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Abstract. Deep learning is urgently required to achieve scientific literacy and to develop high 

order thinking skills. This study aimed to describe the deep learning ability of science education 

major students in a university in East Java at the microscopic level of protein. Twenty students 

from superior class and thirty students from non-superior class were involved voluntarily in the 

survey study. By using content analysis that is read carefully students’ tasks, examined students’ 

ability in identify, define, and explain biochemical aspects of protein case, and apply the 

knowledge to explain the case, and determined students’ learning status using rubrics, we found 

that students from both classes successful identified, defined, and explained aspects of protein 

cases macroscopically. However, microscopically, no students from the superior class explained 

protein aspects in the cases, while 11% of students from non-superior class explained them 

successfully. Seven percent of student from non-superior class used their protein knowledge to 

explain the protein cases they explored successfully. We also found that 7% of students from the 

non-superior class performed deep learning at microscopic level of protein, while no students 

from the superior class performed the same. However, majority students from both classes 

performed surface learning at microscopic level of protein. The results imply that both superior 

and non-superior students are difficult to learn protein microscopically. Learning strategy to help 

students attain meaningful learning of biochemistry are needed by the students. 

 

 

1. Introduction 

The development of science and technology in the 21st century or industrial era 4.0 will increasingly 

color almost all aspects of human life. All life activities become easier because of the availability of 

tools, facilities, and facilities supported by modern technology that helps humans in meeting their needs. 

But behind these conveniences, the ability needed to move in that era will also be more complex. Tools, 

facilities, and methods used in a variety of human activities and even the problems that they cause are 

increasingly complex. 

Several studies (such as: [1-4]) state that to live in the 21st century and industry 4.0 era requires 

high order thinking skills, such as: critical thinking, problem solving and creative thinking. To attain the 

high order thinking skills, students' learning abilities should no longer be at a low cognitive level, such 

as merely understanding concepts, but must be able to apply them in life, both to explain scientific issues 

and overcome problems encountered in daily life [5][6]. Higher-order thinking skills and scientific 

literacy cannot be achieved if students still have difficulty understanding material and even experience 

misconceptions [7][8]. Science learning in the 4.0 era also experienced a shift from content-based 
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learning that is monodisciplinary to context-based learning that is interdisciplinary, such as: STEM 

(Science, technology, Engineering, and Mathematic). 

Higher-order thinking skills and scientific literacy can only be realized if student learning is 

meaningfully or deep learning. Meaningful learning requires the ability to assimilate new knowledge 

learned with knowledge already possessed in the cognitive structure [9]. Therefore, the ability of 

students to construct knowledge is very important in learning meaningfully. Meaningful learning is a 

prerequisite for achieving deep learning, namely the ability to learn students that not only occur on the 

surface (surface learning) which includes understanding or definition but must reach the conceptual and 

multidimensional level [7][10]. Meaningful learning is the foundation of deep learning that is a 

requirement for achieving high-level thinking skills [11] and Science literacy [6].  

Deep learning will be successfully performed in classroom if there is a connection, coherence, 

and integration of aspects of context. There are three indicators of deep learning, namely the ability to 

master of existing knowledge, constructing new knowledge, and using knowledge in everyday life 

[11]. These indicators can be identified by assessing students’ ability to identify, define, and explain 

aspects learned in the context and use the knowledge to explain the context including solving 

problems [6].  

 At the level of deep learning, student knowledge becomes increasingly dynamic or always 

develops due to the construction of knowledge. Biochemical deep learning is not possible if students are 

still rote learning [12] or only surface learning occurs at the macroscopic level [6] [12], but learning 

must occur at the microscopic level [11]. Biochemistry, including protein, is knowledge at the 

microscopic and even submicroscopic level which studies chemical processes in cells that are abstract, 

symbols, and involve macromolecules and complex biochemical processes [6, 18]. Understanding 

biochemistry requires deep learning skills 

 

1.1. Overview Macroscopic and Microscopic Knowledge of Biochemistry 

Biochemical material is basically microscopic, abstract, and complex [6][13]. Metabolic processes, such 

as carbohydrate, fat, and protein metabolism are abstract, theoretical, and cannot be responded to by the 

senses. To study material with these characteristics requires the ability to think abstractly [14]. 

Nevertheless, in various scientific issues, many cases related to biochemistry are presented 

macroscopically to be easily understood by the general public [6]. At the macroscopic level, many 

metabolic disorders are only presented in general terms, such as: a child has poor nutrition or lacks 

protein intake. Another example is excess cholesterol is often thought to occur because many consume 

foods that contain high cholesterol without examining in detail how the metabolism of cholesterol in 

cells. Understanding the material macroscopically can be done through surface learning 

 

1.2. Rote Learning and Meaningful Learning 

Before rote learning, there is one more category called no learning that occurs when a person can only 

reveal a small part about a particular object or concept. But if someone has been able to uncover a certain 

object or concept with more or a majority of the object or concept it can be categorized as rote learning, 

even though it only reaches the level of definition or macroscopically [6]. Both no learning and rote 

learning, knowledge construction does not occur in the structure of cognitive and difficult to use to 

explain scientific issues and overcome problems in everyday life [15][12]. 

 

1.3. Surface Learning and Deep Learning 

Surface learning generally starts from rote learning. Many aspects can be disclosed but only limited to 

the understanding, definition, and relationship between the terms macroscopically [6, 11]. At this level, 

general knowledge can only be memorized, described or even exemplified but not understood in its 

meaning or only on the surface [16]. Students at this level of learning can solve problems that may be 

categorized as mathematically complicated, but that happens because the procedure is memorized due 
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to the exercises they do. But when there are one or more variables manipulated, the student cannot solve 

the problem because the procedure has changed [17]. 

Deep learning occurs when it is meaningful learning. Students already understand in detail about 

objects or concepts, both macroscopically and microscopically categorized as achieving deep learning 

[11]. At this level of learning, students not only memorize the problem-solving procedure but also 

conceptually master what is known and want to be known in the problem. Even when the variables are 

exchanged, added, or even subtracted, he knows the implications. 

 

2. Method 

Using a survey design, we describe the students’ deep learning potential on the macroscopic and 

microscopic aspects of biochemical material through 3 stages. First, the exploration stage, namely 

describing the biochemical cases explored by students on the topic of protein, 2) the stage of explaining 

biochemical aspects macroscopically and microscopically, and 3) applying biochemistry to explain 

cases and presentations. Twenty students from superior class students and 30 students from non-superior 

classes in an undergraduate program of Science who enrolled in biochemistry classes from a University 

in Indonesia in 2019, voluntarily participated in this study.  

To collect data, we use five assessment rubrics that have been validated by 2 biochemistry 

lecturers and 1 science education lecturer, namely: 1) rubric of ability to explore cases, 2) rubric of 

ability to identify biochemical aspects in cases, 3) rubric of ability to define biochemical aspects, 4) the 

ability to describe biochemical aspects, and 5) the rubric of the ability to explain biochemical aspects, 

and 6) the rubric of the ability to explain cases using the biochemical aspects that they have learned. In 

addition, interviews with 5 excellent students and 5 non-excellent students were conducted to clarify the 

data obtained from the rubric.  

Data analysis was performed descriptively using content analysis to categorize the types of 

student learning. In content analysis, we analyze student tasks in exploring protein cases, identifying, 

defining, and explaining biochemical aspects using rubrics to determine their learning status, namely: 

no learning, rote learning, surface learning, and deep learning [6,][11][12]. No learning if students are 

not able to identify biochemical aspects or only identify less than half of the biochemical aspects in the 

case of proteins but not defined. However, if students are able to identify and define more than half of 

the protein aspects but cannot explain these biochemical aspects, it is categorized as rote learning. 

However, if students are able to explain protein aspects but only occur at the macroscopic level, they 

are categorized as surface learning. At this level, students have difficulty using their knowledge to 

explain protein cases. Finally, students who are able to explain protein aspects at the microscopic level 

and explain the protein cases they are exploring are categorized as reaching the deep learning level. 

 

3. Results and Discussion 

The results consist of two tables, that are the biochemical cases of protein (Table 1) and students’ 

learning categories of biochemistry (Table 2) and a figure of students’ ability to identify, define, explain, 

and apply (idea) of biochemical aspects both at macroscopic and microscopic levels of protein. Each of 

tables and figure are followed by an interpretation. The discussion of the results is displayed in a separate 

section.   

 

3.1.   Result 

Table 1. Biochemical cases of protein 

Superior class  Non-superior class 

Protein cases N  Protein cases N 

Malnutrition 2  Pirai 5 

Albuminuria 1  Uric acid syndrome 13 

Hypoalbumineria 2  Defisiensi of protein 2 
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Superior class  Non-superior class 

Protein cases N  Protein cases N 

Kwarshiorkor 5  Hypoproteinemia 3 

Cachexia 1  Kwarshiorkor 4 

Protein allergy 1  Hiperlipoproteinemia 1 

Marasmus 2  Marasmus 1 

Hypoalbuminemia 1  Kreatinuria 1 

Hair loss 2    

Uric acid syndrome 2    

Edema 1    

 

Table 1 shows that the superior class students although dominated by kwashiorkor cases, the cases of 

protein explored by students were more varied than those of protein explored by non-superior students 

who were generally dominated by gout cases. This shows that the ability of superior class students in 

exploring protein cases or issues is higher than non-superior classes. 

 

 

Figure 5. In this case simply justify the caption so that it is as the same width as the graphic. 

 

 

 

Figure 1. Students' abilities to identify, 

define, and explain biochemical aspects, 

and to use biochemical aspects to explain 

protein cases macroscopically. 

 Figure 2. Students' abilities to identify, 

define, and explain biochemical aspects, 

and to use biochemical aspects to explain 

protein cases microscopically. 

 

Figure 1 dan Figure 2 shows that macroscopically the students in the superior and non-superior 

classes are relatively the same, namely being able to explain identifying, defining, explaining, and 

applying biochemical aspects. But this can happen because the cases explored by students in general 

have been equipped with explanations in almost all aspects macroscopically. In the apply aspect, the 

students' explanation was the same as what was written in the explored news text. 

Microscopically, the students of both classes are almost the same, although it seems that the non-

superior class is relatively superior to the superior class. The superior class in general can identify 

biochemical aspects in a microscopic manner even though it is not perfect, but it has not yet defined and 

explained these aspects. Conversely, in non-superior classes, less than 50% have identified and defined 
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microscopic and imperfect aspects. The non-superior class a small portion (10%) has tried to apply 

biochemistry to explain in the issues being explored also involves microscopic aspects. This application 

occurs because in the issue/case it involves aspects to the microscopic level. 

 

    Table 2. The category of students’ learning of biochemistry of protein 
   

Learning category Superior class (%) Non-superior class (%) 

No learning 0 0 

Rote learning 0 0 

Surface learning 100 100 

Deep learning 0 0 

 

The results of interviews conducted to all students based on issues/cases analyzed by students can 

be said that all claimed difficulty understanding the microscopic terms contained in the case. Although 

they can understand and even explain macroscopically, but in general, because these explanations are 

available in case news. Therefore, in Table 2 it appears that the possibility of new students learning on 

the surface or at the macroscopic level, but not yet at the microscopic level. Students also in both classes 

cannot memorize biochemical terms in the case they are analyzing. 

 

3.2. Discussion 

The data in Table 1 shows that science issues, especially health cases that are related to protein in 

everyday life, are easily found by students. However, these protein cases are easy for students to explain 

at the macroscopic level, but difficult at the microscopic level (Figure 1). Consequently, students from 

both superior and non-superior classes were only performed surface learning (Table 2). At the 

macroscopic level, an explanation of protein cases is actually available in every case report on the 

internet or other social media. The language used also uses the language of media for communication 

with the public in general [6]. Molecular symbols are not used at the macroscopic level [18].  

Knowledge learned at the macroscopic level is only factual, informative and does not display 

conceptual knowledge. To learn knowledge at the macroscopic level it is sufficiently to just performed 

the surface learning [11], even with rote learning [12]. Students can provide as much information as 

possible, but only at the surface level. The construct of knowledge may occur at this level, but it is 

difficult to use to explain related issues in detail because of the limited knowledge [5, 19]. 

Learning at the macroscopic level is generally mostly done by students who are only able to 

operate their concrete thinking skills (Piaget, 1964). The level of scientific literacy that can be achieved 

by students who performed the surface learning is generally at the level of functional literacy [7, 10]. At 

this level, it is difficult for students to be able to ask questions critically [2], critical thinking [3], high-

level thinking and problem solving [1, 21] and metacognitive [22].  

The results of research [5] found that teachers had difficulty explaining scientific issues, such as 

protein issues occurred, because of difficulties in identifying, defining, and explaining the biochemical 

aspects involved in the issue. The results of research [6] also found that the difficulty of students 

explaining science issues even though the issue was closely related to their interest besides the low 

ability to use abstract thinking skills as well as the lack of basic knowledge as a foundation for 

knowledge to explain aspects biochemistry in each case analyzed. The results of this study do not 

support to what was discovered by [23] and [24] who found that context-based biochemical learning 

that was of interest could increase students' biochemistry motivation and learning outcomes [25]. 

At the microscopic level, atomic and macromolecular symbols, biochemical reaction equations, 

and conceptual knowledge that are displayed meaningfully are very dominant [18, 26]. At this level, 

abstract thinking ability is needed to understand abstract concepts and symbols as well as functional 

relationships between abstract concepts conceptually [6, 5]. If students are able to learn at the 

microscopic level, the opportunity to achieve meaningful learning and deep learning is very large ([17], 
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[11, 16]. At this level, learning will trigger students to achieve critical thinking skills and high-level 

thinking [22] [2] and will potentially achieve the multidimensional level of scientific literacy [7, 10, 6]. 

The implication of the results of this study is that in order to achieve deep learning and meaningful 

learning in the field of biochemistry, students must start practicing from the beginning, especially when 

learning basic knowledge even if only macroscopically. Meaningful learning habits continue to be built 

accompanied by an increase in students' abstract thinking capacity [20, 27]. In addition, the grouping of 

students into superior and non-superior classes should pay attention to their learning abilities and 

thinking capacity in addition to consideration of English language skills. 

 

4. Conclusion 

The ability of superior and non-excellent class students in achieving deep learning in biochemical 

learning is relatively the same, namely macroscopically good but microscopically still difficult. Both 

new groups can learn at the surface level (surface learning) and have not yet reached deep learning. In 

addition, both groups of students also had difficulty memorizing biochemical terms (protein). In 

explaining facts, concepts, principles, law, and theory, the superior class has better ability to define but 

in the aspect of explaining, the two groups are relatively difficult, even the non-superior class is slightly 

better than the superior class. Thus, the two classes are relatively different in level of learning. The main 

cause in the difficulty of achieving deep learning is the difficulty in defining biochemical terms and 

transforming them to explain biochemical material. Many biochemical terms are quite complex and 

abstract. 

 

Acknowledgments 

We acknowledge the supports that we have received from the Rector of Universitas Negeri Surabaya  

with regard to publication budgeting. In Addition, we would like to thank Faculty of Mathematics and 

Natural Science, FMIPA Unesa, for the support in publication process. 

 

References 

[1]  Lee Y L 2018 Nurturing critical thinking for implementation beyond the classroom: 

Implications from social psychological theories of behaviour change Think. Ski. Creat. 27 

139-146  

[2]  Santoso T, Yuanita L and Erman E 2018 The role of students’ critical asking question in 

developing student’s critical thinking skills J. Phys. Conf. Ser. 953 012042  

[3]  Wahyuni S, Erman E, Sudikan S Y and Jatmiko B 2020 Edmodo-based interactive teaching 

materials as an alternative media for science learning to improve critical thinking skills of 

junior high school students Int. J. Interactive Mobile Tech. 14 9 166-181 

[4]  Yang Y, Newby T J and Bill R I 2008 Facilitating interactions through structured Web-based 

bulletin boards: A quasi-experimental study on promoting learners’ critical thinking skills 

Comput. Educ. 50 1572-1585  

[5]  Erman E and Sari D A P 2019 Science in a black box: Can teachers address science from socio-

scientific issues? J. Phys. Conf. Ser. 1417 012093 

[6]  Erman E, Liliasari, Ramdani M and Wakhidah N 2020 Addressing macroscopic issues: Helping 

student form association between biochemistry and sports and aiding their scientific literacy 

Int. J.  Sci. Math. Educ. 18 5 831-853 

[7]  Bybee RW 1997 Achieving Scientific Literacy: From Purposes to Practices (Porstmouth: NH 

Heinmann Publishing)  

[8]  Erman E 2017 Factors contributing to students’ misconception in learning covalent bonds J. 

Res. Sci. Teach. 54 4 520-537 

[9]  Ausubel D 1968 Educational psychology: A cognitive review (New York: Holt, Rinehart & 

Winston) 

[10]  Erman E and Liliasari 2012 Exercise to analyse sports cases to improve mastery of the 

biochemical concepts of sports science students Jurnal Pendidik. dan Pembelajaran 19 1 94-

101 



MISEIC 2020
Journal of Physics: Conference Series 1747 (2021) 012009

IOP Publishing
doi:10.1088/1742-6596/1747/1/012009

7

 
 
 
 
 
 

[11]  Fullan M and Langworthy M 2014 A rich seam: How new pedagogies find deep learning 

(London: Pearson) 

[12]  Mayer R E 2002 Rote versus meaningful learning Theory into Practice 41 4 226-232. 

[13]  Viru A and Viru M 2001 Biochemical monitoring of sport training (New Zealand: Human 

Kinetics) 

[14]  Martini and Erman E 2009 Constructivism interventions in sports biochemistry teaching 

materials to train students capable of concrete thinking of understanding abstract concepts 

(Surabaya: Universitas Negeri Surabaya) 

[15]  Gordon M 2009 Toward a  pragmatic discourse of constructivisme: Reflection on lessons from 

practice Educ. Stud. 45 39-58 

[16]  Stott A and Hattingh A 2014 Conceptual tutoring software for promoting deep learning: A case 

study Educ. Tech. Soc. 18 179-194  

[17]  Borredon L, Deffayet S, Baker A C and Kolb D 2011 Enhancing deep learning: Lessons from 

the introduction of learning teams in management education in France J. Manag. Educ. 35 

324-350 

[18]  Johnstone A H 1991 Why is science difficult to learn? Things are seldom what they seem J. 

Comput. Assist. Learn 7 2 75-83 

[19]  Kunselman J C and Johnson K 2004 Using the case method to facilitate learning Coll. Teach. 

52 3 92-110 

[20]  Piaget J 1964 Part 1: Cognitive Development in Children: Piaget Development and Learning J 

Res. Sci. Teach. 2 3 176-186  

[21]  Syifaiyah R, Tukiran T and Erman E 2018 Development of chemistry instruction material using 

problem based learning model for increasing the student of senior high school learning 

achievement J. Penelit. Pendidik. Sains 7 2 1479-1486 

[22]   Aliyah H, Erman E and Sugiarto B 2018 Students’ metacognitive thinking process in solving 

covalent bonding problem based on academic ability level. Atlantis Press Conf. Ser. 157 

[23]  Potter N M and Overton T L 2006 Chemistry in Sport: Context-based e-Learning in Chemistry 

Chem. Educ. Res. Prac. 7 3 195-202 

[24]  Passos R M, Se A B, Wolff V L, Nobrega Y K and Hermes-Lima M 2006 Pizza and Pasta Help 

Students Learn Metabolism Adv. Physiol. Educ. 30 2 89-93 

[25]  Hidi S and Renninger K A 2006 The four-phase model of interest development Educ. Psychol. 

4 2 111-127 

[26]  Wood E J 1990 Biochemistry is a difficult subject for both student and teacher Biochem. Educ. 

18 4 170-172 

[27]  Erman E 2004 Memacu perkembangan kemampuan berpikir abstrak siswa sejak dini J. 

Pendidik. Dasar 5 3 204-208 


