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Appendix 1.  

Concept Analysis of Chemistry for Senior High School Eleventh Grade 

Matter : Buffer Solution 
 

N

o. 

Concept 

Label 

Definition of 

Concept 

Kinds of 

Concept 

Attribute of Concept Position of Concept Example Non Example 

Attribute of 

Crisis 

Attribute of 

Variable 

Sub 

Ordinate 

Coordinate Super 

Ordinate 

1.  Buffer 

Solution 

An aqueous solution 

that can maintain 

the pH of a system 

within a specified 

range when a small 

amount of acid or 

base is added, or 

when the system is 

diluted. (pH doesn’t 

change 

significantly) 

 

Concept have 

measurement 

attribute 

 weak acid/ 

weak base 

 base 

conjugate/ 

acid 

conjugate  

Bronsted 

Lowry of 

acid-base 

theory 

Acidic 

buffer 

solution 

Salt 

Hydrolysis 

Acid-Base 

& Chemical 

Equilibrium 

CH3COO

H solution 

+ 

NaCH3CO

O solution 

HCl solution 

+ NaOH 

solution 

2. Acidic buffer 

solution 

a weak acid solution 

comprising of its 

conjugate base is 

called acidic buffer 

solution. 

 

Concept have 

measurement 

attribute 

Weak acid / its 

base conjugate  

Bronsted 

Lowry of 

acid-base 

theory 

Basic buffer 

solution 

Basic Buffer 

Solution 

Acid-Base 

& Chemical 

Equilibrium 

H2CO3 

solution + 

NaHCO3 

solution 

H2SO4 

solution + 

NaOH 

solution 

3. Basic buffer 

solution 

weak base solution 

comprising of its 

conjugate acid is 

called basic buffer 

solution. 

 

Concept have 

measurement 

attribute 

Weak base/ its 

acid conjugate  

Bronsted 

Lowry of 

acid-base 

theory 

- Acidic buffer 

solution 

Acid-Base 

& Chemical 

Equilibrium 

NH3 

solution + 

NH4Cl 

solution 

NaOH 

solution + 

HNO3 

solution 

4. Ka and Kb An equilibrium 

constant for the 

ionization of weak 

acid and weak base. 

Abstract 

concept 

Weak acid, 

weak base 

Concentration 

of substance, 

temperature, 

mole, liter, 

pH, pOH, 

Ionization 

degree 

- Kp and Kc CH3COO

H(aq) + 

H2O(aq)↔ 

CH3COO-

2H2(g) + O2(g) 

↔ 2H2O(g) 

Kc= 3 x 1081 

at 25oC 
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pH, pOH (aq) + 

H3O
+

(aq) 

Ka= 1.8 x 

10-5 

5. Ionization 

degree 

 A tendention of a 

compound to ionize 

into its ions.  

Abstract 

concept 

Ionization of 

compound 

Ionization 

degree (α), 

temperature, 

mole 

Weak acid. 

Weak base, 

strong acid, 

strong base 

 

Dissociation 

degree, pH 

and pOH 

Ka and Kb NaCl(aq) 

↔ Na+
(aq) 

+ Cl-
(aq) 

2H2O(l) ↔ 

H3O
+

(aq) + 

OH-
(aq) 

6. Dissociation 

degree 

A tendention of a 

compound to 

dissociate into its 

ions. 

Abstract 

concept 

Dissociation of 

compound 

Dissociation 

degree, mole, 

temperature 

Weak acid. 

Weak base, 

strong acid, 

strong base 

 

Ionization 

degree, pH 

and pOH 

Ka and Kb HCl(aq) + 

H2O(aq) ↔ 

H3O
+

(aq) + 

Cl-
(aq) 

KCl(aq) ↔ 

K+
(aq) + Cl-

(aq) 

7. pH and pOH 

buffer 

solution 

The negative 

logarithm of the 

concentration 

(mol/L) of the H3O
+ 

or (H+) and OH- 

ion; that commonly 

used scale ranges 

from 0-14. 

 

Abstract 

concept 

Negative 

logarithm, H+, 

OH- 

[H+] , [OH-] - Ionization 

degree 

Ka and Kb - - 

8. weak acid 

and weak 

base 

Acid or base that is 

ionized or 

dissociated 

partially, slightly, in 

dilute aqueous 

solution. 

 

Based-principle 

concept 

Ionization 

dissociation 

Ionization 

degree, 

dissociation 

degree 

- Strong acid & 

strong base 

Ionization 

degree, 

dissociation 

degree 

CH3COO

H(aq) + 

H2O(aq)↔ 

CH3COO-

(aq) + 

H3O
+

(aq) 

NaOH(aq) ↔ 

Na+
(aq) + OH-

(aq) 

9. Base 

conjugate 

After releasing one 

proton, acid forms a 

species called as 

conjugate base. (it 

can attract back the 

proton and forms 

the acid again) 

Abstract 

concept 

Ionization 

dissociation 

Ionization 

degree, 

dissociation 

degree 

- Weak acid / 

weak base 

Ionization 

degree, 

dissociation 

degree 

HNO2 ↔ 

H+ + NO2
- 

- 
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10

. 

Acid 

conjugate 

After accepting one 

proton, base forms a 

species called as 

conjugate acid. (it 

can release one 

proton and forms 

base again) 

Abstract 

concept 

Ionization 

dissociation 

Ionization 

degree, 

dissociation 

degree 

- Weak acid / 

weak base 

Ionization 

degree, 

dissociation 

degree 

NH3 + H+ 

↔ NH4
+ 

- 

 

*Harizal, (2012), Analyzing Of Students’ Misconception On Acid-Base Chemistry At Senior High School In Medan, Thesis, 

Mathematic  and Natural Science Faculty, State University of Medan, Medan. 
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Appendix 2. Learning Material of Buffer Solution. 

 

BUFFER SOLUTION 

Attention: 

Do not cite. Buffer Solution Material contained in this appendix are roughly 

compiled, without permission from the sources listed at the end of the material. For 

the citation of this material, it’s strongly recommended to see the original and more 

detailed information by reading the books indicated in the references. 

 

A. Conceptual Framework 

Buffer solution is part of acid-base equilibria, because the fundamental 

concept to understanding of buffer solution, firstly must understanding acid-base 

chemistry concept and chemical equilibrium. In this learning material, we will 

address the different type of acid-base reactions and then move to study about buffer 

solution. So that, you can get a feeling for the importance of buffers in your world, 

we will also briefly discuss the chemistry of two important buffers in biological 

system. One of the more important types of acid-base solutions in terms of 

commercial and biological applications are buffers because they allow us to control 

the pH of a solution.  

Buffers play an important role wherever you look:  

 Biology: You are composed of molecules that depend on hydrogen bonding 

for their structure and function, and are therefore highly sensitive to pH. Most 

of the reactions in your body occur in aqueous solutions containing buffering 

agents. It is not surprising that human blood is highly buffered, for if blood is 

not maintained at a pH near 7.4, death can occur.  

 Industry: Buffers are important in the syntheses of pharmaceutical chemicals, 

where the yield and purity of the desired product depends on solution pH. 
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Without buffers, an industrial process for the synthesis of a life-saving drug 

could yield a product contaminated with a poisonous impurity.  

 In your home: Take a close look at your shampoo bottle, and you are likely 

to see the words ―pH balanced‖. Buffers are a central component in many 

consumer products, particularly personal hygiene products, where both 

effectiveness and safety depend on keeping the pH within a narrow range. 

  

B. Overview of Acid-Base Reaction 

You learned that acids and bases react to form water and a salt and that these 

reactions are called neutralization reactions because, on completion of the reaction, 

the solution is neutral. As shown in Table 2.1., however, acid-base reactions do not 

always result in the formation of a solution with a neutral pH. There are four classes 

of acid-base reactions: strong acid + strong base, strong acid + weak base, weak acid 

+ strong base, and weak acid + weak base. For each, we will investigate the extent of 

reaction and the pH of the resulting solution when equimolar amounts of reactants are 

combined. 

Table 2.1. Acid-Base Reaction 

Reaction Example pH at 

Equilibrium 

Strong acid + 

Strong base 

HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq) = 7 

Strong acid + 

Weak base 

H3O
+

(aq) + NH3(aq) → H2O(l) + NH4
+

(aq) < 7 

Weak acid + 

Strong base 

HClO(aq) + OH
–

(aq)→H2O(l) + ClO
–

(aq) > 7 

Weak acid + Weak 

base 

HClO(aq) + NH3(aq) <====> NH4
+

(aq) + ClO
–

(aq) Depends on 

Ka and Kb 
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C. Definition of Buffer Solution 

A buffer solution is an aqueous solution that can maintain the pH of a system 

within a specified range when a small amount of acid or base is added, or when the 

system is diluted. A buffer solution contains a mixture of a weak acid and a weak 

base, typically the conjugate base of the weak acid. The principle property of a buffer 

solution is that it experiences a relatively small change in pH when a strong acid or a 

strong base is added. The ability of a buffer solution to resist pH change in a system 

is due to the fact that a buffer solution has acid-base components. The acid and base 

components generally take a form of a conjugate acid-base pair: weak acid and its 

conjugate base (HA/A
-
) or weak base and its conjugate acid (B/BH

+
). 

Based on their components, buffer solution can be divided into two, i.e. acidic 

buffer solution and basic buffer solution. Acidic buffer solution maintain pH at acid 

areas (pH<7), meanwhile basic buffer solution maintain pH at basic areas (pH>7). 

1. Acidic Buffer Solution (HA/A
-
) 

Acidic buffer solution is a weak acid solution comprising of its conjugate 

base. There are many ways to make acidic buffer solution: 

(1) Mixture weak acid (HA) and its salt (MA salt produce A
-
 ion as conjugate 

base of weak acid (HA) 

        

 

Example : 

a. CH3COOH solution + NaCH3COO solution (buffer’s components: 

CH3COOH and CH3COO
-
) 

b. H2CO3 solution + NaHCO3 solution (buffer’s components:  H2CO3 and 

HCO3) 

A-
(aq) 

Conjugate base 

MA(aq)   → M+
(aq)  +        

salt 

  H+
(aq)  +       A-

(aq) 

 

HA(aq) 

weak acid 
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c. NaH2PO4 solution + Na2HPO4 solution (buffer’s components: H2PO4
-
 and 

HPO4
2-

) 

In water solvent, the weak acid HA undergoes partial dissociation and forms 

small amounts of H
+
 and conjugate base A

-
. The presence of the conjugate base A

-
 

from salt MA will shift equilibrium of the weak acid HA though slightly as it is 

limited by very small concentration of H
+ 

ions. Thus, we obtain the acid component 

HA that comes from the weak acid HA and the base component A
-
 that is considered 

to come from the salt MA. The HA/A
-
 components will then act as “buffer” in 

attempts to change the pH of the system. 

The equilibrium of the conjugate pair HA/A
- 
of buffer solution can be stated 

by its ionization constant, Ka 



Ka 
[H ][A– ]

[HA]
 

From the expression, the concentration of H
+ 

ions can be determined as follows: 

   
 

 
A

HAK
H a  

The equation can be stated in the logarithmic form as follows: 

   
 

 
A

HA
KH a logloglog  

Thus we obtain the following equation known as the Henderson-Hasselbalch 

equation. 

 
 


A

HA
pKpH a log  

(2) Acidic buffer solution also made by reacting weak acid with strong base in 

condition that weak acid residue is remaining while the strong base react 

completely.  

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l) 

Because NaOH reacts completely and there is CH3COOH residue, in the end of 

reaction we have a mix of CH3COOH and CH3COONa which are the composing 
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component of buffer solution. In the solution, the mix will form the following 

balance. 

CH3COOH(aq)    CH3COO
-
(aq) + H

+
(aq) 

When a small amount of acid (H
+
) or base (OH

-
) is added into the solution, we will 

have the following reactions. 

Acid added:  CH3COO
-
(aq) + H

+
(aq)    CH3COOH(aq) 

Base added:  CH3COOH(aq) + OH
-
(aq)    CH3COO

-
(aq) + H2O(l) 

The equilibrium equation above show that the equilibrium will shift to the left when 

acid added to the solution, acid (H
+
) will react with CH3COO

- 
ion to form acetic acid 

(CH3COOH). In contrary, when base added to the solution, the OH- ion from its base 

will react with H
+
 ion form water molecule. This is will shift the equilibrium to the 

right so the concentration can be maintained (doesn’t change significantly). So, 

addition of base will decrease acid components (CH3COOH), H
+
 ion doesn’t 

decrease. That base (OH
-
) reacts with CH3COOH to form CH3COO

- 
ion and H2O. 

Basically, the value of [CH3COO
-
/ CH3COOH] has changed but the change is too 

small so that it is considered as constant. 

2. Basic Buffer Solution 

Basic buffer solution is weak base solution comprising of its conjugate acid. 

There are many ways to make basic buffer solution: 

(1) Mixture weak base (B) and its salt (BHA) 

 

   

 

Example : 

a. NH3 solution + NH4Cl solution ( Buffer’s components: NH3 and NH4
+
) 

+      A-
(aq) BH+

(aq) 

Conjugate acid 

BHA(aq)   →  

salt 

BH+
(aq)  +      OH-

(aq) 

 

B(aq)      +    H2O(l)   

weak base 
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In water solvent, the weak base B undergoes partial dissociation and forms 

very little conjugate acid BH
+ 

and OH
-
 ions. Meanwhile the salt BHA will dissociate 

completely forming a large amount of conjugate acid BH
+
. This causes the 

equilibrium of the weak base B to shift, though slightly, as it is limited by the very 

little concentration of OH
- 
ions. As a result, we obtain the base component B and also 

the acid component BH
+
 that is considered to come from the salt B only. The B/BH

+
 

components will then act as “buffer” in attempts to change the pH of the system. 

The equilibrium of the conjugate pair B/BH
+ 

of a buffer solution can be stated 

by its ionization constant, Kb. 

  
 B

OHBH
Kb



 + 

In the expression, the concentration of OH
-
 ions can be determined as follows: 

   
 

 
BH

BK
OH b  

The equation can stated in the logarithmic form as follows: 

   
 

 
BH

B
KOH b logloglog  

Thus, we obtain the following Henderson-Hasselbalch Equation: 

 
 


BH

B
pKpOH b log  

And we know that 

pOHpH 14  

(2) Basic buffer solution is also made by reacting weak base and strong acid in 

condition that weak base residue is remaining while the strong acid react 

completely. 

NH4OH(aq) + HCl(aq) → NH4Cl(aq) + H2O(l) 

Because HCl reacts completely and NH4OH residue remains, there is a mix of 

NH4OH and NH4
+
 (conjugate acid from NH4OH) in the end of reaction. In the 

solution, the mix will form the following equilibrium. 
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NH4OH(aq)    NH4
+

(aq) + OH
-
(aq) 

The equilibrium equation above shows that addition of acid (H
+
) will shift the 

equilibrium to the right. The H
+
 ions react with OH- ions form water and ammonia 

will ionize to form more OH
-
 ions. On the contrary, the addition of base (OH

-
) will 

shift the equilibrium to the left. The NH4
+
 ions with acidic property will react with 

additional OH
-
 ions to form ammonia molecules. Thus, the pH of solution can be 

maintained (does not change significantly). 

 

D. How Buffer Solution Work 

The way buffer solutions HA/A- and B/BH+ work are based on the 

equilibrium of acid nad base components in the buffer solutions. The attempts to 

change pH by adding a small amount of acid (H+) or bae (OH-), or by dilution 

(adding H2O) will change the concentrations of the acid and base components 

(HA/A- or B/BH+) of the buffer solutions. As a result, the equilibrium is attained. 

The pH change that occurs can be calculated by using the Henderson-Hasselbalch 

equation. 

Table 2.2. How buffer solutions work 

 Buffer solution HA/A
-
 

 
 


A

HA
pKpH a log  

Buffer solution B/BH
+
 

 
 


BH

B
pKpOH b log

 

pOHpH 14  

Adding a 

small amount 

of acid (H
+
) 

The acid H
+
 added will be 

neutralized by the base 

component A
-
 

H+      +        A-              → HA 

Acid                 base component 

The acid H
+
 added will be 

neutralized by the base 

component, B. 

H
+
     +         B   → BH

+
 

Acid                 base 

Addition of a small amount of an acid or a base will not change the pH of buffer 

solution significantly. 



79 

 

79 

 

of  

being added      buffer solution 

 

The neutralization that occurs 

causes a decrease in the A
-
 

concentration and an increase 

in the HA concentration. The 

ratio [HA]/[A+] in the 

Henderson-Hasselbalch 

equation will increase, which 

means the pH of the system 

will decreases.  

 

component of  

being added      buffer 

solution 

 

The neutralization that occurs 

causes a decrease in the B 

concentration and an increase 

in the BH
+
 concentration. The 

ratio [B]/[BH
+
] in the 

Henderson-Hasselbalch 

equation will decrease, which 

means the pOH of the system 

will increase or the pH will 

decreases.  

Adding a 

small amount 

of base (OH-) 

The base OH
-
 added will be 

neutralized by the acid 

component, HA. 

OH
-      

+      HA  → A
-
 + H2O 

base                 acid component 

of  

being added      buffer solution 

 

The neutralization that occurs 

causes a decrease in the HA 

concentration and an increase 

in the A- concentration in the 

buffer solutions. The ratio 

[HA]/[A
-
]in the Handerson-

The base OH- added will be 

neutralized by the acid 

component, HA. 

OH
-
     +      BH

+
  → B + H2O 

base                 acid 

component of  

being added      buffer 

solution 

 

The neutralization that occurs 

causes a decrease in the BH+ 

concentration and an increase 

in the B concentration in the 

buffer solutions. The ratio 
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Hasselbalch equation will 

decrease, which means the pH 

of the system will increase. 

 

[B]/[BH
+
]in the Handerson-

Hasselbalch equation will 

decrease, which means the pH 

of the system will increase. 

Dilution 

(Adding 

H2O) 

Dilution will affect the moles 

of H
+
 (H3O

+
) and OH

-
 in the 

system, which will cause a 

shift in the buffer solution 

equilibrium. 

H2O   + HA   ↔ H3O
+
 + A

-
 

H2O   +  A
-
    ↔ H3O

+
  +  HA 

As a result, the moles of the 

acid component HA and the 

base component A
-
 will each 

change. the ratio [HA]/[A
-
] in 

the Henderson-Hasselbalch 

Equation will change and 

affect the pH of the system but 

doesn’t significantly. (The 

effect of dilution can be 

observed if Ka is relatively 

large (Ka > 10
-3

) and the 

concentrations of the acid and 

base components HA/A
-
 are 

very small). 

Dilution will affect the moles 

of H+ (H3O+) and OH- in the 

system, which will cause a 

shift in the buffer solution 

equilibrium. 

H2O   + B   ↔ BH
+
  +  OH

-
 

H2O  +  BH
+
 ↔ B + H2O 

As a result, the moles of the 

base component B and the 

acid component BH
+
 will 

each change. the ratio 

[B]/[BH
+
] in the Henderson-

Hasselbalch Equation will 

change and affect the pH of 

the system but doesn’t 

significantly. (The effect of 

dilution can be observed if Kb 

is relatively large (Kb > 10
-3

) 

and the concentrations of the 

acid and base components 

B/BH
+
 are very small). 

 

 The weak acid and conjugate base components of a buffer make it possible for 

buffer solutions to absorb strong acid or strong base without a significant pH change. 
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o When a strong acid is added to a buffer it reacts with the conjugate base and is 

completely consumed. Despite the addition of a strong acid, the pH of the 

buffer solution decreases only slightly. 

Example: When H3O
+
 is added to a nitrous acid-sodium nitrite buffer it 

consumes some of the conjugate base, forming additional nitrous acid. 

H3O
+
 (aq) + NO2

 –
 (aq) → H2O(l) + HNO2(aq) 

o When a strong base is added to a buffer it reacts with the weak acid and is 

completely consumed. Despite the addition of a strong base, the pH of the 

buffer solution increases only slightly. 

Example: When OH
–
 is added to a nitrous acid-sodium nitrite buffer it 

consumes some of the weak acid, forming additional nitrite ion. 

OH
–

(aq) + HNO2(aq) → H2O(l) + NO2
 –

 (aq) 

It is a common misconception that buffer pH remains constant when some strong acid 

or base is added. This is not the case. As shown in the following example, a buffer 

minimizes the pH change upon addition of strong acid or base because only the weak 

acid/conjugate base ratio of the buffer is affected. The pH changes, but only by a 

small amount. 

 

EXAMPLE PROBLEM:  

Adding Reagents to Buffer Solutions  

Determine the pH change when 0.020 mol HCl is added to 1.00 L of a buffer solution 

that is 0.10 M in CH3CO2H and 0.25 M in CH3CO2
–
.  

SOLUTION:  

Step 1.  Write the balanced equation for the acid hydrolysis reaction.  

CH3CO2H (aq) + H2O(l) <====> H3O
+

(aq) + CH3CO2
–

(aq) 

Step 2.  Use the Henderson-Hasselbalch equation to calculate the pH of the buffer 

solution before the addition of HCl. 
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14.5
10.0

25.0
log)108.1log(log 5

23

23 











x
HCOCH

COCH
pKapH  

Step 3.  Assume that the strong acid reacts completely with the conjugate base. Set 

up a stoichiometry table that shows the amount (mol) of species initially in 

the solution, the change in amounts of reactants and products (based on the 

amount of limiting reactant), and the amounts of reactants and products 

present after the acid-base reaction is complete. 

H3O
+

(aq) + CH3CO2
–
 (aq) → H2O(l) + CH3CO2H (aq)  

Initial (mol)   0.020         0.25                                   0.10  

Change (mol)            –0.020       –0.020                               +0.020  

After reaction (mol)  0 0.23        0.12 

Step 4.  Use the new weak acid and conjugate base concentrations to calculate the 

buffer pH after adding strong acid. 

  M
L

mol
HCOCH 12.0

00.1

12.0
23    M

L

mol
COCH 23.0

00.1

23.0
][ 23 


 

03.5
12.0

23.0
log)108.1log(log 5

23

23 











x
HCOCH

COCH
pKapH  

Addition of 0.020 mol of HCl to the buffer decreases the pH only slightly, by 

0.11 pH units. If the same amount of HCl is added to 1.00 L of water, the pH 

decreases by 5.30 pH units, from a pH of 7.00 to a pH of 1.70. 

 

E. Preparing Buffer Solution 

Buffer solution that contain acid and base components in the form of 

conjugate pairs, can be prepared as follows: 

1. Buffer Solution HA/A- 

 Weak acid and Its salt 

For example: buffer solution CH3COOH/CH3COO
-
 can be made from 

CH3COOH and CH3COONa. 
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 The acid component, CH3COOH, in the buffer solution comes from the weak 

acid, CH3COOH, which dissociate very slightly. 

 The base component, CH3COO
-
, in the buffer solution is considered to only 

come from the salt of the weak acid, CH3COONa, which dissociate 

completely. 

 Weak acid in excess + Strong base 

For example: buffer solution CH3COOH/CH3COO
-
 can be made from 

excess CH3COOH and NaOH. 

 

The excess weak acid, CH3COOH, will react with the strong base, NaOH, to form the 

salt CH3COONa. 

CH3COOH 

Unreacted weak acid 

H
+
 + CH3COO

-
 

CH3COONa 

Salt of weak acid 

Na
+
  + CH3COO

-
 

Conjugate base 

Buffer Solution 

CH3COOH/CH3COO
-
 

CH3COOH               +            NaOH         →    CH3COONa        + H2O 

Weak acid in excess                         strong base                 salt of weak acid 

CH3COOH 

Weak acid 

H
+
 + CH3COO

-
 

CH3COONa 

Salt of weak acid 

Na
+
  + CH3COO

-
 

Conjugate base 

Buffer Solution 

CH3COOH/CH3COO
-
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 The acid component, CH3COOH, in the buffer solution comes from the 

unreacted weak acid, CH3COOH, which dissociates very slightly. 

 The base component, CH3COO
-
 , in the buffer solution is considered to only 

come from the salt of the weak acid, CH3COONa, which dissociates 

completely. 

 Salt of Weak Acid in excess + Strong acid 

For example: buffer solution CH3COOH/CH3COO
-
 can be made from 

excess CH3COONa and HCl. 

 

 

The excess salt of the weak acid, CH3COONa, will react with the strong acid, HCl, to 

form the weak acid, CH3COOH. 

 The acid component, CH3COOH, in the buffer solution comes from the weak 

acid, CH3COOH, which dissociates very slightly. 

CH3COOH 

Weak acid 

H
+
 + CH3COO

-
 

CH3COONa 

Unreacted salt of weak 

acid 

Na
+
  + CH3COO

-
 

Conjugate base 

 

Buffer Solution 

CH3COOH/CH3COO
-
 

CH3COONa              +            HCl        →    CH3COOH        + H2O 

Salt of weak acid in excess            strong acid                  weak acid 
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 The base component, CH3COO
-
, in the buffer solution is considered to only 

come from the unreacted salt of the weak acid, CH3COONa, which dissociates 

completely. 

 

2. Buffer Solution B/BH
+
 

 Weak base and Its salt 

For example: Buffer solution NH3/NH4
+
 can be made from NH3 and 

NH4Cl 

 

 The base component, NH3, in the buffer solution comes from the weak base, 

NH3, which dissociates very slightly. 

 The acid component, NH4
+
, in the buffer solution is considered to only come 

from the salt of the weak base, NH4Cl, which dissociates completely. 

 

 Weak base in excess and Strong acid 

For example: Buffer solution NH3/NH4
+
 can be made from NH3 and HCl 

NH3 

Weak base 

NH4
+
          +              OH

-
 

NH4Cl 

Salt of weak base 

  +        Cl
-
 NH4

+ 

Conjugate acid 

Buffer Solution 

NH3/NH4
+
 

+     H2O 
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The excess weak base, NH3, will react with the strong acid HCl to form the salt of 

NH4Cl. 

 The base component, NH3, will react with the strong acid, HCl, to form the 

salt of NH4Cl. 

 The acid component, NH4
+
, in the buffer solution is considered to only come 

from the salt of the weak base, NH4Cl, which dissociates completely. 

 Salt of Weak Base in excess + Strong Base 

For example: Buffer solution NH3/NH4
+
 can be made from NH4Cl and NaOH. 

NH3  

Unreacted weak base 

NH4
+
       +       OH

-
 

NH4Cl 

Salt of weak base 

Buffer Solution 

NH3/NH4
+
 

 

NH3              +            HCl         →             NH4Cl 

Weak base in excess       strong acid                 salt of weak base 

+    H2O 

NH4
+ 

Conjugate acid 

  +      Cl
-
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The excess salt of the weak base, NH4Cl, will react with the strong base, NaOH, to 

form the weak base, NH4OH. 

 The base component, NH3, in the buffer solution comes from the weak base 

NH3, which dissociates very slightly. 

 The acid component, NH4
+
, in the buffer solution is considered to only come 

from the unreacted salt of the weak base, NH4Cl, which dissociates 

completely. 

 

The preparation of a buffer solution with a known pH is a two-step process. 

 A weak acid/conjugate base pair is chosen for which the weak acid pKa is 

within about 1 pH unit of the desired pH. This guarantees that the [weak 

acid]:[conjugate base] ratio is between 10:1 and 1:10, ensuring that the 

NH3  

 weak base 

 

NH4Cl 

Unreacted Salt of weak 

base 

 
Buffer Solution 

NH3/NH4
+
 

 

 

NH4Cl              +            NaOH        →             NH4OH   +     NaCl 

Salt of Weak base in excess       strong acid                 weak base 

 

NH4
+
       +       OH

-
 +    H2O 

NH4
+ 

Conjugate acid 

  +     Cl
-
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solution will contain significant amounts of weak acid and conjugate base and 

will be able to buffer against the addition of strong acid or base. 

 The desired pH and the weak acid pKa are used to determine the relative 

concentrations of weak acid and conjugate base needed to give the desired pH. 

Once the desired weak acid and conjugate base concentrations are known, the 

solution is prepared in one of two ways: 

Method 1.  Direct addition, where the correct amounts of the weak acid and conjugate 

base are added to water. 

Method 2. Acid-base reaction, where, for example, a conjugate base is created by 

reacting a weak acid with enough strong base to produce a solution 

containing the correct weak acid and conjugate base concentrations. 

 

F. Buffer Solution in Daily Life 

Buffer solution are important in our daily life, be they within the body of human 

beings or in activities such as those in industries. Below are several of natural buffer 

solutions that are present in our blood and saliva, and prepared buffer solutions for 

hydroponic plants and industries. 

a. Haemoglobin 

Haemoglobin controls the pH of the blood between 7.35-7.45. haemoglobin 

binds O2 from respiration and forms equilibrium with oxyhaemoglobin. 

HHb
+
   +  O2    H

+
  + HbO2

-
 

Haemoglobin acid    Oxyhaemoglobin 

Attempts to change the blood pH take place in the metabolism process where 

the waste product, CO2, forms H2CO3 that dissociate into H
+
 and HCO3

-
. The 

increase of the H+ concentration will be neutralized by the oxyhaemoglobin. 

b. Phosphate buffer H2PO4
-
/HPO4

2-
 in blood, urine and saliva 
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 Phosphate buffer plays a dominant role in maintaining the pH of the 

blood in cells. This is because the value of its pKa, 7.2 approach the 

pH of blood, 7.4. 

 The concentration of phosphate buffer outside cells is relatively low. 

However, it plays an important role as buffer in urine with a wide pH 

range of 4.5-8.5. Drastic change in the blood pH is anticipated by the 

kidneys. If the pH decreases, i.e. the concentration of H
+
 increases, the 

base component HPO4
2-

 will bind to H
+
 thus minimizing the decrease 

in pH. If the pH increases, the acid component H2PO4
2-

 will release 

H
+
. (Kidneys will also form ammonia if the concentration of H

+
 

increases. Ammonia reacts with H+ to form ammonia salt that is 

excreted in urine).  

 Phosphate buffer solution in saliva neutralized the acid resulted from 

the fermentation of leftover food, and maintains the pH of the mouth 

at ~6.8. (Acid condition can ruin the teeth and cause germs to 

penetrate the teeth). 

c. Carbonate buffer H2CO3/HCO3
-
 in blood 

Carbonate buffer is present in blood with ratio H2CO3/HCO3
- 

= 1 : 20 to 

maintain the blood pH at ~7.4. the value of pKa for bicarbonate is around 6.1 

and so it is not as dominant as the phosphate buffer above. 

d. Buffer solutions for hydroponic plants 

Every hydroponic plant has a certain pH range to grow well. To maintain the 

range of pH, buffer products, such as bio-enzyme, are now sold in the market. 

(Hydroponic is a method of plantation with non-soil media, such as pebbles 

or clay). 
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Plants pH range 

Watermelon 4.5-5.5 

Beans 5.5-6.5 

Chili 5.5-7.0 

Mangoes 5.5-7.5 

Spinach 6.5-7.5 

 

e. Buffer solutions in industries 

Buffer solution are used in photography, waste treatment, and electroplating. 

 In waste treatment, the pH of the process must be within the range 5-

7.5 so that the organic matter can be separated. Waste can be disposed 

of in the sea when 90% of the solids have been separated and Cl2 has 

been added. 
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Appendix 3.  

The Lattice of Buffer Solution Misconception Test (BSMT) 

 

Concept Label 

Indicators Difficulties Level Number of Items 

C1 C2 C3 C4 

 How to 

prepare buffer 

solution 

 Explaining the component of buffer solution. 

 Explaining how to prepare acidic buffer 

solution or basic buffer solution. 

 Explaining how to prepare buffer solution in 

certain pH. 

-  

7, 11 

1 

 

 

12, 14 

16 6 

 How Buffer 

Solution Work 

 Explaining how buffer solution work upon 

the addition of small amount of acid or base, 

and dilution. 

- 2, 8, 18 17  4 

 Equilibrium 

System of 

buffer solution. 

 Explaining the equilibrium shift of buffer 

solution upon the addition of small amount 

of acid or base, and dilution. 

 4, 6 19  3 

 The change of 

pH of buffer 

solution. 

 Explaining the change of pH of buffer 

solution upon the addition of small amount 

of acid or base, and dilution. 

 5 15  2 

 Relation  Explaining the relationship of Ka and pH or   13 3, 10 3 
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between Ka and 

pH, pKa and 

pH. 

pH and pKa. 

 

 Buffer Solution 

in Daily Life 

 Explaining the function of buffer solution in 

body organism. 

 Explaining the example of buffer solution in 

daily life. 

9    

 

20 

2 

Total 20 
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Appendix 4. 

 

BUFFER SOLUTION MISCONCEPTION TEST (BSMT) 

 

Instructions 

Choose the most suitable option and the reason for your choice in each question 

by filling the appropriate circles in the answer sheet. If you feel that all options 

given are inappropriate, indicate the question number and write down what you 

think the correct answer should be at the back of the answer sheet. 

 

1. When 100 mL acetic acid solution 0,2 M reacted by 100 mL NaOH 

solution 0,1 M will produce buffer solution. 

A. True     

B. False     

Reason: 

(1) Buffer solution composed of a mixture of strong acid and strong base.  

(2) Buffer solution composed of a mixture of weak acid and strong base 

with the same volume.       

(3) Buffer solution composed of a mixture of excess weak acid and strong 

base.  

(4) Buffer solution composed of a mixture of weak acid and weak base. 

2. Buffer Solution can maintain the pH nearly constant. 

A. True    

B. False    

Reason: 

(1) Addition slightly acid/base or dilution will not change the pH of 

solution.       

(2) Addition slightly acid/base or dilution will shift the equilibrium of 

system and change the pH, but doesn’t significantly. 

(3) Addition slightly acid/base or dilution will shift the equilibrium and 

increasing the pH significantly. 
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(4) Addition slightly acid/base or dilution will shift the equilibrium and 

decreasing the pH significantly. 

3. Which is the following compound having the most acid characteristic… 

A. CH3COOH(aq) + CH3COONa(aq) , where (Ka = 1.8 x 10
-5

) 

B. NaH2PO4(aq) + Na2HPO4(aq) , where (Ka = 6.2 x 10
-8

) 

C. HCOOH(aq) + Ca(HCOO)2(aq) , where (Ka = 1.8 x 10
-4

) 

Reason: 

(1) Higher Ka, higher the pH of buffers system. 

(2) Higher Ka, smaller the pH of buffers system. 

(3) Higher Ka, weaker the pH of buffers system. 

(4) Smaller Ka, stronger the acidity of buffers system.    

4. Dilution will affect the mole of H
+
 and OH

-
 in the system, which will 

cause equilibrium shift of buffers system.  

A. True    

B. False    

Reason: 

(1) The effects of dilution can be observed if Ka or Kb is relatively large 

and the concentrations of acid and base components are very small.  

(2) The effects of dilution can be observed if Ka or Kb is relatively small 

and the concentrations of acid and base components are very small. 

(3) The effects of dilution can be observed if Ka or Kb is relatively large 

and the concentrations of acid and base components are very large. 

(4) The effects of dilution can be observed in all circumstance.    

5. Addition slightly acid in the buffer solutions will cause the change of pH 

and pKa. 

A. True    

B. False    

Reason: 

(1) The change of pH is minimized a long addition slightly acid, so pKa 

and pH remains constants.     
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(2) Addition slightly acid will cause the change of pKa, but pH remains 

constants. 

(3) Addition slightly acid will cause the change in pKa and pH drastically.  

(4) Addition slightly acid will affect the ratio of the concentrations of acid 

and base in buffer solutions.   

6. Equilibrium system of base buffer solutions will not be disturbed although 

the addition of slightly acid/base or dilution. 

A. True    

B. False    

Reason:  

(1) Addition slightly acid will be neutralized by base component, so 

doesn’t disturb the equilibrium system.  

(2) Addition slightly acid will shift the equilibrium to the right, because 

the acid reacted with the base component and increasing the acid 

conjugate.    

(3) Addition slightly base will shift the equilibrium to the right, because 

base reacted with the acid conjugate component and increasing weak 

base component.  

(4) Dilution will shift the equilibrium to the right, because of the change 

of the concentrations of acid and base.  

7. Acid buffer solution can be prepared with reacted weak acid and weak 

base in the same mole. 

A. True    

B. False    

Reason:   

(1) Acid buffer solutions will be formed if base in excess and weak acid 

completely react.   

(2) Acid buffer solutions will be formed if weak acid in excess and base 

completely react.  

(3) Acid buffer solutions will be formed if both acid and base completely 

react.  
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(4) Acid buffer solutions will be formed if the ratio of acid and base = 1:1.  

8. When slightly base is added into the system that contains a buffer solution 

HOCl/OCl
- 
, so… 

a. [HOCl] decrease     

b. [OCl
-
] decrease    

c. [HOCl]/[ OCl
-
] constant   

Reason:  

(1) Base added will be reacted with [OCl
-
] and completely react.  

(2) Base added will be reacted with [HOCl] and base component 

completely consume. 

(3) Base added will be reacted with acid component [HOCl] and acid 

component completely consume. 

(4) Acid component [HOCl] neutralized by base component, pH = 

constant.  

9. pH of blood in human body remains constant. 

A. True    

B. False    

Reason:  

(1) The blood plasma contained of HCO3
- 

and CO2 dissolved acting 

captures H
+
 or OH

-
 that enter into the blood. 

(2) In the human body there is a solution that can maintain a constant pH 

(pH does not change at all). 

(3) The blood contained hydroxide ion and CO2 that is dissolved as buffer 

solution. 

(4)  Acid substances that enter the body will be neutralized, so that the pH 

does not change at all. 

10. Buffer solution with the smallest pH is… 

A. 10 mL CH3COOH 0.20 M + 10 mL NaOH 0.05 M 

B. 10 mL CH3COOH 0.25 M + 10 mL NaOH 0.15 M 
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C. 10 mL CH3COOH 0.35 M + 10 mL NaOH 0.25 M 

Reason:  

(1) Smaller the change of ratio of acid and base component at Henderson 

Hasselbalch equation, smaller the change of pH will be occurred.  

(2) Greater the change of ratio of acid and base component at Henderson 

Hasselbalch equation, smaller the change of pH will be occurred.  

(3) Smaller the change of ratio of acid and base component at Henderson 

Hasselbalch equation, greater the change of pH will be occurred.  

(4) Smaller the change of ratio of acid and base component at Henderson 

Hasselbalch equation, the change of pH will not be occurred.  

11. Buffer solution HCOOH/HCOO
-
 can be made from HCOOH and 

HCOONa. 

A. True    

B. False    

Reason  

(1) Acid component (HCOOH) in buffers system is come from weak acid 

(HCOOH), which dissociate completely.   

(2) Base component (HCOO
-
) in buffers system is considered come from 

salt of weak acid (HCOONa), which dissociate completely.   

(3) Base component (HCOO
-
)  in buffers system is considered come from 

salt of weak acid (HCOONa), which dissociate partially.  

(4) Acid component (HCOOH) in buffers system is come from its salt 

which dissociate completely.    

12. For making buffer solution with pH 4, in 100 mL of CH3COOH solution 

0.5M (Ka=10
-5

), must be added CH3COONa 0.5 M as much as 20 mL. 

A. True    

B. False    

Reason:  

(1) Amount of mole of base component (CH3COO
-
) is determined from its 

salt (CH3COONa), which dissociate partially and assumed in the x 

mole. 
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(2) Amount of mole of base component (CH3COO
-
) is determined from 

amount of mole of its salt (CH3COONa), which dissociate completely 

and assumed in the x mole.  

(3) Amount of mole of base component (CH3COO
-
) doesn’t influenced by 

volume of its salt. 

(4) Amount of mole of acid component come from its acid as much as 50 

mol. 

13. V mL NaOH 0.3 M is added by 2V mL CH3COOH 0.3 M, if pKa = 5, so 

the pH of solution is 5. 

A. True    

B. False    

Reason:  

(1) pH = pKa, if the ratio [CH3COO
-
/CH3COOH] >1.  

(2) pH = pKa, if the ratio [CH3COO
-
/CH3COOH] = 1. 

(3) pH = pKa, if the ratio [CH3COO
-
/CH3COOH] < 1. 

(4) pH > pKa, if the ratio [CH3COO
-
/CH3COOH] = 1.  

14. For making solution with pH = 5, so into 100 mL of acetic acid solution 

0.1M (Ka=10
-5

) must be added by NaOH as much as 200g.  

A. True    

B. False    

Reason: 

(1) All of sodium hydroxide reacted in equilibrium reaction. 

(2) All of acetic acid reacted in equilibrium reaction. 

(3) Sodium hydroxide will excess in equilibrium reaction. 

(4) Acetic acid will excess as much as 20 mmol in equilibrium reaction. 

15. As much as 25 mL HNO3 0.1 M added into 50 mL NH4OH 0.1 M (Kb = 2 

x 10
-5

), produced buffer solution with pH = 5-log2. If, that buffer solution 

added by 5 mL HCl 0.01 M , so the pH will change drastically.   

A. True    

B. False   

Reason: 



99 

 

 

(1) Addition of HCl solution will decrease concentration of NH4OH. So, 

the pH decrease drastically, pH < 5- log 2.  

(2) Addition of HCl solution will increase concentration of its conjugate 

acid. So, the pH increase, pH > 5 – log 2. 

(3) Addition of HCl solution will decrease the pH, but relatively small, 

pH < 5 – log 2. 

(4) Addition of HCl solution will increase the pH drastically, pH > 5- log 

2. 

16. Which is buffer solution… 

A. 100 mL Sodium hydroxide 0.1 M + 100 mL Chloride acid 0.1 M  

B. 50  mL Nitrite acid 0.1 M + 100 mL Sodium nitrite 0.1 M  

C. 100 mL Nitric acid 0.1 M + 50 mL Sodium nitrate 0.1 M  

Reason: 

(1) Come from acid and base mixture.  

(2) Nitrite acid is weak base and Sodium nitrite is the source of its 

conjugate base, nitrite ion. 

(3) Nitric acid is weak base and Sodium nitrate is the source of its 

conjugate base, nitrate ion. 

(4) Come from the mixture of acid and its salt. 

17. When one liter of a 0.50 M HOAc/0.50 M OAc
-
 buffer solution is diluted 

to a volume of two liters, the:   

A. pH is doubled    

B. pH is halved    

C. [H3O
+
] is nearly constant   

Reason: 

(1) Dilution will increase volume of solutions, so pH increase drastically.  

(2) Addition of water will influence equilibrium system, but doesn’t 

change the pH significantly.  

(3) Addition of water doesn’t influence equilibrium system, pH remain 

constant. 



100 

 

 

(4) Dilution will increase volume of solutions and decreasing the pH 

drastically. 

18. When HCl solution added to buffers system, so the pH slightly _____, 

concentration of HF _____, and concentration of F
-
 _____.  

A. Increase, Increase, Increase   

B. Decrease, Increase, Decrease   

C. Decrease, Decrease, Increase   

Reason: 

(1) HCl ionized partially in the water to form H
+
 ion which neutralized by 

base component [F
-
]. 

(2) HCl ionized completely in the water to form H
+
 ion which neutralized 

by base component [F
-
]. 

(3) HCl shift the equilibrium to the right and increasing the pH. 

(4) H+
 ion in HCl have consumed base component [F

-
] and shift the 

equilibrium to the right. 

19. If  10 mL nitric acid 0.01 M added to 15 ml HCN 0.1 M + 15 ml NaCN 

0.1 M, so equilibrium will… 

A. Shift to the right 

B. Shift to the left 

C. constant  

Reason: 

(1) H
+
 ion in the nitric acid reacted with CN

-
 from HCN and consumed 

HCN concentration. 

(2) H
+
 ion in nitric acid reacted with CN- from NaCN and consumed 

NaCN concentration. 

(3) H
+
 ion in the nitric acid reacted with its base conjugate cause 

increasing the pH.  

(4) Nitric acid component neutralize by base component without 

disturbing the equilibrium system. 

20. Example of buffer solution in daily life, except… 

A. Bio-enzym 
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B. Shampoo 

C. Vinegar 

Reason: 

(1) Contain acid and base components. 

(2) pH = 7 have neutral characteristic. 

(3) pH > 7 have base characteristic. 

(4) pH < 7 have acid characteristic. 
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Appendix 5.  

 

Answer Key of BSMT 

Test 

Item 

SC PC 

 

SM 

Item 1 A(3) A(1) A(2) A(4) B(3) - B(1) B(2) B(4) - - - 

Item 2 A(2) A(1) A(3) A(4) B(2) - B(1) B(3) B(4) - - - 

Item 3 C(2) C(1) C(3) C(4) A(2) B(2) A(1) A(3) A(4) B(1) B(3) B(4) 

Item 4 A(1) A(2) A(3) A(4) B(1) - B(2) B(3) B(4) - - - 

Item 5 B(4) B(1) B(2) B(3) A(4) - A(1) A(2) A(3) - - - 

Item 6 B(2) B(1) B(3) B(4) A(2) - A(1) A(3) A(4) - - - 

Item 7 B(2) B(1) B(3) B(4) A(2) - A(1) A(3) A(4) - - - 

Item 8 A(3) A(1) A(2) A(4) B(3) C(3) B(1) B(2) B(4) C(1) C(2) C(4) 

Item 9 A(1) A(2) A(3) A(4) B(1) - B(2) B(3) B(4) - - - 

Item 10 C(1) C(2) C(3) C(4) A(1) B(1) A(2) A(3) A(4) B(2) B(3) B(4) 

Item 11 A(2) A(1) A(3) A(4) B(2) - B(1) B(3) B(4) - - - 

Item 12 B(2) B(1) B(3) B(4) A(2) - A(1) A(3) A(4) - - - 

Item 13 B(2) B(1) B(3) B(4) A(2) - A(1) A(3) A(4) - - - 

Item 14 B(1) B(2) B(3) B(4) A(1) - A(2) A(3) A(4) - - - 

Item 15 B(3) B(1) B(2) B(4) A(3) - A(1) A(2) A(3) - - - 

Item 16 B(2) B(1) B(3) B(4) A(2) C(2) A(1) A(3) A(4) C(1) C(3) C(4) 

Item 17 C(2) C(1) C(3) C(4) A(2) B(2) A(1) A(3) A(4) B(1) B(3) B(4) 

Item 18 B(2) B(1) B(3) B(4) A(2) C(2) A(1) A(3) A(4) C(1) C(3) C(4) 

Item 19 B(2) B(1) B(3) B(4) A(2) C(2) A(1) A(3) A(4) C(1) C(3) C(4) 

Item 20 C(4) C(1) C(2) C(3) A(4) B(4) A(1) A(2) A(3) B(1) B(2) B(3) 
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Appendix 6.  

Percentage of Students’ Responses 

Test 

Item 
Categories 

Sample 

Total School 

A 

School 

B 

School 

C 

School 

D 

School 

E 

School 

F 

1 

SC 15 28 2 23 17 15 100 

PC 3 13 15 10 13 15 69 

SM 0 0 1 1 8 1 11 

NR 1 0 1 0 0 2 4 

2 

SC 12 17 12 9 14 5 69 

PC 6 24 7 24 22 26 109 

SM 0 0 0 1 1 2 4 

NR 1 0 0 0 1 0 2 

3 

SC 8 13 6 19 10 1 57 

PC 3 13 3 14 13 15 61 

SM 0 14 10 1 14 17 56 

NR 8 1 0 0 1 0 10 

4 

SC 6 0 3 2 4 17 32 

PC 3 1 8 29 25 15 81 

SM 0 40 8 2 6 1 57 

NR 10 0 0 1 3 0 14 

5 

SC 0 1 9 26 8 7 51 

PC 13 37 7 2 16 12 87 

SM 6 0 3 6 14 13 42 

NR 0 3 0 0 0 1 4 

6 

SC 0 16 1 2 6 1 26 

PC 12 0 3 8 14 22 59 

SM 3 21 15 23 17 9 88 

NR 4 4 0 1 1 1 11 
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7 

SC 12 36 16 23 21 11 119 

PC 4 4 1 8 6 18 41 

SM 3 0 2 0 11 4 20 

NR 0 1 0 3 0 0 4 

8 

SC 0 0 0 4 1 2 7 

PC 8 9 14 30 21 23 103 

SM 5 31 5 0 15 6 62 

NR 6 1 0 0 1 2 10 

9 

SC 19 6 2 31 24 4 86 

PC 0 35 15 3 10 27 90 

SM 0 0 2 0 1 2 5 

NR 0 0 0 0 3 0 3 

10 

SC 1 0 0 0 0 0 1 

PC 0 24 13 13 20 6 76 

SM 4 9 4 17 17 27 78 

NR 14 8 2 4 1 0 30 

11 

SC 4 0 4 11 0 1 20 

PC 11 1 12 5 19 22 70 

SM 0 35 2 16 18 10 81 

NR 4 5 1 2 1 0 13 

12 

SC 0 0 2 2 5 12 21 

PC 6 28 2 9 23 11 79 

SM 0 10 15 23 4 9 61 

NR 13 3 0 0 6 1 23 

13 

SC 2 0 0 13 1 6 22 

PC 15 37 17 8 17 16 110 

SM 0 2 2 13 19 11 47 

NR 2 2 0 0 1 0 5 

14 SC 0 0 0 0 16 3 19 
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PC 13 2 14 16 16 20 81 

SM 3 34 4 18 3 10 72 

NR 3 5 1 0 3 0 12 

15 

SC 0 0 0 0 19 1 20 

PC 2 21 15 17 7 16 78 

SM 8 17 3 15 12 15 70 

NR 9 3 1 2 0 1 16 

16 

SC 13 20 0 1 2 0 36 

PC 0 15 4 14 5 1 39 

SM 1 6 15 18 29 30 99 

NR 5 0 0 1 2 2 10 

17 

SC 0 0 2 2 0 0 4 

PC 1 2 3 3 4 7 20 

SM 2 38 13 28 31 24 136 

NR 16 1 1 1 3 2 24 

18 

SC 12 0 1 1 1 0 15 

PC 0 37 5 14 28 23 107 

SM 2 1 13 18 6 8 48 

NR 5 3 0 1 3 2 14 

19 

SC 0 0 0 0 0 2 2 

PC 0 18 12 12 6 12 60 

SM 0 20 7 22 28 18 95 

NR 19 3 0 0 4 1 27 

20 

SC 1 0 2 17 2 0 22 

PC 12 41 3 13 20 17 106 

SM 0 0 14 4 13 16 47 

NR 6 0 0 0 3 0 9 

Number of 

Students 
19 41 19 34 38 33 184 
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Appendix 7 

 

Data of diagnostic test for grouping students of school A 

 

Students’ code Score Mark Categories 

A.01 6 30 HG 

A.02 6 30 HG 

A.03 6 30 HG 

A.04 6 30 HG 

A.05 6 30 HG 

A.06 6 30 HG 

A.07 6 30 HG 

A.08 5 25 MG 

A.09 5 25 MG 

A.10 5 25 MG 

A.11 5 25 MG 

A.12 5 25 MG 

A.13 4 20 MG 

A.14 4 20 MG 

A.15 4 20 MG 

A.16 4 20 MG 

A.17 4 20 MG 

A.18 3 15 LG 

A.19 3 15 LG 

Total 465 

Mean 24.47 

SD 5.24 
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Appendix 8 

Data of diagnostic test for grouping students of school B 
Students’ code Score Mark Categories 

B.01 5 25 HG 

B.02 5 25 HG 

B.03 5 25 HG 

B.04 5 25 HG 

B.05 4 20 MG 

B.06 4 20 MG 

B.07 4 20 MG 

B.08 4 20 MG 

B.09 4 20 MG 

B.10 4 20 MG 

B.11 4 20 MG 

B.12 4 20 MG 

B.13 4 20 MG 

B.14 4 20 MG 

B.15 4 20 MG 

B.16 4 20 MG 

B.17 4 20 MG 

B.18 4 20 MG 

B.19 3 15 MG 

B.20 3 15 MG 

B.21 3 15 MG 

B.22 3 15 MG 

B.23 3 15 MG 

B.24 3 15 MG 

B.25 3 15 MG 

B.26 3 15 MG 

B.27 3 15 MG 

B.28 3 15 MG 

B.29 3 15 MG 

B.30 3 15 MG 

B.31 2 10 LG 

B.32 2 10 LG 

B.33 2 10 LG 

B.34 2 10 LG 

B.35 2 10 LG 

B.36 2 10 LG 

B.37 2 10 LG 

B.38 2 10 LG 

B.39 2 10 LG 

B.40 2 10 LG 

B.41 1 5 LG 

Total 665 

Mean 16.21 

SD 5.09 
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Appendix 9 

 

Data of diagnostic test for grouping students of school C 

 

Students’ code Score Mark Categories 

C.01 6 30 HG 

C.02 3 15 MG 

C.03 3 15 MG 

C.04 3 15 MG 

C.05 3 15 MG 

C.06 3 15 MG 

C.07 3 15 MG 

C.08 3 15 MG 

C.09 3 15 MG 

C.10 2 10 MG 

C.11 2 10 MG 

C.12 2 10 MG 

C.13 2 10 MG 

C.14 2 10 MG 

C.15 2 10 MG 

C.16 2 10 MG 

C.17 2 10 MG 

C.18 1 5 LG 

C.19 1 5 LG 

Total 240 

Mean 12.63 

SD 5.36 
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Appendix 10 

 

Data of diagnostic test for grouping students of school D 

 

Students’ code Score Mark Categories 

D.01 9 45 HG 

D.02 9 45 HG 

D.03 7 35 MG 

D.04 7 35 MG 

D.05 7 35 MG 

D.06 7 35 MG 

D.07 7 35 MG 

D.08 7 35 MG 

D.09 7 35 MG 

D.10 6 30 MG 

D.11 6 30 MG 

D.12 6 30 MG 

D.13 6 30 MG 

D.14 6 30 MG 

D.15 6 30 MG 

D.16 6 30 MG 

D.17 6 30 MG 

D.18 6 30 MG 

D.19 5 25 MG 

D.20 5 25 MG 

D.21 5 25 MG 

D.22 4 20 MG 

D.23 4 20 MG 

D.24 4 20 MG 

D.25 3 15 LG 

D.26 3 15 LG 

D.27 3 15 LG 

D.28 3 15 LG 

D.29 3 15 LG 

D.30 3 15 LG 

D.31 3 15 LG 

D.32 3 15 LG 

D.33 2 10 LG 

D.34 2 10 LG 

Total 880 

Mean 25.88 

SD 9.57 
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Appendix 11 

Data of diagnostic test for grouping students of school E 
Students’ code Score Mark Categories 

E.01 8 40 HG 

E.02 5 25 HG 

E.03 5 25 HG 

E.04 5 25 HG 

E.05 5 25 HG 

E.06 5 25 HG 

E.07 5 25 HG 

E.08 5 25 HG 

E.09 4 20 MG 

E.10 4 20 MG 

E.11 4 20 MG 

E.12 4 20 MG 

E.13 4 20 MG 

E.14 4 20 MG 

E.15 4 20 MG 

E.16 4 20 MG 

E.17 4 20 MG 

E.18 4 20 MG 

E.19 4 20 MG 

E.20 3 15 MG 

E.21 3 15 MG 

E.22 3 15 MG 

E.23 3 15 MG 

E.24 3 15 MG 

E.25 3 15 MG 

E.26 3 15 MG 

E.27 3 15 MG 

E.28 3 15 MG 

E.29 3 15 MG 

E.30 3 15 MG 

E.31 3 15 MG 

E.32 3 15 MG 

E.33 3 15 MG 

E.34 2 10 LG 

E.35 2 10 LG 

E.36 2 10 LG 

E.37 2 10 LG 

E.38 1 5 LG 

Total 690 

Mean 18.15 

SD 6.19 
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Appendix 12 

 

Data of diagnostic test for grouping students of school F 

 

Students’ code Score Mark Categories 

F.01 5 25 HG 

F.02 5 25 HG 

F.03 4 20 HG 

F.04 4 20 HG 

F.05 4 20 HG 

F.06 4 20 HG 

F.07 4 20 HG 

F.08 4 20 HG 

F.09 4 20 HG 

F.10 4 20 HG 

F.11 3 15 MG 

F.12 3 15 MG 

F.13 3 15 MG 

F.14 3 15 MG 

F.15 3 15 MG 

F.16 3 15 MG 

F.17 2 10 MG 

F.18 2 10 MG 

F.19 2 10 MG 

F.20 2 10 MG 

F.21 2 10 MG 

F.22 2 10 MG 

F.23 2 10 MG 

F.24 2 10 MG 

F.25 2 10 MG 

F.26 1 5 LG 

F.27 1 5 LG 

F.28 1 5 LG 

F.29 1 5 LG 

F.30 1 5 LG 

F.31 1 5 LG 

F.32 0 0 LG 

F.33 0 0 LG 

Total 420 

Mean 12.72 

SD 6.85 
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Appendix 13 

 

Table of Learning Source in each SHS 

No. 
Code of 

Schools 

Code of 

Teacher 

Teaching 

Experience 
Sertification 

Learning 

source/Books 

1. School A Mr. R 19 Year 
Yes 

 
Erlangga 

2. School B Mrs. E 10 Year Yes Masmedia 

3. School C Mrs. P 19 year Yes Masmedia 

4. School D Mrs. S 16 Year Yes Facil Grafindo 

5. School E Mr. P 19 Year Yes Masmedia 

6. School F Mrs. T 8 Year No Erlangga 
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Appendix 14 

Documentations 

 

Picture 1. The Students were answering BSMT in School A. 

 

Picture 2. The Students were answering BSMT in School A. 
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Picture 3.The researcher was giving the test sheet to each student in School B

 

Picture 4. The Students were answering BSMT in School B. 
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Picture 5. The Students were answering BSMT in School C. 

 

Picture 6. The researcher was monitoring the students in answering BSMT in 

School C. 
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Picture 7.The researcher was giving the test sheet to each student in School D 

 

Picture 8. The Students were answering BSMT in School D. 
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Picture 9. The Students were answering BSMT in School E. 

 

Picture 10.The researcher was giving the test sheet to each student in    

School E 
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Picture 11. The researcher was giving the test sheet to each student in   

School F 

 

Picture 12. The researcher was giving students the instruction in answering 

BSMT in School F 
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Appendix 15 
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Appendix 16 
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Appendix 17 
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Appendix 18 
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Appendix 19 
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