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students during the first and second semes-
ters of the 2018-2019 academic year. The re-
sults show that topics that can predict student
success and have the greatest power of dis-
crimination in the measurement instrument
are strongly related to skills students acquire
in primary and secondary education, such as
operating with fractions and the laws of expo-
nents. It was also found that the main short-
comings in the algebraic skills of students are
rationalisation, division of polynomials, facto-
ring sums, and difference of cubes.

Keywords: calculus, questionnaire, predicti-
ve evaluation, reliability and validity.

Resumen:

Se construy6 un instrumento de medicion
altamente confiable, con validez de contenido
y de criterio. Su contenido esta basado en las
habilidades algebraicas que los estudiantes de
ingenieria requieren para desempenarse favo-
rablemente en un Curso de Calculo Diferencial
en las carreras de ingenieria. En el disefio del

instrumento participé un equipo de 10 profe-
sores con al menos grado de maestria y expe-
riencia docente en el area de calculo diferen-
cial. El instrumento de medicion es de opcion
multiple, criterial, de gran escala, estd integra-
do por 25 reactivos y su anlisis de calidad se
describe y se deriva de las respuestas emitidas
durante los ciclos lectivos 2018-2 y 2019-1 por
estudiantes de nuevo ingreso en la carrera de
ingenieria. Los resultados muestran que los t6-
picos que predicen el éxito del alumno y cuen-
tan con el mayor poder de discriminacion en
el instrumento de medicion estan fuertemente
relacionados con habilidades que los estudian-
tes adquieren desde la primaria y secundaria,
como es el caso de las operaciones con fraccio-
nes y las leyes de los exponentes. También se
logré identificar que la mayor deficiencia en
las habilidades algebraicas de los estudiantes
pertenece al tema de la racionalizacion, divi-
sion de polinomios, factorizacion de suma y
diferencia de cubos.

Descriptores: calculo, cuestionario, evalua-
cion predictiva, fiabilidad, validez.

1. Introduction

A command of mathematics is a vital
skill in a society undergoing unpreceden-
ted technological development. However,
for many students it is one of the most
inaccessible skills as it comprises a large
number of difficulties and failures (Carbo-
nero & Navarro, 2006), making mathema-
tics a critical filter that shapes students’
choice of degree (Sells, 1973). Students
who start university with a negative per-

ception of mathematics develop a reluc-
tant attitude and consequently have low
academic performance, and attribute their
failure to a variety of factors (Orozco &
Diaz, 2009).

In Mexico, mathematics levels are
considered to be an educational problem,
with 50% of students in early stages of
their education showing a lack of inte-
rest in this area (Gonzalez, 2005). This is
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reflected in what Mexico’s Department of
Public Education (Secretaria de Educa-
cion Publica, SEP) has published in coor-
dination with the National Institute for
Evaluating Education (Instituto Nacio-
nal para la Evaluacién de la Educacion,
INEE) and the educational authorities of
Mexico’s different states, in which they
make use of the test of the National Plan
for Evaluating Education (Plan Nacio-
nal para la Evaluacién de los Aprendiza-

jes, PLANEA) for secondary education
to reflect the low performance of bacca-
laureate students in the area of mathe-
matics at a national level in the three
years between 2015 and 2017 (Table 1).
This shows that the largest percentage of
Mexican students are at level one, where
they perform operations with fractions
and operations that combine unknowns
and establish and analyse relationships
between two variables.

TaBLE 1. Figures in percentages from the PLANEA test.

Year/Level 2015 2016 2017
Level 1 51.3 49.2 66.2
Level 2 29.9 30.0 23.3
Level 3 124 144 8.0
Level 4 6.4 6.3 2.5

Source: Own elaboration.

It is necessary to establish the students’
initial level of knowledge to enable them
to learn and avoid making assumptions.
For example, mathematics is a vital sub-
ject in the training of engineers (Morales,
2009); if they do not have basic knowledge
of mathematical skills owing to poor trai-
ning in the baccalaureate, then they will
struggle to understand and assimilate uni-
versity-level mathematics (Encinas, Oso-
rio, Ansaldo, & Peralta, 2016). Evidence of
deficient pre-university education is found
in the students’ poor performance on uni-
versity courses (Orozco & Diaz, 2009).

As a result, studies have analysed
personal, sociodemographic, psychologi-
cal, intellectual and cognitive factors and
even the academic records of the students
(Reynoso & Méndez-Luévano, 2018;

Arriaga, 2015; Gonzalez, 2013; Gatica-La-
ra, Méndez-Ramirez, Sanchez-Mendio-
la, & Martinez-Gonzélez, 2010; Difabio,
1994). However, we did not find research
analysing the topics or items that could
affect the students’ success in the area of
mathematics.

The students’ abilities are not cons-
tructed alone, but rather on the basis of
prior knowledge. Accordingly, Ausubel,
Novak, and Hanesian (1983, p. 1) observe
that «the most important factor influen-
cing learning is what students already
know. Find this out and teach them accor-
dingly.» This is apparent in the study by
Orozco-Moret and Morales (2007), where
70% of the students who were repeating a
mathematics module in the first semester
of university agreed that lack of previous
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knowledge was the main cause of their
problem with the module.

In view of the above, this research re-
fers to the construction and validation
of an instrument to measure the algebra
skills university students require to per-
form adequately in a Differential Calcu-
lus Course on engineering degrees at the
Universidad Auténoma de Baja California
(UABC). Establishing what algebra skills
they have acquired during their educa-
tion at lower levels is crucial for the stu-
dents’ success on a differential calculus
for engineering course.

2. Method

To construct this measurement ins-
trument, we used the Nitko model (1994)
for developing exams shaped by the curri-
culum. This model is complemented by
Popham’s (1990) methodology for cons-
tructing criterion-referenced tests and by
methodological and operational contribu-
tions from Contreras (1998, 2000).

The quality of the measurement ins-
trument was analysed in accordance with
classic test theory (CTT) to ensure the
instrument allows for measurement of
the algebra skills required to take the
Differential Calculus Course on an engi-
neering degree. Accordingly, it is neces-
sary to determine its reliability, validity,
indexes of difficulty and discrimination,
and the biserial correlation (Carmines &
Zeller, 1987).

The analyses of reliability allow us to
measure the consistency or stability of

the measurements when the measure-
ment process is repeated (Prieto & Delga-
do, 2010), determining its capacity to de-
monstrate stability in its results (Garcia
& Vilanova, 2008). To do this, we used the
Kuder-Richardson KR-20 formula and
the split-half method.

Reliahility analysis using the Ku-
der-Richardson (KR-20) formula makes
it possible to establish an instrument’s
reliability based on the data obtained in a
single application. The items are evalua-
ted as correct or incorrect answers and
the fact the items have different indexes
of difficulty is taken into consideration
(Corral, 2009). In the split-half method
reliability analysis, the test is split in half
and separated into two different parallel
tests. The internal consistency coefficient
is calculated using the Spearman-Brown
formula (Reidl-Martinez, 2013). If the
instrument is reliable, there should be a
strong correlation between the scores in
both halves.

Content and criterion validity were
also calculated in turn to analyse the
quality of the instrument. The content
validity is guaranteed by choosing indi-
cators that are appropriate and related
to the mathematical processes, as well as
and by testing the validity of the items
by expert judgment (Alsina & Coronata,
2014). In this type of validation, a panel
of experts is selected. These experts have
at least 5 years’ experience in the topics
being validated and will analyse whether
the items are consistent with what they
are intended to evaluate, the complexity
of the items, and the cognitive skill being
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evaluated (Barrazas, 2007), as well as the
sufficiency and relevance of the items,
considering the aspects of the construct
that are relevant, including those in the
competences and indicators (Cisneros,
Jorquera, and Aguilar, 2012).

The measurement instrument desig-
ned is intended to establish the students’
knowledge or command of the algebra
content or topics considered necessary for
studying and handling differential cal-
culus on engineering programmes. With
the aim of determining whether the items
in the measurement instrument actua-
lly examine the topics and indicators of
achievement established in the design
specifications, the measurement instru-
ment was reviewed by a panel of six ex-
pert university teachers from the field of
mathematics with master’s or doctoral le-
vel degrees who were not connected with
the process of designing and constructing
the instrument. The expert panel evalua-
ted the measurement instrument using
a questionnaire which included 8 signifi-
cant aspects for each of the 25 items. A
scale of 0 to 4 was used to evaluate each
aspect and item, with 0 indicating stron-
gly disagree, 1 disagree, 2 neutral posi-
tion, 3 agree, and 4 strongly agree.

Aspect 1 establishes the relevance of
the content of the reactive to topics cove-
red in level one of higher education. As-
pect 2 measures whether the content of
each item comprises topics covered in the
introductory algebra, geometry, and tri-
gonometry course for incoming students
at the Mexicali Faculty of Engineering
(FIM) at the UABC. This course is taken

by incoming students who will study en-
gineering programmes before the start
of the academic year. The algebra topics
covered are real numbers, exponents, ra-
dicals, fractions, rationalisation, polyno-
mials, and factoring. Aspect 3 relates to
the consistency between the indicator of
achievement and the thematic content of
the item. Aspect 4 considers the relevance
of the content of the item to the requi-
rements a student must fulfil to take the
Differential Calculus Course in the FIM.
Aspect 5 identifies whether the vocabu-
lary used in each item is commonly used
in the subject. Aspect 6 considers whether
the distractors in each item are plausible.
Aspect 7 considers whether each item has
the correct answer. And aspect 8 refers to
whether what is asked of the student is
clear in each item.

Criterion validity refers to the extent
to which the test correlates to variables
external to it, which are called criteria.
Consequently, the criterion is an indica-
tor of what the test is intended to mea-
sure or of what should present a given
relationship. The correlation found is
called the coefficient of validity. The di-
fferential calculus baseline test was used
to test criterion validity. The design and
construction of this baseline test is des-
cribed in Encinas, de las Fuentes, and
Rivera, (2007) and in Contreras, Enci-
nas, de las Fuentes, and Rivera (2005)
and it is applied formally at the UABC to
all students who take differential calcu-
lus module (more than 3000 students per
semester distributed across the campu-
ses in the state of Baja California, Mexi-
co). The results of this exam form part of
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their ordinary evaluation, representing
30% of the final grade for the Differen-
tial Calculus Course with the other 70%
being allocated by the teacher who deli-
vers the module. The differential calcu-
lus baseline test, which has been in use
since 2005, currently comprises 60 items
and is aligned with the curriculum. It
is criterion-referenced, multiple choice,
and large scale.

The measurement instrument is
classed as a criterion-referenced test
as it is intended to establish algebra
skills and support the diagnosis of the
teaching design for the Differential
Calculus Course. The difficulty index
(DI) relates to the proportion of stu-
dents who correctly solve an item. It is
calculated in accordance with Crocker
and Algina (1986). There are parame-
ters for accepting an item depending
on its level of difficulty. The difficulty
index set by Contreras, Backhoff, and
Larrazolo (2004) states that it must be
greater than 0.05 and less than 0.95.
For CTT this index must be between
0.1 and 0.9. According to Backhoff,
Larrazolo, and Rosas (2000) the mean
level of difficulty of the instrument
should be between 0.5 and 0.6, with the
values of the difficulty index being dis-
tributed as follows: 5% very easy items
(0.87< DI <1), 20% fairly easy (0.74 <
DI < 0.86), 50% with an average level
of difficulty (0.53 < DI < 0.73), 20%
fairly difficult (0.33 < DI < 0.52), and
5% very difficult (DI < 0.32).

The index of discrimination (IDC) of
the item makes it possible to differen-

tiate (discriminate) between students
who obtained high scores in the test
and those who obtain low scores. It rela-
tes to the high possibility that students
with an excellent overall performance in
the test will correctly answer the item,
while students with poor performance
will not. This analysis considers 54% of
the sample population, including 27%
of the students with high performan-
ce and the same percentage of students
with the lowest performance for each
item reviewed. Contreras, Backhoff, and
Larrazolo (2004), and CTT regard an
item’s discrimination value as suitable if
it is greater than 0.2. According to Guil-
ford (1975), the index of discrimination
of an item is accepted if it has a value
greater than 0.2 or 0.3. The IDC scale
according to Backhoff, Larrazolo, and
Rosas (2000) is: poor (IDC < 0.20), me-
diocre (0.20 < IDC < 0.30), good (0.30 <
IDC < 0.40), and excellent (IDC > 0.40).

Also regarded as important for the
reliability and validity of the instrument
is the point biserial correlation (rpbis),
as this considers 100% of the sample po-
pulation, not just 54% as in the case of
the index of discrimination. According to
Henrysson (1971), this coefficient is an
indicator of predictive validity where a
student’s response to an item and result
in the test are related. It is calculated in
accordance with the model of Backhoff,
Larrazolo, and Rosas (2000) and the scale
of values for this indicator is: poor dis-
crimination (rpbis <0.14), mediocre dis-
crimination (0.15 < rpbis < 0.25), good
discrimination (0.26 < rpbis < 0.35), and
excellent discrimination (rpbis > 0.35).
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The results for each answer option are
subjected to a frequency analysis in which
the percentages of students who gave
each of the four answer options is iden-
tified. Distractors are classed as unsuita-
ble (UD) if they do not get over 5% of the
answers from students (Rodriguez, Casas,
& Medina, 2005). An analysis of variance
(ANOVA) test was performed along with
a post-hoc Tukey HSD test, in which the
number of UDs was taken as the factor
and the UDs, IDCs, and the rpbis of the
items as the dependent variables. The ob-
jective of this was to identify significant
differences between and within groups.

The database was analysed with classi-
cal test theory (CTT) using the IBM SPSS
Statistics 25 program and Excel spreads-
heet program with which we found the
psychometric data for each item, distrac-
tors, difficulty indexes, discrimination in-
dexes, and the point biserial correlation.

3. Process for constructing the
measurement instrument

Six lecturers took part in the construc-
tion of the measurement instrument: two
in the instrument design committee, two
in the specifications preparation commit-
tee, and two in the item preparation com-
mittee. All of them held doctorates and
had a minimum of 5 years’ teaching expe-
rience in the area of algebra, differential
calculus, and integral calculus.

The role of the measurement instru-
ment design committee was to analyse the
area’s curriculum, detect and structure
the important content that was to be eva-

luated, create a table of specifications for
the instrument, and prepare a document
to explain their decisions. It should be no-
ted that the measurement instrument is
based on the minimum arithmetic and al-
gebraic skills engineering students requi-
re to successfully complete a Differential
Calculus Course as part of their enginee-
ring studies. These skills were determi-
ned by the instrument design committee
and validated by the specifications pre-
paration committee and by the panel of
experts. The mathematical concepts and
procedures covered by the measurement
instrument are part of the curriculum the
students followed throughout their stu-
dies on the programme of the Mathema-
tics I course on both the general baccalau-
reate and the technological baccalaureate
(SEP, 2017). The topics are also covered in
the algebra, geometry, and trigonometry
course that students take when starting
engineering degrees at the Universidad
Auténoma de Baja California.

The aim of the measurement instru-
ment is to establish the starting condi-
tions of newly-enrolled students on en-
gineering degrees regarding the algebra
knowledge and skills required to comple-
te the differential calculus module. To
reflect these conditions, we established
indicators of achievement for each spe-
cification and its respective item, re-
presenting the student behaviours that
make it possible to evaluate the level of
command of a particular algebra skill.
The topics and indicators of achievement
for each of the 25 items that comprise
the measurement instrument are des-
cribed in Table 2.
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TaBLE 2. Topics and indicators of achievement for each item

1n the measurement instrument.

1 Operations with fractions Adding frac.tlons with diffe-
rent denominators.
2 Operations with fractions Multiplying fractions.
3 Operations with fractions Dividing two fractions.
4 Laws of exponents Using the laws of exponents
to multiply two numbers.
Using the laws of exponents
5 Laws of exponents to divide two numbers.
6 Laws of exponents Converting a ra.tdlcal number
to an exponential.
Rationalising the denomi-
7 Rationalisation nator of a numerical expres-
sion.
Rationalising the denomina-
8 Rationalisation tor of an algebraic expres-
sion.
9 Rationalisation Ratlonahslpg the numf}rator
of a numerical expression.
10 Operations with polynomials Calculating the sum of poly-
(sum) nomials.
. . . Eliminating grouping
11 Operations with polynomials symbols and simplifying the
(sum) . .
algebraic expression.
Operations with polynomials Calculating the product of
12 . ;
(product) two binomials.
13 Operations with polynomials Calculate the division of a
(division) polynomial by a monomial.
Polynomial operations Calculate the division of a
14 A . . .
(division) polynomial by a binomial.
15 Operations with polynomials Isolating a variable.
Operations with polynomials . . .
16 (product of binomials) Squaring a binomial.
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Operations with polynomials Calculating the product of
17 4 - . . . . .
(binomial conjugates) binomial conjugates.
18 4 Polynomial operations Calculating the product of
(product of binomials) two binomials.
19 4 Operations with polynomials Expanding the cube of a
(product of cubed binomials) binomial.
20 5 Factoring Fact(.)rlng.a non-perfect-squa-
re trinomial.
91 5 Factoring Idgntlfylng a perfect-square
trinomial.
929 5 Factoring Fa'ctorl.ng a perfect-square
trinomial.
Identifying a difference of
. squares (first version) / Fac-
23 5 Factoring toring a sum of cubes (final
version).
94 5 Factoring Factoring a difference of
squares.
95 5 Factoring Factoring a difference of
cubes.

Source: Own elaboration.

The design of each item is based on its
respective specification, which for each
item covers aspects such as the algebra
topic it belongs to, its indicator according
to Zabala and Arnau (2008), a comment
on the meaning and functionality of the
content, the foundation of the item, the

vocabulary and type of information used
in the item, the characteristics of the dis-
tractors, the process for obtaining the
correct answer, an example item, and the
estimated completion time (Table 3). The
specifications preparation committee de-
signed the specification for each item.

TaBLE 3. Specification of item 16 on the measurement instrument.

Topic:

Operations with polynomials (special product)

Subtopic:
Squaring a binomial

Comment on the meaning of the content:

Certain processes often appear in differential calculus topics, such as integral calculus and
differential equations among others, and are classified as special products. This is the case
with squaring a binomial which is done like this: (a+b)*=a?+2ab+b? It can also be written
as: (a—b)?=a’—2ab+b? It is expected that the student will correctly square a binomial.
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Indicator of achievement: Expanding the square of a binomial.

Foundations of the item:

the following characteristics:

ded.

A binomial is provided for which the students must expand its square. The binomial has

a) The signs of the coefficients can be the same or opposite.

b) The coefficients of the terms are whole numbers.

¢) The literals can be any letter in the alphabet, not just x or y as is usual.

d) To ensure that the item is not too difficult, use of fractional coefficients is not recommen-

Vocabulary and textual, graphic, or tabular information:
The information given in this item is textual, including an algebraic expression that co-
rresponds to the binomial and from which its square must be established.

Distractors:

square of the second.

of the second term.

These will be binomials or trinomials with the following characteristics:

a) The square of the first plus the square of the second.

b) The square of the first minus the square of the second.

¢) The square of the first minus two times the product of the first and second plus the

d) The square of the first plus the first term multiplied by the second term plus the square

Correct answer:

of the second term.

The correct answer is obtained by following the rule for squaring a binomial: the square of
the first term plus two times the product of the first term and second term plus the square

Proposed item:

A) 9x*—24xy+16y? B) 9x>-+16y?

Expanding the binomial (3x—4y)? gives the following result:

C) 9x>—16y? D) 9x>+24xy+16y?

Estimated completion time: 2 minutes.

Source: Own elaboration.

The instrument comprises 25 mul-
tiple-choice items where the student is
asked to choose the correct answer from
four possibilities. Each item in the ins-
trument is independent, as it contains
the information needed to approach it
and answer it. The instrument is crite-
rion-referenced as its aim is to evaluate
learning and provide information about
what each student can and cannot do.

The items were designed by the item pre-
paration committee.

4. Results and discussion

The pilot application of the first ver-
sion of the measurement instrument was
carried out in the facilities of the FIM at
the UABC during the first week of the
first semester of the 2018-2019 year. The
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instrument was applied to 177 students
who had just started at the FIM and were
enrolled on the Differential Calculus
Course (21% of the students enrolled on
this module during the semester in ques-
tion). For Contreras, Backhoff, and Larra-
zolo (2004) and for Munoz and Mato (2006),
the reliability of the instrument calculated
using the KR-20 formula r=0.88 and by
the split-half method r=0.93 is classed
as appropriate when it is greater than or
equal to 0.85 in the case of standardised,
large-scale instruments.

The mean DI was 0.70£0.19 (mean *
standard deviation). The percentage dis-
tribution for the DI is: very easy items 8%
(two items), fairly easy 48% (twelve items),
average difficulty 28% (seven items), fairly
difficult 4% (one item), and very difficult
12% (three items).

Of the items, 68% have excellent dis-
crimination, 24% have good discrimina-
tion, and 8% have bad discrimination. The
mean IDC is 0.49+0.18 (mean * standard
deviation), which is classed as excellent.

The means of the IDC were calculated
forthebalgebratopicsconsidered, namely:
operations with fractions (items 1, 2,
and 3) 0.56; law of exponents (items 4,
5, and 6) 0.61; rationalisation (items 7,
8, and 9) 0.33; operations with polyno-
mials (items 10-19) 0.48; and factorising
(items 20-25) 0.50. The highest power
of discrimination was identified for the
items corresponding to the law of expo-
nents topic followed by the items from
the fractions topic. In contrast, we found
that the lowest power of discrimination

was for the items from the rationalisa-
tion topic, which are more difficult.

The mean of the biserial correlation co-
efficients for the test is 0.52+0.14 (mean
+ standard deviation). Of the items, 80%
have excellent discrimination, 16% have
good discrimination, and 4% have medio-
cre discrimination. No items were found
with poor or worst discrimination.

Regarding content validity, the means
for each item in each of the eight aspects
declared in the expert evaluation were
greater than or equal to 3.5. According
to Contreras, Backhoff, and Larrazolo
(2004), the criterion that must be satisfied
is to achieve an average from the experts
equal to or greater than 3.5. In this case,
the instrument is classed as valid with re-
gards to its content. Aspect 9 covered the
instrument as a whole and concerned the
time students are given to answer it. In
this case, the maximum time permitted
for completion is 60 minutes. The panel of
experts believed that the time allowed for
students to answer the 25 items is appro-
priate.

The information was extracted from
the application of the differential calcu-
lus haseline test corresponding to the first
semester of the 2018-2019 academic year,
with answers to 60 items by 758 enginee-
ring students from the UABC’s FIM being
recorded. The reliability analysis using the
KR-20 formula gives a coefficient oc=0.87.
In view of the above, the criterion used to
validate the instrument is the same. Of
the 177 students from the sample analy-
sed, we have the results of 151 who sat the
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differential calculus baseline test. We used
these to calculate the correlation between
the grade obtained on the measurement
instrument and the grade from the base-
line test. When comparing the grades, a
Pearson correlation coefficient of r=0.70
was obtained significant at the 0.01 level,
classed as a significant positive correlation
on the scale of Hernandez, Fernandez, and
Baptista (2006).

The diagnostic instrument had a total
of 100 options: 25 correct answers and 75
distractors. Of the distractors evaluated,
33% (25) were classified as unsuitable; 6
items (24%) had 3 suitable distractors; 14
items (56%) had 1 UD; 2 items (16%) had
2 UDs, and 1 item had 3 UDs. The mean
number of UDs per item was 1.00 + 0.74
(mean * standard deviation).

The mean of the DI and IDC for items
with 0 unsuitable distractors was 0.45 +

0.18 and 0.46 = 0.17, respectively (mean
+ standard deviation). In contrast, these
psychometric parameters in items with
2 UDs were 0.87 = 0.03 and 0.34 = 0.08
with 42% higher DI (in other words, 42%
easier) and 12% less discrimination. For
items with 1 UD, the mean DI and IDC
were (.74 and 0.58.

The ANOVA reflected statistically sig-
nificant differences (p<0.001) in the DI
between the groups of items with different
numbers of UDs. The post-hoc Tukey test
displayed significant differences (p<0.001)
in the difficulty index (Table 4) and
discrimination index between items with 0
UDs and other items with one or 2 UDs. A
significant difference was found hetween
one and 2 UDs in the IDC. With regards to
the biserial correlation between the items,
no significant difference was found. Item
10, which had 3 UDs, was excluded from
this analysis.

TaBLE 4. One-Way ANOVA, Difficulty Index for Groups of
Items with Zero to Two Unsuitable Distractors.

Difficulty index
Tukey's B>
Unsuitable Subgroup for Alfa = .05
. N
distractor 1 2
0 6 4533
1 14 .7450
2 4 .8725

Type I error levels are not guaranteed.

The means for the groups in the homogenous subgroups are shown.

a. The sample size is used for the harmonic mean = 6.146.

b. The group sizes are not the same. The harmonic mean of the group sizes is used.

Source: Own elaboration.
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The hiserial correlation varies between
0.22 and 0.70 (Graph 1). A positive correla-
tion indicates that answering the question
well is an indicator of obtaining a good

score on the measurement instrument.
Therefore, the questions with positive rp-
bis are the ones that best discriminate the
sample of subjects.

GraPH 1. Item number compared with difficulty index, discrimination, and biserial
correlation in the first version of the measurement instrument.

—#—Difficulty

0,9 7
0,8 \
0,7 R
0,6 1
0,5 7
0,4
0,3
0,2 7
0,1 7

Discrimination

—— rpbis

i

1 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25

Source: Own elaboration.

Based on this line chart we can see
that items with a difficulty greater
than 0.80 (items 1, 3, 10, 11, 12, 16,
17, 18, 22, 23, and 24) have discrimi-
nation and rpbis below 0.60. In fact,
the lowest discrimination values are
found in this group of items. In con-
trast, higher discrimination values are
found (classed as excellent) when the
difficulty is between 0.40 and 0.75.
Item 15 refers to isolating a variable
and is the item with the greatest power
of discrimination (IDC = 0.83). At the
same time, it is the best predictor of
the success of a student in this instru-

ment in accordance with the biserial
correlation coefficient (rpbis = 0.70).

To identify which algebra topics,
items, and indicators of achievement
lead to success for a student on this
measurement instrument, we calcula-
ted the means of the biserial correla-
tion coefficient for the algebra topics
and ordered them from highest to
lowest: operations with fractions (to-
pic 1, 0.60), laws of exponents (topic
2, 0.58), operations with polynomials
(topic 4, 0.55), factorising (topic 5,
0.53), and rationalisation (topic 3,
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0.26). The topics that mainly predict
students’ success are those studied
at the primary and secondary educa-
tional levels. At the individual level,
the two items with the highest hiserial
correlation coefficient were chosen,
namely: item 15, isolating a variable
(rpbis = 0.70) and item 19, expanding
the cube of a binomial (rpbis = 0.69).

In the two very easy items (10 and
23), the students are asked to calcula-
te the sum of polynomials and identi-
fy a difference of squares respectively.
However, given that the IDC in both
cases (0.15 and 0.19) were less than

0.2 and the DI is greater than 0.9 ac-
cording to the criterion of Backhoff,
Larrazolo, & Rosas (2000) and CTT,
we decided to modify it substantially.
In the case of item 10, the expression
degree was raised from first to second
and the number of terms from 4 to 6.
The indicator of achievement was not
modified (Table 5). In the case of item
23, the topic was not changed, but the
indicator of achievement was, from
identifying a difference of squares to
factorising a sum of cubes. Smaller
changes were also made to the distrac-
tors that were not suitable.

TaBLE 5. Initial and final version of item 10 from the measurement instrument.

Performing the operation 2x+ 7y-5x-3y gives the following result:

A) —3x+4y B) 3x—4y

C) xy D) «xy

Performing the operation 2x+ 7y-5x-3

y-3x%-(-7x?) gives the following result:

A) 4x>—3x+4y B) 4x*+3x—4y

C) —4x*>—3x+4y D) —4x*+3x+4y

Source: Own elaboration.

After making changes to the UDs
and substantially modifying items 10
and 23, we carried out a second pilot
application during the first week of the
second semester of 2018-2019 with a
sample of 138 newly enrolled students
(20% of the student body enrolled on
this module during the semester in
question) on the engineering degrees

at the UABC’s FIM. The measurement
instrument was again analysed with
CTT and its reliability calculated using
KR-20 r=0.87 and the split-halves me-
thod r=0.92. The reliability is virtually
the same with the two methods in the
final version of the instrument. Howe-
ver, the psychometric indexes improved
notably.
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The information was again extracted
from the application of the differential
calculus baseline test. For the second
semester of 2018-2019, the answers to
60 items by 627 engineering students
at the FIM were recorded. The reliabi-
lity analysis using the KR-20 formula
gives a coefficient =0.87. Of the 138
students in the sample, we have the
results of 117 students who took the
differential calculus baseline test. With
these results, we calculated the corre-
lation between the grade obtained in
the measurement instrument and the
grade for the baseline test. Comparison
of the grades gives a Pearson correla-
tion coefficient of r= 0.72 significant
at the 0.01 level, with an increase in
correlation of 2.8% compared with the
first version. High grades in the me-
asurement instrument translate into
high grades in the differential calculus
baseline test.

In the final version of the measu-
rement instrument, the mean DI was
0.58+0.17 (mean = standard deviation).
The percentage distribution from the
DI is as follows: very easy items 4% (1
item); fairly easy 24% (6 items); average
difficulty 32% (8 items); fairly difficult
36% (9 items) and very difficult 4% (1
item). This distribution best matches
the criteria established by Backhoff,
Larrazolo, and Rosas (2000).

We found that 72% of the UDs have
excellent IDCs and 24% have good
discrimination, while 4% have medio-
cre discrimination. The mean IDC is
0.53%£0.16 (mean * standard devia-

tion), which falls within the band clas-
sed as excellent. This final version of
the measurement instrument increa-
sed the power of discrimination by 8%.

The mean discrimination figures
were also calculated for the 5 algebra
topics covered, namely: operations with
fractions 0.61 (items 1, 2, and 3); law
of exponents 0.65 (items 4, 5, and 6);
rationalisation 0.38 (items 7, 8, and 9);
operations with polynomials (items 10-
19) 0.55 and factorising 0.45 (items 20-
25). In the final version of the instru-
ment, it is worth noting that we found
the greatest power of discrimination in
the items corresponding to the law of
exponents topic, followed by the items
from the fractions topic. In contrast,
we found that the lowest power of dis-
crimination still corresponds to items
from the rationalisation topic, which
are most difficult.

In the final version, the mean bi-
serial correlation coefficients for
each algebra topic were calculated
again and were ordered from highest
to lowest: operations with fractions
(topic 1, rpbis = 0.58); laws of expo-
nents (topic 2, rpbis = 0.55); opera-
tions with polynomials (topic 4, rpbis
= 0.53); factorising (topic 5, rpbis =
0.44); and rationalisation (topic 3,
rpbis = 0.33). Consistency was found
with the topics that predict the suc-
cess of students in relation to the
first version of the instrument. At the
particular level, the two items with
the highest biserial correlation coe-
fficients also correspond to items 15:
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isolating a variable (rpbis = 0.68) and
19, cubing a binomial (rpbis = 0.65).
The psychometric indicators show
less dispersion in this final version of
the instrument (Graph 2). The figure
for the mean squared deviation from
the mean for the DI is 0.90 in the first
version of the instrument and 0.72 in

the final version; for the IDC they are
0.79 and 0.62, and for the rpbis they
are 0.51 and 0.33. The difficulty va-
ries between 0.2 and 0.87, the discri-
mination between 0.23 and 0.82, and
the biserial correlation coefficient va-
ries between 0.25 and 0.68.

GrapH 2. [tem number against difficulty index, discrimination index, and biserial
correlation in the final version of the measurement instrument.

~—#— Difficulty

i
0,9 -
08 -
0,7 TR /\
0,6
0,5 -
04
03 -
0,2
0,1 -

Discrimination
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e\

0

1 23 456 7 8 91011121314151617 18 19 20 21 22 23 24 25

Source: Own elaboration.

Of the distractors evaluated, 15% (11)
were classified as unsuitable, 16 items
(64%) had 3 suitable distractors, 7 items
(28%) had 1 UD, 2 items (8%) had 2 UDs,
and no item had 3 UDs. The mean number
of UDs per item was 0.44 = 0.64 (mean *
standard deviation). In this final version,
we reduced the UDs from 25 to 11.

The mean DI and IDC in items with
0 UDs was 0.50 £ 0.15 and 0.55 + 0.17.

In contrast, for items with 2 UDs, these
psychometric parameters were 0.84 =
0.03 and 0.34 = 0.01 with 34% greater
DI (in other words, 34% easier) and 11%
less discrimination. For items with 1 UD,
the mean DIs and IDCs are 0.69 + 0.09
and 0.54 = 0.11 respectively (mean =
standard deviation). It is confirmed that
when there are 1 or 2 UDs, the item is
easier (Graph 3) and the power of discri-
mination falls.
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GrarH 3. Comparison of unsuitable distractors and indexes
of difficulty and discrimination in the first and
final versions of the measurement instrument.

mo =]
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Difficulty Index Difficulty Index
First Version  Final Version

First Version

Index of

Index of
Discrimination Discrimination

Final Version

Source: Own elaboration.

A post-hoc Tukey test between item
topics and the DI did not show significant
differences between the groups. However,
in the final version, the greater difficulty
of answering rationalisation items (topic
3) is apparent with a mean index of 0.38,
followed by the topic 2 items correspon-
ding to the laws of exponents with a mean
DI of 0.54. The next most difficult topics
are those with factorising items (0.58),
operations with fractions (0.64), and
polynomials (0.65). Nonetheless, it is wo-
rrying that only 64% of the students star-
ting an engineering degree can correctly
solve arithmetic operations of addition,
subtraction, multiplication, and division
of fractions, as these skills are practised
from the hasic level of education.

Items 8, 9, and 14 have indexes of
0.34, 0.33, and 0.20 respectively and are
the most difficult in the measurement
instrument. Items 8 and 9 (fairly diffi-
cult) correspond to rationalisation of the
numerator and denominator of algebraic
expressions, while item 14 (very difficult)
refers to calculation of the division of
polynomials. Items 23 and 25 are classed
as fairly difficult, both having indexes of
0.42. For these items, the student has to
factor a sum of cubes and a difference of
cubes respectively. This shows that the
items relating to rationalisation, division
of polynomials, and factorising with cubes
are the most difficult ones for new stu-
dents. In particular, these algebraic skills
are vital to be able to calculate the limits
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of a function, find the zeros for an equa-
tion, or simplify algebraic expressions.

5. Conclusions

We created a valid and reliable ins-
trument with the aim of determining the
extent to which a newly enrolled student
on an engineering degree has the algebra
skills required to be able to take the mo-
dule in Differential Calculus, and also to
predict their likelihood of success on this
module.

A panel of experts evaluated whether
the content of the items examined the
proposed algebra topics and whether the
items are indicators of what is intended
to be measured. The experts gave favou-
rable opinions relating to the diagnostic
potential of the measurement instru-
ment. The differential calculus baseline
test was used as the criterion to determi-
ne the criterion validity. This exam has
been used at the UABC since 2005. When
comparing grades from the instrument
with the criterion, a Pearson correlation
coefficient of 0.72 was obtained, signifi-
cant at the 0.01 level. Accordingly, high
grades on the measurement instrument
translate into high grades on the diffe-
rential calculus baseline test, and so this
measurement instrument is considered to
be a predictor of the students’ performan-
ce on the Differential Calculus Course for
engineering degrees.

We used two methods to calculate its
reliability, KR-20 and split halves. The
results are consistent between the first
version and the final version, and so the

instrument is very reliable and can be
considered for large-scale use.

We found the greatest power of dis-
crimination in the items corresponding
to the topics that involve the law of ex-
ponents and operations with fractions.
These topics mainly relate to the skills
acquired in primary and secondary edu-
cation. In contrast, we found that the
lowest power of discrimination is still for
the items relating to the topic of ratio-
nalisation, which the students find most
difficult. We also found that the topics
that predict the success of the students
in the measurement instrument, in other
words, the point-biserial correlation coe-
fficient, are the operations with fractions
and laws of exponents.

The results from the application of
this measurement instrument make it
possible to identify which algebra topics
cause the most problems for students who
are starting engineering degrees and will
study the differential calculus module.
At the same time, these results make it
possible to take measures to improve the
instruction and academic performance of
the students on the Differential Calculus
Course on the engineering programmes.
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