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Background 

 

1. Across different years of the HKDSE Chemistry Examinations since the first inception 

from 2012, HKDSE Chemistry questions were set in different formats, including 

multiple-choice questions (MCQ), short-answer / structured questions (SQ) and 

paragraph-length questions (PQ). The said questions set in different formats can assess 

candidates’ knowledge and understanding as well as skills and processes (CDC, 2018, 

p.13) listed in the subject requirements.  More importantly, these questions could also 

discriminate candidates with different cognitive abilities, including comprehension, 

application and high-order thinking skills. 

 

2. With various means to monitor the validity and reliability of 2012 – 2018 HKDSE 

Chemistry examinations, there was a small number of in-depth systematic study on the 

relation of candidates’ performance in these examinations and the corresponding formats 

of these questions.  In particular, this study intended to explore candidates’ performance 

in relation to attributes of questions like “depth of knowledge” (Mak, 2016; Webb, 1997 

& 1999), “number of knowledge points / steps”, “unfamiliarity” and “cross-topic” 

(abbreviated as DOK, NKP/S, UF and CT respectively).  This study would like to shed 

light on how candidates’ performance was related to these attributes through quantitative 

analysis of statistical data, and qualitative observations with reference to relevant 

literature.  More specifically, it was hypothesised that the attributes could be used to 

interpret the level of difficulty of selected questions as well as candidates’ performance 

in these questions. 
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3. Osborne (2013) reported that some researchers found that standards and accountability 

policies lead teachers to focus on (1) particular subject areas and sometimes with a change 

of the types of instructional practices, and (2) competencies specific to assessment and 

testing procedures in the examinations.  Popham (1985) also described similar 

observations using the term “measurement-driven instruction” and further suggested that 

“measurement was perceived as a catalyst to improve instruction”.  In this connection, 

it was argued that a more systematic exploratory research on HKDSE examination 

questions would facilitate the development of a better form of assessment and which in 

turn would improve the quality of learning and teaching of the subject. 

 

Literature Review 

 

4. This research was an exploratory study on how the performance of candidates (or item 

difficulty) was related to the attributes of different questions.  In a similar school of 

thought, Schneider et al. (2013) attempted to study the relationships between various 

cognitive complexity and contextual coding frameworks and item difficulty.  Schneider 

et al. (2013) made use of the following coding frameworks. 

 

(a) Depth of Knowledge (DOK) demands: the thinking skills that an item elicits,  

 

(b) Reading Load demands: the amount and complexity of the textual and visual  

 information provided with an item that an examinee must process and 

understand in order to respond successfully,  

 

(c) Difficulty Drivers: hierarchical mathematical content knowledge and 

cognitive processes associated with each item (i.e. 1. recall, 2. skill/concept, 

3. strategic thinking and 4. extended thinking),  

 

(d) National Assessment of Educational Progress or NAEP’s Mathematical 

Complexity demand: the demands on thinking that an item elicits, and  

 

(e) Question Type demand: the types of questions posed to examinees.  

 

5. Some elements of the contextual coding frameworks including DOK, reading load 

demands, difficulty drivers and question type demand were included in the question 

attributes of this study, or used for the interpretation of some key observations in this 

study. 



3 

6. The study by Schneider et al. (2013) reported that some questions were expected to be 

difficult (from the setters’ point of view) but turned out to be having “low difficulty 

estimates in a measurement” (as estimated using the Item Respond Theory with different 

parameters), i.e. candidates had good performance.  The said study described the 

phenomenon as “candidates had been taught the material so often that the questions were 

no longer capable of assessing the intended challenging targets”.  This study also 

discovered that some questions were supposed to be very straightforward or easy, but 

turned out to be having “high difficulty estimates”.  It was speculated that candidates did 

not have sufficient opportunity to learn the knowledge and skills required to provide 

responses correctly as exemplified in the discussion on question 2014/2/1(b)(i) in later 

part of this report (p.21). 

 

7. Webb (1997 & 1999) put forward the concept “depth of knowledge” (or DOK) for 

describing the cognitive demand or indicating the level of difficulty of an assessment task 

/ item. He delineated four DOK levels as follows. 

 

DOK Description 

1 Recall & Reproduction Recall a fact, term, principle, or concept; or 

perform a routine procedure. 

2 Skills/Concepts Use information, conceptual knowledge; 

select appropriate procedures for a task;  

perform two or more steps with decision points along the 

way;  

solve routine problems; or 

organise or display data; interpret or use simple graphs. 

3 Strategic Thinking Reason or develop a plan to approach a problem;  

employ some decision making and justification; or 

solve abstract, complex, or non-routine problems; (This 

often results in more than one possible answer). 

4 Extended Thinking Perform investigations or apply concepts and skills to the 

real world that require time to research, solve problem, 

and process multiple conditions of the problem or task; 

or 

perform non-routine manipulations across disciplines, 

content areas, or multiple sources. 

Table 1 (Webb 1997 & 1999) 
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8. According to a local study on HKDSE Chemistry, Webb’s DOK was related to the number 

of concepts and ideas that candidates needed to connect in order to produce appropriate 

responses to various questions (Mak, 2016).  In other words, Webb’s DOK was 

considered as one of the attributes of questions that might affect candidates’ performance.  

Thus, Webb’s DOK was considered to be in-line with the purpose of this study.  

Nevertheless, in view of the scope and context of this study, i.e. to scrutinise candidates' 

performance in the questions used in the Chemistry examinations of HKDSE (i.e. a time-

limited written public examination), a modified DOK was considered as more appropriate 

for this study.  The research team agreed that the questions included in this study 

unlikely be classified as DOK “4” (Extended Thinking) and hence only DOK “1 to 3” 

were included in this study.  The research team further considered that assessment tasks 

at DOK “4” were very likely be implemented in the School-based Assessment Scheme 

(or SBA) for HKDSE Chemistry or in Chemistry inclined project learning tasks, which 

were beyond the scope of this study.  Hence, the modified DOK was used and was 

abbreviated as DOK3 in the rest of this report. 

 

9. Johnstone (1991) argued that the chemical knowledge “triplet” or three levels of 

representation in chemistry, i.e. macroscopic, sub-microscopic and symbolic, was “one of 

the reasons why chemistry is difficult”.  It was observed that the MCQ and SQ included 

in this study, in particular the questions assessing the Topic VII “redox reaction” quite 

frequently did provide information at the macroscopic level representation and expected 

answers at the sub-microscopic and/or the symbolic level representations (Johnstone, 

1991).  As an example, the question stem of the question 2013/1B/10(b) provided a 

sketch of a fuel cell and then requested candidates to recognise the existence of sub-

microscopic chemical species (entitles) and make use of chemical symbols to write half 

equations for the changes at the electrodes. 

 

 

Sketch provided in 2013/1B/10(b) 
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10. Only about 40% of candidates gave the correct answers to this question.   According to 

a recent study (Chen, 2019), the textbooks from Hong Kong often had a strong orientation 

towards mostly macroscopic level of representations in the content structure of chemistry.  

In addition, the said study further suggested that many candidates tried to focus their 

thinking at the macroscopic level representation because they lived in a macroscopic 

world and could acquire experiences and make observations at this level.  It was 

therefore possible to argue that this type of questions would be demanding and candidates 

needed to build appropriate connection of thinking at macroscopic with sub-microscopic 

and symbolic levels in order to attain high level performance. 

 

11. Hudson and Treagust (2013) collected students’ chemistry assessment data from a state 

university examination (SUE) in Australia, which would be similar to many aspects as in 

HKDSE Chemistry.  The SUE covered the contents of one semester and included both 

multiple-choice questions and short-answer questions, and the examination lasted for 90 

minutes.  They reported the following findings: 

 

“Both male and female students generally do perform better on multiple-

choice questions than they do on short-answer questions; however, when the 

questions are matched in terms of difficulty, the differences in performance 

are quite small … cautioned that a simple face-value score analysis of 

student performance can be deceptive unless that actual abilities of the 

students concerned, as measured by a tool such as Rasch analysis is taken 

into considerations before reaching any conclusion.” 

      (Hudson & Treagust, 2013) 

 

12. Hartman and Lin (2011) analysed the percentage of students choosing the correct answer 

(abbreviated as PSCA) on 17 kinds of multiple-choice algorithmic questions (MCAQs) 

in a first-year general chemistry examination for students with diverse abilities in the 

United State of America.  A high correlation between candidates’ PSCA (or performance) 

and the number of problem-solving steps was found (R2 = 0.8), and was consistent with 

the neo-Piagetian model.  Furthermore, the research revealed that candidates’ 

performance in a question would decrease as the number of problem-solving steps 

increase. A decrease of 4.5% in PSCA was observed with each additional step in the 

algorithm required for solving the problem in their study. 
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Research Methods 

Scope of Study 

 

13. In view of the available resources, the research team adopted the following criteria for 

selecting questions: 

 

(a) Questions designed for assessing challenging knowledge and understanding (in 

particular such as phenomena, facts and patterns, concepts, and applications); and 

(b) Questions designed for assessing challenging skills and processes (in particular such 

as practical work, and information handling skills).  

 

14. Based on the above criteria, the research team agreed initially to study MCQ and SQ in 

HKDSE examinations from 2012 to 2018, and items from the following topics of the 

Chemistry curriculum (CDC, 2018, p.15). 

 

(a) Topic VII: Redox reactions, chemical cells and electrolysis (23 teaching hours) 

(b) Topic IX: Rate of Reaction (9 teaching hours)  

 

15. With a view to covering all the questions related to the theme “rate of reaction”, the 

research team agreed extending the study further by including questions on “rate of 

reaction” from the Topic XIII (i.e. Industrial Chemistry). 

 

16. The research team also included a study of PQ from 2012 to 2018.  There was only a 

total of 14 questions in the seven HKDSE Chemistry examinations and these questions 

covered nearly all topics in the curriculum (CDC, 2018, p.15).  The team agreed that all 

the 14 PQ should be included in this study. 

 

17. After a preliminary review of the available candidates’ performance data of the questions 

in the three topics, there were no MCQ & no PQ1, but three SQ2 with less than 10% 

performance.  The three SQ were being considered as not representative samples, and 

were quite different from the typical performance of candidates in the HKDSE Chemistry 

examinations.  In this connection, the three SQ were excluded from this study, and as a 

result, there were 39 MCQ, 69 SQ and 14 PQ in this study. 

 

                                                
1 For paragraph-length questions, only chemical knowledge marks of these questions are included. 
2 Three short-answer questions, i.e. (a) 2012/2/1(c)(i) [3%], (b) 2014/2/1(b)(iv)(2) [5%] and (c) 2017/2/3(b)(i) 

[7%], were not included in this study.   
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Statement of objectives 

 

18. The objectives of this study were: 

(a) to evaluate quantitatively the relation of candidates’ performance with the four 

attributes of each of the question, i.e. “depth of knowledge (DOK3)”, “number of 

knowledge points / steps (NKP/S)”, “unfamiliarity (UF)” and “cross-topic (CT)”; 

and 

(b) to provide qualitative observations on candidates’ performance in selected samples 

of questions items 

 

Research Design 

 

19. With reference to the research objectives, the following data were collected from their 

respective sources. 

 

(a) Attributes of a question: The research team scrutinised each question included in 

this study, and then deliberately worked on the 4 attributes for each question (i.e. 

DOK3, NKP/S, UT and CT).  One or two team members exercised professional 

judgement of and then put forward the most appropriate codes for the four 

attributes of each question.  These codes were subsequently validated through 

detailed discussion with the other team members 

 

(b) The following coding rules were used for the attributes. 

 

(i) DOK3 – coded as 1, 2 or 3 based on degree of thinking challenge in a question, 

with 3 as the most challenging level (Mak, 2016) 

(ii) NKP/S – coded from 1 to 7 based on the number of knowledge points or steps 

required to arrive at the correct answer for a question. 

(iii) UF – coded as 0, 1 or 2 based on the extent of unfamiliarity with regard to the 

knowledge of chemistry, experimental procedure, experimental set-up, graph 

and jargons involved in a question, with 0 as the most familiar (i.e. bookwork), 

and 2 as the most unfamiliar. 

(iv) CT – coded as 0, 1 or 2 based on the elements from the number of curriculum 

topics involved in a question.  More specifically, the following coding table 

was used. 

CT Code: 0 1 2 

Number of curriculum sub-topics 1 2 3 
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(c) Quantitative data – based on candidates’ performance in. 

 

(i) MCQ - percentage of candidates correctly selected the answer for a multiple-

choice question in Paper 1A of the HKDSE Chemistry examinations 

(ii) SQ – candidates’ mean percentage mark gained from providing answers for a 

short / structured question in Paper 1B or Paper 2 of the HKDSE Chemistry 

examinations 

(iii) PQ – candidates’ mean percentage mark gained from providing answers for a 

paragraph-length question3 item in Paper 1B of the HKDSE examinations 

 

(d) Qualitative observations gathered by the research team through discussions on 

some extreme cases (e.g. the questions with very low or very high performance), 

and other questions with some noticeable characteristics. 

 

Quantitative Findings 

Descriptive Statistics of the Performance 

 

20. This part of the report was intended to report some descriptive statistics on performance 

in the three question types, i.e. MCQ, SQ and PQ. 

 

MCQ, SQ and PQ 

 

21. The descriptive statistics of these questions (with N as the number of questions under 

analysis), i.e. mean performance (x̅), standard deviation (𝜎), range and inter-quartile range 

(IQR) of MCQ, SQ and PQ were computed and listed in Table 2 below. 

 

MCQ (N=39): SQ (N=69): PQ (N=14): 

x̅ = 67.6% x̅ = 50.0% x̅ = 44.6% 

𝜎 = 13.6% 𝜎 = 17.2% 𝜎 = 11.2% 

Range: 35.7-88.3% Range: 15.54-83.0% Range: 33.0-75.0% 

IQR = 18.6 IQR = 28.0 IQR = 8.5 

Table 2 

                                                
3 There were 2 PQ included in each HKDSE Chemistry examination each year 
4 A short-answer question, i.e. 2017/1B/4(c)(ii), had a low mean performance of 15.5% only. The question was 

analysed qualitatively and the observations would be presented in later part (p.25) of this report.   
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Figure 1 

(Legend:  = mean performance,      = 50 percentiles,    = 

interquartile range, 

               = maximum / minimum, • outliers)  

 

For all the MCQ, the mark range is from 35.7% to 88.3%, the median is 73.0%, and the 

25th percentile and 75th percentile were 58.7% and 77.3% respectively (IQR is 18.6). 

 

For all the SQ, the mark range is from 15.5% to 83.0%, the median is 50%, and the 25th 

percentile and 75th percentile are 38.0% and 66.0% respectively (with IQR being 28.0). 

 

For all the PQ, the mark range is from 33.0% to 75.0%, the median is 41.4%, and the 25th 

percentile and 75th percentile are 38.3% and 46.8% respectively (with IQR being 8.5). 

 

22. A number of observations of candidates’ performances in the three question types were 

described as follows: 

 

(a) The mean performance of MCQ (67.6%) was higher than that of SQ (50.0%), which 

in turn was higher than that of PQ (44.6%). 

(b) As shown in Table 2 for all three different question types, candidates had quite diverse 

performance in SQ whereas they had quite similar performance in PQ.  It was 

therefore possible to argue that among the three question types, SQ have the highest 

discrimination ability for the HKDSE Chemistry examinations. 

(c) Two outliers, i.e. 2016/14 and 2014/4, were observed in PQ.  Candidates showed 

exceptional high performances (61% and 75% respectively) in the two PQ as 

compared with the remaining 12 questions.  These two questions were analysed 

qualitatively further and the observations would be presented in later part of this report 

(p.14). 
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(d) As suggested by Hudson and Treagust (2013), Bridgeman (1992) and Martinez (1991), 

candidates in general demonstrated better performance in “select response items” (as 

in MCQ) when compared with “construct response items” (as in SQ and PQ).  As 

shown in Table 2, candidates had a comparatively higher performance in MCQ than 

SQ and PQ and these was in agreement with that reported in the above-mentioned 

literatures. 

(e) Considering the requirements in providing quality responses to questions, SQ required 

candidates to master limited range of knowledge and skills, whereas PQ required 

candidates to make use of a range of knowledge and skills, together with some 

additional abilities (such as logically thinking and organisation) to present their 

answers.  It was therefore reasonable to expect candidates would demonstrate better 

performance in SQ as compared with those of PQ. 

 

 

MCQ in Topic VII and Topic IX 

 

23. The descriptive statistics of MCQ in Topic VII and Topic IX were listed in Table 3 below.  

Candidates have a slightly better mean performance in MCQ of Topic IX when compared 

with those of Topic VII (in terms of means, standard deviations and ranges), however, the 

observed differences were small. 

 

MCQ of Topic VII (N=22): MCQ of Topic IX (N=17): 

�̅� = 65.3% x̅ = 70.6% 

𝛔 = 14.6% σ = 11.9% 

Range 35.7-88.3% Range 38.2-88.0% 

Table 3 
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Distribution of Performance (%) 

 
 

Figure 2 (a) (b) 

 

24. As the suggested number of teaching hours for Topic VII being 23 hours and topics 

covered were more diverse (e.g. electrolysis and electrochemical cell), and that for Topic 

IX was only 9 hours (CDC, 2018), it was possible to argue that candidates needed to 

master a set of more diverse knowledge and skills in order to demonstrate good 

performance in questions of Topic VII.  Hence, it was expected that candidates had a 

less well performance in questions of Topic VII. 

 

SQ in Topic VII, Topic IX and Topic XIII 

 

25. The descriptive statistics of SQ in Topic VII, Topic IX and Topic XIII are listed in Table 

4 below.  Comparing the statistics of performance of SQ in these topics, candidates had 

very similar performance (in terms of means, standard deviations and ranges).  

 

26. The mean performances of the SQ in these topics were all lower than those of the MCQ 

in the corresponding topics (Topic VII: MCQ 65.3% and SQ 48.7%; Topic IX: MCQ 

70.6% and SQ 51.9 %; There are no MCQ for Topic XIII in the examination papers). 
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SQ of Topic VII (N=36): SQ of Topic IX (N=17): SQ of Topic XIII (N=16): 

�̅� = 49.7% x̅ = 52.1% x̅ = 52.8% 

𝛔 = 18.3% σ = 16.6% σ = 15.9% 

Range 15.5-83.0% Range 22.0-79.0% Range 31.0-80.0% 

Table 4  

 

 

Figure 3 (a) (b) (c) 

 

27. The requirement of the SQ varied. It was observed that some SQ required candidates to 

master only a limited range of knowledge and skills in the respective topics, e.g. to explain 

the meaning of a term like ‘electrolyte’ (e.g. 2015/1B/7(b)), to state the colour change of 

a reaction (e.g. 2014/1B/9(b)(i)), or to write a half equation accounting for the change that 

occurs at the cathode in a zinc-carbon cell (e.g. 2016/1B/8(c)(ii)).  On the other hand, 

some SQ required candidates to demonstrate a set of problem-solving skills, to present 

concepts in a systematic manner or to explain a cognitive challenging knowledge and 

concept, e.g. to calculate the activation change of an unfamiliar reaction using data 

presented in a graph (e.g. 2018/2/1(c)(iv)).  Hence, it was therefore argued that SQ 

would result with a wide range of performance (i.e. 15% to 83%). 
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28. These observations would further suggest that SQ had substantial discrimination ability, 

which is one of the key requirements of a public assessment examination as in HKDSE 

Chemistry examination. 

 

PQ 

 

29. As discussed above (p.11), the 14 PQ included in this study covered nearly all the topics 

of the curriculum.  With a view to analysing candidates’ performance in these questions, 

they were classified into two categories: practical-inclined questions and concept-inclined 

questions based on their key information required to provide the correct responses.  As 

an example, the question 2014/10 

 

“… to outline how to perform a fair comparison in studying the effect of 

different concentrations of acid on the rate of production of carbon dioxide from 

the following reactions …”  

 

was asking candidates to design a chemistry investigation, and hence the question was 

classified as a practical-inclined question.  The question 2017/14 

 

“…  illustrate THREE characteristics of transition metals exhibited by manganese”  

 

was expecting candidates to demonstrate their understanding about some key concepts of 

the transition metals, and hence was classified as a concept-inclined question. 

 

30. After the classification, the descriptive statistics of the performance of the PQ were 

computed and the results were listed in Table 5 below. 

 

PQ (N=14): 
PQ – Practical-inclined 

(N=5): 

PQ – Concept-inclined 

(N=9): 

�̅� = 44.6% x̅ = 42.4% x̅ = 45.9% 

𝛔 = 11.2% σ = 3.8% σ = 13.8% 

Range 33.0-75.0% Range 38.0-47.0% Range 33.0-75.0% 

Table 5  

 

31. It was observed that many PQ required candidates to demonstrate their mastery of 

knowledge and skills in different topics in the curriculum.  Furthermore, candidates had 

to demonstrate a good mastery of logical thinking and organisation ability on top of key 
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chemistry knowledge and understanding.  Hence, this type of questions was expected to 

be challenging to some candidates.  From the quantitative data on PQ, with the exclusion 

of the two outliers (i.e. question 2016/14 (61%) and question 2014/4 (75%), the 

descriptive statistics of the 12 PQ were shown in Table 6. 

 

PQ (N=12): 
PQ – Practical-inclined 

(N=5): 

PQ – Concept-inclined 

(N=7): 

�̅� = 40.7% x̅ = 42.4% x̅ = 39.6% 

𝛔 = 4.74% σ = 3.8% σ = 5.3% 

Range 33.0-47.0% Range 38.0-47.0% Range 33.0-47.0% 

Table 6 

 

32. As compared with MCQ and SQ, PQ has the lowest mean, smallest standard deviation 

and a narrow range of performance.  It was believed that the majority of the PQ required 

candidates to demonstrate their chemical knowledge and present them in a logically and 

organised way.  Thus, this type of questions was cognitively challenging.  From the 

statistics presented, it was clear that PQ had less substantial discrimination ability when 

compared with SQ. Nevertheless, in PQ, candidates had the opportunity to demonstrate 

their logically thinking skills as well as their abilities in organising and presenting the 

chemical knowledge in a systematic way (both of which were important traits to be 

assessed in a public examination for all). 

 

Relation of Performance and Question Attributes: 

 

33. Performance of MCQ against DOK3: 

DOK3 

Perform. (%) 

1 2 3 

(N=13) (N=18) (N=8) 

�̅� 77.7 69.7 46.6 

𝛔 5.7 8.8 7.7 

Range 69.0-88.3 57.0-83.7 35.7-57.7 

Table 7 
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34. Performance of SQ against DOK3: 

DOK3 

Perform. (%) 

1 2 3 

(N=18) (N=24) (N=27) 

�̅� 69.9 53.2 36.5 

𝛔 9.3 12.3 10.6 

Range 51.0-83.0 22.0-76.0 15.5-63.0 

Table 8 

 

35. Relation of performance (%) in questions with DOK3: 

 

(a) For MCQ, there were 13, 18 and 8 questions at DOK3 level 1, 2 and 3 respectively.  

With reference to the descriptive statistics shown in Table 7, the mean performance 

decreased from 77.7% to 69.7% to 46.6% as DOK3 level increases from 1 to 3.  In 

short, there was an inverse relation between candidates’ mean performance in MCQ 

and DOK3 level.   

(b) For SQ, there were 18, 24 and 27 questions at DOK3 level 1, 2 and 3 respectively.  

With reference to the descriptive statistics shown in Table 8 above, the mean 

performance decreased from 69.9% to 53.2% to 36.5% as DOK3 level increases from 

1 to 3.  In short, there was an inverse relation between candidates’ mean 

performance in SQ and DOK level. This is also in agreement with the trend observed 

for MCQ. 

(c) For MCQ items, about half of the items (around 46%) were at DOK level 2, and more 

than half all the remaining ones were at DOK3 level 1.  For SQ items, about 74% 

of items were DOK3 level 2 and 3. 

(d) Comparing the mean performances in MCQ with those in SQ at the corresponding 

DOK3 levels, candidates demonstrated a consistently better performance in MCQ 

(i.e. +7.8%, +16.5% and +10.1% at each level respectively) than SQ.  It was 

therefore expected that candidates would have better performance in MCQ than in 

SQ. 

 

36. Performance of MCQ against NKP/S: 

NKP/S 

Perform. (%) 

1-2 3-4 5 or above 

(N=16) (N=16) (N=7) 

�̅� 77.9 66.2 47.5 

𝛔 5.3 10.6 7.9 

Range 69.0-88.3 40.6-83.7 35.7-57.7 

Table 9 
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37. Performance of SQ against NKP/S: 

NKP/S 

Perform. (%) 

1-2 3-4 5 or above 

(N=23) (N=29) (N=17) 

�̅� 62.5 50.9 35.8 

𝛔 15.2 14.5 11.8 

Range 22.0-81.8 28.0-83.0 15.5-53.0 

Table 10 

 

38. Relation of performance (%) in questions with NKP/S: 

 

(a) For MCQ, there were 16, 16 and 7 questions with NKP/S “1-2”, ‘3-4” and “5 or 

above” respectively.  With reference to the descriptive statistics shown in Table 9 

above, the mean performance decreased from 77.9% to 66.2% to 47.5% with an 

increase in NKP/S level.  In short, there was an inverse relation between candidates’ 

mean performance in MCQ and NKP/S level. 

(b) For SQ, there were 23, 29 and 17 questions with NKP/S “1-2”, ‘’3-4” and “5 or above” 

respectively.  With reference to the descriptive statistics shown in Table 10 above, 

the mean performance decreased from 62.5% to 50.9% to 35.8% with an increase in 

NKP/S level.  In short, there was an inverse relation between candidates’ mean 

performance in SQ and NKP/S level. 

(c) For MCQ, the great majority of items (around 82%) were at NKP/S “1-2” and “3-4”, 

and the remaining ones were mostly at NKP/S “5 or above” (around 18%).  For SQ, 

a similar pattern was observed, i.e. 75% of items were at NKP/S “1-2” and “3-4”, 

and 25% of items were at NKP/S “5 or above”. 

(d) Comparing the mean performance in MCQ with those in SQ at the corresponding 

NKP/S, candidates demonstrated a better performance in MCQ.  Furthermore, it 

was observed that the mean performance of MCQ with different NKP/S levels 

(i.e.“1-2”, “3-4” and “5 or above”) were all higher than that of SQ (i.e. +15.4%, 

+15.3% and +11.7% respectively).  It was therefore possible to speculate that 

candidates would have better performance in MCQ than in SQ; and a better mean 

performance when the NKP/S level of a question is low. 

(e) According to analysis by Hartmann and Lin (2011), a decrease of 4.5% in PSCA was 

observed with each additional step in the algorithm required for solving a problem.  

With reference to the comparison of two reason-assertion type MCQ in HKDSE (i.e. 

2015/1A/36 and 2018/1A/36) which were regarded as intending to assess the same 

outcome, the former question required one more knowledge point / step (i.e. 

calculating the number of atoms from number of mole of gas) and a lower mean 
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performance was observed (i.e. 5%).  A similar difference in performance (i.e. 2.8%) 

in two MCQ in HKDSE 2012/1A/6 (74.3%) and 2012/1A/30 (71.5%) was also 

observed (with the latter question required one more knowledge point / step). 

 

2015/1A/36 (60%) 

1st statement                      2nd statement 

 

2018/1A/36 (65%) 

 

 

39. Performance of MCQ against UF: 

UF 

Perform. (%) 

0 1 2 

(N=28) (N=10) (N=1) 

�̅� 70.5 61.5 47.5 

𝛔 11.9 15.5 --- 

Range 38.2-88.3 35.7-81.0 --- 

Table 11 

 

40. Performance of SQ against UF: 

UF 

Perform. (%) 

0 1 2 

(N=30) (N=31) (N=8) 

�̅� 60.4 45.4 38.0 

𝛔 15.1 16.7 5.5 

Range 22.0-83.0 15.5-79.0 31.0-4.0 

    Table 12 

 

41. Relation of performance (%) in questions with UF elements (unfamiliarity): 

(a) Considering all the MCQ and SQ included in this study, there was a total of 58 

questions (about 52%) consisted of no UF elements.  For MCQ, there was a total of 

28 questions (72%) without unfamiliar elements.  For SQ, there was a total of 30 

questions (43%) without UF elements. 

(b) Comparing the mean performance in MCQ and SQ with the same UF elements, for 

instance, MCQ with UF=0 and SQ with UF=0, candidates demonstrated a better 
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performance in MCQ than SQ (i.e. 70.5% and 60.4% respectively) with a difference 

of about 10%.  The same trend was also observed in MCQ with UF=1 and SQ with 

UF=1, candidates demonstrated a better performance in MCQ than SQ (i.e. 61.5% and 

45.4% respectively) with a difference of about 17%.   

(c) It is therefore possible to expect candidates would have better performance in 

questions with no UF elements. 

 

42. Performance of MCQ against CT: 

 

CT 

Perform. (%) 

0 1 2 

(N=27) (N=6) (N=6) 

�̅� 69.8 59.4 66.3 

𝛔 13.9 12.3 11.4 

Range 35.7-88.3 38.2-76.0 47.5-78.0 

Table 13 

 

43. Performance of SQ against CT: 

 

CT 

Perform. (%) 

0 1 2 

(N=48) (N=20) (N=1) 

�̅� 53.6 46.6 15.5 

𝛔 16.7 16.3 --- 

Range 20.0-83.0 20.8-79.0 --- 

Table 14 

 

44. Relation of performance (%) in questions with CT elements (cross topics): 

 

(a) Considering all the MCQ and SQ included in this study, there was a total of 75 

questions (about 69%) with elements from one single topic and a total of 33 questions 

(about 31%) consisted of elements from two or more different topics.  

(b) For MCQ, there were 12 questions consisting elements from two or three different 

topics (CT = 1 or 2) and 27 questions consisting elements from only a single topic (CT 

= 0).  With reference to the descriptive statistics shown in Table 13 above, candidates 

had similar mean performance in these MCQ (but with CT=0 had a marginally higher 

performance). 

(c) For SQ, there were 21 questions consisting elements from two or three different topics 

(CT=1 or 2) and 48 questions consisting of elements from a single topic (CT=0).  
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With reference to the descriptive statistics shown in Table 14 above, candidates had a 

higher mean performance in SQ consisting elements from only a single topic. 

(d) Comparing the mean performance in MCQ with that in SQ at the corresponding CT, 

candidates demonstrated a better performance in MCQ.  For instance, MCQ with 

CT=0 and SQ with CT=0, candidates demonstrated a better performance (with a 

difference of about 16%) in MCQ than SQ (i.e. 69.8% and 53.6% respectively); the 

same trend was also observed in MCQ with CT=1 and SQ with CT=1, candidates 

demonstrated a better performance (with a difference of about 13%) in MCQ than SQ 

(i.e. 59.4% and 46.6% respectively). 

(e) It is therefore possible to expect candidates would have higher performance in 

questions consisting elements from only a single topic. 

 

Correlation: DOK3 and NKP/S 

 

Spearman 
Rank Order 
Correlation 
Coefficients 

MCQ SQ 

Overall 
Topic 

VII 
Topic 

IX 
Overall 

Topic 
VII 

Topic 
IX 

Topic 
XIII 

DOK3 and 
NKP/S 

0.859 0.797 0.994 0.723 0.852 0.593 0.817 

Table 15 

 

45. For all MCQ and SQ included in this study, the research team provided professional 

judgement and systematic analysis on each item and put forward respectively levels for 

DOK and NKP/S.  The Spearman rank order correlation coefficients (Wiersma & Jurs, 

2004, p.363) of these levels were then computed and the statistics were shown in Table 

15. 

 

46. Considering the correlation coefficients for MCQ, the relation between DOK3 and NKP/S 

(Cohen et al., 2000, p.202, 350) was statistically significant.  In particular, a particular 

high correlation coefficient was found for MCQ in Topic IX of the curriculum.  In short, 

DOK3 and NKP/S could be used somehow in an interchangeable way for analysing an 

MCQ item.  

 

47. Considering the correlation coefficients for SQ, once again a statistical significant relation 

between DOK3 and NKP/S (Cohen & et al., 2000, p.202, 350) was found.  Nevertheless, 

the correlation coefficients for SQ were a bit less high when compared with those for 

MCQ.  Among the three correlation coefficients for SQ in different topics in this study, 

the one for Topic IX was particular low. 
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Correlation: Performance against DOK3, NKP/S, UF and CT 

 

Spearman 
Rank Order 
Correlation 
Coefficients 

MCQ SQ 

Overall Topic VII Topic IX Overall Topic VII Topic IX Topic XIII 

Performance 
& DOK3 

-
0.7
22 

-
0.84

4 

-
0.79

9 

-0.792 -
0.80

8 

-
0.84

4 

-
0.78

4 

Performance 
& NKP/S  

-
0.7
82  

-
0.86

1 

-
0.79

2 

-0.521 -
0.84

2 

-
0.37

6 

-
0.68

3 

Performance 
& UF 

-
0.3
34 

-
0.57

9 

0.05
3 

-0.519 -
0.56

8 

-
0.39

3 

-
0.78

3 

Performance 
& CT 

-
0.2
88 

-
0.35

2 

-
0.46

3 

-0.230 -
0.41

2 

0.07
4 

N.A. 

Table 16 

 

48. As mentioned above, the research team put forward levels for all the attributes of a 

question for all the MCQ and SQ included in this study.  After that, the Spearman rank 

order correlation coefficients (Wiersma and Jurs, 2004, p.363) of the attributes and 

candidates’ performance were computed and the statistics were shown in Table 16 above. 

   

49. With reference to the correlation coefficients for MCQ, statistically significant 

correlations between performance and DOK3 level and NKP/S level were found.  In 

particular, highly negative correlation coefficients for MCQ in Topic VII of the 

curriculum were observed (-0.844 in DOK3 and -0.861 for NKP/S).  In other words, the 

higher is the DOK3 or NKP/S levels, the poorer is the performance of candidates.  

 

50. With reference to the correlation coefficients for SQ, statistically significant correlations 

between performance and DOK3 level and NKP/S were found (more or less in the same 

way as MCQ). 

 

51. To sum up, it was possible to argue that either DOK3 or NKP/S could be an attribute for 

predicting candidates’ performance (or the level of difficulty of a question) if there were 

no other significant intervening factors. 
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Distribution of MCQ and SQ by DOK3 and NKP/S 

 

MCQ Overall (N=39) 

Performance (%) 
NKP/S Number of 

items 1-2 3-4 5 or above 

DOK3 

1 77.7  (N=13) N.A. N.A. 13 

2 78.8  (N=3) 67.9  (N=15) N.A. 18 

3 N.A. 46.0  (N=1) 47.5  (N=7) 8 

Number of Items 16 16 7 39 

Table 17 

 

52. As seen from Table 17, only a small fraction of questions was set at highest DOK3 and 

NKP/S levels, and the majority of questions were set at DOK3 “1” or “2” (around 41%) 

or NKP/S “3 to 4” (around 38%). 

 

53. Candidates’ mean performance at items at DOK3 “1” and NKP/S “1 to 2” was very high 

(i.e. around 78%).  These items could be considered as straightforward.  For items at 

DOK3 “2” and NKP/S “3 to 4”, candidates’ mean performances (i.e. only around 68%) 

were lower than the above-mentioned straightforward ones.  For items at DOK3 “3” and 

NKP/S at “3-4” or “5 or above”, candidates’ mean performances were relatively lower 

(i.e. around 46 to 48%). 

 

SQ Overall (N=69) 

Performance (%) 
NKP/S Number of 

items 1-2 3-4 5 or above 

DOK3 

1 68.9  (N=16) 77.8  (N=2) N.A. 18 

2 48.5  (N=6) 54.8  (N=17) 53.0  (N=1) 24 

3 42.0  (N=1) 38.7  (N=10) 34.7  (N=16) 27 

Number of Items 23 29 17 69 

Table 18 

 

54. As seen from Table 18, only a small fraction of questions was set at low DOK3 and NKP/S, 

and the majority of questions were set at DOK3 “2” or “3” (74%) or NKP/S “3 to 4” or 

“5 or above” (67%). 

 

55. Candidates’ mean performance for items at DOK3 “1” and NKP/S “1 to 2” was high (i.e. 

around 69%).  These items could be considered as straightforward.  For items at DOK3 
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“2” and NKP/S at “3-4” or “5 or above”, candidates’ mean performances were lower (i.e. 

around 53% to 55%) than the above-mentioned straightforward ones.  For items at 

DOK3 “3” and NKP/S at “3-4” or “5 or above”, candidates’ mean performances were 

quite low (i.e. only around 35% to 38%). 

 

56. The SQ item 2014/2/1(b)(i) “What is meant by the term ‘initial rate’ ? (1 mark)” was at 

DOK3 “2” and NKP/S “1-2” was expected to be straightforward but candidates 

demonstrated an exceptionally low performance (i.e. only 22%).  The said performance 

might be related to candidates not having a good mastery of the unfamiliar jargon “initial 

rate”, which was only scarcely covered in the local textbooks.  Candidates’ performance 

in this question might be a good example to illustrate the argument: “straightforward 

question turned out to be having high difficulty estimate” (Schneider et al., 2013). 

Please refer to Annex for distribution details of MCQ and SQ against different question 

attributes. 

 

Qualitative Observations 

MCQ with exceptionally low performance 

 

57. Based on the descriptive statistics of all MCQ, there were two questions having the lowest 

performance.  Details of these questions and interpretations were listed in Tables 19 and 

20 below. 

Question 
Performance 

Number Stem 

2016/1A/15 

 

35.7% 

DOK3 NKP/S 

3 5 

UF CT 

1 0 

 

 

The low performance was likely related to candidates’ limited macroscopic related or daily-life experience 

of using this type of re-chargable secondary cell, and had less than satisfactory understanding on this kind 

at a submicroscopic level of representation, i.e. using the chemical equations and ionic equations 

(Johnstone , 1991) to present their answers. 

Table 19 
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2015/1A/16 

 

38.2% 

DOK3 NKP/S 

3 7 

UF CT 

0 1 
 

The low performance was likely related to candidates’ limited learning expereince in performing a mole-related 

calculation for experiments which involved in a redox reaction (i.e. stoichiometry of a familiar chemical cell) and the 

need to extract useful information provided in the question (presented using symbolic level of representation 

(Johnstone, 1991). 

Table 20 

 

A comparison of candidates’ performance in selected MCQ and SQ 

 

58. Schneider et al. (2013) suggested that “some difficult items may have low difficulty 

estimates because students have been taught the material so often that the item is no longer 

assessing the challenging target of measurement”.  With a view to understanding more 

about candidates’ performance in some questions, three questions focusing on “molar 

volume of gases” in Topic IX were studied qualitatively.  The questions 2012/1A/25, 

2012/1B/11(c) and 2015/1B/9(d) were expected to have a medium level of difficulty (i.e. 

DOK3=1 & NKP/S=2), but candidates demonstrated high mean performances (i.e. 69%, 

72% and 79% respectively).  It was speculated that candidates were provided with 

sufficient and relevant classroom-based learning experience on the sub-topic and relevant 

learning materials were well presented in textbooks, and so resulting in that these 

questions were less challenging than expected. 

 

Question 
Performance 

Number Stem 

2012/1A/25 

 

69% 

DOK3 NKP/S 

1 2 

UF CT 

0 2 
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2012/1B/11(c) 

 

 

72% 

DOK3 NKP/S 

1 2 

UF CT 

0 1 
 

2015/1B/9(d) 

 

 

79% 

DOK3 NKP/S 

1 2 

UF CT 

1 1 
 

Table 21 

 

59. On the other hand, two more questions focusing on “molar volume of gases” (i.e. 

2013/1B/11(b) and 2017/1B/10(a)) were identified, but candidates demonstrated only low 

to medium performances (i.e. 36% and 47% respectively). 

 

 

Question 
Performance 

Number Stem 

2013/1B/11(b)  

 

 

36% 

DOK3 NKP/S 

3 4 

UF CT 

2 1 
 

2017/1B/10(a) 

 

47% 

DOK3 NKP/S 

2 3 

UF CT 

1 1 
 

Table 22 

 

60. For these two questions, it was noted that candidates had to show understanding about 

several unfamiliar chemical reactions, determining mole ratio of reagents in the reactions, 

finding the limiting reagents, and to carry out some molar volume of gases related 

calculations.  Hence, the questions were more challenging than expected.  Besides the 
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above, it was known that candidates had to find the answer by working from a given 

volume of gas produced to an initial concentration of a reactant.  The research team 

coined this kind of technique as “reverse thinking strategy” and asserted this was yet 

another type of challenge to candidates. 

 

61. Schneider et al. (2013) also suggested that some questions might be expected to be 

straightforward or not challenging, however, candidates did not have the opportunity to 

master the materials well and hence resulting in a poor performance.  For instance, the 

questions 2014/2/1(b)(i) and 2012/1B/11(b) were speculated to be straightforward, but 

candidates demonstrated poor performances (i.e. 22% and 35% respectively). 

 

Number Question Stem 
Performance 

2014/2/1(b)(i) What is meant by the term ‘initial rate’ ? 

 

 

 

22% 

DOK3 NKP/S 

2 1 

UF CT 

0 0 
 

2012/1B/11(b) Explain qualitatively the effect on the initial rate of the reaction of 

replacing the 2.0 M HCl(aq) with 2.0 M H2SO4(aq). 

35% 

DOK3 NKP/S 

3 3 

UF CT 

2 1 
 

Table 23 

 

62. The SQ 2017/1B/4(c)(ii) had a low performance of 15.5%.  The question required 

candidates to predict and then provide a written explanation for “whether there are any 

changes in the expected observations around the negative platinum electrode B during the 

electrolysis if the 1M K2SO4(aq) is replaced with 1M H2SO4(aq)”.  To answer this 

question, candidates needed to have a good mastery of changes in acidity of solution 

around the negative electrode (sub-microscopic level of understanding), as well as the 

colour of the acid base indicator in different media (macroscopic level of understanding).  

According to Chen et al. (2019), the question expected the connection of macroscopic 

with the sub-microscopic representations (Johnstone, 1991), and was not commonly 

presented in local textbooks.  Hence, this question was a challenging one. 

 

63. Considering the quantitative analysis results and the above examples, it was therefore 

argued that the question attributes like DOK3, NKP/S, UF, etc. were reasonably good 

predictors of candidates’ performance.  However, candidates’ performance would be 

affected by intervening factors like learning and teaching arrangement in schools, the use 
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of reverse thinking strategy and the application of the connection of macroscopic with 

sub-microscopic and symbolic levels of representations (Johnstone, 1991). 

 

Further comparison of candidates’ performance in selected MCQ and SQ 

 

64. As described earlier, the MCQ had a higher mean performance than that of the SQ (i.e. 

67.6% and 50.2% respectively).  To address the argument on the deceptive face-value of 

student performance in MCQ put forward by Hudson and Treagust (2013), the research 

team examined five pairs of MCQ and SQ having similar respective attributes (i.e. DOK3, 

NKP/S, UT and CF).  Table 24 below described the performances of these questions. 

 

Pair MCQ (x̅ = 67.6%) SQ (x̅ = 50.0%) Difference in 

Question 
Number 

Performance (%) 
Question 
Number 

Performance (%) 
Performance (%) 

(MCQ – SQ) 

1 2018/1A/23 48 2017/1B/4(a)(i) 37 +11 

2 2013/1A/25 79 2013/1B/11(d)(ii) 57 +22 

3 2016/1A/34 77 2018/1B/11(a)(i) 47 +30 

4 2015/1A/36 60 2012/1B/11(c) 72 -12 

5 2018/1A/36 65 2015/1B/9(d) 79 -14 

Table 24 

 

65. Question pair #1 (2018/1A/23 & 2017/1B/4(a)(i):  

The two questions were from Topic VII with the MCQ focused on an unfamiliar 

electrochemical cell while the SQ focused on an unfamiliar voltameter.  Candidates’ 

performances in these questions were in-line with the general observation that candidates 

performed better in MCQ than in SQ.  In addition, both questions had lower 

performances than the respective mean performances in all MCQ and SQ, and required 

candidates to demonstrate understanding at the symbolic level of representation 

(including the handling chemical equations).  The observed difference might be 

interpreted using the general notion that candidates had weak performance in handling 

chemical equations (i.e. knowledge and skills at the symbolic level of representations).  

In addition, both questions involved a certain extent of unfamiliarity making these 

questions challenging to candidates. 

 

66. Question pair #2 (2013/1A/25 & 2013/1B/11(d)(ii)):  

The two questions were from Topic IX. Both questions involved reaction rate related 

graphs.  Candidates’ performances in these questions were in-line with the general 

observation that candidates performed better in MCQ than in SQ, and both questions had 
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higher performances than the respective mean performances in all MCQ and SQ.  The 

questions required candidates to demonstrate some basic information handling skills only 

(i.e. to select an appropriate graph based on basic knowledge on reaction rate, and to state 

how the instantaneous rate can be determined from a given graph).  Together with the 

fact that both questions involved a low level of unfamiliarity, these questions were of a 

low level of challenge to candidates. 

 

67. Question pair #3 (2016/1A/34 & 2018/1B/11(a)(i)):  

The two questions were from Topic IX. Both questions assessed candidates’ 

understanding on how to follow the progress of a less familiar chemical reaction. 

Br2(aq) + HCOOH(aq) → CO2(g) + 2HBr(aq) 

 

68. Candidates’ performances in these questions were in-line with the general observation 

that candidates performed better in MCQ than in SQ.  In addition, the MCQ had a higher 

performance while the SQ has a marginally lower performance than the mean 

performances in all MCQ and SQ.  The MCQ required candidates to demonstrate some 

basic knowledge on how to make use of observable reaction phenomena (such as colour 

change and volume expansion).  Moreover, the MCQ involved a low level of 

unfamiliarity and this MCQ would be considered as having a low level of challenge.  For 

the SQ, the question stem included a hint “colorimeter” but required candidates to have 

some understanding of the jargon “parameter”.  The less familiar jargon used in the 

question stem might have affected the performance of some candidates. 

 

69. Question pairs #4 (2015/1A/36 and 2012/1B/11(c)) and #5 (2018/1A/36 and 

2015/1B/9(d)):  

All the questions were from Topic IX. They were intended to assess candidates’ 

knowledge and skills on the subtopic “molar volume of gases”. 

 

70. The two multiple choice questions studied were classified as reason-assertion question, 

i.e. candidates have to judge whether the first statement (i.e. assertion) is true or not, and 

then to judge whether the second statement (i.e. reason) is the correct explanation for the 

assertion.  For the two questions, there were respectively 60% and 65% of candidates 

able to correctly judge the assertions as true.  The above-mentioned percentages in 

judging the assertions of the 2 MCQ as true were comparable to that in the two SQ (72% 

and 79% respectively).  It was believed that chemistry teachers provided sufficient and 

relevant classroom-based learning experience, and hence these questions were less 

challenging than expected. 
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71. The two SQ questions studied required candidates to carry out calculation of volume of 

gases after reactions.  It is further noted that the calculation involved only one reagent 

using given data (i.e. molar volume of gases at room temperature and pressure and 

formula mass of the reagent).  The calculation could be completed using a standard set 

of procedure / skills (or a clustered skill) which was well presented explicitly in all local 

textbooks.  As discussed in the MCQ above, sufficient and relevant classroom-based 

learning provided by teachers make the SQ less challenging than expected. 

 

PQ with exceptionally high performance 

 

72. Although the descriptive statistics of all PQ was around 45%, if two concept-inclined 

questions with performance 61% (2016/14) and 75% (2014/4) were excluded, candidates’ 

mean performance of the remaining PQ was only around 40%.  Hence, it was possible 

to argue that in general candidates’ mean performance in PQ was less than satisfactory. 

 

73. The two excluded PQ were analysed qualitatively and the results were presented below. 

 

(a) The PQ 2016/14  

Arrange sodium, aluminium, silicon and sulphur in decreasing order of electrical 

conductivity at room conditions, and explain your answer in terms of bonding and 

structure. 

(Chemical Knowledge: 4 marks) 

Candidates’ performance in this question (61%) was significantly higher than the mean 

performance of all PQ.  Candidates were required to arrange the four elements in a correct 

decreasing order of electrical conductivity accompanied with correct explanations in terms 

of bonding and structure.  To answer this question, they were required to recall the 

structure and bonding information of the four elements, and to interpret the variation of 

electrical conductivity in terms of the elements’ bonding and structures.  Although the 

question expected the use of the connection of macroscopic and sub-microscopic 

understanding, the required knowledge and concepts were the learning outcomes stated 

explicitly in the C&A guide (CDC, 2018, p.64), and similar examples were adopted and 

presented in all local textbooks.  It was therefore expected that this question had a quite 

low level of challenge. 
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(b) The PQ 2014/4 

With reference to the methods of obtaining copper, magnesium and silver from 

their oxides, deduce the order of reactivity of these three metals. 

(Chemical Knowledge: 4 marks) 

Candidates’ performance in this question was the highest among all PQ in this study (75%).  

This question required the “reverse thinking strategy” for the deduction of the order of 

reactivity of the metals from commonly used extraction methods. Given that the question 

only involved familiar context, macroscopic level of understanding, limited number of 

knowledge points / steps from a single topic, and the learning outcomes stated explicitly 

in the C&A guide (CDC, 2018, p.26), this question was regarded as one having a low level 

of challenge. 

 

Limitations and Suggestions for Future Study 

 

74. The study revealed two interesting observations on correlation of candidates’ performance 

in relation to the attributes of questions. 

 

(a) For MCQ and SQ, there were high positive correlations of the performance and 

DOK3 & NKP/S (see Table 15) 

(b) For SQ only, there were high negative correlations of the performance and UF but 

not CT (see Table 15) 

 

75. With more authentic candidates’ performance data, say after several years, it would be 

possible to launch another study to examine the possibility of using the attributes, in 

particular, DOK, NKP/S and UF, to predict how well candidates would perform in MCQ 

and SQ in HKDSE Chemistry examination. 

 

76. Given that only limited number of questions from three selected topics (i.e. Topic VII, IX 

and XIII; CDC, 2018) were included in this study for the quantitative analysis, the 

findings could not be considered as representative for the HKDSE Chemistry examination.  

In addition, in view of the limited performance data available, the study only made use of 

basic statistical analytical techniques.  If possible and deem appropriate, a further 

research with more resources and more topics to be covered could be conducted so as to 

provide a more comprehensive and in-depth quantitative analysis for the reference of 

different stakeholders.  For instance, some topics or skills like “mole and related 

calculations”, “interpreting / sketching graphs”, “chemical formula / equations”, etc. were 

possible foci of future research. 
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77. This study selected a limited number of SQ and PQ for qualitative comparison and 

analysis.  Chemistry teachers and examination personnel could further explore whether 

the interpretation and the qualitative comparison and analysis could be applicable to other 

questions in the HKDSE examinations. 

 

78. As only 39 MCQ were involved in this study, there was insufficient number of questions 

to compare candidates’ performance in the different types of MCQ, i.e. simple question, 

single-completion item, multiple-completion item and reason-assertion item (Lee and 

Law, 1988).  In this connection, it would be meaningful to explore this area further.  

 

79. As mentioned, this study included all the 14 PQ (which covered most of the topics in the 

curriculum) in only seven HKDSE examinations for analysis.    Hence, the 

interpretation of the analysis of PQ was still based on a limited number of questions.  A 

more extensive research on PQ after several years might be more meaningful. 

 

80. This study did not intend to compare the gender difference (Hudson and Treagust, 2013) 

in candidates’ performance in HKDSE examinations.  Nevertheless, a local study on 

gender difference in candidates’ performance in Chemistry public examinations could be 

a meaningful reference for local teachers in the design of classroom learning and teaching 

strategies towards the gender issue. 

 

Conclusions 

 

81. The research was designed with a view to evaluating quantitatively the relation of 

candidates’ performance and the four attributes (DOK3, NKP/S, UF, and CT) of each of 

the questions, as well as to evaluate qualitatively candidates’ performance in selected 

question samples.   

 

82. From the descriptive statistics of the performance, it was revealed that candidates had 

much better mean performance in MCQ than SQ, while SQ and PQ had a similar mean 

performance.  In addition, it was known that SQ had higher performance distribution 

than MCQ and PQ (see Table 2, Figure 1).  Hence, it was therefore argued that SQ have 

the best discrimination ability and be continued to be adopted in the HKDSE Chemistry 

examination.  Despite the fact that PQ had limited discrimination ability, this question 

type would be good for the assessment of a range of knowledge, skills, and ability, and be 

recommended to be used in the future HKDSE Chemistry examinations. 
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83. From the descriptive statistics mentioned, it was observed that the mean performances of 

MCQ in Topic VII and IX were similar, and that for SQ in Topic VII, Topic IX and Topic 

XIII were also very similar (see Tables 3 and 4).  Furthermore, the practical-inclined PQ 

and the concept-inclined PQ also had also similar mean performance (see Table 5). 

 

84. For all the MCQ and SQ, there were clear decreasing trends of mean performance with 

an increase of the levels of DOK3, NKP/S, UF, and CT (as observed from Tables 7 to 14).  

Among the four attributes, the decreasing trends of mean performance with DOK3 and 

NKP/S were most prominent.  More specifically, the mean performances of MCQ and 

SQ decreased by 31.1% (i.e. 77.7% to 69.7% to 46.6%) and 33.4% (i.e. 69.9% to 53.2% 

to 36.5%) respectively as DOK3 level increased from 1 to 3 (Tables 7 and 8).  Similar 

trends on the decreasing mean performance with NKP/S were also observed, i.e. the mean 

performances of MCQ and SQ decreased 30.4% (i.e. 77.9% to 66.2% to 47.5%) and 

26.7% (i.e. 62.5% to 50.9% to 35.8%) respectively as NKP/S level increased from “1-2” 

to “5 or above” (Tables 9 and 10).   

 

85. From the cross-reference of the number of questions by DOK3 and NKP/S (Tables 17 , 

18 and Annex), there were good distributions of the number of questions with more even 

distribution of straightforward and challenging questions in SQ while fewer questions 

were set at high levels in MCQ. 

 

86. Given that DOK3 and NKP/S were highly correlated, i.e. ρ = 0.859 for MCQ and ρ = 

0.723 for SQ (Table 15), it was possible to use DOK3 and NKP/S in an interchangeable 

manner for analysing an MCQ or a SQ item. 

 

87. With reference to the analysis on the questions on the sub-topic “molar volume of gases” 

in Topic IX (Tables 21 and 22), it was speculated the provision of relevant systematically 

learning experience / teaching arrangement as well as a sufficient coverage/presentation 

of the topic in textbooks or other learning resources would be able to reduce the cognitive 

demand of the questions (i.e. to reduce DOK3 or NKP/S).  In other words, candidates 

would have high mean performance in these questions.  On the contrary, with reference 

to the questions on the sub-topic “initial rate” (Table 23), a limited teaching time devoting 

to the sub-topic, and less than sufficient coverage of the sub-topic in textbooks, and the 

requirement for the connection of macroscopic and sub-microscopic levels of 

representation would likely lead to the lower mean performance.  
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88. It was therefore argued that there were three intervening factors that might influence 

candidates’ performances: 

(a) the provision of sufficient and relevant classroom-based learning experience / teaching 

arrangement (e.g. a question assessing knowledge and skills on a mole related calculation 

for a redox reaction would likely result with a lower performance than the average, while a 

question on the interpretation of a graph on variation of the cumulated amount of product 

with time would likely result with a better performance than the average);  

(b) the demand of relevant daily-life experience (e.g. the question like 2013/1B/11(b) required 

sub-microscopic knowledge of safety airbags in vehicles and candidates showed a low 

performance (36%) than the average one), and 

(c) the application of “reverse thinking strategy” (e.g. the question like 2017/1B/10(a) required 

candidates to work out the initial concentration of a reagent from a given experimental result, 

and candidates would show a less well performance (47%) than the average one). 

 

89. With reference to the comparison of five pairs of MCQ and SQ (see Table 24), it was 

possible to provide further support that the above-mentioned intervening factors would 

have positive or negative impact candidates’ performance. 

 

90. All in all, the four question attributes (i.e. DOK3, NKP/S, UF, and CT) and the intervening 

factors just mentioned would likely influence candidates’ performances for all the 

question types. 
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Annex 

 

Mean Performance of Multiple-choice Questions by Different Attributes 

 

MCQ     

DOK  NKP/S  UF   CT             Mean Performance (%) 

1 2 0 0 82.26 

   1 76.00 

   2 73.00 

  1 0 77.00 

2 1 0 0 83.00 

     2 0 0 76.65 

     3 0 0 78.50 

                 2 58.00 

            1 0 57.00 

                 1 65.00 

     4 0 0 69.50 

                 1 59.65 

            1 0 67.80 

3 4 1 0 40.60 

     5 0 0 52.10 

            1 0 35.70 

     6 0 1 57.70 

            1 0 50.40 

     7 0 0 50.90 

                 1 38.20 

            2 2 47.50 
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Mean Performance of Short / Structured Questions by Different Attributes 

 

SQ     

DOK  NKP/S  UF   CT             Mean Performance (%) 

1 1 0 0 64.80 

     2 0 0 74.28 

                 1 72.00 

            1 0 58.50 

                 1 72.50 

     3 0 0 83.00 

     4 1 0 72.50 

2 1 0 0 22.00 

            1 0 48.00 

     2 1 0 59.00 

            2 0 44.00 

     3 0 0 69.00 

                 1 62.00 

            1 0 49.33 

                 1 47.00 

     4 0 0 56.14 

                 1 54.00 

     5 0 1 53.00 

3 2 1 0 42.00 

     3 3 0 28.00 

            2 0 37.75 

                 1 35.00 

     4 0 1 38.00 

            1 1 49.50 

            2 0 36.00 

     5 0 0 33.00 

            1 0 44.57 

                 1 50.60 

     6 0 1 50.00 

            1 0 28.50 

                 1 29.75 

                 2 15.50 

            2 0 38.00 




