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ABSTRACT Multiple-choice questions (MCQs) have been considerably used for assessing the individual’s
performance in various contexts. The optimal number of options in MCQs is a debatable issue, followed
by contradictions and discussions, and is needed for a firm conclusion from empirical and hypothetical
findings. This study aims to link theoretical concepts, including challenge-based gamification, zone of
proximal development, and prospect theory, and generate insight into educational assessment using motion-
in-mind measures. Classical test theory was used to determine reliability and validity. Variations of MCQs
experimented: the number of options, settings, and scoring methods. The experimental data was gathered
from human and AI simulations and measured using motion-in-mind. It was found that increasing the
number of options in the MCQ makes the test more challenging, explaining an increase of mass in mind m.
The findings also revealed that time pressure provides competitiveness while scaffolding provides support.
In addition, the hybrid system demonstrates the balance of education and entertainment. Finally, the results
addressed the general discussion and analogical interpretation in the education context based on physics-
in-mind values. These findings can be promising for analyzing the balance between competitiveness and
entertainment while enabling the learning process in the practical assessment.

INDEX TERMS Educational assessment, motion-in-mind, multiple-choice questions, challenge-based
gamification, number of options, zone of proximal development, prospect theory.

I. INTRODUCTION
Evaluation and assessment in education are critical markers
of educators’ performance and achievements. The scholar
stated that a test is ameasurement instrument aimed to numer-
ically characterize the degree or amount of learning under
uniform, standardized conditions [1]. However, it has been
challenging to determine the ideal formative assessments for
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a legitimate goal because a test that is beneficial in one
context may be entirely objectionable in another; in other
words, there is no one-size-fits-all test format.

There are different types of multiple-choice questions
based on the number of options provided in the test, ranging
from 2 to, at most, five options. Depending on the outcomes,
respondents will be confronted with a more significant num-
ber of plausible distractors and a more challenging situation.
They can also test factual recall and more advanced cogni-
tive functions such as diagnostic competence, appraisal, and
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reasoning [2]. They also encourage the evaluation of a wide
range of content. This situation allows for use in various
fields, such as proficiency tests, language testing, medical
testing, and national examinations.

The MCQ format’s major flaws were low validity, testing
factual knowledge rather than high-level cognitive knowl-
edge, increased guessing effect (especially as the number
of options decreases), and requiring time in test develop-
ment. As a result, most of this study focuses on chal-
lenges assessment, enhancing the reliability and validity of
multiple-choice examinations (by removing non-functional
distractors), reducing the guessing effect, and eliminating
potential sources of confusion. The outcomes of these studies
had synthesized best practices to provide practical recom-
mendations for educators [3], [4].

The ongoing issue arises of whether there are optimal
options for items in MCQs to utilize and how to apply them
correctly to different educational levels and specific contexts.
In practice, MCQ usually contains 4 or 5 options per item,
particularly in standardized testing according to [3] and [5].
A large body of research investigated how the number of
options impacts test quality by approaching the issue from
several aspects. There are essential arguments among schol-
ars about the increasing probability of answering an item
correctly without sufficient knowledge (i.e., blind random
guessing). Many scholars have stated the effect of adjust-
ing the number of options which could be observed from
the guessing rate [6], [7], [8]. It should be mentioned that
reliability and validity will be improved when guessing is
minimized due to the use of more options [1], [9], [10], [11].
As a result, determining the optimal number of options is
critical in evaluating learners in the educational context.

Over decades, many practical trials have been identified
and repeatedly conducted to consolidate long-term outcomes.
One example is incorporating the game elements like gami-
fication and practical techniques to facilitate short-term and
long-term learning potential. When using MCQ to emerge
potential learning, it is necessary to provide a challenging but
manageable test. For this reason, the degree of challenge is
vital to realizing this usefulness. Too simple questions can
sabotage the positive effect, while too difficult questions can
deliver an adverse effect. The zone of proximal development
(ZPD) provided by Vygotsky, as cited in [12] and [13],
represent the metaphorical gap between what a learner can
do independently and what they can do dependently. This
condition helps to understand and enable learning far beyond
what the learners could achieve individually. Scaffolding is
one technique introduced to mitigate frustration over the high
challenging tasks by guiding learners to solve the tasks.

Moreover, there are different types of scoring methods in
order to improve their psychometric properties and increase
both reliability and validity as cited in [14], [15], and [16].
Tests should also be viewed as circumstances in which people
generate various uncertain responses. As a result, the charac-
teristics of risk-taking behavioral decision-making processes
may shape individual behaviors during tests. This situation

can provide perks or drawbacks for certain groups of test
takers, thus lowering the validity of the assessments. Thus,
the scoring method used in a test creates framing effects that
influence the desire to take risks and guess in tests.

For these reasons, the characterization of MCQ is vital for
increasing the understanding of objectivity and subjectivity in
an educational context. Furthermore, this study will generate
fresh insight into the link between MCQ and motion in mind
to highlight the analogical interpretation in the education
context described later in this study. Based on these premises,
this research thus addresses the following questions:

1) How the number of options in the MCQ paradigm be
represented with the motion in mind theory?

2) How the challenge-based gamification and scaffolding
in the MCQ paradigm impacts the assessment results?

3) How the framing effect in the MCQ paradigm impacts
the assessment results?

II. BACKGROUND
A. MULTIPLE CHOICE QUESTIONS
Multiple choice questions (MCQs) have been used in various
educational and knowledge assessments, providing a general
ground regarding standardization, equitability, and reliability.
Moreover, they enable a comprehensive range of instruc-
tions and contents that examine factual recall and cognitive
functions such as critical skills and reasoning. This situation
signifies that the MCQs are suited to summative standardized
and national examination [2], [17]. MCQs are composed of
a stem/question/problem/task to be responded to or solved
and a series of alternative responses or alternatives (possible
solutions to the question). Among the options, there was a
correct answer (the key), and the rest were wrong or less
acceptable answers (the distractors). The essential weakness
of this format is that high-quality questions are challenging
to construct item stems, plausible and functional of correct
options (keys) and (incorrect options (distractors) [8].

Empirical research attempts to gain reliability and valid-
ity when MCQs has incorporated to evaluate the test taker
based on achievement [18]. This condition utilizes traditional
item and sample-dependent statistics to analyze test item
psychometric properties. Most scholars study the Classical
Test Theory (CTT), which involves studying the characteris-
tics of item discrimination, item difficulty (or item facility),
and distractor plausibility [19]. The ability of an item to
distinguish between test-takers with low and high abilities
is known as item discrimination. It contrasts test-takers with
greater mastery of the to-be-learned skills and knowledge
from those with less mastery. The difficulty and plausibility
of a test item’s distractor determine how discriminatory it
is [20]. Themore significant difference interprets as a contrast
between upper and lower groups of test takers, in which
positive and negative values can be obtained depending on
the performance of upper and lower groups. The percentage
of students who correctly answer an item is how an item’s
difficulty is numerically expressed, reflecting how challeng-
ing or straightforward an item is. Similarly, item facility (IF,
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or item easiness) is the proportion of test-takers who correctly
answered an item in a particular test [20]; ranges from 0.00,
which signifies that the item in the test was challenging,
to 1.00, which shows that the item was straightforward.

A functional discriminating item must have appropriate
difficulty levels, and each distractor must have the feature
of plausibility. The plausibility of the distractors implied
that they were indisputably incorrect while being persuasive,
rational, and logical enough to appear correct to those who
do not have the relevant information assessment. According
to [3], one of the most challenging and problematic aspects
of constructing MCQs is writing distractors rather than the
key option. The importance reflects the quality of question
items in terms of item characteristics, including item facility
and its discriminability. Many institutions use a specific type
of MCQ known as the single-best answer (SBA), in which
all of the incorrect distractors have some element of truth
but are noticeably weaker than the one correct response to
a competent candidate [21].

The fundamental goal of assessment is to determine the
extent to which students have gained the skills and knowl-
edge that characterize the educational experience’s learning
objectives. Validity is another term for solid and accurate out-
comes, and reliability is required for consistent outcomes [1],
[10]. This study compares the effects on validity and perfor-
mance observed among the multiple-choice items in Thai-
land with various options and how the number of options
in the multiple-choice items affected those changes [22].
The primary goal of using MCQs for learning is to pro-
duce durable knowledge and skills retained over long periods
and generalizable so they can be flexibly used in different
contexts. Therefore, the current study should focus on iden-
tifying the optimal number of options and varying MCQ
characteristics.

B. NUMBER OF OPTIONS IN MCQ
According to empirical research, the optimal number of
options has become vital in considering well-known stan-
dardized test settings. The previous study hypothesized that
the reliability of a test would increase with the number of
options per item where the number of items remains con-
stant [23]. Following [24], they suggested that more options
improve the reliability of the test. Thus, the general guideline
is to materialize as many options as possible [3]. However,
there is research literature determining the optimal num-
ber of multiple-choice questions using several mathematical
approaches consistent with the 3-options item. The authors
demonstrate that it is better to set the number of options as
2- or 3-options in terms of being full of information and
power under certain conditions (without concerning external
factors). In addition, they showed results in which value has
been represented in terms of improved reliability [25], [26]
and information efficiency [27], [28].

Most literature experimented with giving people different
types of options at random. As a result, it is difficult to create

test items that prevent guessing and distortion for ability
evaluation. Nevertheless, solving this research was demand-
ing because studies examined different numbers of options,
generally some combination of 5 options to 2 option items.
As the difficulty of the formats increases with the number
of options, some earlier studies claimed that the 2-option
version of the test was the most usable yet least reliable. They
concluded that three options were the optimum number [29].
However, [10] argued that reducing the number of options
caused a significant change in mean item difficulty (item eas-
ier), obviously in 2 options. The study revealed that in most
cases, reducing the number of options resulted in a decrease
in reliability due to the most significant item discrimination
index.

Additionally, with more options available for each item,
it would be less likely for someone to guess correctly, reduc-
ing the likelihood of incorrect answers. However, the problem
persisted in a study by [30] that compared the effectiveness
of 3- and 4-option items on the English university entrance
exam. They concluded that the reliability of the test was
not significantly affected by the deletion of one option and
that 3-option tests are not significantly different from their
4-option equivalents in terms of their difficulty or capacity
for discrimination. Furthermore, the difficulty of the items in
the 3- and 4-option groups was also the same. In other words,
the research showed that the 3-option MCQ performs almost
as well as the 4-option MCQ.

Since there are few options, it is more important to consider
the likelihood of successful random guessing and the magni-
tude of guessing effects, such as underestimating student pro-
ficiency. The significant arguments in favor of the 5-option
format and against the three-option format are implied by this
condition, which lowers the test results’ psychometric quality,
making them less accurate and reliable [6], [7], [8]. There
were significant changes in item discrimination ability when
there were only three options instead of five (both increases
and decreases). The most notable decreases in discrimination
were observed when only two options were available. In com-
parison, there was a notable increase in discrimination in one
instance (four to three options) [10].

Based on the existing research, there are different results
for determining the number of options in MCQ. Refer-
ence [31] stated that the 5-option format is suitable if the
distractors are well-constructed. Some arguments found that
the 4-options format is the optimal number. At the same
time, another research argued that the 3-option format is the
best number in the sense of time-consuming and easy-to-
construct functional distractors. For these reasons, different
levels of education have different capabilities for processing
information. Each type of MCQ format has its strengths and
weaknesses. It relates to item difficulty, item discrimination,
and the guessing factor. There are other matters to regard as
the number of options rises. Increasing the number of options
is an increase in challenge to the students. 2- and 3-options
are more appropriate for early levels of education, such as
kindergartens and primary schools.
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Meanwhile, students with high cognitive will handle 4- or
5-options due to the capability to process multidimensional
information. The point of the statement is between support
for 5- or at least 4-options endorsed because it is said to min-
imize the guessing effects. According to [32], [33], and [10]
concluded from the meta-analysis that using three options
provides the best balance between psychometric quality and
efficacy over tests with 4- or 5- option items. (e.g., students
can answer more 3-options than 4-options questions simulta-
neously). The researchers concluded that the 3-option MCQ
may or may not be optimal. Stakeholders should consider
several other factors in determining the optimal number of
options. However, the results of different studies are contra-
dictory. As evident in most studies, many have been provoked
by needing a firm conclusion from empirical and theoretical
findings. Therefore, it is necessary to review the practical
discussions in their favor to support their worth.

C. THEORETICAL CONCEPTS IN EDUCATION
1) CHALLENGE-BASED GAMIFICATION
Gamification is a technique that applies game mechanics to
non-game contexts in order to increase user engagement and
satisfaction. In many different fields, many definitions are
generally accepted as applying game-based thinking through
intrinsic and extrinsicmotivation to improve user engagement
and performance [34], [35], [36], [37], [38]. Gamification
is rapidly being used in educational contexts to boost stu-
dent motivation and learning outcomes [35], [39]. However,
the types of gamification that are advantageous concerning
their educational contexts still need to be further researched
in their usefulness in education. Reference [40] theory of
gamified learning states that ‘‘game characteristics influence
changes in behavior.’’ In order to support learning engage-
ment and potential relevance, this premise has been applied
to various contexts, particularly in the educational context,
for example, in a training program [41] and an educational
environment [42].

The conceptual framework of gamification mainly com-
prises three main game design elements: the dynamics,
mechanics, and components of the game (Table 1) [34].
In many educational sectors relating to statistics and stem
education, challenge-based gamification (i.e., points, lev-
els, challenges, and leaderboard) can be effectively mixed
with traditional teaching techniques such as lectures and
quizzing to increase learning outcomes [43]. Thus, gamifica-
tion designers should consider students’ profiles, as our find-
ings reveal that advantages vary depending on the qualities of
the students.

Numerous design principles have been grouped into differ-
ent categories to find a practical way to support the suitability
of gamification [36], [44]. For example, gamification based
on challenges might motivate people to work harder, feel
more accomplished, and learn more effectively. Researchers
discovered that the challenge design principle, as opposed
to other principles [45], can more readily engage various

TABLE 1. Game design elements.

players. According to a different study by [46], the game’s
challenge influenced learning and engagement favorably. The
challenge component is a moderately powerful motivator that
yields various motivational effects depending on the usage
context. Participants who attempted to answer challenging
questions during the process enhanced their learning abili-
ties under pressure and received feedback. In contrast, peo-
ple reported feeling disengaged when the level of challenge
surpassed a predetermined threshold. The authors attempt
to summarise the ideal learning conditioning when game
mechanics and elements were well-designed in this context.

2) FLOW THEORY FOR LEARNING AND DEVELOPMENT:
ZONE OF PROXIMAL DEVELOPMENT
Currently, most game designs provide the ability to adjust the
difficulty level according to the player, and individuals may
tackle increasingly tricky challenges with higher levels of
skills [45], [47], [48]. Once reaching the flow, it often implies
that the player intrinsically experiences a sense of enjoyment
and satisfaction [49]. However, the existing studies needed
comprehensive guidance for educational purposes. The claim
that traditional testing needs to be extended by assisted per-
formance has significantly impacted the assessment practice,
including dynamic assessment and adaptive systems.

Reference [50] had provided a theoretical framework on
the Zone of Proximal Development (ZPD) to assist in under-
standing and to learn [51]. The primary premise presented in
this article is that it is too complex for learners to execute
on their own but straightforward enough for them to do with
guidance. With the appropriate guidance, learning will be
more effective in this Zone of Proximal Development. Scaf-
folding is another critical component of the ZPD hypothesis
to achieve the key objectives. Reference [52] adopted the
word scaffolding to operationalize the concept of teaching
in the ZPD [53]. Scaffolding is used in ZPD to illustrate
the social and interactive aspect of instruction and learning
that occurs in the ZPD. Several noteworthy articles have
advanced theoretical understanding of the ZPD concerning
instruction [51], [53], [54], [55], [56], [57].

As stated by the researchers, ZPD has significant impli-
cations for pedagogy and learning. Based on the approach,
the goal is to set tasks that most students could solve with
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some aid. One approach to support this development is scaf-
folding, which involves structuring the concepts to be com-
prehended that encourage individuals to develop beyond and
better themselves [12]. The main goal of education from a
Vygotskian perspective is to keep learners in their ZPDs as
much as possible [58]. This situation can be achieved by
giving them exciting and culturally meaningful learning and
problem-solving tasks that are slightly more difficult. They
must work together to finish the task with another competent
peer, teacher, or adult. ZPD is defined as the gap between
the developmental level determined by individual critical
reasoning and the possible developmental level determined
by problem-solving under sufficient guidance or in collabo-
ration with more capable peers [50]. ZPD concept turns the
link between development and learning on its side, and the
critical element of learning is that it generates the zone of
proximal development, which is a necessary component of
development and can result from learning.

3) PROSPECT THEORY FOR MAKING DECISION UNDER
UNCERTAINTY FOR MCQ
Prospect theory (PT) is a theory of behavioral economics
and behavioral finance developed by [59]. Based on psy-
chophysical concepts of loss aversion where individuals felt
losses asymmetrically more than gains. Its goal is to establish
when the subject psychologically detects a change in the
physical stimulation. This condition emphasizes the notion
that humans are sensitive to wins and losses. However, most
people avoid making such a decision when given an equal
possibility of gaining or losing an equal amount. This sit-
uation implies that people are more sensitive to losses than
gains; the fear of loss outweighs gaining satisfaction.

Prospect theory has some similarities to the concept of
the expected utility function. Similarly, the value function is
evolving based on Bernoulli’s, von Neumann’s, and Morgen-
stern’s concepts derived from the expected value [60]. The
normative decision model assumes that expected utility exists
independently of probability. The utility is defined in a chance
game as the point of indifference between an inevitable and
uncertain outcome. In summary, utility is portrayed as a
subjective way of determining the significance of any given
objective outcome to a specific individual.

Prospect theory, under uncertain conditions, provides indi-
viduals with the likelihood of various outcomes and refers to
cases in which the uncertainty is due to sources other than
the decision maker [61]. For instance, in gambling, such as
lotteries. However, the decision maker’s uncertainty is rooted
in internal sources in many circumstances. For example, the
individual whomust answerMCQs from a pool of all possible
options means that people will encounter uncertainty as a
result of insufficient or untrustworthy knowledge.

This study focuses on decision-making under conditions
of internal uncertainty. It specifically investigates the effect
of framing on MCQ activity. The sequence or manner a
choice or option is presented to a decision-maker is referred

to as framing effects. This situation is necessary to select the
best option from all potential options. When the outcome of
the two alternatives is the same, the framing effect occurs.
When the options are framed differently, we prefer the one
that is more positively framed. The goal is to simplify a
choice maker’s available options. As a result, determining
and creating the available options is at the center of decision-
making.

D. GAME REFINEMENT THEORY AND MOTION IN MIND
1) GAMIFIED EXPERIENCE AND GAME PROGRESS MODEL
A general model of game refinement, based on a logistic
model of game uncertainty, was proposed by [62]. From
the player’s viewpoint, the information regarding the game
result is an increasing function of time t (i.e., the number of
moves in board games). Here, the information on the game
result is defined as the amount of solved uncertainty (or
information obtained) x(t), as given by (1). The parameter
n (where 1 ≤ n ∈ N) is the number of possible options,
x(0) = 0, and x(T ) = 1.

x ′(t) =
n
t
x(t) (1)

where x(T ) is the normalized amount of solved uncertainty.
Note that 0 ≤ t ≤ T , 0 ≤ x(t) ≤ 1. Equation (1)
implies that the rate of increase of the solved information
x ′(t) is proportional to x(t) and inversely proportional to t .
By solving (1), (2) is obtained. The solved information x(t)
is assumed to be twice derivable at t ∈ [0,T ]. The second
derivative of (2) indicates the accelerated velocity of the
solved uncertainty along with the game progress described
by (3). The acceleration of velocity implies the difference
in the rate of acquired information during game progression.
Then, a measure of game refinement GR is obtained as the
root square of the second derivative, described by (4):

x(t) =
(
t
T

)n

(2)

x ′′(t)∗ =
n (n− 1)

T n
tn−2 |t=T=

n (n− 1)
T 2 (3)

GR =

√
n (n− 1)
T

(4)

Let p be the probability of selecting the best choice among
n plausible options. As such, the definition of gamified expe-
rience is based on the notion of the risk frequency ratio or risk-
taking probability, which is defined asm = 1−p = n−1

n [63].
Then, the gamified experience is achieved if and only if the
risk occurs with parameter m ≥ 0.5, which implies n ≥ 2.
Knowing that the parameter n in (4) is the number of plausible
moves, for a game with branching factor B and length D,
n ≃
√
B is approximated where the GR is given as (5): The

GR measure has been adopted and verified in various games,
as demonstrated by previous studies [64], [65].

GRboard ≈

√
B
D

(5)
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TABLE 2. Various GR measures of several board games and sports.

For the scoring games, theGRmeasure is determined by 4.
G stand for the average goals.Meanwhile, T is the total points
or goals. GR is given as (6).

GRscoring ≈

√
G
T

(6)

In this study, the solving rate is given as v, and the solved
uncertainty of the game y(t) is an increasing function of
time t , which can be described by (7). A player may feel
informational acceleration, which is formulated analogically
to the physics formulation of motion y(t) = ut + 1

2at
2.

Since u is the initial velocity at t = 0, then (8) is obtained.
The intersection can be calculated at t = D or t = T ,
where (9) is identified as the informational acceleration that
describes the gamified experience and comfortable thrills
under consideration.

y(t) = vt (7)

y(t) =
1
2
at2 (8)

a =
2v
D
=

2v
T

(9)

Sophisticated games possess an appropriate game length
to solve uncertainty while gaining the necessary information
to identify the winner [63]. This condition can be found at
the cross-point area between (7) and (8), where a = B

D2 is
identified as the noble uncertainty zone (∈ [0.07, 0.08]) of
the GR =

√
a (or a = GR2), as previously found (Table 2).

2) MOTION IN MIND PERSPECTIVES
In Newton’s mechanics, an object’s mass defines it. In a
game, a stronger (weaker) player has a higher (lower) skill
level for handling uncertainty. This scenario suggests that
during a game, the stronger (weaker) player would encounter
lower (higher) uncertainty. Therefore, the stronger (weaker)
player is given a smaller (larger) value of mass (let’s say m).
This idea prompts the interpretation of mass (m) in game
play, which relates to the degree of a player’s challenge
while playing. In the present context, v typically refers to the
speed at which uncertainty is resolved. In contrast, m (where
m = 1− v) denotes the difficulty of solving such uncertainty.
As such, both v and m are determined by the following [63].
Let B and D be the average number of possible moves

and game length, respectively. Solving rate v is approximated

TABLE 3. An analogical link that relates physics in mind notations and its
in-game counterparts [63].

as (10), by which v is equivalent with the slope v of the game
progress model in (7). Let G and T be the total number of
goals and attempts per game, respectively. Scoring rate v is
given by (11), where the slope v of the game progress model
is in (11). Then, interpretation in the education context can
be inherently conducted. As such, v and m are defined as the
correctness rate or the rate of solving the question correctly
(capability) and winning hardness or difficulty (challenge),
respectively. Intuitively, velocity v is defined as v0, namely
‘‘objective velocity,’’ which is the individual perceived game
or activity experienced by an object.

v = B/2D (10)

v = G/T (11)

The fundamental element was measuring the mass and
velocity, enabling the derivation of force (F), momentum (p⃗),
and potential energy (Ep). Intuitively, Table 3 illustrates an
analogical link that relates physics in mind notations and its
in-game counterparts [63]. Based on such analogy, various
motions in games can be determined, where the momentum,
potential energy, and force were defined as (12), (13), and
(14), respectively.

p⃗ = m · v (12)

Ep = ma · y(t) = ma
(
1
2
at2

)
=

1
2
ma2t2 = 2mv2 (13)

F = ma = (1− v) · a and a =
B
D2 (14)

Previous works showed that p⃗ represents the player’s
growth rate determined by the different game depth and
change over time [66]. The ability of the users to play the
game is indicated in this paper by p⃗. In addition, the amount
of movement potential (curiosity) the game may transfer to
the player is reflected in the game’s energy [63]. It was based
on the concept of attractiveness toward players, like gravity
based on move potential. For the challenge in a skill-based
game to contribute to the anticipated risk (a higher m), there
must be a certain amount of anticipation. The player sees this
as motivation to move because it suggests a higher chance of
progressing in the game (high Ep), and anticipation decreases
if the player gathers enough information (i.e., results in a
desirable outcome).

By converting the quizzing activities into two different
types of quantities—game refinement (GR) and velocity
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FIGURE 1. An illustration of extended game progress model based on
solved uncertainty (y ) over time t .

(v)—this paper examines the challenge-based gamification
in relation to the various analogies of motion and its con-
servation. The quizzing activities are viewed from the per-
spective of information science as a linear amount of solved
uncertainty. The activity or the accelerated amount of solved
uncertainty (i.e.,1v) can be thought of as being gamified as a
result of adopting game refinement theory. Challenge-based
gamification mimics the 1v and 1a signals that cause vibra-
tion or jerk (j) as an activity progresses. Jerk is a metaphor for
abrupt changes in the experience of thrills and engagement
in relation to the retention of motivation [63], [64]. This
situation is illustrated in Figure 1.

Motivational engagement was defined by [67] as the
conscious awareness of motivation for a specific action.
A player’s perceptions of their ability to influence the game’s
flow and their chances of success depend on how strong
this awareness is. The study found that there are significant
contextual engagement gaps between the gaming and educa-
tional domains related to pre-gaming decisions (such as game
genres and enthusiasm for the activity) and ‘‘opposing inter-
ference force towards positive objectives’’ (such as mastering
the game and overcoming obstacles).

According to motion in mind model by [68], motivation is
related to the potential energy (Ep), which takes into account
the importance of the play’s development and the player’s
expectations. The velocity (v) and momentum (p⃗), which
stand for the rate of an individual’s development and activity,
respectively, were linked to control and focus. The progres-
sion and performance of specific students were also investi-
gated using challenge-based gamification. This circumstance
may be regarded as a prerequisite for properly analysing tran-
sition gamification in relation to the motion-in-mind concept.
Therefore, based on previous studies, a conceptual model
linking motion in mind to such psychological attributes was
constructed, as depicted in Figure 2.

3) VARIABLE RATIO (VR) SCHEDULE AND WINNING
HARDNESS (m)
The highest response rate was discovered to be variable-ratio
(VR) [69], indicating that regular and straightforward rewards

FIGURE 2. The conceptual model of engagement and addiction by [68]
adopting challenge-based gamification.

for performing one thing are not the best strategy to elicit the
intended behavior. The effectiveness of such a schedule can
be increased by randomly changing the reward after various
tasks. In VR schedules, the parameter N shows the average
reward frequency, where 1 < N ∈ R.
In this study, winning a game corresponds to obtaining

a reward. It implies the game length, D in board games
(total number of ply), and scoring games (total points or
goals). Hence, N = D or N = T , implying a general form of
reward frequency of the game’s winning rate. Based on this
notion, the winning rate v0 and winning hardnessm is defined
by 15. This study adopts an MCQ paradigm based on the VR
schedule to establish the link between learning and playing.
This approach utilizes motion-in-mind measures to propose
the underlying relationship between the VR schedule and the
number of options (N ) in the MCQ.

v0 = 1/N (15)

E. OBJECTIVITY AND SUBJECTIVITY USING LAW OF
CONSERVATION
It has recently focused mainly on a possible link between the
motion in mind in several contexts [43], [70], [71], the goal is
to find a link among all that the motion in mind may cover all
theories as a grand unified theory. People’s behaviors would
tend to maximize the comfort in mind, establishing a behav-
ioral pattern as culture [68]. It indicates the area of comfort
in mind in various contexts based on the interpretation of
solving hardness m to the player’s ability k .

The objective velocity v0 and mass m are the winning
rate for the objective and hardness rate, respectively. Velocity
v0 holds on the function of mass m, given by the equation
v0(m) = 1−m, which k equals 0 (i.e., perfect player). Based
on the interpretation of solving hardness m to the player’s
ability k , the subjective velocity of the player (or individual)
with ability level k is denoted mathematically as (16).

vk (m) = (1− km) · v0 (16)

The subjective velocity vk is varied by ability level k . The
larger k means the player has less ability, while the smaller k
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means the player has a higher ability. The subjective velocity
will become zero when the player’s ability holds at k = 1

m
relative to massm. As previously defined, potential energy Ep
(or E0) will be maximized at m = 1/3, so when considering
typical board games like chess and Go, we reasonably assume
k = 3. However, when considering sports games, k =
4 might be more reasonable. The illustration of motion in
mind measurement has shown in Figure 3(a) and Figure 3(b).
Based on the interpretation of m to the player’s ability k , the
subjective energy Ek of the player (or individual) with ability
level k is denoted mathematically as (17), representing the
people’s engagement from the subjective point of view.

Ek (m) = 2mv2k (m) (17)

The comfort in mind could be evaluated by the total energy
in mind, namely E . Several comforts in mind in various
contexts have been investigated while considering the mass
m and new measurement 1k , which is given by the absolute
difference between objective and subjective reinforcement.
Masters and beginners should widely play the popular game
at that time/era in its history. It postulates that the objective
reinforcement meets the subjective reinforcement (E0 = Ek )
to be mass entertainment at m = 2/k , where m stands for the
mass of the popular game under consideration. When assum-
ing k = 3, the border is m = 1/3 and m = 2/3, respectively,
which looks well-balanced (play comfort) in popular games
such as Go, Chess, and Shogi. The reinforcement difference
(1k ) can be depicted as a curiosity. The motion-in-mind
concept depicts three areas based on the mass criterion m.
The conjecture can be defined as follows.
Conjecture 1 (Interpretation of m With Respect to the

Reinforcement Difference): The first is the known (or solved)
are 0 ≤ m ≤ 1/k , where implementing fairness/equality
is essential. The subjective velocity vk would become zero
when m = 1/k , where, 1k (= E0 − Ek ) will be maximized.
The second is the learning area 1/k ≤ m ≤ 2/k , where
people are roused to learn. The third is the play (or emo-
tion/entertainment) area 2/k ≤ m ≤ 1, where people enjoy
playing activities with specific emotions.

One essential characteristic is that learning comfort holds
the objective reinforcement E0 dominating over the subjec-
tive one, so knowing the game-theoretical value or solving
uncertainty is optimized. In the learning context, individuals
would feel highly engaged at the peak of 1k (= E0 − Ek ).
It thus implies incorporating challenge-based gamification.
Then, motion in mind measures such as vk will general-
ize δk , representing the competitiveness. People would feel
comfortable at m = 1/k due to full social equality (social
comfort) [70]. Smaller δk (high competitiveness) corresponds
to less motion of game score or stable/deterministic. δk is
maximized at m = 1/2 in every k where people would
feel comfort due to its fairness, namely δk = 0. Larger δk
(low competitiveness) corresponds to the greater motion of
the game score or unstable/stochastic. It implies that a game
depends on δk = kmv0 (momentum of play) or the balance
between skill and chance.

By the way, a certain degree of competition may be incor-
porated and varied in each society. Then, inequality or dis-
parity issue happens as well. The critical point is to use the
difference between objective and subjective ones as mea-
surements. The objective aspect is essential in the ordinary
context, like the physics of nature. At the same time, the
subjective one is essential in the mind’s perspective, but it
cannot be measured in solitary. This condition implies why
the difference would be employed as a reliable measurement.
When focusing on competition, it is reasonable to assume
that society is less competitive than competitive games and
that educational games or gamification would be intermedi-
ate between society and competitive games. Go, and sports
games would be typical examples, where mass m holds at 1

3
to 1

2 (approximately k = 3 and 4).

III. METHODOLOGICAL ASSESSMENT AND RESULTS
The participants of this study were 48 senior high school
students within the age range of 15–18. Theywere voluntarily
recruited with a declaration to find the participants whose
qualifications matched the study, and written consent was
obtained. The participants attended private schools in Thai-
land. They received two to five hours of English education
every week as part of their compulsory education. Although
under the current pandemic and the school’s regulations on
the ethical conduct of research, approval for the participants
was sought from and granted by the Associate Dean and coor-
dinator staff. In this study, we followed the directions that all
participants must be informed and highlighted all the negative
and positive effects during the consent procedure, including
proclaiming the objectives and Nature of the research also,
the workflow of the research, and expected results were
explained to the participants [72], [73]. Although voluntary
participation was voluntary, the overall sample was selected
based on the participants’ pre-performance, which achieved
the standard score to apprehend the English structure and
validate the results.

Two primary indices are used to systematically evaluate the
effectiveness of individual items in a norm-referenced test:
item difficulty and item discrimination. This study employs
the classical test theory (CTT) model rather than other test
theories (e.g., Item Response Theory) because this theory is
viewed to be more flexible and trustworthy. It was employed
in various situations [18], [74]. Participants took 300 MCQ
items, including 3-, 4- and 5-options. MCQ in the item
pool that was used in the study was gathered from TOEIC
test examinations from Cambridge’s, Oxford’s, Barron’s, and
Longman’s textbooks. In each test, the item stems were iden-
tical. Participants were encouraged to respond to all items,
even unsure ones. Although they did not know the feedback
of their responses and could not indicate correct responses at
the time, only total points were given, to avoid a recall and
rote memory that may burden the quality of results.

According to literature from [32], [75], and [76], stan-
dard MCQs have presented 4 or 5 options for high-stakes
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FIGURE 3. Measures of motion in mind for k = 3 and k = 4.

assessment. At the same time, 3-optionMCQs are advised for
classroom-based assessments and achievement tests requir-
ing more knowledge to be taught in a short period. Our
proposed experiment was thus that of a standardized external
examination. A time limit of 30 minutes was provided as a
baseline in the variation of MCQ sections. An example item
is illustrated as Example 1.
Example 1: This is the example of the cloze test question

used in this study.
Stem: Being a wise politician, Mr. Brown tends to reserve

his . . . . . . . . . . . . . till he knows all the facts.
Key & Distractors

(A) benefits
(B) bookings
(C) appearances
(D) judgements

A. ITEM ANALYSIS
Item analysis is essential in improving items and eliminating
ambiguous ormisleading items in a single test administration.
CTT provides a simple and intuitive approach to item anal-
ysis [77]. It utilizes nothing more complicated than propor-
tions, averages, counts, and correlations. For this reason, it is
helpful for small-scale exams or uses with groups that do not
have psychometric expertise [78]. As mentioned, CTT quan-
tifies item difficulty for dichotomous items as the proportion
(P value) of test takers correctly answering it. Another psy-
chometrics is item discrimination, which we use to discrim-
inate among test takers. Suppose the item is substantial and
measures the topic well. As part of our experiment, a purpose-
ful mix of 3-options to 5-options MCQ was selected from the
item pools. The classical test theory arbitrarily categorized
criteria for determining easy, moderate, and difficult items.
The theory quantifies item difficulty and discriminability by
the item’s scores to the test’s total score.

1) ITEM DIFFICULTY AND DISCRIMINATION
Question items in the pool combined 77 items of 3 options,
170 items of 4 options, and 53 items of 5. Participants are

asked to complete all question items. The item difficulty is
merely the percentage of participants who answer an item
correctly. In this case, it is also equal to the item mean, which
can be calculated by dividing the number of participants
by the total number. The item difficulty index ranges from
0.00 to 1.00 (or 0 to 100%); the higher (lower) the value,
the easier (harder) the question. In this study, we define that
all the question items are marked dichotomously. Participants
will achieve one point for the best single correct answer and
no point for choosing distractors (incorrect answers).

Table 4 visualizes the scores achieved by the 3-option
group were higher than those of the 4-option group, which
were more significant than those of the 5-option group.
We arbitrarily classify item difficulty as easy if the index
is 75% or above, moderate between 51 and 74%, and hard
if it is 50% or below. Moreover, it displays the difficulty
index values based on the proportion of the number of correct
answers in each session against the total number of partici-
pants. From the analysis, the test consisted of 33 easy items,
160 moderate items, and 107 difficult items. In deeper detail,
all 33 easy items are accumulated from the 3-options group;
160 moderate items are accumulated from 44 items from the
3-options group, 106 items from the 4-options group, and ten
items from the 5-options group. Also, 107 moderate items
are accumulated from 43 items from the 4-options group and
64 from the 5-options. This condition implies evidence that
the difficulty of test items relies on the number of options,
a tendency for the 3-option items to be easier than their
5-option.

The procedures have traditionally been used to compare
item responses to total test scores using high and low-scoring
groups of students. To be clarified, participants were divided
into higher and lower ability groups of 27% each for vari-
ous options formats, in which upper and lower groups are
counted as 12 and 12, respectively. A discrimination index
(DI) was established for each item based on the number of
correct answers in the upper group less the number of correct
answers in the lower group, with the product divided by the
participants in each of the higher and lower groups. This study
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TABLE 4. Difficulty indices and discrimination indices on our proposed
question items.

classifies item discrimination as good if the index is above
0.30, fair between 0.10 and 0.30, and poor if it is below 0.10.
Items with negative indices should be examined to determine
why a negative value was obtained. For instance, the item
was a mistake, or participants may need clarification, but
they respond correctly. Table 4 also shows that 254 items
hold strong discriminability, 27 hold fair discriminability, and
19 hold poor discriminability. This condition implies the evi-
dence that the discriminability of test items relies on the num-
ber of options, a tendency to guess or misunderstand the
item’s key increases, as well as the number of options and
difficulty.

2) VALIDITY AND RELIABILITY
The MCQs validity consideration of this study was primarily
aimed at showing that the construct being measured by the
experimental tests was broadly similar to that measured by
the Reading Part 5 of the TOEIC test. It consisted of 30 items
and was therefore confined to comparing the correlations
between the overall scores of the 48 participants, the three
types of multiple choice format in the TOEIC test, and their
experimental multiple choice test scores. Initially, the TOEIC
test consists of 4 options, and test takers are asked to choose
the single best answer among all options. The test result will
be used as criterion reference data against which comparison
of the experimental tests.

Based on the number of question items in the experiment,
the score of each session is generalized into a percentage to
calculate the correlation between the two tests. First, Pear-
son’s correlation is introduced to determine the correlation
coefficient between practice and experimental tests. Then,
the correlation coefficient (r score) and significance p-value
were calculated. From Table 5, the correlation coefficients
between the 4-options MCQs TOEIC in the reading part and
their respective scores in the three experimental tests were
all significant at the 0.00001 level. The 3-option format had
the lowest value, while the 4-option group had the high-
est because the criterion reference test was in the 4-option
format.

Moreover, Cronbach’s alpha is an essential tool for mea-
suring the strength of internal consistency. This tool refers

TABLE 5. Concurrent validity based on correlation between TOEIC and
scores in our proposed MCQ, and KR − 20 reliability coefficients of the
experimental tests.

to how closely a set of items are as a collective, typically
associated with measuring scale reliability. In other words,
it is defined as the purpose of the number of items in a test,
the average covariance between pairs, and the total score
variance. They are widely used to quantify the reliability of
reporting research scales and survey questionnaires. An anal-
ysis known as the Kuder-Richardson 20 formula (KR − 20)
can be conducted to determine the reliability of the scale,
computed in a binary form (between 0 and 1) [79].

This index checks the internal consistency of measure-
ments with dichotomous choices. Cronbach’s alpha is usually
reported in scales ranging from 0-1, with the larger values
representing more reliability. Inherently, α ≥ 0.7 is usually
considered acceptable, while too high a value (α > 0.9)
indicates a homogeneous test. The coefficients KR − 20 for
the three formats were tabulated in Table 5. The coefficient
for the 4-options format is the highest, while the 5-options
format is the lowest. However, all coefficients are situated
above 0.7, which is acceptable. The coefficients for the
3-option and 4-option formats were very close, lying between
0.87 and 0.89. The coefficient for the 5-option format was
lower, mainly due to the small number of items and more
considerable variance among the scores.

B. VARIATION OF NUMBER OF OPTIONS IN MCQs
On this basis, the chance rate in MCQ is aligned with the
terminology of guessing, which calls the guessing rate equal
to 1/N , where N is the average ratio of the number of
options. This condition means that the average of N plausible
options in the test would be the correct answer. For example,
the probability of choosing the desired response by random
guessing decreases from 0.5 for 2-options items (i.e., true or
false) to 0.33 for 3-options MCQ to 0.25, 0.20, and 0.17 for
4-,5-, and 6-options items, respectively. The chance to answer
correctly depends on the number of options. The deeper detail
claims that only two possible correct or not scenarios exist.
This condition implies that the success rate is defined as the
number of correct answers over the total question items.

The analysis of the number of options in MCQ focuses on
the optimal number of options required for each context. This
study commencedwith two game progressmodels introduced
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TABLE 6. Motion in mind measures of three experimental
multiple-choice question formats based on the partial knowledge.

by [63] and [65], where the number of options in the test can
be reduced by gaining knowledge. The intuition is based on
the transition of the chance-based scenario to a skill-based
scenario. This condition corresponds to the move selection
model in board games. However, examination, test, or quiz
are the assessment method that evaluates performance based
on the score. This situation corresponds to the score progress
model, usually used in sports games.

Assuming that participants have partial knowledge of
English subjects, the data collection was conducted through
raw data of n = 48 participants. The measure based on the
motion-in-mind model was conducted to compute all data.
First, it was found that the least successful was the 5-options
format (v0 = 0.33). Then, the most successful one was the
3-options format (v0 = 0.73). Finally, the 4-options format
is considered the midpoint between the two with the success
rate of v0 = 0.53. Table 6 illustrates the experimental data on
the motion in mind values of v0, m, p⃗, E0, and N .

For the 3-options format, the objective energy, momentum,
and average options were E0 = 0.2876, p⃗ = 0.1969, and
N = 1.4, respectively. This result indicates that participants
will encounter the MCQ event with similar options. This
condition means that participants could achieve more than
70% of correct responses. For the 4-options format, the E0 =
0.2629, p⃗ = 0.2492, and N = 1.9. This situation means
that the event is close to having a chance to select one out of
two plausible options, where ability and chance are balanced.
For 5-options format, the E0 = 0.1513, p⃗ = 0.2238, and
N = 3. This condition implies that three out of five options
must be successful. It indicates that the event is equivalent to
guessing among three options, where participants can achieve
more than 33% of correct responses. Figure 4 illustrates the
motion-in-mind measure of mass (m) when k = 3.
The experiment was validated by running it using AI simu-

lation written in Algorithm 1 to perform the test from our pro-
posed question items. The motivation for experimenting with
several approaches to the multiple-choice tests is because its
characteristics develop and originate from guessing termi-
nology. It interprets the success rate as the probability for
an individual answer the test correctly. The outcome relies
on the individual ability and branching factor, which is the
number of options. The results of the velocity (v0) for each
multiple-choice question format using our proposed agent
model are given in Table 7. The agent’s algorithm followed
the guessing terminology, in which the agent will be assumed
to have partial knowledge of the questions. Then, the agent
will counter the questions by trying to guess based on the

probability of each option. To simplify the calculation and
given that we deal with hypothetical questions, we bound
the ability level of the agent to not knowing at all. For this
case, the probability of being correct equals to 1

N , where N =
the number of options. The probability of being correct with
partial knowledge is greater than 1

N → 1. The results were
collected from analysis and 2400 simulation rounds, where
the v0 was computed based on different ability levels of the
agent.

Algorithm 1MCQ AI With Various Level of Knowl-
edge
Data: Assign key option with 1 points, question items
v0:= success rate;
initialization;
sample← 2400;
N ← 300;
totalPoints← 0;
for x ∈ Sample do

Sum[x]←− 0;
for y ∈ N do

p1← randomProbability() ∈
[0.33, 1] ; /* 3-options */
p2← randomProbability() ∈
[0.25, 1] ; /* 4-options */
p3← randomProbability() ∈ [0.2, 1]
; /* 5-options */
keyOption()← {p1, p2, p3 } ;
A[y]← selectedOption() ;
if 1 ∈ A[y] then

Sum[x]← Sum[x]+ 1;

Sum[x]← Sum[x]+ 0;

totalPoints← totalPoints+ Sum[x];

avg← totalPoints
sample ;

v0←
avg
N ;

return v0;

Table 7 delivers the experimental results of 3-, 4-, and
5-options formats incorporated in MCQ. The procedure
of the experiment was similar to the investigation in pre-
measurement. It was conducted in a test set used before,
which identical question pools and the number of questions.
In the case of partial knowledge, a random participant might
take the outcome beyond the pure guessing strategy. This
situation corresponds to how the options might be reduced
to a small number while applying the knowledge. Based on
the guessing terminology, the chances of successful random
guessing with a 5-options format, the degree of likelihood of
success is 20%; with 4- options, it is 25%; and with 3-options,
it is 33.3%. By random participants, the chance of being
correct in the 3-, 4-, and 5-options format increases from
0.33 to 0.61, 0.25 to 0.49, and 0.2 to 0.41, respectively. With
the reduction of the number of optionsN , the success rate (v0)
also improved. Such results determine the optimal number of
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FIGURE 4. Measures of motion in mind with indicator of N for k = 3.

TABLE 7. Motion in mind measures three multiple-choice question
formats between human data and simulation data.

options for participants to receive the desired outcomes. The
human and simulation data results have framed a margin of
the average number of options from N = {3, 4, 5} (without
knowledge) toN = [1.5, 3] (partial knowledge) for 3-,4-, and
5-options, respectively.

C. VARIATION OF SETTINGS IN MCQs
1) CHALLENGE-BASED GAMIFICATION VIA TIME PRESSURE
This experiment allowed the participants to be reinforced
by challenges and changed individual actions toward risk.
Time pressure can change individual behavior and positively
and negatively impact students’ performance, which discerns
potential learning and engagement. It is hypothesized that
the impact of time pressure would shrink the difference
between students in the upper and lower group. In Table 8,
the quantitative measure by using the motion-in-mind model
was provided comparatively for two groups; 30 minutes
group (pre-measure) and 15 minutes group (post-measure)—
the experiment was conducted for 3-options, a 4-options,
and 5-options formats. The number of question items was
fixed at 30 items. The flow of experiments begins with the
pre-measure experiment (30 minutes group), followed by the
post-measure experiment (15 minutes group). The difficulty
level of question items for both experiments is identical by
positioning at a moderate level, but the question stems are

TABLE 8. Motion in mind measures of three multiple-choice question
formats with time pressure from t = 30 to t = 15 minutes.

different. When computing the measurement, it can be
observed that both experimental groups have disparity. Par-
ticipants perform better in ample time, while time pressure
reduces overall performance. However, the game refinement
value of the time pressure group nearly converges to the
sophisticated zone of (GR ∈ [0.07, 0.08]), which implies the
magnitude of the thrilling sense.

For the 3-options format, the results depict the objective
velocity (v0) of 0.654 and 0.366 for t = 30 and t = 15 min-
utes, respectively. The objective energy (E0), momentum (p⃗),
and the average number of options (N ) were 0.296 and 0.169,
0.226 and 0.232, and 1.5 and 2.7, at t = 30 and t = 15 min-
utes, respectively. Meanwhile, the v0 reduces to 0.5535 and
0.259 at t = 30 and t = 15 minutes, respectively, for the
4-options format. Its E0, p⃗, and N also change to 0.2736 and
0.0994, 0.2471 and 0.1919, 1.8 and 3.8, respectively. For the
5-options format, the results showed that v0 at 0.356 and
0.644 when t = 30 and t = 15 minutes, respectively. At the
same time, E0 was 0.163 and 0.073, p⃗ was 0.229 and 0.170,
and N was 2.8 and 4.6, respectively. Curiously, the changes
between the option format showed that when t = 30, v0 tends
to reduce with increasing options while reciprocating when
t = 15—however, other quantities responded as expected.
Additionally, the GR values were calculated to investigate

the attractiveness of the gamified test. Figure 5 depicts score
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FIGURE 5. An illustration of guessing progression with with changes in score (G) and its difficulty (1v ) over total
score (T ).

progression with changes in the score (G) and its difficulty
(1v) over the total score (T ) in each test format applying
time pressure. The results from the illustration present a
suitable configuration for the gamified test, which, assuming
the correct response, rewards 1 point. The total scores would
be approximately 131, 92, and 78 for 3-options, 4-options,
and 5-options, respectively. Because the number of questions
was fixed, GR values are determined by the total time spent
on the test, which explains the variation in mass (m). Reduced
time or input time pressure affects the increase of m, and
participants can evaluate themselves in the proper test length,
explaining the drop in GR. As shown in Table 8, the results
indicate that time pressure lowers the success rate (v0) while
GR emerges gamified experience. Such a situation is similar
to the game design principle that time pressures characterized
the test to become more stochastic, similar to gameplay.
Together these results provide important insights into the
goal of gamification, which suggests an impact on student
engagement.

2) SCAFFOLDING IN MCQ
Effective learning will engage students in a productive strug-
gle that challenges but does not frustrate them. One approach
by [80] advocates keeping students in a Zone of Proximal
Development (ZPD) by pushing beyond individuals’ growth
mindset. Another scholar allows the participants to request
and ask for support by hints and keep individual effective
learning to struggle with novel difficulties [81]. The scaffold-
ing technique would stretch the potential of learning beyond
the level the participants can do on their own. One feature of

TABLE 9. Motion in mind measures three multiple-choice question
formats with exclusion and inclusion of scaffolding.

assessing the scaffolding technique is that it allows partici-
pants to learn to execute these tasks independently. It imme-
diately follows that giving students themost challenging tasks
they can accomplish with scaffolding resulted in substantial
learning gains.

In Table 9, we provide the quantitative measurement by
using motion in mind comparatively for two groups of adap-
tive difficulty; scaffolding inclusion (Inc) and exclusion (Exc)
— the number of question items was fixed at 30. Participants
are asked to complete the test separately in 15 minutes for
the first part and 15 minutes for the second part (t1 = 15,
t2 = 15, t = t1 + t2 = 30). The experiment will distribute
five items for the 3-options format, five for the 4-options
format, and five for the 5-options format in the first half of
the adaptive test; the rest will be distributed depending on the
performance of the first part. The experiment flow has been
inspired by the Computerized Adaptive Test (CAT), which is
more suited to execution at the initial stage of studying the
topic to diagnose the student’s initial level of knowledge, and
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further improvement by presenting tasks of optimal difficulty.
There are now three possibilities for creating an algorithm for
an adaptive system [82]. First, the pyramidal approach was
used as a criterion, where each student was given a medium-
difficulty task. Then, based on the response, the following
assignment is generated, the scale of which is lower or higher
by two times [83].

This study generalized the adaptive algorithm to be a sim-
pler version by operating moderate-level question items to
participants. Evaluation criteria depend on the performance
of the first part; the second part is formed by shifting dif-
ficulty, which is easier or harder. For example, the adaptive
system would distribute more accessible question items if the
performance was below a lower bound. Likewise, the adap-
tive system will distribute more challenging question items if
the performance is above an upper bound. This study’s upper
and lower bounds were specified at 75% and 50%, respec-
tively. When computing the measurement, we see that the
inclusion of scaffolding significantly improves knowledge
even in challenging tasks, which explains a decrease in N .
The adaptive system will provide a practical challenge to
the participants to enable the zone of proximal development
process. This condition implies that the result from the first
part certainly improves in the second part. The objective
velocity v0 will increase in the second part; also, the velocity
will be improved if the participants gain knowledge, which
observes in the inclusion of scaffolding. The results depict
v0 = 0.573 andN = 1.7 (Exclusion), while v0 = 0.0.672 and
N = 1.5 (Inclusion). These effects indicate that inclusion is
better for novice-level participants when we assume ability
level k = 3.

3) HYBRID SYSTEM
Per our hypotheses, learners can maximize their learning
potential if we assign a task at the further limits of their
ZPD. It might depend on the challenge and support, which
affect learning potential and engagement [55]. The properties
of challenge-based gamification and scaffolding can sharpen
massm in either increasing or decreasing based on the motion
in mind concept. This experiment allows the participants to
request and ask for support through hints and keep indi-
vidual effective learning to struggle with novel difficulties.
However, participants were reinforced by time pressure to
observe the concurrent situation’s impact. The scaffolding
would extend potential learning beyond the level, whereas
time pressure will maintain the balance between skill and
chance as the goal of gamification. The finding allows us
to see the impact of both learning and engagement aspects.
Table 10 provides the experimental data of variation of MCQ
by time pressure, scaffolding, and the hybrid system. The
results show a practical cycle of emotion and performance
state, in which the mass m will shift between arousal and
control zone following the flow theory. This situation enables
the final approximate above the flow zone, which implies
optimal arousal. These views surfaced mainly concerning

TABLE 10. Motion in mind measures three multiple-choice question
formats with all variations.

ZPD, where the challenge level corresponds to the individual
ability. As a result, the hybrid system maintains the scoring
rate v0, which is related to the fairness perspective, which
explains a balance between skill and chance.

The results depict the refinements of velocity v0 to 0.49.
The objective velocity v0 aligns at the point where a test
taker is required for assistance to tackle more challenging
problems. In addition, reward frequency N became 2, which
means the participants have to choose between incorrect and
correct options. This condition shows that momentum would
be 0.249, which implies fairness in the participant perfor-
mance. When k = 3, m is located in the boundary between
social comfort (m = 1

3 ) and play comfort (m = 2
3 ), which

defines the hybrid system’s learning potential. If novice par-
ticipants joined, theywould gain knowledge from this system.
The value of massm satisfies that participants with k ∈ [2, 4]
are reasonable for the hybrid test due to its simplicity in
prolonging learning and achieving mastery.

D. VARIATION OF SCORING METHODS IN MCQs
The traditional scoring rule for multiple-choice questions is
the Number of Right (NR) rule, in which the test score is
simply the number of correct responses multiplied by some
constant. Initially, a considerable concern with this rule is
the guessing of responses. A guessed answer may be valid.
Therefore, test takers can achieve points for questions even if
they have yet to learn the answer. In addition, guessing adds
random falsehood to the variability of the test score, which
downsizes the reliability of the test. Many possible scoring
rules can eliminate and reduce the guessing effect in MCQ.

Generally, Scholastic Aptitude Test (SAT) has applied the
scoring rule, subtracting points for incorrect answers. Fur-
thermore, no points are accounted for omitting a question.
This condition allows participants to guess than omit an
answer if they have partial knowledge. Under uncertain situ-
ations, some factors affect decision-making and the response
to answers. This situation relates to the general terminol-
ogy of decision-making based on prospect theory [59]. The
basis originated from a descriptive model of risky choice,
which integrates expected value and utility theory. This aspect
leads to preferences that depend on the ‘framing effect.’
If an outcome is considered as a gain, decision-makers
will be risk-averse to maintaining their outcome. Otherwise,
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decision-makers will be risk-seeking to solidify their results
if an outcome is regarded as a loss.

The proposed experiment aimed to demonstrate that the
‘framing effect’ increases participants’ tendency to guess
answers in MCQ. We conducted two scoring methods: the
positive and mixed rules. In all experiments, the dominant
strategy was to answer, even without knowledge. This situ-
ation implies that the experiments were conducted assuming
that the expected guessing score equals the expected score
of omitting. Individuals have some knowledge, and then the
probability of choosing the correct answer is > 1

N , and
the expected score for guessing will necessarily be greater
than 0. They might omit or guess according to their current
conditions if faced with challenging questions.

For the mixed rule, the scoring rule is that 1 point is given
for a correct response, 1

N−1 points are deducted for each
incorrect answer (where N denotes the number of options),
and no points are gained or lost for omitting a question. On the
other hand, positive rules prevent the deduction of points for
incorrect responses; 1 point is given for a correct response,
1
N points are provided for each omission, and no points are
given for an incorrect answer. Nonetheless, the two scoring
methods result in distinct score framing since the mixed rule
includes both gains and losses, whereas the positive rule only
incorporates gains.

Based on the prospect theory, the tendency to guess is
affected by the framing effect, which can be manipulated
through how test takers achieve the score. The simple strategy
is to try to achieve higher scores as much as they can until it
reaches the particular point where the framing effect is active.
This experiment compared the tendency to answer question
items for three relevant rules; the number of rights (NR), Pos-
itive, andMixed. The results from the NRwere obtained from
the previous experiment, both human and simulation data.
Table 11 shows the positive and mixed rules from the exper-
iment with human and simulation data results (by running
Algorithm 2 andAlgorithm 3).We found that the positive rule
provides the best success rate, while the mixed rule provides
the least success rate v0. According to Table 11, there was
a significant difference among scoring methods. Regarding
reward frequencyN= 1

v0
, it was found that participants faced a

comfortable way in the positive rule since there was no deduc-
tion, then they would consider less choice with the minimal
risk. This situation affects the number of options during test
taking. The guessing effect depends on the individual’s risk
aversion or seeking requirement since framing effect results
are potentially vital and may be challenging to eliminate.

IV. DISCUSSION
This study suggests that the number of options in MCQ
suits the individual at different levels of ability, the impact
of various styles of MCQ by incorporating gamification and
scaffolding, and optimal strategy in the variation of scor-
ing methods. Furthermore, since the motion-in-mind concept
also contributed subjective and objective numerical results,
the methodology could be strengthened to incorporate human

Algorithm 2MCQAIWith Various Levels of Knowl-
edge in Positive Scoring
Data: Assign Key Option with 1 point, Distractor

with 0 point, question items I
v0:= success rate;
initialization;
Sample← 2400;
I ← 300;
N ← {3, 4, 5} ; /* 3, 4, 5 options */
TotalPoints← 0;
for x ∈ Sample do

Sum[x]←− 0;
for y ∈ I do

p1← randomProbability() ∈ [0.33, 1]
; /* 3-options */
p2← randomProbability() ∈ [0.25, 1]
; /* 4-options */
p3← randomProbability() ∈ [0.20, 1]
; /* 5-options */
keyOption()← {p1, p2, p3};
if p1 or p2 or p3 ≥ 0.33 or 0.25 or 0.20 then

A[y]← A Selected Option;
if 1 ∈ A[y] then

Sum[x]← Sum[x]+ 1;
else

Sum[x]← Sum[x]+ 1/N ;

else
Sum[x]← Sum[x]+ 0;

TotalPoints← TotalPoints+ Sum[x];

Avg← TotalPoints
Sample ;

v0←
Avg
N ;

return v0;

and simulation data to overcome some of the method’s lim-
itations. First, we observed and computed the psychometric
properties of our question items. Then, item analysis was
conducted by classical test theory to determine the difficulty
index of each item and test and compute the discrimination
index between high-cognitive and low-cognitive participants.
Lastly, this study verifies the validity and reliability using
Pearson’s correlation coefficient and Kuder-Richardson 20
Formula (KR− 20), respectively.
Our proposed questions are considered functional items,

which explains the difficulty index and discriminability.
Comparisons of the difficulty index in three formats deliv-
ered significant differences with a general tendency for the
difficulty of these formats to increase with the change from
3-options to 5-options observable. Results indicated that
more than 50% of question items are moderate, while most
5-options items are difficult. This condition supports that
the larger number of options items were consistently more
difficult than the fewer options. The change in the number
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TABLE 11. Motion in mind measures the variation of scoring methods between human and simulation data.

Algorithm 3MCQAIWith Various Levels of Knowl-
edge in Mixed Scoring
Data: Assign Key Option with 1 point, Distractors

with - 1
N−1 point, question items I

v0:= success rate;
initialization;
Sample← 2400;
I ← 300;
N ← {3, 4, 5} ; /* 3, 4, 5 options */
TotalPoints← 0;
for x ∈ Sample do

Sum[x]←− 0;
for y ∈ I do

p1← randomProbability() ∈ [0.33, 1]
; /* 3-options */
p2← randomProbability() ∈ [0.25, 1]
; /* 4-options */
p3← randomProbability() ∈ [0.20, 1]
; /* 5-options */
keyOption()← {p1, p2, p3};
if p1 or p2 or p3 ≥ 0.33 or 0.25 or 0.20 then

A[y]← selectedOption();
if 1 ∈ A[y] then

Sum[x]← Sum[x]+ 1;
else

Sum[x]← Sum[x]+ 0;

else
Sum[x]← Sum[x]− 1

N−1 ;

TotalPoints← TotalPoints+ Sum[x];

Avg← TotalPoints
Sample ;

v0←
Avg
N ;

return v0;

of options affects the overall item performance, suggesting
that the number of options in MCQ is a significant factor
in influencing test construction. Likewise, the discrimination
analysis found no significant difference in overall items; only
19 indicated poor discriminability. The number of options
affects the guessing rate whenever the difficulty level of each
question is higher than individual ability. These results verify
the practicality of our question items, which could be proven
by item analysis.

The comparison of concurrent validities based on the
TOEIC score found no significant differences between the
correlations with the experimental test scores derived from
the MCQ. However, a high correlation was found for the
4-options test compared to the 3-options and 5-options for-
mats. Also, internal consistency was ensured, determined by
KR − 20. There were some significant differences in the
KR−20 reliability coefficients of the three formats. Primarily,
the 5-options format provides the least KR − 20 reliability,
with the coefficients for the format relatively lower and more
widely spread due to the lower number of items on which the
calculation of the coefficients was founded. These findings
align with the previous studies [10] and others, that number
of options reflects the impact in terms of validity, reliability,
and difficulty.

A. THE OPTIMAL NUMBER OF OPTIONS IN MCQ
This study is to determine the optimal number of options
in MCQ and the characteristics of test formats by compar-
ing human and simulation data. We conducted 3-options,
4-options, and 5-options formats starting from the traditional
way to variation of MCQ. The finding indicates that the
optimal number of options depends on learners’ knowledge.
Increasing the number of options generally decreases the suc-
cess rate, which implies difficulty in the learner aspect. Due
to random choice options in simulation, the algorithm tends
to produce varying results based on the individual’s ability
level in each stem. There is a difference between human and
simulation data since the ability level of participants might be
higher than the standard. In practice, if a skillful participant
encounters a challenging question, a participant will seek
to solidify the optimal strategy by avoiding guessing in the
risk situation with unclear information to enlarge their score
margin. This condition implies that the process generates
the outcomes depending on the initial individual condition,
ability, and risk assessment. It relates to the nature of the
motionmind concept, which increases inm value. At the same
time, it simplifies understanding the subjective matter more
deeply to strengthen the motion-in-mind concept.

The motion in mind measures indicated significant shifts
between the success rate v0 of 3-options, 4-option, and
5-options formats when applying knowledge. According to
the guessing terminology, the small number of options would
be a good choice for the beginner level. Two options are
typically stochastic events where people have a half chance
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to achieve a correct response. The results indicated that
the 5-options format is the most challenging MCQ format.
In other words, the study’s results suggested that increasing
the number of options in MCQ to 4 and 5 made the test
more complex, like expanding the reward frequency. With
a decrease in the number of options, the test became eas-
ier (fewer options and greater chance rate). Fewer options
result in a relatively more straightforward test because there
is a higher chance of selecting the correct responses [84],
[85]. Significantly, this would be much easier if individuals
avoided blind guessing and adopted educated or informed
guessing due to their partial knowledge. Using more options
decreases item and test scores in plausible distractors, sim-
ilar to our question pools. Participants’ scores significantly
reduced when the number of options increased. This condi-
tion relates to the motion-in-mind concept where the success
rate v0 decreased due to the difficulty increase m. How-
ever, it will be effective in the case of a well-prepared
MCQ in terms of discriminability and reliability; then,
3-options would be good enough and perform as the 4-options
format.

The results of this study verify the findings regarding the
number of options inMCQ that test takers preferred 3-options
for assessment in their entrance examination and performed
poorly in 5-option and 6-options due to extraneous factors
such as test anxiety [85]. They generally feel anxious, which
increases when encountering such a complex situation. This
condition relates to [86] that 3-options were optimal for
test takers, especially at the medium level of ability, which
underlies the ability level is inversely proportional to the risk
rate. Consequently, the 3-options format provides evidence
for the highest motivation, where E0 is maximized. This
situation implies that individuals begin in such tests, which
are generally easy to try and do not move the individuals’
minds; thus, they tend to be highly attractive and provide
curiosity, which is used in most simple quizzes. However, the
3-options format may be optimal depending on the point of
view taken – from the test score users or the test stakeholders
supported by the relevant work in CSAT analysis [85]. More
options most likely increase the possibility that the test can
evaluate additional or actual skills from individuals. The
conservative position would be that the optimal number of
options depends on the specific testing context, which can
be beneficial for assessing individuals or establishing the
test. This condition emphasizes that test developers or stake-
holders should consider several factors by linking theoretical
concepts to consider evaluation impacts when deciding the
optimal number of options.

In addition, tests taken by students meet the definition
of a standardized test, in which everyone takes an identical
test, time, under the same circumstances. Such tests are often
considered fairer and more objective than a system in which
some students get a more straightforward test and others get a
more difficult one. However, in general, the tests are criticized
by some people. The aim is to construct a well-standardized
MCQ that measures the abilities of practical applications to

solve a particular problem and remove flaws. The findings
align with the previous study by [33] that a more considerable
number of options per question would increase the content
of variability of test results. This condition is required in
high-stakes testing in which they have to be assessed a broad
range of subjects and evaluate the competencies of a larger
group of candidates. Most tests are found in the language
proficiency test, license test, or university examination, with
the majority still using 4-options and 5-options formats,
as seen in Table 12 [87]. It is apparent from this table that
very few MCQs constructed on fewer options are much less
prevalent in the academic environment. With these premises,
the 4-options and 5-options are popular in standardized tests,
reducing the guessing chance (improves test quality) and
reliability by the number of options.

From the relevant results, the number of options in MCQ
characterizes competitiveness, a high number of options
regarding difficulty, and an ability level. The 3-options format
provides a greater chance of random guessing v0 and such a
learning comfort over 4-options and 5-options. Such a debate
suggests that beginners taking MCQ with more options are
better for improving themselves in the sense of competitive-
ness. More options tests are suitable for the learner whose
ability level is high, requiring more comprehensive skills to
reduce the plausible distractor. Lowering optionsmay be opti-
mal in such a test with less time, such as a quiz, to better the
skill being measured; otherwise, they will lose engagement.
Such information also clarifies what results from implement-
ing changes suggested by quantitative investigations into the
optimal number of multiple-choice item options in a given
context.

This analysis provided empirical evidence to advance
understanding of the number of options in proficiency tests
and national examinations. Motion in mindmeasure was used
to calculate the statistics in popular tests and examinations.
Table 13 compares summary statistics for the test by using
motion in mind. A closer inspection of the illustrations shows
the values m ∈ [0.33, 0.5], except for GAT tests. There are
changes in the number of options for SAT in 2017 and GAT
in 2015. SAT lowers the number of options from 5 to 4, while
GAT increases from 4 to 5. Only no change was revealed in
SAT since the test is much more predictable and provides the
exact amount of time and number of questions compared with
the old version; thus, individuals can prepare themselves and
estimate the strategy in the test. Whereas GAT was opened
for applicants only one time after 2017, and there are many
tests accounted for in the admission system. Therefore, they
want to assess students more accurately to effectively screen
and not burden them since they would take several exami-
nations in one year. They adjusted to the 5-options format to
assess the students and reformat, which reflects stability in v0.
However, the quality of the test should be considered since the
scoring rate v0 is very low, and it is a skill-driven test. It could
be stated that the GAT test still needs improvements. The
most exciting aspect is thatGR values were under 0.07, except
for GAT. This situation implies that these tests are suitable

VOLUME 11, 2023 35387



P. Anunpattana et al.: Objectivity and Subjectivity in Variation of MCQs: Linking the Theoretical Concepts

TABLE 12. List of standardized tests with number of options in MCQ and types of scoring methods.

TABLE 13. Motion-in-mind measures of the notable multiple-choice tests [87].

for educational purposes, where curiosity is reasonable for
education.

B. THE IMPACT OF CHALLENGES AND SUPPORT ON THE
MOTIVATION AND PERFORMANCE
The results of this study show that gamification of challenges
in testing and quizzing engages students in both learning and

entertainment. The results also imply that a challenge is a
crucial component and mechanic in game design, offering a
foundation for further application in the context of education.
According to [49], one of the essential works in this field was
motivated by the flow concept, which holds that a player’s
skill level increases when they are more engaged and have a
better understanding of the challenge in a game. To bridge
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the gap between physics and psychology, we investigated
the activity’s ideal degree of challenge-based gamification.
We outlined the individual’s position using the ideas of
motion in mind and flow theory. The study’s findings high-
light the variety in challenge-based gamification, including
time constraints and difficulty aspects. The outcomes also
demonstrate that challenge-based gamification significantly
changed the value ofm. This condition implies that subjectiv-
ity can increase while complexity or uncertainty can increase
competition. A balance between uncertainty and ability is
necessary to emphasize their importance in education, espe-
cially in a conceptual learning environment.

Furthermore, this study involves the concept of the zone
of proximal development [50], which is a part of the socio-
cultural theory of learning, explaining how deliberate intel-
lectual activity develops from social and cultural influences.
In particular, it is considered a critical contribution to the
field of education. This study investigated how to integrate
the scaffolding-based concept into the test. The result showed
that scaffolding decreased the changes in value m. This situ-
ation could be described by the motion in mind and zone of
proximal development to bridge the gap between physics and
learning theory. When m ≤ 0.5, which is a more intuition-
driven way, these results show that the ability is shifted
from arousal zone to flow zone that supports the conjecture
of gamified learning theory by [40]. Its transition from the
challenging zone to the control zone indicates learning poten-
tial in which a combination of two approaches can enhance
learner ability. In an assumption, Vygotsky suggested that it
would be best to give students the most challenging tasks they
can do with scaffolding as this will lead to tremendous learn-
ing gains. This situation means the challenge level must be
greater than the ability level, where risk ratio (m) and velocity
(v) indicate challenge and ability, respectively. The feasible
outcome can assist the potential significance of gamification
and scaffolding in learning and engagement.

The effects of time pressure on decision-making under
uncertainty were investigated, and the finding depicted the
affective state, information process, and task structure in
decision-making. The findings showed that time pressure
produces anxiety [88]. In contrast, the effort was reinforced
by integrating different decision-making behaviors to cope
with the task conditions. References [89] and [90] find that
time pressure changes individual attitudes toward risk situa-
tions. However, time pressures benefit students by requiring
explicit decision-making, but they also affect decision per-
formance and suboptimal decisions, which restrict the acqui-
sition of new knowledge or strategies [91]. This condition
extends from the finding that individuals respond differently
to time pressure when required to handle the situation, as this
essential may change the optimal decision strategy. Another
study by [92] showed that time pressure induces a student
to perform an activity more efficiently. In contrast, another
study claimed that time pressure changes how people explore
and respond to uncertainty [93].

According to motion in mind, the potential energy value
E0 is primarily located around m = 0.33, which denotes
the least resistance to informational acquisition. Once time
constraints are in place, students face challenging circum-
stances that encourage them to exert more effort and alter
their behavior. A sense of curiosity and uncertainty is indi-
cated by this circumstance, which influences engagement
and paves the way for learning-related outcomes. Promoting
engagement and the student’s emerging potential is the fun-
damental concept behind increasing the impact of learning
(i.e., acquiring information). The sense of engagement con-
tributing to behavior change emerges because gamification
does not directly improve learning outcomes [94]. So, to con-
tribute to the learning outcome, learning-related behavior is
introduced as an analogous bridge. In contrast to focusing
solely on the activity result, [40] emphasizes the develop-
ment of engagement, which helps to change behaviors and
generally translates into better learning behavior. A strategy
for maximizing and determining learning-related outcomes is
scaffolding. Students may exhibit their best performance with
the most outstanding competence to achieve learning-related
outcomes once a moderate challenge occurs. The results of
the motion-in-mind value (v0, m, and E0) reveal such a
discussion.

From the experiment, it was found that mass m signifi-
cantly increased with time pressure. This condition implies
that a larger m can foster greater motivation, which veri-
fies the previous study by [43] that conjectured that time
pressure would provide the intensity of competitive aspects,
forcing them to dominate discomfort in the activity. On the
other hand, the inclusion of scaffolding by giving hints will
improve the success rate v0. Our findings express the decrease
in the number of options participants will encounter, showing
the elimination process when gaining enough information.
Since the average number of options in the practical test was
around four, the inclusion of scaffolding verifies that it aids
participants in solving the challenging questions. Further-
more, scaffolding improves the value of m by nearly 0.33,
which is optimal for novice learners. This situation implies
more chance to progress in the test with high curiosity (high
objective energy E0).

The combination of the two approaches allows learners
to experience that the intensity was reasonable because of
the perceived fairness. These consequences show that time
pressure and scaffolding shifted to the flow zone in which
individual ability and activity challenge is equal. Learners
will be situated as gameplay, which implies N = 2 (where
m = 0.5). The exploring area with 1

k ≤ m ≤ 1
2 implies the

occurrence of curiosity (encouraged to learn); hence people
would explore it. This situation means 1k is maximized,
corresponding to the greater scoring rate and stochastic event
motion, implying that the momentum of the test provides the
comfort of balance between skill and chance. This region
enlarges learner ability so that it is conjectured as a learning
comfort at k = 4. However, the score may rely on the
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learner’s difficulty and complexity during different occa-
sions, which affects the value m. Learners will gain knowl-
edge by focusing on reinforcers (gamified elements) and
avoiding mistakes (using hints). This situation drives value
m to reach the balance between chance and skill, denoted as
low competitiveness with fairness and maintaining learning
comfort. This condition was aligned with the support that
the educational context can achieve learning and engagement,
represented by 1.5 ≤ N ≤ 2. Figure 6(a) and Figure 6(b) out-
lined the interpretation of challenge-based gamification and
scaffolding based on the motion-in-mind concept. A general
discussion could be the possible presence of challenge-based
gamification to support this explanation using the motion-in-
mind concept, which affirms the balance of education and
entertainment proposed by [40]. This condition also verifies
the theory by Vygotsky of the zone of proximal development.
The optimal arousal region is denoted as m ∈ [0.5, 0.67] for
k = 3. Their potential mechanism can draw the alternative
paradigm in the test, directing us to the education context’s
novel assessment and evaluation method.

C. DECISION MAKING PROCESS UNDER THE FRAMING
EFFECT
The current study focuses on decision-making under sub-
jective uncertainty, which focuses on precisely the effect of
framing on MCQ, referring to the order or manner in which
a decision-maker presents a choice or option. This situation
is required to choose the best option among all possible
options based on the expected outcome, which is explained by
gain or loss. While there are numerous alternative instances
in which uncertainty is internal, little is revealed about the
decision process that underpins these decisions. The two
scoring methods focused on responses toMCQ as an instance
of this decision dilemma. It can be detected that there is the
highest variance between human and simulation data in the
mixed rule comparing the two results. This condition suggests
that the framing effect may sensitively cause decision-making
due to including gain and loss characteristics. Our proposed
experiment is based on an implicit cognitive model of par-
ticipant behavior in MCQ scenarios under prospect theory.
This study underlies the framing effect of the scoring method
on an individual’s behavior, and it was hypothesized that
variation in the scoring methods would add the probabilities
to represent various behavior patterns. Then, the expected
value would be increased due to the change in the decision.

Prospect theory aims to provide a thorough explana-
tion for selecting between objective probability in mone-
tary gambles [95]. Theoretically, the common perception is
that prospect theory indicates risk-seeking, where individuals
perceive loss, while risk-averse, where they perceive gain.
This condition implies that the gain scenarios will persuade
individuals to be cautious in their decisions if there is a loss
on anymistakes. It illustrates that prospect theory can account
for choice behavior evenwhen probabilities are not presented.
Because practical instances in which the option is explicitly

stated are scarce, this theory is vital for interpreting these
scenarios. Scoring rules were initially oriented to assess the
individuals’ actual scores better. It was hypothesized that par-
ticipants to do differently with tests that employ scoring rules.
The experiment revealed that participants did satisfactorily
in the positive rule and did more flawed in the mixed rule.
The results indicate that the scoring rule strongly affects the
decision in which the success rate v0 is varied based on the
benefits. As predicted from the theory, the success rate v0 was
more significant in the positive rule than in the mixed rule.
This situation suggests that it allows individuals to learn and
engage in the learning comfort, where m ≤ 1

k .
The characteristics of decision-making processes may

shape how they perform during the test, and different scor-
ing methods are likely to alter the patterns and strategies
of answering. This situation lowers the test’s validity and
provides some advantages for the particular group with a
specific ability. Participants tend to be risk-averse in the
gambling situation, whereas they tend to be risk-seeking if the
outcome is worth gaining. Participants will reveal their actual
performance in the mixed rule and engage in a gamble in
which a loss is a possible outcome. Participants must choose
between remaining in the same position with no gain or at
least gambling by guessing. It drives participants to guess
rather than omit since the remaining position provides less
expected value than gambling.

The results showed that the mixed rule is the largest of m,
which implies high-stake testing, which requires skill-driven,
implying that this rule is required sufficient skills to overcome
the risk. Therefore, most ability tests choose the mixed rule to
assess the test takers that satisfy the minimum requirements
and desired ability. The tendency to omit the positive rule
is greater than the tendency to guess if the participants do
not know. The tendency to guess in the positive rule will be
greater than in the mixed rule since there is no loss scenario.
Specifically, it was found that no standardized tests use the
positive rule since the scores may be greater than usual. This
situation reflects that velocity v0 in the positive rule is greater
than in the mixed rule. Therefore, participants will at least
omit the question, and assessing their ability from this test
takes work.

Their behavior in test events will be similar to decision
makers’ responses in other situations where people make
decisions under ambiguity. Every decision has a conse-
quence, in which the scoring rule varies, yielding results
and a tendency to answer. However, a study on behavioral
decisions may introduce biases since it is in line with sub-
jective measurement. Penalty reduces motivation and inputs
more stress, which explains an increase of value m and a
reduction in E0. This condition would be hard to indicate a
good performance if the framing effect is becoming robust,
then the participant will omit it to avoid penalization. The
findings support the work from [14] that it is worth aban-
doning penalties in conventional tests. This condition is why
the number of rights (NR) rule is still popular nowadays.
This analysis will likely provide valuable contributions to
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FIGURE 6. Interpretation of variation MCQs based on the motion-in-mind measures.

decision-making in an educational context by focusing on the
input-output affinity of consequences of decisionwhen taking
a test.

D. INTERPRETATION OF m WITH RESPECT TO LEARNING
COMFORT From MOTION IN MIND PERSPECTIVE
Table 14 shows various motion-in-mind measures of popu-
lar board games and MCQ with 3-options, 4-options, and
5-options, as well as sports games. The table shows a clear
trend of GR values in the standardized tests below 0.07.
However, the experimental results indicated GR values in

the sophisticated zone. There was significant evidence that
4-options MCQ provided fairness while conserving its GR
value of nearly 0.05. This condition implies the feature as
same as in board games where skill is an essential element
of play. 4-options MCQs primarily depend on skills that
can be made known (or controlled) to influence the test
outcome (i.e., level of knowledge of an individual). There-
fore, 4-options and 5-options MCQs are best practices in the
standardized test, while these formats are consistent when
the number of questions or score range is getting bigger.
To identify the optimal number of options and learning
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comfort, understanding the reward frequency N , risk fre-
quency ratio m, and motivation Ep are essential. Since the
value of N can be regarded as the measure of the number
of options, it serves as an indicator to determine the optimal
number of options that border between learning and compet-
itive comfort. Hence, analysis of the changes of N provides
insights into MCQ terminology and captures its subjective
interpretation concerningm value. This study aligns the inter-
pretation based on adoption from [68].

From our results, the authors conjecture on four parame-
ters: Ek , 1k , vk , and δk . Subjective energy Ek was applied to
demonstrate motivation for various individuals’ ability levels
to determine the learning comfort from mass m. As for the
objective measures, it was found that participants struggle
with test potential that quantifies by objective energy E0.
Curiosity can be defined in this context by calculating the
difference between objectivity and subjectivity. 1k becomes
the distance between objectivity and subjectivity, which is
the reinforcement difference (E0-Ek ). It would be optimized
by specifying two peaks when the success rate v0 is ranged
between the maximum threshold of objective reinforcement
E0 at v = 0.67 and the subjective reinforcement Ek at v0 =
k−2
k where the objective reinforcement E0 or reinforcement

difference 1k will be maximized with the peak at the mass
m = 1/3 and m = 2/k respectively.
In option analysis, simulation data was computed from var-

ious ability levels of individuals by indicating N = {3, 4, 5}.
It was found that the risk chance m was situated at 0.39
(3-options), 0.51 (4-options), and 0.59 (5-options), respec-
tively. This situation reflects that three test formats are
promising for learning since the reinforcement differences
are optimized in the range. The analogical studies of popu-
lar board games and the evolution of multiple-choice ques-
tions analyzed these results. 4-options and 5-options require
skillful participants to overcome, which explains changes in
ability level k . This result states the potential of an optimal
number of options in the popular tests. The effect of the num-
ber of options is related to the variable ratio (VR) described
in the motion-in-mind concept. Sophisticated board games
such as Go, Shogi, and Chess have distinct values of N and
represent different aspects [68]. Go is aligned N = 5

3 at
m = 0.4, in which the reward frequency is high and requires
a low ability to move the game. Shogi would relate to a
situation that induces high curiosity (motivated effort) to a
situation related to mass entertainment since N = 3. The
region beyond this area, like Chess (N = 5), requires the
ability and effort to push the game. Such a region implies
competitiveness, which is often motivated. However, sports
games provide N in the competitive region, which implies a
chance game.

Table 15 and Table 16 depict the analogical interpretation
of value m compared to game context and implication in
the educational context based on the motion in mind con-
cept. The deterministic region implies mastery in the educa-
tion aspect, where v0 = 1. The learning comfort holds the
objective reinforcement E0 dominating over the subjective

one Ek , where 1k is maximized at peak E0. This condition
verifies the region where learning comfort was identified,
with a strong reinforcement and curiosity at 1

k ≤ m ≤ 0.5,
while the momentum of test δk becomes bigger. A minor
degree of uncertainty assures repeating the action, making
it appealing but stochastic. This scenario is analogous to
the game design principle of access to learning but chal-
lenging to master [96]. Fairness is situated at m = 0.5,
where δk is maximized. This situation implies the balance
between ability and chance, where test takers encounter
correct and incorrect answers. Then, solving uncertainty is
optimized by challenge-based gamification. This situation
endorses that time pressure accumulates risk ratio m, which
affects the required skills to maintain learning comfort. Par-
ticipants would feel pressure depending on the amount of
time; therefore, the performance will reduce when the time is
decreased. Furthermore, potential energy E0 reduces, which
reflects inhibiting reinforcement. Participants noticed that the
test would be challenging to accomplish desired outcomes,
which explains a decrease of vk . Reinforcement difference
1k nearly becomes 0, which satisfies the harmonic balance
between objectivity and subjectivity at E0 = Ek . This point
is denoted as learning engagement. While the momentum
of test δk becomes small. It would be referred to as the
competitive zone where such tests move an individual’s mind.
This region possesses a challenge equivalent to the player’s
ability. In a sense, this underlines the level of knowledge
that an individual must attain to overcome challenging tasks.
This condition can be seen by negative peak vk and peak
Ek , denoted as optimal arousal point and competitive zone,
respectively.

Figure 7 compares various motion-in-mind measures of
variation MCQs. The 4-options tests highlight an ideal mea-
surement that balances chance and skill. Then the number of
rights is famous for involving in the tests. The least compet-
itiveness was determined in the number of right (NR) rule
where δk is nearly maximized. This condition verifies that
most standardized tests technically employ the 4-options for-
mat, including the English proficiency tests and national tests
at the high school level. On the other aspects, potential energy
E0 is maximized in the scaffolding-based test. It would be
better if beginners attempted to learn the test contents. Indi-
viduals may learn from what they know nothing about until
they achieve the potential learning. With this conjecture, this
study reassures that scaffolding is a good option for learning
and developing their ability while playing, as shown in [97]
and [98]. This condition affirms that scaffolding can yield
potential development based on the notion of ZPD. A hybrid
system (based on [55]) that simultaneously included time
pressure and scaffolding indicated thatm value was improved
until relatively fair m = 0.5, and the reward frequency
between individuals and options is stochastic. The ability
difference evolves larger than in other systems. This frame-
work finely highlights the aspects that individuals would
feel learning comfort due to its fair properties and versatility
compared to other tests.

35392 VOLUME 11, 2023



P. Anunpattana et al.: Objectivity and Subjectivity in Variation of MCQs: Linking the Theoretical Concepts

TABLE 14. Comparison of various motion-in-mind measures of popular games and sports (adopted from [63]) including MCQs.

TABLE 15. The analogical interpretation of value m compare to game context.

FIGURE 7. Comparison of variation in MCQs based on motion in mind measures, E0.

According to the scoring methods, this study piloted
the experiment to determine the relationship between
decision-making and reinforcement. A decision maker tends
to be risk-averse or risk-seeking depending on how the
minimum expected outcome is represented in terms of risk
chance and knowledge. In general, decision-makers are risk

averse when facedwith positively framed difficulties [16] and
risk-seeking when faced with negatively framed challenges.
Meanwhile, the results depicted that the mixed rule provided
the most unsatisfactory outcome compared to each other.
The 5-options format with mixed rule contains the highest
competitiveness (low δk ), while the least competitiveness δk
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TABLE 16. Implication of scoring difficulty (m∗) in the educational
context based on motion in mind concept (aligned with [68]).

in the 3-options. This situation implies that the mixed rule
might be suitable to apply in the lower number of options to
satisfy the learning comfort. The loss exploits larger when
the number of options N increases since the risk chance
m will become stronger. In this case, 3-options mixed rule
is a reasonable alternative for producing learning comfort:
beginners can take a test and learn at their own pace while
maintaining engagement and high motivation. The 5-options
mixed rule requires high skill to stay motivated since the test
will be challenging. It implies the competitive zone where an
individual’s performance level should be robust.

E. LIMITATIONS AND FUTURE WORKS
There are two limitations found in the current study. First, the
proposed experiment aimed to link between motion in mind
and theoretical approach corresponding to several domains,
such as psychological analysis and learning theories, to serve
the interpretation in the educational context. The purpose of
the experiment is to observe the impact of multiple-choice
question characteristics and their variations (i.e., gamifica-
tion, scaffolding, and scoring method). As such, the approach
was confined. The experiments were designed to compare
the number of options from 3-options to 5-options formats.
In addition, the time pressure and scaffolding were loosely
employed, which may affect different groups of participants
differently. Our findings may require a more profound anal-
ysis that may work in different circumstances. The proposed
algorithm might be improved to cope with participants with
partial knowledge. This experiment focused on the input time
pressure to observe the impact of time pressure in a test.
However, one essential thingmust be considered to determine
the number of question items. This point could be mentioned
in the test length, whichmay be essential to determine optimal
time pressure in the practical test.

Secondly, although the internal validity and reliability were
verified by classical test theory, external validity could not
be achieved due to the small sample size of question items
and participants for comparison with other practical cases.
Likewise, the participants might have been affected by tak-
ing 300 items in pre-test measurement, so they would have
behaved differently after being exposed to our approaches.
Hence, these results may need to be consistent with
other conceptual schemes. As such, this limitation suggests
caution when interpreting the results since such findings
were not externally validated, requiring further investigation.

Item response theory is a better choice to analyze the test
since this model includes parameters of difficulty index, dis-
criminability, and a guessing parameter. These are necessary
for estimating a valid relationship between the chance of
a correct response to an item and the individual’s ability.
In addition, this condition would clarify the guessing ter-
minology in the individuals encountered under unexpected
circumstances. Future studies should also consider complex
details when designing the test in educational settings.

V. CONCLUSION
This study investigated the effect of the number of options in
multiple-choice questions using analysis of motion in mind
theory to link theoretical approaches, including gamification,
scaffolding, and prospect theory, by variation of test elements
and scoring methods. The current study’s findings suggest
that increasing the number of options in MCQ makes the
test more challenging, followed by increasing the m value.
As with most research studies, the current study is originally
subject to the guessing terminology, which assumes that indi-
viduals have no knowledge. Once applying partial knowl-
edge, the number of plausible options would be specified by
lowering the options andm value. The results from the current
study indicate the changes in the success rate, which reflects
suitable ability level k on taking our question items.

Following motion in mind theory, the interpretation of m
concerning learning comfort was addressed. The evidence
showed that the 4-options format characterizes fairness prop-
erties among others. In contrast, the 3-options format implies
simplicity as owning non-competitiveness, which is suitable
for an individual with a low ability to drive their effort at
the maximum level of motivation. The 5-options format was
the most difficult due to competitiveness, which is required
for individuals with high abilities. This study concludes
that 4-options and 5-options are the assessment through
which challenge-based gamification can moderate gamified
and competitive experiences and produce a learning-related
behavior [99]. In light of the statement, the results reveal
that it is entirely rational for most standardized tests usually
attempted on the 4-options and 5-options format.

Our findings revealed that time pressure provides compet-
itiveness since the challenge shifts individuals’ states into an
arousal zone, which explains an increase inm. This finding is
consistent with the essence of flow theory, which develops if
the challenge and students’ abilities are fostered. This condi-
tion also arouses individuals to push their effort and allows
different strategies to cope with challenging tasks. On the
other hand, this study incorporated scaffolding-based hints to
deliver knowledge to individuals, implying the presence of
a learning process under a control state where the challenge
was adequate. A lowerm value allows individuals to improve
their learning without extrinsic motivation, as described by
the increases in velocity v. The proposed system improved
the learning environment to reduce frustration and develop
a genuine learning process, corresponding to the zone of
proximal development, where individuals are scaffolded to

35394 VOLUME 11, 2023



P. Anunpattana et al.: Objectivity and Subjectivity in Variation of MCQs: Linking the Theoretical Concepts

do tasks beyond their ability. They will learn to do tasks
independently. Our experiment in the scoring method also
yields the generality of prospect theory in which individuals
tend to answer under uncertainty when the gain is obtained.
Our findings found that the number of rights and the mixed
rule is worthwhile to consider applying in educational assess-
ment. The framing effect is anticipated to contribute to our
understanding and insight into educational and standardized
tests. Regardless of the number of options and context, our
findings can be an extension study for analyzing the balance
between competitiveness and entertainment while seeking
the learning process in the educational context. These find-
ings enable scholars to improve educational assessment to
increase stakeholders’ motivation and engagement while also
challenging and entertaining them.
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