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Abstract.  This research aimed to describe students’ scientific reasoning ability in topic of hydrolysis. There are five 
levels of scientific reasoning: no response, non-normative, general descriptive, Bronsted mechanistic and Bronsted 
causal. The students’ scientific reasoning ability were measured using open-ended questions to explore students’ 
reasoning. Sixty-six 11 grade high school students participated in this study. The data were analyzed using a descriptive 
qualitative less dominant quantitative method. The results of the study showed interesting findings. Most of the student 
had non-normative level and tend to reach the general descriptive level. Chemistry teachers can figure out the proper 
teaching methods to be used in the topic of hydrolysis once the profile of students’ scientific reasoning ability was 
successfully mapped.  

INTRODUCTION 

The 21st-century education requires students to have capabilities to be ready for global challenges. 
According to the US-based Partnership for 21st-century Skills, there are four skills which the students must have 
in the 21st century: the critical thinking skills, creativity, communication and collaboration [1]. The learning of 
the 21st century also develops high-order thinking skills. One of the important skills needed by the students is 
the scientific reasoning ability. Scientific reasoning is the cognitive skill and reasoning skill for understanding 
and evaluating the scientific information involved in the inquiry, theoretical and evidence evaluation, 
experiment, causal hypotheses, inferences and argumentation [2, 3]. Scientific reasoning ability can be 
developed through the inquiry because scientific reasoning relates to the ability to identifying, analyzing and 
solving the problems in creative way and thinking logically which results in the right decision or conclusion [4]. 
Conceptual understanding and inquiry skills are including scientific reasoning [2]. Scientific reasoning ability 
can be improved by science and mathematics course [5]. Scientific reasoning has a long-term impact on 
students’ achievements [6]. There was a correlation between scientific reasoning and students’ performance 
results in The American Chemical Society Division of Chemical Education Examination Institute (ACS-EI), 
good scientific reasoning abilities inducing high ACS exam scores [7]. 

 
The scientific reasoning should be developed in learning process. Chemistry is the topic related to the 

abstract concept, complex and high-order reasoning. The complexity of the Chemistry can be viewed from 
chemistry’s content which has aspects of macroscopic, submicroscopic and symbolic. It requires students to 
have formal-operational thinking in the form of critical thinking, logical thinking, higher-order thinking and 
comprehensive thinking. In Piaget’s theory of cognitive development, formal operational thinking stage is begun 
from age 11 years old [8]. But Dale's research says only 25% of 15-year-old students can solve formal thinking 
task. The University of Oklahoma study shows 50% of college students in Australia tested were categorized at 
Piaget’s concrete operational stage and only 25% of participants were considered at the formal operational stage 
[9]. 
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Based on those descriptions it can be stated that 15-year-old students have not developed their intelligence at 
the formal operational stage. The chemistry is a science that requires formal operational stage so many students 
have difficulty to learn chemistry. The ability of scientific reasoning belongs to formal operational thinking. So 
the students’ scientific reasoning ability is very important to be developed and as a factor for successful 
Chemistry learning. There are five levels of students’ scientific reasoning ability in this study: no response, non-
normative, general descriptive, Bronsted mechanistic and Bronsted causal [10]. Students’ scientific reasoning 
ability in China and the USA are almost identical which they have 74% in test score and the differences K-12 
STEM education in those two countries do not cause many variations in students’ scientific reasoning ability 
[5]. Students in United States colleges have scientific reasoning about acid-base reaction in Lewis causal level 
[10]. This study investigated students’ scientific reasoning in Indonesia’s high school chemistry. It’s important 
to know the level of students’ scientific reasoning is useful for teachers to develop proper learning models. This 
study maps the students' scientific reasoning level on hydrolysis topic. 

METHODS 

This research used descriptive qualitative less dominant quantitative method. Sixty-six students of grade 11 
science program were selected as participants. The open-ended-test was used as the instrument. The test 
explored the students’ reasoning ability in the understanding of hydrolysis topic. There were 15 problems in the 
different quality questions based on what, how and why questions. Students’ scientific reasoning levels were 
divided into five levels: no response, non-normative, general descriptive, Bronsted mechanistic and Bronsted 
causal. The instrument has been tested its validity the reliability. The content validity was found 0.93. The 
reliability test using Cronbach alpha was found 0.84. Data were mapped into students’ scientific reasoning level. 
The profile of students’ scientific reasoning could be analyzed from the data that were chosen the largest ratio. 
Then all students’ scientific reasoning levels were recorded in percentages. The following classification of 
students' scientific reasoning level can be seen in the Table 1.  

Table 1. Classification of students’ scientific reasoning level 
Scientific reasoning level Characteristics 
No response 
Non normative 
 
General descriptive 
 
 
 
 
Bronsted mechanistic 
 
 
 
 
 
 
Bronsted causal 

No answer 
Student answered, but the explanation is not conceptual 
 
Answer with the explanation only what it occurs stage generally or the 
explanation in Bronsted theory 
Example: 
The reaction between salt and H2O causes pH equilibrium disturbed 
Water breaking reaction by ions of salt  
Answer and the explanation in what and how it occurs stages with using 
proton donors and accept mechanism 
The determining the pH of salt solution 
Example: 
The reaction between strong conjugate acid or strong conjugate base which 
proton donor or accept react with H2O so that produce ion H+ or OH- and 
affecting the pH of the solutions 
Answer and the explanation in what and why it occurs by involving origin of 
acids and bases as forming of salt 
Example: 
The reaction between strong conjugate acid from weak base or strong 
conjugate base from weak acid react with H2O so that produces H+ or  OH- 
ions affect pH solutions 

 

RESULTS AND DISCUSSION  

The Profile of Students’ Scientific Reasoning Level 

Sixty-six students from grade 11 science programs were selected to attend scientific reasoning tests. The 
students’ scientific reasoning levels were categorized based on their response to each question. The students’ 
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responses were used as the evidence about their understanding in hydrolysis top
levels. The profile of students’ scientific reasoning levels were shown in Fig
students who do not answer the questions. Meanwhile, 6.06% (N= 4) students’ responses were at general 
descriptive and Bronsted causal level. There was 0% (N=0) students’ response at Bronsted mechanistic level. It 
is meant no students answered in what
50]) provided non-normative ideas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig

Analysis of Students’ Scientific Reasoning C
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What does the reaction occur
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responses were used as the evidence about their understanding in hydrolysis topic and will be classified into five 
levels. The profile of students’ scientific reasoning levels were shown in Figure 1. There was 12.12% (N= 8) 

t answer the questions. Meanwhile, 6.06% (N= 4) students’ responses were at general 
ve and Bronsted causal level. There was 0% (N=0) students’ response at Bronsted mechanistic level. It 

what and how the hydrolysis happened. Majority of the students (75.75% [N= 
 

 
 

Fig 1. The profile students’ scientific reasoning 

Analysis of Students’ Scientific Reasoning Categories

Most students’ answers were non-normative idea where the answers are not conceptual or the concept of 
hydrolysis has not been understood by students so the misconception occurred.  

 
 

FIGURE 2. Question 1a 
 
 

Fig 2. Question 1a 

normative students’ answers to question 1a (S : student) 

Hydrolysis reaction occured because it is the reaction of decomposition of 
salt in water to produce positive ions and negative ions.” 

S1’s explanation had not been conceptual, S1 understood that the reaction is hydrolysis but 
understand the real meaning of hydrolysis. S1 knows the hydrolysis understanding that it is 

eaction is the salt ionization not hydrolysis.  

The ionization reaction of salt, because sodium benzoate is a salt where 
e reaction is ionization by water.” 

hydrolysis and its reaction formation. Here S2 has misconception
hydrolysis and ionization reactions. Actually, the right conceptual answer at question 1a should be
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 “Hydrolysis reaction, because benzoate anions (C6H5COO-) which comes from weak 
acid or it can act as strong conjugate base react with H2O to produce OH- ion in base 
solutions.” 

In addition, the following example of non-normative answers to question 1e can be seen in Figure 3. 
 
 

 
 

 
Fig 3. Question 1e 

 
S3 wrote, “Because the cation is a strong base and cannot be ionized while the anion is 
a weak acid that can be ionized.” 

 
S3’s explanation had not been conceptual that he understood cations and anions of salt derived from the strong 
or weak of acid bases. But S3 did not understand the concept of hydrolysis where salt ions can hydrolyze or not 
and the difference of hydrolysis and the ionization reaction. 

S4 wrote, “Sodium benzoate when reacts with H2O is only anions of salt which can 
react with H2O because anions bind OH- ion from the water.” 

Similarly, S4’s explanation had not been conceptual. S4 did not know the difference between hydrolysis and 
hydration (binding to H2O). S4 considered that hydrolysis is as same as hydration. Students’ incorrect answers 
might be caused by inexistence of teacher’s teaching about the concept of hydrolysis (definition of hydrolysis, 
anion and cation agent react with H2O, and so on).  
 

While the student answer at the general descriptive level concerning the explanation of what happened. 
Students could only provide answers in the “what” stage. The following example question 1a can be seen in Fig 
2. Here are examples of students' answers at the general descriptive level. 

S5 wrote, “Hydrolysis, because C6H5COONa reacts with H2O and the reaction is  

C6H5COONa(s) + H2O(l)  C6H5COOH (aq)+ OH- (aq)+ Na + (aq).” 

S5 understood the concept of hydrolysis that salt reacts with H2O. But S5 has not explained yet that actually salt 
which roles in hydrolysis are cation or anion of salt. S5 has not explained about not only strong conjugate acid 
but also strong conjugate bases that react with H2O. However, S5’s answer was added evidence such as reaction 
equation of hydrolysis for supporting his argument. Here other students’ answer:  

S6 wrote, “Hydrolysis, because it is chemical reaction that break down H2O 
into OH- ion.”  

S6 understood that hydrolysis is a breakdown reaction of H2O to produces OH-  ion. But S6’s explanation has 
not been given breakdown H2O process in which particle receive proton from H2O so that H2O become OH- ion 
where it gives bases of pH solution. S5 and S6 only gave reason at the “what” stage about hydrolysis happens. 
Another example for the general descriptive level can be seen in Figure 4. 

 

 
 

 
Fig 4. Question 2b 

 
 

S7 wrote, “It is acidic because it can turn blue litmus into the red.” 
S7 only explains at the stage of what happens with the given phenomenon information. S7 has no other reason 
to support her argument. Wherease S8 gives answer  

Question 1e: 
When sodium benzoate (C6H5COONa) reacting with H2O, only anion of salt can react 
with H2O. Why did it happen? Explain your reasons! 
 

Question 2b :  
 If the litmus paper is immersed in the above salt (ammonium chloride), the blue paper 
turns red. Based on litmus paper change. Is ammonium chloride acid or base? Explain 
your reasons! 
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S8 wrote, “Acid, because it can turn the blue litmus into red and the pH less than 7.” 

S8 explains at the stage of what happens with the given phenomenon information too. In addition, S8 also 
involves the previous question to answer question 2b in which pH less than 7. Actually the right conceptual 
answer at question 2b should be: 

“Ammonium chloride is acidic because only cations which is as strong conjugate acid 
because comes from weak base (NH4OH) can react with H2O. So it produces H+ ion 
that can be proven through the blue litmus paper turns red.” 

At the Bronsted causal level, students answered at the stage of what and why happens. This students’ answer 
relates to the origin of the salt-maker. An example of question 1e can be seen in Fig 3. Here is an example of 
student answers at the Bronsted causal level.  

S9 wrote, “C6H5COONa when reacting with H2O only anion of salt can react with 
H2O. That is because the Na+ cations are from strong bases so they will continue to 
ionize rapidly, so there is no hydrolysis reaction happens.” 

S9 understood the concept of hydrolysis where cations and anions can react with H2O or not and understand the 
origin of the C6H5COONa. S9’s clarification is already at what and why it happened stages because she could 
explain that C6H5COONa comes from benzoate acid (C6H5COOH) and sodium hydroxide (NaOH). Only anion 
salt which benzoate ion (C6H5COO-) can react with H2O because it is as strong conjugate base which it comes 
from weak acid. Meanwhile, cation salt which sodium ion (Na+) cannot react with H2O because it comes from 
strong base or as weak conjugate acid. S9 have understood concept of hydrolysis at Bronsted causal level. So, 
S9 could answer question 2b (Figure 4) with Bronsted causal level.  

S9 wrote, “Ammonium chloride is acidic. It is based on litmus paper change, because 
the solutions composed of strong acid and weak base so that the pH solution is less 
than 7.” 

In this study, students have not found the dominant reasoning level of Bronsted mechanistic where students’ 
explanation is at the stage of what and how it happens. Students have not explained the mechanism of 
hydrolysis yet (such what molecules or ions that give or receive proton). But some students can work in a proper 
and correct way to calculate the pH of a salt solution. As for the level of no response students neither gave 
answer nor wrote anything. 
 

There are an interesting findings, most of the students could not write the proper hydrolysis reaction 
including the reaction of salt formation and ionization. They have not understood the concept of ionic 
equilibrium occurred in hydrolysis. It was found that only three students could write a proper hydrolysis 
reactions. There were 20 students write hydrolysis reaction incorrectly (they wrote with one-way arrows), and  
nine students could not write hydrolysis reaction, salt ionization reaction and salt formation reaction (the 
neutralization reaction of acid and base). Twenty students could not write proper hydrolysis reactions and salt 
ionization reactions but they could write proper salt-forming reactios. There were 22 students who wrote 
incorrect reactions such as students writing acidic-alkaline ionizations or the students wrote a salt formation 
reaction with a two-way arrow. But, most students could determine the total hydrolysis, partial hydrolysis and 
not hydrolysis properly. The question can be seen in Figure 5. 

 
 
 
 
 
 
  
  
 
 

 
Fig 5. Question  3 

Question 3: 
The following are provided some solutions 

i. HNO3 

ii. HCN 

iii. NH4OH 

iv. NaOH 

Make a four series mixture of acid and base solutions above, determine which of the series of 
solutions to occur partial hydrolysis, total hydrolysis or not hydrolysis! Write down the reaction (salt 
formation reaction, salt ionization reaction and hydrolysis reaction! 
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Some students’ answers question 3 can be seen in the Figure 6. 

 
 

 

 

 

 

 

  (a)    (b) 

Fig 6. Response student at question 3 
(a) incorrect sample answer of hydrolysis reaction, (b) correct sample answer of hydrolysis 

reaction but incorrect answer of  salt formation reaction 

In Fig. 6 (a) the student could write the proper salt formation and salt ionization reaction, but the student wrote 
improper hydrolysis reaction. That was because the arrow was one directional. It means the students have not 
yet  understood about the ion equilibrium in the hydrolysis solution. While in Fig 6 (b), the students could write 
proper salt ionization and hydrolysis reactions, but the salt formation reaction (acid base neutralization) was 
written incorrectly with two-way arrow. It can be concluded that students' understanding of the hydrolysis topic 
has not good enough. The correct conceptual answer is: 

“The salt formation reaction: HCN + NH4OH → NH4CN + H2O. The hydrolysis reaction is 

 NH4
+ + H2O NH4OH + H+ and CN- + H2O HCN + OH- .” 

 
It is possible because the learning process led by teachers does not emphasize the writing of the reaction of 

salt formation, salt ionization, and hydrolysis reaction. In particular, in the hydrolysis reaction, the students have 
not been taught the meaning of the two-way arrow by teacher so the misconception occurred. Question 2c can 
check whether students really understand the concept of hydrolysis and the meaning of hydrolysis reaction or 
just a memorization. Here question 2c can be seen in Figure 7. 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7. Question 2c 

Question 2c: 
Describe the particles (ions, molecules and compounds) contained in the ammonium 
chloride solution! 

 
Ammonium chloride    Water   

Information : 
 
H2O 
 
Cl- ion 
 
NH4OH 
 
NH4

+ ion 
 
H+ ion 
 
NH4Cl 

Ammonium 
chloride 
solutions 
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Five students did not answer and 61 students answered with were wrong concept (non-normative level). Sixteen 
students from those 61 described only Cl-, NH4OH and H+ particles because of their understanding of hydrolysis 
reaction with only one arrow direction. Four students of those 61 wrote the hydrolysis reaction appropriately but 
only described three particles (Cl-, NH4OH and H+). Response students can be seen at Figure 8.  

 

(a) 

     
(

b
)

  

  (c) 

Fig 8. Response students at question 2c 
(a). Responses students 1, (b) Responses students 2, (c) Responses students 3 

 
Based on the student’s answer on Fig 8 (a), the students could write the hydrolysis reaction correctly but 

when describing they only describe three particles (NH4OH, H+ and Cl-). This proves that the student has not 
understood correctly about the mechanism occurred in hydrolysis although they can write down the reaction 
correctly. The students’ answers on Fig 8 (b), showed the students’ mental models in hydrolysis are a direct or 
irreversible reaction, so the students assumed when the hydrolysis occurrence is formed, only three particles are 
NH4OH, H+ and Cl-. In Fig 8 (c) the other students answered NH4Cl, H2O, H+, NH4OH and Cl- particles. This 
means those students also have not fully understood the mechanism of hydrolysis. Because when salt is 
dissolved into water, it will be ionized into cations and anions. Here students still describe the compound of 
ammonium chloride (NH4Cl). Based on these results, it can be seen that students really do not understand how 
the hydrolysis reaction occurred and what particles play the roles in it. Students’ mis-conceptual answer 
happened because maybe the teacher did not explain the hydrolysis mechanism and the relation between 
macroscopic, submicroscopic and symbolic aspects, so that students’ understanding is incomplete or 
misconception occurs. Conceptual answers should be completed with NH4OH, H2O, H+, NH4

+ and Cl- particles 
drawing as well as quantitatively the H+ ions be should draw more because the solution is acidic. 

CONCLUSION AND IMPLICATION  

Based on this research it found the students have some scientific reasoning levels in the hydrolysis topic 
that can be categorized based on student response. Students’ responses are the evidence about students’ 
understanding of what happened, how it happened and why it happened. Most of the students have scientific 
reasoning in the non-normative level (75.75%). Most have unfamiliar reasoning in understanding the hydrolysis. 
From this research, we found some students’ difficulties at the definition of hydrolysis, writing hydrolysis 
reaction, the determination of acid and base properties and the mechanism of hydrolysis. The teacher learning 
and student readiness are some factors in students’ understanding about the hydrolysis. After mapping the level 
of the students’ scientific reasoning are in the non-normative level, the teacher can apply the proper learning 
models to improve students’ scientific reasoning and conceptual understanding about the hydrolysis. Using 
inquiry model is suggested by researchers. The inquiry model can improve students' scientific reasoning [4, 11]. 
Moreover, students can find their own concepts so that concepts obtained through direct experience will be 
meaningful better understood.  
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