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Limitations Of Using MCQ In Primary Science Testing 

Abstract 
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"Thinking Schools Learning Nation" was mooted by our then Prime Minister Goh C.T. in 
1997. Since then, several changes introduced have helped mould the educational 
landscape of today. However, formal assessment in primary science remains largely 
unchanged, relying heavily on standardised assessment items or MCQ. While MCQ 
testing brings about merits of large-scale testing, it has its limitations. This paper reports 
on a pilot study conducted with 20 primary 4 students and 20 primary 6 students (N=40) 
using a "reflective" framework to complement the existing MCQ structure to alleviate its 
limitations. 

Definition Of Terms , 
In this paper, the term "standard" assessment items is taken to mean those test or 
examination questions which are "accepted as normal or usual" (Longman Dictionary, 
2003). It is also taken to mean "the ordinary" test item, "without added or novel features" 
(Oxford Reference Dictionary, 1986). Combining these two meanings, in this paper, the 
term "standard" assessment item is taken to mean, and is restricted to, the traditional 
multiple choice questions (MCQ) (comprising a stem and a set of options from which the 
student has to choose one and only one option as the correct answer) which form the large 
majority of test items in both teacher-crafted tests used in schools as well as in public 
examinations such as the PSLE science paper. (Boo, 2004). 

The term 'reflective' is taken to mean "thoughtful" (Oxford Reference Dictionary, 1986) 

Introduction 
"Thinking Schools Learning Nation" was mooted by our then Prime Minister Goh C.T. in 
1997 (Goh, 1997) in anticipation of increasing economic competition that may threaten the 
survival of the nation as a whole with the spore of the new millennium- the 21st century. 
Since then, we have witnessed several milestone changes that made up the educational 
landscape of today; Evolution of the explicit teaching of thinking skills resulting in the 
Thinking Programme (Chua and Leong, 1998), the introduction of Desired Outcomes of 
Education (M.O.E., 1998), curriculum content reduction in 1999, the revised science 
syllabus in 2001 (M.O.E., 2001), the Innovation and Enterprise Goal (Shanmugaratnam, 
2003), Strategies for Active and Independent Learning (M.O.E., 2004) and the call by our 
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current Prime Minister Lee to 'Teach Less, Learn More' with the focus to "teach for 
understanding, not teach just to pass examinations with good grades." (Lee, 2004) 

Rationale 
However, with all the changes taking place, primary science testing still relies much on 
standardised assessment items that require quantifiable single solution. This brings about 
merits of large-scale testing but lack the robustness of performance assessment (Nitko, 
1996 pp.257). Assessment is merely seen to assess learning and not to assess for learning. 
When a student decides on a wrong response, the general perception is that the student has 
not mastered the underpinning concepts surrounding the question and deemed to have 
failed. Interplay of quality of question-set or perception mismatch (Boo, 2003), 
misconceptions held by teachers (Boo & Ang, 2004), creativity and level of conceptual 
understanding held by the student are not adequately addressed in such tests. If standard 
assessment items are to remain in main-stream testing, what then can we do such that a 
more accurate assessment of our students' learning may be achieved? How then can we 
"engage our students in active and reflective learning ... seek(ing) to nurture independent, 
lifelong learners, who can adapt and thrive in a rapidly changing environment" 
(Shanmugaratnam, 2004 ). 

It is evident that there should be greater empathy, towards cognitive understanding and 
reflection, than merely looking for a product of right or wrong should assessment remain in 
tandem with current educational changes. This study aims to bridge the limitations of 
standard assessment items by introducing a "reflective" component to the existing 
framework. 

Significance of the Study 
The primary aim of the study is to alleviate the limitations of using the standard assessment 
item framework found in science assessment with an authentic assessment component. By 
doing so, students may be able to reflect at a deeper level and teachers may have a better 
understanding of the conceptual reasoning made by the students. While there may be 
evidence to suggest that teachers, too, possess misconceptions of their own, and these 
misconceptions were later translated into the question sets for students, the act of reflection 
may pave the way for both teachers and students to become more aware of their own 
thought processes and hence supporting the nation's thrust towards realizing a TSLN. 

Research Questions 
The study was aimed at addressing whether the "reflective" standard assessment item 
framework can provide a more holistic and accurate assessment of students' conceptual 
understanding of the subject without losing its large-scale testing appeal? 

Review of Research 
Standard assessment items are an efficient and effective way to assess a wide range of 
knowledge, skills, attitudes and abilities (Haladyna, 1999). When done well, it allows 
broad and even deep coverage of content in a relatively efficient way. Though often 
maligned, it still remains one of the most commonly used assessment formats (Haladyna, 
1999; McDougall, 1997). 
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A key disappointment with standard assessment items is that teachers tend to write items 
that are easy to write rather than items that take hard work to craft. This bias causes the 
tests to focus on the recall of facts (knowledge & comprehension level) and to leave out 
analysis, synthesis and evaluation questions, something that concerns both teachers and 
students (Crooks, 1988; Shifflett, Phibbs, & Sage, 1997). 

Another criticism of standard assessment item is that they decontextualize information, 
(Shepard, 1989; Wiggins, 1989, 1992). Given the restricted nature of the format, only a 
little bit of information like a word problem or a short scenario can be provided (Shepard, 
1989). Case studies, portfolios, even essays are often considered more "authentic" or "real 
world" (Wiggins, 1989, 1992). 

Authenticity in assessment actually falls on a continuum. Any assessment can always be 
made more authentic or less authentic. One could ask, "What is 1 + 2?" or one could ask, 
"If Steven has one pear and you have two pears, how many pears do you have together?" 
Through the analysis of distracters that have been carefully designed, it is possible to gain 
insight into the misconceptions of students. However, simply because a student answers 
correctly, it does not necessarily mean they have mastered the content (Dufresne, Leonard, 
& Gerace, 2002). In other words, it is possible to answer correctly for many reasons, 
including guessing, which results in "false positives". 

Design and Data Collection 
Forty girls from two grade levels, 20 students from P4 and 20 students from P6, were 
randomly selected from a main stream school for the study with fairly equal representation 
from the high, medium and low ability groups. The data collection instrument is a pen-and
paper question set of 9 questions for P4 and 18 questions for P6. Nine questions in the P6 
question set replicates those from the P4 set. A sample "reflective" standard assessment 
item framework may be found in Appendix A. No time limit was given to the students but 
they were asked to write down the time they took to complete all the questions. 

Ass urn ptions and Limitation 
One assumption of the study was that the Primary 4 and 6 students had undergone the 
basic science education in school. This is a fair assumption as science is taught as a core 
subject from Primary 3 in Singapore. Hence, students were assumed to have had equal 
exposure to science instruction and not disadvantaged by a lack of content coverage. 

Factors arising from gender difference were also excluded from the study. The samples 
were also assumed to be comparable in terms of academic achievement in science and 
linguistic ability with the national mean. 
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Findings 
The following are some sample responses taken from the study administered: 

Sample Question 1 (Content level : P4. Completed by P4 and P6 samples) 

Study the table below carefully. 

X 
y 

These livings things are grouped according to-----
(1) where they live 
(2) their outer coverings 
(3) how they move about 
(4) the types offood they eat 

Explain your reasoning. 

The intended answer to this question is option 2. The intended answer in this question is option 2. 
However, a child who is thinking laterally could choose option 3 as the answer based on the fact 
that the living things in group X move without legs whereas those in group Y move on legs. (An 
alternative answer exists with option 3. Students may select E and indicate that both options 2 and 
3 are correct). (Boo, 2004) 

Sample Answers to Question (Primary 4) 

Correct answer with correct reasoning 
(answer 2) 

Study the table below carefully. 

I G~p I =~?f±. seahoree 
_ V _horse, ca~ulrrel 
These livings things are grouped according to----· 
(1) where they live 
(2) their outer coverings 
(3) how !hey move 11bout 
(4) the types of food they Slit 

Explain your reasoning. 

The.r oq±e:r cover''\¥ becuu~e. l?r+non. 9! IffY 1 

~..-se bove s,co.les but hol"se 1c:o;hsqwrd 
bqyg bArr= 

Their outer coverings because python, guppy, seahorse 
have scales but horse, cat, squiffel have hair (fur). 

Perceptual mismatch 

Correct answer arising from guesswork 
(answer 2) 

Study the table below carefully. 

1 Grp 1 ~~~?!~::horse 
These Uvings things are grouped according to---
(1) where they live 
(2) their outer coverings 
(3) hoW they move about 
(4) the types of food they eat ( '). ) 

Explain your rS~~sonlng. / 

I thiA\<. ~ ~ \s. '2. \,3~ 4- -tl.te. 
a.I\SU,rD(' ltle\<..<) @. 

I think the answer is 2. 1, 3 and 4 the answer looks odd. 

Lateral thinking 
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(answer 3) 

Study the table below carefully. 

These livtngs things are grouped acoording to ----· 
(1) where they live 
(2) their outer coveringe 
(3) how they move about 
(4) the types of food they eat 

Explain your reasoning. 

1bD ~(\ I o"f~~ """ 9'Qiw<e ho.vr np lf.9s =!b M)fL o.bowt 
•Wile. barre w.;. snJ *'i"''"'j \"vl~£ _.J~S :t Mp.IL ~~-

The python, guppy and seahorse have no legs to move 
about while the horse, cat and squi"el have legs to move 
about. 

It A I ' em D81YSIS 

Option Item Analysis (P4) 

(answer E) 
S1Udy the table below carefully. 

I 7up l:at:~ 
These livings things are grouped according to----· 
(1) where they live 
(2) their outer covemgs 
(3) how they move about 
(4) lhe types of food they eat 

Explain your reasoning. 

E. ) ' 

h !!!!!mglo\ in Gr~ :x 'no$ 'iM'D go j\leir gu\y 'A\1 rrj~ 

Inn\ +« ctNr!9l& V. 6""ut' 'I *'- ""'·r qs 1M\t a..m.c cPVVine· 

1\. ...... ¥ <\rut> 2( mM QtOMd 'P&nu:t \e@f' put Oftl"'g.\• 

;.., &e '9 Y MOV4: lllf'0'4"' ~-~ ~f= 

The animals in Group X has scales as their outer covering 
but the animals in Group Y has hair as their outer covering. 
The animals in Group X move around without legs but 
animals in Group Y move around with legs. 

Item Analysis (P6) 
1 15% of the students sampled chose this option 5% of the students sampled chose this option 

which is incorrect. Predominant conception is which is incorrect. Predominant conception is 
that python also lives in the sea like guppy and that python also lives in the sea like guppy and 
seahorse. seahorse. 

5% of the students chose this option through 
guesswork 

2 50% of the students sampled chose this option 85% of the students sampled chose this option 
with correct reasoning with correct reasoning. 
5% of the students chose this option through 
guesswork 

3 10% of the students chose this option which 0 
(perceptual mismatch) 

4 0 0 
E 15% (perceptual mismatch- students 5% indicated that all the options are incorrect. 

responded that the animals are wrongly 
classified in the first place) 
5% both 2 and 3 are correct 
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Sample Question 15 (Content level: P6 samples only) 

Peter did an experiment to measure the force needed to start a wooden block moving over four different 
surfaces and some of the results are given in the table below. 

Type of surface Sandpaper Carpet Wood 

Force requiredlgf 60 90 ? 

..... _ 

What would be the force needed to move the wooden block over the wooden surface? 
(1) 30gf 
(2) 45gf 
(3) 65gf 
(4)80gf ( 

Explain your reasoning. 

Glass 

35 

The intended answer to this question is option 2 but any answer may be possible. (The setter's 
assumption is that the students would have in their minds exactly the same kinds of carpet, 
sandpaper, wood and glass that the question setter himself/herself has. The fact is exists that there 
are so many different kinds of carpet (e.g. the roughness of which would depend on whether it is 
made of synthetic or natural material), different degrees of roughness among different grades of 
sandpaper, different kinds of wood (ranging from very rough to very smooth) and even different 
kinds of glass (with varying roughness). It is unreasonable to expect the pupils to have in their 
minds exactly the same kinds of these materials as the setter. (Boo, 2003) 

Sample Answers to Question (Primary 6) 

Correct answer with correct reasoning 
(answer 2) 

What would be the force needed to move the wooden block CN8f the wooden 
surface? 

(1)30gf 
(2)45gf 
(3)65gf 
(4)80gf 

Explain your reasoning. 

woo:l \us q t()J(Jh <;\..rtqc(' h\Jl ; (., 

( 2 
/ 

Wood has a rough surface but is easier to move it over 
the sand paper. 

Perceptual mismatch 
(answer 1, 3, 4) 

What would be the force needed to move the wooden block over the wooden 
surface? 

(1)30gf 
(2)45gf 
(3)65gf 
(4) 80gf 

Explain your reasoning. 

Je ro:xtzn ~ \~• ro~rer ;tan ihe ~W "; rt 
'1\::rl- j'l;( co.rpet. 

The wooden surface is rougher than the sandpaper, but 
not the carpet. 
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Lateral thinking 
(answer E) 
What would be the force needed to move the wooden block over the wooden 
surface? 

(1) 30gf 
(2)45gf 
(3)65gf 
(4)80gf <'E 
Explain your reasoning. 

~ "'T1v. k#.,.; c , .. ttl 4 < edt, .c I' ,li.s/u•A 
.9ot' Mpol,.r ~eJ ro"'1" !( Jrn a.-flo., C) I $I 9) 

The wood could be either polished or unpolished, rough or 
Smooth ( 2 I 3 I 4 ) 

tern A I . natysts 
Option Item Analysis (P6) 

1 0 
2 50% of the students sampled chose this option 

with the same assumption adopted by the 
setter. 

3 20% of the students sampled chose this option 
as they assumed that wood is rougher than 
sandpaper. 

4 15% of the students sampled chose this option 
as they assumed that wood is rougher than 
sandpaper. 

E 15% indicated that the texture of the wood 
surface, which will affect the results, was not 
clearly stated. 

Discussion 
On average, each primary 4 student took approximately 15 minutes to complete the 9: 
question pen-and-paper test. The primary 6 students took an average of 30-minutes to 
complete the 18 question test. If the test was part of a full format 100 marks science paper (e.g. 
60 marks for standard assessment items for 63 minutes), it would seemed that additional time 
spent to write the reasoning may not affect the overall duration of the paper. 

Both groups of students (Primary 4 and Primary 6) were able to express their reasoning 
clearly, albeit more incidence of grammatical error observed with the Primary 4 students. 

The scoring process remains fairly simple if the answer given by the student was that stated in 
the answer keys. More time was needed to score answers that differ from the answer keys. 

Question sets with potentially more than one possible answers arising from perceptual 
mismatch or misconception held by the teacher may now be adequately arrested and 
addressed using this framework with the introduction of option E. Students who otherwise 
would have been marked wrong because of perceptual mismatch were given an 
opportunity to express and state their reasoning behind their selection of answers and were 
awarded marks accordingly. In the sample shown, the difference could be as much as 50%. 
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By encouraging students to write down their reasoning to their answers helped the teachers 
to confirm the predominant conceptions or misconceptions held by students. Possibilities 
of guesswork or "false positives" were also largely minimised. Such feedback could then 
perhaps give way to re-teaching to correct misconceptions or reinforcement activities to 
strengthen concepts taught in the class. 

Conclusion 
Much in relation to the teaching and learning of primary science has changed across time. 
However, the one thing that may bring about exponential change is the way we assess our 
students, which otherwise has remained largely unchanged. While no one assessment mode 
may be able to suit the assessment needs for our students completely, innovating on time
tested tools for assessment (e.g. standardized assessment items) by complementing it with 
alternative assessment modes may not only bring about changes in assessment but also the 
way we view and assess our students. 
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Appendix A 

'Reflective' Multipl~ Choice Question 

"Reflective" Multiple Choice Testing (RMCQ) Framework encompassed the benefits of 
large-scale MCQ testing and a component that promotes better u~derstanding of the meta
cognitive aspect of a student. It includes the standard stem and options of MCQ with an 
addition section for free response. Each question is worth 2 marks. An extra bonus mark 
will be awarded for answers which demonstrate creative thinking. 

The following instruction is given at the head of the paper or section: 
Read each of the following questions carefully. For each question, there are 4 options (A, 
B, Cor D). Choose the correct answer, write it in the blanks ( ) and explain your 
reasoning in the space provided. If you think there are more than one possible answer or 
none of the answers are correct, write 'E' in the blank and provide your reasoning clearly 
in the space provided. 

Sample question 

Which of the following animals is unlike the others in terms of movement? 

A frog 
B kangaroo 
C rabbit 
D tiger ( ) 

Explain your reasoning. 

Intended answer : D 
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Marking Scheme 

Answer Same as Answer Keys 
If the answer in the brackets matches that given in the mark scheme, i.e. the "tiger", s/he is 
awarded 2 marks and the reasoning section will not be marked. This means that no 
additional marks will be awarded for correct reasoning and no pen~lty will be imposed on 
incorrect reasoning given. 

Answer Different from Answer Keys 
If the student selects an option which differs from that given in the mark scheme, i.e. 
option A, B or C, then his/her reasoning will be scrutinised. If the reasoning justifies 
his/her choice of answer given in the brackets, then 2 marks will be awarded. No partial 
marks (e.g. 1 mark) will be awarded for partially correct reasoning. 

Bonus for Creativity 
If the student demonstrates creative or lateral or divergent thinking with clear explanations 
of his/her reasoning, such as by stating that there are more than one possible answer (and 
his/her answer could be "2 possible answers .... " or "3 possible answers .... " or "all 4 are 
possible answers ... ) and provide plausible reasoning for his/her choice of answers 
(examples of which are included in the preceding section under example 3), then s/he 
scores 3 marks. The third mark is a bonus mark. 

This means that for a particular multiple-choice question, a creative student could score 3 
instead of 2 marks. However, the total marks scored over the 30 multiple-choice questions 
(e.g. based on a 100 marks full science paper format) will be limited to a maximum of 60 
marks, even though in theory a creative student could score as many as 90 marks for the 
multiple-choice question section of the paper. 
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