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The calibration of Item Banks provides the basis for computerized adaptive testing that ensures high diagnostic 
precision and minimizes participants’ test burden. This study aims to develop a bank of items to measure the 
level of Knowledge on Biology using the Rasch Model. The sample consisted of 1219 participants that studied in 
different faculties of the National University of Córdoba (mean age = 21.85 years, SD = 4.66; 66.9% are women). 
The items were organized in different forms and into separate subtests, with some common items across subtests. 
The students were told they had to answer 60 questions of knowledge on biology. Evaluation of Rasch model 
fit (Zstd ≤ ±2.0), differential item functioning, dimensionality, local independence, item and person separation 
(>2.0), and reliability (>.80) resulted in a bank of 180 items with good psychometric properties. The bank provides 
items with a wide range of content coverage and may serve as a sound basis for computerized adaptive testing 
applications. The contribution of this work is significant in the field of educational assessment in Argentina.
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Science is shaping the lives of people in 
a fundamental way. Individuals, groups, and 
nations are increasingly seeking to strengthen 
scientific capacity, in the hope of promoting social 
and personal well-being (Feder, Shouse, Lewen-
stein, and Bell, 2009). Somehow, Biology is the 
most rigorous of all sciences; on the one hand, 
because living systems are too complex and, on 
the other, because Biology is an interdisciplinary 
science that requires the knowledge of Chemistry, 
Physics, and Mathematics (Campbell and Reece, 
2007). For these reasons, efforts to improve sci-
entific capacity are often focused on educational 
institutions and on improving strategies, such as 
science courses, teacher training, and educational 
measurement systems.

Educational measurement is generally re-
garded as empirical, quantitative and, on a large 
scale, as having the main purpose of controlling 
educational systems (Long, Wendt, and Dunne, 
2011). These evaluation systems can give the 
institutions the opportunity to measure their own 
progress year after year in compliance with the 
standards set by government agencies (Garbanzo 
Vargas, 2007) and can also assess the quality of 
educators’ training (Popham, 2001). In addition, 
these evaluation systems are used for university 
admission, certification, monitoring, and diagno-
sis of student’s learning (Eggen, 2011). In other 
words, the evaluation of academic performance 
is a very important issue for parents, teachers, 
and the Government (Novak, Mintzes, and Wan-
dersee, 2000). An accurate measurement plays a 
very important role in the evaluation of academic 
success and, therefore, the development of ana-
lytical methods has advanced greatly in recent 
years (Törmäkangas, 2011). 

In everyday university life, academic perfor-
mance is assessed through teachers’ perception 
and judgment. The magnitude of this tentative 
measurement is typically only ordinal and its 
results are open to speculation. The use of stan-
dardized instruments can minimize students’ 
misclassification and can enable the measurement 
of academic performance with an interval scale. 
Although most researchers in the field of educa-

tion use the classical test theory (CTT), at present, 
the item response theory (IRT) and the Rasch 
model (Rasch, 1960) have gained popularity 
(Hambleton, 2000). This is because such models 
can provide invariant measures, regardless of the 
instruments used and the individuals evaluated 
(Hambleton, 1985). 

The Rasch model provides a comprehen-
sive and detailed methodology that can evaluate 
the psychometric properties of an instrument 
at item level (Messick, 1994). Rasch analysis 
provides more information about the ability of 
a person because it focuses on the difficulty of 
the items, rather than the number of items that 
each participant answers correctly. From a Rasch 
perspective, the ability of a person interacts with 
the item difficulty to obtain a score for each 
subject in the measurement (Linacre, 2002). To 
analyze the items, the Rasch model first converts 
the ordinal data from an instrument into interval 
data, thus fulfilling one of the prerequisites of any 
measurement (Wright and Linacre, 1989). Then, 
this psychometric model enables the evaluation 
of several characteristics, such as the model fit 
level, the item difficulty and hierarchy, the reli-
ability of persons and item, and the differential 
item functioning (DIF). In short, the Rasch model 
can help test developers and science educators to 
improve the validity, reliability, and efficiency of 
educational instruments (Bond, 2003).

At present, the use of computers combined 
with IRT and Rasch model enables the building 
of Computerized Adaptive Testing (CAT). With 
CAT, the items given are adapted to the level of 
competence that the subject is showing accord-
ing to their responses to previous items (Barrada, 
Olea, Ponsoda, and Abad, 2010). A prerequisite 
is to have a calibrated item bank (IB); that is, a 
set of items that make it possible to measure the 
latent variable unidimensionally by consider-
ing the different dimensions that integrate this 
variable (Wright and Bell, 1984). The capacity 
of CAT to provide a fast and reliable estimate 
of a person’s skill level is based on the quality 
of the items in the system (Lai, Dineen, Reeve, 
Von Roenn, Shervin, McGuire and Cella, 2005). 
Moreover, a calibrated IB can be a good starting 
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point for teachers to select a specific set of items 
for particular assessments as well as parallel tests. 

Therefore, this study aims to develop an item 
bank to measure knowledge on Biology. Through 
this calibrated item bank an assessment and a 
classification of students will be performed. In 
the case of the assessment, this test will give an 
estimate of the level of knowledge acquired in 
the domain of Biology. In the case of the classi-
fication, this IB will enable educational decision 
making, for example, admission to a major or an 
educational grant. On the other hand, a calibrated 
IB using the Rasch model is the basis for the 
development of the CAT to measure knowledge 
on Biology.

Method 

Participants 

The sample consisted of 1,219 students, 
815 female persons (66.9%) and 404 male 
persons (33.1%), between 17 and 58 years old 
(M = 21.85, SD = 4.66) that studied in different 
faculties of the National University of Córdoba 
(UNC): Medicine (25.1%), Biology (15.7%), 
Nutrition (15%), Nursing (13%), Speech Therapy 
(11.2%), Medical Technology (10.2%), Psychol-
ogy (8.5%), and Agricultural Engineering (1.3%). 
As regards their academic year, 395 participants 
completed the Introductory Level (32.4%); 443, 
the first academic year (36.3%); 293, the second 
academic year (24%); 69, the third academic year 
(5.7%); and 19 the fourth academic year (1.6%). 
The participants answered the following forms: 
Form A Level I (n = 304), Form B Level I (n = 
311), Form A Level II (n = 301), and Form B 
Level II (n = 303). 

Instrument

Item Bank on Biology, Levels I and II. For 
a test to measure a specific domain accurately 
and reliably and to provide validity evidence to 
support the inferences made with the test scores, 
systematization, and organization of the activities 
to develop are required (Downing and Haladyna, 
2006). The activities carried out are described 
below. 

Content analysis and specification table. In 
order to define the content to be measured, 55 
syllabuses belonging to seven majors (Biology, 
Medicine, Nutrition, Medical Technology, Nurs-
ing, Speech Therapy, and Psychology) related 
to the Natural Sciences (NS) and the Health 
Sciences (HS) at UNC were collected. Each 
syllabus was organized in a spreadsheet (Excel) 
by syllabus, syllabus academic year (n = 4), di-
dactic units (n = 519) into which each syllabus 
is divided (general contents) and topics (specific 
contents). From the general and specific contents, 
six specialists established conceptual units. These 
were processed by the authors of this study using 
a frequency analysis to show in descending order 
what the most important ones (occurring more 
frequently) are. 

This information was organized on three 
levels: Level I, contents taught in first year; 
Level II, contents taught in second year; Level 
III, contents taught in third year; and Level IV, 
contents taught in fourth year. Then a group of 
five experts evaluated the representativeness of 
the selected information. Once the most represen-
tative contents were selected, a specification table 
with 100 written questions per level was created. 
These questions were distributed evenly in differ-
ent contents and cognitive categories (knowledge, 
understanding and application). 

Item writing and Development. The writing 
of the items was done by ten professionals in NS 
and HS. They received special training on guide-
lines for the creation of multiple-choice items 
(Haladyna, Downing, and Rodriguez, 2002). 
Each professional received the specification 
table where the number of questions by content 
was specified. In all, 532 initial questions for the 
four Levels were written. These questions were 
organized into cards with a unique identification 
code, a related concept, the type of cognitive 
category evaluated, the right choice and a jus-
tification of why each choice is either right or 
wrong, the bibliographic source used for writing 
the question, and who the author of the question 
was. A space to categorize the level of difficulty 
was also created. Subsequently, these cards were 
given to five judges who evaluated the selected 
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specific content for each item. In addition, the 
judges rated the questions according to their level 
of difficulty as easy, medium, and high. Some 
questions were discarded and the final pool was 
comprised of 487 items.

Test design, assembly, and production. The 
items were organized in different forms in order 
to be calibrated. For Level I, Forms A (60 items) 
and B (60 items) were prepared; for Level II, 
Forms A (60 items) and B (59 items) were pre-
pared; for Level III, Forms A (60 items) and B (60 
items) were prepared; and for Level IV, Forms A 
(60 items) and B (60 items) were prepared. The 
item distribution in each form was performed by 
increasing difficulty level and different contents. 
Moreover, in each form anchor items (20 to 40) 
and free items (20 to 40) were established. The 
options of the correct answers varied randomly 
in location. On the other hand, the same format 
for all forms was established: (a) a question paper 
in double format to facilitate the reading and (b) 
an answer protocol to organize the scores of the 
evaluated participants with set spaces for choos-
ing their answer (A, B, or C). We consider that 
three options are enough because the effort for 
developing a fourth option (the third plausible 
distractor) is probably not worth it. It is very un-
likely that item writers can write three distractors 
that have item response patterns consistent with 
the idea of plausibility (Haladyna and Downing, 
1989).

Procedure

The administration of the test was done col-
lectively, in a regular class schedule and under 
the supervision of teachers assigned to the class 
schedule. Prior to administration, the students 
were told they had to answer 60 questions of 
knowledge on biology and that all questions only 
had one correct option. They were also recom-
mended to try to answer all the questions and, 
should they consider the question was oblivious 
to them, not to answer. After this statement, the 
students were given an informed consent and the 
material to be read and answered. Answering the 
entire test took between 40 and 60 minutes. 

Data Analysis 

All analyses were performed with the 
Rasch model, which ensures that all parameters 
of people and items are specific locations in a 
single latent variable and can be expressed in the 
same unit scale (logit), thus making it possible to 
establish objective comparisons. The calibration 
plan consisted of the following steps.

Step A. Unidimensionality and local inde-
pendence. Unidimensionality was assessed by the 
NOHARM (Normal Ogive Harmonic Analysis 
Robust Method) program version 4.0, which 
allows to evaluate the relationship between the 
nonlinear factor analysis and the normal ogive 
model according to the dimensional and multidi-
mensional adjustment of the normal ogive model 
(De Ayala, 2013). NOHARM produces a residual 
matrix to evaluate the fit of the model. The soft-
ware provides the root mean square residual 
(RMSR) where values close to zero represent an 
adequate fit to the model. If the RMSR is greater 
than the residual standard error ( 4 / N ), it indi-
cates that the model does not fit well (Fraser and 
McDonald, 2002). A second index of adjustment 
is the Tanaka’s Index (1993) for goodness of fit 
(GFI). Mc Donald (1999) suggests that a score of 
0.90 is an acceptable value and that an index of 
0.95 indicates a good fit. The assumption of local 
independence was evaluated by inspecting the 
residual matrix and the covariance matrix, where 
values less than 0.025 and 0.25, respectively, are 
expected.

Step B. Rasch model fit. Three analyses were 
performed: global adjustment of data, items ad-
justment, and people adjustment. The first checks 
whether the data matrix, in a broad sense, is in line 
with what is predicted by the model. The items fit 
enables to study each of these items independent-
ly. In addition, with the adjustment of the persons, 
the persons who have responded inconsistently 
to the theoretical formulation can be identified. 
In order to check if there is a fit between the data 
and the model, we follow different procedures, 
the most frequently used in the RSM being the 
residuals analysis (Infit and Outfit). WINSTEP 
reports two Infit statistics (Mnsq and Zstd) and 
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two Outfit statistics (Mnsq and Zstd). Following 
the criteria proposed by Linacre (2009), the values 
of the Mnsq statistics in the interval between 0.6 
and 1.3 would have an acceptable fit. An accept-
able Zstd statistics fit would fluctuate between 
values equal to or higher than +2 and equal to or 
lower than −2 (Bond and Fox, 2007). The point-
biserial coefficients (rpbis), which are useful for 
diagnosing errors when coding the items were 
also calculated (values that are negative or equal 
to zero indicate items with response patterns that 
contradict the variable). 

Step C. Separation and reliability. The items 
should be separated in difficulty levels well 
enough to identify the meaning and significance 
of the latent variable (Wright and Stone, 2003). 
The person separation index indicates how ef-
fectively the instrument can discriminate against 
persons on the measured variable. A useful set of 
items must define at least three layers of persons 
(for example, high, moderate, and low levels of 
knowledge). A separation index greater than 2 is 
considered adequate (Bond and Fox, 2007) as well 
as a reliability associated with a person separation 
index of 0.80 (Gauggel et al., 2004).

Steps D. Differential item functioning (DIF). 
DIF analyses were performed according to partici-
pants’ gender and age. An item has DIF when the 
probability of a correct answer depends not only 
on the level of the person on the trait intention-
ally measured by the test. For the DIF analysis 
by age, the participants were ranked as “young” 
and “adult” by calculating the median. To apply 
the DIF, pairwise analyses where the significance 
level was set at a < 0.01 were performed and it 
was considered that the DIF contrast must be 
≥0.5 logits (Linacre, 2009). In addition, we esti-
mated the size of the effect based on the sample 
(DIF contrast / SD measure). We used t-test with 
Welch-approximation of the degrees of freedom 
on Rasch person estimates using Winsteps. The 
t-test is a two-sided test for the difference between 
two means (i.e., the estimates) based on the stan-
dard error of the means (i.e., the standard error 
of the estimates). 

Step E. Specific objectivity. An analysis of 
the specific objectivity of the anchor items was 

performed. This is one of the most important prop-
erties of the Rasch model and it refers to the fact 
that a measure can only be considered valid and 
generalizable if it does not depend on the specific 
conditions with which it has been obtained. One 
of the main procedures recommended to analyze 
the data fit model is to contrast this property em-
pirically (Hambleton, Swaminathan, and Rogers, 
1991). In this study, to analyze the invariance of 
the item parameters, (i) the items of Forms A and 
B were unified on the same basis, (ii) this basis 
was divided randomly into two, (iii) the param-
eters of anchor item difficulty were estimated, 
and (iv) a simple linear regression between the 
parameters obtained was carried out. The ex-
pected values of the correlation between the two 
sets of parameters, the intercept and the slope of 
the line indicating a perfect fit value would be 1, 
0, and 1, respectively (Prieto and Delgado, 2003). 

Results

Level I Items

Form A

Step A. The RMSR value (0.0146) is lower 
than the typical residual estimated error (0.23), 
which indicates that the assumption of unidi-
mensionality is true. Tanaka’s goodness of fit 
index, however, was 0.84 and did not exceed the 
proposed cut-off point. Furthermore, the values of 
the covariance matrix did not exceed the cut-off 
value of 0.25. Moreover, it was seen that 7% of 
the residues of all items were lower than 0.025. 
This could indicate that there may be one or more 
factors that explain the remaining variance (Yen, 
1993). In this sense, as this is a test that measures 
a general factor composed of more specific fac-
tors (knowledge in biology was defined in terms 
of knowledge about cell, states of the matter, 
macromolecules, living organisms, the origin of 
life, branches of biology, and chemical reactions, 
among others), it is expected to obtain a complex 
factorial structure (Tate, 2003), and that perfor-
mance on an item related to the performance of 
another item that requires knowledge, skills, and 
similar capacities (Yen, 1993). 
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Step B. All 60 items showed an adequate fit 
to the model (Mnsq ≤ 1.3 or ≥ 0.6). Ten items, 
however, showed inadequate fit to the model (Zstd 
≤ ±2.0) and rpbis values that were negative or 
close to zero. These items were eliminated and 
the model was recalculated with 50 items. The fit 
of these was satisfactory for both Mnsq and Zstd. 
The measure of difficulty (di) of the items varied 
between −3.40 ≤ di ≤ 1.91, with a mean of 0.00 
(SD = 0.84). The analysis of the persons’ adjust-
ment reflects that 95% of the response patterns 
adjusted to the model (Mnsq ≤ 1.3 or ≥ 0.6). The 
skill levels varied between −2.45 ≤ q ≤ 1.70, with 
a mean of −0.45 (SD = 0.68). 

Step C. The item separation (6.17) and item 
reliability (.97) were satisfactory, which indicates 
that the sample used is large enough to confirm the 
hierarchy of item difficulty (construct validity) of 
the instrument (Linacre, 2009). On the other hand, 
the values of person separation (1.86) and person 
reliability (.78) were considered acceptable, al-
though the need to cover some skill levels with 
other questions may be considered, as this pool of 
items may not be sensitive enough to distinguish 
between subjects with high and low performance. 

Step D. The results of DIF analysis by gender 
allow to see that the DIF contrast in item P25 
(hydrocarbons) was 0.91 and statistically sig-
nificant (p < 0.01) and an effect size of 1.07. The 
Item difficulty (DIF mean) for the male sample 
was 0.02 logits while that for women was 0.091. 
This indicates that this question is more difficult 
for women. In the DIF analysis according to age, 
it was observed a statistically significant contrast 
(p < 0.01) of 0.66 and 0.80, and an effect size was 
0.80 and 0.96, respectively, in items P29 (cell) 
and P42 (hydrocarbons). Both items are more 
difficult for the group of young persons aged 
between 18 and 20.

Form B

Step A. The RMSR value (0.0151) is lower 
than the typical residual estimated error (0.227) 
and the CFI was 0.84, which indicates that the as-
sumption of unidimensionality is true. The values 
of the covariance matrix do not exceed the cut-off 

value (0.25) and only 8.5% of the residual with 
values higher than 0.025 was observed.

Step B. All 60 items showed an adequate fit 
to the model (Mnsq ≤ 1.3 or ≥ 0.6). Seven items, 
however, showed inadequate fit to the model 
(Zstd ≤ ±2.0) and rpbis values that were negative 
or close to zero. A model with 53 items was esti-
mated where a pattern of a satisfactory fit for both 
Mnsq and Zstd was observed. The difficulty index 
(δi) of the items varied between −2.25 ≤ di ≤ 1.65 
(M = 0.00, SD = 0.90). The analysis of the persons’ 
adjustment reflects that 92% of the response pat-
terns adjusted to the model. The skill levels varied 
between −1.83 ≤ q ≤ 2.14, (M = 0.05, SD = 0.77). 

Step C. The item separation (6.80) and item 
reliability (.98), as well as the person separation 
(2.24) and person reliability (.83) values were 
satisfactory. 

Step D. According to the gender, a DIF con-
trast of 0.76 (p < 0.01) and an effect size of 0.84 
in item P51 (hydrocarbons) was observed, this 
item resulting more difficult for women. Regard-
ing age, a contrast of 0.70 (p < 0.01) and an effect 
size of 0.78 was observed in P56 item (cell), this 
item resulting more difficult for the group whose 
ages varied between 18 and 21 years. 

Anchor Items

Step E. The results showed a value of 
r  =  .961. The constant value was 0.01 and 
b = .970, so we can assume the invariance of the 
parameters of the anchor items. 

Items of Level II

Form A

Step A. The RMSR value (0.0135) is lower 
than the typical residual estimated error (0.231) 
and the CFI was 0.84, which indicates that the as-
sumption of unidimensionality is true. The values 
of the covariance matrix do not exceed the cut-off 
value (0.25) and only 6.6% of the residual with 
values higher than 0.025 was observed.

Step B. All 60 items showed an adequate fit 
to the model (Mnsq ≤ 1.3 or ≥ 0.6). Eight items, 
however, showed inadequate fit to the model 



	 Development of an Item Bank	 7

(Zstd ≤ ±2.0) and rpbis values that were negative 
or close to zero. A model with 52 was estimated 
where a pattern of a satisfactory fit was observed. 
The difficulty index (di) of the items varied be-
tween −3.40 ≤ di ≤ 2.19 (M = 0.00, SD = 1.30). 
The analysis of the persons’ adjustment reflects 
that 79.4% of the response patterns adjusted to 
the model. The skill levels varied between −2.23 
≤ q ≤ 2.05, (M = 0.18, SD = 0.81). 

Step C. The item separation (8.84) and item 
reliability (0.99), as well as the person separation 
(2.18) and person reliability (0.83) values were 
satisfactory. 

Step D. According to gender, no significant 
DIF contrast at p < 0.01 was observed. However, 
four items showed a statistically significant DIF 
contrast for age (p < 0.05). Two of these ques-
tions are more difficult for the group of young 
persons between 18 and 21, and two of them more 
difficult for the group of young adults between 
22 and 48 years. However, the effect size was 
small (between 0.54 to 0.74.), and bias against 
boys relative to girls for items could explained 
by chance. 

Form B

Step A. The RMSR value (0.0148) is lower 
than the typical residual estimated error (0.230) 
and the CFI was 0.86. The values of the variance 
and covariance matrices do not exceed the cut-off 
value (0.25) and only 8.5% of the residual with 
values higher than 0.025 was observed.

Step B. All 60 items showed an adequate fit 
to the model (Mnsq ≤1.3 or ≥ 0.6). Eight items 
showed inadequate fit to the model (Zstd ≤ ±2.0) 
and rpbis values and were eliminated A model 
with 52 was estimated where a pattern of a sat-
isfactory fit was observed. The difficulty index 
(di) of the items varied between −3.56 ≤ di ≤ 1.57 
(M = 0.00, SD = 1.16). The analysis of the persons’ 
adjustment reflects that 85.8% of the response 
patterns adjusted to the model. The skill levels 
varied between −3.07 ≤ q ≤ 1.89, (M = −0.32, 
SD = 0.91).

Step C. The item separation (8.08) and item 
reliability (0.98), as well as the person separation 

(2.60) and person reliability (0.87) values were 
satisfactory. 

Step D. According to gender, a DIF contrast 
of 0.91 (p < 0.01) and an effect size of 0.78 in 
item P35 (organ systems) was observed, this item 
resulting more difficult for women. Regarding 
age, four items presented a DIF contrast statisti-
cally significant (p < 0.01) and the effects size 
was between 0.54 to 0.74. One of these questions 
is more difficult for the group of young persons 
between 18 and 21, and three of them are more 
difficult for the group of young adults between 
22 and 48 years. 

Anchor Items

Step E. The results showed a value of 
r  =  .994. The constant value was 0.02 and 
b = .994, so we can assume the invariance of the 
parameters of the anchor items.

Discussion 

This study aims to develop a bank of items 
to measure the level of knowledge on biology 
using the Rasch model (Rasch, 1960). This psy-
chometric model ensures that the parameters 
of persons and items be expressed in the same 
units (joint measurement), adjusts the data to the 
model showing which persons are independent 
from the administered items (specific objectiv-
ity), and ensures that the scale present interval 
properties (properties of measurement), such as 
the logit type (Fernandez, 2010). A calibrated IB 
is the prerequisite for CAT applications and can 
be used to generate tests on paper of fixed length 
measuring specific levels of knowledge required 
by teachers. 

Overall, the items that make up the IB have 
acceptable psychometric properties. The difficulty 
and skill level indexes of the evaluated persons 
covered much of the measured continuum and the 
reliability indexes (persons and items) indicate 
that the location of the persons and items would 
be predictably reproducible (Andrich, 2002). The 
overall fit of the items was adequate, although a 
small number of them presented a differential 
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behavior according to the students’ sex or age. In 
addition, it was observed that between 79.4% and 
96% of the participants responded consistently to 
the test items, which allowed to identify patterns 
of predictable responses by the proposed model 
(Linacre, 2002). The study of invariance confirms 
that the parameters obtained from the anchor 
items in two subsamples are similar. 

The results achieved are encouraging. 
Among the benefits offered by this IB is the ad-
aptation of the curriculum to the requirements and 
needs of the students (Fuentes Navarro, 2004). 
That is, teaching would benefit if the contents 
and the difficulty of the instruction matched with 
the knowledge and skills of the subject, which 
would optimize the teaching process (Rolfhus 
and Ackerman, 1999). Furthermore, this assess-
ment would allow to evaluate the quality of the 
educators’ instruction (Popham, 2001). Finally, 
the evaluation may also be due to the criteria 
of quality control and efficiency of educational 
policies adopted (Martínez Rizo, 2009). Thus, 
having a measurement tool that has been prop-
erly developed would represent an advance in 
the assessment of educational systems learning 
(Arias, 2006). 

On the other hand, these items can be loaded 
into specialized software and thus computerized 
adaptive tests (CAT) can be used, which would 
lead to minimize the standard error of measure-
ment and the possibility of measuring length 
without loss of accuracy and reliability (Ibáñez, 
Arce, and Pareja, 1999). This would improve 
the diagnostic possibility with shorter and more 
accurate assessments (Olea and Ponsoda, 2003). 
This would help to follow a longitudinal track of 
an individual student’s knowledge, to generate a 
diagnosis of the quantity and quality of acquired 
content, to specify which taught theoretical 
content is more difficult, and to incorporate new 
learning alternatives. 

The contribution of this work is significant 
in the field of educational assessment in Argen-
tina. However, it is relevant to mention some 

limitations. First, the sample size was sufficient 
to give some partial results and not results from 
all the forms of all levels. From the pool of 487 
items, only 180 were analyzed. This is because 
the registration of students in the early years (first 
and second) is higher than in the last years of the 
majors (third and fourth). In the coming years, it 
is expected to have enough participants to perform 
calibrations of these items. Another limitation was 
related to the fact that no evidence of validity was 
generated with an external variable, as it could be 
a validity study of convergence. Future research 
could compare the performance in the TCG-B 
and other external criterion, such as students’ 
academic performance.

By considering these limitations and the re-
sults achieved, it is expected soon to use a Biology 
Item Bank as a measure that allows to establish 
the advancement of student learning. In this way, 
the institutions involved (Faculties of Biology or 
Medicine, for example) might provide a report on 
the knowledge level achieved by each student, 
highlighting the strengths and weaknesses that 
need to be reviewed, as well as possible training 
courses that could allow a greater specialization 
in this field. This material would be a fruitful 
evidence of validity of the same test. 

In short, the resulting pool of items allows to 
estimate the level of knowledge of the students 
who have attended university courses related 
to natural science and health science. This set 
of items will be part of a General Knowledge 
Item Bank that shall consist of twenty specific 
knowledge domains (Argentine Literature, for 
example) grouped into four domains of more 
general knowledge: Humanities, Science, Civic 
Education, and Mechanics (Cupani, Zalazar 
Jaime, Garrido, Gross, and Tavella, 2012; Cupani, 
Zalazar-Jaime, Ghío and Castro Zamparella, 
2013). It is estimated that this item bank will com-
prise approximately 10,000 questions to measure 
these 20 specific domains (about 500 items per 
domain), distributed in four levels of instruction. 
For its calibration, a sample of about between 
60,000 and 90,000 university students is needed. 
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