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ABSTRACT

This study focuses on students in first year emritental science degree programs where traditionally
mathematical emphasis has been much less thartritiessience or math majors. The importance now
placed in applied mathematics means that studee¢sl fo gain more conceptual and quantitative
knowledge in not only the environmental degree paots but also in most if not all non-mathematical
majors. In this study, the authors attempt to dgasights into why students fail in mathematical z@as
where the mathematical requirements are not as rnidimg as other strict math degree programs. This is
done by examining student conceptual thinking pasteand strategies as evident in student prepared
scripts. A total of 133 students were requesteprépare a focus sheet to summarize their knowledge
topics learned but they were also told that theusosheets could be used in exams for notes. This
motivated their sheet preparation. The studentpgresl weekly summaries and later revised and
summarized them for later use. Detailed examinatddnsuch sheets allowed researchers to study
students’ knowledge in terms procedural work, nmeitis, strategies and conceptual knowledge. Atud
of linear, quadratic and limit sections led to fe&ing insights not only regarding revision stgéts,
knowledge of content, but also conceptual and mhoicé knowledge base and higher order skills sich a
problem solving focus. Logical and creative compeigs were assessed in terms of how and what dtuden
focused upon or linked to in order to facilitatgobgation of knowledge. The results show averagelkeof
procedural and conceptual competence but rather lemels in logical and creative competence in
preparation of scripts. Almost 50% lacked compefeirc procedural work while around 54% lacked
conceptual competency. Given the emphasis placambdural skills by students, the levels were lotlian
expected. However, the lack of structure in theirkvand deeper levels of understanding of linksveen

the topics learned was concerning. These findiry® implications for the first year mathematicsctéag
teams at universities especially the non-specialethematical majors.

Keywords: Tertiary Mathematics, Learning Algebra, Conceptudtocedural, Logic, Higher Order
Thinking, First Year University Mathematics, Envirnental Science, Mathematics Education

1. INTRODUCTION and use algorithms, formulae and mathematical rules
(Kaldo, 2011; Tall, 2004; Tularam, 2013a; 2013b;
Students still believe that to be successful in 1997a; Tularam and Amri, 2011). Rules and procedure
mathematics means that they can carry out procedureare important but often these are memorized ratizar
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conceptually acquired with deep meanings attached-aware of how to improve the situation. It is cléhat
connected structural knowledge base (Tularam and,Am some have been rather slow to adapt and/or chahie w
2011). Anecdotal evidence suggests that many staiden others are slowly coping with the changes needed to
are still motivated to do as little as possible pass  meet the goals of their so labelled modern students
university exams. It is often easier to memorize (Tularam, 2013a; 2013b; Tularam and Amri, 2011). As
mathematical rules and formulas without concerrmubb noted earlier, the nature of the students entering
conceptual and more deeper and connected undergjand university has changed considerably over time E&re

but this is problematic later when students areeetqul to  al., 2011). The students are no longer only the elite
apply their knowledge to real life or abstract peois higher achievers but more students with an avelegs
(Tularam, 1997b; 2013b). There is ample literatiat of high school mathematics are entering univesitéh
shows that students lack logical flow in thinking o an aim to achieve higher education qualificationkis
creativity (De Guzmamt al., 1998; Tall, 2004). There is appears to be mainly due to the very low number of
also much research that shows students seldonzeeali students choosing to do advanced mathematics in hig
the underlying reasons why procedures work, evenschool. However, university qualifications are walown
consider alternatives, equivalent methods or proesi  to be correlated with higher incomes in the reatldvand
that may be more appropriate for the situationatda thus many of the high schools students appeaotyr¢ss to
that is, they lack higher order and critical thimgiskills universities to gain specialist and higher qualifans.

(Rach and Heinze, 2011). One of the main challenges that Australia and iddee
In the past, university communities were less our tertiary institutions are currently facing retlower
concerned with students who failed for they woufe: o numbers in science and mathematics degree progtams.
leave after a semester of work but this is no lorthe is when science and mathematics have once agaim ris
case. Students are now attending universities widlely to become rather important with public arena also
varying mathematical backgrounds, all seeking highe supporting the cause that ironically the numbers ar

education outcomes. Of great concern more gendgally trending down. Increasingly, mathematics is nowngei
however, students are not undertaking quantitativeses  taught in many non-specialist math degree programs
and therefore much lower numbers of students ave no because the need for mathematical and quantitsiiile
completing basic mathematics and science coursds arhave markedly increased in them. This has placeteso
degrees. This situation has led mathematiciansiéstipn strain in the retention of students in health, rice

and research why students fail in mathematics,vene business, planning, environmental and non-spetialis
when successful, why they are often not intereted math degree programs. The decline in numbers of

attempting higher level mathematic courses or ésgre students undertaking higher mathematics in Australi
The teaching of mathematics in universities hasand New Zealand has led to the lowering of entry
received some attention in recent times particylanl levels in many programs. This is not a Pacific peob

terms of the higher order thinking requirements (De only as the same trend have been significant in the
Guzmanet al., 1998; Tall, 2004; Tularam and Amri, US, UK and Germany among other countries all
2011; Tularam, 2013a; Kelson and Tularam, 1998al). T highlighting their concerns regarding declining
(2004) noted that while studying mathematics at annumbers (Tularam and Amri, 2011). In Germany,
advanced level, students often experience an ‘@tiiin Griese et al. (2011) noted large numbers of
shock”, mainly due to the much more fornmalture of  mathematics students leaving before even graduation
mathematics presented at universities than thathhee One of the reasons often given by students is that
learned at high schools. Similarly, De Guzmgnal. mathematics is too abstract or not immediately ulisef
(1998) noted that “the mathematics is different ool everyday life and this tends to be true to the esitsl
because the topics are different, but more to wiaetp worlds and interests. However, researchers havwddea
because of an increased depth, both with respeitteto reasons for the difficulties students experienceerwh
technical abilities needed to manipulate the neyeabd  learning mathematics. According to Piaget's, fogritive
and the conceptual understanding underlying thgm” ( growth and acquisition of abstract learning stusi@eed to
752). It is not surprising then that many tertilegturers  be at the formal operations stage as defined bgePia
are finding it difficult to lecture, teach or faitdte (1973). It may be a fact that the students entering
mathematics to the first year university students. universities may not have reached the level ofrattibn
The previously successful “lecture only method” has necessary to cope fully with the demands and leotls
now become problematic and many lecturers may @ot b understanding that are involved in tertiary mattiaah
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courses (Rach and Heinze, 2011). Others haveaissdd  attitudes and motivation in the learning and teagtof
on conceptual, procedural, skills based competensie = mathematics has been noted (Tularam, 2013a; 1997a;
students and noted them to be low (Tall, 2004; ranta ~ Kelson and Tularam, 1998b; Tularam and Amri, 2011)
2013a; 2013b). but the affective domain is not the subject of gtud
In addition to conceptual analysis, the affective Presented in this study, even when it is considerphlly
domain variables such as motivation, attitude, digli ~important. Grieseet al. (2011) used the term view of
and self-efficacy (Bandura, 2006; Griegeal., 2011; mathematics that was earlier defined by Schoenfeld
Leder and Grootenboer, 2005: Lester al., 1989: (1985) to refer to the overall results of exper@ndn

MclLeod, 1992; Mcleod and Adams, 1989; Skaalvik and mathematics. Us_ing this definition GrieSEaJ. (2014)
Skaalvik, 2009; Zimmermaet al., 1992) have also been Studied engineering students regarding studenést aif
studied to gain deeper insights into how stud i mathematics-that is, the result of all the expe@snthe

. students have had over time while learning. Théast
more abstract and higher order content knowledge. | ,, : ,
what ways do such variables influence the diffisit concluded that “mathematical competence is not only

students face when learning mathematical ideas ar about knowledge and skills, but also about disfmsi

. . Qct in productive ways” (p. 85). It is important to
important questions posed and tackgd by SOME.yngider that the dispositions refer not only tfectfve
researchers (Hoyleset al., 2001; Liston and

i / _ ) aspects but also to deeper abilities to problenvesol
O'Donoghue, 2008; 2010; McLeod, 1992). In theid§tu 4,51y |ogical and creative thinking to address the

regarding the preparedness of first year univessitglents,  proplem at hand that are driven by well-structured
Tularam and Amri (2011) noted that student self- \nowledge base (Griesbal., 2011). Lesteet al. (1989)
preparation for study, motivation and persisteeceléd to  zso advocated the importance conceptual and puoaled
play key roles in learning, assessments and inlgmob  knowledge in the development of solution processes
solving but clearly more needs to done to compréfew  when problem solving. Using this view, this study
students cope with learning higher mathematicalsdend  focuses on the depth of student cognitive strustaed
notions at the tertiary level. mathematical knowledge base; that is how deep are
The main aim of this study is to examine student conceptual structures and procedural c@npet
environmental science students’ learning focusemms for learning and problem solving when students iare
of the conceptual, procedural and logical aspedts o their first year study at universities.
mathematics in the first year of university study. A deeper conceptual knowledge of algebra and
critical examination of students’ written work is symbols is critical to learning mathematics andcsss
conducted to help expose the nature of their kndgde in problem solving. Sfard (1991) notion that a
base in mathematics soon after they arrive fronh hig mathematical concept and the naming of that concept
school. The categories identified in the literatare used “mutually constitute each other into being” (p.4ig).an
to assess student work in terms of conceptual antbxample of symbol use in mathematics as a part of
procedural competencies. Higher order skills im@of  mathematical activity “in which students come to
logical and creative competencies are also assessefyicipate” (Sfard, 2000). Thus, the active social and
based on the deta|!s presented regarding the fimdce cultural contextual aspects are drawn forming a&egral
across topics, logical flow of steps. The nature of part of the leaming process. Essentially, the @uth

presentation of the scripts and revision sheetduatieer d th d bol f
assessed in terms or creativity of connections gston argue that stu_ent US€ Symbols as a proxy oreusc
or ideas but this does not take place in isolatiout,

topics and applications for example. The authorsewe . L .
P PP P rather is set within the social and cultural norswgh as

able to gain insights regarding the nature of sttde ) )
knowledge by analysis of a set of sampled topieme® " & lecture room or classroom. It is certain thta
on the results and findings important conclusiond a mathematical culture is a special culture with dixeles

implications are developed for the first year matatics ~ regarding a student’s mathematical conduct andugtee
teaching teams in terms of the focus on conceptualof symbols; in most cases requiring solutions to be
procedural, logical competencies and creativity. constructed as a response to questions posed.
Berger (2006) reported that student at the tertiary
1.1. Background level, “adopts the symbol of an improper integréhvan
There are a number of studies that have analysed thinfinite limit, makes use of the operations in eptate-
cognitive and affective domains in mathematicsriesy driven format, without understanding, initiallyhat is,
and problem solving. The role of students’ beliefs, the student “is using the mathematical signs in
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mathematical activities” (incoherent as they areato
outsider) (p. 19). If highly motivated the studexan
over time the student develop a better understandin
either by active reflection upon the learning or by
working backwards through similar textbook
examples. This is the so called socio-cultural &ffe
frame that appears to facilitate the induction loé t
student into the “cultural symbolic system” of
mathematics (Niss and Hojgaard, 2011).

In the past, mathematical competence has bee
difficult to define succinctly. At the most genetalel,

competency in mathematics is characterized both in

¢

terms of content (what mathematics students shoul
know) and process (how students should go aboutgdoi

instructed to do; and indeed what s/he has preseste
written and/or verbal response. Therefore, thell®fe
competency may be judged by a detailed examination
the text, response and written work produced. Tingesit
work can be analysed in terms of whether it exbitite
learning, real world relevance, application andeep and
flexible understanding, creativity and higher order
thinking (Table 2). Thus, student competency levels may
be developed from analysis and based on this, stside
Anner knowledge may then be judgddble 3).

The above framework has been adapted for this
study to allow the authors to examine the firstryea
tudents’competency levels not long after they ente
university mathematical courses in the environmlenta
sciences.

and understanding mathematics). It does involve a

student having knowledge, understanding and pltic
performing procedures, using their mathematical

knowledge. It also includes student opinions about
they

mathematics and any mathematical activity
undertake in situations where mathematical knowdedg
can play a role. Therefore, a student will needrtow
factual and procedural knowledge in addition to a
number of concrete skills, but these are not Seffiicin
themselves to account for mathematical competebae.

it is possible to conclude that mathematical compey
involves a well-informed readiness to act apprdphja

in situations involving a certain type of matheroati

1.2. Study Group

This study included a sample of 133 students chosen
from 150 students in all. The students who preseate
focus sheet qualified for selection from the fiysar
mathematics course. This group also included some
students from other areas such as education, assamel
health sciences as an elective. There exists
approximately 16% failure yearly with some 2-3%
withdrawing before census date opting to underthke
course later in the program since the course
compulsory. The course does include some revismm f

is

challenge. In the end, mathematical competency mustn€ first year high school work, but applicationsda

also include communication, mathematizing,
representation, devising strategies, using sympolic
formal and technical language and operations, disase
deductive and logical reasoning (Turner, 2010).

Jacobs (2006) identified a number of critical
indicators of success in mathematics and thesbkraaty
explored inTable 1. According to Jacobs (2006), the
student’s reality has to do with their textual protion
as an expression of mathematical thought in resptms
instructions given, problems solved or questiorts Ise
this manner, student reality may be revealed inr the
written work and student responses to problemscose
Some of the competencies
categorised inTable 1L Neubrand (2005) stated that:
“Different didactical traditions and ways of teacgilead
to different “inner structures” of mathematical
achievement, made visible by different performaince
the types of mathematical activities” (p. 82). This
suggests that a particular
achievement may be judged by his/her written obaker
performance; that is, insights could be gainedtufient
performances are analysed in terms of what theestwias
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depth of the content is more complex and higheellev
respectively. The students who have done Math B in
Queensland (with higher than B grade) or Math C may
find some aspects of the course easier than those f
other courses. But those who have gained lowetdene
Math B may still struggle through the universityucse
even when they may have passed Math B well. Many
students have done Math A (a less advanced coutise w
statistics and general level maths) at school witlch
less algebra find the university course difficlilhere are
some adult students who are back after a numbggars

out of school, but they may have completed a bniglgir

identified have beenTAFE course. The mature students are usually more

motivated and diligent with a focus to pass firsay
mathematics course, even when they find it diffickbr
mature and the Math A type students, the work neagdw
especially the algebra and calculus sections bey il
have at least 6 weeks of preparation before mickstmn

student’s mathematicalexam. It is important to note that most studenty have

done some algebra earlier in high school but fretiye
many state their dislike of mathematics more gdigera
highlighting their inability to grasp the more abst work.
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Table 1.Interpretation of various competencies

Indicator Interpretation

Procedural competence This refers to a directpné¢ation as revealed by the in-depth analysisaaniddicated on the
body of knowledge schema revealed in responses.

Conceptual competence The indicating the participastunderstood the conceptual basis of the problem

Logic Irrespective of whether the answer was camemot, the logic indicator refers to logically
executed steps in the response.

Reflection This was used when it was evident thaipidrticipant reflected. Evidence for this may beed in
in the text. An example could be “scratching outrk.

Confidence This indicator referred to evidence mtixt of forthright solutions, preparedness ttofal
through, with little or no hesitancy.

Dealing with crisis This indicator shows how thetjgdpants dealt with test items that they strudghéth.

Creativity Irrespective of the correctness of thehmmatics used to solve the problem, this indickztioels

behaviour in the text which shows that the pgrtiot ventured outside of the norm in dealing with
the problem. The norm would be that would be dbsdrias constructed response solutions.

Table 2. Nature of learning and application Using the framework from the existing literature on
 Evidence of rote skills learning as well as through a process of discusaiah

« Evidence of real world relevance reflection, the authors identified a number of atpef

* Evidence of real world application the focus sheets that represented student competenc
* Evidence of deep and flexible learning levels. The aspects were categorised into prockdura

conceptual, logical and creative competencies.his t
Table 3. Overall competency scale

study, 133 student’s sheets were examined in detdil

» Not competent rather than reviewing all content taught a sampkamee

Poor competence
Competent
Good competence

topics were chosen: namely, linear, quadratics |emnid
sections of the course. These represented a $epiok

Very good competence often taught in first year mathematics coursesiadded
aspects of which the students may have learnedéefo
2. MATERIALS AND METHODS undertaking the course at university.

In addition to the conceptual and procedural
The first year environment science degree studentsompetencies mentioned in the literature, the guali
were requested to prepare a focus sheet for #mining  the work presented in the focus sheets was aldoated
in applied mathematics course from the start of thein terms of logical development and creativity. Any
semester. This sheet produced weekly was to bse®vi evidence of logical steps and connections madenén t
over time to allow the writing of all that students steps were identified; and considered evidencehef t
believed was critically important to the topic twosv the same. Evidence of ways in which the content on the
kind of understanding needed to use the sheet notegneet was organised and/or linked with regardspics
when solving problems for example. To motivate the 5,4 relations made between was judged as creativity
development of the sheet, the studen?s Were_taldhiey ._organisation and development of the focus shedis T
could use the sheets as notes during their two rmajohigher level abstracted view of the sheets led to

et - 0
:t):,le:jrglnntzu\?vgsre SteOtiglgt% d ch)) /roevics)]:e :nsjerses_mrzngéslgeinferences regarding deeper understanding of coateh
q brep procedures and the use of higher order skills. gvttie

for use in examinations prior to exam dates butatlier it th t of dural
prepared sheets that represented their learnitfiedbpics main focus was the assessment ol procedural, chuaiep
gnd logical competencies, student creativity implag

in the semester were kept and analysed. No othe o . . )
instructions were given and thus the students peegheir ~ @1d organising the sheet was considered important;

focus sheets according to their own styles, interasd ~ Student knowledge and application in terms of the
motivations without other external directives. Owae  Structure wasalso studied in depth based on the
semester, they were able to develop a rather etbtsileet ~ definitions in this studyTable 4); ore specifically, by

of two sided A4 paper. From these detailed note®piaes identifying the number of connections and/or transff
taught, the authors were able to gain some integest knowledge within steps in a topic area or acrogsct
insights regarding student competencies in a nurmober links made regarding skills, procedure and contant
topics taught in first year mathematics. real life applications mentioned or shown.
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Table 4. Criteria for classifying students’ mathematicalc@tgmcies

Level Procedural competence

1 No example-no information on a topic but otherkyoresented

2 No example, some relevant information incomplete
3 Example- knowledge of a procedure

4 Example annotated or examples — demonstratestimame? different procedures or methods

5 Examples - more than 2 methods annotated —clarirocedures

Level Conceptual competence

1 No example - no information on a topic but otiverk may be present

2 Some relevant information regarding the concept
3 Relevant information linked to an Example of thaaept
4 Example clearly annotated with concept knowledfgrred

5 Examples - more than 2 methods annotated withepmia explained in the working

Level Logical competence

1 None evident on a topic but other work presented

2 Some linkage of information of steps in working

3 Relevant information linked to an Example

4 Annotation clearly linked to example with stegplained

5 Annotation clearly linked to Examples - more tlamethods showing availability of options

Level Creativity
1 None evident on a topic but other work presented

2 Some linkage of relevant information
3 Some relevant information linked to an example
4 Well annotated and linked to example across $opic

5 Well annotated and clearly linked to examplesertban 2 methods linked; transfer of methods teraibpics

As noted earlier, the categories used in this study
were developed based on frameworks already in the
literature on competencies in mathematics learning.
Analysis and refinement of such frameworks led to

precise definitions and these in turn led to caitic
indictors for competency levels. The indicatorstHar
suggested the type of evidence and work requirek¥el
achieved. The logical and creative competenciattiftkl
are in line with the literature on deeper undeditam of

mathematics Table 4). In the end, a numerical based

criterion was developed to evaluate student peidona
in terms of competence level achievedalfle 4).
Examples of how the criteria were applied to sttaerk
are shown with examples in boxes based on topizs:1B
on linear equations and Box 2 (not included) ondgaigc
equations. Some typed examples of actual studenkt ovo
linear, quadratic and limits as well as scoringg@th are
presented in appropriate sections.

The working definitions of competencies used to
analyse the student focus sheets are: procedural

relationships among key ideas well understood; the
student has shown or demonstrated a good
understanding of the general idea within a topid an
content relationships among the specific subtopics
within a content area

Logical competence refers to the way in which the
information regarding content and topics in the
preparation sheet were linked or related to edcérpt
also whether the steps in sheets were logical én th
order of presentation in terms of deductions made
Creativity refers to the novels ways in which aethe
was developed; alternate ways in which the student
presented the relevant information such as spaltyfic
showing the connections between the ways of
considering a problem; relating the conceptual
understanding to the relevant steps in a worketieabp
example as well as using applied examples, singtio
or using in addition to logical steps, graphsligsttate

the relationships developed

A number based set of criteria for classifying stuid

competence, conceptual competence, logical competen \work in terms of mathematical competencies in djgeci

and creativity:

e Procedural competence refers to the ability of the
student to show the steps taken to solve a problem

There is clear evidence of a step by step methaidsh
deemed appropriate for the solving a problem sitnat

areas identified is presentedTiable 4.

2.1. Examples of Competency in Linear

As noted in théTable 4, procedural competence with
linear equations was scored as 1 for nothing pteden

e Conceptual competence refers to the depth ofbgt_ 2 for a partially Worked_ example, or a complete
knowledge of a topic evident in student work with trivial example: e.g., calculation of the produdttwo
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slopes showing their product was “-1" for perpentic 2.2, Examples of Competency in Quadratic

lines; and 3 for completely worked example, e.8 ¥ ) ) i
4(x-0), y-3 = 4x, y = 4x+3; 4 for two or more worke Procedural competence with quadratic equations was

examples each using a different method of solutog, ~ Scored as 2 for a partially worked example; a nuirk
the linear equation using two points by determirng ~ Was given for using a specific method to solve a
slope first; a mark of 4 was given as per a sco@lut ~ quadratic equation, e.g. example 1, 2 or 3 in Bdrd
also solving different types of linear problemsisas an  included); a mark of 4 was given for using two eliéint
inequality |2x-3| = 5: showing the case of 2x-3,x5 4 methods to solve quadratic equations, e.g., exarhple
or 2x-3 = -5; x = -1; and finally a mark of 5 waiven and 2 in Box 2; a mark of 5 was given for usingeéhr
for at least two completely worked examples anmatat different methods for solving quadratic equations.
with the procedural steps (Box 1). Conceptual competence with quadratic equations was

Conceptual competence was scored with one forscored as 2 for some conceptual information sudhes
nothing identified, while a mark of 2 was given for general form of a quadratic equatior? axbx + ¢ = 0,
concepts presented but not clearly linked to orcttean, perfect squares and difference of the squaresyrk ofi&3
e.g., m = rise/run =Ay/Ax not clearly linked to (¥ for stating the general form of the quadratic eumaand
y)/(Xo-X1 ), or to the equation y = mx+b; or to the point clear links to the terms in the quadratic formutal/ar
slope equation ysy= m (x-x); a mark of 3 was given for linking the perfect square and difference of thaasgs
some concepts clearly linked to one another via anto solutions by factorising; a mark of 4 for thengeal
example, such as y = mx + b where m = slope ang/b = form of the quadratic equation linked to the quéidra
intercept; to find mMAY/Ax = (y,-y1)/(Xo-x1); @ mark of ~ formula as well as some of the steps of the praedu
4 was given for concepts that were clearly linked t annotated and a mark of 5 was given for in additmn
one another as for a score of 3 but additionally the previous category all of the major steps of the
describing a process linking the relevant informati ~ Process clearly annotated with application examples
to find the equation of a straight line passingotigh ~ 9iven and hidden quadratic outlined. .
two points; and a mark of 5 was given for concepts In su_mmary,_the procedural competence regarding the
that were clearly linked to relevant examples. quadratic equations was scored as:

Logic was scored as 1 for nothing evident; 2 faneo  «  For nothing presented
evidence of deduction or logic; reasoning in prés@m «  For a partially worked example

of steps in written work; 3 for evidence of logiGieps .  for using a specific method to solve a quadratic

in the worked examples, e.g. y = mx + b where m = equation

slope and b is the y intercept and how it can deioed . For using two different methods to solve quadratic
from ax + by + ¢ = 0; or from the point slope y=ym(x- equations

x1) equation; also in graphing by finding x and ysaxi .  For using three different methods for solving
cuts; (i) set x = 0, y = 2 presented in a logicanmer; quadratic equations

(ii) let y = 0, x = 3; and the use of logical reasm when

the slope value is used to plot for a second pamthe The conceptual competence regarding the quadratic

graph; a mark of 4 as for three but for some ofsfeps  equations was:
of the process being made explicit in relation tecaked
example; 5 as for 4 but for clear linkage of thepstin * For nothing presented
the process to worked examples with logical reawpni * For some conceptual information such as the general
evident in the steps of the working or writing. form of a quadratic equation

Creativity was scored as 1 for nothing evident; a+ For stating the general form of the quadratic eqoat
mark of 2 for some spatial connection between and clear links to the terms in the quadratic fdanu
conceptual information and worked examples; a noéirk «  For the general form of the quadratic equation
3 for much more clarity in spatial connection begwe linked to the quadratic formula as well as some of
conceptual information and reIations_hip to thg vgmik the steps of the procedure annotated; and
example; a mark of 4 as for 3 but with other likiof . Aq for the previous category but with all of the

graphs to the worked examples and across topicsaan -
mark of 5 as for 4 but with clarity in links witthe major steps of the process clearly annotated

conceptual information, graphs, worked examples and The logical competence was judged in the same
across topics with application examples included. manner as in the linear section and based on the
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definition presented in th&@able 4 Some students factors of the numerator expression, then student c
annotated examples and demonstrated reasoningancel common factors; after which it is possibde t
behind the steps taken, e.g., in completing thesegi  substitute 3 for x to calculate the limit as shdvetow:

with steps clearly specified as to what was dortés T

was considered to be based on logical reasonintdy wi im (X=3)(x+2) _

creativity also judged in the process of the wotk b x-3 3 =5

particular focus on the explicit demonstration bét

linkages between process steps and their execotion ) ) )

considering alternative options of presentation, ~Even if a student did not state their conceptual
Average levels of logical and creative competenciesknowledge explicitly, their level of conceptual
were attributed to students who simply listed tteps knowledge can be inferred from the audit trail iefthe

in the process but did not relate them to eachrathe ~Working of examples. This would not be the casthéf
those who even listed the steps and then presented example used was copied directly from the texeoture
worked example but links could not be clearly notes as that does not require conceptual compstenc
inferred from the work. In some sequences, it may b other than the student can recognise a relevantgea

inferred that the student followed the logic of topic Students who showed strong procedural competence
within steps when each line of the example didd@ll  demonstrated that they could use 2 or more differen
the correct sequence of written steps. methods to solve a problem. For example: limits
2.3. Examples of Competency in Limits problems could be solved by substitution, factdiosa

or dividing by the highest power in the denominator

Conceptual competence was evident where studentgyhichever is appropriate; high in procedural metaat
left and audit trail as they simplified expressiofsr  the students showed at least 2 of these methods. Th
example, where they factorised the expression st®wi |ogical and creative competencies were judged & th
the same terms being cancelled; namely, the ter8) (X same manner as stated for topics earlier and based
in the following limit problem: Table 4. However for a mark of 5 students would have
to link the limits to hyperbola graphing and asyates;
or demonstrate understanding of approaching vabfies
functions; say when x tends to a, y tend to b.

After conducting the above detailed analysis, it

It is also clear from the example above that thewas then appropriate to categorise students into
student would have used the expansidn: & = (x-a)(x competent and not competent levels. Each level
+ a), then cancelled the common factors to simgfiy ~ gained in a category can also represent a markhtor
expression so that the limit can be determined byStudent in that category. That is, this mark may be

substituting a as the valuexfThus in general: used to represent the level achieved in a particula
competency and used for higher level analysis.tker

level of competency gained across all of the four
X+a=2a categories in each of the topics (linear, quadratid

limit type problems), another grouping was

considered: satisfactory or better competence (@) a

In an example of the type below it is clear tha th ngatisfactory or low (LC) level of competence. The
student understood the rule that 3 cannot be sutesti condition used for achieving a C was a mark of 3 or

for x because the denominator would become 0 and th%\bove in a category, while for LC was a mark less
fraction meaningless; it is not possible to divileO as  inan or equal to 2 o’n a scale of 1 to 5. In thigwa

im X2 =3 _im  (X+3)(X=3) Jim
X-3 X -3 X-3 x—13 X—

3X+3=6

2 2
im X" ~8" _im (Xt a)(X~ &) _jm
xeaT o Tx-a Y-a X- a

the division is undefined: overall numbers and percentages were developed for
students categorised as either a C or an LC.
im X°=X~6 -6 Any analysis of a qualitative nature may be subject
>3 x-3 questions about judgements made in analysis regardi

marking and categorisation of students’ work. Hus t
Therefore, it was necessary to factorise the nuimera reason a short section on questionability and
to obtain factors that may cancel with the exporssn subjectiveness-limitations of the study is presgnte
the denominator. If it is noted thatx -3 and x +2 the following the conclusion.
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3. RESULTS AND DISCUSSION

3.1. Analysis of Competencies Gained Across
Topics

appeared to help raise their conceptual developnment
some manner as well in that the students demoedtrat
more “rounded” conceptual base with about 63%
demonstrating conceptual competence in quadratics.
That is, the students were more easily able toa@xpl

There was a possible score of 15 for each studtent i with evidence and examples, their knowledge of othe

the competency level analysifigure 1 shows the

methods of solving such as factorising; but to ssde

students in general showed low levels of basicextent, completing the square.

mathematical competencies as defined and judged by

In comparison to linear and the topics relatedtto i

researchers. The logical and creative competencieghe students appeared to be more in tune with atiadr

were found to be rather lower than the former
competencies. In linear functions, the studentsewer
taught straight line, graphing, linear expressiamsl

equations, rearrangements of linear forms, inverses

absolute value functions, solving of linear andcdib®
value equations including applications of the linea
models and so on. In most cases, the students edmpl

did not demonstrate procedural competence in linear
topics stated above and their achievement would be

hardly labelled as a satisfactory competence at th
university level.
performed at the competent level but the significan
minority around 40% failed demonstrated effective

€ .
Overall about 60% of the students focus on it perhaps. A lot of students wrote therifala,

functions and mostly with the quadratic formula for
solving equations. Also, comparatively higher lagic
and creative competencies were noted in the quesirat
work of students when compared to line@alfle 171).
Either the students did not need to write all thegw
about linear topics or the students were more ftamu
focused realizing that using the formula meant they
could at least correctly solve equations for mairks
exams; and this may have provided the impetus aEmo

but many did not link or annotate the coefficieintghe
formula. This may be due to the fact that theyiseadl

procedural capability based on an in depth analysisthe relevance of each of the coefficients and anmfila.

their own notes. While a lot of linear work is rule
based, there are many different rules that related
different sorts of linear equations such as inetyal
absolute value and inverse of linear functions.
Therefore the students had to be logical and areai
their approach. In the main, the solving of absmlut
value equation appeared to be a problem area boy ma
did not actually note the significance of it in ithe
written work either. The solving of absolute value
problems does not rely solely on a set formulaiaed
rules but rather students need to think logicaiiptgh
the problem to solve fox by considering the meaning
of the absolute value symbol and the linear tersidim
the symbol. Not surprisingly, rather few were judde
be logical and/or creative.

Although the students appeared
understanding of linear functions of the form y % #c

However, the results in exams showed incorrectaise
the formula particularly when the coefficients were
negative; the students used positive values foatneg
coefficients. Also, often the division ba in the
denominator of the formula was applied incorredty
only a part of the formula. This suggests that ranfda
driven learning is not enough for successful penfamce
though it seems that this focus may somewhat ingrov
conceptual competency.

In the limits section, the student were also lagkim
procedural (49%) and conceptual (41%) competencies
although the limit section was higher in logical
competency (40%) when compared to linear (13%); but
somewhat similar to logical in quadratic (43%). In
creativity, the level in the limit section (5%) waisnilar

to have anto that in linear (4%) but lower than that in quatdrs

(20%). Once again the overall logical and creative

type,on the average the overall conceptual score ortompetencies were rather lowaple 11). This is not as

linear section was rather low in that only 59%

surprising since most students find limits and wlals

demonstrated linear competence and 41%, which is aoncepts difficult to deal with. However, some basi

significant minority did not. Most students weret 30
proficient with inequalities, absolute value cornicapd
inverses of linear functions. While the procedural
competence was lower (46%) in quadratics, in cehtma
the linear section, a formula was available foratigun
solving in quadratics and it was noted that stusleotild
write the formula and work with it initially at Ist This
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rules were available in limits that students copddvide

all be it with low levels of conceptual and procesdu
competencies while working on them; this process al
allowed students to demonstrate some logical and
creative thinking patterns but the results wereeét
low. It was noted that students lacked a deepeel lev
understanding of limits; it was not often that snts
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realised the approaching a number or asymptotiecisp

of limits. The limit section was not related to ghing of
hyperbola for example, where the concept of limits
first considered in the course to help studente @at®
the section on limits as well as to develop thecept of
approach to a number, a value or an asymptoticsahe

conceptual scores appear to be more normally
distributed when compared with others. The modal
score of conceptual is 8/15 (approx. 53%). The mode
and the somewhat lower mean value of conceptual
(7/15, approx. 46%) are surprising given that mafst
the students have completed a number of secondary

Figure 1 shows that the overall distributions of each school mathematics courses with some work being

of the competencies analysed (max 15 marks). Themore or less revision.
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However, mathematical learning is often disliked by facilitate transfer of their learning either to ¢inetical or
the students entering the environmental scienceedeg application examples or within and across topics.
programs and as such their persistence and motivati The lower modal, median and mean values in each
levels during earlier learning at high school mayenbeen  competency is somewhat surprising but the respltears
wanting. There may be other reasons as well butesomto show that students reach formal operations fédrelnt
anecdotal and research evidence suggest that dine kéy  stages but most of these students have yet to tbath
reasons is the lack of preparedness of studeamtsistihey  formal stage-a la Piaget. Piaget (1960) formaratjmns
lack the self discipine to motivate themselves Hagher stage notions may suggest that even when overgthefa
level learning (Tularam and Amri, 2011; Tularam]128; 16 or 17 students may only just be starting to ldgve
2013b). It could also be that student motivatiod mmerest  abilities to understand more deeply the many atistra
wane due to the more abstract nature of mathemEgties notions identified in mathematics. The low numbefs
when the students had more than enough time teerend students undertaking mathematically based counshigh
work and indeed learn new mathematics till the exation schools and universities further supports this view
(6 weeks), the results were low in both procedural . .
competence and conceptual understanding. Thebdison ~ 3-2- Analysis of Content Knowledge-Linear,
of the procedural competency appears similar tdotieal Quadratic and Limit

distribution Eig. 1). The mean score of the procedural Table 5 shows around 44% (58/133) of students did
competency is 6.5/15 (43%) while the modal valug/1% not present an example or stated any of the metiads

(approx. 33.3%); the respective values for thecllgi oid be used to solve linear functions. About 33%
competency is 5.4/15 (36%) and 5/15 (33.3%). The(44/133) presented a rule with no examples and tabou
similarity seems to be related to the nature oggudents 7704 (14/133) did not present anything of the linear
made in these two competencies. The student prE=®du 4hic Of the 133 students only 56% presentedast lene
were assessed on the written work and the writ@R @also  oyample; around 28% presented only one example, 20%
formed a basis for assessing logical ability-sudh a gemonstrated two examples, about 7% presented three
conditional and deductive reasoning, or even ofiati  examples and 2% showed 4 examples. About 8% (12/133
though to a much lesser extent. The logical juddmes | sed substitution, 13.5% (18/133) used the forrfariahe
based on the nature of the procedural pre_sentatld)he equation of line, while around 8% (10/133) includaa
step by step manner as well as within an overallinequality example in the topic of linear functions
presentation. Indeed, student written work oftepwsh Approximately 35% (46/133) included absolute fumati
evidence of not only the procedural work but alte t ang solving of such equations and around 34% (85/13
logical nature of their thinking during the devetognt of  considered the inverse of linear functions.
procedures. More specifically, about 28% (37/133) of the studen
It is not surprising then that there is some catieh  used one method to solve linear functions, whiteuad

between these two categories. However, the rather | 31% (41/133) demonstrated two or more methods to
number of students who achieved higher total scores solve linear functions. Overall around 59% (78/188)
procedural competenc¥if. 1) is concerning when this is the students demonstrated procedural competence in
an area in which our students (teachers) place mosthelinear section; this was higher (as expectedgrwh
emphasis when learning - the focus on procedusahileg ~ compared to quadratic (46%: 61/133) and limit (49%:
is in accord with the literature. Therefore thedowumbers ~ 65/133) sections as noted earliéafle 13).
of students in the higher scores in both procedarel The analysis showed that most students did noepres
conceptual distributions is somewhat surprising. gglveexﬁrrggfemugggngf .}.T]?S Tn%th%desbtggéu%%u{ﬂ bel used

_In contrast, _stu_dents _generally gjo not score well i thought the W?)I’k Was.simpler b){Jt some evidencexams
higher order thinking skills according to the larre o 00" ot support this as many incorrect applicatioh
and this was confirmed in this study. The logicala jinaar \work have been noted. Some topics taughthen
creative competencies appeared significantly lower  jinear section were not related to linear and shiggests
overall scores. It is noted that students find dabi that students were not able to relate the lineatopics to
thinking in a mathematics problem solving framework each other based on similarity of solution procesaed
difficult to learn.Figure 1 shows there were rather low graphing for example; it seems that students fated
numbers in higher scores in both logical and cveati decipher higher order patterns that ought to berapp in
thinking. The information presented in student work the section. For example, there were only a few dédieed
lacked connections and there was little evidencknké into the absolute value equations that are taugtiernithe
generated across topics. Also, few chose to retedi topic of linear but are more demanding to solvthat they
learned knowledge to application examples to helprequire logical reasoning and thinking of posdibsi.
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Table 5. Linear section-equation, inequality, absolute gand inverse

Substitution Equation Inequality Absolute Inverse Frequency

VX X
x
X X
X X

P
NNUIR NN

X 2.2 2 2 2 x 2.X X 2.x 2.x 2.X X X
X 22 22X 222 2 X2 X 2X XXX
[E=Y
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[ERY

WA P

les X 34
rules X

X rules
X X rules rules

Total 133

<
x
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x

Only a few demonstrated the use of more than one Around 65% (87/133) of the students did not present
method to solve linear equations of various typssnoted,  information regarding factorizing being possiblenathod
this could be because the linear topics may beepetto  to solve a quadratic equatioffaple 7). A low 14.3%
be easier and therefore students did not feel ¢sel o (19/133) of students provided information aboutaggions
write all they need to know about them when askmlia  types such as (a +%¥ d+2ab+Bbut the presentation was
expressing their knowledge of the area. Also, ie th not typically related to other work. Only 18% (222) of
preparation sheet students may want to cover theraptly ~ students presented a worked example of how to solve
more difficult topics such as quadratics and lirbitss their ~ quadratic equation by factorization. o
work overall did not show significantly differenesults No students mentioned any of the uses or appliesitd
from linear apart from the conceptual competence in@ completed square form. About 26% (34/133) ofesttsl
quadratics. The results showed somewhat similalolar presented a worked example of completing the sguare
levels of procedural competence on limits and catiy ~ SCIVe @ quadratic equatioTgble 8. Only 6% (8/133)
Table 11 shows that the students’ levels in procedural ang@notated the worked example to explain the process
logical competencies were similar in both quadsatits%,  Whereas the majority of students (74% i.e. 99/183)not
43%) and limits (49%, 40%). The quadratic rule piya ~ USE€ Of €ven mention the completing of the square as
major part in quadratic section and as it seemeetthe method of graphing parabolas-finding vertices paebola

o or solving any quadratic equation for y = f(x) = 0.
Igcrlésaﬁ;j t(l;rd t?wr:o\pgiir (I:(élrs)t(g%;:gn applicationshef same Table 9 shows that around 17% (23/133) of students
Table 6 shows that around 65% (86/133) of StudentsWrote an example based on the substitution metbod t

. . SO . determine the limit of a function. Around 39% (523)
simply presented the quadratic formula in isolatitvat o\ jots ysed factorization as a method to deterthie

is, not defining the terms in the quadratic formoR  jinit of 4 function and only 1.5% (2/133) used hegh
relating it in any way spatially to the generalforOnly — pqyer of x in the denominator as a method to déterthe

15% (20/133) of students presented an example @@ply |imit of a function. It was possible that there wssme

the formula to calculate the values of x for whicvas  transfer of knowledge to the topic on limits frorarler
equal to zero. None related this solution to graphswork on quadratics-factorisation in that studentega
stating-the x axis intercepts. Moreover, only 9.8% number of factorisation examples but interestinghty
(13/133) of students identified the terms beforplying  18% (24/133) considered this method when solving a
the formula to an example. A low 2.3% (3/133) of quadratic because such a method when used savés muc
students annotated (identified a, b and c) an el@amp precious time that would then be available to déthl other

with the steps taken to solve the quadratic. problem solving related cognitive processes.
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Table 6. Quadratic formula

Formula Terms identified Example Annotation Frequency
v x X X 86

v A X X 4

v x \/ X 9

VA v X 8

v x v v 2

VA v v 1

X X X X 23

Total 133

Table 7. Quadratic factorising

Expansion Example Annotation Frequency
v x X 19

v x S 3

v A X 2

VA J 0

X X X 87

x X 22

x S 0

Total 133
Table 8. Quadratic completing the squares

Example Annotated Procedural steps Frequency
v x N 15

v x X 11

v A X 8

X X X 99

Total 133

Table 9.Limit section

Method Example Annotation Frequency
Substitution N X 21

V 2
Factorize \/ X 49

V 3
Highest Power y X 1

V 1
None 56
Total 133
This evidence may show that students may just siatitegy “X gets closer to zero y gets closer to infinitypey

the work learned in limits rather than being mareative understanding of limits. Rather, a simple rule Haserk
and relating the method to factorizing in the topit  was evident in student work on limits. It was samito
guadratics. It seems that that procedural and mebased  quadratics where only a few students delved detper
learning approaches may have been the focus fderstu consider various ways in quadratics could be utatmis
learning in limits for mostly such factorized exdegpwere  applied or solved, the student did not demonsteate
noted; rather than any evidence of deeper insigtdsthe approaching concept or idea; the idea of how vargel
connective nature of topics; the relation of limiis numbers affect the value of a function was not eidn
hyperbola graphing for example; no students made &ahe work on limits; instead the students appeavethink
connection or link to hyperbolas and asymptotiaireabf that limit was “a plugging in of a value™-but thigsa lower
graphing. There was no evidence of student thinking level understanding of limits. An asymptotic type
linking of ideas regarding approaching values saslihen  understanding of limits of functions learned wigtaphing
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hyperbolas was not connected to or demonstratedhénd Another view of the overall data is presented in
suggests that the transfer or connections of cbntenFigure 6, 7 and Table 10, 11 categorizing students
knowledge was missing. The lack of connections madeas either competent or of low competency. The data
across topics helps explain the lower levels imé&igprder  show a high number of students in the Low
thinking and creativity noted in this study. Competence (LC) in both conceptual and procedural
Figure 2 shows the distribution of all scores over categories when compared with competent students
all competencies attained by students. There ae=th (C). More concerning is the fact that many more
topics per each score. There is an overall trendstudents are in the low level of logical and creati
downwards towards the higher scores (max 20). Smallcompetencies. This may explain why students fail to
numbers of students are high (score >13) in lirseat undertake higher mathematical studies or coursks. T
quadratics while there are hardly any above a sobre lack of algebra and calculus type knowledge clearly
13 for limits. As expected the quadratics and lémit does not allow students later to consider any highe
are higher frequency than linear at a low scored of level of general quantitative type courses and only
and 5; as expected the linear has more of the higheattempt the math courses if they are compulsory.
scores overall yet the limits and quadratics aghér There are concerns regarding the self-preparation
at 7, 11 and 12; this is probably influenced by the |levels of students in that students continue nobeo
relatively higher conceptual scores in quadratidsst too concerned about the university learning in that
student had low scores in linear, quadratic andtdim |ecture attendance is now an issue at universities.
sections Fig. 3-5). seems that studying for passing exams and revising
just before exams are key features of time
management. Rather than doing more than the
Overall 51% of students showed procedural minimum required weekly and over the semester for
competency and 46% showed conceptual competencgourses, students do leave much revising for thee en
(Table 11). The alternate view is more than 49% of of the semester. It is then dependent on the usityer
students demonstrated neither procedural norpersonnel or lecturers to guide and often change th
conceptual competency on their knowledge. Fewar tha assessment methods and styles to engage studemts in
32% of students showed satisfactory logical reaspni learning over a semester; that is, the universitgise
in the layout of work such as showing the linksvitn ~ up organising student time management when in fact
concepts and worked examples or even groupingthis should a part of student learning during their
worked examples showing different methods of sgvin university life. Evidence now suggests that many
particular type of problem-linear, quadratic or itm  students still continue to do the minimum prepanati
Fewer than 10% of students demonstrated a satisfact throughout semester even when the mathematics
level of creativity in their work as well as their courses are well recognised to be more abstract and
presentation of mathematical information regarding difficult to grasp and learn; math needs consisterd
specific topic; linking concepts and relating apption ~ active work throughout the semester. The student
to real life or using graphical interpretationsitostrate ~ Préparation and time management for assessment is
how the problem and solutions as they related ¢émmth MOostly provided and guided by the university, rathe
was seriously lacking. than_ f‘gently forcmg’_’_ _student engagement and
If logic was considered as a measure of step hy ste 2cquisition of these abilities.
working of a solution, then around 42% of the shide The findings also explain why so many of the

would have had demonstrated a satisfactory level Ofstudents often dislike mathematics at universitidss
) . . Y is mainly because given their basic algebra ancubad
logical competence; that is, still lower than the

. skills are at a rather low level. Additionally, the
proportion  of students who showed procedural gy gents possess rather low levels of logical and
competence even when the examples and work thereative competencies when these are critical ifginer
students demonstrated were used to judge the logicamathematical studies. In turn, this situation farth
nature of presented work. This somewhat higherllefle  compounds negative beliefs, students’ fear of failu
overall competency in logical thinking is not appriate and lowers motivation thus limiting student opticos
and certainly not conducive to mathematical leagnin acquire higher science or mathematical knowledge.

3.3. Summary
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Fig. 7. Levels of logic and creativity across topics
Table 10.Frequency distribution of competency level - linepadratic and limit
Procedural competence Conceptual competence  logica Creativity
Topic LC C LC C LC C LC C
Linear 55.0 78.0 89.0 44.0 116.0 17.0 128.0 5.0
Quadratic 72.0 61.0 49.0 84.0 76.0 57.0 106.0 27.0
Limits 68.0 65.0 79.0 54.0 80.0 53.0 127.0 6.0
Mean (%) 48.8 51.1 54.3 45.6 68.2 31.8 90.5 9.5
Table 11.Overall proportion - competency level versus topic
Conceptual Logical Creativity
Procedural LC C LC C LC C LC C
Linear 0.41 0.59 0.67 0.33 0.87 0.13 0.96 0.04
Quadratic 0.54 0.46 0.37 0.63 0.57 0.43 0.80 0.20
Limit 0.51 0.49 0.59 0.41 0.60 0.40 0.95 0.05
Mean 0.49 0.51 0.54 0.46 0.68 0.32 0.90 0.10
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4. CONCLUSION

“to reach their potential level of transfer theyulebneed
to further their mathematical knowledge and

The aim of this study was to understand practical understanding, that is, in both depth and clar(p;"294).
reasons why students after having completed a numbeThe importance of the nature and conceptual streciti

of years of secondary schooling
successfully continue to find mathematics difficltthe
environmental sciences where the demands
mathematical and quantitative skills are much e
strict math majors. The overall analysis condudtethis
study showed that students did not show signifigant
developed procedural or conceptual understandirsgrine
basic topics of mathematics. The students’ logemadi
creative competencies were noted to be particullanyfor
the university level mathematical learning. It i#tical to
realise higher order thinking skills are importaim
mathematics learning as these skills can oftenrriate
whether students attain higher abstract notion$ dhna
prerequisites for continuing with mathematicallyséad
courses such as those required for the strict aesermhe
lower number of students continuing with mathensagicd
sciences is a major problem for Australia and tipesblem
therefore need urgent attention.

One of the critical and first

requirements in

mathematics is the understanding of algebra, linear

functions, quadratics and limits and the findindgghis

in mathematics student knowledge base is confirmed in this stddat

is, a good body of knowledge is a perquisite faghler

orlearning but the same knowledge should be easily

recalled and demonstrated in terms of conceptsthdep
and clarity in both procedure and application. Ased
earlier, results also show why so many of the sitgle
dislike mathematics in universities; it is because
students’ basic algebra concept and skills areratheer
low level. The students showed an inadequate krigpele
of limits as used in graphing or when applied ittghus.

In addition, the students demonstrated rather lovels

of logical and creative competencies that arecatitfor
higher mathematical and science learning. Thise spét
affairs helps promote the development of negative
beliefs and students’ fear of failure. This in tummits
their growth in gaining further mathematical knoude
and so the cycle continues.

4.1. Limitations

There are some limitations in this study as in any
other judgement analysis type work there is always

study particularly questions the nature of studentsubjectivity in appropriately identifying competées in

learning in secondary schools. Not so much that thestudent work and portioning marks to them. The
teachers are to be blamed but the students theﬂ%eleudgements on |Ogica| and creative Competencies are

need much self-examination regarding their priesitior
developing learning tools for later life. Also, dants
need to think more visionary terms such as to hetpe
building of the nation of Australia, which is onrpaith
the advanced nations of the world in all areasuiticlg
applications and cutting edge knowledge base. [Ehids

to the heart of the matter whether or not studenés
seriously engaged in learning mathematics whengbein
taught in Australian classrooms. The class disogpand

usually problematic but in this study judgementseve
made by an independent marker who has a doctouate b
was independent of the teaching team in the
mathematical sciences. Although judgements may be
problematic and questionable if strict adherencehto
set criteria is applied, the difficulties, problenamd
questions may be minimized. Commonly in the case of
quantitative studies, a 95% confidence interval is
presented to demonstrate error in the decisionsemad

management may be questioned as to whether thE_}S‘Ia’he results should be seen in a similar manndranthe

allow students who are well-prepared to engage in

serious learning. In all of these, the most impurfactor

appears to be whether the students at that age a

themselves mature enough and at the same timerptepa
for learning abstract mathematics.
The results and findings suggest

that prior

mathematical knowledge of students influences the

overall marks developed should be viewed as a range
rather than a point estimate even when no rangebean

re.

given. However, if results are subjectively undeost as
low, very low, satisfactory, high and very high nhinhe
categorisation aids the analysis. Even if we allimw
some questionable judgements in the analysis thdtse

development of higher order and more structuredNevertheless appear to be significant given tteerdow
mathematical understanding. It is evident that muchlevels of competencies achieved by students ovérad
work has been done on learning and transfer offindings regarding logical and creative competesidie

mathematical knowledge in recent times; yet it is
noteworthy that as far back as in 1994, Gates (198l
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such a large sample of university students is cong
but they are in line with the current literature.
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