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Abstract:

This research presents the results of a study
that involved the construction and validation of
ameasuring instrument to evaluate the algebra,
trigonometry, and geometry skills that universi-
ty students possess when starting an engineer-
ing degree and which are critical for students
to perform properly in calculus courses. The
instrument was designed by faculty members
from the field of mathematics, all of whom hold
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at least a master’s degree and have taught cal-
culus in the past. The study comprised of 40
items and its quality analysis was based on data
collected from 875 incoming first-year students
during the 2020-2022 academic cycle. Data
analysis showed that items with medium diffi-
culty and high discrimination have the highest
predictive coefficient and correspond mainly to
the field of geometry, specifically the topics of
the straight line, circumference, and the cal-
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culation of surfaces and volumes of geometric
shapes. The present research provides teaching
staff with important elements to adapt or mod-
ify their instructional designs and improve the
learning quality of higher education students
in the field of calculus. Additionally, secondary
school teachers may benefit from these results
regarding the greater challenges students face
when enrolling in engineering programs.

Keywords: calculus, evaluation, reliability,
measuring instrument

Resumen:

Se presentan los resultados de una investi-
gacion que incluyo la construccion y validacion
de un instrumento de medicion para determi-
nar las habilidades algebraicas, trigonométricas
y geométricas que los estudiantes universitarios
tienen al ingresar a una carrera de ingenieria y
que son fundamentales para desempenarse ade-
cuadamente en los cursos de calculo. En el dise-
fo del instrumento participaron los profesores
de la academia de matematicas, todos con al me-

nos grado de maestria y experiencia docente en
el area de calculo. El instrumento de medicién
quedd integrado por 40 reactivos y su andlisis de
calidad se describe y se deriva de las respuestas
emitidas durante el ciclo lectivo 2020-2022 por
875 estudiantes de nuevo ingreso a la carrera de
ingenieria. Los resultados muestran que los re-
activos con dificultad media y con alta discrimi-
nacién, son los que cuentan con mayor coeficien-
te de prediccién y corresponden mayormente al
area de geometria, especificamente en los temas
de la linea recta, la circunferencia y el calculo
de superficies y volimenes de figuras geomé-
tricas. Esta investigacion aporta a los docentes
elementos importantes para considerar ajustar
o modificar sus disefios instruccionales y mejo-
rar la calidad del aprendizaje de sus estudiantes
universitarios en el campo del calculo, asi como
también la consideracion de los profesores del
nivel medio respecto de las mayores dificultades
que presentan los estudiantes que pretenden in-
gresar a los programas de ingenieria.

Descriptores: calculo, evaluacion, fiabilidad,
instrumento de medida.

1. Introduction

The study of mathematics provides a
very important foundation in engineering; it
makes it possible to model different scientif-
ic phenomena and interpret and communi-
cate in precise language (Brito et al., 2011).
It also favours the development of abstract
reasoning, which is fundamental when
training engineers (Ruiz et al., 2016; Mo-
rales, 2009). The importance for engineer-
ing students of studying and understanding
differential calculus lies in the formation of

a solid conceptual platform, handling func-
tions as mathematical models to represent
quantitative and qualitative features, and
acquiring knowledge of and the ability to
apply a set of mathematical tools for solving
science and engineering problems (Iglesias
& Alonso, 2017; Ruiz et al., 2016).

Differential calculus is especially im-
portant on engineering degrees and is a
prerequisite for courses such as integral
calculus, differential equations, multivari-
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able calculus, numerical methods, hydrau-
lics, heat and mass transfer, statics, dy-
namics, electricity and magnetism, electri-
cal circuits, and others.

In Mexico, standards of mathematics
are a significant problem, as shown by the
poor performance students from various
subsystems have shown in standardised
tests carried out nationally and interna-
tionally (Encinas et al., 2016). Academic
performance, dropout, and repetition of
courses are major problems, especially on
degrees that require abstract logical think-
ing such as engineering. In addition, there
is a lack of connection between the sec-
ondary education and higher education
curricula, and the average grades are some-
times lower than the minimum pass mark
for calculus courses (Hernandez, 2005).

In recent decades there has been grow-
ing interest in studying the problem of
academic failure, students not progress-
ing to the next level, and abandonment
by first-year degree students in engineer-
ing (Arraiz & Valecillos, 2010; Zavaleta &
Flores, 2009; Correa et al., 2009), as well
as in large-scale evaluation of learning, as
they permit better knowledge and profil-
ing of students’ educational achievements.
Evaluations make it possible to identify
the skills acquired by students as a result
of the teaching, and in turn make it possi-
ble to create strategies and assistance pro-
grammes to remedy low performance by
students, which is a generalised concern
in universities (Posso, 2005).

A previous study (Aguilar-Salinas et
al., 2020) constructed and implemented

a valid and reliable instrument for mea-
suring the algebra skills that engineering
students require to perform adequately on
the differential calculus course and found
that the most important shortcoming in
students’ algebra skills relates to the topic
of rationalisation, division of polynomials,
and factorising sums and differences of
cubes.

In view of this, it was determined that
university students require other types of
skills to perform adequately on a differen-
tial calculus course in engineering degrees
at the Universidad Auténoma de Baja Cal-
ifornia (UABC). Therefore, this research
refers to the construction and validation
of an instrument for measuring algebra,
trigonometry, and geometry skills.

Establishing what level of algebra,
trigonometry, and geometry skills these
students acquired during their previous ed-
ucation is crucial when designing strategies
to improve these skills and promote stu-
dents’ academic success and performance
on the calculus for engineering courses.

2. Methodology

The research carried out is, on the one
hand, a descriptive study as it is motivated
by carrying out a detailed analysis of the
technical quality of the items that make
up the test. On the other hand, it is also
an exploratory study by virtue of its pos-
sible findings with regards to the algebra,
trigonometry, and geometry skills engi-
neering students possess, which are a
fundamental part of their performance on
mathematics for engineering courses.
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2.1. Method

To construct the measuring instrument,
we adopted the model of Nitko (1994) for
developing curriculum-driven exams. This
model is complemented by the methodology
for constructing criterion-referenced tests
of Popham (1990) and with methodological
and operational contributions from Con-
treras (2000). The analysis of the quality of
the measuring instrument was done in ac-
cordance with Classical Test Theory (CTT),
so that the instrument designed enables
measurement of the algebra, trigonometry,
and geometry skills required for successful
completion of the calculus modules on an
engineering degree. In view of the above, it
is necessary to determine its reliability, con-
tent validity, and criterion validity, as well as
its difficulty index, discrimination index, and
biserial correlation (Carmines & Zeller, 1987).

The reliability analyses make mea-
suring the consistency or stability of the
measurements when the measurement
process is repeated possible (Prieto &
Delgado, 2010), thus determining their
ability to display stability in their results
(Garcia & Vilanova, 2008). In this case,
the Kuder-Richardson KR-20 coefficient
and the split halves method were used.
The reliability analysis using the Kud-
er-Richardson coefficient (KR-20) makes
it possible to establish the reliability of an
instrument based on the data obtained in
a single application. The items are evalu-
ated dichotomously and are considered to
have different difficulty indexes (Corral,
2009). In the analysis of reliability by the
split halves method, the test is divided in
half (even and odd) and is separated into
two parallel tests, and the internal con-

sistency coefficient is used with the Spear-
man-Brown formula (Reidl-Martinez,
2013). If the instrument is reliable, there
should be a strong correlation between the
scores in the two halves.

In addition, the Ferguson delta coeffi-
cient was calculated, which measures the
discriminating power of a complete test.
The range of this coefficient is [0, 1] and it
is satisfactory when it is greater than 0.90
(Ding et al., 2006).

The content validity was also calculat-
ed for the quality analysis of the instru-
ment. This is established on the basis
of suitable selection and indicators and
is related to the mathematical process-
es and the testing of the validity of the
items through expert judgement (Alsina &
Coronata, 2014). In this type of validi-
ty test, a panel of experts with at least 5
years’ experience in the topics being val-
idated is selected who analyse the coher-
ence of the items with what they set out to
evaluate, the complexity of the items, and
the cognitive ability to be evaluated (Bar-
razas, 2007) as well as the sufficiency and
pertinence of the items. Here the aspects
of the construct which are relevant, in-
cluded in the competences and indicators,
are considered (Cisneros et al., 2012).

Given that the measuring instrument
designed here sets out to test students’
command of knowledge that relates to al-
gebra, trigonometry, and geometry content
or topics that are regarded as necessary
for studying and handling calculus in engi-
neering programmes, a review was carried
out with the aim of determining whether
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the items in the measuring instrument
actually examine the topics and indicators
of achievement established in the design
specifications. This review was done by a
panel of 5 university faculty members from
the area of mathematics with a minimum
of master’s degree, who were not involved
in the process of design and construction
of the measuring instrument. The experts
evaluated each of the 40 items from the
measuring instrument, considering the pa-
rameters of pertinence, conceptual clarity,
wording and terminology, scaling and codify-
ing, and format. The choice of parameters
and calculation of the content validity coef-
ficient (CVC) were done in accordance with
Hernandez-Nieto (2002) and Gempp (2006)
and also on the hasis of the contributions of
Urrutia et al. (2014) who recommend keep-
ing items with a content validity coefficient
equal to or greater than 0.80.

The criterion validity is determined
through the correlation of the scores from
applying the diagnostic measuring instru-
ment studied here and the scores obtained
with another external criterion (Hernan-
dez, Fernandez & Baptista, 2006). In this
case, the ordinary (final) grades that the
students obtained in the differential calcu-
lus course in the 2020-2022 period were
used as the external criterion.

The measuring instrument is a crite-
ria-hased test which sets out to measure
skills in algebra, trigonometry, and geom-
etry skills and so support the diagnosis of
the instructional design for the calculus
courses. The difficulty index (DI) is related
to the proportion of students who correct-
ly solve an item, and is calculated in ac-

cordance with Crocker and Algina (1986).
There are parameters for accepting an
item according to its level of difficulty. For
CTT this index should be between 0.1 and
0.9. Backhoff et al. (2000) suggest that the
values of the difficulty index should be
distributed as follows: 5% very easy items
(0.87 < DI < 1), 20% fairly easy (0.74 < DI
< 0.86), 50% moderately difficult (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 differentiate
(discriminate) between students who ob-
tained good marks on the test and one who
obtained low marks. It is therefore related
to a high likelihood that students who gen-
erally have very good performance on the
test will correctly answer the item, and vice
versa in the case of students with poor per-
formance. In this analysis, 54% of popula-
tion is considered, as 27% of the students
with high performance are included as is
an equal percentage of students with the
lowest performance for each item reviewed.

Contreras and Backhoff (2004) and
CTT, consider the discriminating power of
the item appropriate if it is greater than 0.2.
The scale of the IDC according to Backhoff
et al. (2000) is: poor (IDC < 0.20), moderate
(0.20 < IDC < 0.30), good (0.30 < IDC <
0.40), and very good (D > 0.40).

Another element considered to be im-
portant in the reliability and validity of
the instrument relates to the correlation
coefficient of the point biserial (rpbis),
as this considers 100% of the population,
not just 54% as in the case of the index of
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discrimination. According to Henrysson
(1971), this coefficient is an indicator of
predictive validity, in which a student’s
response to an item is related to the re-
sult the student obtains from the test. It
is calculated in accordance with the mod-
el of Backhoff et al. (2000) and the scale
of values for this indicator is: low discrim-
ination (rpbis < 0.14), moderate (0.15 <
rphis < 0.25), good discriminatory power
(0.26 < rpbis < 0.35), and excellent dis-
crimination (rphis > 0.35).

In addition, this analysis includes
the development of item profiles. To
this end, we used cluster analysis (Bau-
sela, 2005; Castejon et al., 2016; Dixson
et al., 2017; Gongalves et al., 2017). This
analysis is a type of data classification
that is done by grouping the elements
analysed. The fundamental objective of
this type of analysis is to classify n ob-
jects into k (k > 1) groups, called clus-
ters, by using p (p > 0) variables. The
type of classification was k-means, as
this is a tool designed to assign cases to
a fixed number of groups.

The database was analysed using Clas-
sical Test Theory (CTT) and cluster analy-
sis with the IBM SPSS Statistics 23 pro-
gram and Excel spreadsheets, with which
the psychometric data for each item, dif-
ficulty index, index of discrimination, cor-
relation coefficients for the point biserial,
and item profiles were obtained.

2.2, Process of creation of the mea-
suring instrument

Six faculty members participated in
the construction of the measuring in-

strument: two on the instrument design
team, two on the specifications develop-
ment team, and two on the items develop-
ment team. All of the participating facul-
ty members had a master’s or doctorate,
as well as at least five years’ teaching
experience in the fields of algebra, trig-
onometry, geometry, differential calculus,
and integral calculus.

The function of the measuring instru-
ment design team is to analyse the cur-
riculum of the area, detect and structure
content that it is important to evaluate,
construct a table of specifications for the
instrument and draw up a document ex-
plaining its decisions. The construction
of the measuring instrument is based
on the minimum algebra, trigonometry,
and geometry skills that the engineering
students need to perform well on the cal-
culus courses on the engineering degree.
These skills were determined by the in-
strument design team and validated by
the specifications development team and
by the panel of experts. The mathemat-
ical concepts and procedures involved in
the measuring instrument form part of
the curriculum that the students have
followed throughout their studies on the
programme of the mathematics module,
both in the general baccalaureate and
on the technological baccalaureate (SEP,
2017).

The purpose of the measuring instru-
ment is to establish the initial conditions
of the incoming students on an engineer-
ing degree with regards to the algebra,
trigonometry, and geometry knowledge
and skills required to take the calculus
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modules. To demonstrate these condi-
tions, indicators of achievement were es-
tablished for each specification and its
respective item, which represent those
traits of the student that make it possible

to evaluate the degree of command of one
of the skills described. The topics and in-
dicators of achievement for each of the 40
items that comprise the measuring instru-
ment are presented in Table 1.

TaBLE 1. Topics and indicators of achievement for each item from the measuring.

Item Topic . . .
Number | Number Topic Indicator of Achievement
1 1 Exponential Multiplication of algebraic expressions, monomial by
expressions monomial, using the first law of exponents.
9 1 Exponential Multiplication of algebraic expressions, monomial by
expressions monomial, using the second law of exponents.
Exponential | Division of algebraic expressions, monomial by
3 1 . . ; .
expressions monomial, using the fifth law of exponents.
4 1 Exponential | Operations with radicals by rationalising the
expressions denominator or numerator.
5 1 Exponential Operations with radicals by rationalising the
expressions denominator or numerator.
6 1 Exponential Operations with radicals by rationalising the
expressions denominator or numerator.
7 9 Polynomials and | Simplifying algebraic expressions with like terms
special products | and grouping symbols.
3 9 Polynomials and | Multiplications with algebraic expressions,
special products | polynomial by polynomial.
9 9 Polynomials and | Divisions with algebraic expressions, polynomial by
special products | monomial.
10 9 Polynomials and | Divisions with algebraic expressions, polynomials by
special products | binomials.
11 9 Polynomials and | Multiplications with special products, squares of
special products | binomials.
12 9 Polynomials and | Calculating the multiplication of special products,
special products | conjugate binomials.
13 9 Polynomials and | Calculating the multiplication of special products,

special products

cubed binomials.
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14 Factorising Factorising using a common factor.
15 Factorising Factorising difference of squares.
16 Factorising Factorising with trinomials that are not perfect
squares.
17 Factorising Factorising sum of cubes.
18 Factorising Factorising difference of cubes.
19 Ratlol?al Adding rational expressions.
expressions
20 Ratlor.lal Multiplying rational expressions.
expressions
Trigonometry,
21 angles and their | Converting an angle from degrees to radians.
measurement
Trigonometry,
22 angles and their | Converting an angle from radians to degrees.
measurement
923 Trigonometric | Determining the value of the trigonometric function
functions based on a right-angled triangle (sine, cosine, tangent).
. . | Determining the value of the trigonometric function
Trigonometric : .
24 . based on a right-angled triangle (cosecant, secant,
functions
cotangent).
. . | Determining the value of the trigonometric function
Trigonometric . . > . .
25 . by constructing a right-angled triangle with special
functions . .
angles (sine, cosine, tangent).
. . | Determining the value of the inverse trigonometric
Trigonometric . . . .
26 . function by constructing a right-angled triangle
functions . .
with special angles (arccotangent).
. . | Determining the value of the inverse trigonometric
Trigonometric . . - .
27 . function by constructing a right-angled triangle
functions . . .
with special angles (arccosine).
28 Trigonometric | Transforming a trigonometric function into its
functions algebraic form.
29 Trigonometric | Resolving statements of problems by using right-an-
functions gled triangles.
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30 Tr;gono.metrlc Resolving oblique triangles using the law of sines.
unctions
31 The straight Calculating the distance between two points from
line two given points.
39 The straight | Calculating the slope of a straight line from two
line given points.
The straight | Determining the general equation of a straight line
33 . .
line based on one point and the slope.
34 The straight | Determining the equation of a straight line from
line two points.
35 The straight | Representing a linear equation algebraically based
line on its graphical representation.
36 Conic sections Determining the graphlcal rgpresentatlon.of a cir-
cumference from its algebraic representation.
. . Determining the algebraic representation of a cir-
37 Conic sections . . .
cumference from its graphical representation.
Perimeter, area,
38 and volume of | Calculating the perimeter of a geometric figure.
geometric figures
Perimeter, area,
39 and volume of | Calculating the area of a geometric figure.
geometric figures
Perimeter, area,
40 and volume of | Calculating the volume of a geometric figure.
geometric figures

Source: Own elaboration.

The design of each of the 40 items
is based on its respective specification
(Graph 1), which considers aspects such
as the algebra, trigonometry, or geometry
topic to which it belongs, the indicator of
achievement, according to Zabala and Ar-
nau (2008), a comment about the meaning
and functionality of the content, the basis

of the item, the vocabulary and type of in-
formation that will be used in this item,
the characteristics of the distractors, the
process for obtaining the correct response,
a sample item, and the estimated comple-
tion time. The design of the specification
for each item was done by the specifica-
tions development team.

pad ap ejouedsa e}sinal

80€-68¢ ‘¢c0c ¥sn3ny-Ae|\ ‘g8e "u ‘08 Jedk

eiSo8e

iy,
)2

s
g )

=
N
Ui Il\‘\

<P

297 EV



o0
o
™
(o))
0
[Q\]
ol
S
\‘—“(\]
b'o-o—d
o n
o0 S
(R
T S
O
a3
O ©
T =
E -
ON
e 0
o N
o -
w <
)
S
LS
> ©
8¢

M.DELAS FUENTES-LARA, W. E. AGUILAR-SALINAS, A. C. JUSTO-LOPEZ and C. G. INIGUEZ-MONROY

GrapH 1. Specification corresponding to item 32 from the measuring instrument.

1. Identifying details of the content to be evaluated.

1.1 Item: | 21
1.2 Subject: 1.3 Macro Content:
Geometry The straight line.
1.4 Topic: 1.5 Subtopic:

Slope of a straight line. Calculating the slope of a straight line.

2. Attributes of the item.

2.1 Clarifying comment about the sense of the content
The slope of a straight line in a rectangular system of representation (on a Cartesian plane), is usually represented by
the letter m, and is defined as the difference on the Y axis divided by the difference on the X axis for two different
points on a straight line. This is described in the following equation:

_ A_y _Y2—Nn

T AT x,—x

2.2 Indicator of achievement Calculating the slope of a straight line.

2. Type of content Concept () Procedure (X)

2.4 Difficulty | Reproduction (X) | Connection () | Reflection ()

3. Attributes relevant to the stimuli that will be presented to the students.

3.1 Instructions for responding to the item
Select the option that corresponds to the correct value of the slope between two points.

3.2 Basis of the item
Two points are given on the Cartesian plane to calculate the slope between them using the slope formula.

3.3 Vocabulary and textual, graphic or tabular information to use:
The information provided in this item is textual and includes both points on the Cartesian plane, so that the student
can calculate the slope between them.

3.4 Distractors
The following distractors are suggested for this item: a) Presenting an incorrect calculation. b) Moditying the result
based on common mistakes in the formula.

3.5 Correct response
The correct slope between the two points.

4. Sample item and time taken to resolve the item.

4.1 Sample item
Calculate the slope of the straight line that passes through the points (-5.1) and (1.4).

A3 B)2 o-3 D)

4.2 Estimated time for completion
1 minute

Source: Own elaboration.

3. Results and discussion
This section is divided into three parts:

The instrument comprises 40 items
and is multiple choice as students are

asked to choose the correct response from
4 possible options. Each item is indepen-
dent, as they all contain the necessary
information for stating and responding
to it. The instrument is criteria-based,
as its purpose is to evaluate learning by
showing what the subject can and cannot
do. The items were designed by the items
development team based on the designed
specifications.

the first refers to the analysis of quality of the
measuring instrument; the second part al-
ludes to the analysis of the clusters of items;
and the third and final one refers to the re-
sults students obtained in the diagnosis.

3.1. Analysis of the quality of the diag-
nostic measuring instrument

The measuring instrument was ap-
plied in the Mexicali Engineering Facul-
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ty (FIM) at the UABC during the first
week of the 2020-2022 study cycle. The
instrument was applied to 876 newly-en-
rolled students at the FIM who were
taking the differential calculus course.
The reliability of the instrument cal-
culated using KR-20 is » = 0.95, and by
the split halves method it is r = 0.93,
which are considered to be appropriate
when they are equal to or greater than
0.85 in the case of large-scale standard-
ised instruments (Munoz & Mato, 2008;
Contreras & Backhoff, 2004). The distri-
bution of the total scores was calculated
using Ferguson’s delta, giving a value of
0.99, which fully satisfies the criteria
established (Engelhardt, 2009; Ding et
al., 2006).

The average of the difficulty index was
0.68 £ 0.15 (mean * standard deviation).
The percentage distribution resulting
from the DI is as follows: very easy items
(2 items) 5%, fairly easy (17 items) 42.5%,
moderate difficulty (13 items) 32.5%, fair-
ly difficult (8 items) 20%, and very diffi-
cult (0 items) 0%. The minimum difficulty
value was 0.34 while the maximum value
is 0.89, both of which are acceptable in
accordance with CTT and with a similar
distribution to that proposed by Backhoff
at el. (2000).

It is calculated that 75% of the items
have excellent discrimination and 25%
have good discrimination. The average
discrimination index is 0.52 £ 0.13 (mean
+ standard deviation), which is within a
category considered as excellent (greater
than 0.40). The minimum value with re-
gards to discrimination was 0.31 and all of

the items comply with this psychometric
indicator (Contreras & Backhoff, 2004).

The average of the biserial correla-
tion coefficients of the test is 0.49 + 0.076
(mean * standard deviation). It is calcu-
lated that 97.5% of the items have excel-
lent discrimination, and 2.5% have good
discrimination. No item was found with
moderate, low, or negative discrimination.

With regards to the content validity,
five experts took part and a CVC average
of 0.89 £ 0.07 (mean * standard devia-
tion) was obtained with a minimum coef-
ficient value of 0.82. The numbers above
fully meet the criteria considered in this
research for each item (Urrutia, Barrios,
Gutiérrez & Mayorga, 2014; Gempp,
2006; Hernandez-Nieto, 2002).

To determine the criterion valid-
ity, the ordinary grade that the students ob-
tained on their differential calculus course
during the 2020-2022 period of study was
extracted from the records system of the de-
partment of academic services of the FIM.
Of the 876 students who took the diagnostic
test, we have records of the ordinary grades of
764 students for differential calculus, and we
calculated the Pearson correlation between
the score obtained in the diagnostic meas-
uring instrument and the ordinary grade for
differential calculus. When comparing the
grades, a Pearson correlation coefficient of
r = 0.313 was obtained. This correlation
is significant at a level of 0.01 and so it is
classed as a moderate correlation on the scale
of Hernandez et al. (2018). In other words,
the higher the students’ scores on the diag-
nostic measuring instrument for algebra,
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trigonometry, and geometry, the higher their
ordinary grades on the differential calculus
course. In addition, it was found that of the
764 students, 523 successfully completed
the diagnostic instrument (a score equal to
or greater than 60), of which 515 (98.5%)
passed the differential calculus course.

3.2. Analysis of clusters of items

With the ohjective of establishing the
significant features between psychomet-
ric indicators and the students’ results,
we carried out a k-means cluster analysis.
The results were three profiles (Table 2)
described below.

TaBLE 2. Final cluster centres.

Psychometric indicators Cluster
1 2 3
Difficulty index 0.81 0.46 0.62
Index of discrimination 0.42 0.47 0.65
rpbis 0.48 0.38 0.55
Number of items 17 6 17

Source: Own elaboration.

Cluster 1. This comprises 17 items,
of which 70.6% are from algebra, 17.6%
trigonometry, and 11.8% geometry.
These are characterised by a higher dif-
ficulty index (0.81) and are classified
as moderately easy. This group has the
lowest indexes of discrimination (0.42)
but have a fairly good predictive value
(rpbis = 0.48). This shows that the al-
gebra items (owing to their percentage
value) have the lowest discrimination
and are the easiest ones for the students
to answer. This group mainly comprises
items from the area of algebra relating
to polynomials, special products, and
exponential expressions, while in the
area of trigonometry items referring to
angles and their measurement are pre-
dominant.

Cluster 2. This comprises 6 items, of
which 2 are from algebra and 4 from trig-

onometry. There are no geometry items.
They are characterised by greater levels
of difficulty (0.46). The discrimination
(0.47) of the group is fairly acceptable
and they have the lowest predictive value
(0.38) although this is acceptable. This
shows that the items from the trigonom-
etry area are the ones that least predict
students’ success. The ones students
find most difficult correspond to the ap-
plication of the law of sines and solving
problems through trigonometry of the
right-angled triangle, while in the area
of algebra, solving factorisation with dif-
ference of cubes and rationalising with
rational expressions present students
with the greatest difficulties.

Cluster 3. This comprises 17 items,
of which 35.3% belong to the algebra
area, 17.6% are from trigonometry, and
47% correspond to the geometry area.
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The items in this group are characterised
by being fairly difficult (0.62), by having
a greater discrimination value (0.65),
and by being items with the greatest
prediction (0.55) compared to the rest
of the clusters. It is apparent that the
items that best predict students’ success
in the diagnostic measuring instrument
are those from the area of geometry as
80% of the geometry items that make
up the instrument are in this grouping.
Straight lines, circumference, and calcu-
lating the perimeter, area and volume of
geometric figures form part of the geom-
etry subtopics with medium difficulty
and the highest discrimination and pre-
diction values.

3.3. Analysis of the results students
obtained in the diagnostic instrument
In the first part of this analysis, the
indicators of achievement and items
that students have the most difficulties
with solving correctly in the various ar-
eas that make up the measuring instru-
ment were determined. In the second

part, the difficulty by area of knowledge
(algebra, trigonometry, and geometry)
involved in the diagnostic instrument
was established.

In the area of algebra: Item 6 (Graph
2), rationalising the numerator in an ex-
pression with a difficulty value of 0.34.
It is considered that the difficulty of this
item lies in the body of prior knowledge
need and the application of rules to obtain
the correct result, producing the conju-
gate, multiplying by the conjugate, and
then simplifying are the series of steps
that are normally required to rationalise
an expression.

Item 10 (Graph 3), doing operations
with algebraic expressions, polynomial
by binomial, with a difficulty value of
0.46. The difficulty of this item is ob-
served on the basis of the need to apply
correctly the division algorithm (long
procedure) and consider in this algo-
rithm that the coefficient of the quadrat-
ic term is zero. Item 18, factorising with
difference of cubes

GRAPH 2. Item 6 rationalising the numerator.

Question 6

What is the result of rationalising the numerator of the expression

Choose at least one correct response.

2.5 points

V4+x—-2

?

1
A Va+tx-2

x
B) Va+x-2

X
C)\/4-+x+2

1
D) Va+x+2

Correct response

Source: Own elaboration.
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GrapH 3. Item 10, division of polynomial by binomial.
Question 10 2.5 points

What is the remainder from dividing x3 — 7x + 6 by x — 2?

Choose at least one correct response.

A0 Correct response
B) 12

C)-12

D)6

Source: Own elaboration.

In the area of trigonometry, item 24 metric functions, specifically their recipro-
(DI = 0.37) and item 29 (DI = 0.41) stand  cals. The latter (Graph 4) relates to solving
out for their difficulty. The former refersto  statements of problems using the right-an-
obtaining the value of the inverse trigono- gled triangle. Specialists have identified
metric function of sine, cosine, or tangent  great difficulties for students in the case of
of an angle, which initially involves fully  problems from real life where solving them
calculating the right-angled triangle and involves translation from natural language
then applying the definition of the trigono-  to algebra (Areaya & Sidelil, 2012).

GraPH 4. Item 29, resolving statements of problems by using right-angled triangles.

Question 29 2.5 points

An escalator has an angle of 45° with the floor and lifts people by a vertical distance of 5 metres. If a person takes 20
seconds to go from the bottom of the escalator to the top, How fast is the escalator moving?

Choose at least one correct response.

A V2m/s
B)4m/s

C)% m/s

D) g m/s Correct response

Source: Own elaboration.

In the field of geometry, item 39 correct application of the point slope
(DI = 0.39) refers to calculating the area  equation and of algebra skills, as the
of a geometric figure (Graph 5) and is the product, simplification, and finding the
most difficult for the students. solution, given that it is an algorithm

with a sequence of steps that is rather

This is followed in difficulty by item long for the student; the convention-
33 (DI = 0.47), which relates to deter- al path to reach the solution involves
mining the equation of the straight line knowing and using the point slope equa-
based on a point and the slope (Graph tion, developing, simplifying, and mak-
H 6). The difficulty of this item lies in the ing equal to zero.
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Grapt 5. Calculating the area of a geometric figure.

Question 39

2.5 points

The cylinder shown below has a height of h = 5 metres and a radius of r = 2 metres. What is the total surface area of

cylinder?

=5
=2

The surface area S is 2 times the area of the base + the side area.

Choose at least one correct response.

A) 10 T m?

B)20rm

2
O 24nm?
2

D)28mm

Correct response

Source: Own elaboration.

GrapH 6. Determining the general equation of a straight line based
on one point and the slope.

Question 33

2.5 points

What is the equation for the straight line that passes through point P(—3,1) and has a slope of 2?

Choose at least one correct response.

Ay—-2x—-7=0

Correct response

B)y—-2x-5=0

Oy+2x—7=0

Dy+2x+5=0

Source: Own elaboration.

In addition, the difficulty indexes by
area of knowledge were calculated and no
significant difference was found hetween
the areas of trigonometry (DI = 0.66)
and geometry (DI = 0.65), while the area
of algebra was simpler for the students,
as a difficulty of 0.72 was found, almost
on the limit for classifying the area of al-
gebra as fairly easy. This happens when
the difficulty index is greater than 0.74
(Backhoff et al., 2000). Although the dis-
crimination and prediction values are ac-
ceptable in all of the areas of knowledge,
they are highest in geometry.

4. Conclusions

We constructed a valid and reliable
instrument with the aim of determin-
ing the extent to which newly enrolled
students on an engineering degree have
the algebra, trigonometry, and geometry
skills needed to take and successfully
complete the differential calculus mod-
ule, and of predicting the likelihood of
success in this module.

A panel of experts evaluated whether
the content of the items examined the
proposed algebra, trigonometry, and ge-
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ometry topics and whether the items are
indicators of what they set out to measure.
The judgements of the professionals were
favourable in relation to the diagnostic
possibilities of the measuring instrument.
To determine the criterion validity, stu-
dents’ final grades from the differential
calculus course were used as the criterion.
Comparing the grades from the instru-
ment with the criterion, gave a Pearson
correlation coefficient r = 0.313, which is
significant at the 0.01 level. Accordingly,
high scores on the measuring instrument
are translated into high grades on the dif-
ferential calculus course, and successfully
taking the diagnostic measuring instru-
ment predicts that 98.5% of the students
will go on to pass the differential calcu-
lus course. Consequently, this measuring
instrument is regarded as a predictor of
student performance on their differential
calculus course for engineering degrees.

The reliability of the instrument cal-
culated using KR-20 is r = 0.95, and by
the split halves method it is r = 0.93.
Therefore, the instrument is highly re-
liable and its use can be considered for
large-scale application.

Rationalising rational expressions,
dividing polynomials by binomials,
solving problems that involve the
trigonometry of right-angled triangles,
calculating areas of geometric figures,
and determining the general equation of
a straight line are the topics that caused
students the most problems in the diag-
nostic instrument and they follow the
pattern that solving them requires prior

knowledge and the application of succes-
sive rules.

Cluster analysis identified one cluster
whose items better predict the success of
students in the diagnostic instrument.
In this cluster, items from the area of
geometry predominate, the topics being:
straight line, circumference, and calcu-
lating the perimeter area, and volume of
geometric figures. The items from this
cluster have medium difficulty and the
highest discrimination values.

With the results from the application
of this measuring instrument it is possi-
ble to identify the algebra, trigonometry,
and geometry topics that students start-
ing engineering degrees who will go on to
take calculus modules find most difficult.
At the same time, these results makes it
possible to design the form and timing
of the strategies needed to ensure that
students have the algebra, trigonometry,
and geometry skills required to complete
the differential calculus module, as ac-
quiring such skills directly affects stu-
dents’ academic performance.

The results of this research provide
teachers with important elements to
consider adjusting or modifying their
instructional designs and improve the
quality of their university students’
learning in the field of calculus, as well
as for secondary education teachers to
consider regarding the greater difficul-
ties presented by students who wish to
enter engineering programmes.
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