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Resumen

Este estudio determinó hasta qué grado la Prueba Diagnóstica de
Matemáticas (PDM) que se ofrece en la Universidad Católica de
Uruguay (UCU) es psicométricamente apropiada. Además, se exploró
hasta qué grado la PDM se correlaciona con el éxito académico. Se halló
que cinco de las preguntas originales de la PDM, de un total de 30,
fallaron las pruebas de validez y confiabilidad, y se eliminaron. Las
puntuaciones del resto de las preguntas tuvieron una alta correlación
con la cantidad de cursos de matemáticas requeridos al final del primer
año, confirmando que los estudiantes con una puntuación baja podrían
necesitar apoyo adicional para permanecer en la carrera de ingeniería.
Palabras clave: Teoría de respuesta al ítem, pruebas diagnósticas,
evaluación, matemáticas.

Abstract

This study determined to what extent the mathematics diagnostic test
(MDT) used at the Catholic University of Uruguay (CUU) was
psychometrically appropriate. Also, after removing “red-flagged” items,
the study measured to what extent MDT scores correlated with academic
success. It was found that five MDT items (out of 30) did not meet the
guidelines and were discarded. The score on the remaining items
showed the highest correlation with the number of mathematics courses
completed, confirming that students with low MDT-Revised scores might
need additional academic support to remain in the engineering program.
Keywords: Item response theory, diagnostic testing, assessment,
mathematics.

Resumo

Este estudo tem dois objetivos principais. O primeiro é determinar até
que ponto o exame diagnóstico de matemática (EDM) empregado na
Universidade Católica de Uruguay (UCU) era psicométricamente
apropriado. O segundo, depois de eliminar todas as perguntas não
apropriadas, é determinar até que ponto o EDM poderia ser usado para
identificar, a priori, estudantes de engenharia que poderiam ter
dificuldade em completar seu primeiro ano de estudos universitários na
UCU. Achou-se que 5 perguntas do EDM não correspondiam às
indicações, e foram eliminadas. A pontuação nas perguntas restantes
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mostrava a correlação mais alta com o número de aulas de matemática
completadas, o que confirma que os estudantes poderiam precisar de
apoio académico adicional para poder permanecer no programa de
engenharia.
Palavras-chave: Teoria de resposta a item, exames diagnósticos,
avaliação, matemática.

1. Higher Education: Value and Admission Models
In many countries, a college education is highly valued as a public good. A recent
UNESCO report indicated that the global expansion of higher education in the last 50
years has been an unprecedented “academic revolution” (Altbach, Reisberg, &
Rumbley, 2009). The report noted the chronology of higher education massification,
starting with the United States, Canada, Western Europe, and Japan, from 1960-1980,
followed by countries in East Asia, Latin America, China, India, and many other
developing nations soon afterward. Currently there are over 200 million students
enrolled in higher education institutions worldwide (UNESCO, 2015).
A college education is perceived not only as a medium for training and certifying
professionals in most disciplines, but also functions to obtain a better paying job with
better working conditions and benefits (Thompson, 2019; Villegas, 2019). In the United
States, for example, a person with a bachelor's degree diploma earns a median weekly
income that is about 65% higher compared with a person with only a high school
diploma (U.S. Department of Labor, 2015). Other personal benefits include lower
unemployment and better health outcomes (Baum & Payea, 2004; Institute for Higher
Education Policy, 2005). From a broader viewpoint, a college education is perceived
as a way for societies to develop knowledge economies based on “human capital”
economic investments (Gillies, 2011). Other social benefits of higher education include
higher volunteer and civic participation, and lower crime (Lochner & Moretti, 2004;
Trostel, 2010).
Two basic models of student admissions in higher education are commonly used:
open and selective admissions (Mullin, 2017; Tsao, 2005). Institutions that practice
open admission policies undergo a non-competitive selection process where all
students who want to complete a college education can do so, regardless of previous
academic credentials or experiences. In contrast, selective institutions offer admission
to only a fraction of the students who apply, mainly the top tier of students based on
criteria like high school grades or standardized college entrance examinations.
Those that support open admissions assume that most students, with the proper
support, can be successful in college (Ingram & Morrissey, 2009). Other researchers
argued that open admissions is essential for assuring access to education and better
opportunities for as many people as possible (Vaughan, 1985), producing wellinformed members of a democratic society (Roueche & Baker, 1987) and reducing
racial, ethnic and economic inequality (Ferreyra, et al., 2017; Mullin, 2012a, 2012b).
Further, Shannon, & Smith (2006) argue that open admission policies influence
admissions and enrollment processes, curricular structures, faculty hiring, the
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relationships between community colleges and four-year institutions, advising and
counseling activities, and institutional responses to the needs of the schools and
employers.
Other higher education institutions favor a selective approach to college
admission (Scherer & Anson, 2014). Common arguments in favor of limiting
enrollments to academically pre-screened student include allocating scarce money
and resources to help students with the greatest probability of academic success and
college completion (Bissett, 1995), maintaining high academic standards, providing
accelerated academic programs and a rigorous sequence of courses (Astin, 1990),
offering additional economic returns for graduates compared with non-selective
institutions (Bastedo & Jaquette, 2011), and increasing prestige and improved quality
for selective institutions (Dale & Krueger, 2002). Some researchers have argued that
the more selective universities are, the less likely it is for poor or minority students to
apply, even those with stellar grades, excluding themselves out of the process. This
is known as “undermatching”, when there is a significant pool of poor students who
are attending colleges that are less selective than the ones they could have attended
based on their academic preparation (Bowen, Chingos, & McPherson, 2009). In the
United States, most university and a few community colleges follow the selective
admissions models.
2. Student Admission and Attrition in Uruguay
Regardless of whether a university has open or selective enrollment, the
unfortunate fact is that not all students that are accepted into college reach graduation
(Voigt & Hundrieser, 2008). The transition from high school to the first year of college
seems to be particularly problematic (González-Espada & Napoleoni-Milán, 2006)
Therefore, universities invest resources to reducing attrition (departure from college)
and increasing retention (persistence until degree completion).
Research has uncovered many factors that affect student attrition. Raisman
(2013) lists four main ones, which he summarized as “college does not care”, “poor
service and treatment”, “not worth it”, and “scheduling” issues. The students’
intellectual ability in meeting the demands of academic programs is commonly
mentioned as an important factor in college attrition (Byrd & MacDonald, 2005; Laskey
& Hetzel, 2011). Tinto (1993) proposed that cultural assimilation, including academic
and social integration, is what leads students to remain enrolled in college.
Presumably, the more integrated to the college experience students become, the
higher the commitment to the process and the less likely they are to leave. Conversely,
Student attrition is related to students’ lack of academic integration through differing
academic values, and students’ lack of social integration with faculty and peers.
Some entering freshmen might lack "soft skills" needed to succeed in an
academic environment, such as attending class, maintaining concentration, using
effective study techniques, applying metacognitive tools to recognize to what extent
they are understanding the material, asking questions to faculty or peers, recognizing
when to seek academic assistance, among others (Laskey & Hetzel, 2011). Additional
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factors that might contribute to college attrition include the students’ personality traits
(extraversion, agreeableness, conscientiousness, neuroticism, openness/intellect)
and even the students’ support and quality of their social network (Eckles & Stradley,
2012; Eggens, van der Werf, & Bosker, 2008; Ridgell & Lounsbury, 2004).
The postsecondary education system in Uruguay was 100% public from 1849
to 1985. Historically, the only option for a college education was Universidad de la
República (UdelaR), which was fully supported by the government and where students
paid no tuition. Still to this day, UdelaR is available at no cost. After 1985, private
universities were allowed to become established, including Catholic University of
Uruguay, Montevideo University and ORT University (Obchestvo Remeslenogo
Truda; Association for the Promotion of Skilled Trades). These and similar institutions
are 100% supported by students’ tuition and receive no support from the government
(Santalices, 2010).
In Uruguay, the last 15 years have seen slight increases in the number of
college students. MEC (2013) noted that the enrollment at UdelaR, about 110,000
students, is about six times larger than the enrollment of all other private universities
combined (about 20,000 students). A recent poll reported that 64% of Uruguayans
have a positive view of public higher education and 45% have a positive view of private
higher education. About 9% and 4%, respectively, have a negative view of higher
education. The perception was similar for both residents and non-residents of the
capital, Montevideo (Botinelli, 2012).
Not only do all Uruguayan universities have open-admissions policies; students
can also attend the public university at no cost. The philosophical underpinnings of
UdelaR, including autonomy from political influences, management by shared
governance, admission without entrance examinations, no tuition costs, and academic
freedom (Universidad de la República, 1958) go back to the republic’s founding and
were strongly influenced by the Enlightenment and the French Revolution (KaramánChaparenco, 2010). An open admission to higher education, Boado (2011) argued,
serves an essential democratic, social and civic formation role, even if not all students
obtain a college degree.
Interestingly, some scholars have questioned whether the open-admissions
policy of Uruguayan universities had truly achieved the goal of equality in access to all
citizens (Bruner, 2011). Enrollment data suggests that most students come from
medium and high socioeconomic levels and that relatively few students from low
socioeconomic levels enter higher education or complete their undergraduate degree.
Currently, there are no plans for the government to change the open-admissions policy
of public and private universities, or to modify their current economic support structure
(Bruner, 2011).
The data associated with college student retention and attrition in Uruguay is
compiled and reported by the Ministry of Education and Culture. In their latest report
(Ministerio de Educación y Cultura, 2013), it was reported that 23,657 students were
admitted to the public university system and 3,785 students were admitted to private
universities. In the same year, 6,290 and 1,744 students obtained an undergraduate
degree from the public and private university systems, respectively. Assuming that the
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enrollment has remained more or less similar over the last 5-6 years, that would result
in a retention of about 27% and 46% for public and private universities, respectively.
Note that, unlike the United States, Uruguay does not calculate retention rates using
a first-time, full-time, freshmen 6-year cohort.
Boado (2011) analyzed hundreds of in-depth interviews of Uruguayan college
dropouts to report several factors that caused students to stop attending college.
These include: (a) Time-management; reduction of free time, difficulty studying and
working simultaneously, including transportation issues and class scheduling that
overlap work hours; (b) Career disillusionment; a perception dissonance between their
perception and the reality of their chosen career; (c) Low academic performance;
students obtained low grades in several subjects, and could not improve them even
after repeating classes; (d) Curriculum; emphasis on theory instead of practical,
hands-on involvement in a career as underclassmen, (e) Length of the program; it was
perceived that it took too long to complete all the required coursework; and (f)
Institutional climate; students reported an excessively competitive and hostile college
environment. Complementary emplanations can be found by considering prior content
knowledge (Bourel, Kahan, Miguez, & Stalker, 2017) and reasoning abilities (Lacues,
Díaz, & Huertas, 2018) that first-year students bring.
More recently, a group of Uruguay researchers have examined data associated
with attrition from local engineering programs and the role of inadequate mathematics
preparation (Artigue, Flores, Lacués, & Messano, 2017). Their study concluded that
students who have showed repeated academic failure in mathematics classes do not
overcome them just by repeating courses until they pass them, and many of them
decide lo leave engineering altogether. The researchers argued for reorganizing the
curriculum and tutoring in one-on-one and small group settings as interventions that
have shown a measure of success in keeping students in the career.
In an open admission university, like the ones in Uruguay, a way to identify
incoming freshmen background content knowledge is through diagnostic testing of skill
proficiency. This strategy can give academic advisors an idea of who might be more
likely to succeed in a specific course and who might be more likely to struggle
academically (Legg, Legg, & Greenbowe, 2001; OCDE, 2006). It also gives students
an idea of whether or not they might be ready for specific courses they are enrolled in.
Diagnostic testing is particularly common in mathematics-related courses, where
“math anxiety” is commonplace (Núñez-Peña, Suárez-Pellicioni, & Bono, 2013; Perry,
2004), and many college courses build upon content supposedly learned in high
school mathematics courses. Diagnostic testing allows faculty to not only determine
the students' mathematical knowledge on entry, but to provide an early alert for
students who are most likely to need additional academic assistance (Fhloinn, Bhaird,
& Nolan, 2014).
Of course, a diagnostic test is most useful when it has been properly and
psychometrically validated. Large-scale, standardized tests items are validated
through the piloting of “trial” items during test administrations (these “trial” items are
not counted in students’ scores). Psychometric validation is particularly difficult with
locally-made tests and low sample sizes (Brown, 2000; Koretz, 2008).
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Although many of the more complex calculations are not applicable to locallymade diagnostic tests and low sample size applications, others like item difficulty
(when a test item is correctly answered by almost all or almost no test-takers) and item
discrimination (when below-average scorers performed better on a test item than
above-average scorers) can be adapted to this situation (Crocker & Algina, 1986).
These are based on Classical Test Theory (de Klerk, 2014; DeVellis, 2006) and Item
Response Theory or IRT (Erdodi, 2012; Yang, 2014). Examples of applying IRT ideas
to classroom-made tests include González-Espada (2009, 2008) and Knell, Wilhoite,
Fugate, & González-Espada (2015).
3. Research Questions and Rationale
The purpose of this exploratory study was to validate a locally-made
mathematics diagnostic test (MDT) using IRT ideas. This MDT was designed by the
mathematics faculty at the Catholic University of Uruguay (CUU) and was completed
by incoming freshmen entering the engineering programs. After removing
psychometrically dubious test items, the revised MDT (MDT-R) was used as an
independent variable to determine correlations with the dependent variable, which is
success in the participants’ first year of college. Two research questions guided this
study: (a) What MDT items were inconsistent with IRT guidelines and why? and (b)
Are there significant correlations between MDT-R scores and academic success after
two semesters of college?
In this study, academic success was defined in three different ways. The first
was the number of successfully completed mathematics courses during freshmen
year. Academic success was also defined in terms of the number of science-related
courses successfully completed during freshmen year. Finally, success was defined
as the overall students’ grade-point average (GPA). It was hypothesized that a higher
score in MDT-R is positively correlated with (a) a higher number of completed math
courses within the participants’ respective career sequence, (b) a higher number of
completed science courses within the participants’ respective career sequence and
(c) a higher overall GPA.
This study is the culmination of several years of scholarly work related to the
articulation of secondary and postsecondary mathematics content, including the
cognitive and metacognitive mathematics strategies of freshmen students (Álvarez,
Czerwonogora, Lacués, Leymonié, & Pagano, 2007; Álvarez, Lacués, & Pagano,
2002; Lacués, Díaz, & Huertas, 2018).) and the creation of validated tools to predict
academic achievement based on high school mathematics courses completed
(Álvarez, Lacués, & Pagano, 2004; Bourel, Kahan, Miguez, & Stalker, 2017).
So far, the Department of Mathematics has updated, revised and reorganized
first year math classes, like Linear Algebra I & II and Calculus I & II, to allow additional
time to cover the required content. For example, these classes now have two parts,
Part A and Part B, designed in such a way that student can easily retry a half-class
they failed, instead of the whole class. Also, class schedules were condensed from
four 2.5-months classes to five 2-months classes, and additional summer classes were
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scheduled, providing students additional flexibility for retaking a class without getting
behind in their engineering program. In addition, a number of different remedial
interventions, such as tutoring and supplementary readings, have been adopted to
assist those students who have received one failing grade in different courses, or who
have repeatedly received failing grades in the same course (Artigue, Flores, Lacués,
& Messano, 2017). Finally, elective mathematics classes were added as possible prerequisites to bring students up to date in the mathematical skills needed to tackle the
prescribed math sequence.
Preliminary data suggest that previous efforts have resulted in a 10% reduction
in the number of engineering students who are falling behind in their engineering
program due to struggling in math classes. Using a data-driven validated diagnostic
test is essential to quantifying the relative success of the retention strategies that have
been implemented at CUU, better identifying students at risk of dropping out of the
engineering programs, and helping students ease these programs in a more efficient
way.
4. Methodology
4.1 Context
CUU’s School of Engineering and Technologies (SET) have been preparing engineers
for more than 25 years, and currently includes seven careers: Informatics, Electric,
Industrial, Power Systems, Telecommunications, Audiovisual and Food Systems.
Each engineering career has its own specific math requirements and a completion
timeline. Table 1 briefly describes CUU’ mathematics courses. Each mathematics
course is divided into two, 8-week long parts, Part A and Part B. Students must
approve Part A prior to completing Part B. Table 2 summarizes the required first-year
math classes.
Course
Linear Algebra
IA, IB
Linear Algebra
IIA, IIB

Introduction to
Calculus
Calculus IA, IB

Description
This course presents the systems of equations and elements of the
matrix theory in a unified way and uses these elements to represent
geometric situations. Elementary cases are introduced; concepts
will be developed abstractly in Linear Algebra II.
This course deals with abstractions, using axiomatic theories
motivated by and based upon the issues presented in previous
courses. Applications to other branches of mathematics or relating
professional training are presented to help the understanding
processes of construction of models, and to find the role of
mathematics in engineering practices.
This course introduces basic concepts and procedures in calculus,
to provide them with tools wich are necessary to succeed in
subsequent courses of Mathematics.
This course introduces the concepts of calculus, limits, derivatives,
integrals, are the basis of any application of mathematics to
engineering. Maintaining a balance between rigor and intuition, the

Número 56- Agosto 2019 – Página 32

Identifying academically at-risk incoming freshmen at a private university in Uruguay:
Psychometric evaluation of a mathematics diagnostic test
Wilson González-Espada, Eduardo Lacués, Gabriela Otheguy,
Magdalena Pagano, Alejandra Pollio Rosina Pérez, Marcos Sarasola

Calculus IIA, IIB

course shows the need of each of these elements in the
mathematical work.
This course extends notions of Calculus I to the study of functions
of several variables. Differential of a function is defined using tools
of Linear Algebra. Construction of applications is emphasized,
basing them on the interpretations made of the notions of partial
derivatives, differential or integral.
Table 1. Mathematics course descriptions.

Engineering Career
Informatics
Electrical; Power Systems; Industrial;
Telecommunications
Food Systems
Audiovisual

Required First-year Mathematics Courses
Introduction to Calculus A, B
Calculus IA, IB
Linear Algebra IA, IB, IIA, IIB
Calculus IA, IB, IIA, IIB
Linear Algebra IA, IB, IIA, IIB
Calculus IA, IB
Linear Algebra IA, IB
Introduction to Calculus A, B
Calculus IA, IB

Table 2. Required mathematics courses for each SET engineering major.

4.2 Participants
The research sample consisted of 149 freshmen (69.3% male students and
30.6% female students) entering SET who voluntarily completed the MDT two weeks
before the Spring semesters of 2015 and 2016 started. Approximately 70% and 30%
of the participants graduated from private and public high schools, respectively. Nearly
72% of the participants came from Montevideo and the remaining 28% came from
other Departments in Uruguay. The most popular engineering majors among the
participants were Informatics (n = 65, 43.6%), Industrial (26, 17.4%) and Food
Systems (n = 24, 16.1%). The rest of the participants were planning to major in
audiovisual (n = 12, 8.1%), Power Systems (n = 10, 6.7%), Electrical (n = 8, 5.4%),
and Telecommunications (n = 4, 2.7%).
Of 149 students who competed the MDT, 134 finished their first year of college.
For these students, course transcripts were requested to the Office of the Registrar.
These data allowed the researchers to identify the number of mathematics and
science courses successfully completed. Grades included S “outstanding” (6.00-5.50),
MB “very good” (5.49-4.50), BMB “good very good” (4.49-3.50), and B “good” (3.492.50). Failing grades include R “regular” (2.49-1.50) and D “deficient” (1.49-0.00). Also,
overall grade point average (GPA) were noted.
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4.3 Instrument
For this exploratory, quantitative study, the MDT was the focus of the analysis.
The MDT originally consisted of 30 multiple-choice mathematics questions (1 correct
option and 3 distractors) covering topics in arithmetic, probability, statistics, algebra,
geometry, analytical geometry and calculus, as described in national curriculum
guidelines for secondary education. Items were developed using the mathematics
competencies described by Niss (2003) as a theoretical framework. These
competencies were: (a) thinking mathematically; (b) posing and solving mathematical
problems; (c) modelling mathematically; (d) reasoning mathematically; (e)
representing mathematical entities; (f) handling mathematical symbols and
formalisms; (g) communicating in, with, and about mathematics; and (h) making use
of aids and tools. In addition, three basic content and process standards were
integrated within MDT included: (a) executing algorithms; (b) using operations in the
context of symbolic, formal, and technical; and (c) applying concepts to solve math
problems.
Each item of the MDT was examined by calculating two psychometric
parameters. The first one was item difficulty, DF, defined as the number of correct
answers divided by the sample size. Following Morales (2012), questions were flagged
and discarded from secondary analyses if they were deemed too easy (DF > 0.90) or
too difficult (DF < 0.10). Questions were retained if their difficulty was moderate (0.90
> DF > 0.10).
The second parameter was item discrimination, DS, and it measures, for a
specific discipline, to what extent each question differentiates between those students
who know more and those who know less. DS is calculated by subtracting the number
of correct answers for students in the overall top 27 test percentile and the number of
correct answers for students in the overall lower 27 test percentile. This difference is
then divided by either the number of students in the top or lower 27 percentile,
whatever group has more students. (Backhoff, Larrazolo, Rosas, 2000). Following
Ebel and Frisbie (1991), questions were flagged and discarded from secondary
analyses if DS < 0.15. Questions were retained if DS > 0.16, representing average to
very good discrimination.
The revised test, MDT-R, was used to calculate descriptive statistics and
Pearson correlations with the proportion of mathematics and science courses
completed for each engineering program. Another correlation was calculated using the
overall GPA, including math courses, science courses and courses in disciplines like
social sciences and humanities. Given the exploratory nature of this study, the limited
sample size available, and the importance of balancing the possibilities of Type I and
II errors, the researchers set the significance level for all statistical tests at 0.05, The
analysis resulted in a set of data-driven equations that can be applied to future
diagnostic test takers so that students below a certain threshold, could be identified to
receive additional academic support.
MDT-R results were not shared with all mathematics faculty members who
taught first-year mathematics courses. The rationale behind this decision was to
prevent instructors from developing a priori misperceptions about the students' abilities
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in math that could potentially affect faculty-student interactions and grading. The fact
that the expectations an-instructor sets for individual students can cause him/her to
exhibit behavior differentiation and can significantly affect the students' performance
has been well documented in the literature (Rosenthal & Jacobson, 1968; Workman,
2012).
5. Findings and Discussion
5.1 Test Validation
Table 3 shows the separate 2015 and 2016 DF and DS indexes for the revised
MDT, as well as the combined average indexes. Items that were too easy, too difficult,
or that showed low discrimination are color-coded.

Table 3. MDT-R difficulty and discrimination values.

Items 14, 19 and 30 either have combined or separate item discrimination
indexes below the threshold suggested by the literature and were removed from the
diagnostic test. Item 21 has combined and separate difficulty values that are too high,
that is, most students answered the item correctly, regardless of overall test score.
Item 27 has combined and separate difficulty and discrimination indices that are too
low; its removal was also recommended by psychometricians. The rest of the items
complied with IRT guidelines. For the remaining 25 items, Cronbach's alpha, a
measure of internal consistency or reliability, was calculated. The result was an alpha
value of 0.794, which means that MDT-R has very good internal consistency (Ebel &
Frisbie, 1991).
Graph 1 shows how many participants contained a specific score in the MDTR. The average and median score were 12.65 and 13.00 points, respectively. The
standard deviation was 4.85 points.
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Graph 1. MDT-R Histogram

5.2 Completed coursework in math and science, overall GPA
An analysis of college transcript data revealed that the median proportion of
completed mathematics courses was 0.5. In fact, 49.3% of the students was not able
to finish half of the required mathematics courses by the end of the second semester.
However, required science courses have a much higher completion rates. Only 15.7%
of the students was not able to finish half of the required science courses by the end
of the second semester. These data were converted into proportions to improve the
comparisons because not all majors require the same number of math or science
courses. Graphs 2 and 3 summarize these results.
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Graph 2. Number of participants who completed a specific proportion of their Year-1 math courses.

Graph 3. Number of participants who completed a specific proportion of their Year-1 science courses.

The analysis of college transcripts also discovered that the participants’ overall
GPA after their second semester had a median of 3.78 (on 6-point scale), equivalent
to “good very good”. At CUU, letter grades correspond to “outstanding” (Sobresaliente,
S; 6.00-5.50), “very good” (Muy Bueno, MB; 5.49-4.50), “good very good” (Bueno Muy
Bueno, BMB; 4.49-3.50), “good” (Bueno, B; 3.49-2.50), “regular” (R; 2.49-1.50) and
“deficient” (Deficiente, D; 1.49-0.00). Graph 4 summarizes these findings.
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Graph 4. Number of students and their overall grade point average (GPA).

5.3 Correlations between MDT-R and academic success
The data from the independent variable (MDT-R score) and three versions of
the dependent variable “academic success” were used to calculate three linear
regression equations and three Pearson correlation coefficients. In all three cases,
significant correlations between MDT-R and the number of required mathematics
courses, MDT-R and the number of required science courses, and MDT-R and overall
GPA, were found. The strength of the correlations decreased as the comparison
moved from math (R = 0.4650, p < 0.0001), to science, to all courses. This is consistent
with research that has established that mathematical ability strongly correlates with
success in college, regardless of the academic major selected. Graphs 5-7
summarized these findings.
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Graph 5. Proportion of mathematics courses completed by the end
of the participants’ first year as a function of their MDT-R score.

Graph 6. Proportion of science courses completed by the end
of the participants’ first year as a function of their MDT-R score.
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Graph 7. Participants’ first year GPA as a function of their MDT-R score.

6. Conclusion and Limitations
The purpose of this study was to validate a locally-made mathematics
assessment, and to determine to what extent it could help identify students who are
less likely to succeed in the engineering programs offered at CUU. The first research
question was answered in the affirmative; using IRT ideas, several items that were not
psychometrically appropriated were identified and removed from the revised version
of the diagnostic test. This finding is consistent with other studies that suggest that
instructors who create locally-made tests, even those with deep knowledge of a
discipline, may inadvertently include a few questions that have wording, context or
content that are perceived differently by students (González-Espada, 2009, 2008;
Knell, Wilhoite, Fugate, & González-Espada, 2015). These questions might not even
stand out as possibly invalid during the grading process until post-hoc IRT analyses
are performed (Brown, 2000; de Klerk, 2014; Koretz, 2008).
The second research question was also answered in the affirmative. It was
found that students with better scores in the diagnostic test were more likely to
complete the science and math courses on time, and were more likely to have a higher
overall GPA. The strength of the relationship was not identical for all three measures
of academic success after two semesters of college. This finding is in line with prior
research that has examined student attrition from engineering careers, particularly
those that occur during the high school to college transition (Daempfle, 2003; Haag,
Hubele, Garcia, & McBeath, 2007; Geisinger & Raman, 2013; Suresh, 2006). This
body of literature has identified inadequate high school math preparation and
conceptual difficulties with core college courses in mathematics as two main factors
that can explain why students leave engineering programs.
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Confirming that about 50% of the participant were not able to reach the midpoint
in their mathematics course requirements within two semesters has important
implications for revising course offerings and considering differentiated tracks that can
ease the transition into engineering careers for at-risk students who are motivated to
succeed. Future research can also explore connections between academic success
and other factors, such as affective, motivational, deductive structures, and linguistic
reasoning.
Despite limitations due to sample size, the length of the diagnostic test, and
self-selections of the participants (the diagnostic test was not compulsory and not all
incoming freshmen completed it), it is clear that the Department of Mathematics at
CUU has a new, validated, quantitative tool to identifying possible students at-risk of
falling behind in their engineering program or dropping out altogether. By providing
academic intervention strategies to these students, long-term, it is expected that many
more of them will be able to finish their engineering degree on time.
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