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Abstract 

The purpose of this study was to develop a valid and reliable two-tier diagnostic test to assess students’ undergraduates’ 
understanding of some concepts in the context of undergraduate general chemistry course. For developing this test, firstly, 
content boundaries, learning objectives and alternative conceptions were identified. The first version of the test with an open 
ended part was applied on 68 pre-service science teachers, and qualitative analyses were made on open-ended part. According to 
results, both tiers were made in multiple-choice format. The test was validated by five chemistry educators and test was applied 
with 151 pre-service science teachers. The final version of the two-tier diagnostic test was consisted of 44 items, reliability 
coefficient was found to be 0.84. 
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1. Introduction  
Many students hold on to their own personal views and inadequate interpretations of particulate phenomena that 

develop from their individual experiences, culture and classroom instruction (Duit &Treagust, 1995). These 
interpretations called misconceptions influence how students learn new scientific knowledge play an essential role in 
subsequent learning (Özmen, 2004). Therefore alternative conceptions at all school levels constitute a major 
problem of concern to science educators and some methods have been developed to identify them.  

Two-tier diagnostic test have been regarded as an effective assessment tool to determine students’ conceptual 
understanding and alternative conceptions (Treagust, 1988; Odom & Barrow, 1995). In this test, there are two tiers 
and the first tier of each item consists of a multiple-choice question includes content knowledge. The second tier of 
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each item contains reason for students' choosing to the first tier. The second tier included two, three, four or five 
responses, one of which was the expected answer.  Distractors derived alternative conceptions from literature, 
interviews, and students justifications. This alternative assessment method has been used widely to assess students' 
understanding (e.g. Chandrasegaran, Treagust & Mocerino, 2007; Chu, Treagust & Chandrasegarana, 2009; Tan, 
Goh, Chia & Treagust, 2002; Tsui & Treagust, 2010)   

1.1. Purpose of the Research 

In this study, it was aimed to develop a two-tier diagnostic test to assess undergraduates’ understanding of the 
subjects of thermochemistry, chemical kinetics, chemical equilibrium, acids and bases and electrochemistry in the 
context of undergraduate general chemistry course. 

1.2. Participants 

This study was conducted with 219 pre-service science teachers (18 to 21 years of aged) in an education faculty 
in Turkey. 68 of them were answered multiple-choice test with an open ended part. Two-tier diagnostic test was 
applied to151 of them. The pre-service science teachers' socio- economic statuses were similar and all the 
participants achieved General Chemistry II course.  

1.3. Procedures  

In this study, two-tier diagnostic test was developed based on following Treagust's methods (1988) by the 
researchers.  Development process was conducted on three phases and ten steps. The flowchart of instrument 
development process was presented in Figure 1.  

Phase 1: Define the content area 
 
In this phase, firstly, content boundaries and learning objectives were determined according to research purpose. 

Following learning objectives were documented related to research area.  
Thermochemistry;  
 Students are able to explain reaction enthalpy. 
 Students are able to calculate reaction enthalpy. 
 Students are able to explain conversation of energy. 
 Students are able to explain endothermic reactions. 
 Students are able to compare different reactions’ enthalpy by using calorimeter. 
 Students are able to explain bond energy. 

 
Chemical Kinetic 
 Students are able to explain reaction rate.  
 Students are able to compare value of reaction constant on multiple-step reactions. 
 Students are able to interpret effective collisions. 
 Students are able to interpret effect of concentration on reaction rate. 
 Students are able to compare effect of temperature on endothermic and exothermic reactions’ rate. 
 Students are able to explain effect of temperature on reaction constant. 
 Students are able to explain effect of surface on reaction rate. 
 Students are able to interpret effect of catalyst on reaction rate. 
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Figure 1: Scheme of the development process of two-tier diagnostic test based on Treagust (1988) in this study 
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Chemical Equilibrium 
 Students are able to explain equilibrium dynamics on a reaction. 
 Students are able to explain Le Chatelier Principle. 
 Students are able to explain effect of concentration on equilibrium. 
 Students are able to explain effect of temperature on equilibrium 

 
Acids and Bases 
 Students are able to explain strength of acids and bases. 
 Students are able to explain pH. 
 Students are able to interpret neutralization. 
 Students are able to interpret acid-base equilibrium. 
 Students are able to explain indicators and principles of their using. 
 Students are able to explain titration. 
 Students are able to choose best indicator for titration. 
 Students are able to explain properties of end point. 
 Students are able to explain properties of equivalence point 
 Students are able to compare end point and equivalence point. 
 Students are able to describe buffers. 
 Students are able to interpret buffers mechanism. 

 
Electrochemistry 
 Students are able to determine anode and cathode according to several variables. 
 Students are able to explain metal electrodes. 
 Students are able to explain plating and galvanization. 
 Students are able to explain effect of concentration on cell potential.   

 
Then, concept maps for each subject were developed and relationship between propositional knowledge and 

concept maps was examined.  All concept maps were validated by five chemistry educators. Development of the test 
depend the final version of the propositional knowledge statements and concept maps. 

 

1.3.1. Phase 2: Determination of pre-service science teachers' alternative conceptions 
 
In this phase, alternative conceptions were identified according to literature review (step 5) and pre-service 

science teachers' semi-constructive interviews (step 6). Later, 46 multiple-choice items with an open ended part, in 
where students were required to explain their reason for their answers to the first part, was constructed. Test was 
validated by five chemistry educators and it was applied 68 pre-service science teachers. The responses of the open-
ended questions were analyzed. A list of pre-service science teachers’ responses was constructed from their 
justifications that were provided to the 46 multiple-choice items, literature review and their interviews. Distracters 
included alternative conceptions were constructed according to this list. These alternative conceptions were 
subsequently used in the construction of the two-tier multiple-choice diagnostic instrument. 

1.3.2. Phase 3: Development and validation of instrument 
 
In the last phase, two-tier diagnostic test was developed in where the first tier is the conventional multiple choice 

step and the second tier is the possible reasons of the given answer for the first tier. The second tier included two, 
three, four or five responses, one of which was the expected answer. Distractors included high frequencies incorrect 
reasons and scientifically unacceptable conceptions held by pre-service science teachers, literature review and 
interviews. Distributions of items according to subjects and an example question were presented respectively in 
Table 1 and Table 2.  
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Table 1. Distributions of items according to subjects in the final version of the two tier diagnostic test 

Subjects Items 

Thermochemistry Q6, Q15, Q24, Q35, Q41, Q44 

Chemical Kinetic Q1, Q4, Q7, Q8, Q10, Q11, Q12, Q14, Q16, Q18, Q38 

Chemical Equilibrium Q27, Q30, Q32, Q34, Q36 

Acids and Bases Q2, Q5, Q9, Q13, Q17, Q19, Q20, Q21, Q23, Q25, 
Q28, Q29, Q31, Q37, Q42, Q43 

Electrochemistry Q3, Q22, Q26, Q33, Q39, Q40 

 
For content validity, the test was examined by five chemistry educators and this test was applied on 151 pre-

service science teachers. Then, item analysis and reliability analysis were made. 

Table 2. An example question related to catalyst 

  H2O2 + I-  OI- + H20 
  H2O2 + OI-  H2O + I- +O2 (g) 
--------------------------------------------- 
     2H2O2  2 H2O + O2(g) 
 
In the reaction above, which of the following is true about I- ? 
a) It serves as an indicator. 
b) Products energy is increased by it.  
c) If it isn't in the reaction environment, reaction does not occur.   
d) It doesn't affect reaction equilibrium. 
e) Reaction enthalpy is decreased by it.  
 
BECAUSE; 
A) Reaction is gone to equivalence point quickly by it.  
B) Reaction yield is increased by it.  
C) Both forward and reverse reaction rate is increased same ratio by it.  
D) It provides energy to occur the reaction  
E) It causes to change potential energy of product and reactant.  

 
 

2. Results and Discussion  

In this study, item analysis was conducted to identify items discrimination and difficulty. Results were presented 
in Table-3 for all tiers.   

According to item analysis results, two items took off from the test because their discrimination indices were 
negative. Other items discrimination and difficulty indices were average level. The difficulty levels were 0.3 and 
0.77 with an average of 0.50 based on the two-tier test scores item analysis. Moreover, discrimination levels were 
identified between 0.2 and 0.64 and average of them was calculated as 0.39. The final version of the two-tier 
diagnostic test was consisted of 44 items. Item discrimination indexes below 0.19 should be eliminated or 
completely revised (Crocker & Algina, 1986; Tan, 2006); and there were not any indexes below the criteria in our 
study as presented in the Table-3.  

Moreover, the responses were analysed using a SPSS statistics software program. While analyzing these data, the 
answer was considered to be correct if both tiers were correctly answered (Treagust, 1988). Therefore one point was 
given for items only when both parts of the item were correctly answered, and zero point were given for items when 
either part was incorrectly answered. The reliability of the instrument was established by a Cronbach alpha 
coefficient of 0.84. If reliability coefficient is over 0.70-0.80, instrument is reliable (Özgüven, 1998) and our value 
was also consistent with other two-tier tests (e.g. Chandrasegaran, Treagust & Mocerino, 2007; Tsui & Treagust, 
2010). 
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Table 3. Item statistics of two tier diagnostic test 

 First Tier Second Tier   First Tier Second Tier 

Items Disc. 
Index 

Diff. 
Index 

Disc. 
Index 

Diff. 
Index 

 Items Disc. 
Index 

Diff. 
Index 

Disc. 
Index 

Diff. 
Index 

1  0.63   0.28   0.62   0.29   24  0.30   0.62   0.33   0.59  
2  0.60   0.24   0.60   0.27   25  0.62   0.31   0.38   0.52  
3  0.72   0.27   0.62   0.27   26  0.46   0.47   0.30   0.59  
4  0.60   0.23   0.60   0.29   27  0.74   0.25   0.32   0.59  
5  0.59   0.35   0.62   0.26   28  0.72   0.26   0.36   0.57  
6*  0.38   0.56   0.15  - 0.10   29  0.37   0.43   0.36   0.48  
7  0.73   0.26   0.48   0.25   30  0.46   0.32   0.46   0.20  
8  0.60   0.33   0.40   0.43   31  0.41   0.30   0.34   0.56  
9  0.72   0.40   0.72   0.39   32  0.59   0.32   0.57   0.34  
10  0.46   0.25   0.30   0.22   33  0.63   0.33   0.50   0.32  
11  0.60   0.37   0.51   0.32   34  0.67   0.35   0.59   0.42  
12  0.37   0.52   0.30   0.57   35*  0.44   0.47   0.20  - 0.13  
13  0.46   0.45   0.32   0.42   36  0.59   0.39   0.31   0.59  
14  0.50   0.44   0.34   0.59   37  0.36   0.45   0.41   0.37  
15  0.40   0.47   0.44   0.48   38  0.42   0.21   0.32   0.56  
16  0.82   0.20   0.53   0.26   39  0.32   0.56   0.31   0.57  
17  0.56   0.29   0.47   0.50   40  0.75   0.20   0.66   0.23  
18  0.73   0.27   0.63   0.21   41  0.47   0.22   0.63   0.22  
19  0.32   0.54   0.34   0.54   42  0.77   0.29   0.66   0.40  
20  0.30   0.27   0.32   0.57   43  0.62   0.41   0.58   0.47  
21  0.30   0.48   0.32   0.64   44  0.45   0.42   0.32   0.54  
22  0.63   0.35   0.27   0.64   45  0.55   0.34   0.41   0.46  
23  0.61   0.26   0.51   0.20   46  0.30   0.64   0.56   0.21  

 
  

In the light of the results it can be concluded that the developed two-tier test provide to be a reliable and 
valid instrument to assess undergraduates’ alternative conceptions and identify their conceptual understanding of the 
subjects of thermochemistry. chemical kinetics. chemical equilibrium. acids and bases and electrochemistry in the 
context of undergraduate general chemistry course. 
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