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Abstract: In recent years, on the idea of supporting thepmsition of the tests by using
statistical data, such as the difficulty level bétitems that constitute the tests, has been
investigated. In general, item response theory )iRTsed to quantify the difficulty level of
items. However, this approach requires that thmstare answered by many learners in
advance and it is difficult to ensure that all item the bank are answered. We propose a
method of estimating the difficulty level of unareed items. In our method, the level of
new items is estimated from the level of similaisérg items based on the differences
between item types and the similarity between @wié simulation experiment shows that
the difficulty levels calculated by IRT and by ugithe proposed method can have a
reasonable correlation. However the results obthirsing the new estimation method can
be very different from the IRT results if incorreamiswers to an item are similar to the
correct answer.
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Introduction

In recent years, Web-based testing, commonly edd as “e-testing”, has been attracting
much attention [1][2]. In e-testing, more relialsts can be conducted by preparing an
item bank with managed statistical data [3] thatudes information on the difficulty level
of items and correct answer rate. In addition, mlmer of studies in the literature have
shown support for composing tests through the tisaah statistical data [4][5][6]. In these
studies, item response theory (IRT) [7] is useduantify the difficulty level of test items.
In order to estimate the difficulty level, the itemeed to be answered by many test takers
(subjects) in advance. Furthermore, new items ddedperiodically to replace items in the
item bank. However, it is hard to ensure subjestsver all items in the item bank to gather
complete data, and estimating the difficulty of nésms when they are added to the item
bank takes time and resources.

Therefore, the objective of this study is to estienthe difficulty level of unanswered
items. The difficulty of items can change dependindghow the question is asked (the item
type) and the similarity of answer choices [8][91da in this paper, we focus on such
differences. We also restrict our considerationsntdtiple-choice items. We propose a
method of estimating the difficulty level of iterhy comparison with existing “similar”
items. Similar items are defined as being thoseraviiee knowledge questioned and the
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knowledge needed for the solution are similar. #eane then classified according to a
measure of similarity [10].

1. Item Response Theory

This section examines a method for estimating iffewty level of similar items using
item response theory (IRT). A statistical modellechthe IRT model, is used to reveal the
statistical properties of test items. The propsrted items are given by the item
characteristic curve (ICC), where the vertical aigsthe correct answer rate and the
horizontal axis is latent abilityy, representing the learning ability of the cantkdavhich
does not depend on the candidate population. $rsthidy, a commonly used two-parameter
logistic model (2PLM) is applied. The probability subjecti with learning ability 6,
answering item correctly is defined as

1
P (6 |ab)=

L+exp{-Da, (8 -b,)} M)
where g is the discrimination level showing the degreewtoich itemj discriminates
between subjects, aflis the difficulty level of iten) (typically,-3<b; < +3) [7]. Figure 1
shows three ICCs on the same graph. All have ditfmmbinations of discrimination level
and difficulty level. When the curve moves to thght, the difficulty level of the item
increases because the probability of a correct ansdow at the lowest ability level. When
the curve becomes steep, the discrimination leiv@hatem is high. In the 2PLM, the slope
of the curve is maximized when the probability afcarect answer is 0.5, and this value of
the slope is the discrimination level. In additiarien the answers of timatems of subject

i are given by={ui1, Uz, * *, Uj,* * *, Uin}, Whereu; is 1 in the case of a correct answer and
0 in the case of an incorrect answer, the prolglafithe vectow; is given by
P 16)=[]pi6)"q @)™ )
]:

wherep;(6) is the correct answer rate of subjetd itemj, andg;(6;) = 1-p(6).

By using such a model, it is possible to estintlagelearning ability) of a subject, the
discrimination levelq), and the difficulty levellf) from the test answers of all the subjects.
However, the subjects must answer items in advimdébese parameters to be estimated. In
general, the number of answers required in ordestonate the difficulty level of items
using IRT is 1,000 in 3PLM and 500 to 1,000 in 2P[M].Therefore, in this paper, a
method for estimating the difficulty level of unavesed items is studied.
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Figure 1 Item Characteristic Curve of 2PLM
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Table 1 Item Types

;IB/ Pe! Item Type (Example)
Pat Select a correct example or explanation of a tecthmherm.
(Select the correct description of Morse code.)
Pa- Select an incorrect example or explanation of arieal term.
(Which of the following is not a Real-time Distritea System?)
Pb+ Select a technical term having the same type obatés as a given technical term.

(Which of the following is a type of visual commuaation?)

Select a technical term having a different typeatbribute from a given technica
Pb- | term.
(Which of the following is not a type of visual camnication?)

Select a correct example or explanation of somgttefating to a technical term.
Pc+ | (Which of the following is a problem affecting dateanagement in a distributed
environment?)

Select an incorrect example or explanation of shmgtrelating to a technical tern
Pc- | (Which of the following does not have an impacttbe structure of a computer
network?)

=

Select a correct technical word relating to a giteshnical term.

Pd+ (Which of the following devices is suitable foreaphone communication?)

Select an incorrect technical word relating to\segitechnical term.
Pd- | (Which of the following practical applications o€amputer network does not appéear
in banks or convenience stores?)

Select a correct combination of a technical tercham explanation of it.

Pet (Select a correct description of 4 layers in the @&rence model.)

Select an incorrect combination of a technical tarmd an explanation of it.
Pe- | (Which of the following is not a correct descriptiof 4 layers in the OSI reference
model?)

Select a correct technical term based on an exaon@eplanation of it.
Pf (What is the host-centralized system which usasgieshost computer and multipje
terminals?)

Others.

2. Method of Estimating the Difficulty Level
2.1 Item Type and Difficulty Level

In a preceding study, items were classified intotyides according to how knowledge is
tested [12]. We classified items based on the lmddiseir content and the answer choices.
Also, when classifying items, we took into accowhether the item requested the subject to
select a correct or an incorrect answer. Table dwshthe 11 item types and provides
examples. In Table 1, the “Other” category includesiputational items, fill-in-the-blank
items, and flawed items.

The difficulty level of items can change dependorgthe phrasing used, such as
whether the item seeks knowledge of a technicat {@a and Pf in Table 1) or the item
requires the subject to apply knowledge and ugar ithe answer (Pc and Pd in Table 1).
Thus, for similar items, the difficulty level of answered items may be estimated by
focusing on differences in item type.

In our proposed method, the difference of diffigiével between similar itemsand
which arises from the differences in the item tyjsedefined as
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bgj = (Dmax - Dmin) EV\(} (3)
where Dnax IS the maximum difficulty level in the Item banR, is the corresponding
minimum, andswis the rate of changes for the range of difficlétyels Dmax- Dmin). Thus,
when the difficulty level of an item is known, tlddficulty level of similar items can be
estimated by adding the difference of difficultyé¢ calculated by formula (3).

2.2 similarity of answer choices and difficulty level

In the case of multiple-choice items, the diffigulevel may change according to the
similarity of answer choices [9]. For example, thiiculty level of items is increased when
the choices include a “confounding answer.” Ondtieer hand, the difficulty level of items
is decreased when the choices contain an “obviocmtgect or incorrect answer.” One
possible measure of the difficulty level of iteraghe probability that each answer choice is
selected (the selection probability). Thus, we psgpa method of estimating the selection
probability from the similarity of answer choicel3]. In this method, in order to estimate
the selection probability, the similarity of eachsaer is calculated by representing the
documents as a weighted collection of terms in @orespace. However, it may not be
possible to calculate the similarity if there assvfterms contained in the question and
answer choices. So, terms that are related toulstipn or answer choices (related terms)
are extracted from the item bank. Then, the simylaf answer choices is calculated using
the related terms.

Therefore, in proposed method, the differencdefdifficulty level which arises from
the difference in the similarity of answer choibetween similar itemisand;j is defined as

bClj = (Dmax - Dmin)(cvi - CVj )bpmax (4)

where Dmax and Dmin are the same values as in formula (8)andv; are the unbiased
variances of the selection probability for itenasdj, c is the number of answer choices and
bpmaxis the maximum value of the difficulty level difemce calculated using formula (3).
Thus, when the difficulty level of an item is knoythe difficulty level of similar items can
be estimated by adding the difficulty level diffece calculated using formula (4).

2.3 Calculation Procedure for Difficulty Level

In this study, the difficulty level of item (the estimation item) is estimated using the
formula

b.=%2(bsj +bp, +bg)). (5)
j=1

Herebs is the difficulty level of one af similar items (the comparison items), The changes
in the difficulty level arising due the differenteitem typesp; are estimated by IRT. The
changes in the difficulty level between similamitebg; are based on the differences of
selection probability for each answer choice. ThigcdIty level of estimation item is
calculated by addinigp; andbg; to the difficulty level of similar itenbs. The average value
over then comparison items is used as the difficulty leviedstimation item.

Figure 2 shows the method for estimating the diffy level proposed in this study.
First, the difficulty level of items used in thestare estimated using IRT (estimated items -
bs), as shown in Figure 2-(1). Then, from the sam@ibank, the target items for which the
difficulty level must be checked are selected asstimation items). Next, the estimation
items are used to select similar items from theaaly estimated similar items (comparison
items) as shown in Figure 2-(2). Then, the changedifficulty level (bp;, bg;)) are
calculated based on the differences in the itere Bpd the selection probability of each
answer choice between estimation iteand comparison itefp as shown in Figures 2-(3)
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and 2-(4). After that, Equation (5) is used to gkdte the level of difficultly for the
estimation itemsky) using the results from steps 3 and 4. Finallg,dhlculated resulby) is
registered as shown in Figure 2-(5).

— (1)Estimation of { (2)Retrieval of Similar Questioﬁs
Difficulty Level [ Similar Items of
<test> Estimation Items
| Similar-1

2
Bank gz:]k /

Usmg IRT | Calculation of Similarity [——

Estimation of Difficulty Level :
(5)Register
—_(3)ltem Types (bp) [ { (4)Choice (bc}| 1 Calculated Results
Item Difficulty Item Selection
Level Type Probability Item Types
Estimation Pe (dp) | A
ltem Choice 1 0.658 + mmmp| lem
Similar-1 | 0.423 Pa Choice 2 0.103 Choce Bank
Similar-2 Pd Cho!ceS 0.148] (b) -
— Choice 4 0.269
Similar-3 -0.108 Pa

Figure 2 Procedure for calculating level of difficulty

3. Experiment
3.1 Experiment Outline

In this section we describe a comparative experintest was conducted to verify the
relevance of the difficulty level estimated by ffreposed method. In this experiment, 1000
items given in previous “System Administrator’ amige “Fundamental Information
Technology Engineer” examinations are accumulatede item bank. The differences and
the correlation coefficient of difficulty level estated by the proposed method and IRT are
calculated. In the proposed method, the difficldtyel is estimated in three ways: using
only item types (Dp), using only similarity of ansmchoices (Dc), and using both item
types and similarity of answer choices (Dp+Dc). T®0 items are used to extract the
related terms for estimating the selection proligbdf answer choices, and théwg; is
calculated from the selection probability.

First, a test consisting of 20 items (Test 1) e@sducted. Then, the difficulty levels of
the items set in Test 1 were estimated using IRM wilPLM. These items were then used
as comparison items. In this experiment, Test 1 giaen to 82 students in three
universities: Soka University, the University of eElro-Communications and Iwate
Prefectural University. Second, 15 items similathtose in Test 1 were retrieved from the
item bank. Furthermore, 5 items contained in Testelused for items of Test 2 and those
items are used for equating of Testl and Test2dThitest consisting of these similar items
(Test 2) was conducted and the difficulty levelslod items were estimated by IRT and
using the proposed method in three ways (Dp, De;my). Finally, the differences and
correlation coefficient of difficulty levels estirtead by the proposed method and IRT were
calculated.
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Table 2 Estimation results for difficulty levels.

ltem 1 2 3 4 5 6 7
Dp 0.50 0.78 -0.11 1.37 0.45 0.85 -1.95
Dc -0.25 0.80 -0.60 1.26 0.78 -0.52 -1.88
Dp+Dc 0.48 1.29 -0.11 1.26 0.18 0.22 -1.85
IRT -0.66 1.40 -0.26 -1.90 -2.36 4.35 -1.90
8 9 10 11 12 13 14 15
-0.57 -1.30 0.76 0.64 0.34 -0.73 -1.50 0.2y
0.65 -0.72 0.65 0.86 0.26 -0.96 -1.60 0.3
0.05 -0.94 0.65 0.83 0.49 -1.18 -1.60 0.2y
-0.26 -4.10 0.96 -2.36 -1.47 -1.90 -1.90 -1.06
Table 3 The differences in the difficulty levels for eacletimod.
Item 1 2 3 4 5 6 7
Dp 1.16 0.61 0.15 3.27 2.81 3.50 0.0%
Dc 0.41 0.60 0.33 3.16 3.14 4.87 0.02
Dp+Dc 1.15 0.11 0.15 3.16 2.54 4.13 0.05
8 9 10 11 12 13 14 15
0.31 2.80 0.20 3.00 1.82 1.17 0.41 1.33
0.91 3.39 0.31 3.22 1.73 0.95 0.3(C 1.36
0.31 3.16 0.31 3.19 1.96 0.72 0.3( 1.33

3.2 Experimental Results

Table 2 shows the difficulty levels of items estiathby the proposed method and IRT.
Table 3 shows the differences of difficulty levelstween the proposed method and IRT.
The correlation coefficients between the difficUityels estimated by the proposed method
and those found by IRT are 0.46 (Dp), 0.12 (Dcil @37 (Dp+Dc). On the other hand, the
correlation coefficients are 0.72 (Dp), 0.76 (Ca)d 0.80 (Dp+Dc) when items which have
a large difference of difficulty level (items 4,6, 9, and 11) are removed. Therefore, the
difficulty levels of items which have a small diféace of, difficulty level estimated by IRT
could be predicted quite well using the proposethot

Since the correlation coefficient for method Dctie lowest, the estimation of
difficulty levels could be affected according tdestion probability. Table 4 shows the
selection probabilities of large difference itensirmated using the proposed method
(estimated selection probability) and calculatethgisasnswer data (calculated selection
probability). The correct answer rates of itemsd a of Test 1 and item 6 of Test 2 are 30%
or less. In particular, the calculated selectiavbpbility of an incorrect answer choice is the
highest in items 4 and 6. In the proposed methusl difficulty level of items is estimated
from the difference of the variances of selectioabability. However, the variances of
selection probability may become equal even if diféculty level of items is different.
Thus, in the case of items for which selection piolity of an incorrect answer choice is the
highest, the difference between the difficulty llegstimated by the proposed method and
IRT becomes large because the difference of thiewlify levels is not calculated correctly
from the selection probability. For item 5, theigace of selection probability is increased
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Table 4 Selection probabilities of items with large diffaoes.

Calculated Selection Choice 1 Choice 2 Choice 3 Choice 4

Probability
Item 4 Test 1 0.27 0.43 0.17 0.13
Item 5 Test 1 0.30 0.21 0.22 0.27
Item 6 Test 2 0.21 0.13 0.57 0.09
ltem 9 Test 2 0.88 0.04 0.04 0.04
ltem11 Test 1 0.21 0.17 0.24 0.38

Estimated Selection Choice 1 Choice 2 Choice 3 Choice 4

Probability
Item 4 Test 1 0.65 0.35 0 0
ltem 5 Test 1 0.39 0.25 0.31 0.05
ltem 6 Test 2 0 1 0 0
Item 9 Test 2 0.50 0.17 0 0.33
ltem 11 Test 1 0 0.26 0 0.76

because the selection probability of answer chéiceestimated to be low. Item 9 of Test 2
is an easy item for which the correct answer ratabiout 90%. However, if the selection
probability of an incorrect answer rate is estirdat® be high, the difference of difficulty
levels becomes larger.

On the other hand, items for which the estimatelkcsion probability is 0 are
constrained because there are no related ternmhe iproposed method. In item 6 of test 2,
the related terms for incorrect answer choicesatcerist, and the selection probability of
correct answer choice becomes 1. For item 11 of Te®r which the correct answer is
“router”, the selection probability of incorrectsavers "gateway" and "repeater” are 0
because the related terms do not exist. Howevesetlincorrect answers are similar to
correct answer and the calculated selection préibals 0.2 for both incorrect answers.
Thus, the difference of the difficulty levels becesrarger. The results of the experiment
show that the estimation of the difficulty levektsongly influenced by the estimation of the
selection probability. Therefore, it is necessarydevelop a more accurate method for
estimating the selection probability.

4. Conclusions

In order to estimate the difficulty level of unaresed items, the items were first classified
into 11 types according to how knowledge is testéd then estimated the difficulty level of
items based on item types and similarity of anseferices. In our proposed method, the
difficulty level of similar items is estimated bgmparing the item types and the selection
probability of answer choices with those of sommilsir items for which the difficulty
levels have already estimated. In addition, a neetboestimating the selection probability
of answer choices based on representing the dodarmgmweighted collections of terms in a
vector space is proposed.

The results of an experiment show that the praposethod could provide estimates of
difficulty levels which are close to those estintbltg IRT. Therefore, the difficulty level of
unanswered items could be estimated when new ismsdded to an item bank, thus
reducing the costs and time when constructingean hank. However, for some items the
selection probabilities of answer choices are ratim&ated correctly, so the difference
between the difficulty levels estimated by the m®gd method and by IRT is large. In the
future, we plan to develop an extended method timate the selection probability more
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accurately, with a focus on the method of weightintated terms and the deletion of
unnecessary terms.
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