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I ssuesto be taken into account when calibrating items

R. Arruabarrena Santos , J. L 6pez-Cuadrado

Department of Computer Languages and Systems, University of the Basque Country (UPV-EHU), Apdo.
649, 20080 San Sebastian, Spain

The number of Learning Management Systems (LMS) is continuously growing, as well as these based on
banks of calibrated items. To create the initial bank of knowledge of the application or to extend it in later
versions, it is necessary to calibrate the items and for it, there are some choices. In this paper we show a
checklist of issues to be taken into account when calibrating the items of a bank and we compare their
costs using two different approaches: one considering estimations made by experts and ancther one con-
sidering estimation methods of the Item Response Theory (IRT). Moreover, both estimations are calcu-
lated for the traditional paper version and for a newer way using Information Technologies.
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1. Educational systemsbased on calibrated item banks

The number of Learning Management Systems (LMS) based on banks of calibrated items is continu-
ously growing. To create theinitial bank of knowledge of the application or to extend it in later versions,
it is necessary to calibrate the items. GHyM, our research group, has been the main designer of HEZI-
NET, aLearning Management System (LMS) to learn Basque language off-line. BOGA isits hew online
version and it is used al over the world [1]. Some years ago, we obtained some sheets containing 252
textual items that could be used to increase the BOGA's bank, if they were calibrated by fixing their
difficulty level in range of 1-12.

In 2003 we decided to improve those systems with the provided bank by including the capability of
assessing the knowledge level of newcomer students [2]. We also determined that it was worthwhile to
develop two parallel processes of calibration of items. one base on experts' estimations and the other
based on Item Response Theory [3], and to conclude in which conditions would be better to use experts
or a systematic procedure. Hence, we first distinguished that an off-line items' calibration of a LMS has
two stages: the data gathering stage and the data analysis and calibration stage; then, we defined a meth-
odology to compare not only the two elaborated calibrations but aso their relative costs [4]. Both cali-
brations have recently finished, and this paper focus on their related costs, giving, at the sametime, alist
of checkpoints to be considered to calculate the costs of similar off-line calibrations. The comparison
between the generated calibrations is deferred to another paper.

This paper is organized as follows: we start describing five checkpoints to be taken into account to
calculate the cost of an off-line calibration of items. Then, we calculate the costs of our two calibrations
in two different versions for each one. In the last section we compare the costs of the shown variants of
calibration of items drawing some conclusions.

2. Checkpointswhen calibrating items of a bank

Due to the fact that calibrations consume many resources, in [4] we presented a methodology that we
have followed, during the data gathering and data analysis and calibration stages, in both experts based
and statistical off-line items' calibrations. Basically, the plan consists in five tasks, once the project has
been defined: (i) to set up active and passive participants, (ii) to establish the criteria to concrete the tools
and materials to obtain information, (iii) to locate the passive participants, (iv) to conduct pilot tests if
necessary and (v) to carry out the work. From these tasks and from those four instantiations of the meth-
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odology, we have observed that there is alist of checkpoints to be taken into account when calibrating a
bank of itemsto calculate and to control the expenses of the calibration. Next, we illustrate the identified
checkpoints.

It is necessary (1) to carry out a detailed plan and management of the whole stage. This means to fix
the calibration's parameters, criterions and tools to obtain the calibration's data for the data gathering
stage; and also, for the data analysis and calibration stage, to concrete the procedures to filter the gath-
ered data when necessary and to elaborate the calibration. It also includes specifying deliverables, sched-
uling tasks in time paying attention to requirements and real resources (human, costs and available time)
and leaving time to face unforeseen events. Everything above mentioned will last during the whole life
of the instantiation stage and punctual adjustments could happen. So, this checkpoint will not be punc-
tual, requiring intermittent controls throughout the whole development of the stage. Moreover, the resul-
tant costs will directly depend on the experience and rigour of the main managers and developers. In
addition to this, these active participants will possibly need additional (2) formation, whose cost has to
be considered. Finally, special care hasto be taken with (3) participants; in particular, the different types
and amounts of identified participants that have to be recruited, instructed and coordinated. When the
number of participants is considerable, it may be helpful to register related information in an electronic
support.

During (4) implementation (or plan execution) there are different points to check and to register. In the
first stage, for instance, since the tool to gather information has been already fixed [5], paper and com-
puterized questionnaires in our two calibrations, it is necessary to do the questionnaires and to conduct
some pilot tests to validate them [6]. Afterwards, field tests have to be conducted until one obtains the
desired amount of data. This means that all expenses from conduction have to be registered. However, in
the second stage the calibration will be elaborated from the collected data which has been previously
filtered. So, statistical software will be surely needed as well astime to interpret the statistical results.

Finally, not only the number of (5) deliverables but also the detail of them (including reports) rebound
in the costs. However, it is necessary a minimum documentation reflecting the progression of the work,
the elaborated products and their costs, and conclusions of the work.

In the following sections, attending to the described five checkpoints, we show the accumulated costs
of our two calibration processes.

3. Costs of two processes of calibration of items

In [2] we fixed two parallel calibrations to improve BOGA: one using experts opinions and the other
using statistical methods based on IRT. Our aim was to determine the best calibration under certain con-
ditions; consequently we planned each calibration and set up common parameters. In [4] we showed that
an off-line calibration's process consists of a data gathering stage and a data analysis and calibration
stage. The main features and results of the first stage for both calibrations are shown in [4,7-10]. The
second stages are almost finished, being [11] a detailed report of the statistical calibration. The main
developers of the experts and of the statistical calibration are Rosa Arruabarrena Santos and Javier
Lopez-Cuadrado, respectively. Both are computer scientists and full lecturers at the University of the
Basgue Country.

Table 1 shows the related costs for checkpoints (1), (2) and (5) of each stage for both calibrations. The
accumulated costs in each checkpoint are those explained in the former section. Obvioudly, as said be-
fore, these costs may vary depending on the number and capability of the participants (developers) as
well as the rigour and detail of their work. The costs of the checkpoints (3) and (4) are explained in next
sections.

3.1 Empirical calibration with experts

According to [12], three or five experts are enough to revise didactic material. But, as the provided bank
had 252 items, it was unviable that voluntary experts would calibrate the whole bank. So, items were
divided into questionnaires which we estimated could be answered in 50 minutes by an expert. We con-
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ducted two type of field test called FT1 and FT2 to obtain at least 7 assessments of the whole bank per
each variant. In FT1, the questionnaires were delivered and fetched directly to-from experts workplace,
which are caled euskaltegis'. In FT2, the questionnaires were sent and received by post. Due to the
number of active participants (the main developer, her supervisor and 3 more punctual participants) and
timerestrictions, FT1 and FT2 were essentially conducted in sequence.

Mainly by phone, 42 experts from 12 euskaltegis took park in FT1, though we had agreed with 22%
more experts. In average, we made 2,7 trips and 3,5 phone calls to euskaltegis. In FT2, atota of 80 ex-
perts from 40 euskaltegis agreed to help us during the field test, but at the end only 42 of them, from 20
euskaltegis, took part in that stage. In average, we made 2,1 phone calls. The time spent in those activi-
ties has also been accumulated in Table 1 in checkpoint (4), as well as time spent building two calibra-
tions, one from data of each field test.

Table1l Cost estimationsin hours for each stage of our off-line calibrations. The supraindex shows the
number of whole bank's assessments.

Experts calibration Statistical calibration
FT1+2" FT1” | FT2" [ SP+NSP®! sP® | NsP®

Stage 1: Data gathering
(1) Formation 128 128 128 158 158 158
(2) Planning & management 110 105 95 98,5 103,7 82,5
(3) Participants: passives time 112 50 50 1333,3 1038 1692
(4) Implementation 376 268 248 571 614 390,6
(5) Deliverables 174 155 155 200 200 200
Stage 2: Data analysis & Calibration
(1) Formation 140 140 140 60 60 60
(2) Planning & management 35 35 35 5 5 5
(3) Participants: passives time - i - i - i - i - i -
(4) Implementation 1143 102 102 27 : 27 : 27
(5) Deliverables 100 : 80 = 80 : 70 ¢ 70 : 70

Amounts of time costs 1289 1063 | 1033 | 2523 2276 | 2285

This table gathers the total amounts of time costs for each calibration type and variant and for each
checkpoint. The second column has accumulated the costs from the 17 full bank's assessments from
which 10 were obtained through FT1 and the rest through FT2. Columns 3 and 4 only have the cost of 7
full bank's assessment corresponding to FT1 and FT2, respectively.

Apart from time costs, to build a calibration from experts assessments requires phoning costs, paper
copies of questionnaires, car availability and posting expenses (in FT1 and FT2, respectively]), and a
computer with office software (similar to Word, Access, Excell, SPSS).

3.2 Analytical calibration based on IRT

Similarly, according to experts in psychometrical calibration [13], it is highly recommended to obtain
at least 500 answers per item from a heterogeneous sample to elaborate a trustworthy calibration. Due to
the length of the source bank, it was divided into 6 computerized questionnaires or subtests that could be
completed in 20 minutes by a volunteer. A web application was designed and implemented to store the
minimum needed of 3000 answers [14]. Once again, two type of field tests were conducted, which are
called SP and NSP. In SP, test conductors went to learning centres and there they supervised laboratory
sessions where students completed the tests. In NSP, anonymous participants answered the tests in non
supervised sessions.

In SP, 2268 students answers were validated and 52 rejected, that is, the 2,2% of supervised sessions
[15] were rejected. Those sessions took place in 10 secondary schools and faculties and, in average, 10
phone calls per each centre were made. Moreover, in NSP 975 more sessions were validated, though a

! Euskaltegi is a certain type of homologate school to teach Basque
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total of 1635 were finished, which means that the 40,4% of this type of sessions were rejected. To recruit
volunteers, emails were sent to distribution lists and about 1400 more emails and 500 phone calls were
made to confirm non supervised sessions. Five active participants took part in supervised sessions and 2
in NSP. The time spent by them, as well as time used for validating the sessions and elaborating the
calibration has been added to Table 1 in checkpoint (4). The fourth column in Table 1 accumulates the
costs of 540 full bank's assessments obtained through SP and NSP field tests. The last two columns have
the estimations time costs for SP and NSP field tests to obtain 500 full bank's assessment.

Apart from time costs, in this case, there have been trips to the teaching centres in SP and phoning
expenses, a personal computer, a web-server and software for both SP and NSP field tests (an office
packet, SPSS, LISREL/PRELIS, XCALIBRE and Internet Information Server, respectively).

Table2 Tota time costs considering or not the time spent by passive participants.

Time spent by FT1+2Y Fr1’ FT2' | SP+NSPP®  gp® NSP*®
Active participants 1177 1013 983 1190 1238 993
Passive participants 112 50 50 1333 1038 1692
In total 1289 1063 1033 2523 2276 2685

Table 2 sums up the time spent in total all over the processes, only by active participants (devel opers)
or by passive participants (all of them volunteers, having been experts and students).

4. Conclusions and future work

The process of item calibration consumes many resources and there are different ways of doing it. Be-
sides, we had a choice to improve a successful LM S to learn Basgue by extending its bank, since we had
been provided with atextual bank of 252 items. Having established a methodology to develop an off-line
items' calibration process, we developed in parallel during 2 years two calibration processes: an empiri-
cal one using experts opinions and an analytical one based on IRT. In relation to the mentioned working
methodology, it has been helpful to set up alist of checkpoints to be considered to calculate and to con-
trol the costs of the calibration. This paper has presented this list, as well as the expenses of the devel-
oped calibrations for the checkpoints. Table 1 gathers time costs for each calibration type and variant and
Table 2 summarizes time costs considering (or not) time spent by passive participants. From these two
tables many conclusions can be drawn.

On the one hand, in the calibrations based on experts, the difference of costs between FT1 and FT2
are in checkpoint 2 and 4 in the data gathering stage, since in FT1 there is more control over the progres-
sion of the work, including trips and number of phone calls. Moreover, athough the fact that in FT2 the
rate of abandonment is closed to the 48% and more agreements have to be established (so more ques-
tionnaires have to be sent), FT2 variant continuous been cheaper to obtain the required 7 full banks' as-
sessments. Another interesting alternative could be to implement FT1 and FT2 with computerized ques-
tionnaires, since costs associated to trips and copies would disappear.

On the other hand, when calibrating analytically, two factors have to be considered before drawing
conclusions. Since a minimum of 500 answers per item are required in an IRT-based calibration, the
number of volunteers to be recruited is large, as well as time spent by them answering computerized
subtests. If we do not consider passives' time, the NSP variant is the cheapest. But this would mean that
5031 passive volunteers should take part in nonsupervised sessions by their own initiative in afix period
of time, since the rate of rgjected answers is the 40,4% in NSP. If we consider passives time, the SP is
the cheapest. Nevertheless, the point is that appointments have to be made with schools' headmasters and
active participants have to go to those schools to supervise subtest administrations. As a consequence, in
SP amost al sessions are validated.

Depending on whether one considers or not time spent by passives in all the studied variants of cali-
bration, expert calibrations are cheaper than IRT-based ones from time's cost point of view. When we do
not consider passives time, although FT2 and NSP are similar in spent time, the analytical calibrations
have software expenses to compute the volume of data gathered and active participants need to have
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good formation in stetistics. So, in the considered conditions, FT2 is definitively the cheapest calibration
variant among those studied.

In future work, we will consider new conditions, as other lengths of the source bank and repeating the
process with new banks. Moreover, we would like to determine under which conditions it is not worth-
while the automation of the process. Apart from costs, comparisons between the generated results, i.e.
between obtained item difficulties, are to be done.

To conclude, the lecturer should consider that the given resultant costs are estimations, since they may
vary depending on the number and capability of the participants (developers) as well as the rigour and
detail of their work. Another point is the period to conduct field test; it must always be fixed, certain
moments are unproductive for volunteers and the increase in the number of active participants does not
guarantee to get a proportional effect while gathering data or during work devel opment.
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