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Abstract – The computerized adaptive test (CAT) developed 

aims to obtain reliable and accurate information on the level 

of mathematical skills of incoming students, in order to guide 

them in the Mathematics courses to which it suits them to 

register according to their performance reached. Therefore, 

the objective of the test, in addition to classifying them at 

different levels of performance, is to provide guidance on the 

course that was recommended to take. Alternative curricular 

trajectories were designed according to the performance 

achieved in the test. To develop this CAT, a bank of items with 

parameters estimated by Item Response Theory; and a 

procedure to progressively select the best previously 

developed items and a method for estimating trait levels, were 

used. CAT provided a personalized report of each student, 

which allowed to improve the academic orientation on the part 

of the tutors' teachers. In addition, it was observed that the 

students used the test to make decisions about their 

trajectories autonomously. 
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I. INTRODUCTION 
   

The evaluation of diagnostic type in the educational field 

has its origin in the need to characterize students and obtain 

information that can be interpreted by decision makers 

(Rupp, Templin and Henson, 2010). The objective of the 

diagnostic tests developed and applied by our university is 

to determine the degree to which students exceed the 

construct defined as competence in the area of mathematics.  

Computerized adaptive tests (TAI) are tests constructed 

to assess psychological or cognitive constructs and are 

answered through a computer device such as a computer, 

notebook, tablet or smart phone. They have as main 

characteristic that they are adapting to the level of 

progressive performance that is manifesting the person, that 

is, as the user provides an answer, the test advances to a 

higher level of performance, if the answer is correct, and in 

case opposite, towards a lower level (Van der Linden & 

Glas, 2000). The fundamental elements to develop a CAT 

are the following: a bank of items with known psychometric 

properties, that is, parameters estimated by Item Response 

Theory (IRT); a procedure to progressively select the best 

items; and a method for estimating trait levels (Olea & 

Ponsoda, 2003). 

The process of developing the first CAT to guide 

trajectories is described in Rodriguez, Perez & Luzardo 

(2017). To do this, we had a bank of items calibrated by TRI 

whose psychometric properties are presented in Rodríguez 

(2017), the procedure to select the items was developed by 

Luzardo, Padula & Forteza (2012) and the estimation 

method trait’s was that of García et al. (2013). 

The paper shows how, based on the personalized reports 

provided by the CAT, teachers and students make decisions 

about the academic trajectories in the first year of 

university. 
 

II. BACKGROUND 
 

The antecedents of the difficulties in mathematics at the 

beginning of the university (Rodriguez, Diaz & Correa, 

2014) raises the need to guide the trajectories of the 

entrance students. With the aim of remedying the 

shortcomings brought by the students, various alternative 

courses have been created (differentiated trajectories), some 

of them with propaedeutic character, others with a different 

timing than traditional courses. Teachers identify as a 

difficulty to orient the trajectories of students efficiently 

and also require to have, for mathematics, an instrument 

suitable for this purpose, since the fixed tests that were used 

until then were useful to characterize the skills of the 

students, groups or cohorts of students, but they did not 

have the same degree of precision to estimate the skill trait 

of each students (Rodriguez et al., 2015), which come from 

different formations, since they can enter students with any 

type of high school, and therefore, possess a wide variety of 

mathematical knowledge. 

The objective of the test, in addition to classifying them 

at different performance levels, was to provide guidance on 

the Mathematics courses that would be recommended to 

take. Students who did not get enough in the test were 

recommended to enroll in ‘Introduction to Mathematical 

Methods’ and those who achieved sufficient score were 

suggested to enroll in ‘Mathematics I’. The course 

‘Introduction to Mathematical Methods’ arises as a 

proposal of an academic group of mathematics, to provide 

support in mathematics to the entrance students. It is an 

innovative proposal in terms of the proposed content. The 

objective of this course is to teach mathematics as a 

coherent and closely related system of ideas and procedures 

that are logically linked with the purpose of accelerating 

and deepening students' learning and creating a willingness 

to reason. The pedagogical perspective proposed considers 

that the deductive, historical and philosophical aspects of 

the discipline are fundamental for the cognitive 

development in mathematics. 

In this way, the results of the CAT are used to know the 

performance level of students upon admission at university, 

and also, to guide them in curricular trajectories in 

mathematics. The CAT provides useful information for 

making curricular decisions. 
 

III. METHODOLOGY 
 

The mathematics TAI was designed on the platform of 

the Learnings Assessment System (SEA) of the National P- 
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-ublic Education Administration of Uruguay and is 

supported by the technological infrastructure installed by 

the Ceibal Plan in the educational centers. The tests are 

applied with a computer. This online format for the 

application of the tests allows to obtain results immediately. 

The methodology used for the development of the tests 

involved the creation and establishment of content 

standards through expert groups. Difficulty and discri-

mination indices of each item were calculated as well as the 

distribution of the answers. The Cronbach alpha of the tests 

was found to know its reliability. To study the validity, the 

unidimensionality of the tests was analyzed. A principal 

component analysis with varimax rotation is performed to 

determine if the a priori dimensions are one-dimensional. 

The items characteristic curves and the difficulty and 

discrimination parameters of each Mathematics booklet are 

calculated. To calibrate the tests we relied on the IRT and 

the 2-parameter logistic model was used. The two 

Mathematics booklets were equated by anchoring items 

using the mean and deviation method. These 

methodological aspects of the creation of the test are 

documented in Rodríguez (2017). The test has good 

psychometric properties that account for its validity and 

reliability as an instrument for measuring competences in 

mathematics. In order to establish the cut-off point, the 

method proposed by Garcia et al. (2013). Students were 

classified according to their ability in three levels of 

performance (insufficient, sufficient and advanced). 

The calibrated items were entered into the Learnings 

Assessment System platform to be available. The bank 

consists of 76 items of multiple options that admit a single 

correct answer. The procedure to select the best items 

adapted to the skill or trait of each student is an algorithm 

that in Uruguay only has this platform and was developed 

by Luzardo, Padula & Forteza (2012). The estimation of the 

trait is necessary for the functioning of the adaptive 

algorithm and is performed by maximum likelihood when 

there is variability in the answers and when it is correct or 

error is made by Bayesian estimation (Cheng & Liou, 

2000). In this way, automatically, the platform estimates the 

trait of each student immediately after the response to an 

item and displays another item adapted to their level of trait. 

The estimates of the level of trait obtained in the different 

tests will be comparable through the common scale 

obtained by IRT (Olea, Abad & Barrada, 2010). There are 

as many iterations as are necessary to estimate the overall 

trait, and therefore, be able to calculate the student's score 

in the test.  

CAT was much shorter than the fixed test applied in 

previous years, the extension of CAT varied between 19 

and 28 items. This helps to avoid cognitive fatigue due to 

the lenght test which is a factor that can affect the 

performance, such us the results that find in a similar 

population Ackerman and Kanfer (2009). 

The teacher who applies the test can monitor the 

operation and can finish it by verifying that all students have 

finished. Automatically the results are generated, so the 

teacher can see the level of performance of each of the 

students according to the CAT predetermined levels, which 

in our case were cut-off points obtained by the method of 

Garcia et al. (2013). The results are presented on a scale 

with a base of 500. Table 1 shows the cut-off points of each 

performance level transforming the scores on a scale of 500 

points. 

 

Table 1. Cut-off points at each performance level of CAT. 

Level Score 

Insufficient 0-562 

Enough >562-706 

Advanced >706 

     

The Mathematics TAI application was made in two 

cohorts of entrance students (2017 and 2018) before the 

start of the classes, in the period in which the student is 

enrolling in courses. The target population was the students 

who had to take mathematics in their curricular trajectory. 

It was applied in the computing rooms, performing different 

tours during the day.  

 

IV. RESULTS 
 

An individualized report was prepared for each one of the 

students, such as the one presented in Fig. 1. It contained 

the student's personal information (name, personal 

identification number, career in which he / she registered, 

where he / she is studying) and also, a description of the 

competences according to their performance in the test. 

These reports were sent to the tutors teachers in charge of 

guiding the students' trajectory one day after they took the 

test. The tutor gave this report to the students, since they are 

the ones who make the decisions regarding the registration 

to courses. 

 

 
Fig. 1. Example of a personalized report containing the 

description of the mathematical competences of a student 

assessed by the CAT. 

 

This experience was carried out two years (2017 and 

2018) and in both implementations the CAT fulfilled its 

objective, provided information on the level of performance 

of students in mathematics in the different dimensions that 
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the test assess (numbers, operations, geometry and 

statistics).  

It was expected that the CAT would be used by both 

teachers and students to guide their trajectories in 

mathematics upon admission at University. 

The difficulties identified in the decision-making process 

were related to the interaction between students and tutors. 

Also, the final decisions made by the students were not 

expected in all cases. On some occasions the students did 

not go to the teacher tutor in search of guidance, although 

there were few cases, students who made decisions in 

relation to their career in mathematics without sufficient 

information were identified. Among the students who 

attended with the tutors teachers, cases were identified in 

which they did not take into account the orientation of the 

tutors, making decisions in the opposite direction to what 

was recommended. This behavior, although it is not the 

expected one, is part of the competences for which the 

tutorship teaches, that is, students have to make evident how 

they plan for themselves and take decisions (Colomer et al., 

2013). 

Fig. 2 shows the different decisions made by students 

based on the level of performance achieved in the test. They 

took three different types of decisions, followed the tutor's 

recommendation, did not follow their recommendation or 

did not attend the mentoring instance. 

  

 
Fig. 2. Decisions of the students on the use of the 

information provided by the CAT according to the level of 

performance in the test. 

 

This first study aimed to know the decisions made by 

students and make a first approximation to the reasons why 

they made those decisions. The vast majority of students 

followed the recommendation provided by CAT. 12 of 

these students were interviewed who did not follow the 

CAT recommendation and found that, having obtained an 

insufficient level of performance in the CAT, they enrolled 

in Mathematics I and conversely, students that having 

obtained a sufficient amount in the CAT, they chose to 

enroll in Introduction to Mathematical Methods. The first 

ones argued that if they did not take Mathematics I in the 

first semester they would delay the completion of their 

career, and the seconds justified their decision arguing that 

their score in the test was very close to the lower limit of 

the cutoff, so they believed they could also have difficulties. 

This seems to be a correct decision because it has been 

found in other groups of students a relationship between the 

performance in diagnostic tests of mathematics and the 

results in the subjects they take later (Shim, Shakawi & 

Azizan, 2017). In the latter case, an autonomous use of the 

CAT by the student is identified, which is desirable to 

promote, since it is one of the characteristics sought by 

university students, the autonomy in decision-making. 

Some of the problems described in this paper about the use 

of the CAT were already reported by Betts, Hahn & Zau 

(2011). 

 

V. CONCLUSION 

 

With the introduction of a TAI prior to the beginning of 

the courses, it was possible to determine the level of 

performance of the entrance students. From this, the 

teachers could provide academic guidance based on a valid 

and reliable instrument. This resulted in the improvement 

of the quality of this orientation, personalizing it and 

adapting trajectories to the needs of each student, in order 

to achieve an improvement in their subsequent performance 

in mathematics. 

The standardized evaluation has been used, in general, to 

guide large-scale educational policies. However, in this 

case a standardized evaluation tool was used to guide the 

trajectories in a personalized way through the intervention 

of the tutors' teachers. There was also an independent use of 

the test, when students who interpreted the results and the 

information provided by the evaluation report were 

identified and opted to choose a path independently. 

On the other hand, we must emphasize that this experience 

put in articulation different actors and institutions, where 

each one of them contributed their capacities, experiences 

and resources for the achievement of the objective. 

Problems were identified in the role some students assign 

to tutoring, because they do not adequately assess the 

possibility of having guidance in making decisions about 

their curricular trajectory in mathematics. 

It remains for future research to follow up on the students 

evaluated and the results obtained in the mathematics 

courses in order to study if the CAT is a good predictor of 

their performance in the initial courses of mathematics at 

the University. 
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