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randomly from a Question Bank. Teams are shortlisted
based on average of marks scored by all four members.
In this paper we present answers to the following questions:
1) What are the properties of sets and how do we create
sets such that they have these properties?
2) How do we tag questions in the Question Bank with
a Diﬃculty Level?
3) What accuracy level can we achieve by assigning
Diﬃculty Level tags to questions manually?
4) How can we improve tagging by applying an autotagging algorithm?

Abstract—Diﬃculty Level of a question is relative to
that of other questions in a test and also to the test
takers; hence manually assigning Diﬃculty Level tags
may not be accurate. There is a need to infer them
from historical data pertaining to the performance
of students in a test. e-Yantra Robotics Competition
(eYRC) is an annual competition having around 5000
teams (20,000 students) registering in the latest edition
of the competition, eYRC-2015. All four team members
take a test simultaneously and each individual gets
questions which are diﬀerent but have a similar Difﬁculty Level. A Question Bank containing 1800 unique
questions from 3 subjects - Aptitude, Electronics, and
C-Programming – is used to generate question sets each
having 30 questions. It is a challenge to ensure that
each set contains questions of similar Diﬃculty Levels
tagged manually as Easy, Medium or Hard. In this
paper, we discuss a learning algorithm called Weighted
Clustering that can automatically tag questions by
analyzing the performance of students. We used this
algorithm to analyze the performance data in eYRC2014 for 614 questions from the Question Bank; we
found that Manual Tagging accuracy was 44%. We retagged questions with Suggested Tags resulting from
our analysis and used them again in eYRC-2015. When
we applied the algorithm to the performance data in
eYRC-2015, we found that the accuracy of tagging had
signiﬁcantly improved to 67%.
Index Terms—Machine Learning, Online Testing
Environment, Robotics Competition, Selection Test,
Weighted Clustering, e-Yantra.

II. Selection Test: Process Flow
A. Creating the Question Bank: Manual Tagging Process
To start with, ﬁfteen Question Setters independently
created a certain number of questions each and tagged
these questions with a Diﬃculty Level tag. Typically,
questions that require:
1) direct application of concepts and formulae are categorized as Easy.
2) extra processing such as application of assumptions
and/or prior knowledge are categorized as Medium.
3) derivations and application of logic that involve multiple steps to arrive at a solution are categorized as
Hard.
Corresponding to every Question Setter is a Question
Reviewer, who checks each question for correctness and
validates the Diﬃculty Level tag assigned by the Question
Setter. Any conﬂict regarding the tags is resolved via
discussion. The tags thus assigned are called Manual
Tags.

I. Introduction
A computer-based online test is diﬀerent from a traditional testing environment in many ways. As discussed in
[1], some of the advantages include reduced cost, accurate
scoring and scalability. This however raises various other
challenges as discussed in [2]. One of the major challenges
is to ensure that the test is fair in the sense that all
students taking the test are presented with questions
of a similar Diﬃculty Level. Ensuring fairness becomes
especially necessary if a uniform marking scheme is in use.
In this paper we present the methodology used in a
computer based online selection process for a nation-wide
robotics competition [3][4]. A total of 12,428 students
(3107 teams, each having 4 members) registered for the
e-Yantra Robotics Competition in 2014 (eYRC-2014), and
19,568 students (4892 teams) registered in eYRC-2015.
Registered teams appear in an online Selection Test. All
four team members take the test simultaneously and each
test consists of questions which are diﬀerent but have
similar Diﬃculty Level. Each team member answers 30
multiple choice based questions, referred to as a set, drawn
978-1-5090-6115-0/16 $31.00 © 2016 IEEE
DOI 10.1109/T4E.2016.49

B. Mapping Questions to Sets
In eYRC-2015, 1800 questions are mapped into 120 sets
where each set contains 30 questions - 10 questions from
each of the three categories - Aptitude, Electronics and CProgramming. Within each category of a set the questions
are mapped such that there are 3 Easy questions, 4
Medium questions and 3 Hard questions. This is illustrated
in Figure 1. Sixty sets were created by taking each of
the 1800 questions exactly once. These 60 sets are called
Unique Sets. The remaining 60 Sets, called Extended
Sets, are derived from the Unique Sets.
Assuming that Diﬃculty Level tags assigned manually
are correct, this procedure ensures that all the sets are
balanced i.e. they have similar overall Diﬃculty Level.
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attempted), -1(incorrect answer). Since 30 questions
are served to each student, every student will generate
30 Data Points.
2) Source: In general, Source refers to any entity that
can generate Data Point(s). In the context of the
Selection Test, Source refers to a student.
3) Weight: Diﬀerent Sources that generate Data Points
have diﬀerent reliability. We assume that a high
scoring student is more reliable than a low scoring
student, in the sense that s/he is less likely to make
random guesses. Weight is a real number in the
range (0, 2) assigned to each Source, based on Mean
Normalized Marks obtained by the students in the
test. A high scorer gets a higher Weight (close to 2)
while a low scorer gets a lower Weight (close to 0).
4) Feature: Feature refers to a quantitative measure
based on which a learning algorithm makes its decision. It is a numeric value for each question, derived
from the performance data. For example, the fraction
of students who have solved the question correctly
may be a Feature. A list of Feature values about a
question form the Feature Representation for that
question.

Figure 1: Composition of Question Bank and Set
However, since the tags are given independently, a question, which is Hard relative to the questions created by a
Question Setter might be an Easy question when all 1800
questions in the Question Bank are considered together
(relative nature of Diﬃculty Level of questions). Further,
the manual tag assignment is a subjective process and
hence it is not very accurate.
eYRC Selection Test is designed in such a way that
students from diﬀerent engineering backgrounds ﬁnd it
equally challenging. A number of variables discussed in
Item Response Theory (IRT)[5] were eliminated using
statistical hypothesis testing to formulate a simpler model
with less noise that works well in our case. We tackled the
problem from a Machine Learning perspective. The task of
assigning Diﬃculty Level tags to questions is essentially an
Unsupervised Learning [6] problem because we do not have
a set of questions with known true Diﬃculty Level tags
to guide Supervised Learning [7] algorithms like Logistic
Regression [8], SVM [9] etc. Hence to validate the accuracy
of the tags we need to perform Unsupervised Clustering
of data.

A. Weighted Features
Weighted Clustering algorithm uses two Features for
every question:
(1)
1) Fk : Weight adjusted fraction of students who
answered the k th question correctly. If S =
(1)
{j|j th student was served the k th question}, then Fk
(1)
can be calculated using Equation 1. Here fk (.) is a
(s)
function that takes as input a Data Point Dk and
evaluates to 1 if sth student answered the k th question
correctly and to 0 otherwise. ws refers to the Weight
assigned to the sth student.

(1)
(s)
ws f (Dk )
(1)
(1)
Fk = s∈S k
s∈S ws

III. Validating Manual Tagging: Weighted
Clustering Algorithm
Weighted Clustering algorithm is a derivative of the
well known k-Means Clustering [10][11] algorithm. Both
the algorithms partition the data (questions) into clusters
(Easy, Medium, Hard). A cluster is a group of similar data
items based on some similarity metric [12](for example:
Euclidean distance between two data points is a similarity
metric). To use the similarity metric, the data must be
represented in a form on which the chosen similarity metric
(Euclidean distance) can operate. This representation of
data is called Feature Representation of data.
We deﬁne the following terms to explain the Weighted
Clustering algorithm:
1) Data Point: A Data Point refers to a 3-tuple (Student ID, Question ID, Marks). For example, if a
student with Student ID 90, answers a question with
Question ID 564 incorrectly then the tuple generated
is (90, 564, -1). Note that Marks can take only three
distinct integer values: +3 (correct answer), 0 (not

(2)

2) Fk : Weighted average of marks of students who did
not attempt or were not able to solve the k th question
(1)
(2)
correctly. Deﬁning S and ws same as in Fk , Fk can
be calculated using Equation 2. Here ms refers to the
(2)
total marks obtained by sth student and fk (.) is the
(s)
function that takes as input a Data Point Dk and
th
evaluates to 1 if s student did not attempt or was
not able to solve the k th question correctly and to 0
otherwise.

(2)
(s)
ws ms fk (Dk )
(2)
Fk = s∈S 
(2)
s∈S ws
(1)

(2)

Features Fk and Fk are called Weighted Features.
They are calculated for every question k in the Question
(1)
Bank. Intuitively Fk will be high for Easy questions and
low for Hard questions because more test takers will get
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(2)

Table I: Diﬀerence in Diﬃculty Levels Between Tagging
Methods i and j

an Easy question correct. Similarly Fk will be low for an
Easy question and high for a Hard question because the
average marks of test takers who were unable to answer
an Easy question will be low.
The Weighted Clustering algorithm iteratively ﬁnds better clusters with an objective of decreasing variance within
clusters. Here variance refers to the mathematical concept
of variance based upon the Feature Representation of
data and similarity metric. Intuitively the algorithm ﬁnds
clusters such that “similar” data belongs to the same
cluster taking into account the Weight assigned to each
distinct Source.

Ti [Qx ]
Hard (2)

Medium (1)

Easy (0)

B. Assignment of Semantic Labels to Clusters
Clustering algorithm groups similar data into clusters.
We need an ordering of these clusters as Easy, Medium or
Hard. To assign semantic label to clusters we calculate ﬁrst
quartile, median, third quartile and mean value for each
cluster-Feature pair. Manual assessment of this data is
done to assign a semantic label to each cluster based on
intuitive interpretation of Features.

Tj [Qx ]

Tj [Qx ] − Ti [Qx ]

Hard (2)

0

Medium (1)

-1

Easy (0)

-2

Hard (2)

1

Medium (1)

0

Easy (0)

-1

Hard (2)

-2

Medium (1)

-1

Easy (0)

0

of the diﬀerent Tj [QX ] − Ti [QX ] values and for ease of
understanding, these values are represented in pie chart.

IV. Validation of Difficulty Levels
For eYRC-14 Selection Test we had manually assigned
tags for all the questions in the Question Bank. We refer to
these tags as Manual Tags (M T ). We applied the Weighted
Clustering algorithm to the marks scored by the students
in the eYRC-14 Selection Test. This provided us with
Suggested Tags for the questions used in eYRC-2014. We
refer to these as ST2014 . In order to ensure integrity of
the selection process, in eYRC-15, some questions in the
Question Bank were deleted, modiﬁed or added. After all
changes were made, 614 questions retained their original
semantics as in eYRC-14 Question Bank. We applied the
Weighted Clustering algorithm to the marks scored by
students in eYRC-15 Selection Test to obtain Suggested
Tags for these 614 questions. We refer to these as ST2015 .
For all our subsequent analyses we will use the tags of
these 614 questions only.
We use the following notation in all the analyses presented for comparison of tagged values obtained using two
diﬀerent Tagging Methods i and j, on a given set of
questions:
• Ti and Tj represent tagged values of a given set
of questions using Tagging Method i and Tagging
Method j respectively.
• A question QX can be tagged as Hard (having a value
2), Medium (having a value 1) or Easy (having a
value 0). Suppose the tagged value of QX using i is
Hard, denoted as Ti [QX ] = 2, it is possible that it
is tagged as either Hard, Medium or Easy by j. To
compare i with j, we ﬁnd the diﬀerence in Diﬃculty
Levels (Tj [QX ] − Ti [QX ]). The diﬀerent possibilities
are illustrated in Table I.
In the following analysis, Ti = M T and Tj = ST2014 .
The table inside Figure 2 lists the number of occurrences

Figure 2: Percentage Occurrences of Diﬀerence in
Diﬃculty Levels (Ti =M T and Tj =ST2014 )
With reference to Figure 2, for 271 questions (44.1%) the
tags given by the two Tagging Methods i and j matched. A
total of 287 tags (85+202) are 1 level away, i.e. a diﬀerence
of ±1. This constitutes 46.7%. 56 questions (49+7) are 2

Figure 3: Percentage Occurrences of Diﬀerence in
Diﬃculty Levels (Ti =ST2014 and Tj =ST2015 )
levels away - note that this case can occur in two cases: (i)
a Easy question is tagged as Hard or (ii) a Hard question
is tagged as Easy. Both these cases are undesirable and
equivalent to tagging a question incorrectly. In order to
be fair to students taking the Selection Test, such that all
sets are of similar Diﬃculty Levels, our goal is to increase
the match (occurrences of 0) while decreasing number of
questions tagged incorrectly.
To verify the goodness of the Weighted Clustering algorithm we compared ST2014 with the ST2015 . This analysis
is presented in Figure 3. Note that Ti = ST2014 and Tj
= ST2015 . For 411 questions (66.9%) the tags given by
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a solution towards a fairer online testing environment.
We presented a Weighted Clustering algorithm to assign
Diﬃculty Level tags to the questions. We estimated the
accuracy of Manual Tags by comparing them with automatically Suggested Tags and the accuracy was found to
be 44%. We also assessed the accuracy of Suggested Tags
by running the same algorithm on the data obtained from
eYRC Selection Test for the successive year. The accuracy
was found to be 67%. Using the discussion on Shifting
and Switching of tags and their impact on accuracy, we
justiﬁed why the accuracy did not improve by a higher
percentage.

the two Tagging Methods i and j matched. A total of 197
tags (111+86) are 1 level away, i.e. a diﬀerence of ±1. This
constitutes 32.1%. Only 6 questions (1%) are 2 levels away
– tagged incorrectly.
V. Factors Affecting Accuracy
1) Shifting: Addition, deletion or modiﬁcation of the
semantics of questions in the Question Bank may
aﬀect the Diﬃculty Levels of the questions. For example, a question Q, that was originally Easy, becomes a
Medium Diﬃculty Level question because of addition
of other questions that were easier than Q. We term
this as Shifting of tags.
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Figure 4: Shifting of Diﬃculty Level Tags
In Figure 4, the light green regions show overlapping
tags (where ST2014 = ST2015 ) while the gray regions
show non-overlapping tags (where ST2014 and ST2015
diﬀer). The gray regions are responsible for loss in
accuracy.
2) Switching: Diﬃculty Level forms a continuous spectrum which we discretize into three distinct Diﬃculty
Level tags. Due to this, questions present at the
boundary between two levels can easily exchange their
tags even due to slight variation in data obtained.
We term this as Switching of tags. Figure 5 shows
the number of questions that Switched their Diﬃculty
Level tag by a single level in our analysis.

Figure 5: Switching of Diﬃculty Level Tags
Thus Shifting and Switching of tags contribute to the
loss in accuracy of the Suggested Tags. In our case since
1186 questions out of the 1800 questions in the Question
Bank were modiﬁed, Shifting and Switching are highly
probable.
VI. Conclusion
The online testing environment oﬀers more advantages
over traditional testing environments. But without fairness, no other advantages matter. This paper proposes
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