05, the data comes from the same variant and the sig value. <0.05, 
the data does not come from the same variant.  

The significance value of the t-test results used was the Two Paired Sample Test, 
namely the two tailed or two sides test in the SPSS 16.0 software program. Hypothesis 
testing is carried out by using comparative hypothesis testing between two different 
variables. In this study, researchers used analysis using SPSS version 16. 

3 Result and Discussion 

3.1 Normality Test for Pretest and Posttest Questions 

Normality Test of Pre-test & Post-Test. For data on Pre-Test & Post-Test ques-
tions, the normality test was carried out. The normality test used was the Saphiro-Wilk. 
The results of the Pre-Test & Post-Test data normality test are shown in Table 2. 

Table 2.  Data Normality Test Results Pre-Test / Post-Test 

Data α Criteria Normality (sig.) Conclusion 
Pre-Test 0,05 α < Sig. 0,803 Normal 
Post-Test 0,05 α < Sig. 0,139 Normal 

 
The results showed the normality test using the SPSS version 16 software, and listed 

in the table above.  It can be seen that the significance value of the pre-test data was 
0.803 and the post-test is 0.139 which means that the significance value was greater 
than the 0.05 probability value so that the data is normally distributed, then further 
process could be carried out.   
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3.2 Homogeneity of Pre-Test / Post-Test Question Data 

Homogeneity Test of Pre-Test / Post-Test Questions. The homogeneity test was 
carried out on the question data to check whether the variant data was homogeneous or 
not. The homogeneity test used was Lavene's Test using the SPSS software version 16. 
The results of the homogeneity test are shown in Table 3. 

Table 3.  Homogeneity Test of Pre-Test/Post-Test Questions 

Data Α Criteria Homogeneity (sig.) Kesimpulan 
Pre-Test 0,05 α < Sig. 

0,065 Homogeneous 
Post-Test 0,05 α < Sig. 

 
From the output of the test of homogeneity of variances, the significance value was 

0.065> 0.05, which means that the pretest and posttest scores come from the same var-
iant (homogeneous). 

Hypothesis testing. Based on the prerequisite test, it was found that the learning 
outcome data were normally distributed and homogeneous, so that the type of hypoth-
esis test carried out was the Independent Sample T-Test (T-Test). The significance 
value of the t-test results used was the Two Paired Sample Test, namely the two tailed 
or two sides test in the SPSS 16.0 software program. Hypothesis testing is carried out 
by using comparative hypothesis testing between two different variables, namely stu-
dent learning outcomes before using the IDEAL Problem Solving learning model as-
sisted by Big Data and student learning outcomes after using the BIG Data-assisted 
IDEAL Problem Solving learning model. Hypothesis Test Results are listed in Table 4. 

Table 4.  Hypothesis Test Data Pre-Test / Post-Test Questions 

Pre-Test 
mean 
value 

Post-Test 
mean value 

Hypothesis Test Criteria Value 
Sig. 

Conclusion 

54,21 78,58 

H0 = There is no 
effect using the 
IDEAL Problem 

Solving model as-
sisted by Big Data 
on learning out-

comes 

T-Test 
H0 is rejected if 
the significance 

<0.05 
0,000 

H0 is rejected. 
There is an effect of 

using the IDEAL 
Problem Solving 

model with the help 
of Big Data on 

learning outcomes 

 
From the SPSS output results in the table above, it is known that the Sig. 0,000, 

which means the significance value of 0,000 <0.05, it can be concluded that there is an 
effect using the IDEAL Problem Solving model assisted by Big Data on student learn-
ing outcomes. 

Big data resources in this case brought more information to the class and this was a 
good sign for the teaching and learning process.  While more knowledge was simply 
included to the topic, better comprehension can be achieved.  Beside the textbook pro-
vided for the class, students can access any further materials related to their need, under 
lecturer’s supervision.  The textbook is in Bahasa Indonesia, and designed for chemistry 
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students.  In this case, biotechnology students need to learn their objects in chemistry 
point of views for their basic understanding of chemistry-biochemistry analysis.  Chem-
istry topics used to be small molecules in discussion while in biotechnology the objects 
are much binger in term of dimension.  There must be some “bridging knowledge” in 
between chemistry and biology and biotechnology. 

In open sources in the internet, including the databases provided by lecturers, the 
need for better information can be filled from the open sources.  The intensive use of 
mobile technology in this case is helpful for the better processes in higher education. 
This type of tendency is currently being investigated along with more platforms and 
applications created in the time during Covid-19 pandemic time.  More progress in 
digital era is accelerated by databases provided so far. 

N-Gain Data Analysis. N-gain analysis is used to test the hypothesis which reads 
"The improvement of student learning outcomes uses the IDEAL Problem Solving 
learning model assisted with Big Data". 
 

𝑁 − 𝐺𝑎𝑖𝑛 = 	
Posttest	Score − Pretest	Score
Maximum	Score − Pretest	Score 

 

Based on the data obtained, it is known: 
Max value  = 90 
Min value  = 40 
Pretest score  = 1030 
Posttest score  = 1493 

 

𝑁 − 𝐺𝑎𝑖𝑛 = 	
1493 − 1030
1900 − 1030	 

 

𝑁 − 𝐺𝑎𝑖𝑛 = 	
463
870 

 

𝑁 − 𝐺𝑎𝑖𝑛 = 0,5322 

Based on the criteria table for the N-Gain value on learning outcomes, the N-Gain 
value was 0.5322 ≥ 0.3 and 0.5322 ≤ 0.7, then the learning outcomes are categorized 
as moderate. So that the hypothesis which reads "Improving student learning outcomes 
using the IDEAL Problem Solving learning model assisted by Big Data is categorized 
as moderate" can be accepted.  Further study around both factors is underway since the 
problem solving approach itself contribute a lot for concepts understanding as well as 
big data and applications in the databases.  Big data can be a good tool for modern 
teaching and learning in higher education institutions. 

The N-gain value can lead to some interpretation, and this must be done very care-
fully. In term of gaining knowledge there must be a meaningful process in teaching and 
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learning, and this must result in the better understanding and higher scores obtained.  
However how it was due to the treatment given, it must be followed up by some con-
firmation test.  By having interview with some students, some more explanation can be 
obtained and analized further. 

Results of Learning Outcomes Test Score. The results of the learning outcomes 
test using the IDEAL Problem Solving learning model assisted by Big Data are pre-
sented in Table 5.  Learning outcomes in this case is the result of pre-test and post-test 
around mass spectrometry topic.  This instrument consisted of some points in essay to 
be answered by students.  The pre-test and post test were the same test, and was already 
validated.  The scores are presented in Tabel 5 as well as the quick analysis of them. 

Table 5.  Score of Pre-Test and Post-Test Learning Outcomes on Mass Spectrometry Material 

Data Total students The highest value Lowest Value Mean 
Pre-Test 19 72 40 54,21 
Post-Test 19 90 70 78,58 

 
Based on the data in table 3.4, the pre-test mean value was 54.21 while for the post-

test mean score increased to 78.58. From this data it can be concluded that there was a 
positive effect of using the IDEAL Problem Solving learning model assisted by Big 
Data on student learning outcomes.   

In the big data resources there are several types of information, in which both need 
special skill to dig the information out of it.  However, using problem based learning 
approach, some students in groups can access the database and learn from it.  Student 
was also busy and focused to the assignments given, while they had to learn some more 
skill in data digging.  However, modern students manage to overcome technological 
difficulties while doing it in groups.  For example using NIST database, the students 
can extract the information about molecular structures given in more practical way. The 
structure can be accessed and filtered using provided software and they learnt and un-
derstood faster than using textbooks.   

For the future, big data are being accessed by more researcher in many areas of in-
terest.  The available data enable researcher to analyze more than collecting data in the 
laboratory.  The experimental part of scientific research can be skipped and data anal-
ysis becomes pronounced and accessed from many different points of view.  This way 
cost for scientific attempts can be reduced.  More if the data is also used in teaching 
and learning as practical work can be minimized too. 
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4 Conclusion 

Based on the results of data analysis and discussion, it can be concluded that: 

1. There was an influence on student learning outcomes before using the IDEAL Prob-
lem Solving learning model assisted with Big Data and student learning outcomes 
after using the IDEAL Problem Solving learning model with Big Data support. 

2. There was an improve in the average student learning outcomes on mass spectrom-
etry material with the IDEAL Problem Solving learning model assisted by Big Data 
which can be seen from the average pre-test score, namely 54.21 and post-test, 
namely 78.58, so that the increase in student learning outcomes was categorized as 
moderate. The N-Gain value is 0.5322. 

5 References 

[1] Davidowitz & Chittleborough. (2009). Linking the macroscopic and submicroscopic levels: 
Diagrams. Dalam J.K. Gilbert & D. Treagust (Penyunting), Models and modeling in science 
education: Multiple representations in chemical education. 169–191. 
https://doi.org/10.1007/978-1-4020-8872-8_9 

[2] Harvey, D. (DePauw U. (2000). Modren analytical chemistry. McGraw-Hill Higher Educa-
tion, 368 

[3] Wonorahardjo, S. (2020). Pengantar Kimia Analitik Modern (Introduction to Modern Ana-
lytical Chemistry), Yogyakarta: Penerbit Andi.  

[4] IDC. (2011). The 2011 Digital Universe Study: Extracting Value from Chaos, 
http://www.emc.com/collateral/analyst-reports/idc-extracting-value-from-chaos-ar.pdf  

[5] Vaitheeswaran, G &  L. Arockiam. (2014). Big Data for Education in Students’ Perspective. 
International Journal of Computer Applications (0975 – 8887), 11-16. 

[6] Hidayat, Feriawan. (2018). Korelasi antara Pendidikan dengan Big 
Data.http://https://www.kompasiana.com/indonesiabigdata/5bed3e3712ae943e805c1379/p
endidikan-dengan-big-data 

[7] Delaware. http://www.delaware.com 
[8] Pratiba, D., & Shobha, G. (2014). Educational Big Data Mining Approach in Cloud: Re-

viewing the Trend. IJCA, 92(13) https://doi.org/10.5120/16072-5274 
[9] Gartner, http://www.gartner.com/it-glossary/bigdata  

[10] NIST. http://www.chemdata.nist.gov or webbook.nist.gov/chemistry 
[11] Sulasamono, Bambang Suteng. (2012). Problem Solving: Signifikansi, Pengertian dan 

Ragamnya. Satya Widya, Vol. 28, No.2.: 156-165. https://doi.org/10.24246/j.sw.2012. 
v28.i2.p155-166 

[12] Wena, I Made. (2012). Strategi Pembelajaran Inovatif Kontemporer Suatu Tinjauan Kon-
septual Operasional. Jakarta: Bumi Aksara. 

[13] Bransford J D and Stein B The Ideal Problem Solver: Second Edition (New York: W H 
Freeman and Company, 1993) p 20-37. 

[14] Prachaak, B., N. . & N. K. . (2013). Developing Instrumnet to Measure Thinking Skills and 
Problem Solving skills Among Malysian Primary School Pupils. Juornal Social and Behav-
iora Sciences. https://doi.org/10.1016/j.sbspro.2014.01.837 

176 http://www.i-jim.org

https://doi.org/10.1007/978-1-4020-8872-8_9
https://doi.org/10.1007/978-1-4020-8872-8_9
https://www.kompasiana.com/indonesiabigdata/5bed3e3712ae943e805c1379/pendidikan-dengan-big-data
https://www.kompasiana.com/indonesiabigdata/5bed3e3712ae943e805c1379/pendidikan-dengan-big-data
https://www.kompasiana.com/indonesiabigdata/5bed3e3712ae943e805c1379/pendidikan-dengan-big-data
http://www.delaware.com/
http://www.delaware.com/
https://doi.org/10.5120/16072-5274
https://doi.org/10.5120/16072-5274
https://doi.org/10.24246/j.sw.2012.�v28.i2.p155-166
https://doi.org/10.24246/j.sw.2012.�v28.i2.p155-166
https://doi.org/10.1016/j.sbspro.2014.01.837


Paper—Big Data Support for Problem Solving Method in Mass Spectrometry Topic in Modern Ana… 

 

[15] Wehmeyer, Michael L. (2007). Promoting Self-determination in Students with Develop-
mental Disabilities. New York: The Guilford Press. 

[16] Nurhafifah, Hidayati, Zulhendri. (2018). Penggunaan LKPD Model Ideal Problem Solving 
untuk Meningkatkan Kompetensi Fisika Peserta Didik. Pillar of Physics Education, Vol. 11. 
No 1, Februari 2018, 113-120. https://doi.org/10.31227/osf.io/q3jp9 

[17] Prachaak, B., N. . & N. K. . (2013). Developing Instrument to Measure Thinking Skills and 
Problem Solving skills Among Malysian Primary School Pupils. Juornal Social and Behav-
iora Sciences https://doi.org/10.1016/j.sbspro.2014.01.837 

[18] Nayazik, A., Sukestiyarno, S., & Hindarto, N. (2013). Peningkatan Karakter dan Pemecahan 
Masalah Melalui Pembelajaran IDEAL Problem Solving- Pemrosesan Informasi. Unnes 
Journal of Mathematics Education Research, 2(2). Retrieved from. http://journal.un-
nes.ac.id/sju/index.php/ujmer/%0Aarticle/view/2688 

[19] Silver, E. A. (2016). Mathematical Problem Solving and Teacher Professional Learning: 
The Case of a Modified PISA Mathematics Task. In P. Felmer, E. Pehkonen, & J. Kilpatrick 
(Eds.), Posing and Solving Mathematical Problems. Springer International Publishing, 345–
360. https://doi.org/10.1007/978-3-319-28023-3_20 

[20] Jitendra, A. K., Harwell, M. R., Dupuis, D. N., & Karl, S. R. (2017). A Randomized Trial 
of the Effects of Schema-Based Instruction on Proportional Problem-Solving for Students 
With Mathematics Problem-Solving Difficulties. Journal of Learning Disabilities, 50(3), 
322–336. https://doi.org/10.1177/0022219416629646. 

[21] Tambunan, Hadi. (2019). The Effectiveness of the Problem Solving Strategy and the Scien-
tific Approach to Students’ Mathematical Capabilities in High Order Thinking Skills.          
International Electronic Journal of Mathematics Education.  e-ISSN: 1306-3030. 2019, Vol. 
14, No. 2, 293-302. https://doi.org/10.29333/iejme/5715.  

[22] Pinta N. (2017). Upaya Mencegah Miskonsepsi Materi Stoikiometri dengan Model pem-
belajaran Problem Solving pada Siswa Kleas X MIA SMA Negeri 1 Lawang. Skripsi tidak 
diterbitkan. Malang: FMIPA Universitas Negeri Malang. https://doi.org/10.31227/ 
osf.io/ym96e 

[23] Sugiyono. (2012). Quantitative Research Methods, Qualitative, and R & D. Bandung: 
Alfabeta]. 

[24] Kemendikbud. (2016). PanduanPenilaian Hasil Belajar Oleh Pendidik Dan Satuan             
Pendidikan Menengah Atas. Jakarta : Direktorat Pembinaan SMA Ditjen Pendidikan Dasar 
dan Menengah. https://doi.org/10.21831/imaji.v2i2.6945 

6 Authors 

Irmayanti Muis is currently a magister student at Chemistry Education Study Pro-
gram, Faculty of Mathematics and Science, State University of Malang, Indonesia. She 
is doing research in which chemistry classes are exposed to big data resources, includ-
ing NIST MS database.  Some current real laboratory data from GC-MS equipment are 
analyzed using big data resources for Analytical Instrumentation Method in chemistry 
department.  Her email address is muisirma39@gmail.com  

Surjani Wonorahardjo is a lecturer and researcher in Chemistry Department, Fac-
ulty of Mathematics and Science, State University of Malang, Indonesia. Her current 
research is about analytical chemistry methods development for characterization and 
application in chemistry level.  In this topic the aid from big data resources, especially 
in spectroscopy area are most needed.  She is also a member of Center of Excellence 

iJIM ‒ Vol. 15, No. 09, 2021 177

https://doi.org/10.1016/j.sbspro.2014.01.837
https://doi.org/10.31227/osf.io/q3jp9
https://doi.org/10.31227/osf.io/q3jp9
https://doi.org/10.1016/j.sbspro.2014.01.837
https://doi.org/10.1016/j.sbspro.2014.01.837
https://doi.org/10.1007/978-3-319-28023-3_20
https://doi.org/10.1007/978-3-319-28023-3_20
https://doi.org/10.1177/0022219416629646
https://doi.org/10.1177/0022219416629646
https://doi.org/10.29333/iejme/5715
https://doi.org/10.29333/iejme/5715
https://doi.org/10.31227/�osf.io/ym96e
https://doi.org/10.31227/�osf.io/ym96e
https://doi.org/10.21831/imaji.v2i2.6945
https://doi.org/10.21831/imaji.v2i2.6945
https://doi.org/10.21831/imaji.v2i2.6945
mailto:example@example.org
mailto:example@example.org


Paper—Big Data Support for Problem Solving Method in Mass Spectrometry Topic in Modern Ana… 

 

(PUI-PT) Disruptive Learning Innovation, State University of Malang, which has em-
phasis in modern information technology development for teaching and learning pro-
cesses. Her email address is surjani.wonorahardjo@um.ac.id  

Endang Budiasih was a senior lecturer in Chemistry Department, Faculty of Math-
ematics and Science, State University of Malang, Indonesia. She had the expertise in 
conventional and modern analytical chemistry besides her main projects in chemistry 
educational areas.  She developed instruments for teaching and learning processes as-
sessment for the chemistry education research group in the university.  She passed away 
in December 2020.  

178 http://www.i-jim.org

mailto:surjani.wonorahardjo@um.ac.id
mailto:surjani.wonorahardjo@um.ac.id

