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Abstract
Multiple-choice questions (MCQs) are a common form of assessment in medical science education. The traditional MCQ 
format involves students picking a single best answer (SBA) from four or five options. There are concerns about the ability 
of SBA formats to reward partial knowledge and their susceptibility to guessing. An alternative to SBA is elimination testing 
(ET), wherein students eliminate all the incorrect answer options, with negative marking to deter guessing. Cognitive load 
theory (CLT) is an approach to education that prioritises strategies to minimise the amount of unnecessary ‘load’ placed 
upon working memory. The cognitive load imposed by assessment design has received little attention. We evaluated the 
cognitive load of SBA and ET MCQ formats, using an online participant pool and a survey of students at a UK Medical 
School. We found that partial knowledge was rewarded with the ET format. However, students strongly preferred the SBA 
format and reported both that it was easier and imposed a lower cognitive load. Removing negative marking reduced the 
cognitive load of ET style questions and improved the student experience, but the improvement was insufficient to change 
student preference for SBA questions.
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Introduction

Examinations based on multiple-choice questions (MCQs) 
are a very common form of assessment in medical science 
education and licensing. There are well-established princi-
ples for the effective construction of effective MCQs [1], 
and, if written appropriately, they can be used to assess 
‘higher order’ learning [2]. Assessments based on MCQs 
can deliver an objective assessment, with broad coverage 
of the curriculum, that is inclusive of learners with specific 
learning needs [3, 4].

The traditional MCQ format involves students picking a 
single best answer (SBA) from a list of four or five answer 
options. Students are awarded one mark for selecting the 
correct answer and no marks for selecting the incorrect 

answer. Despite their widespread use, there are some well-
established potential limitations with this SBA format. Stu-
dents can theoretically achieve a certain percentage of ‘cor-
rect’ answers through simple guesswork [5], and this effect 
can be enhanced by a cueing effect in poorly designed ques-
tions where the correct answer is signposted [6]. This cueing 
effect is more common with difficult questions [7]. The SBA 
format also does not reward partial knowledge, for example, 
where a student is unsure of the precise correct answer but 
is sure that one or more of the answer options is incorrect.

Alternative MCQ formats have been proposed to address 
some of these concerns [5]. One of these is the elimina-
tion-type (ET) format, a format where students are asked 
to eliminate every incorrect answer they can identify. The 
more incorrect answers they eliminate, the more marks they 
get. Thus, students can get credit for partial knowledge by 
only eliminating those answer options that they know to be 
incorrect, even where they are not fully confident in their 
choice of correct answer and so allowing for a more granular 
assessment of learning [8].

However, the pure ET format does not eliminate guess-
work and may make it worse. For example, in a five-option 
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MCQ, there is the chance to gain a maximum of four marks 
by eliminating all four incorrect answer options. If the 
learner picks four at random, they will always pick at least 
three incorrect options and so obtain a minimum of three 
marks. A common strategy to minimise the use of this ran-
dom guessing is to deploy negative marking, where students 
lose marks for eliminating the correct answer, penalising 
incorrect knowledge and improving test reliability [9].

However, negative marking has complications of its own, 
not least that students do not like it [10], and prior research 
has shown that students prefer traditional SBA questions to 
negatively marked ET [11]. Also, there is some controversy 
over whether negative marking actually reduces guesswork 
[12, 13], although this may be in part because of misunder-
standings about how and when to use negative marking [14]. 
One proposed solution to this uncertainty is simply to nega-
tively mark both the SBA and ET formats; a 2013 study of 
low-scoring formative assessments found that this approach 
did result in students preferring the ET format [15] although 
it retains the negative marking and associated challenges.

The current study sought to determine whether negative 
marking is a feature which students dislike about ET format 
MCQs, and whether there are other features of ET format 
MCQs which may explain why students dislike them, in par-
ticular the cognitive load associated with them.

Cognitive load theory (CLT) is an established approach to 
instructional design but has not been extensively studied in 
assessment. CLT is focused on the limitations of our work-
ing memory which has an extremely limited capacity for 
information processing and storage and yet is fundamental 
to human learning [16]. The ‘load’ in cognitive load theory 
refers simply to the load placed on this limited resource of 
working memory. CLT proposes that ‘instructional design 
decisions should be informed by the architecture of. the 
human cognitive system’, of which this limited working 
memory capacity is perhaps the most significant [17].

It has been proposed that there are two or three different 
types of cognitive load, each distinct from the other. Per-
haps, the most important for instructional design is extrane-
ous load which is, simply, any feature of the instructional 
material which takes up some of the limited space in human 
working memory but without contributing to learning. For 
example, decorative features of instructional materials can 
make those materials harder to remember, but not because 
of the complexity of the underlying content of the materials, 
but simply through poor design of the presentation [18]. By 
reducing extraneous load, educators can increase the efficacy 
of instructional materials. Intrinsic cognitive load is essen-
tially the academic difficulty of a topic, for example, calculus 
has a higher intrinsic load than basic arithmetic [19]. Cogni-
tive load can be measured in multiple ways with the most 
common method being subjective self-report, using single 
or multi-dimensional scales. The original Paas nine-point 

single scale continues to be very popular when measuring 
cognitive load in studies of medical science education [20, 
21].

Cognitive load in instructional design has been the sub-
ject of several reviews and textbooks [17, 22–25], but there 
has been very little research into the cognitive load of differ-
ent assessment formats and the impact of manipulating cog-
nitive load on the student experience of different assessment 
formats. It seems important to determine the cognitive load 
of assessment materials; if the design of assessment materi-
als increases extraneous cognitive load, then this is going to 
make the assessment item harder to answer but in a way that 
is unrelated to the underlying learning being assessed. It has 
also been proposed that a heavy assessment burden will lead 
to high overall cognitive load and thus poor performance 
[26] or increase the likelihood that students will engage in 
academic misconduct [27], but there are limited empirical 
data to support these hypotheses.

The ET MCQ format requires students to consider all 
answer options, especially where they are uncertain of which 
one is correct. We hypothesised that this will impose higher 
cognitive load than the SBA format and that this load will be 
exacerbated by the use of negative marking. We conducted 
three studies to test and develop our ideas. In Study 1, we 
used an online participant pool to directly compare the cog-
nitive load and student preferences for the SBA vs the nega-
tively marked ET format. In Study 2, we surveyed the views 
of students who had experience of both SBA and negatively 
marked ET formats for summative assessment at a UK uni-
versity. In Study 3, we repeated Study 1 but using neutrally 
marked ET questions. The use of an online participant pool 
allowed us to evaluate student preferences in a completely 
independent manner, free from the influence, conscious or 
unconscious, of educators and their institutions.

Methods

Participants (Studies 1 and 3)

Participants were recruited from the online pool www.​
proli​fic.​com. Participants were restricted to those currently 
studying a science topic at undergraduate degree level. The 
specific degrees allowed were Medicine, Biochemistry, Den-
tistry, Biomedical Sciences, Genetics, Pharmacology, Bio-
logical Sciences, Veterinary Science, Physics, Engineering, 
Nursing, Chemistry, Biology, Earth Sciences, Health and 
Medicine and Material Sciences. Participants were paid the 
rate recommended by Prolific, which at the time was GBP 
2.40 for satisfactory completion of the study. Sixty-five par-
ticipants were recruited for Study 1. (The original intention 
was to recruit 2 × 32 but due to a technical error an addi-
tional participant was recruited to one of the groups.) Two 
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‘attention check’ questions [28] were included where the 
only appropriate answer option was ‘I am paying attention 
to this study’. One participant from Study 1 answered both 
attention check questions incorrectly, and so their data were 
removed, resulting in an ‘N’ of 33 participants answering 
questions in a certain format, and N = 31 for others. Fifty 
new participants were recruited for Study 3, none of whom 
failed both attention checks.

Study Instrument Structure (Studies 1 and 3)

The study instrument was constructed in Qualtrics™ and 
included 40 general science MCQs aimed at a level that 
year 1 UK STEM undergraduate students could reasonably 
answer, based on A-level and GCSE (UK schools exams) 
science revision questions [29–33]. The full question set is 
shown in Appendix 1. Each question was constructed in both 
SBA and ET format. The study instrument was piloted twice 
on Prolific for clarity and the overall level of difficulty of the 
questions. Following the first pilot, colour cues were added 
to highlight the question format being answered at any one 
time, along with additional instructions regarding the format 
of the questions. A second pilot was conducted with eight 
participants per group. No further changes were required, 
and so the second set of pilot data were included in the final 
analysis. The study settings on Prolific were configured to 
ensure that no participants could take the study twice.

Introduction

The purpose of the study was explained (see below). Par-
ticipants were asked to refrain from consulting any external 
sources and to complete the survey to the very best of their 
ability. They were told that they would be paid for any satis-
factory contribution made and that the submission of their 
answers indicated consent.

Instructions

The two different question formats were explained, along 
with the way in which they would have been scored if this 
was an actual test (SBA questions: one point for selecting 
the correct answer and no points for selecting the incorrect 
answer; ET format: one point for each of the four incorrect 
answer options eliminated, but − 4 points for eliminating the 
correct answer (Study 1; negative marking) or zero points if 
they eliminated the correct answer (Study 3; neutral mark-
ing)), regardless of how many incorrect options had been 
eliminated. The negative mark of − 4 in Study 1 was used 
to match the real-world experience of the students using ET 
formats for summative assessment in Study 2.

Practice Question

The explanation was then followed by three practice questions 
in each format. All practise questions were easy (for example, 
‘what colour is the sky’) so the participants could focus on the 
format rather than the content.

Study Questions

These were presented in four groups of ten. Two groups of 
participants were recruited in each study. Both groups received 
the same forty questions, in the same order. However, the first 
group (N = 31 participants in Study 1, N = 25 in Study 3) 
received questions 1–10 and 21–30 in ET format and questions 
11–20 and 31–40 in SBA format. This formatting was reversed 
for the second group (N = 31 participants for Study 1, N = 25 
for Study 3). Thus, all questions were tested in both formats, 
and the presentation of the formats was counterbalanced.

Cognitive Load

Participants were asked, in separate questions, to ‘rate the 
mental effort required to complete’ each of the question 
types using the Paas 9-point scale [34], where 1 is ‘very, 
very low mental effort’, and 9 is ‘very, very high mental 
effort’.

Student Experience

Participants were asked ‘of the two aforementioned ques-
tioning styles, which did you find easier’ and ‘of the two 
aforementioned questioning styles, which did you prefer’. 
In Study 3, participants were then asked additional ques-
tions to further explore their reasoning. This section was 
then branched so that participants who said they preferred 
SBA were asked different questions to those who said they 
preferred ET. These questions were used in Study 2 and were 
derived from the existing literature on the student experience 
of the different question types [35].

Clarity Check

Participants were asked whether (1) the format of the survey 
was clear and (2) the format of the questions was clear.

Finally, participants were asked if they had any further 
feedback. They were then debriefed and redirected to Prolific 
and paid.

Study 2. Survey of Students for Whom Elimination 
MCQs Are Part of Their Summative Assessment

This survey was administered to students studying Medical 
Science degrees at a medical school in the UK (not medical 
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students). These are a suite of 19 different undergraduate 
degrees, in which ET MCQs are used as part of a portfo-
lio of summative assessment methods, and so students have 
experience of this format.

Survey Instrument Structure

The structure of the two question formats was explained, 
and participants were asked to take the example questions 
as in Studies 1 and 3. They were then asked to confirm that 
they had taken a multiple-choice exam, in either format and 
then in a separate question to confirm that they had taken an 
MCQ exam in the ET format. They were then asked which 
of the two formats they preferred, followed by four Likert 
scale questions designed to understand their reasons for their 
preference. These Likert questions were based upon prior lit-
erature which examined students preference for the two for-
mats [35]. The Likert questions were specific to the preferred 
format (i.e. students that preferred SBA-type questions were 
asked four question about why they preferred that format). 
All students were then asked a free-text question ‘Is there 
anything else you would like to add about your preference 
(or lack thereof) towards exam styles?’.

Survey Distribution and Sample

We used a convenience sample. The survey was sent via 
email to all 827 enrolled students from UK FHEQ Level 3 
to 6 (foundation undergraduate through to final year under-
graduate). The email stated that the researchers ‘are running 
a very short survey on student experiences of certain types 
of exam questions. Your responses are entirely anonymous 
and the survey should take less than 5 min. The project has 
ethical approval from the SUMS RESC’.

Participants

One hundred eighteen students responded, with 107 com-
pleting the survey, giving a response rate of 13%. Of these, 
90 answered yes to both confirmation questions (i.e. had sat 
MCQ-based exams, including in the ET format), and so data 
are presented from those students.

Analysis

Data are reported as mean ± standard error. All datasets were 
tested for normal distribution using a Kolmogorov–Smirnov 
test [36]. Non-parametric tests were used where data were 
not normally distributed. The specific statistical tests used 
are identified in the relevant section of the results.

Ethics

Ethical approval was given by the Swansea University Medi-
cal School Research Ethics Committee, code SUMS-RESC 
2019–0060. All participants gave electronic written consent, 
and all data were anonymous.

Results

Study 1. Cognitive Load of Single Best Answer vs 
Negatively marked Elimination‑Style Questions

Cognitive Load

A Wilcoxon matched-pairs signed-rank test was per-
formed in order to compare the mean cognitive load of the 
two MCQ formats. The cognitive load assigned to SBA 
ranged from 1 to 9 on the Paas 9-point scale with a mean of 
4.80 ± 0.244. The cognitive load assigned to Elimination-
style ranged from 2 to 9 on the Paas 9-point scale with a 
mean of 7.34 ± 0.18. This difference was statistically signifi-
cant according to a Wilcoxon matched-pairs signed-rank test 
(W = 1635, P < 0.0001) (Fig. 1).

Preferences

One participant did not answer these questions, meaning 
N = 63. A substantial majority of participants stated that they 
preferred the SBA questions (78%) and found them easier 
(83%) (Table 1).

An analysis of individual participants showed that only 
6/64 participants (9.4%) reported a lower cognitive load 
from the ET MCQs. Only 3/64 participants (4.7%) stated 
that they both preferred the ET format and found them easier. 

Fig. 1   Negatively marked elimination format MCQs (ET) are associ-
ated with a higher self-reported cognitive load than traditional single 
best answer MCQs (SBA). *P < 0.05
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These three participants all belonged to the group of six who 
reported a lower cognitive load from the elimination-style.

Partial Credit

One of the proposed benefits of the ET format is that partial 
knowledge can be rewarded, whereas SBA MCQs can only 
reward full knowledge. We analysed by comparing the num-
ber of participants who received any credit for each version 
of the question and then calculating the average per format. 
These values were converted to percentages to correct for 
the slight difference in sample size. A paired t-test showed 
a significant difference between the two formats (t = 2.92, 
P < 0.0001), with an average of 64.6 ± 3.4% of partici-
pants gaining credit for the SBA format of a question vs. 
70 ± 2.6% for the ET format. There was a strong and signifi-
cant correlation between these two datasets when analysed 
by calculating a Pearson correlation coefficient (r(38) = 0.82, 
P < 0.0001). A similar correlation was obtained when com-
paring the mean score per question (r(38) = 0.84, P < 0.0001). 
These correlations indicate that certain questions were more 
difficult than others and that the format of the question did 
not significantly affect how difficult the question was to 
answer.

Study 2. Student Experience Survey 
with Participants Who Have Experience of Both 
SBA and Negatively Marked ET MCQ Formats, 
in Summative Assessments

There was again a preference for the SBA format with 48 
(53.3%) participants preferring it. Twenty-nine (32.2%) 
stated that they preferred the ET format. Thirteen (14.4%) 
reported no preference. Participants were then asked to rate 
their agreement with statements regarding their stated pref-
erence. To test whether agreement, or disagreement, was 
significant, the data from each question were converted to 
ordinal numbers from 1 (strongly disagree) to 5 (strongly 
agree). Each question was then analysed using a one-sam-
ple Wilcoxon test to determine whether the distribution of 
the data were significantly different from 3 (‘neutral’, the 
midpoint of the range). There was significant agreement 

(P < 0.05) with all questions except for a question asked of 
participants who preferred the ET-format. That question was 
‘I feel less stressed after taking an elimination-style exam’ 
(P = 0.1467, W = 69). The distribution of responses to all 
questions is shown in Fig. 2.

Free Text Comments

Only 20 participants left comments in response to the ques-
tion ‘Is there anything else you would like to add about your 
preference (or lack thereof) towards exam styles?’, and all 
were brief, and so a full thematic analysis was not possible. 
However, eight of the comments stated that negative mark-
ing was a reason to dislike ET style questions. Comments in 
favour of the SBA format indicated that they were simpler 
and familiar and took less time.

Study 3. Cognitive Load of Single Best Answer vs. 
Neutrally Marked Elimination‑Style Questions

To test whether the removal of negative marking would 
change student views of the ET format, we repeated Study 
1, but without negative marking. Participants still preferred 
the SBA to the ET and found them easier, but the percent-
ages were lower than in Study 1 (Table 2).

A chi-squared test was used to determine whether the 
switch from negative to neutral marking affected student 
preference. This showed a significant difference for the ques-
tion about whether participants found the SBA format easier 
χ2 (2, N = 113) = 12.98, P = 0.0015. The difference was not 
significant when asking about which format the participants 
preferred, although it was borderline χ2 (2, N = 113) = 4.753, 
P = 0.0929. These data show that the numbers who prefer the 
SBA test are significantly higher when the ET questions are 
negatively marked and show a trend for participants to find 
them easier as well.

Reduction in Cognitive Load Following the Removal 
of Negative Marking

The mean cognitive load score for the ET format reported 
by participants in Study 1 (with negative marking) was 
7.34 ± 0.184. The mean cognitive load score for the ET 
format reported by participants in Study 3 (with neutral 
marking) was 6.68 ± 0.2329. The difference between these 
two was significant according to a Mann–Whitney U test 
(P = 0.024, U = 1215), with an effect size Cohen’s d = 0.42. 
There was no significant difference between the mean cog-
nitive load reported for the SBA format in the two studies 
(P = 0.3363, U = 1433, Mean = 4.8 ± 0.2442 for Study 1, 
5.14 ± 0.2983 for Study 3, d = 0.179). These data suggest 
that negative marking is associated with a higher cognitive 
load of ET format questions.

Table 1   Participants in Study 1 prefer multiple-choice questions in 
the single best answer format and report finding them easier than neg-
atively marked elimination-style format

Data shown are given as participant frequencies with corresponding 
percentages in brackets (N = 63)

Easier Preferred

Single best answer 52 (83%) 49 (78%)
No preference 7 (11%) 9 (14%)
Elimination-style 4 (6%) 5 (8%)
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Again, a small number of participants (N = 10/50, 20%) 
reported a lower cognitive load from the ET MCQs. Five 
(10%) stated that they both preferred the ET format and 
found them easier. These participants all belonged to the 
group of ten who reported a lower cognitive load from the 
ET format.

Relationship Between Cognitive Load and Question 
Difficulty

To test whether there was a relationship between overall 
question difficult and self-reported cognitive load, we tested 

for a correlation between participants total score on the SBA 
questions and the self-reported cognitive load of the SBA 
questions. These data were not normally distributed, and so 
a Spearman correlation test was used, which did not indicate 
a significant difference (P = 0.195, r =  − 0.1223).

Discussion

Our findings suggest that students prefer question formats 
that are easier to answer and have lower cognitive load and 
without negative marking, even when that format does not 
reward partial knowledge.

Specifically, the findings support our hypothesis that 
ET-format MCQs impose a higher cognitive load than SBA 
MCQs. We can also conclude that, despite participants pre-
ferring the SBA style of MCQ over the ET-style, they got 
more credit for the ET-style. Our findings also suggest that 
student preference for the SBA format is explained, in part, 
by the negative marking associated with the ET format and 
that this negative marking is associated with a higher cogni-
tive load. However, a removal of the negative marking does 

Fig. 2   Reasons for students to prefer either A negatively marked 
elimination (N = 29) or B single best answer format (N = 48) multi-
ple-choice questions. Answers were solicited from students who 
expressed a preference for that format, using a Likert scale. Distribu-

tion of response was analysed using a one-sample Wilcoxon signed-
rank test with a hypothetical median of ‘3’ (neither agree or disa-
gree). *P < 0.05

Table 2   Participants in Study 3 prefer multiple-choice questions in 
the single best answer (SBA) format and report finding them easier 
than neutrally marked elimination format

Data shown are given as participant frequencies with corresponding 
percentages in brackets (N = 50)

Easier Preferred

Single best answer 33 (66%) 36 (72%)
No preference 7 (14%) 5 (10%)
Elimination-style 10 (20%) 9 (18%)
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not completely eliminate student preference for SBA or the 
higher cognitive load associated with the ET format.

A small number of participants across Studies 1 and 3 
(8/114, 7%) reported that they both preferred the elimina-
tion-style and found them easier. These participants were all 
also in the small group (16/114, 14%) who reported lower 
cognitive load from the elimination style compared to the 
SBA format. These numbers are too low for any firm conclu-
sions but they are, when considered as part of the analysis 
overall, supportive of a causal link between perceived cog-
nitive load and question difficulty/preference. This subset 
of the data presents an interesting avenue for further work.

We can be reasonably confident that the academic diffi-
culty of the questions was not meaningfully impacted by the 
question format; the numbers of students getting credit for 
any one question was correlated between formats. There also 
did not appear to be an overall relationship between partici-
pant performance and cognitive load. These findings suggest 
that the ET-format adds extraneous cognitive load, rather 
than increasing the intrinsic cognitive load of the assessment 
item. An analysis of the different types of load imposed by 
assessment formats, and the impact on retrieval practice, is 
the subject of future research using multidimensional instru-
ments to measure the different types of cognitive load [37] 
and using objective measures of cognitive load alongside the 
common but self-reported Paas scale used here.

Regardless of an effect on learning or performance, it 
is also important to consider the result from a pragmatic 
perspective; pragmatism is an approach to research which 
prioritises the generation of findings that are practically use-
ful for everyday practitioners [38]. It was for this reason 
that we collected participants subjective opinions about 
whether they preferred the different question formats. These 
subjective experience data are low on a traditional evalua-
tion framework, but the student experience is fundamen-
tally important to many aspects of higher education and is, 
rightly or wrongly, used as a measure of teaching quality 
and informs hiring/promotion decisions about academic staff 
[39, 40], despite the many methodological and conceptual 
challenges of student experience surveys [41]. Thus, our 
finding that a substantial majority of students dislike the ET 
format is an important consideration for any educator who 
is contemplating using them. Our finding that this dislike 
of the ET format persists even after the removal of negative 
marking suggests that, despite the reward of partial credit, 
educators may still suffer negative consequences themselves 
should they deploy the ET format.

Our data also suggest that there are additional features of 
the two formats which lead students to prefer SBA over ET. 
Participants in Study 2 reported feeling less stress after tak-
ing summative exams in the SBA format and perceived that 
they got better results, despite the additional credit achieved 
under the ET format. They also reported that the ET-style 

was ‘too confusing’, which itself may be related to cognitive 
load. Unpicking these features is also the subject of ongo-
ing work.

It is possible that novelty might partially explain our 
results, although we did not test for it explicitly here; most 
students have experienced SBA-type questions at some 
point, whereas ET are less common, and so participants may 
have found ET harder/less preferable in part because they 
are not used to them. Familiarity can lead to preference over 
novelty in choice experiments [42], whereas novelty is an 
obvious source of increased cognitive load. All participants 
in Study 2 had experience with the ET format in summative 
assessments, and yet still preferred the SBA format, although 
the size of the difference appears to be lower. Also, even if 
novelty is part of the explanation then, from the pragmatic 
perspective, the results will still impact any educator who 
wishes to use the ET format with students; the only solution 
to this would be to make extensive, possibly exclusive use of 
the ET format in both formative and summative assessments, 
to reduce novelty and give students experience and comfort 
with the format. By adopting this strategy and thus making 
the ET format familiar, educators could reduce any novelty 
associated with them and so possibly reduce cognitive load. 
This could be a simple route to delivering on some of the 
obvious benefits of the ET format, in particular the reward-
ing of partial knowledge.

Perhaps most importantly, our findings indicate the 
importance of further examination of the effect of assess-
ment design on cognitive load and the subsequent impacts 
on the psychometric performance of the assessment along 
with the student experience. Our findings suggest that 
assessment design can profoundly affect cognitive load and 
that this impairs the student experience.

Appendix

STEM Questions. Correct answer is highlighted 
in yellow

	 1.	 Which of the following is a known disadvantage of 
using an Electron Microscope?

A	  It has a low resolution
B	 You cannot use live specimens
C	 They can only allow a low level of magnification
D	 The colours of the image are very bright
E	 The samples must be wet

	 2.	 What is an isotope?

A	 An atom that has more electrons than the standard 
for that element
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B	 An atom that has fewer protons than the standard for 
that element

C	 A standard atom of a particular element
D	 An atom that has a different number of neutrons than 

the standard for that element
E	 An atom that has the same number of neutrons as it 

does protons

	 3.	 Where does photosynthesis take place?

A	 Chlorophyll
B	 Mitochondria
C	 Nucleus
D	 Cell Wall
E	 Ribosomes

	 4.	 Which value is Avogadro’s constant?

A	 1.2 × 10⁷
B	 4.3 × 101⁶
C	 6.022 × 10.23

D	 7.4 × 10⁸
E	 5.77 × 101⁷

	 5.	 What are the nucleotide pairings in a strand of RNA?

A	 C and T, A and G
B	 A and T, G and C
C	 U and C, G and T
D	 T and U, C and G
E	 A and U, G and C

	 6.	 Which of the following anatomical structures is not 
involved in digestion?

A	 Appendix
B	 Gall Bladder
C	 Small Intestines
D	 Pancreas
E	 Salivary Glands

	 7.	 Which of the following is not a geometric arrangement 
of a molecule?

A	 Trigonal Planar
B	 Decahedral Pyramid
C	 Seesaw
D	 Trigonal Bipyramidal
E	 Tetrahedral

	 8.	 Which of the following has the molecular formula, 
CH3COOH?

A	 Ethanol
B	 Propane
C	 Propanoic Acid
D	 Ethanoic Acid
E	 Pentanol

	 9.	 Which of the following describes Newton’s Second 
Law of Motion?

A	 P = fv
B	 Q = mc∆T
C	 F = ma
D	 g = F/m
E	 F = k∆L

	10.	 Which of the following is not a moon of Jupiter?

A	 Io
B	 Ganymede
C	 Europa
D	 Titan
E	 Callisto

	11.	 Which of the following is the speed of light?

A	 74000 miles per second
B	 186000 miles per second
C	 896000 miles per second
D	 415000 miles per second
E	 675000 miles per second

	12.	 What is the name of the solar system where Earth is 
located?

A	 Calor
B	 Sol
C	 Pangea
D	 Luna
E	 Universo

	13.	 Which of the following describes a solar system that is 
centred around the Sun?

A	 Holocentric
B	 Geocentric
C	 Ptolemaic
D	 Acrocentric
E	 Heliocentric

	14.	 Which of the following requires ATP to take place?

A	 Active Transport
B	 Diffusion
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C	 Osmosis
D	 Facilitated Diffusion
E	 Filtration

	15.	 What is the water potential of pure water?

A	 7
B	  92
C	 100
D	 24
E	 0

	16.	 What is another term for geographical speciation?

A	 Allopatric
B	 Geopatric
C	 Mechanical
D	 Heteropatric
E	 Homopatric

	17.	 By which method does DNA replicate?

A	 Conservative
B	 Dispersive
C	 Complementary
D	 Semi-conservative Replication
E	 Binary fission

	18.	 What is the definition of a nucleophile?

A	 A substance that accepts electrons
B	 A substance that accepts neutrons
C	 A substance that donates electrons
D	 A substance that is stable
E	 A substance that donates protons

	19.	 Which of the following describes a weak acid?

A	 Partial dissociation in solution
B	 No dissociation in solution
C	 A substance that has an equal ratio of protons to 

electrons
D	 Complete dissociation in solution
E	 Partial association in solution

	20.	 What is the definition of a dative covalent bond?

A	 The complete transfer of valence electrons from one 
atom to another

B	 When a pair of electrons are shared between two 
atoms, each having donated an electron

C	 When both electrons in a bond have been donated 
by the same atom

D	 An electrostatic attraction between two atoms
E	 The attraction between delocalised electrons and 

positively charged ions

	21.	 Which of the following affects the brain?

A	 Muscular dystrophy
B	 Multiple Sclerosis
C	 Cardiovascular Disease
D	 Type II Diabetes
E	 Hodgkin Lymphoma

	22.	 Who wrote ‘The Origin of the Species?’

A	 Gregor Mendel
B	 Hans Christian Anderson
C	 Charles Darwin
D	 Isaac Newton
E	 Albert Einstein

	23.	 What do plant cells have that animal cells do not?

A	 Mitochondria
B	 Nucleus
C	 Cell wall
D	 Cell Membrane
E	 Golgi apparatus

	24.	 The Central Nervous System (CNS) is comprised of 
which of the following?

A	 The brain and the heart
B	 The heart and the blood vessels
C	 The brain and the spinal cord
D	 The liver and the pancreas
E	 The stomach and the intestines

	25.	 Complete the equation to show the anaerobic respira-
tion of yeast. Glucose → ?

A	 Carbon dioxide and water
B	 Carbon dioxide and hydrogen
C	 Carbon dioxide and oxygen
D	 Carbon dioxide and ethanol
E	 Carbon dioxide and carbon monoxide

	26.	 Which of the following helps to maintain cell mem-
brane stability?

A	 Cholesterol
B	 High temperatures
C	 Acidic conditions
D	 High pressure
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E	 Rapid diffusion

	27.	 Which organ of the body is primarily responsible for 
insulin production?

A	 Blood
B	 Bowel
C	 Stomach
D	 Pancreas
E	 Liver

	28.	 Which of the following structures is integral for tem-
perature regulation in the body?

A	 Baroreceptors
B	 Hypothalamus
C	 The heart
D	 Neurones
E	 The spinal cord

	29.	 Which theory is used to describe the physical state and 
properties of solids, liquids and gases?

A	 Gas theory
B	 Solid theory
C	 Liquid theory
D	 Physical theory
E	 Kinetic theory

	30.	 What type of fluid is found in the Ventricular System?

A	 Blood
B	 Cerebrospinal Fluid
C	 Lymph
D	 Semen
E	 Urine

	31.	 Which of the following theories is thought to most 
accurately describe the way in which an enzyme and 
substrate fit together?

A	 Evolution
B	 The induced fit hypothesis
C	 The theory of relativity
D	 Quantum theory
E	 Chemical theory

	32.	 Identify which of the following disorders applies exclu-
sively to women who have given birth (recently).

A	 Unipolar depression
B	 Bipolar disorder
C	 Fluctuating hormone levels

D	 Postpartum depression
E	 Narcissistic personality disorder

	33.	 Which of the following is not an anxiety disorder?

A	 Alzheimer’s disease
B	 Obsessive compulsive disorder
C	 Panic disorder
D	 Post-traumatic stress disorder
E	 Agoraphobia

	34.	 Paranoia is a common symptom of which of the fol-
lowing disorders?

A	 Unipolar depression
B	 Schizophrenia
C	 Agoraphobia
D	 Epilepsy
E	 Multiple sclerosis

	35.	 Which of the following is the chemical formula for 
table salt?

A	 MgCl2
B	 NaCl
C	 NaCl2
D	 KCl
E	 BeCl2

	36.	 Which of the following is an aromatic hydrocarbon?

A	 Ethene
B	 Ethane
C	 Benzene
D	 Hexane
E	 Octene

	37.	 Which of the following is a respiratory disease?

A	 Chronic obstructive pulmonary disorder
B	 Hypertension
C	 Parkinson’s Disease
D	 Polio
E	 Alzheimer’s disease

	38.	 Which of the following is often prescribed to patients 
with high cholesterol levels?

A	 Beta blocker
B	 Non-steroidal anti-inflammatory drugs
C	 Statins
D	 Opioids
E	 Paracetamol
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	39.	 Where is the heart located?

A	 In the abdomen
B	 On the right-hand side of the thoracic cavity
C	 On the left-hand side of the thoracic cavity
D	 In the chest
E	 In the skull

	40.	 Who is known as the father of genetics?

A	 Gregor Mendel
B	 Albert Einstein
C	 Gustav Klimt
D	 Charles Darwin
E	 Alexander Fleming

Author Contribution  PMN designed the study. AS, GS and MC cre-
ated and tested the initial data collection tool on Prolific. KF and PMN 
undertook Study 1. KF wrote up a draft of Study 1. JC and PMN under-
took studies 2 + 3. JC wrote up a draft of Studies 2 and 3. PMN under-
took statistical analysis and wrote the manuscript. All authors finalised 
and agreed the manuscript.

Funding  No funding was received to undertake this work. Prolific fees 
were paid using funds supplied to PMN to complete the undergraduate 
capstone projects of JC and KF.

Data Availability  The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of Interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Haladyna TM, Downing SM, Rodriguez MC. A review of mul-
tiple-choice item-writing guidelines for classroom assessment. 
Appl Measur Educ. 2002;15:309–33.

	 2.	 Newton PM. Guidelines for creating online MCQ-based 
exams to evaluate higher order learning and reduce academic 

misconduct. In: Eaton SE, editor. Handbook of Academic Integ-
rity [Internet]. Singapore: Springer Nature; 2023 [cited 2023 Jul 
13]. p. 1–17. Available from: https://​doi.​org/​10.​1007/​978-​981-​
287-​079-7_​93-1

	 3.	 Ricketts C, Brice J, Coombes L. Are multiple choice tests fair to 
medical students with specific learning disabilities? Adv in Health 
Sci Educ. 2010;15:265–75.

	 4.	 Tai J, Mahoney P, Ajjawi R, Bearman M, Dargusch J, Dracup M, 
et al. How are examinations inclusive for students with disabilities 
in higher education? A sociomaterial analysis. Assess Eval High 
Educ. 2023;48:390–402.

	 5.	 Bush M. Reducing the need for guesswork in multiple-choice 
tests. Assess Eval High Educ. 2015;40:218–31.

	 6.	 Jolly B. Written Examinations. Ch 15 in understanding medical 
education: evidence, theory and practice. 1st ed. Chichester, UK: 
Wiley-Blackwell;2010.

	 7.	 Schuwirth LWT, van der Vleuten CPM, Donkers HHLM. A closer 
look at cueing effects in multiple-choice questions. Med Educ. 
1996;30:44–9.

	 8.	 Coombs CH, Milholland JE, Womer FB. The assessment of partial 
knowledge. Educ Psychol Measur. 1956;16:13–37.

	 9.	 Burton RF. Multiple choice and true/false tests: reliability meas-
ures and some implications of negative marking. Assess Eval High 
Educ. 2004;29:585–95.

	10.	 Ndu IK, Ekwochi U, Di Osuorah C, Asinobi IN, Nwaneri MO, 
Uwaezuoke SN, et al. Negative marking and the student physi-
cian–-a descriptive study of Nigerian medical schools. J Med 
Educ Curric Dev. 2016;3:JMECD.S40705.

	11.	 Ben-Simon A, Budescu DV, Nevo B. A comparative study of 
measures of partial knowledge in multiple-choice tests. Appl 
Psychol Meas. 1997;21:65–88.

	12.	 Lesage E, Valcke M, Sabbe E. Scoring methods for multi-
ple choice assessment in higher education – is it still a matter 
of number right scoring or negative marking? Stud Educ Eval. 
2013;39:188–93.

	13.	 Betts LR, Elder TJ, Hartley J, Trueman M. Does correction 
for guessing reduce students’ performance on multiple-choice 
examinations? Yes? No? Sometimes? Assess Eval High Educ. 
2009;34:1–15.

	14.	 Burton RF. Multiple-choice and true/false tests: myths and misap-
prehensions. Assess Eval High Educ. 2005;30:65–72.

	15.	 Bond AE, Bodger O, Skibinski DOF, Jones DH, Restall CJ, Dud-
ley E, et al. Negatively-marked MCQ assessments that reward 
partial knowledge do not introduce gender bias yet increase stu-
dent performance and satisfaction and reduce anxiety. PLoS ONE. 
2013;8:e55956.

	16.	 Baddeley A. Working memory: looking back and looking forward. 
Nat Rev Neurosci. 2003;4:829–39.

	17.	 Plass JL, Moreno R, Brünken R, editors. Cognitive load theory. 
1st edition. Cambridge University Press; 2010.

	18.	 Pink A, Newton PM. Decorative animations impair recall and 
are a source of extraneous cognitive load. Adv Physiol Educ. 
2020;44:376–82.

	19.	 Dong H, Lio J, Sherer R, Jiang I. Some learning theories for medi-
cal educators. MedSciEduc. 2021;31:1157–72.

	20.	 Bolatli G, Bolatli Z. The effect of concept map technique on stu-
dents’ cognitive load and academic success in anatomy course. 
MedSciEduc. 2024;34:1487–96.

	21.	 Demir BT, Eşme S, Patat D, Bilecenoğlu B. The effect of mobile 
applied anatomy learning on students’ academic success, cogni-
tive loads, and attitudes. MedSciEduc. 2023;33:711–8.

	22.	 Sweller J, Ayres P, Kalyuga S. Cognitive load theory [Internet]. 
New York: Springer-Verlag; 2011 [cited 2018 Aug 10]. Available 
from: //www.​sprin​ger.​com/​gb/​book/​97814​41981​257

	23.	 Sweller J, Merriënboer JJG, Paas F. Cognitive architecture and 
instructional design: 20 years later. Educational Psychology 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-981-287-079-7_93-1
https://doi.org/10.1007/978-981-287-079-7_93-1
http://www.springer.com/gb/book/9781441981257


	 Medical Science Educator

Review [Internet]. 2019;31. Available from: https://​doi.​org/​10.​
1007/​s10648-​019-​09465-5

	24.	 Azzam MB, Easteal RA. Pedagogical strategies for the enhance-
ment of medical education. MedSciEduc. 2021;31:2041–8.

	25.	 Hochstrasser K, Stoddard HA. Use of cognitive load theory to 
deploy instructional technology for undergraduate medical educa-
tion: a scoping review. MedSciEduc. 2022;32:553–9.

	26.	 Tomas C, Jessop T. Struggling and juggling: a comparison of 
student assessment loads across research and teaching-intensive 
universities. Assess Eval High Educ. 2019;44:1–10.

	27.	 Bretag T, Harper R, Burton M, Ellis C, Newton P, van Haeringen 
K, et al. Contract cheating and assessment design: exploring the 
relationship. Assess Eval High Educ. 2019;44:676–91.

	28.	 Berinsky AJ, Margolis MF, Sances MW. Separating the shirk-
ers from the workers? Making sure respondents pay attention on 
self-administered surveys. American Journal of Political Science. 
2014;58:739–53.

	29.	 Toole G, Toole S. New understanding biology for advanced level. 
Nelson Thornes; 1999.

	30.	 Brown P. Free to use online Doc Brown’s CHEMISTRY revision 
website by retired science education teacher notes teaching and 
learning revising biology chemistry physics UK GCSE IGCSE 
AQA Edexcel OCR GCSE IGCSE A level chemistry USA US 
grades India Indian Secondary s [Internet]. 2000 [cited 2020 Mar 
28]. Available from: https://​docbr​own.​info/

	31.	 Salters. Salters-Nuffield Advanced Biology: AS Level. Pearson 
Education; 2002.

	32.	 Ferdinand BL. The gold standard GAMSAT. RuveneCo Incorpo-
rated; 2011.

	33.	 Poole E, Ritchie R. A level chemistry for OCR A: year 2 revision 
guide. Oxford University Press; 2016.

	34.	 Paas F, Tuovinen JE, Tabbers H, Gerven PWMV. Cognitive load 
measurement as a means to advance cognitive load theory. Educ 
Psychol. 2003;38:63–71.

	35.	 Vanderoost J, Janssen R, Eggermont J, Callens R, Laet TD. 
Elimination testing with adapted scoring reduces guessing and 
anxiety in multiple-choice assessments, but does not increase 

grade average in comparison with negative marking. PLoS ONE. 
2018;13: e0203931.

	36.	 Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. 
Descriptive statistics and normality tests for statistical data. Ann 
Card Anaesth. 2019;22:67–72.

	37.	 Krieglstein F, Beege M, Rey GD, Ginns P, Krell M, Schneider 
S. A systematic meta-analysis of the reliability and validity of 
subjective cognitive load questionnaires in experimental multi-
media learning research. Educ Psychol Rev. 2022;34:2485–541.

	38.	 Newton PM, Da Silva A, Berry S. The case for pragmatic evi-
dence-based higher education: a useful way forward? Front Educ 
[Internet]. 2020 [cited 2021 May 8];5. Available from: https://​
www.​front​iersin.​org/​artic​les/​10.​3389/​feduc.​2020.​583157/​full

	39.	 Basow SA, Martin JL. Bias in student evaluations. Effective 
Evaluation of Teaching [Internet]. Society for the Teaching of 
Psychology; 2012. p. 40–9. Available from: http://​teach​psych.​org/​
ebooks/​evals​2012/​index.​php

	40.	 Boring AC, Ottoboni K, Stark R. Student evaluations of teach-
ing (mostly) do not measure teaching effectiveness. ScienceOpen 
Research [Internet]. 2016 [cited 2016 Jan 13]; Available from: 
https://​www.​scien​ceopen.​com/​docum​ent/​id/​0bc45​9de-​6f8f-​487f-​
b925-​86383​4a740​48

	41.	 Yorke M. ‘Student experience’ surveys: some methodological 
considerations and an empirical investigation. Assess Eval High 
Educ. 2009;34:721–39.

	42.	 Liao H-I, Yeh S-L, Shimojo S. Novelty vs. familiarity principles 
in preference decisions: task-context of past experience matters. 
Frontiers in Psychology [Internet]. 2011 [cited 2023 Jul 17];2. 
Available from: https://​www.​front​iersin.​org/​artic​les/​10.​3389/​
fpsyg.​2011.​00043

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10648-019-09465-5
https://doi.org/10.1007/s10648-019-09465-5
https://docbrown.info/
https://www.frontiersin.org/articles/10.3389/feduc.2020.583157/full
https://www.frontiersin.org/articles/10.3389/feduc.2020.583157/full
http://teachpsych.org/ebooks/evals2012/index.php
http://teachpsych.org/ebooks/evals2012/index.php
https://www.scienceopen.com/document/id/0bc459de-6f8f-487f-b925-863834a74048
https://www.scienceopen.com/document/id/0bc459de-6f8f-487f-b925-863834a74048
https://www.frontiersin.org/articles/10.3389/fpsyg.2011.00043
https://www.frontiersin.org/articles/10.3389/fpsyg.2011.00043

	Negatively Marked Elimination-Format Multiple-Choice Questions Are Associated with High Cognitive Load and Poor Student Experience Compared to Single Best Answer
	Abstract
	Introduction
	Methods
	Participants (Studies 1 and 3)
	Study Instrument Structure (Studies 1 and 3)
	Introduction
	Instructions
	Practice Question
	Study Questions
	Cognitive Load
	Student Experience
	Clarity Check

	Study 2. Survey of Students for Whom Elimination MCQs Are Part of Their Summative Assessment
	Survey Instrument Structure
	Survey Distribution and Sample
	Participants

	Analysis
	Ethics

	Results
	Study 1. Cognitive Load of Single Best Answer vs Negatively marked Elimination-Style Questions
	Cognitive Load
	Preferences
	Partial Credit

	Study 2. Student Experience Survey with Participants Who Have Experience of Both SBA and Negatively Marked ET MCQ Formats, in Summative Assessments
	Free Text Comments

	Study 3. Cognitive Load of Single Best Answer vs. Neutrally Marked Elimination-Style Questions
	Reduction in Cognitive Load Following the Removal of Negative Marking
	Relationship Between Cognitive Load and Question Difficulty


	Discussion
	Appendix
	STEM Questions. Correct answer is highlighted in yellow

	References


