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Investigating the Alignment of the Lebanese National
Mathematics Tests with the Curriculum Foundations at the
Secondary Level

Dima Itani

ABSTRACT

The aim of the present paper isto investigate the alignment of the Lebanese
mathematics national tests with the foundations of the 1997 reformed curriculum, for the
“Literature and Humanities” (LH) and “Life Sciences” (LS) tracks of the secondary
level. Qualitative and quantitative content analysis techniques were used. Different
components of the curriculum foundations were analyzed qualitatively as well asthe
structure and content of ten model tests issued by MEHE and ECRD as annexes to the
curriculum, and 16 national tests for each track. The model and the national tests were
guantitatively analyzed using an analysis framework that crossed their respective
cognitive domains and content objectives. The cognitive domains are those of the
TIMSS international assessments. Correlations were cal culated and interpreted,
considering the math content domains and the cognitive domains and taking into
account the existence of different model testsissued at different time periods, between
different sets of the model and national tests for each track, specifically between: 1) all
the tests items of each of the national tests and the model tests, 2) the test items of the
national tests of the years 2011-2013, 2015-2016, 2017-2018, and 2019, and between
each of them and the test items of their corresponding model tests, and 3) the test items
of the two sessions (session 1 and session 2) of the national tests. The quantitative
analysis showed an overall high correlation between the national tests and the model
tests for each track (r=0.97 at each track). However, the qualitative analysis and the
results of correlations of the remaining sets showed a notable high correspondence
between the model tests issued in the recent years and the national tests previously
administered, signifying that atradition of past tests has developed in the national
examination setting and eventually defined the curriculum. Results also revealed a
steady structure of the national tests emphasizing the “knowing” and “applying”
cognitive domains and overlooking the “reasoning” domain, which reflects weak
alignment with the curriculum foundation.

Keywords: Curriculum Alignment, National Assessment, High Stakes Tests, Lebanon,
Secondary Education, Mathematics.
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Chapter One

| ntroduction

1.1. Overview

We are living in an era characterized by continuous changes, developments, and
challengesin the social, environmental, health, economic, and technological conditions.
As aresult, the need of societies and global labor market for highly-skilled workforceis
increasing in view of overcoming the challenges, adapting to new changes,
accompanying the rapid developments, and staying competent worldwide. Such need for
highly-skilled individuals is also increasing as the ability to predict future jobsis
becoming harder. Since education aims at developing one’s knowledge and skills and
focuses on the needs of society and changing world (Sowell, 2005), and sinceit is
necessary to regularly update curriculato make them in consonance with these needs
(Halai, 2008; Cachiaet al., 2010), considerable efforts have been, and are still being,

exerted worldwide for reforming curricula and integrating related goals.

Several meanings and views of the term “curriculum” exist in literature. Kelly
(2004, p. 8) defines curriculum as “the totality of the experiences the pupil has as a
result of the provision made”, a definition that is in line with the actually implemented
activities, based on provisions. On the other hand, curriculum is also seen as “a coherent
series of aligned and interconnected learning events, which transform the content and
structure of adiscipline into an ordered series of learning experiences to communicate

and define the parameters of learning for the learner” (Moye, 2019, pp. 2-3), adefinition



that is morein line with the curriculum plans and the intended activities in prospective.
A distinction between three actualizations of curriculum was made by Van den Akker
(2003) : (8) the intended curriculum: ideal - encompassing the philosophy and spirit of a
curriculum - and formal - encompassing the intentions set by the curriculum
documentation; (b) the implemented curriculum: perceived — depending on the
interpretation of curriculum by teachers and educators - and operational — meaning the
curriculum in action as taught and learned; and (c) the attained curriculum: experiential
— demonstrated by learners’ application of learning in authentic situations - and learned
— based on the resulting learning outcomes. Alignment of a curriculum is sometimes
defined by the consistency between these forms (Safa, 2013) and understanding the
degree to which they work together to support acommon goal (Martone & Sireci,
2009). Curriculum alignment is one of the major criteriafor evaluating a curriculum
(Safa, 2013). Being an important construct, a considerable body of research works have

been carried out focusing on curriculum alignment.

Assessment is an important component of a curriculum. Assessment approaches
affect school and teaching practices, culture, and learning outcomes (Osta, 2007; Cachia
et a., 2010). According to Osta (2007), tests determine, for the educational community,
the part of a subject that is valued and should be taught, as well as the way it should be
taught. Cachia et al. (2010) describe assessment as being “both an enabler and a barrier
for creative learning and innovative teaching” and concord with Osta’s idea by stressing
on the national assessment’s role in guiding and implementing in practice any

transformation in the curriculum’s learning objectives.



Considering the importance of assessment and curriculum alignment, the present
study aims to investigate the alignment of the Lebanese national mathematics tests with

the curriculum foundations at the secondary level.

1.2. Context and Background

1.2.1. The Lebanese Educational System and Mathematics Curriculum
In Lebanon, the latest curriculum reform took place in 1997, after the end of the
civil war. The Educational Center for Research and Development (ECRD), which isthe
academic arm of the Lebanese Ministry of Education and Higher Education (MEHE),
undertook, starting 1995, developing and applying areform plan, including curriculafor
all school disciplines, with new syllabi, textbooks, teacher’s guides, evaluation guides

and teacher training. The curriculathen developed are still in effect till the date of

preparing this paper.

In the 1997 reformed curriculum, the educational |adder consists of 2 stages: (1)
Basic education which includes the elementary and intermediate levels and (2)
Secondary education. The elementary level consists of 2 cycles: cycle 1 (grades 1, 2,
and 3) and cycle 2 (grades 4, 5, and 6). The intermediate level consists of cycle 3 which
includes grades 7, 8 and 9. By the end of grade 9 or cycle 3, students sit for the Brevet
exam, a national official examination in various disciplines. These exams allow them to
move to the secondary level in case they succeed. The secondary education consists of
grades 10, 11, and 12. Grade 11 has two tracks, Sciences and Humanities, while Grade
12 hasfour tracks: Life Science (LS), General Sciences (GS), Literature and Humanities

(LH) and Sociology-Economy (SE). By the end of grade 12, students sit for the end-of -



school national official exams (Baccal aureate) whose result decides whether a student

can get the General Secondary Certificate and may move to university education or not.

TheMinistry of Education organizes, every year, two sessions of each of the two
official exams (Brevet and Baccalaureate), one in June and the other in September.
Students who fail the regular June session (Session 1) or would like to improve their

results on Session 1 can sit for the exams in September (Session 2).

The 1997 reformed curriculum was implemented gradually across grade levels
starting in the academic year 1998-1999 and was completely in effect, at all grade
levels, in the academic year 2000-2001. By the end of that academic year, grade-9 and

grade-12 students took the first national exams under the reformed curriculum.

According to the Lebanese laws, al public schools should abide by the national
curriculum and follow the related books developed by ECRD. On the other hand, private
schools have the freedom to adopt other curricula and series of books, provided that they
cover the national curriculum’s content. Especially in grades 9 and 12, the private
schools follow more closely the national curriculum’s teaching and assessment
approaches, to achieve the best possible results on the national exams. Thisimposing
power of the national examsis gained from the fact that their results also affect the
reputation of schools and teachers. The better the students’ achievement on the national

exams, the better is the reputation of a school and the higher enrollment it can get.

The Mathematics curriculum has undergone, in the 1997 reform, considerable
transformations. The general objectives of the math reformed curriculum, which are

actually the objectives concerning the mathematical processes, are presented in the main



one of the curriculum’s documents (ECRD, 1997a), and target higher-order thinking
skills. There are five general objectives of the math curriculum, related to mathematical
processes and supposed to set the foundations and spirit of the curriculum: developing
mathematical reasoning, solving mathematical problems, establishing connections
between mathematics and each of science and real life, communicating mathematically,
and valuing mathematics. Teaching strategies and assessment guidelines that emphasize
these skills are encouraged in the reformed curriculum, but no sufficient guidance is

provided for their practical implementation.

In the same document, one can find the table of numbers of periods allocated for
math per week and year for at each grade level. The scope and sequence for each cycle
in the same document presents how the topics under each mathematical domain, such as
geometry or numbers, are distributed over the three grade levels of each cycle, aswell as
the number of hours allocated to them in each grade level. The process objectives of the
cycle are then listed for each, followed by the content domains’ objectives. The process
objectives at al cycles are: mathematical reasoning, problem solving, and
communication. The content domains for cycle 1 are: spacial, numerical and
measurement. These domains are common to all cycles, but statistics is added to cycles
2 and 3 while statistics-and-probability and cal culus are added to the secondary cycle.
The secondary level presents separately the specific objectives and scope-and-sequence
of each of the four sections: Literature and Humanities, Economics and Sociology,
General Sciences, and Life Sciences. Contents of each grade level and their more

specific objectives are detailed in a series of three other documents, with explanations



about the recommended method(s) of their teaching and guiding comments to teachers

(ECRD, 1997b, 1998 & 1999)

1.2.2. Studies on the Alignment of the L ebanese Curriculum

The alignment of the Lebanese Curriculum has been the interest of many
researchers. Osta (2007) devel oped and piloted a framework for analyzing math tests
that are not in the style of “objective tests” (multiple choice, matching, True or False,
etc.). The analysis of such non-objective style tests, especialy in mathematicsthat isa
highly internally connected discipline, requires more complex techniques, which should
take into consideration, not only the tested specific objectivesin each test item, but also

the pre-requisites on which they are built. Osta’s study aimed at

“developing and piloting a methodological framework to investigate
the alignment between the Lebanese national (official) exam tests
and the mathematics curriculum, at the middle school level, during
the transitory period of a major curricular reform” (Osta, 2007, p.

172).

The researcher considered two sets of exam tests: 1) the three math model tests of
the reformed curriculum and 2) eleven pre-reform official (national) tests used over six
consecutive years. Analysis and comparison of the two sets of tests were made based on
their respective cognitive level, and their math content within the curriculum, using the
National Assessment of Educational Progress (NAEP) mathematical abilities, which are:
Conceptua Understanding, Procedural Knowledge, and Problem Solving. The results
showed a stable structure in the format and content of the tests. They also showed that

the globality of the test items, over the six years, represent a “mini curriculum” that does

6



not cover al the math content in the original curriculum. That mini curriculum was
implicitly established, reinforced and practically adopted by all implicated parties
through the years. Osta concluded that the pre-reform assessment culture may still be
rooted and thus affecting official exams under the 1997 reformed curriculum. She also
stipulated that the lack of alignment between the high-stake official tests and the
contents of the curriculum affects the actualization of the curriculum, mainly
demonstrated in the implemented curriculum. Teachersin this case perceive that the
topics covered in the tests are the only important ones, and thus focus their teaching
around them and end up teaching for the tests. As aresult, Osta called for an
assessment-led new reform or areconsideration of the testing policies, contents, and

formatsin the reformed curriculum.

Sleiman (2012) used the framework developed by Osta (2007) to analyze the
Lebanese 1997 reformed math curriculum of the “Literature and Humanities” track of
secondary education and to study the alignment of the national math tests of this track

with the reformed curriculum. Sleiman conducted:

- semi-structured interviews with two members of the national -tests
devel oping committee,
- acontent analysis of the following:
0 thegenera and specific objectives (ECRD, 19974) of the reformed
mathematics curriculum,
0 thedetallsof contents (ECRD, 1999) of the grade 12 math

curriculum, LH track,



0 the Evaluation Guide for Mathematics (ECRD, 2000) for the
Secondary level consisting of the secondary cycle competencies,

0 aset of model testsillustrating the orientations for the official
examination under the reformed curriculum for the grade 12, LH
track (ECRD, 2000), and

o0 asample of 20 national math tests for the 2001 to 2010 LH track and
consisting of two tests each year, one for session 1 and one for
sSession 2,

- acomparison of the 2001-2005 tests and the 2006-2010 tests to investigate
their evolution, and
- acomparison between the 2001-2010 session 1 and the session 2 tests to

investigate their consistency and comparability.

For the above analyses, Sleiman classified the test items according to a two-entry
matrix, the content domains and the TIMSS’s three cognitive domains, “Knowing”,
“Applying” and “Reasoning”. Results showed that the national tests are reasonably
aligned, over the years 2001-2010, with the reformed curriculum in terms of the math
domains tested, but they considerably lack alignment with the curriculum’s general
objectives and cycle’s specific objectives (Sleiman, 2012). The tests focus most on the
“knowing” and “applying” cognitive domains and neglect other more important general
objectives: mathematical reasoning, problem solving, communication, and connections.
The researcher recommended revising the test banks and the approach to developing
math tests for the official exams, taking into consideration the neglected general

objectives.



Safa (2013) also adopted Osta’s framework (2007) to investigate the alignment
between the grade 12 math national tests for the Life Science (LS) track and the
Lebanese math curriculum. Safa analyzed the structure, content, and objectives of the
curriculum along with four model tests of the reformed curriculum and 12 national math
tests administered between 2001 and 2012 (six session-1 and six session-2). Safa
conducted, as well, a comparison between the tests of the years 2001-2003 and tests of
the years 2010-2012 to investigate their evolution. He a'so compared the first-session
and second-session tests of the years 2001-2012 to investigate their consistency and
comparability. The results of Safa’s study showed a stable structure of the official tests.
They confirmed Osta’s view of the fact that they represent a “mini curriculum” by not
targeting, over the years, all of the reformed curriculum content. Such a problem causes
teachers to “teach to the test”, not for real understanding of math or development of
mathematical thinking. Moreover, the cognitive domains mostly targeted by the national
tests were found to be “Knowing”, then “Applying” and then, with a much lower
emphasis, “Reasoning”. Based on that study, Safa recommends a revision of the national
testsin terms of content and design. Such revision has to take into consideration:
including different types of questionsin an increasing order of difficulty, targeting
different levels of cognitive domains, including real life situations and non-routine
reasoning questions, and allowing the use of a graphical calculator in solving certain

guestions.

Shatila (2014) investigated the alignment of the general objectives of the Math
reformed curriculum with the math objectives of the intermediate level, the specific

objectives of the intermediate grade levels, the national books of the intermediate |level



grades, and the math national Brevet tests by studying 18 national grade-9 tests under
the reformed curriculum. The studied tests are nine first-session tests and nine second-
session tests between the years 2001 and 2013. She aso compared the national tests of
years 2001-2003, 2006-2008, and 2011-2013 to study their evolution and compared as
well all the first-session tests and all the second-session tests to investigate their
consistency and comparability. The results of the study showed that the objectives of the
intermediate-level cycle are aligned with the genera objectives of the math curriculum.
A lack of alignment was found, however, between the general objectives of the math
curriculum and the specific ones, since the latter neglect several of the genera
objectives. Asfor the textbooks, they are more reflective of the specific objectives than
the general ones. Grade 9 book is the |east reflective of the general objectives while
grade 8 is the most reflective of those objectives. Moreover, the reasoning and
communication skills decrease in these books as the grade level gets higher. In contrast
to the textbook, grade 9 national tests showed a dlight level of alignment with two of the
general objectives, problem solving and reasoning, which increased throughout the
years, but they still neglected completely the other two out of the four genera
objectives. Shatila called for arevision of the curriculum, textbooks, and the national
tests to align with the math general objectives, which set, in principle, the foundations of

the discipline’s curriculum.

1.2.3. Lebanon’s Resultson TIM SS Assessment for Grades 8 and 12
Countries assess their students’ acquisition of knowledge and skills and evaluate
their educational programs by participating in international exams and analyzing their

students’ performance compared to students’ performance in other countries. Examples

10



of these international exams are the Programme for International Student A ssessment

(PISA) and Trends in International Mathematics and Science Study (TIMSS).

TIMSS exams take place every four years to assess and analyze the participating
countries’grade-4 and grade-8 students’ achievement in math and science. TIMSS
Advanced exams assess students’ achievement in mathematics and physics at grade 12.
The reports on the results of TIMSS assessments and the research based on them are
usually published by the TIMSS & PIRLS (Progressin International Reading Literacy

Study) International Study Center (https://timssandpirls.bc.edu/).

Lebanon has participated in grade-8 TIM SS assessments in the years 2003, 2007,
2011, 2015, and 2019. The following data are extracted from the reports (Mullis et al.,

2016; Mullis et a., 2020) regarding Lebanon’s achievement in math.

Table 1 showsthat, in 2003, 45 countries participated, among which eight were
Arab countries. In 2007, 48 countries participated, among which twelve were Arab
countries. In 2011, 42 countries participated, among which twelve were Arab countries.

In 2015 and 2019, 39 countries participated, among which ten were Arab countries.

Table 1: Participation of Countriesin grade 8 TIMSSfor the Years 2003, 2007, 2011,

2015 and 2019
Year Number of Par_ticipating Number of_Arab
Countries Countries
2003 45 8
2007 48 12
2011 42 12
2015 39 10
2019 39 10

11



Table 2: Lebanon’s scores and ranks in grade 8 TIMSS for the Years 2003, 2007, 2011,

2015 and 2019
Year Lebanon’s Average Score |\ MOV INES
2003 433 31/45
2007 449 28148
2011 449 25/ 43
2015 442 27139
2019 429 32/39

In all its participations, Lebanon’s average performance was less than the
international average test score that is 500, as shown in Table 2. The score was under
averagein all participations: 433 in 2003, 449 in 2007 and 2011, 442 in 2015, and 429
in 2019. The score was the highest in 2007 and 2011 and started decreasing to reach the
lowest score of 429 in 2019. Lebanon ranked 31% of 45, 28" of 48, 251 of 43, 27" of 39,

and 32" of 39 in the years 2003, 2007, 2011, 2015, and 2019 respectively.

On the cognitive domains, Lebanon’s scores were aways higher on “Knowing”
than on “Applying” and on “Reasoning”, the latter being always the lowest score. Such
results rai se concerns regarding the achievement of the general objectives of the
reformed Lebanese curriculum, especially in the recent years. This issue was previously
discussed by Shatila (2014) who raised, based on the Brevet results of the years 2003,
2007, and 2011, a significant question: since reasoning isthe first genera objective of
the math curriculum, how could students’ scores in international assessments be the

least among their scores on cognitive domains (Shatila, 2014)7?
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Moreover, Lebanon participated in TIMSS Advanced in 2008 and 2015. Only
Lebanese students in the GS track of grade 12 usually participate in TIMSS Advanced.
The math scores of grade 12 L ebanese students on those tests were better than those of
grade-8 TIMSS math scores. According to the data retrieved from the reports of the
TIMSS & PIRLS International Study Center, Lebanon ranked third among ten
participating countries in 2008 and second among ten participating countriesin 2015
with scores of 554 and 533 in the years 2008 and 2015 respectively (Mullis et al., 20009,

Mullisat al., 2016).

On the cognitive domains, in both participations, Lebanon’s highest scores were
on the “Knowing” level, then on “Applying’, and least on “Reasoning”. The previous
results may be a good indicator of Lebanese students’ achievement at this grade level.
However, these results should be analyzed by considering also the number of math
instructional hours that students take over the academic year at this grade level, which,
according to the same retrieved data, exceed the average number of instructiona hours
of other participating countries by 40 to 145 hours (Mullis et a., 2016). A better
explanation for this good performance is perhaps what Squires (2012) and Schmidt et al.
(2001) highlighted, referring to TIMSS results, maintaining that the more a class spends
on atopic, the better achievement they’ll have on that topic, especialy if the curriculum

and assessment are mostly based on drill and practice.

Sleiman (2012) and Safa (2013) studied the math national testsfor LH and LS
secondary level respectively, under the 1997 reformed curriculum, until the years 2010
and 2012 respectively. Severa national examinations were held since then till the

present time. This study intends to compl ete the picture for both tracks and continue the
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analyses to investigate whether the tests or their alignment with the curriculum’s

foundations are undergoing any changes over the years.

1.3. Purpose of the Study

This paper aims at studying the degree of alignment of the Lebanese math
national tests for the grade-12 secondary LS and LH tracks with the Lebanese
mathematics curriculum as reflected in the curriculum document (ECRD, 19974). Itisa
continuation of the studies conducted, using the framework developed by Osta (2007),
by Sleiman (2012) and Safa (2013) in terms of the alignment of the national
examinations with the foundations of the curriculum, mainly the introduction of the
curriculum (ECRD, 19974), presenting the philosophy and general objectives. This
study will continue investigating the alignment, starting from the year 2011 till the year
2019. Even though Safa’s study included the 2011 and 2012 math tests for LS, this
study will consider them as part of its analyzed documents, in order to have a common
range of yearsfor the LS and LH test analysis. No official examination occurred at the

end of year 2020 because of the COVID19 pandemic.

The study also aims at investigating the evolution of the alignment for each track
during the last nine years of implementation, by comparing the tests for the periods

2011-2013 and 2015-2016, 2017-2018, and 2019.

This paper will aso investigate differences between sessions 1 and 2 for each
track in terms of their alignment with the curriculum foundations, their consistency and

comparability.
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1.4. Research Questions

The research questions are as follows:

1. What isthe extent of alignment of the L ebanese national math tests at the
secondary level (for each of LS and LH tracks), over the years 2011-2019,
with the national curriculum as reflected in the curriculum document (ECRD,
1997a)?

2. Isthere any improvement in the alignment of the national math tests for each
track, in the last nine years of implementation, compared to the extent of
alignment in the previous years, as reflected in the two previous studies by
Sleiman (2012) and Safa (2013)?

3. Arethere differences between the testsin sessions 1 and 2, over the last nine
years of implementation, for each of the Secondary LS and LH national math

tests, in terms of content and cognitive domains addressed?

1.5. Rationale of the Study

The World israpidly changing on al aspects. The need for highly-skilled
individuals with high problem-solving and critical thinking abilitiesis becoming crucial.
COVID 19 pandemic has brought alot more challenges and changes to the World. Since
mathematics is basic in the development of the learner’s intellect (Haylock, 2018), good
mathematics teaching and learning must be ensured to devel op the needed skills and

abilitiesin order to face the arising challenges.

Though apparently acceptable, the results of Lebanon’s participationsin TIMSS

(math) for grade 12 were not satisfactory, if we take into consideration the number of
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instructional hours compared to other countries, on one hand, and the predominance of
low-level knowing scores over the reasoning scores, on the other hand. These results,
added to the results of Lebanon’s participations in TIMSS (math) for grade 8, raise
guestions about the quality of the mathematics curriculum and its teaching in Lebanon.
These results also raise questions on the curriculum alignment because research showed
that curriculum alignment plays an important role in students’ achievement. The more
the alignment, the better the achievement becomes (Squires, 2012). It is very important
to note that the results on TIMSS are given here a great importance since the philosophy
of the Lebanese mathematics curriculum, as reflected by its general objectives, iswell

represented by TIMSS cognitive domains.

Additionally, research shows that high-stake national tests have negative effects
on teaching and learning, because they promote teaching to the test. Among the factors
that can yield positive effects instead, a close correspondence must exist between the

intended curriculum and assessment (Popham, 1987, 2001; Hughes, 1989).

Moreover, the results of Osta’s study (2007) reflect that a pre-reform assessment
culture has been rooted in the assessment practices of the Lebanese educational
community, and thusit is unlikely that exams can change enough to reflect the drastic
changes that occurred in the curriculum, especialy in its cognitive higher-order thinking
foundations as reflected by the introduction and general goals of the curriculum. This
also raises a question on the effectiveness of the 1997 curriculum because changesin
curriculum and objectives are ineffective if assessment practices remain unchanged

(Cachiaet a., 2010).
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However, adirect change is sometimes difficult to occur especially after 30
years of implementing the old curriculum. Consequently, much insight can be gained
from studying the alignment after 10 years of implementation, in the years that followed
the two studies by Sleiman (2012) and Safa (2013). Such study can provide insights
about the evolution of the alignment of the national math tests with the curriculum
foundations. “Alignment should be looked at over time and across instruments” (Webb,
1997, p. 11). The analysis of the results compared to literature will also provide insights
on whether the national tests are having positive or negative effects on teaching and

learning.

Moreover, the results will provide an idea about the impact of research resultsin
the Lebanese educational community, by checking whether the committee responsible
for developing the national examsis aware of, or has taken into consideration, the

reviews of the national tests previously made by educators.

1.6. Significance of the Study

The results of the study will show policymakers and curriculum and assessment
devel opers where they stand from the agreed-on goals (objectives), thus encouraging
them to reflect on the current educational and assessment reality and to reform the
assessment process and tools on the national level. Such study is especially due because
an action of revising the curriculum as awhole is expected to occur soon. The results of
this study will provide evidence based insights on the possible gaps and problemsin the
studied area, allowing policymakers and devel opers to make certain decisions and

refinements to ensure a better alignment of the assessment framework with the aims and
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objectives of the curriculum to be set. Thiswill in turn increase the effectiveness of the

changes they are expected to make to the curriculum.

Moreover, the alignment research familiarizes teachers and educators with the
concept and importance of alignment between assessment and curriculum foundations.
Anderson (2002) gives four reasons why curriculum alignment should concern teachers:
1) what mattersis what students actually learn as aresult of their schooling experience,
2) when curriculum is properly aigned, teachers can understand the differencesin the
schooling effects on achievement, 3) when the alignment is poor, the effect of
instruction is misjudged and underestimated, and 4) in order to make the educational
accountability successful, schools should be held accountable- just as students- by
showing that the learning experiences offered to students meet the set standards
(Anderson, 2002). In fact, alignment has a great effect on teachers’ practicesin class.
Their awareness of this fact urges them to improve their teaching practices by bringing
all the curriculum components to work together to achieve the main goals reflected by

the intended curriculum.

This research will contribute to the literature in the fields of education,
mathematics education, assessment, curriculum development, etc. It is alongitudinal
study that follows upon the curriculum alignment over a number of years of the reform
implementation, then includes the other (previous) years by comparing the results to
those of previous studies, in order to provide a more complete picture. Previous research
works have studied alignment between assessments and curricula over a certain period
of time, and not over the whole implementation years. Longitudinal studies are

encouraged in alignment research since they demonstrate how alignment changes with
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time after implementing areform, especially with the fact that “curriculum and policy

are volatile and rarely mobilized as the creator/s intended” (Alfrey et al., 2017).

This study also contributes to advances in education in the conclusions and
interpretations it yields since “by continuing to collaborate on alignment studies,
educators, researchers, and policymakers contribute to the advances in education” (Case

et al., 2004).

It is hoped that the results of this study will inform the efforts that the MEHE
and ECRD are launching for reforming the curricula and assessment systems. It isalso
hoped that it will contribute to the body of research on the issues of relations between
assessments and curriculum foundations, mostly between the intended and assessed

curricula.
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Chapter Two

Literature Review

In this chapter, areview of the literature related to my research is presented. The
literature review provides a background for the current study, highlights the existing
research, and presents the points of reference when discussing the results of the current
study (Merriam, 2009). This chapter is divided into four main sections. The first section
describes the main theories that framed Math Education in recent decades. The second
section discusses some definitions of curriculum through literature. In the third section,
assessment definitions, types and areas of importance, and the washback effects of high-
stake tests are discussed. In the fourth section, the curriculum alignment definitions and
value, methods, most used models, and the results of studies on curriculum alignment

are presented.

2.1. Mathematics Education

2.1.1. Theories Affecting Mathematics Education

The nature of taught mathematics and waysit is learned have devel oped and
changed through years. This change is due to many factors, among which the evolution
of societal goals, the fast technological developments, and the theories of psychology
and education that have always considerably influenced, and are still influencing, this
field. Three main learning theories have largely influenced the field of math education.

These theories are: behaviorism, cognitivism, and social constructivism.

Behaviorism, that describes learning as being based on stimulus-response

mechanisms, views mathematics education as an accumul ation of acquired associations
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and trained skills (Montilla, 2019; Verschaffel et al., 2015). According to Thorndike
(1929), one of the behaviorist pioneers, the connections in these stimulus-response
mechanisms are reinforced and strengthened as they are used. The perspective of this
theory on mathematics education had and still hasits great implications on thisfield. Its
ideas still permeate into many practices. Some of these are the drill and practice
exercises, training students on only one way for solving a mathematical problem, and

keeping the same type and wording of questions.

Cognitivism, that views learning as pure individual mental process of knowledge
and skill acquisition, conceives mathematical |earning as changesin universal cognitive
schemes and rules that define mathematical knowledge in individual learners. Theories
under this perspective also have a great impact on practices in mathematics education.
Performing analysis of the concepts and skills needed for certain mathematical tasks,
looking at processes rather than learning outcomes, valuing conceptual understanding,
paying great attention to the role of prior knowledge, and valuing problem solving
besides procedural fluency are among the practices under this view of mathematics

education (Verschaffel et al.,2015).

Socia Constructivism, which views that development of knowledge is a socio-
cognitive process, attributes a great importance to social processes and interactionsin
learning mathematics. Practices under this view include collaborative activities that
include group work for solving a problem, research, projects, and debates. Activities of

socio-cultura nature are also among these practices.

Many other theories in mathematics education emerged and continuously emerge

on the basis or in connection to the three major theories above, affecting the practices
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carried out in thisfield. Despite the difference in views toward mathematics education,
the importance of thisfield and itsimpact on the individual and social levels has not
been doubted and continues to gain more attention as the need for higher-level math and
STEM skills continues to gain more momentum and impacts the devel opment of math

curriculaand teaching / learning materials.

2.1.2. The Importance of Mathematics Education

Mathematics education has its importance not only on the academic and
cognitive development of students. The discussion of thisimportance occupied a great
placein literature. As aresult, great attention was given to mathematics curricula and
math curricular reforms all over the world. The questions of why we teach math, why we
learn math, why is math education important, and what are the aims of math education
are all questions that lead to important debates and discussions. According to Francis
Su, the former president of the Mathematical Association of America(MAA), the way
we answer these “why” questions “strongly influences who we think should do
mathematics and how we will teach it” (Larson, 2018).

Ernest (2010) describes three major categories of mathematics as reasons for
teaching mathematics:

(1) Necessary mathematics, which is for the benefit of the employment, society and
economics. Thisincludes functional numeracy, practical-work related knowledge,
and advanced specialist knowledge.

(2) Socia and persona mathematics, which isrelated to personal, social, and cultural
relevance. This includes mathematical problem posing and solving, mathematical

confidence, and social empowerment through mathematics.
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(3) Appreciation of mathematics as an element of culture, history, and society.

Haylock (2018) relates the reasons for teaching mathematics to itsimportance in
many domains: (1) everyday life and society, (2) other subject areas, (3) learner’s
intellectual development, (4) child’s enjoyment of learning, and (5) the body of human
knowledge and culture.

The Lebanese national curriculum document (ECRD, 1997a) points out some of
the above mentioned domains of importance. Math is a means to explore the world
around usin various domains and to prepare capable individuals with decision-making
and problem-solving skills necessary for their careers and their future (ECRD, 1997a).
Hashmi et al. (2018) contend that math becomes essential, in this advanced era, to cope
with the challenging world. Finally, NCTM (2018) asserts that mathematicsis
increasingly becoming essential to understand the world today and to engagein a
democratic society.

Therefore, considering quality and coherence when designing math curriculais

essential for achieving such aims at the social and individual levels.

2.2. Curriculum Definitions

Curriculum was defined in many different ways throughout literature. In Latin,
“curriculum” refers to “currere”, which means a “course or track to be followed” (Van
Den Akker, 2004, p.2). Accordingly, Taba defines curriculum as a “plan for learning”,
while Tyler defines it as “all of the learning of students which is planned and directed by
the school to attain its educational goals” (Scott, 2011). Similarly, Kelly (2004, p.8)
defines curriculum as “the totality of the experiences the pupil has as a result of the

provision made”. Moye (2019) synthesized all the implicit concepts underlying the
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Latin definition and came up with anew detailed definition for curriculum. Curriculum
is “a coherent series of aligned and interconnected learning events, which transform the
content and structure of a discipline into an ordered series of learning experiences to
communicate and define the parameters of learning for the learner” (Moye, 2019, pp. 2-
3).

Anderson (2002) states that curriculum includes aims and objectives,
instructional activities, support materials, and assessment. Adirika (2020) adds to these
definitions the component of evaluating the effectiveness of a curriculum in achieving
itsgoals. Adirika (2020, p. 324) states that, in devel oping a curriculum, the following
must be considered: “the selection of objectives, content, learning experiences as well as
organizing and evaluating these experiences to determine the extent to which they are
effective in achieving stated objectives”.

In addition to Van Den Akker (2004; 2010) curriculum forms- intended,
implemented, and attained, Robitaille et al. (1993), Vaverde et al. (2002), and Schmidt
et a. (1997) added the potentially implemented curriculum, which they regarded as the
link between the intended and the implemented curricula. Thisform is represented by
textbooks and other organized resource material.

On the other hand, Porter (2006) divides the curriculum into four components:
the intended- a set of guidelines of what students are expected to know and be able to
do, and it is captured in the content standards, enacted- the instruction or what is taught,
assessed- student achievement tests, and learned- what is achieved. The definition of

the intended curriculum according to Van Den Akker (2004; 2010) is broader than
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Porter’s definition (2006) since it includes the philosophy behind the curriculum and not
only the content standards.

Miller and seller (1985) differentiate between two components of the
curriculum: the explicit curriculum and implicit curriculum. They define the curriculum
as “an explicitly and implicitly intentional set of interactions designed to facilitate
learning and development to impose meaning on experience. The explicit intentions are
expressed in the written curricula and in courses of study; the implicit intentions are
found in the “hidden curriculum” by which we mean the rules and norms that underlie
interactions in the school” (1985, pp. 3-4). Cornbleth (1984) defines the hidden
curriculum as the learning that is not publicly stated in the statements of school’s
philosophy or curriculum documents, such as knowledge, beliefs, and social conduct.
This curriculum is shaped by different elements some of which are teachers, society, and
awareness. The hidden curriculum can affect students’ achievement and beliefs
positively or negatively, so understanding it by teachersis crucia (Alsubaie, 2015).

In this study, certain components of the explicitly intended math curriculum will
be analyzed to investigate their alignment. These components are the foundations of the
curriculum- the intended curriculum- and the national examination- the assessed

curriculum.

2.3. Assessment

2.3.1. Definition and Value
Assessment is an important component of curriculum. A considerable body of
research exists on assessment types, practices, and standards. According to Torkildsen

and Erickson (2016), assessment is a dynamic and collaborative activity that is
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connected to planning, enacting and eval uating learning activities. On the other hand,
Contino (2013) defines assessment as the use of tests and other practicesto collect
information that enables making inferences about students’ learning and achievement of
standards. Cachia, Ferrari, and Punie (2009) also point out to the importance of
assessment in education, stating that it is an important component in the educational
process as it alows the judgment and improvement of the quality of teaching and
learning.

From these definitions, assessment can be used to provide useful information at
different stages of the educational process and in different areas. Popham (2011) states
some of these areas: 1) diagnosing areas of strengths and weaknesses of students, 2)
tracking the improvement and progress of students, 3) assigning grades, and 4)
evaluating the effectiveness of instruction. Based on recent uses of assessment, Popham
adds to these areas three more areas which are: 1) influencing the public perception of
the effectiveness of education, 2) evaluating teachers, and 3) making the instructional
intentions of teachers clear. Influencing the public perception of the educational
effectivenessis one of the results of international examinations. Based on the results of
such examinations, countries evaluate their educational curricula. Moreover, asin the
case of Lebanon, based on the results of the national examination, teachers and schools

are being evaluated.

2.3.2 . Types of Assessment
Assessment practices take different forms based on the aims behind them. Some
of these practices are made before or at the beginning of instruction. Thisis called

diagnostic assessment. This type of assessment evaluates students’ knowledge or
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prerequisites needed for introducing the new lesson. Another type of assessment is done
during the lesson or course of study. Thisisformative assessment. This type is intended
to enhance and enrich the learning process (Kibble, 2017; Broadbent et al., 2018). These
two types provide non-judgmental feedback and aim to inform instruction by detecting
students’ understandings, misconceptions or gaps, and so they fall under a broader type

of assessment called Assessment for Learning.

Another type of practicesis applied at the end of aunit or instruction. Thisis
summative assessment and is used to measure the outcome of student learning for
grading purposes and to ensure that standards are met (Shute & Kim, 2014). Thisalso
fals under Assessment of Learning. Summative assessments “are high stakes for all
concerned ... in the sense that the data may be used to drive course improvement, to
assess teaching effectiveness, and for program-level assessments such as accreditation”
(Kibble, 2017, p. 110). The national examination at the Lebanese LS and LH tracks of
grade 12 fall under thistype of assessment asit aims at measuring if the standards are

met and if students are eligible to move on to the university education.

The type and way the assessment is conducted has a great influence on students’
learning and academic achievement (Black & William, 1998). Therefore, a great
importance is given by curriculum devel opers, administrators, and teachers to the types
of assessment to be adopted, the process of assessment development, and the analysis of

the assessment’s results.

2.3.3. High Stakes Testsand Their Washback Effects
A test is considered high stakes if important decisions are to be made based on

its results such as students’ graduation or promotion to another grade level, teachers’
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certification, allocation of a certain fund to a school, etc. (Madaus, 1988). “Washback”
refers to the effects of tests on teaching and learning. Alderson and Wall (1993, p. 117)
define washback as when “teachers and learners do things they would not necessarily
otherwise do, because of the test”. At the macro level, washback is related to the effects
that testing has with the society including policy makers, school administrators, etc.
(Zhao et al., 2016), while at the micro levdl, it refersto the influences that testing has
inside the classroom on instruction and learning (Chapman & Snyder, 2000). A great
debate takes place in literature on whether high stake tests have positive or negative
washback effects.

Bailey (1996) discusses the washback concept and combines the way it works,
as described in the literature, into two categories. Thefirst is washback on learners
which includes practicing items whose format is similar to the test items, applying test-
taking strategies, enrolling in test-preparation courses, etc. (Bailey, 1996). The second
is washback to the programme, which includes curriculum developers, teachers,
administrators, and so on. Thisincludes the test influence on the what will be taught,
the way of teaching, sequence, degree, and depth of teaching, attitudes to the content
and method, etc. (Bailey, 1996). These washback effects can be positive or negative.

Madaus (1988) discusses the negative washback effects or consequences of high
stakestestsin six principles. These principles are:
1) The power of teststo affect individuals, institutions, or instruction is based
on how the importance of these testsis perceived. If individuals believe that
high-importance decisions are made based on their results, then the effect of

thesetestsis great on instruction and learning.
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2) When a quantitative socia indicator is extensively used for social decision-
making, it will more likely corrupt the social processes that it isintended to
monitor.

3) Teachersteach to the test when important decisions are made based on their
results. Thisis because of the social pressure exerted on them to seeif their
students’ results are satisfactory and because the importance associated to the
test dictates that their instructional time focus on test preparation. Students
will aso be affected, so they adjust themselvesto the tests just as their
teachers emphasizing materials covered in the test only and ignoring the non-
covered topics.

4) A tradition of past tests developsin high-stakes test setting. These past tests
eventually define the curriculum.

5) Theform of the test questions can narrow instruction and learning to the
detriment of other skills. Thisis because teachers will adjust their instruction
based on the format and form of the high-stake test questions.

6) When tests are given a great importance for the future of the students, then
society will consider the tests as the major schooling goal.

Noble and Smith (1994) discuss additional negative washback on teachers.
High-stake tests cause good teachers to quit teaching while decreasing the skills of
those who do not quit and lower their professional self-images (Noble & Smith, 1994).
Thisis because teachers under the mentioned social pressure will be teaching, without
using their skills and creativity, the format, content, and strategies of the high-stake

tests which might contradict their pedagogical and ethical views.
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On the other hand, high-stake tests have positive washback. High-stake tests
can improve instruction and enhance students’ achievement (Okitowamba et al., 2018;
Chapman & Snyder, 2000). High-stake tests can lead to the innovation of new teaching
materials and methodol ogies that influence positively students’ learning (Chapman &
Snyder, 2000; Zhao, 2016).

However, to attain a positive washback, there should be a close correspondence
between the test and the syllabus. Moreover, tests should be properly conceived and
implemented (Popham, 1987; 2001). Bailey (1996) states the seven ways the high-
stakes should be, as outlined by Hughes (1989), to achieve positive washback:

“1) Test the abilities whose development you want to encourage.

2) Sample widely and unpredictably.

3) Usedirect testing.

4) Make testing criterion-referenced.

5) Base achievement tests on objectives.

6) Ensure [that the] test is known and understood by students and teachers.

7) Where necessary provide assistance to teachers.” (Hughes, 1989, as cited in

Bailey, 1996, p. 2).

2.4. Curriculum Alignment

2.4.1. Curriculum Alignment and its Value
Van Den Akker (2004; 2010) explains what each form of the curriculum forms-
intended, implemented, and attained- represents. The intended curriculum represents the

philosophy, objectives, and learning outcomes to be achieved. The implemented is what
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is being taught in classroom and how it is taught. Asfor the attained curriculum, it refers
to what is experiences and learned by the students.

Alignment in general is an agreement of two categories or a match between them
(Squires, 2012). According to Martone and Sireci (2009) and Webb (2007), alignment in
education is the degree to which different components of the system (content standards,
instruction, and testing) work together to support one common goal. In particular,
alignment between curriculum foundations and assessment is the degree of agreement or
congruence between these two components.

“Webb elaborated stating that the alignment between curriculum and assessment
is the degree to which they guide learnersto learn what they need to know” (Bhaw &
Kriek, 2020, p. 2).

The value and importance of curriculum alignment have been discussed in the
literature. According to Martone and Sireci (2009), the study of curriculum alignment:

1) gives students the opportunity to learn and demonstrate what they achieved,

2) helps policymakers and assessment devel opers, through knowing where they

stand relative to agreed-on goals, do refinementsin order to allow the
curriculum, assessment, and instruction support each other inwhat is
expected of students,

3) alowsthe public to understand how assessment does or does not support

what is supposed to occur in classrooms and what changes needed to be done

in components of educational systems.

Cachiaet a. (2010) emphasize on the importance of curriculum alignment. To

obtain the results sought from any changes performed in the curriculum and its
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objectives, assessment practices must change to reflect these changes, otherwise the
changes will be ineffective. Squires (2012) relates curriculum alignment with students’

achievement stating that alignment leads to better achievement.

In fact, the alignment of the curriculum in terms of its foundations and
assessment is basic in any curriculum and educational system. Without such alignment,

the curriculum objectives might not be achieved.

2.4.2. The Intended-Assessed Curriculum Alignment M ethods

Because of the mentioned importance of the alignment between the intended
and the assessed curriculum, efforts have been made to study this alignment in different
contexts. Three methods or approaches exist for evaluating the alignment between the
intended and assessed curriculum: sequential development, expert review, and document
analysis (Web, 1997; Case et a., 2004). In studying the alignment of the mentioned

curriculum components, more than one method can be used.

In the sequential development method, the standards which constitute the
intended curriculum are developed first then used by test developers as a blueprint in
terms of structure and content to create the assessment. This method follows alogical
process since having devel oped the standards, they develop the knowledge of the criteria

needed for assessment, and this makes it an advantage (Web, 1997; Case et al., 2004).

The expert review method analyzes the alignment between the two components
of the curriculum when they are both aready developed. It depends on opinions of

experts knowledgeabl e about the intended curriculum and assessment development. In
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this method, a trained committee of trained specialists typically carries an item-by-item

review of an assessment.

In the document analysis method, the intended curriculum and assessment
documents are encoded for their content and structure. Then, the alignment between
them is quantified and systematically compared. This method is used for complex
alignment studies, and it can be used in studying the alignment of other curriculum

components (Web, 1997; Case et a., 2004).

For the purpose of enabling more sophisticated alignment analyses, severa

alignment models have been developed using one or more of the mentioned methods.

2.4.3 . Models of Curriculum Alignment

The No Child Left Behind Act (NCLB) in 2001 mandated, in the USA,
accountability assessments that are aligned with the state’s content standards and
required the states to provide evidence of the alignment from a study done by athird
party (Case et al., 2004). The NCLB’s requirements made the alignment analysis
sophisticated. To enable this sophisticated process, different models have been
developed using one or more of the above-mentioned methods. Three models are the
most widespread: Webb’s Alignment Model, Porter’s Model or the Surveys of Enacted
Curriculum (SEC) Model, and the Achieve Model.

1. Webb’s Alignment Model (Webb, 2007): In this model, Webb’s alignment
criteriainclude: content focus- related to the devel opment of student
knowledge of a certain subject matter, articulation across grades and ages-
related to the way the student’s knowledge changes over time, equity and

fairness- related to the diversity in students’ population, pedagogical
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2.

implications- factor that affect students’ learning, and system applicability
which requires the alignment of standards (representing the intended
curriculum) and assessment in realisticaly and credibly (Case et al., 2004).
This model was then pared by Webb (1999) to evaluate the assessment
“content focus”. This content focus, according to Webb (1999), has four
aspects: 1) categorical occurrence which indicates whether all standards are
measured in the assessment items, 2) depth-of-knowledge (DOK)
consistency which compares the complexity of knowledge required by
standards and assessment and which is of four levels: recall, skill, strategic
thinking, and extended thinking, 3) range of knowledge correspondence
which indicates if both the assessment and standards have corresponding
span (breadth) of knowledge, and 4) balance of representations which
compares the emphasis given to objectives and topics in assessment and
standards. These aspects are what constitute Webb’s model criteria. These
criteria are rated numerically to allow the objectivity of quantifying and
reporting the results. To achieve alignment, an accepted level is necessary
on each.

Porter’s Model or The Survey of the Enacted Curriculum Model (Porter,
2002): In this model, the standards and assessments are categorized
according to content and cognitive skills or demand. The cognitive demand
is described based on categories specific to each subject area. A content-
by-cognitive level matrix is used, and reviewers categorize the required

curriculum component onto the matrix. The reviewers map the studied
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curriculum components to this common framework and not to each other
(Webb, 2007). After categorizing the curriculum components studied, the
alignment can be quantified through the use of statistical tables using
Porter’s alignment index.

. Achieve Model (Case et al., 2004; Webb, 2007): In this model, a group of
experts reaches consensus on the degree of alignment of standards and
assessment of a certain state. This model uses five criteria: 1) content
centrality which compares the content of the test questions to the standards,
2) performance centrality which studies the correspondence between the
cognitive demand of the questions and that of their corresponding
standards, 3) challenge which tests whether a set of items reflects the
proficiency level needed by the standards, 4) balance, 5) and range- these
present evaluating the emphasis of topicsin each of the assessment and

standards (Case et a., 2004).

Severa alignment studies were based on the above mentioned models

especialy in the states where the NCLB was in act. Other alignment studies were based

on other frameworks developed to suit the curricula they are studying.

2.4.4. Studieson Curriculum Alignment

Curriculum alignment’s importance captures the attention of researchers,

curriculum devel opers, and policy makers especially when a curriculum reform is about

to occur or after areform isimplemented. Several studies amed at analyzing the

alignment of different curriculum components.
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Contino (2012) and Bhaw and Kreik (2020) studied the intended-assessed
curriculum alignment. Contino (2012) studied the alignment of the New Y ork’s Earth
Science curricula represented by the New Y ork State Learning Standards for
Mathematics, Science, and Technology and the Physical Setting/ Earth Science
Common Core and the New Y ork State Physical Setting/ Earth Science Regents Exams.
The components were categorized into matrices using performance indicators and
cognitive demands according to Bloom’s Taxonomy and compared using Porter’s
Alignment Index. Findings showed that the Core focused on under standing and
applying skills while the tests focused on applying followed by understanding and
remembering. Bhaw and Kreik (2020) anayzed the alignment between grade 12 physics
examination and the Curriculum and Assessment Policy Statement (CAPS) curriculum
in South Africa. The Surveys of Enacted Curriculum method for document analysis and
Bloom’s taxonomy was used as a classification tool, and Porter’s alignment index was
used for alignment. Results showed a digjoint alignment represented by an index of 0.76
between the curriculum and exams.

Phaeton and Stears (2017) studied the intended-implemented curriculum
alignment for the Zimbabwean A-level Biology curriculum through the lens of
interpretation of the curriculum by teachers. Results show a misalignment represented
by teachers’ misinterpretation of the implemented curriculum. They interpreted it
through examinations and didn’t engage with the curriculum to understand the
objectives of the implemented curriculum (Phaeton & Stears, 2017).

Hashmi et al. (2018) studied the alignment between the intended and potentially

implemented curriculum- textbooks- at grade eight level in Punjab using content
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anaysis. Results showed a misalignment between the learning outcomes and the
curriculum content.

Yilmaz and Sunkur (2021) and Seitz (2017) studied the alignment among the
intended, implemented, and assessed curricula. Yilmaz and Sunkur (2021) studied the
alignment of the Life Science curriculum at grade 3 level in Turkey. Twenty-nine
objective elements were sampled from the curriculum and 134 instructional activities
and 90 assessment questions were analyzed relating to those cognitive elements by two
researchers using Revised Bloom’s Taxonomy Matrix. Results showed the complete
alignment of 9 objectives, partial alignment of 17, and misalignment of 3 objectives.
Seitz (2017) studied the alignment of the three curriculum forms in grade 9 mathematics
curriculum in Canada according to content and cognitive domains. The researcher used
the program of study for the content classification, Delphi method for cognitive
classification, and classroom observation for the enacted curriculum identification.
Results showed a high alignment between the components at the component level but a

low alignment at the cognitive level.

Osta’s framework was used, as mentioned before, by Sleiman (2012) and Safa
(2013) to study the alignment of the Lebanese math curriculum foundations and the
national tests for the LH and LS tracks of grade 12. However, Osta’s framework was not
only used to study the curriculum alignment. Shehayeb (2017) used Osta’s framework in
studying the alignment of the Lebanese national exams for the General Science track of
grade 12 with the TIMSS Advanced framework in general, as well aswith itsitems
derived from the TIMSS Almanac in particular. The purpose of the study was to study

the alignment in terms of mathematics content and cognitive domains. Since all exams
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are similar in structure, Shehayeb used one sample of the national tests in the study. The
qualitative analysis of this sample was carried out according to Osta’s framework, then
Porter’s alignment index (2002) was cal culated. The results showed that the alignment
index between the national test and TIMSS framework content and cognitive domains

was greater than its alignment with TIMSS items in particular.

In short, the literature review includes four sections studying theories related to

mathematics education, curriculum, and assessment.

The first section studies the theories affecting mathematics education. It
describes how different theories, mainly Behaviorism, Cognitivism, and Social
Constructivism, still affect practices in mathematics education. It then states the
importance of mathematics education on different levels. everyday life, cognitive and
intellectual development, society, different subjects, and in facing arising daily

challenges.

The second section examines the definitions of the word “curriculum” in
literature. It includes the forms and elements of curriculum as categorized by different

scholars.

The third section includes theories on assessment. It defines assessment and
explainsits value. Types of assessment are then discussed. The section ends with high
stakes tests and how their washback effects can be positive or negative on teachers,

students, curriculum, curriculum developers, and society.

Thefina section addresses curriculum alignment. It starts with defining this

term. Then the value of curriculum alignment is discussed. Some methods of the
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intended-assessed curriculum are then described followed by the most used model s of
curriculum alignment. This section ends with presenting several studies done on the

alignment of different curriculum components.

This study is concerned with how certain theories still affect practicesin
mathematics education, the washback effects of high stakes testsin Lebanon, and the
alignment between the intended and assessed curricula. The definition of the intended
curriculum by Van Den Akker (2004, 2010) and the definition of Porter (2006) of the
assessed curriculum component are adopted. Discussion of the results will be based on
the previously mentioned ideas and on the importance of mathematics education and

curriculum alignment on al levels.
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Chapter Three

Research M ethod

In this chapter, the research method is discussed. The chapter is divided into four
main sections: (1) research paradigm, (2) design and procedures, (3) framework for

analyzing the tests, and (4), the validity and reliability controls of the study.

3.1. Research Paradigm

This study follows the post-positivist paradigm. Post-positivism balances both
the positivist and interpretive approaches (Panhwar, 2017). While the positivist
approach assumes that reality is objective and expressed in the observable statistical
regularities of facts and behaviors, thus tends to study it using purely quantitative
methods, the interpretive approach assumes reality is subjective and socially constructed
and to understand it qualitative methods are used (Wildemuth, 1993). While a positivist
approach reduces the studied reality and limits it by “controlling variables”, post-
positivism emphasizes a more complete understanding of the studied situation from
multi-dimensional perspective. It promotes the use of both, qualitative and quantitative
methods to explore different researchable facts. It values al findings as essential
components for knowledge development (Fischer, 1998). In the present study,
gualitative and quantitative methods are used to investigate the alignment of the
L ebanese math curriculum foundations and assessment. The obtained results, including
the quantitative ones, are then interpreted in light of the qualitative analysis, through

pattern finding, trends of change, literature and the context being studied, including
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socia and educational factors, in order to have arather complete understanding of the

studied issue.

3.2. Design and Procedures

Thisresearch isalongitudinal research. A longitudinal research is “a research
emphasizing the study of change and containing at minimum three repeated
observations (although more than three is better) on at |east one of the substantive
constructs of interest” (Ployhart & Vandenberg, 2010, p. 97). The change studied is the
evolution of the alignment of the grade 12 national math tests with the Lebanese
curriculum foundations over a period of nine years, aswell asin comparison to the
results of the two previous studies by Sleiman (2012) and Safa (2013), making up atotal
period of 19 years.

The method used is document content analysis. The Lebanese national math tests
at each of the LS and LH tracks are analyzed, as done by Sleiman (2012) and Safa
(2013), in terms of content and cognitive domains, compared to the Lebanese
mathematics curriculum foundations represented by its objectives, contents, and model
tests. These documents are analyzed qualitatively and quantitatively, following Osta’s

framework (2007).
The documents analyzed are as follows:

1) Thetext of the mathematics official curriculum for the secondary school
level asissued in 1997 by the MEHE and ECRD — Decree No: 10227 —

(referenced as the Main Document in Appendix A), which includes the
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2)

3)

4)

curriculum’s general and specific objectives, and the scope and sequence
delineating the distribution of contents over the years of the secondary level.
Curriculum of mathematics — Decree No: 10227 — details of contents of the
third year of each cycle, adocument issued in May 1999 by MEHE and
ECRD (referenced as ECRD (1999) under Three Details-of -Content
Documentsin Appendix A). It includes the detailed contents along with the
corresponding objectives and comments (guidelines for teaching) for the
third year of each cycle. The detailed contents of the LS and LH tracks are
considered (Appendices B and C respectively).

Evaluation Guide for Mathematics for the Secondary Cycle, a document
issued in October 2000 by the MEHE and ECRD (referenced as ECRD
(2000) in Appendix A). It consists of two units. Thefirst includes the
competencies for each year of the secondary cycle. The second includes a
set of criteriafor the content and format of the official tests (seel in
Appendix D), in addition to model tests for each of the four tracksin grade
12 and their corresponding “elements of solution and marking scheme”.
Another set of guidelines for each track was issued in 2017 (seell in
Appendix D). These sets and the model tests for the LH and LS tracks (see
samplesin Appendices E and F) are considered in this study.

The document titled “Details and Results of the Workshops Carried out by
ECRD as Part of the Curriculum Evaluation and Development Plan”

(referenced in Appendix G).
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5)

6)

7)

Five sample tests for the LH and six samples for the LS track. Three
samples for the LH track and four samples for the LS track were put to
public in 2017 and two at each track were put to public in 2019. The model
tests and the new sample tests are used as a reference that represents the
philosophy of assessment in the reformed curriculum, while the official tests
represent the practical implementation, through assessment, of that
philosophy.

The national tests at gradel? LH track. Sixteen tests administered between
2011 and 2019 are considered (not 18, for the same reason as above). These
tests include eight regular sessions (session 1) administered in June and
eight second-session tests administered in September (see samplein
Appendix H). Note that tests of the year 2014 were not put to public since
during that year, around the period of the official exams, Lebanese teachers
were on strike and the committee responsible for correcting and grading the
national tests abstained. The national examinations were then aborted and
students were given certificates of completion grade 12 with no grades
(under the decision number 781/m/2014) This explains the fact that, over
nine years, there were only 16 tests, for the two sessions, instead of 18.

The national tests at gradel? LS track. Sixteen tests administered between
2011 and 2019 are considered. These tests include eight regular sessions
(session 1) administered in June and eight second-session tests administered

in September. (see samplein Appendix 1).
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8) The documents containing the details of contents of the first and second
year of each cycle (referenced as ECRD (1998) and ECRD (1999) under
Three Details-of-Content Documents in Appendix A). These documents are
used, when needed, as additional documents since the objectives of previous
grade level(s) are implicitly assessed or included in certain questionsin the

national tests.

When analyzed quantitatively, the national tests are compared to the model tests
using the model tests’ analysis results of Sleiman (2012) and Safa (2013) for the model
testsissued in the year 2000 and using descriptive correlational statistics- Pearson

Product-Moment coefficient.

In the quantitative analysis, data are analyzed as follows:

1. The official national math tests for each track are analyzed and compared to
the model tests quantitatively, in terms of their test items’ percentages under
the content and cognitive domains and using correlational statistics of these
percentages.

2. Theresults of analysis of the national math tests for each track over the years
2011 to 2013, 2015 to 2016, 2017 to 2018, and 2019 are compiled and
compared to the model tests and to each other, in order to check the evolution
of the alignment of the tests under the reformed curriculum.

3. The session-1 official exams of the years 2011-2019 are analyzed and

compared to those of session-2 in order to check their compatibility.

3.3. Framework for Analyzing Math Tests
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The methodological framework used by Sleiman (2012) and Safa (2013), based
on the framework developed by Osta (2007), is used in this study to investigate the
alignment at grade 12 LS and LH tracks. Osta (2007) developed a mixed-method
framework with both, qualitative and quantitative analyses of the tests. Analysis
techniques are crafted to address the complexity of math tests that are not multiple-
choice or True-False questions. Two categories of tests are analyzed: 1) the model tests

provided as part of the curriculum documentation, and 2) the national math tests.

The quantitative analysis used two-entry analysis tables for anayzing the tests.
The two entries are: content domains and cognitive domains of the test items. To each
test corresponds atable where the test items are mapped. Each cell in atable includes
the number of test items addressing the content domain and the cognitive domain whose
intersection is that cell. The mapping techniques within this framework are explained in

more detailsin section 3.3.3.2.

Osta (2007) mapped the test items of each test under these two categories
according to their respective math content within the curriculum, and their cognitive
level, using the National Assessment of Educational Progress (NAEP) mathematical
abilities which are: Procedural Knowledge, Conceptual Understanding, and Problem
Solving. The statistical tables were then used to find the Pearson correlation between the

items of the two categories of tests.

Both Sleiman (2012) and Safa (2013) adopted this framework using the same
technique of classifying the questions of each test (model test and national tests) within
atwo-entry statistical table (one entry being the math content strands and the other

being the cognitive domain). However, both considered the cognitive domains:
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knowing, applying, and reasoning of TIMSS Advanced 2008 instead of relating to the
NAEP mathematical abilities. The reasons behind using TIMSS cognitive domains

according to Safa (2013, p. 25) are two:

“The first reason is that the TIMSS cognitive domains represent well the philosophy
of the Lebanese reformed math curriculum delineated in the Introduction and generd
objectives and based on: critical thinking, use of math in everyday life, long life
learning, and students constructing their own knowledge. The second reason is that
Lebanon is one of the countries participating in TIM SS assessment, and adopting the
TIMSS cognitive domains would shed light on the extent to which the nationa

exams take into consideration the preparation of Lebanese students for TIMSS.”
Osta’s framework detailed in this section is adopted in analyzing the grade-12
tests and their alignment with the curriculum foundations in the present study. However,
TIMSS Advanced 2015 Framework (Appendix J) will be used for mapping the test

items to the cognitive domains.

3.3.1. Definition of Test Item

Sleiman (2012) and Safa (2013) adopted the definition of the “test item™ in
Osta’s (2007) methodol ogical framework. This definition is also adopted in the present

study. It states:

We define a “test item” as being any part of the test that requires a response from the
student which entitles him/her to a part of the grade. A test item may take one of the
two following forms:

- A question that requires an answer. For example, “What is the nature of triangle
ABC?”

- An imperative sentence, such as “Calculate the coordinates of point 1.”
In the case of many components required in one sentence, it is considered to stand for
more than one test item. For example, “Plot the points A, B, C, and the straight line
(D)” is counted for four items, because it stands for “Plot point A, plot point B, plot
point C, and plot straight line (D).” (Osta, 2007, pp. 185-186)
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This definition sets the basis of the simple statistics carried out and enables a

clearer and more reliable classification of the test items.

3.3.2. Qualitative Analysis

The content of the grade-12 national math tests at each track are qualitatively
analyzed based on Osta’s framework followed. They are described in terms of their
structure and content, through detecting patterns, similarities, differences and content

covered.

Thetest itemsin the national tests of the LS track are classified according to the
organizing content domains and topics under each domain in the curriculum documents.
Similarly, the test itemsin the national tests of the LH track are classified according to

the content domains and topics under each domain.

Then, description of the test items occurrence in the said topics under each track

follows.

3.3.3. Quantitative Analysis

Statistical tables are used to analyze quantitatively the test items of the model
and national tests. Test items are classified in these tables according to their
corresponding curriculum contents and the cognitive domains, as classified by TIMSS,
that they aim to assess. In order to systematically process the considerable amount of
data, acoding system is used - the same coding system adopted by Sleiman (2012) and
Safa (2013) following the coding criteriain the methodological framework by Osta

(2007).

3.3.3.1. Coding
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The official testsfor the LS track are coded as LS131, LS132, LS151, LS152,
and so on. The letters specify the track of these test. Then the year of administering the
test and the number of session are represented by the first two numbers and last number
respectively. For example, LS131 means the national test administered for the LS track
in the year 2013 being the first session. The model tests are coded as LSM1, LSM2, and
so on. The letters LS represent the track, the letter M refers to model, and the number
represents the number of the model test. For the LS track 10 model tests exist. The
model tests LSM1, LSM2, LSM 3, and L SM4 were issued with the curriculum reform in
the year 2000, the model tests LSM5, LSM6, LSM7 and LSM8 were issued in the
academic year 2016-2017, and the model tests LSM9 and LSM 10 were issued in the

academic year 2018-2019.

Similar coding will be used for the national tests of the LH track. The coding
will be LH111, LH112, LH121, LH122, and so on The letters specify the track of these
test. Then the year of administering the test and the number of session are represented
by the first two numbers and last number respectively. For example, LH152 means the
national test administered for the LH track in the year 2015 being the second session.
The model tests are coded as LHM 1, LHM2, and so on. The letters LH represent the
track, the letter M refers to model, and the number represent the number of the model
test. For the LS track 10 model tests exist. The model tests LHM1, LHM2, LHM3, and
LHM4 were issued with the curriculum reform in the year 2000, the model tests LHMS5,
LHM®6, and LHM7 were issued in the academic year 2016-2017, and the model tests

LHM8 and LHM9 wereissued in the academic year 2018-2019.
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The analysis tables of the model tests constructed by Sleiman (2012) for the LH
track and Safa (2013) for the LS track are taken as they are for later comparison and

correlation with the new tests over the years considered in this study.

This study adopts the same coding system of the details of contents of the
national curricula of the LS and LH tracks as done by Safa (2013) and Sleiman (2012)
respectively. In developing the coding systems of their studies, Safaand Sleiman
adopted the coding system of the tracks LS and LH respectively, provided in the
“Details of contents™ curriculum document of the third year of every cycle (ECRD,
1999). The sub-objectives are coded using the Roman numbering i, ii, iii, etc.
Appendices B and C represent the coding of the curriculum details of contents of the LS

and LH grade-12 tracks respectively.

Since the math contents of the three secondary years are included to be assessed
in the national exams at the end of the Grade 12 L S track, the items that are addressed in
the national tests, associated with Grades 10 or 11 curriculum contents, are also coded
(A, B... TT). In addition, they are classified per topics. Similar coding is made for the
tests of the LH track. Appendix K represents the grade-10 and 11 objectives from each

track.

3.3.3.2. Mapping of Test Items

Osta’s (2007) technique in mapping the test items is adopted in this study.

Table 3 shows how the quantitative analysis will be carried out in terms of the
corresponding curriculum content domains, as well as cognitive domains that they

measure. Each test item will have a code under the “curriculum objectives” column and

49



will be classified according to the cognitive domain(s) it measures. Each test item is
assigned onetally (the number +1) in the relevant cell. If atest item addresses more than
one content domain and/or more than cognitive domain, thus should be mapped in more
than one cell, afraction is assigned to each relevant cell, so that the fractions in those
cellsadd up to 1. Therefore, the sum of the results of the cognitive domains must be
equal to the total number of the test items. “The numerical point for each test itemis

split over the objectives and cognitive domains. That is,

1. If atest item covers two objectives x and y such that x corresponds to knowing and
y corresponds to applying, then %2 is assigned to the cell representing x-knowing

and another Y2 is assigned to the cell representing y-applying.

2. If atest item can be solved in two methods, then half apoint is assigned to each
method. For example, if the first method covers objective x that corresponds to
knowing and applying, and the second method requires objective y that corresponds
to knowing, then ¥ for x-knowing, ¥4 for x-applying, and %2 for y-knowing”

(Sleiman, 2012).

Table 3: Sample Quantitative Analysis for the Official national Exam

] Mathematics Math Officid
Curriculum of

) Framework - TIMSS | Exam - Grade 12 -
Mathematics - Decree

Advanced 2015 - LS Section - Year
No 10227 - Date: 08

. Cognitive Domains - Session
May 1997 Details of
Contents / Objectives of > > o
s | 5| §
Grade 12 - LS section 2 2 % Test ltems
A < X
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1.2.11
1.2.1.1.
1.2.1.2

Total

The resultant tables are 16 for each track in addition to the model tests’ tables.

The tables are summed in tables as follows:

1. Thesum of model testsin each track used by Sleiman (2012) and Safa
(2013) named as Mod in each track is used in the analysis. The sum of
model tests under the LS track will be named ModL S and the sum of model
tests under the LH track will be named Mod LH.

2. Thetables of the model testsissued in the years 2017 and 2019 in the LH
track are added in tables named ModLH5-7 (of the year 2017) and
ModLH8-9 (of the year 2019). Similarly, the tables of the model tests issued
in the years 2017 and 2019 in the LS track are added in tables named
ModL S5-8 (of the year 2017) and ModL S9-10 (of the year 2019).

3. Thetablesof al the model tests under each track are added in tables named
AllModLH and AlIModLS.

4. Thetablesfor the official exams of LH track are added in one table to be

named OffExLH.
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5. Thetablesfor the official exams of LS track are added in one table to be
named OffEXLS.

6. Thetablesfor the official LH exams of the years 2011-2013 are added in
onetable OffExLH11-13, of the years 2015-2016 are added in one table
OffExXLH15-16, of the years 2017-2018 are added in one table OffEXLH17-
18, and of the year 2019 are added in one table OffEXLH19.

7. Thetablesfor the official LS exams of the years 2011-2013 are added in
one table to be named OffExLS11-13, of the years 2015-2016 are added in
one table to be OffExL S15-16, of the years 2017-2018 are added in one
table OffEXLS17-18, and of the year 2019 are added in one table
OffEXLS19..

8. Thetablesfor the official LH exams of the session-1 are added in two
tables named OffExLH11 (for tests of the years 2011-2016), OffEXLH12
(for tests of years 2017 to 2018), and table of LH191 is kept separate. The
tables for the official exams of the session-2 are added similarly in tables
named OffExLH21, OffExLH22, and LH192. The reason isthat the
comparison of each chuck with its corresponding model test is more valid
and reasonable.

9. Thetablesfor the official LS exams of the sessions 1 and 2 are added
similarly under tables OffExLS11, OffExLS12, LS191, OffExLS21,

OffExLS22, and LS192.

3.3.3.2. Correlations

Using Pearson Correlation, the obtained tables are compared as follows:
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1. Tables AlIMod and OffEx under each track are compared in order to
analyze quantitatively the alignment between the official exams and the
model tests.

2. Each of the tables OffExXLH11-13 and OffEXLH15-16 is compared to
table Mod of LH track, while the table OffExXLH17-18 is compared to
the table ModLH5-7 and the table OffEXLH19. Moreover, the tables
OffExLH11-13, OffEXLH15-16, OffEXLH17-18, and OffEXLH19 are
compared to each other using correlation in order to quantitatively
determine the compatibility between the official exams of the years
2011-2013, 2015-2016, 2017-2018, and 2019.

3. Each of the tables Off ExXLH11 and OffEXLH21 is compared to table
Mod using correlation. Each of OffExLH12 and OffEXLH22 is
compared to table ModLH5-7 using correlation, and Each of LH191 and
LH192 is compared to ModLH8-9. The obtained correlations are
compared in order to determine quantitatively if there are differences
among the official examsin the first and second sessions. Moreover,
each of the tables OffExLH11 and OffExLH21, the tables Off EXLH12
and OffExLH22, and the tables LH191 and LH192 are compared to
each other using correlation in order to quantitatively determine the
compatibility between the official examsin the first and second
sessions.

4. Similar comparisonsin 2 and 3 will be carried out on the LS track

exams.
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3.3.4. Validity and Reliability of the Analysis

The validation of the analysis of the LS and LH grade-12 tests in mapping the
test itemsin the most objective way possible isinsured by having the same items
mapped by another researcher/rater. A specialist in mathematics, especially in grade 12
level, was asked to map the test items classified in the tables above, regarding the
TIMSS Advanced 2015 cognitive domains that they assess. Porter et al. (2008)
emphasize the importance of the rater's background when establishing inter-rater
reliability.

The specialist was asked to perform the same coding of a sample of the national
tests after discussing the mapping techniques and being training on them for some
guestions. The inter-rater reliability using Cohen’s Kappa Reliability Index (1960) is
then calculated for a sample of 2 tests. The agreement was k=0.77. The results and
difference in mapping was then resolved. For the differences that appeared in the
classification of test items, the researcher and the math specialist discussed the
classification and agreed on a unified way of analysis and unified criteriafor
classification of the test items. When a unified analysis could not be reached, they
considered the average of the results reached for the corresponding test item. After
discussion, the researchers continued mapping the remaining test items, and the inter-
rater reliability of another 2 samples was then calculated, and a stronger agreement was

obtained k=0.88.
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Chapter Four

Findings

This chapter includes four parts: 1) the qualitative analysis of the Lebanese
mathematics curriculum foundations - through analyzing the introduction and general
objectives of the main curriculum document (ECRD, 1997a) and the Evaluation Guide
(ECRD, 2000), 2) the analysis of the document “Details and Results of the Workshops
Carried out by ECRD as Part of the Curriculum Evaluation and Development Plan”
(referenced in Appendix G), 3) the analysis of the LH track model and national tests
(sample model and national tests quantitative analyses are referenced in appendices L
and M respectively) , and 4) the analysis of the LS track model and national tests
(sample model and national tests quantitative analyses are referenced in appendices N

and O respectively).
4.1. Analysis of the Math Curriculum’s Introduction, General

Objectives, and The Evaluation Guide

The introduction and general objectives of the Lebanese mathematics curriculum
isissued under the Curriculum Document (ECRD, 1997a), referenced as “Main
Document” in Appendix A. The Evaluation Guide (ECRD, 2000), referenced in
Appendix D) includes a section in Arabic language titled: Genera principles about the
guidelines and the way of developing the official exam questions in mathematics for the
genera secondary school certificate (see Appendix D). This section is analyzed in the

study.
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4.1.1. Introduction

The introduction of the 1997 reformed math curriculum highlights the
importance of mathematics on all levels (the level of the individual, society, and the
World). It states that mathematics plays an important role in changing and developing
societies, understanding the whole world, and developing logical, critical, and creative
thinking skills. Mathematics helps in modeling precisely and quantitatively the
description of reality. The introduction describes how the spirit and teaching of
mathematics are reformed through three axes. (a) Formulation of objectives, which
stresses the individual construction of knowledge. Students construct their knowledge
through mental activities by having the opportunity to be immersed in rea -life situations
where inquiry is the starting point. Devel oping communication through mathematics as
reading and interpreting mathematical texts, writing proofs, and explaining situations,
graphs and tables are essential objectivesin the reformed curriculum; (b) Remodeling
Contents, which stresses the importance of eliminating the theoretical overuse and
emphasizing the practicality of the topics given and introducing the use of calculator and
computer technologies to raise generations capable of facing socio-economic
challenges; and (c) Method of Teaching, which recommends starting from real life-
situations, showing that math is not separated from everyday life and ensuring the
accessibility of mathematics learning by all. These changes constitute an important shift

in the mathematics curriculum on al levels.

4.1.2. General Objectives

The genera objectives of the math curriculum are: (a) Mathematical Reasoning

through training students to construct and evaluate arguments, doubt, abstract,
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synthesize, etc.; (b) Solving Mathematical Problems by using different mathematical
strategies in addition to reading and interpreting real life situations; (c) Relating
Mathematics to the Surrounding Reality by developing research skills, practicing
scientific approaches, and understanding and valuing the role of mathematicsin

“technological, economic and cultural development”; (d) Communicating

Mathematically orally and in writing in avariety of contexts; and (€) Valuing
Mathematics by allowing students to experience the beauty and harmony of

mathematical theories.

4.1.3. Evaluation Guide

The section under the Evaluation Guide, which includes the principles of
devel oping mathematics questions in the secondary official examination (see Part |
Appendix D), contains the bases for the test items’ selection in terms of content and
format. These criteriaare for al grade 12 tracks. In terms of content, this section
emphasizes following the philosophy of the curriculum and its general and specific
objectives, having a balance in the three cognitive domains (knowledge, application, and
reasoning), choosing competencies from different domains and including questions that
integrate different competencies covering different curriculum topics, not following the
same type of exams throughout the years by continuously including and excluding same
topics and questions, and including different forms of questions such as open-ended
guestions, multiple choice questions, questions based on graphs, data, text, etc. A new
guidelines document was published in 2017 containing similar guidelines (see Part |1
Appendix D). However, the new document adds one guideline which states that

guestions should not be limited to grade 12 content but should also include contents
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from grades 10 and 11. These guidelines are well aligned with the introduction and

general objectives of the reformed curriculum.

4.2. Analysis of the Document “Details and Results of the Workshops
Carried out by ECRD as Part of the Curriculum Evaluation and

Development Plan”

A series of workshops was carried out by ECRD after the implementation of the
reformed curriculum to reflect on it, evaluate it and recommend ways for improving it.
Appendix G, represents the proceedings (minutes) of one of these workshops, which is
dedicated to the mathematics subject at the secondary level. Representatives of different
educational institutions, such as the Lebanese University, University of Kadlik,
Secondary School for Girls Saida, Teacher’s Association, Union of Orthodox Schools,
and other schools, attended these workshops and discussions were made with the
coordinator of these workshops. The following points are the main points related to the
third year of secondary education discussed during the workshop, which took place in
the year 2003 and which pinned out the existence of many problems at the curriculum’s
level.

The reformed curriculum was designed first without planning for evaluation. It
was built based on behavioral objectives. General objectives were inspired from
standards that prevailed at that time worldwide, then specific secondary objectives,
content, and textbooks were established. A great confusion regarding what should be
tested occurred when planning for evaluation started. Therefore, the concept of
competence was adopted by ECRD and work started toward reforming the curriculum to

align with the newly- adopted concept.
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Different things were debatable during the workshops. Among these is the
reason and importance behind mathematics education. Another is the source of
problems, being the curriculum, insufficiency of teachers’ guides, or students’ low
abilities. Thislead to another debate on the role of the curriculum’s developers and
excluding from it proposing teachers’ methods. Another debatable issue was whether to
keep certain topics or remove them from the curriculum such as “propositional
calculus”, which is very important for students finishing the LH track and majoring in
philosophy at the university level.

Problems related to content were among the discussed issues. Topics such as
statistics were newly introduced to the secondary education causing great problems as
they were aso new to teachers, while others were included based on the request of other
curriculum’s developers (such as physics). Moreover, topics were weighed by
specialists and teachers with great experience but from specific schools and
backgrounds different from the general average norm of the country, and this showed
that the time allocated to these topics was not sufficient in reality.

In short, these minutes reflect the major problems and gaps that may help in
understanding the situation of assessment under the 1997 curriculum, and show
indicators of an awareness by the educational community of the existence of problems
in general, which need to be specified and characterized in more specific ways that

would guide a new reform. Here exists the importance of this study.
4.3. Analysis of theLH Modd and National Tests

This section includes the analysis of the LH model tests and national tests.

4.3.1. LH Track Content
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The process objectives of the LH track of the secondary cycle are: mathematical
reasoning, problem solving, and communication, while the content domain objectives
are: spacial, numerical and algebraic, calculus, and statistics & probability. The contents
of these domains are distributed over the three years of the secondary cycle but not

necessarily all included in each.

Mathematicsis assigned two sessions per week for the LH track of grade 12.
These constitute 60 sessions per academic year. The content domains of this grade level
and their corresponding topics and allotted time are shown in Table 4. Appendix C

presents the details of the math contents of the LH track.
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Table 4: The Math Topicsin the LH Track of the Third Secondary Year

Code Math Topics Allqcated
Time

1 ALGEERA 20 hours

1.1 Foundations 10 hours

1.1.1. — Binary operations

1.1.2. — Structure of group

1.1.3. — Prepositional calculus

1.2. Equations & Inequalities 10 hours

— Situations- problems leading to the solutions of equations and

1.2.1. inequalities

2 CALCULUS (NUMERICAL FUNCTIONS) 25 hours

2.1. Definitions & Representations 15 hours

2.1.1. — Simple rational functions

2.1.2. — Graphical interpretation

2.1.3. — Exponential growth and exponential function

2.2, Mathematical Models for Economiecs and Social Sciences 10 hours

2.2.1. — Simple interest, compound interest

3 STATISTICS AND PROBABILITY 15 hours

3.1 Statistics 10 hours

3.1.1. —Measures of central tendency and measures of variability of a

distribution of one {continuous or discrete) variable
3.2, Probability 5 hours
3.2.1. —Conditional probability: definition, independence of two events

These topics were reduced by a decision taken by MEHE and ECRD and after
establishing the curriculum and issuing the books, because it was found during
implementation that they were too heavy to be covered in the allocated time. The
omitted topics include binary operations and group structure under the content domain
Algebra. They also include exponential growth and exponential function under the
content domain Calculus. The topic propositional calculus which is also under Algebra

was added to these omitted topics in the academic year 2016-2017.

4.3.2. Qualitative Analysis of the Model Tests
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Nine model tests for the LH track were issued throughout the years. Four model
tests (LHM1, LHM2, LHM3, and LHM4) were issued in the year 2000 with the
curriculum documents of the 1997 reformed curriculum in the evaluation guide
(referenced in Appendix D). Three model tests (LHM5, LHM®6, and LHM7) were issued
in the year 2017, and two model tests (LHM8 and LHM9) were issued in the year 2019.
In this part of the qualitative analysis, the change that happened in the model tests from
the date the first model tests were issued to the year 2017 and then 2019 is analyzed.
This gives insight about the developers’ point of view of the importance of the

curriculum’s different topics.

The Evaluation Guide (referenced in Appendix D) contains the model tests
issued in 2000 (Appendix E presents a sample model test: LHM2). The following

analysis is extracted from Sleiman’s (2012) analysis of the model tests.

The model test LHM4 is made up of two problems. Oneis a problem on
statistics and the second is a problem on exponential growth and function, atopic
included in the omitted topics. Therefore, it will not be included in this study as it
doesn’t totally represent the taught curriculum at this track (Sleiman, 2012) and might

affect the results.

Table 1 in Appendix P displays the math topics covered by the model tests as
well asthe official tests studied in this research. Each of LHM1 and LHM2 is made up
of three problems. Each problem is based on one of the three content domains of this
track. On the other hand, LHM 3 consists of two problems covering Algebra and
Calculus only. Thus, LHM3 doesn’t cover a considerable part of the curriculum
(Sleiman, 2012).
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Moreover, Table 1 in Appendix P shows that the topic definitions and
representations occurs in each of the three model tests where the givenisagraph of a
rational functionin LHM1 and LHM2, while being the algebraic expression of the
rational functionin LHM3. A problem on equations/ inequalitiesis also found in the
three model tests as problem on equationsin LHM2 and LHM3 and as problem on
inequality in LHM1. A problem on probability constitutes the third problem in LHM 1
and LHM2. A problem on propositional calculus constitutes the third problem in
LHMS3. The topics statistics and simple and compound interest are not included in the

mentioned model tests.

On the other hand, model tests issued in the year 2017 and the model tests issued
in the year 2019 are all three-problem tests (refer to Table 1 in Appendix P). All these
tests have a problem on definitions and representations and a problem on probability.
The problems on definitions and representations are of different forms. In the model
tests LHM5, LHM6, and LHM7, the given in definitions and representations is the
function’s table of variation, graph, and algebraic expression of the function
respectively. In the model tests LHM8 and LHM9 the given is the algebraic expression
and graph respectively. The first four model tests have each a part of a problem on
statistics which is limited to completing the frequency table, which is part of the content
in the previous secondary years. Four model tests LHM5, LHM6, LHMS8, and LHM9
have each a problem on equations. The fifth test has a part of the definitions and
representations problem tackling the solving-an-equation topic. Asfor the topic
inequalities, it does not occur in any of these fivetests. Test LHM?7 isthe only among

these five model tests that includes a problem on compound interest. The topic
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propositional calculusis not included in any of these tests since it is among the

suspended |essons starting from the year 2016.

Table 2 in Appendix P displays the grade points allocated to the math topicsin
the model and official tests for the LH track. In the model tests LHM1 and LHM3, the
highest grade point is assigned to the topic equalities/ inequalitiesin LHM1 and LHM3.
In LHMZ2, the highest grade point is assigned to definitions and representations. On the
other hand, in LHM1 and LHM2, the topic probability is assigned the lowest grade. The
topics propositional calculus and functions have same grade distribution in LHM 3. On
the other hand, the grade distribution in the model testsissued in 2017 and 2019 isthe
sameto al. The definitions and representations problem has the highest grade point

(20). The remaining two problems have 5 grade points each.

Looking at the length of each model te<t, it is clear how the model tests issued
with the curriculum documents differ from the model tests issued in the years 2017 and
2019. The model tests LHM1, LHM2, and LHM 3 have atota of 49 test items making
an average of about 16 test item per test, while the model tests LHM5, LHM®6, and
LHM7 have atota of 90 test items making an average of about 30 test items per test,
and the model tests LHM8 and LHM9 have atotal of 66 test items making an average of

about 33 test items per test.

The qualitative analysis of the model tests shows that the developers’ view
regarding the importance of certain topics has changed over time. The topic
propositional calculus and inequalities under the topic equalities and inequalities,
which appear in the model tests before 2017, are considered unimportant over time;

therefore, the first was omitted in the year 2017, while the second was never addressed
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in any of the model testsissued in the years 2017 and 2019. On the other hand, the topic
simple and compound interest which was never addressed in the model tests before
2017, was regarded as important in the model tests of the year 2017, but then it was
neglected in the model tests of the years 2019. The topic statistics was also considered
important again, so it was tackled in the model tests of the years 2017 and 2019 but at a
basic level. Moreover, the Algebra content domain which is represented by the topic
equalities and inequalities does not seem to have a considerable importance since it can
be replaced by the topic simple and compound interest which is under Calculus content

domain.

The change in the model testsisinvestigated further in terms of content and
cognitive domains in the Qualitative Analysis of the LH Model and National Tests” Test

Items.

4.3.3. Qualitative Analysis of the National LH Math Tests

The sixteen national math tests (sessions 1 and 2) of the years 2011 to 2019 for
the LH track are analyzed in this section. The official tests of year 2014 were not put in
public since Lebanese teachers were on strike, and the committee responsible for
correcting and grading the national tests abstained. Appendix H presents a sample

national test-LH182 which is the national test of the 2" session of the year 2018).

Table 1 in Appendix P displays the math topics covered by the national tests of
the years starting from 2011 till 2019. Each officia test consists of three problems
covering the three content domains except for the official tests LH112 and LH122 which

do not cover the domain Algebra.
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According to table 1, al national tests include problems on the topic definitions
and representations. The topic probability is also included in every national test, while
the topic propositional calculus has no problemsin any national test. The topic
equations has test itemsin the national tests of every year, except for the official tests
LH112 and LH122. No questions on inequalities are included in the official tests.
Compound interest problems are just included in the official tests LH112 and LH122
instead of the equation problems. The official test LH192 includes a problem combining
both equations and compound interest topics. The official tests LH111, LH112, LH131,
LH152, LH162, LH172, and LH191 have, each, a problem combining both statistics
and probability. However, the occurrence of the statistic topic hereisjust limited for

basic knowledge on statistics taken in previous years.

In short, the topics propositional calculus, inequalities under the topic equations
and inequalities, and statistics are never addressed although the number of sessions
allocated to them according to the syllabusis not little, that is 10, afraction of 10, and
10 hours respectively. Moreover, the topic simple and compound interest is addressed in
only three out of 16 official tests although it also constitutes a good portion of the topics
in the syllabus having allocated time of ten hours. These topics form around 50 to 60%

of the topics but are rarely or never addressed.

Table 2 in Appendix P displays the grade points allocated to the math topicsin
the national tests for the LH track. The grades all ocated the three content domainsis
constant in al the official tests. Algebra and Satistics and Probability domains are
alocated 5 points each out of atotal of 20. The highest grade points (half the total

grade: 10 points) are assigned to the problem on definitions and representations in each
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official test. The official tests LH121, LH131, LH151, LH181, LH182, LH191, and
LH192 include atest item on equations (1.2 — Equations & Inequalities) in the problem
of definitions and representations which caused the difference in the distribution in
Table 2. Similarly, official test LH162 has atest item on eguations in the problem on
probability and the officia test LH192 has atest item on compound interest in the

problem on equations.

The qualitative analysis of the national math tests shows that the scal e of
importance given by the curriculum to most of the topics, as reflected by the content and
number of hours allocated to each, differ from the scale of importance shown in the tests
to these topics, as reflected by the test items occurrence and grade distribution. While
the topic definitions and representations has an equal number of alocated hours as the
domain statistics and probability, the first is assigned doubl e the grade points assigned
to the latter and a greater number of test items. On the other hand, the topic simple and
compound interest rarely occurs in the national tests, unlike the topic
equations/inequalities which is allocated the same number of hours and occurs in almost
every national test, and the topic probability which is allocated half the number of hours

and occursin al national tests.

4.3.4. Qualitative Analysisof the LH Model and National Tests’ Test

[tems

This section aims at analyzing qualitatively and comparing the model and
national tests to check whether the 2017 issued model tests have reflected more the
previous national tests or have impacted the subsequent national tests, and how. The test

items of the model tests and national tests are studied. The analysisis based on the
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topics covered. Out of the six topics constituting the math curriculum at this track, the

topics propositional calculus and inequalities occur only in the model tests.

Propositional Calculus (Under Algebra Domain)

Table 3 in Appendix P displays the occurrences of test items on the topic
propositional calculus as well as the tests in which they appear. No test items under this
topic areincluded in any of the national tests studied while they occur in one of the
model tests. Thus, no alignment exits between the national tests and the model tests this
topic until the year 2017, when this topic was added to the suspended topics under the
LH track. Thisreflects that the curriculum, in this case, is modified to be based on

assessment rather than modifying assessment to be aligned with the curriculum content.

Equations & Inequalities (Under Algebra Domain)

Table 4 in Appendix P displays the occurrences of test items on this topic as well
as the tests in which they appear. The test items require implicitly three steps:
identifying the unknown, translating problems which are given in word form into
equations or inequalities, and solving the system. The cognitive abilities required for

these steps are: knowing, reasoning, and knowing-and-applying respectively.

The following is a problem on equations from the model test LHM2.

The average monthly income of etther an employee or a technician in a firm 1s
600,000 LP.
If we raize the wage of the emplovee by 10% and we reduce that of the technician

by 10%, the average income becomes 590,000 LP.

What 1s the monthly income of each of them?
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Figure 1. Sample Problem 1 on Equations from the Model Test LHM2

The following is a problem on equations from the model test LHM5.

A Shop sells phone books. At the beginning of the season, the prices of a phone and an IPAD
together 1s 1 800 000 LL. At the end of the season, after a 30% decrease in the price of the phone
and 25% increase in the price of the IPAD, the prices together become 1 920 000 LL.

1) Find the price of the phone and the price of the IPAD at the begmning of the season.

2) Find the price of the phone and the price of the IPAD at the end of the season.

3) Samir wants to buy 5 phones and 2 [PADs. Is 1t profitable for him to buy them at the

beginning or at the end of the season? Justify your answer.

Figure 2: Sample Problem 2 on Equations from the Model Test LHM2

The model testsissued in 2017 and 2019 that include problems on equations
have a close structure but different real life example, and some require higher cognitive

skills than the questions of the model tests that were issued in the year 2000.

The following is a sample problem on equations retrieved from the national test

LH162.

2x +y = 80
1.7x 4+ 2.7y = 105
2. The price of two shirts and one belt 15 80 thousand L.L.
After a discount of 15% on the price of one shirt and a discount of 10% on the price
of a belt, the price of two shirts and three belts becomes 105 thousand L.L.
a. show that this text 1s modeled by the system given i the first question.
b. Find the original price of one shirt and the original price of a belt.
c. Nadim bought four shirts and three belts after the discount. How much did he

pay?

1. Solve the following system: {
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Figure 3: Sample Problem 3 on Equations from Session-2 National Test of the Year

2016

All the national tests that include a problem on equations include some test items
on systems of equations asin test items 1, 2a, and 2b and some test items that require
forming and solving an equation with one unknown or some calculations to find the
price of several items after adiscount asin part 2c in the above problem. The second
part of test items also requires translating the situation into an equation and then
solving or doing the calculation, and this aso requires the same cognitive abilities
required by the steps on the system of equations part. The part on system of equations
differsin structure among the tests. In some tests, the system of equationsis given, then
adituation is given and students are required to show that it models the previously
given system. In other tests, the situation is directly given and students have to translate
it to asystem and solve. In both structures, the same abilities are required and the same

objectives are assessed.

Thetest items on equations in the model tests of the years 2017 and 2019 and all
the national tests are more variant in structure, situations, and number than the previous
model tests. The problemsin both the model and national tests have real life contexts.
We conclude that the model tests and the national tests partialy align and match under

equations before the year 2017 and are well aligned after the year 2017.

Inequalities, on the other hand, does not appear in the national teststo be

compared to test items corresponding to it in the model tests issued in the year 2000.
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Thus, the national tests are not aligned with the model tests under inequalities before the

year 2017.

In fact, this reflects how the model tests are changing based on assessment and to

align more with the curriculum contents and objectives.
Definitions and representations (Under Calculus Domain)

Table 5 in Appendix P displays the test items on definitions and representations
and the testsin which they appear. Thistopic isincluded in all national exams being
assigned half the test’s grade points which makes it considered as a very important
topic. The cognitive domains required by the test items under this topic vary between:

knowing, applying or both, and sometimes reasoning.

The following is a sample problem on definitions and representations retrieved

from the model test LHM3. This example is made up of two questions.

Let f be a function defined on ]0,o0[ by f(x) =x— 1+ i . We call (C) its

representative curve in an orthonormal system (0,1,) (1 unit =1 cm).
1) Prove that the lines x = 0 and v = x — 1 are asymptotes of (C).
2) Study the vaniations of f and sketch (C).

Figure 4. Sample Problem 1 on Definitions and Representations from the Model Tests

LHM3

These questions require: finding the limits to answer the first part, finding the
derivative, solving f’(x) = 0, (d) studying the variation, and sketching the graph to

answer the second part (Sleiman, 2012).
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The following is sample problem on definitions and representations topics

retrieved from the model tests LHMS.

4

Let f be the function defined over R as f{x)= ———-
% +2x+2
Denote by () its representative curve in an orthonormal system (0,1, ).

1- a) Determine lim f(x) and lim f(x).

P

Deduce that (C) has an asymptote.
b) Forall x in B prove that () is above its asymptote.

c) Determine the coordinates of 4 and B, the meeting points of (C) and the line with

equationy = 2Z:{x, <0}

]
f]

=Hx+l) —, then set up the table of vanations of f.

a) Show that f'(x)= ————
{x" +2x+2)

b} Calculate f(—3) and f(1). then draw (C) .

3- 5 is the vertex of (7).
a) Prove that (54) is tangent to () at A.
b) Solve graphically f(x) < 2.
c) Write an equation of (T, the tangent at B to (C).
Verify that (T) is passing through §.

4- Let g be the function defined as g(x) = ax + ;HTi (") is the representative curve of g in the

same system as that of ().
Calculate o and b so that {C") is tangent at B 1o (C).

5- In what follows, leta = —4 and b = —2.
a) Determine the domain of definition of g.

b) Determine the asymptotes for (C).

Figure 5. Sample Problem 2 on Definitions and Representations from the Model Tests

LHM8

The model testsissued in 2017 and 2019 have similar structure, length, and a

wide variety of test items under this topic. There are big differences between sample
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problems 1 and 2 in terms of specific objectives covered as well as the cognitive
domains required. Sample problem 2 is more comprehensive of the topic than sample

problem 1.

Questions under the Definitions and representations topic in the national tests
are extended in some parts in a somehow guided way where each test item asks about a
step in the solution. For example, instead of being asked to prove an asymptote, students
are asked to find the limits then find the asymptote. The following is a sample problem
on definitions and representations retrieved from the national test LH182. It also starts
with the algebraic form of arational function asin sample problem 2 but has several

specific, step-by-step questions.

3
" and et (C) be s representative

. : 2 ; X
Let 1 be the function defined on the iterval | = |—|:+1’.{ as fix) =

curve m an orthonormal sysbem |:I']-;r.._i'|

1} Show that fix)=x-1+ il
NE

2) o Determsine Lim () and deduce an equation of an asymplote (o (C)

b, Determime hmfi <)

. Prove that thie bme (d) wiath equabion ¥ =% = | % an asympiote to (T,
[m—1){x+3)
(x+1)

b, Copy nmad i:-nm'plcrr.: the 1n1i:1w:ng mhle of vanatiens of T,

3) a Yerify tbat [x}) =

|- | tos

iy 0

fix)

431 a. Codculate the coordmates of the points of mtersection of () and the hne with eapualion ¥ = 3
b. Find an squation of the tangent 1o (C) at s point with abscissa (.
. Daw the curve [C) amd its two asymploles.

51 Solve graphically: 2 < fi{x) < 1.

73



Figure 6: Sample Problem 3 on Definitions and Representations from the National Test

LH182

From samples 1 and 3, we conclude that the test items under the topic definitions
and representations in both the model tests issued in the year 2000 and national tests
have in some parts similar content but different structure. However, the questions in the
national tests are more elaborated and varied. From samples 2 and 3, it is noticed that
the questions under the definitions and representations problem in the national tests are
similar, under this topic, to the model testsissued in 2017 and 2019. However, the
model testsissued in 2017 and 2019 have more test items giving al the possible forms a
certain question might have. Moreover, the questions in both the model and national
tests do not describe real-life situations but are purely abstract. National tests LH122,
LH131, LH151, LH162, LH181, LH182, and LH191 are similar to the model tests of
the years 2017 and 2019, however, they include test items on a different topic-
equations. We conclude that the national and model tests are also partially aligned under
the topic definitions and representations before the year 2017, but have a better
alignment starting from the year 2017 which shows that the revision of model testsis
being made based on assessment and not on arational revision of the curriculum and its

goals and objectives.

Smple Interest, Compound Interest (Under Calculus Domain)

. Table 6 in Appendix P presents the tests items under this topic and the tests

where they appear. This topic appearsin the national testsin only three tests where the
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test items are mainly about calculating the compound interest. The cognitive abilities
required for these test items are mainly knowing and applying.

Only one objective out of 6 objectives under this topic is addressed in the
national tests. The remaining five are never addressed.

The following is a sample interest problem retrieved from the national test

LH112.

Fad: deposited, in a bank, for a period of 5 years, a capital of 10 000 000 L.L at an
annual interest rate of 10%. The interests are compounded quarterly.
1) a. Calculate the future value of this capital at the end of the fifth year.

b. Calculate the total interest.

2) By the end of the fifth vear, Fadi withdraws 35% of the total interest of his
account. What 1s the remaining amount in this account?
Figure 7: Sample Problem 1 on Smple and Compound Interest from the National Test

LH112

Test items under this topic are only included in the national tests and the model
tests of the years 2017 and 2019. The model tests issued in 2000 include no test items
under this topic to compare with the test items of the national tests. Therefore, the model
and national tests are not aligned under the topic simple and compound interest before

the year 2017.

The following isthe interest problem retrieved from the national test

LHM?Y.
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Rami deposited, for a period of 4 vears, a sum of 10 000 000 LL in a savings account
at an annual interest rate of 3 % The interests are compounded quarterly.

1) Calculate the future value of this sum.

2) Calculate the total interest.

Figure 8: Sample Problem 2 on Smple and Compound Interest from the Model Test

LHM7

This problem isvery similar in content and structure to the problemsin the
national tests under the topic simple and compound interest. However, although it has
less parts, these parts tackle the same ideas tackled by the national tests under the topic.
If we compare the national tests of the years 2017 and 2018, none has a question on this
topic. Therefore, alack of alignment exists under this topic between the model tests
LHM5, LHM®6, and LHM7 and the national tests LH171, LH172, LH181, and LH182
representing both the same period of time. If we consider the model tests of the year
2019, they do not include problems under this topic, while the national test LH192
includes a part on simple and compound interest under the equations problem.
Therefore, there is no alignment between the national tests and the model tests of the

year 2019.

In fact, the topic simple and compound interest is not considered as an important
topic since even when it istackled, it appearsin one or two very simple test items which

are routine questions.

Satistics (Under Satistics and Probability Domain)
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Table 7 in Appendix P displays the tests items under thistopic as well asthe
tests they appear in. The cognitive abilities required for these test items are mainly
knowing. Thistopic is never addressed in the model tests issued with the curriculum
documents. However, it occursin 4 out of the model tests of the years 2017 and 2019,
but limited to completing the table which is an objective covered in the previous grade
levels. Thistopic is present in half the national tests, and its occurrenceis also limited to
the mentioned objective and sometimes to finding the average of the given data.
Therefore, alack of alignment exists under this topic between the national tests and the
model tests issued with the curriculum documents, but a partial alignment exists

between the national tests and the model tests of the years 2017 and 2019.

Probability (Under Satistics and Probability Domain)

Table 8 in Appendix P displays the tests items under this topic as well asthe
tests they appear in. Its problemsinclude test items to find the probability of events
using basic rules of probability and the rules of conditional probability. The cognitive

abilities required for these test items are mainly knowing and applying.

The following is a sample probability problem retrieved from the model test

LHM2

The students of a secondary school are distributed according to the following table:

Bovs Girls
External 650 850
Half-internal 350 450

We randomly pick up one student.
Compute the probability that this student 1s external given that he 1s a boy.
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Figure 9: Sample Problem 1 on Probability from the Model Test LHM2The following is

a sample probability problem retrieved from the model test LHM?7.

[n & survey about the best social media used, 250 persong wiere asked and the following datn were
collected.

Facebook Pwitter What's App,
Men T
Wiomen S0

We kpow Lhat

o 4% ol the percons are lemales

e 0% of the men prefer “Twitler™

& The number of men and women who prefer “What's App.'” is the same

* 34% of the women prefer “Facchook™

1) Copy and complete the above table.

11 Cne person is chosen and inferviewed
a- Caleulxie the probability of choosing a boy,
b- Caleculate the probalality of choosing a woman who prelers “Facchook™.
¢ Calculae the probabality ol choosing a peErson whi '|'|n:|-:'r'-. “Twibler™,

3} Ome gird 15 chosen randomly, What 15 the probabibity of being 5 person who prefers “What's
App™?

41 Two persons gne chosen rndomly and successively without eplacement and interviewed.
What 15 the prohabality af beang boys who prefer “Twitler™?

Figure 10: Sample Problem 2 on Probability from the Model Test LHM7

The problems on probability in the model tests of the years 2017 and 2019 have
similar structure and similarly tackle al the specific objectives under this topic. Samples
one and two show the big difference between the model tests issued in the year 2000
and the model tests of the years 2017 and 2019 in terms of content coverage and

diversity of test items.

The following is an example of the probability problems retrieved from the
model test LH181.
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A survey 18 done on a populaten formed of 40 men and &0 women about ther usape of three

kinds ||fw::-'.-||1-. A, Boand C. The resules are shown in the follow i|”=! Table;

Saap A moap B Soap L
Men 20 s E3
Waomen 15 2k 25

A persan 18 Iu.l'u.||.ul|]}' selected from this 1"-.'l|'|IJ!uI|l.'-|1. and interviewed !
Consider the .I'-::-|.|-.:-'|--.'i|:|_|ah evenls <

Ao The interviewed person tses soap A »

B« The interviewed person uscs soap B »

M .« The interviewed persom is a man s

11 Calewlare the following probabiites
P(M): P{ANM): P(A/M);P(BuUM)and P|B).

2} The interviewed person dogsn't use soap A. Calculbsde the probahility that this person is a

AT1EEMN.

Figure 11: Sample Problem 3 on Probability from the National Test LH181

Thus, we conclude from the previous three samples that the test items under
probability in the model tests of the years 2017 and 2019 and national exams are more
numerous than those in the model tests issued in the year 2000, yet the problems are

similar in structure.

The qualitative analysis in this section shows that the topics inequalities and
propositional calculus were never addressed in the national tests and the model tests of
the years 2017 and 2019, but were addressed in the model tests issued in the year 2000.
The topic propositional calculus was not addressed in the model tests and national tests
starting from 2017 because it was omitted from the required topics for this track. The

topic simple and compound interest didn’t appear in the model testsissued in the year
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2000 and the model tests of the year 2019, and was rarely addressed in both the model
tests of the year 2017 and the national tests. Moreover, the topic equations, definitions
and representations, and probability are over-emphasized and include a variety of test
items in the model tests of the years 2017 and 2019 and national tests compared to the
model testsissued in the year 2000. The topic statistics was never addressed in the
model tests before the year 2017, but occurred in most of the model tests of the years
2017 and 2019 and in half of the national tests. However, its occurrence was limited to a

couple of basic questions which are taken in the previous years.

Moreover, many specific objectives were not tackled in both the model tests and
the national tests. Many of these objectives are under the topics simple and compound
interest and statistics. All the specific objectives under statistics for grade 12 were never
addressed. Some of the specific objectives under the topic equations were never
addressed. Thus, model tests are obviously modified based on assessment excluding the
topics and specific objectives that never occur in the previous national tests and
maintaining alow occurrence of certain topics, instead of basing the revision on the

curriculum’s objectives.

A steady structure and content exist in all the national tests throughout the years.
Three problems on the topic definitions and representations, equations, and probability
are present in almost all of the tests. The topic equationsis rarely replaced with the topic
simple and compound interest, but when it was replaced, it appears as a part or two in
one of the other two problems on probability and definitions and representations. The

occurrence of the simple and compound interest topic is limited to session-2 of the
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national tests. The topic propositional calculus which was neglected in many national

tests was added to the suspended topics later.

In fact, three topics are considered essential in the national test: definitions and
representations, probability, and equations. The topic simple and compound interest is
rarely addressed, and statistics of grade 12 and inequality are completely neglected.

LH official tests, as analyzed qualitatively, help to some extent in the
implementation of the reform of mathematics education as mentioned in the
mathematics curriculum’s introduction and which emphasizes the nonseparation of
mathematics from real-life but eliminating the theoretical overuse and including the use
of technologies. Test items under the topic definitions and representations which has the
most test items in the national tests occur in a purely abstract context separated from any
life application which contradicts the spirit of the reform. As for the use of calculators
and technological tools, the use of calculatorsis limited to simple calculations which
might lead students to performing lesser mental calculations by over-depending on
them.

The process objectives of the LH track, as presented in the curriculum document,
emphasize mathematical reasoning, solving mathematical problems, and communicating
mathematically (ECRD, 1997a). Asfor communication, the subskills under
communication in the process objectives of the LH track under the main curriculum
document (Appendix A) are limited to: 1) getting the formulas and relations out of a
mathematical text and 2) doing the work with precision. According to these subskills,
and as shown in the qualitative analysis of the LH national tests, this objectiveis

reflected to agood extent in the official tests.
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4.3.5. Quantitative Analysis of the LH National Tests

The percentages of test items under the content and cognitive domains of the
model tests and national tests are presented in tables, compared, and analyzed in this
section. The Pearson Product-Moment correlation coefficients between the datain the

resultant tables are then presented, interpreted and discussed.

4.3.5.1 - Overall Alignment Between the Model Testsand the National Tests

According to the test item definition adopted in this study, there exist 205 test
itemsin 8 model tests and 417 test itemsin 16 national tests. For the sake of having a
unified base for comparison, the datain the Table AlIModLH, that presents the
guantitative data of the nine model tests, and Table OffEXLH, that presents the
guantitative data of the sixteen national tests, were converted to percentages. Table 1in
Appendix Q displays the resultant percentages of the test itemsin all the model and

national tests distributed over the cognitive domains and topics they tackle.

According to Table 1, the model and national tests, compared to each other in
terms of their test items’ percentages, cover in a balanced way most of the math
curriculum topics. The topic definitions and representations is assigned around half of
the test items (50.73%) in the model tests and (52.76%) in the national tests. Equations
and probability are two topics assigned almost equal amounts of test itemsin the
national tests (17.75% and 17.98 % respectively), while they are assigned 18.05% and
15.12% respectively in the model tests. Satistics comesin the third place having
10.07% of the test items in the national tests and 11.71% in the model tests. The topic
simple and compound interest has the lowest percentage with very close valuesin the

national (1.44%) and the model tests (1.46%). The topic propositional calculus has a
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greater percentage in the model tests (2.93%) than in the national tests (0%) since it was
never addressed in the latter and then omitted in the year 2017 from the topics required

for grade 12 LH track.

Table 1 in Appendix Q shows an imbalance between the cognitive domains in
each the model and national tests. About half of the test items in both the model
(50.85%) and the national tests (51.57%) require the cognitive domain knowing. Next
required cognitive domain is applying being required by 33.45% of the test itemsin the
model tests and 38.81% in the national tests. Reasoning is required by the least
percentage of test itemsin both the model tests (15.69%) and the national tests (9.62%)
with an obvious discrepancy. Both the model tests, representing the curriculum, and the
national tests emphasize knowing over applying and reasoning. The curriculum
emphasizes reasoning much more than the national tests do, as Mathematical Reasoning
is stated in the curriculum as the first of the general objectives, aswell asthefirst of the
specific objectives of each cycle; while the national tests emphasize applying more than

the curriculum does.

Correlations were made, using Pearson Product-Moment coefficient by
Microsoft Excel, between the calculated percentages by correlating datain Table 1 of
Appendix Q. Correlations were not made between the specific objectivesin Tables
AllModLH and OffEXLH sinceit is hard to have a good correspondence under every
specific objective and cognitive domain. Thus, to have more valid results, an overal
correlation was cal culated between all cells of the model tests and all cells of the

national tests, correl ations under each math domain between the model and national
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tests were calculated, and correlations under each cognitive domain between the model

and national tests were calcul ated.

Table 5 presents the correlation between al the national tests of the years 2011

to 2019 and the model tests for the LH track.

Table5: Correlations Between the National Tests of the Years 2011 to 2019 and the

Modd Testsfor LH Track

Overall In terms of In terms of
Correlation Cognitive Domains Math Contents
Knowing Applving Reasoning Algebra Calculus Statistic &
Probability
NT & MT 097 0.99 0.99 0.85 0.93 0974 0.94

NT & MT : Correlation between the national tests of the years 2011-2019 (NT) and the model
tests (MT)
According to Table 5, the overall correlation between the model tests and the
national testsisvery high (r=0.97). Thisis because the percentages are very close under

both the math domains and the cognitive domains.

The correlation between the national tests and model tests in terms of the
cognitive domainsis similarly calculated between the numbers in the columns of each
domain of Table 1in Appendix Q and presented in Table 5. The correlation, refer to
Table 5, between the national tests and model testsin terms of knowing is 0.99, applying

i$0.99, and reasoning is 0.85.

Correlations between the model and national tests in terms of the math domains
Algebra, Calculus, and Satistics and Probability were similarly calculated by finding

Pearson Product-Moment coefficient between the datain therows of Table 1 in
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Appendix Q. The correlation in terms of Algebra is0.93, Calculusis 0.974, and

Satistics and Probability is 0.94 between the national tests and model tests.

The correlations under the cognitive domains and the math domains are very
high. Thisis because the percentages under each math content and cognitive domain are
very close. Discrepancy exists in the percentages under reasoning especially in the topic
propositional calculus and definitions and representations causing the correlation under
this cognitive domain not perfect. Reasoning under these topics is more emphasized in

the model tests than the national tests.

In short, according to the analysis presented in this section, the national tests are
well aligned with the model tests under all content domains. Alignment is almost perfect
at the cognitive domains knowing and applying, but not at reasoning which isthe first
general and specific objective of the math curriculum for the LH tack. Moreover, the

national tests give great importance to certain topics while ignoring some others.

4.3.5.2 — Alignment Between the Model Testsand the National Tests over

the years 2011-2013, 2015-2016, 2017-2018, and 2019 and its Evolution

4.3.5.2.1 - Alignment Between the Modd Tests and the National Tests

More accurate results are obtained when comparisons and correlations are made
between the national tests and their corresponding model tests. Therefore, to study the
alignment in amore valid way, comparison and correl ations between the model tests
and the national tests over the years 2011-2013, 2015-2016, 2017-2018, and 2019 are
made in this section. Comparison is made between the model tests (LHM 1, LHM2, and

LHM3) issued with the curriculum documents (in 2000) and the national tests of the
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years 2011-2013 and 2015-2016, between the model tests (LHM5, LHM6, and LHM7)
issued in the year 2017 and the national tests of the years 2017-2018, and between the
model tests (LHM8 and LHM9) issued in the year 2019 and the national tests of this
year are made. This comparison isin terms of content domains and cognitive domainsto
see how the content and cognitive domains coverageis in each set, then correlations are

calculated to check alignment of each set.

According to the test item definition adopted in this study, there exist 49 test
items in the three model tests issued in the year 2000, 90 test items in the three model
testsissued in the year 2017, 66 test items in the two model tests issued in the year
2019, 140 test itemsin six national tests (2011-2013), 104 test itemsin four national
tests (2015-2016), 113 test itemsin four national tests (2017-2018), and 60 test itemsin
four national tests of the year. For the sake of having a unified base for comparison, data
in TablesMod, ModLH5-7, ModLH8-9, NewModLH, OffExLH11-13, OffEXLH15-16,
OffExLH17-18, and OffEXLH19 were changed to percentages. Tables 2, 3, and 4 in
Appendix Q display the resultant percentages of the test items distributed over the
cognitive domains and topics they tackle. Table 2 presents the percentages of test items
in the model testsissued in the year 2000 and the national tests of the years 2011-2013
and 2015-2016. Table 3 presents the percentages of test itemsin the model tests issued
in the year 2017 and the national tests of the years 2017-2018, and Table 4 presents the
percentages of test itemsin the model testsissued in the year 20019 and the national

tests of the same year.

Content Domains

86



When comparing the model tests issued with the curriculum documents to the
national tests of the years 2011-2013 and the national tests of the years 2015-2016, it is
obviousin table 2 in Appendix Q that the model tests and the corresponding national
tests do not tackle in a balanced way the content domains of the math curriculum. The
percentages of the test itemsin the model tests are distributed over four out of six topics,
while they are distributed in the national tests of the years 2011-2013 over five topics
and of the years 2015-2016 over four topics. More than half of thetest items are
assigned to the topic definitions and representations (57.14 %) in the model tests, (53.93
%) in the national exams of the years 2011-2013, and (50.48 %) in the national exams of

the years 2015-2016.

The topic definitions and representations has the highest percentage of test items
in all tests. The topic equations and inequalities has the second highest percentage in the
old model tests (26.53%) and the national tests of the years 2015-2016 (23.56%), while
it has the third highest percentage in the national tests of the years 2011-2013 (12.5%)

after the topic probability (17.86%).

Considerabl e discrepancies are obvious between the percentages of the test items
in these model tests, and each of the national tests of the years 2011-2013 and the years
2015-2016 under the topics propositional calculus (12.24%, 0%, and 0% respectively),
statistics (0%, 12.14%, and 9.62% respectively), and probability (4.08%, 17.86%, and
16.35% respectively). Considerable discrepancy is also obvious under the topic
eguations between the national tests of the years 2011-2013 (12.5%) and each of the
model tests (26.53%) and the national tests of the years 2015-2016 (23.56%). Asfor the

topic simple and compound interest, athough there are no test items on thistopic in the
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model tests and the national tests of the years 2015-2016, its percentage in the national

tests 2011-2013 is very low (3.57%).

When comparing the model tests of the year 2017 to the national tests of the
years 2017-2018, it isobviousin Table 3 in Appendix Q that the model tests and the
corresponding national tests cover in a balanced way some of the content domains of the
math curriculum. While the model tests and the national tests of the years 2017-2018
cover the five topics of the math, the national tests cover only four topics. The topic
propositional calculus had become among the suspended |essons for those years. The
topic definitions and representations has the highest percentages of test itemsin the
model testsissued in 2017 (46.67%) and the national tests of the years 2017-2018
(53.53%) constituting around half of the test items. Then comes probability with
16.67% of the test items of the model tests and 19.47% of the test items of the national
tests of the years 2017-2018. Equations follows with a discrepancy between its
occurrence in the model tests and that in the national tests of the years 2017-2018
(13.33% and 19.03% respectively). A considerable discrepancy is obvious under
statistics with a percentage of 20 in the model tests and of 7.97 of the test itemsin the
national tests of the years 2017-2018. Lastly comes simple and compound interest with
asmall percentage (3.34 %) in the model tests and with no test itemsin the national tests

of the years 2017-2018.

Comparing the model tests of the year 2019 to their corresponding national tests
of the year 2019, it isobviousin Table 4 of Appendix Q that the model tests and their
corresponding national tests assess in amore balanced way al of the topics of the math

curriculum. The model tests cover four topics, while the national tests of the years 2019
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cover al the five topics of the math curriculum. The topic propositional calculusis
among the suspended lessons for this year. The topic definitions and representations has
the highest percentages of test itemsin the new model tests (51.51%) and the national
tests of the years 2019 (52.49%) constituting around half of the test items. Then comes
probability with 21.21% of the test items of the model tests and 18.33% of the test items
of the national tests of the year 2019. Equations follows with percentages of 18.16 and
17.51 in the model tests and the national tests of the year 2019 respectively. Statistics
has a percentage of 9.09 in the model tests and of 18.33 of the test itemsin the national
tests of the year 2019. Lastly comes simple and compound interest with avery small
percentage (1.66%) in the national tests and with no occurrence in the model tests of the

year 2019.

In short, the qualitative analysis of the model and national tests over the
mentioned sets of years shows considerabl e discrepanciesin test item percentagesin the
national tests of each of the years 2011-2013 and 2015-2016 and the model tests issued
in the year 2000 under the content domains mainly Algebra and Statistics and
Probability. Discrepancy exists in the percentages of national tests of the years 2017-
2019 and the model tests of the year 2017 mainly under the domain Satistics and
Probability. The national tests and the model tests of the year 2019 have close
percentages under all content domains. A noticeable change exists in the percentages of
test items under all the math topics of the model tests of the year 2019 being closer to
the percentages of the national tests of the previous years. Thisintersects with the results

of the qualitative analysis of the LH track tests: the modifications made to the
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curriculum were made to be aligned with assessment and not based on arevision of the

curriculum and its objectives.

Cognitive Domains

Asto the cognitive domains, Tables 2, 3, and 4 in Appendix Q show that through
the four periods, the model tests and their corresponding national tests have the
following close percentages under the cognitive domain knowing ranging between 50%

and 51.13%.

However, discrepancies occur under the domains applying and reasoning over
the periods 2011-2013, 2015-2016, and the year 2019 being the highest in the model
tests and national tests of the year 2019. The following are the respective percentages

under the domain applying:

32.99% for the model tests issued in 2000 and 41.61% for the national

tests of the years 2011-2013

- 32.99% for the model tests issued in 2000 and 36.06% for the national
tests of the years 2015-2016

- 34.63% for the model testsissued in 2017 and 35.84 % for the national
tests of the years 2017-2018

- 32.2% for the model testsissued in 2019 and 42.2 % for the national tests

of the year 2019.

The following are the respective percentages under the domain reasoning:

- 17% for the model testsissued in 2000 and 10.83% for the national tests
of the years 2011-2013
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- 17% for the model tests issued in 2000 and 9.455% for the national tests
of the years 2015-2016

- 14.26% for the model testsissued in 2017 and 10.62 % for the national
tests of the years 2017-2018

- 16.64% for the model tests issued in 2019 and 5.14 % for the national

tests of the year 20109.

In short, the curriculum, as demonstrated in the model tests, and the national
tests emphasize the cognitive domain knowing over applying and reasoning. However,
more attention is given by all the model tests to the domain reasoning than the national
tests over the mentioned periods of time. It is also noted that the national tests of the

year 2019 has the lowest percentage under the domain reasoning.

Correlations

In addition to percentages, correlations were calculated between the respective
numbersin Tables 2, 3, and 4 in Appendix Q. Correlations were cal culated between the
model testsissued in 2000 and the national tests of the years 2011-2013, the model tests
issued with the curriculum documents and the national tests of the years 2015-2016, the
model testsissued in 2017 and the national tests of the years 2017-2018, and the model
testsissued in 2019 and the national tests of the year 2019. Table 6 presents these

correlations.
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Table 6: Correlations Between the National tests of the Years 2011-2019 and the Model

Tests for Grade 12 LH Track

In terms of In terms of
Cognitive Domains Math Contents
Cnor:'zll:tlilnn Enowing Applying Reasoning Algebra Calculus &s:ubsattl:lslty

NT11-13

&MT1 0.695 0.867 0.706 -0.084 0375 0.842 0.634
NT15-16

&MT1 0817 0912 0.855 -0.064 0484 (0943 0.549
NT17-18

&MT2 0.85 072 0.98 0.91 0.69 098 0.51
NT19

&MT3 09 098 0.96 0.24 0.99 098 0.99

MT1: model tests issued in the year 2000
MT2: model tests issued in the vear 2017
MT3: model tests issued in the year 2019
NT11-13: national tests of the years 2011-2013
NT15-16: national tests of the years 2015-2016
NT17-18: national tests of the years 2017-2018
NT19: national tests of the vear 2019

According to Table 6, the correlation isr = 0.695 between the model tests issued
with the curriculum documents and the national tests of the years 2011-2013. This
correlation is mainly because of the imbalance of content coverage between the two sets
of the topics propositional calculus, simple and compound interest and statistics and the
discrepancy in the percentages of test items under probability. The overall correlationis
r=0.817 between the model tests of the year 2000 and the national tests of the years
2015-2016. The overal correlation is higher between the model testsissued in 2017 and
the national tests of the years 2017-2018 (0.87) and higher between the model tests

issued in 2019 and the national tests of the year 2019 (0.9).
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Model testsissued in the year 2000 and the national tests of the years 2011-2013
are aligned under the cognitive domains knowing and applying having high correl ations,
but not under reasoning where the correlation is -0.084. Asfor the content domains. The
model and national tests under this period are well aligned under Calculus and Satistics

and Probability, but not under Algebra under which alow correlation exists (0.375).

Modé testsissued in the year 2000 and the national tests of the years 2015-2016
are aligned under the cognitive domains knowing and applying having high correlations,
but not under reasoning where the correlation is -0.064. Asfor the content domains. The
model and national tests under this period are also well aligned under Calculus, but not
under Algebra under which alow correlation exists (0.484) and Statistics and

Probability where the correlation is average (0.549).

Mode testsissued in the year 2017 and the national tests of the years 2017-2018
are very well aligned under all cognitive domains and content domains (correlation
ranging between 0.69 and 0.98) except Satistics and Probability content domain where

the correlation is average (0.51).

Model testsissued in the year 2019 and the national tests of the year 2019 are
very well aligned under all cognitive domains and content domains (correlation ranging
between 0.98 and 0.99) except for reasoning cognitive domain where the correlation is

very low (0.24).

4.3.5.2.2 — Evolution of the National Tests of the LH track Over the Y ears

In this section, comparison between the national tests of the years 2011-2013,

2015-2016, 2017-2018, and 2019 isin terms of content domains and cognitive domains
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to see the evolution of the national test is over time, then correlations are calculated to

check their alignment.

Content Domains

Comparing the national tests of the years 2011-2013, 2015-2016, 2017-2018,
and 2019 in terms of math topics, it is obvious, according to tables 2, 3, and 4 in the
appendix Q, that the topic definitions and representations has close percentages among
the tests of the four periods (53.93%, 50.48%, 53.53%, 52.49). The topics probability
and statistics have also close percentages among the tests of the three periods with
17.86%, 16.35, 19.47% and 18.33% for probability and 12.14%, 9.615%, 7.97% and
10% for statistics. Discrepancies are found in the percentages of the two topics
equations (12.5%, 23.56%, 19.03%, and 17.51%) and simple and compound interest
(3.57%, 0%, 0%, and 1.66%). While the topic equations is being more emphasized, the

topic simple and compound interest is being more neglected with the years.

Cognitive Domains

Asto the cognitive domains, Tables 2, 3, and 4 in Appendix Q show that the
national tests of the years 2011-2013, 2015-2016, 2017-2018, and 2019 have close
percentages under the cognitive domain knowing (47.56%, 54.49%, 53.54 %, and 52.22

% respectively).

Close percentages also exist under the cognitive domain applying 41.61% for the
national tests of the years 2011-2013, 36.06% for the national tests of the years 2015-
2016, 35.84 % for the national tests of the years 2017-2018, and 42.2 % for the national

tests of the year 2019. Percentages under reasoning, on the other hand, are very close
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between the national tests of al periods except for the tests of the year 2019 (10.83%,

9.455%, 10.62%, and 5.14% respectively).

In short, the national tests cover most of the content domains similarly. The
percentages under all cognitive domains are also very close except under the domain
reasoning where a noticeabl e decline in the percentage under this domain occursin the

national tests of the year 2019.
Correlations

Correlations were made between the national tests of the years 2011-2013 and
the years 2015-2016, the national tests of the years 2011-2013 and the years 2017-2018,
the national tests of the years 2011-2013 and the year 2019, the national tests of the
years 2015-2016 and the years 2017-2018, the national tests of the years 2015-2016 and
the year 2019, the national tests of the years 2017-2018 and the year 2019. When taking
the correlations between the national tests, the topic propositional calculus had been
excluded. Thefact isthat this topic was never addressed in any national test before the
year 2017, and it was omitted since the year 2017. Therefore, keeping it in the national
tests of the years before 2017 and omitting it in the tests of the years 2017 till 2019
naturally resulted in tables which are not of equal size and structure to be correlated.
Moreover, keeping it will affect slightly the correlation results. To solve this problem,
we had to remove that topic from Tables 2, 3, and 4 in Appendix Q when doing the

correlations in this section.
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Table 7: Correlations Between the National Exams of the Years 2011-2019 and the

Model Tests for Grade 12 LH Track

Overall In terms of In terms of
vera i Cognitive Domains Math Contents

Cormlﬂ‘lﬂn E é E & Call:. g
OT11-13& OT15-16 0.945 0957 0967 0873 0974 0972 0972
OT11-13&0T17-18 09 09 1 1 1 0.9 0.8
OT11-13& OT19 0.97 0.98 0.99 0.49 0.83 0.97 0.99
OT15-16&0T17-18 097 097 098 093 098 099 085
OT15-16&0T19 0.97 0.99 0.99 0.87 1 098 0.98
OT17-18&0T19 095 0.96 0.99 0.66 0.99 0.96 0.86
K: Knowing
A: Applying
R: Reasoning
Alg.: Algebra

Calc. ; Calculus (Numerical Functions)

S.P.; Statistics & Probability

MT1: model tests LHM1, LHM2, and LHM3
MT2: model tests LHMS, LHMG6, and LHM?7
MT3: model tests LHMS and LHM9
OT11-13: official tests of the years 2011-2013
OT15-16: official tests of the years 2015-2016
OT17-18: official tests of the years 2017-2018
OT19: official tests of the vear 2019

The overall correlations between the official tests of the years 2011-2013 and the
national tests of the years 2015-2016, the national tests of the years 2011-2013 and the
years 2017-2018, the national tests of the years 2011-2013 and the year 2019, the
national tests of the years 2015-2016 and the years 2017-2018, the national tests of the
years 2015-2016 and the year 2019, the national tests of the years 2017-2018 and the
year 2019 are very high (0.945, 0.9, 0.97, 0.97, 0.97, and 0.95 respectively) which
shows that the national tests of the years 2011-2013, 2015-2016, 2017-2018 and 2019

are consistent with each other.
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In terms of cognitive domains, refer to table 7, the correlations between the
national tests of the years 2011-2013 and the years 2015-2016, the national tests of the
years 2011-2013 and the years 2017-2018, the national tests of the years 2011-2013 and
the year 2019, the national tests of the years 2015-2016 and the years 2017-2018, the
national tests of the years 2015-2016 and the year 2019, the national tests of the years
2017-2018 and the year 2019. are high positive under the cognitive domain knowing
(ranging between 0.957 and 0.99) and applying (ranging between 0.967 and 1). These
correlations reflect the consistency between the tests under each set under the cognitive
domains knowing and applying. On the other hand, correlations under the domain
reasoning are also high between al the tests of the studied sets except between the tests

2011-2013 and 2019 (0.49).

In terms of content domains, refer to table 7, the correlations between the
national tests are very high under all domains Algebra, Calculus, and Satistics and

Probability.

In fact, the correlations between the national tests show that the tests did not
change over the years. They are steady in terms of content domains and cognitive
domains coverage. Thisis despite the considerable change that happened in the model
tests between the year 2000 and 2017. Thisin turn emphasizes the conclusion of the
gualitative analysis of the LH track model and national tests that assumes that the model
tests representing the curriculum were modified to align with the assessment and not

based on a revision of the curriculum’s objectives.

4.3.5.3 - Correations Between the Model Tests and the Official Tests of Sessions 1

and 2
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To study if thereis any difference in the alignment between the curriculum and
session-1 and session-2 official tests, comparison is made in this section between the
model tests issued with the curriculum documents and the corresponding official
session-1 and session-2 tests (of the years 2011-2013 and 2015-2016), between the
model testsissued in 2017 and the corresponding official session-1 and session-2 tests
(of the years 2017-2018), and between the model tests of the year 2019 and their
corresponding official tests of the year 2019. Comparison is also made between sessions
1 and 2 official tests of the years 2011-2013 and 2015-2016, between sessions 1 and 2
official tests of the years 2017-2018, and between session 1 and 2 official tests of the

year 2019 to see how consistent are the official tests of sessions 1 and 2.

According to the definition of atest item (Osta, 2017) adopted in this study,
there are 49 test items in the model! tests (LHM1. LHM2, and LHM3), 90 test itemsin
the model tests (LHM5, LHM®6, and LHM7), 66 test itemsin the model tests LHM8 and
LHMY, 114 test itemsin five session-1 official tests of the years 2011-2016, 130 test
itemsin five session-2 official tests of the years 2011-2016, 58 test itemsin four
session-1 official tests of the years 2017-2018, 55 test itemsin four session-2 official
tests of the years 2017-2018, 35 test itemsin session-1 official test of the year 2019, and
25 test itemsin session-2 official test of the year 2019. Tables Mod, ModLH5-7,
ModLH8-9, OffExLH11, OffExLH21, OffEXLH12, OffEXLH122, LH191, and LH192

were converted to percentages to have a unified base for comparison.

Table 5in Appendix Q presents the distribution in percentages of the test items
in the model tests issued in the year 2000, session-1 official tests of the years 2011-

2016, and session-2 official tests of the years 2011-2016 to their corresponding
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cognitive domains and math topics they address. Table 6 in Appendix Q presents the
distribution in percentages of the test itemsin the model tests of the year 2017, session-1
official tests of the years 2017-2018, and session-2 official tests of the years 2017-2018
to their corresponding cognitive domains and math topics they address. Table 7 in
Appendix Q presents the distribution in percentages of the test itemsin the model tests
of the year 2019, session-1 officia tests of the year 2019, and session-2 official tests of
the year 2019 to their corresponding cognitive domains and math topics they address.
The data in these tables are extracted from the Tables Mod, ModLH5-7, ModLH8-9,

OffExLH11, OffExLH21, OffExLH12, OffEXLH122, LH191, and LH192.

Model Tests Compared to Each of Sessions 1 and 2 of the National Tests

When comparing the model testsissued in the year 2000 to session-1 official
tests of the years 2011-2016, and session-2 officia tests of the years 2011-2016, it is
obviousintable 5in Appendix Q that the model tests and the corresponding official
tests do not assess in a balanced way the different topics of the math curriculum. The
percentages of the test items in the model tests are distributed over four out of six topics,
while they are distributed in session-1 officia tests of the years 2011-2016 over four
topics, one which is different than the model tests, and in session-2 official tests over
five topics. More than half of the test items are assigned to the topic rational functions
(57.14 %) in the model tests, (51.31 %) in session-1 official exams of the years 2011-

2016, and (53.47 %) in session-2 official exams of the years 2011-2016.

Thetopic rational functions has the highest percentage of test itemsin all tests.
The topic egquations and inequalities has the second highest percentage in the old model

tests (26.53%) and session-1 official exams of the years 2011-2016 (21.49%), while it
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has the fourth highest percentage in session-2 official exams of the years 2011-2016

(13.46%) after the topic probability (15.38%) and statistics (13.85%).

Considerabl e discrepancies are obvious between the percentages of the test items
in the model tests, and each of session-1 official exams of the years 2011-2016, and
(53.47 %) in session-2 official exams of the years 2011-2016 under the topics
propositional calculus (12.24%, 0%, and 0% respectively), statistics (0%, 7.9%, and
13.85% respectively), and probability (4.08%, 19.29%, and 15.38% respectively). Huge
discrepancy is also obvious under the topic equations between session-2 official exams
of the years 2011-2016 (13.46%) and each of the model tests (26.53%) and session-1
official exams of the years 2011-2016 (21.49%). Asfor the topic simple and compound
interest, it only appears in session-2 official exams of the years 2011-2016. However, its

percentageis very low (3.84%).

When comparing the model testsissued in the year 2017 to session 1 and official
tests of the years 2017-2018, it is obviousin table 5 in Appendix Q that the model tests
and session-1 official tests do not assess in a balanced way most of the topics of the
math curriculum. The model tests cover al the five topics of the math curriculum, while
session-1 official tests cover only 3 topics by not covering the topics statistic and simple
and compound interest. On the other hand, the model tests cover al the five topics of
the math curriculum and session-2 official tests of the years 2017-2018 cover four topics
of the math. The topic propositional calculusis among the suspended lessons for these
years. The topic rational functions has the highest percentages of test items in the model
tests (46.67%), session-1 official tests of the years 2017-2018 (58.62%), and session-2

official tests of the years 2017-2018 (48.19%) constituting around half of the test items.
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Then comes probability with 16.67% of the test items of these model tests, 18.97% of
session-1 official tests of the years 2017-2018, and 20% of session-2 official tests of the
years 2017-2018. Discrepancies exist under the topic equations having percentages of
13.33, 22.42 and 15.45 in the model tests, session-1, and session-2 official tests of the
years 2017-2018 respectively. Satistics which has no test itemsin session-1 official
tests, has somehow close percentages in the model tests and session-2 official tests of
the years 2017-2018 (16.67% and 20% respectively). Lastly comes simple and
compound interest with very small percentages 3.34 % in the model tests and no test

itemsin session-1 and session-2 official tests of the years 2017-2018.

Comparing the model tests of the year 2019 and the official tests of the same
year, it is obvious, according to table 6 in appendix Q, that each of the model tests and
session-1 and session-2 official tests cover five topics of the math curriculum. While the
model tests and session-1 officia tests do not cover the topic simple and compound
interest, thistopic isincluded in session-2 official tests but the topic statistics is
excluded in the tests of this session. The topics rational functions, probability, and
equations are the topics of highest occurrence in the model tests, session-1 tests, and
session-2 tests, while statistics which has a high percentage (17.14%) in session-1
official tests, istotally ignored in both the model tests and session-2 of the official tests
of thisyear. The topic simple and compound interest has a very low percentage (4%) in
session-2 but never occurred in the model tests or session-1 official tests of the year

2019.

In short, inconsistency exists at the content domain level between the model tests

of the year 2000 and each of national tests sessions 1 and 2 of the year 2011-2016 under
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the Algebra and Satistics and Probability content domains. Thisinconsistency is also
seen under the same content domains between the model testsissued in 2017 and
session-1 national tests of the years 2017-2018, and under mainly the topic statistics

between the model tests issued in 2019 and session-2 national test of the years 2019.

Asto the cognitive domains, Tables 5 and 6 in Appendix Q show that very close
percentages of test items exist among the model tests, session-1 official tests and
session-2 official tests of each of the years 2011-2016, 2017-2018, and 2019 under the
cognitive domain knowing ranging between 46% and 55.7%. Thereis also a balance
under the domain applying between the model tests and session-1 and 2 official tests of
the years 2011-2016 and of the years 2017-2018 having percentages ranging between
32.99% and 39.36%. A discrepancy exists under applying when comparing each of
session-1 and 2 official tests of the year 2019 to their corresponding model test (40.95%,
45%, and 32.2% respectively). On the other hand, the model testsissued in the year
2000, the model tests of the year 2017, and the model tests of the year 2019 have more
test item percentages under the domain reasoning than their corresponding official tests
(17%, 14.26% and 16.64% for the mentioned model tests respectively) and less test

items percentages under the domain applying than the official tests.

Session-1 National Tests Compared to Session-2 National Tests

Comparing sessions 1 and 2 of the official tests of the years 2011-2013, 2015-
2016, 2017-2018, and 2019 in terms of math topics, it is obvious, according to tables 5
and 6 in the appendix Q, that the topic rational functions and probability has close
percentages among all the tests. The topic simple and compound interest appears only in

sessions 2. Discrepancies are found in the percentages of the topic statistics between
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session-1 and session-2 official tests with no specific pattern in its occurrence among

sessions 1 and 2.

Asto the cognitive domains, close percentages exist under the cognitive domain
applying then knowing between session-1 and 2 official tests under each set of years. On
the other hand, the domain reasoning is not consistent between sessions 1 and 2 of the
official tests. Official tests of the years 2011-2016 have more percentage under
reasoning in session 1 than session 2, while in the years 2017-2018 and 2019, session-2

tests have more percentage under reasoning than session-1 official tests.

The curriculum, as demonstrated in the model tests, and session-1 and 2 officia
tests emphasize the cognitive domain knowing over applying and reasoning. However,
more attention is given by the model tests to the domain reasoning than the official tests

over the mentioned periods of time.

Correlations

In addition to percentages, correlations were calculated between the respective
numbersin Tables5 and 6 in Appendix Q. Correlations were made between the model
tests issued with the curriculum documents and the corresponding official session-1 and
session-2 tests (of the years 2011-2016), between the model tests issued in 2017and the
corresponding official session-1 and session-2 tests (of the years 2017-2018), and
between the model tests of the year 2019 and their corresponding official tests (year
2019). Correlations were cal culated between sessions 1 and 2 official tests of each of the

years 2011-2016, 2017-2018, and 2019.
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According to Table 8, the correlations between the model tests issued with the
curriculum and session-1 official tests of years 2011-2016, the model tests and session-2
official tests of years 2011-2016, the model tests and session-1 official tests of years
2017-2018, the model tests and session-2 official tests of years 2017-2018, the model
tests and session-1 official test of year 2019, and the model tests and session-2 officia
tests of the year 2019 are (0.755, 0.738, 0.775, 0.923, 0.856, and 0.869 respectively.
This shows that the tests under each compared set are consistent. However, this
consistency increases between model testsissued in 2017 and 2019 with their

corresponding sessions 1 and 2 official tests.
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Table 8: Correlations Between Sessions 1 and 2 of the Official Exams of the Years

2011-2016, 2017-2018, and 2019, and the Model Tests for Grade 12 LH Track

Overall In terms of In terms of
Correlatio Cognitive Domains Math Contents
n K A it Ale CGale  SP
OT11-16(1)&MT1 0,755 0916 0778 -0.083 0444 0875 0.819
OT11-16(2)&MT1 0.738 0852 0754 -0.068 0441 0880 (388
OT17-18(1)&MT?2 0775 0622 0958 00913 0.616 0.963 0214
OT17-18(2)&MT?2 0.923 0842 0998 03833 0798 0901 0.748
OT19(1)&MT3 0.836 09 0933 0051 0892 0869 0811
OT19(2)&MT3 0869 0883 099 039 098 0.893 0.75
OT11-16(1)& OT11-
16(2) 0931 0918 0969 00931 1 0958 0914
OT17-18(1)& OT17-
19(2) 0911 0884 0954 03847 0967 0082 0645
OT19(1)& OT19(2) 0.837 0633 0962 00936 0784 0994 (0237
K: Knowing
A: Applying
R: Reasoning
Alg.: Algebra

Calc.: Calculus (Numerical Functions)

S.P.: Statistics & Probability

MT1: model tests issued with the curriculum documents
MT2: model tests issued in the vear 2017

MT3: model tests issued in the year 2019

OT11-16(1): session-1 official tests of the years 2011-2016
OT11-16(2): session-2 official tests of the years 2011-2016
OT17-18(1): session-1 official tests of the years 2017-2018
OT17-18(2): session-2 official tests of the years 2017-2018
OT19(1): session-1 official tests of the year 2019

IlZl'"[lE':f'l]: session-2 official tests of the vear 2019
In terms of cognitive domains, refer to Table 8, the correlations under the
domains knowing and applying between the model tests and sessions 1 and 2 national
tests over al the periods are very high reflecting an alignment ranging between good
and high between the model tests and each of sessions-1 and 2 national testsin general.
Thisis also the case under the domain reasoning between the model tests of the year

2017 and each of sessions 1 and 2 national tests. However, the correlations under
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reasoning between the model testsissued in the year 2000 and sessionl- and session-2
national tests of the years 2011-2016 are very low negative (-0.083 and -0.068) and
between the model tests of the year 2019 and each of sessions 1 and 2 of the year 2019
are also very low (0.051 and 0.391 respectively). This shows that no alignment exists
under reasoning between the model tests and session-1 and 2 national tests of the years

2011-2016 and 2019.

In terms of math domain Algebra, refer to Table 8, the correlation between the
model tests issued in the year 2000 and sessions 1 and 2 of the national tests of the years
2011-2016 is very low (0.444 and 0.441% respectively). Thisis because under this math
domain, the topic propositional calculusis only addressed in the old model tests, while
the national tests cover only the other topic equations. Correlations under Algebrais
high between the model tests and sessions 1 and 2 of the years 2017-2018 and 2019 is
very high reflecting a very good alignment between them. Correlations under Calculus
isvery high between all setswhich reflects a very good alignment between the model
tests and sessions 1 and 2 national tests under Calculus. On the other hand, correlation
under Satistics and Probability between the model tests issued in 2000 and session-2
national test of the years 2011-2016 is 0.388%. Similarly, the correlation between
sessions 1 of the official tests of each of the years 2017-218 isvery low (0.214). This
shows that the tests under the mentioned sets are not aligned under statistics and

probability.

In short, alignment is good between the model tests and national tests sessions 1
and 2 over knowing and applying cognitive domains. Problems exist at the reasoning

domain between the model tests and national tests sessions 1 and 2 of the years 2011-
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2016 and between the model tests and session 2 national tests of the year 2019.

Alignment is very good under the content domains for all sets of years studied except
under Algebra between the model tests and sessions 1 and 2 national tests of the year
2011-2016 and under probability and statistics between sessions 2 and model tests of

the years 2011-2016 and 2017-2018.

Comparing sessions 1 and 2 national tests, overall correlations between sessions
1 and 2 national tests of years 2011-2016, sessions 1 and 2 national tests of years 2017-
2018, and sessions 1 and 2 national tests of the year 2019 are 0.931, 0.911 0.837
respectively. This shows that sessions 1 and 2 national tests are very well aligned. More
specifically, the correlations under al cognitive domains between sessions 1 and 2 are
high positive ranging between 0.633 and 0.964, so sessions 1 and 2 are well aligned
under all cognitive domains. Asto the content domains, correlations are also very high
positive between sessions 1 and 2 national tests ranging from 0.784 and 1 except for

sessions 1 and 2 of the year 2019 under Statistics and Probability (0.237).

In conclusion, the quantitative analysis of the LH model and national tests shows
that the alignment between the model and national tests of this track increases over time.
However, the alignment between the national tests themselves is aimost stable over all
the years. This added to the noticeable change in the percentages of test items under all
the math topics of the model tests of the year 2019 becoming closer to the percentages
of the national tests of the previous years reflects that the modifications made to the
curriculum were made to be aligned with assessment and not based on arevision of the

curriculum and its objectives.
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As to the cognitive domains, the process objectives of the LH track, as presented
in the curriculum document, emphasize mathematical reasoning, solving mathematical
problems, and communicating mathematically (ECRD, 1997a). Mathematical
reasoning, as defined by TIMSS Advanced 2015 Assessment Framework (Appendix J),
involves analyzing, synthesizing, and generalizing to solve problems, and justifying
through mathematical arguments or proofs. This objectiveisreflected in the LH official
testsin avery low percentage (9.62% of the total test items). Solving mathematical
problems range between applying and reasoning based on the complexity and
familiarity of the problems. Problems under applying typically reflect standard types of
problems that are familiar to students (Mullis & Martin, 2014), while they are more
complex requiring logical and systematic thinking under reasoning. This objectiveis
reflected in the official testsin 9.62% of the test items under reasoning and 38.8% under
applying, so only routine problems that require direct application of knowledge and

procedures are emphasized in the official tests for this objective.

4.4. Analysisof the LS Model and National Tests

This section includes the analysis of the LS track model tests and national

official tests.

4.4.1. LSTrack Content

The process objectives of the LS track of the secondary cycle are: mathematical
reasoning, problem solving, and communication, while the domain objectives are:
spacial, numerical and algebraic, calculus, and statistics & probability. The content of
these domains are distributed over the three years of the LS secondary cycle and not
necessarily all included in each.
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Mathematicsis assigned two sessions per week for the LS track of grade 12.

These constitute 150 sessions per academic year. Table 9 shows the five domains of this

grade level with their main content and the allocated time for each (refer to Appendix B

for the details of contents of the LS track).

Table 9: The Math Topicsin the LS Track of the Third Secondary Year

Code Math Topics Al c_)cated
Time

1 ALGEBRA 35 hours
1.1. Foundations 8 hours
1.1.1. — Binary operations
1.1.2. — Structure of group
1.2. Literal and numerical calculations 10 hours
1.2.1. — Combinations: definition, notation, binomial formula,

Pascal’s Triangle
1.3. Equations & Inequalities 7 hours
1.3.1. — System of linear equations (mxn): definition, Elementary

operations on the rows, Gauss Method
1.4 Numbers 10 hours
14.1. — Module and argument of a complex number, properties
1.4.2. — Trigonometric and exponential forms of a complex number
1.4.3. — Geometric interpretation of addition and multiplication of

complex numbers and the passing to the conjugate
1.4.4. — De Moivre’s formula, applications
2 GEOMETRY 15 hours
2.1. Classical study
2.1.1. — Components of the vector product. Mixed product
2.1.2. — Equation of aplane and of a straight line in space

— Orthogonality of two straight lines, of a straight line and a
2.1.3. plane; perpendicular planes
2.1.4. — Parallelism of straight lines and of planes
2.1.5. — Distance from a point to a plane, to a straight line
3 CALCULUS 65 hours
3.1. Definitions and Representations 25 hours
3.1.1. — Inverse functions
3.1.2. — Inverse trigonometric functions
3.1.3. — Natural (Naperian) logarithmic functions
3.1.4. — Exponential functions
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3.2.

3.2.1.
3.2.2.
3.2.3.
3.2.4.
3.2.5.

3.3.

3.3.1.
3.3.2.
3.3.3.

3.4.

3.4.1.
3.4.2.

3.4.3.
3.4.4.

4.1

4.1.1.

5.1.1.

5.2

5.2.1.
5.2.2.

5.2.3.
5.2.4.
5.2.5.

Continuity and derivation

— Image of a closed interval by a continuous function
— Derivative of composite functions

— Derivative of an inverse function

— Second derivative, successive derivatives

— L’Hopital’s rule

Integration

— Integral: definitions, properties

— Rules of integration

— Application of the integral calculations

Differential equations

— Definition

— Equations in separable variables

— Linear first order equations with constant coefficients.
— Linear second order equations with constant coefficients

TRIGONOMETRY

Circular functions

— Study of the circular functions of the form acos(bx+c) and
asin(bx+c)

STATISTICSAND PROBABILITY

Statistics

— Measure of central tendency and measures of variability of a
distribution of one (continuous or discrete) variable

Probability
— Conditional probability: definition, independence of two
events

— Formula for all probabilities
— Random real variable, law of associated probability,
distribution function, characteristics

Bernoulli variable
Binomial law

15 hours

15 hours

10 hours

5 hours

30 hours
10 hours

20 hours

establishing the curriculum and issuing the books, because it was found during

These topics were reduced by a decision taken by MEHE and ECRD and after

implementation that they were too heavy to be covered in the alocated time. The

omitted topics include: “binary operations, structure of group, system of linear

eguations (m x n): definition, elementary operations on the rows, gauss method, inverse
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trigonometric functions, logarithmic function to the base a, successive derivatives,
Bernoulli variable, binomial law”. The topics circular functions and statistics were

added to these omitted topics in the academic year 2018-2019.

4.4.2. Qualitative Analysis of the LS Model Tests

Ten model tests for the LS track were issued throughout the years. Four model
tests (LSM1, LSM2, LSM3, and LSM4) wereissued in the year 2000 with the
curriculum documents of the 1997 reformed curriculum in the evaluation guide
(referenced in Appendix D). Four model tests (LSM5, LSM6, LSM7, and LSM8) were
issued in the year 2017, and two model tests (LSM9 and LSM 10) were issued in the
year 2019. Refer to Document I1- Appendix F which presents a sample model test:
LSM5. Inthis part of the qualitative analysis, the change that happened in the model
tests of the LS track from the date the first model tests were issued to the year 2017 and
then 2019 is analyzed. This gives insight about the developers’ point of view of the

importance of the curriculum’s different topics.

The Evaluation Guide (referenced in Appendix D) contains the model tests
issued in 2000 (refer to Document I- Appendix F which presents a sample model test:
LSM1). The following analysis is extracted from Safa’s (2012) analysis of the model

tests.

The math topicsin the model tests for the LS track are presented in Table 1 in
Appendix R. LSM1, LSM3, and LSM4 are made of three parts each, while LSM2

consists of four parts (Safa, 2012).
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LSM1 has problems covering the domains: Algebra, Calculus, and Geometry.
However, these problems are not comprehensive of al the topics under the mentioned
domains. The model test LSM2 is made up of four parts based on the domains: Algebra,
Calculus, and Statistics and Probability: two parts covering Algebra, one covering
Satistics and Probability, and the last covering Calculus. LSM2 aso does not cover all
the topics under the domains tackled. LSM 3 involves three parts: one on Algebra, one
on Statistics and Probability, one part on Calculus and Algebra. No test items occur on
Geometry. It is noted that the part on Algebra includes test item linked in content to the
domain Satistics and Probability, and the test items on numbers are integrated to the
test items on Calculus. LSM4 is made up of three parts based on the domains Satistics
and Probability, Algebra, and Calculus. The topics covered in these model testsissued
in the year 2000 are numbers, geometry, literal and numerical calculations, definitions
and representations, continuity and differentiation, integration, differentiation, statistics
and probability with different levels of occurrence in each model test. The occurrence of
the topic statistics is always limited to objectives from grade 11, while the occurrence of
the topic literal and numerical calculations include test items that tackle this topic

directly not being parts of integrated with other topics.

Table 1 in Appendix R presents the math topics covered in the model tests issued
in the years 2017 and 2019. These model tests are all four-problem tests covering the
domains: Algebra, Geometry, Calculus, and Statistics and Probability. The problems on
Algebra in these model tests cover the topic numbers. Thetopic literal and numerical
calculations occurs only in the tests LSM5, LSM7, and LSM9 under the problems on

Probability and Satistics included indirectly on test items on probability. The problems
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on Calculusin thetests LSM5, LSM6, and LSM8 are limited to the topics definitions
and representations and continuity and differentiation, while the topic integration
occursin the model tests LSM7, LSM9, and LSM 10 and the topic differential equations
occurs only in the model test LSM7. The problems on Probability and Statisticsin all
these model tests do not include any test item in the topic statistics. The topic circular
functions does not appear in any of the model tests before the year of its omission from

the required lessons for this track, 2018.

Table 2 in Appendix R displays the grade points allocated to the math topicsin
the model and official tests for the LS track. The parts on Calculus occurred on al the
model tests and are allocated the highest grades that range from 7 to 9 grades, having a
fixed grade point (8 points) in all the model testsissued in 2017 and 2019. The parts on
Algebra, Geometry, and Statistics and probability are allocated similar grades that range
from 4 to 6 grades in al the model tests but having afixed grade point (4 points) in al

the model testsissued in 2017 and 2019.

The qualitative analysis of the model tests shows that the developers’ view
regarding the importance of some topics has dightly changed over time. The topic
statistics which appear in the model tests before 2018, although appearing tackling
objectives of grade 11, is considered unimportant over time; therefore, it was omitted in
the year 2018. Moreover, the topic literal and numerical calculations, which has test
items on the topic covering different objectives, occurs at the basic level under the
probability problems as means to calculate the probability of certain events. On the
other hand, the topic circular functions which has no occurrence in any model tests, was

omitted from the required lessons in the year 2018.
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The change in the model testsisinvestigated further in terms of content and
cognitive domains in the Qualitative Analysis of the LS Model and Official Tests’ Test

[tems section.

4.4.3. Qualitative Analysis of the L S Official Tests

The sixteen national math tests (sessions 1 and 2) of the years 2011 to 2019 for
the LS track are analyzed in this section. The official tests of year 2014 were not put in
public since Lebanese teachers were on strike, and the committee responsible for
correcting and grading the national tests abstained. Appendix | presents a sample

national test-LS131 which isthe official test of the 1% session of the year 2013).

Table 1 in Appendix R displays the math topics covered by the official tests of
the years starting from 2011 till 2019. Each officia test consists of four problems

covering the four content domains of this track.

According to table 1, al official tests contain test items on the topics literal and
numerical calculations, numbers, definition and presentations, continuity and
differentiation, integration, and probability except for the official test LS131 which
doesn’t have test items on the topic literal and numerical calculations and official tests
LS151, LS161, LS162, and LS192 which do not have test items on integration. All the
test items on the topic literal and numerical calculations are basically integrated in the
probability topic and not direct questions on this topic. The official test LS192 isthe
only test that has test items on differential equations. The topic circular functionsis
never included in any official test before 2018 when it was excluded from the required

lessons.
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Table 2 in Appendix R displays the grade points allocated to the math topicsin
the national tests for the LS track. The parts on Calculus are allocated a fixed number of
gradesin all official tests (8 grade points) presenting the highest grade. The parts on
Algebra, Geometry, and Satistics and probability are allocated similar grades (4 grade

points) in al the official tests.

The qualitative analysis of the national math tests shows that the scale of
importance given by the curriculum to most of the topics, as reflected by the content and
number of hours allocated to each, differ from the scale of importance shown in the tests
to these topics, as reflected by the test items occurrence and grade distribution. While
the topics literal and numerical calculations and numbers have an equal number of
allocated hours per year (10 hours) (refer to Table 9 in the section 4.4.1), the first does
not always appear in official tests, but when it does, it appears as means of calculating
some test items under probability. On the other hand, the topic numbers always appears
in official tests as a problem with severa test items. Moreover, the topic differential
equations, although allocated a considerable number of hours per year (10 hours), rarely
occursin the official tests. Similarly, the topic statistics which is also allocated 10 hours

has no occurrence in any official test before being omitted in the year 2018.

4.4.4. Qualitative Analysis of the LS Model and Official Tests’ Test Items

This section aims at analyzing qualitatively and comparing the model and
official tests to check whether the 2017 issued model tests have reflected more the
previous official tests or have impacted the subsequent national tests, and how. The test
items of the model tests and official tests are studied. The analysis will be based on the

topics covered (refer to Table 9 in the section 4.4.1). Out of the topics constituting the
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math curriculum at this track, the topic statistics occurs only in the model tests. Analysis

of the old model tests and their examples are retrieved from Safa’s study (2013).

Literal and numerical calculations

Table 3 in Appendix R displays the occurrences of test items on the topic literal

and numerical calculations as well as the tests in which they appear.

Test items on literal and numerical calculations require mainly finding the
number "C, of al the combinations of p elements of a set of n elements. Test items
under thistopic occur in the model tests LSM1, LSM3, LSM5, LSM7, and LSM9 where
the test items go under the cognitive domain knowing. Thetest itemsin LSM3, LSM5,
and LSM7 are integrated within questions on probability to be used in calculating the
probability of an event, but thisis not the case for the model test LSM1 where the test
items are direct. The following is the part on literal and numerical calculations retrieved

from the model test LSM 1.

In a computer club of a school, there are four boys, numbered from 1 to 4, and five
girls, numbered from 1 to 5. The manager of the club wishes to form a committee of
three members.

1) How many committees of boys can be formed? Deduce the possible number of
comimittess having at least one girl.

2) How many committees having only one boy and a member numbered 2 can be
formed?

Figure 12: Sample Problem 1 on Literal and Numerical Calculations from the Model

Test LSM1

Thefollowing is apart on this topic from the model test LSM5.
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Ul and U 2 are two boxes so that:
U1 contains 10 balls: 6 red and 4 black.
U2 contains 10 balls: 5 red and 5 black.
A die numbered 1 through 6 1s rolled. If this die shows 1 or 2, then two balls are
randomly selected at a time from the box Ul. Otherwise, two balls are randomly
selected one after another with replacement from the box U2,
Consider the following events:
Ul: The selected box 1s Ul.
U2: The selected box 15 U2,
E: The selected balls are red.
1) Calculate P(R/UL).

Figure 13: Sample Problem 2 on Literal and Numerical Calculations from the Model

Test LSMS

Thetopic on literal and numerical calculations occursin all official tests except
for LS131. The occurrence of thistopic in al test item is integrated within questions on
probability. All the test items under thistopic in Table 3 in Appendix R go under the
cognitive domain knowing. Thetest itemsin the official testsare al similar to the test

item of the model test LSM5 mentioned sample 2.

It can be noted from what is mentioned that the official tests are amost aligned
with the model tests under thistopic. However, six objectives under this topic were

never addressed in both the model and the official tests.

Therefore, the model testsissued in 2017 and 2019 did not take in to
consideration the revision of the curriculum’s objectives under this topic to have the
assessment more aligned with the curriculum. Instead, the norm of having thistopicin
its simplest forms and objectives and which was devel oped over the yearsin the official

tests, became a part of the curriculum as represented in the model tests.

Numbers
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Table 4 in Appendix R displays the occurrences of test items on the topic
numbers as well as the testsin which they appear. The topic numbersinvolves the study
of complex numbers. Most test items require moving from one form to another of a
complex number (algebraic, trigonometric, and exponential), calculating and using the
properties of each of the modulus and argument of a complex number in finding

relations and solving geometric problems, and using De Moivre’s formula.

The following is the part under numbers retrieved from the model test LSM4.

I} Solve in C the equation 243zl =0 (E)
We call z; and z: the roots of the equation (E), the root z; is the one that has
@ positive imaginary part.
2) In the orthonormal plane let 4, and A; be the points representing z; and
zyrespectively. Let A be the point representing =, = i.
a- Prove that the points 4; A> and A are on a circle for which you
should determine the center and the radius.
b-  Calculate 1z z11. Deduce the type of triangle OAA;
c-  Specify the type of the quadrilateral 044,45

Figure 14: Sample Problem 1 on Numbers from the Model Test LSM4
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The following is the part under numbers retrieved from the model test LSM9.

In the complex plane referred to a direct orthonormal system (0; U, ¥), consider the points M(Z),
M'(Z"), I(1 + 2i), and E(5). The complex numbers Z and Z’ are so that: Z" = 2iZ + 5.

1- a) If Z is pure imaginary, prove that Z’ is real.
b) IfZ' = 5iV3, write Z in exponential form.

2- a) Prove that Zyp; = 2iZ;
b) Express IM’ in terms of /M and show that (IM,IM") = § + 2km where k € Z.

¢) Deduce that if M moves on the line (A) with equation (x = 1), then M’ moves on a line whose
equation is to be determined.

3- LetZ=x+iyand Z’' = x" + iy’ where x,y,x’, and y'are real numbers.
a) Express x'and y’ in terms of y and x.
b) Ifx + 2y =5, prove that (MM") is parallel to (¥'y). Then use the result (IM,TM") = % + 2kn

to construct M'when x + 2y = 5-
c) If M" moves on the circle (C”) with center E and radius 2, prove that M moves on the circle
(C) with center O and radius 1.

Figure 15: Sample Problem 2 on Numbers from the Model Test LSM9

It is noticed from the samples 1 and 2 and table 4 Appendix R that the model
tests 1ssued in 2017 and 2019 are more comprehensive of the fopic and include more
complex problems on this fopic than the previous model tests. The model test LSM4
includes only one test item on numbers, while the model test LSM1 doesn’t include any
test item on numbers. On the other hand, all the other model tests include a whole
problem on numbers with several test items. More diverse test items are included in the
model tests of the years 2017 and 2019. Moreover, test items under the topic numbers
differ in form and structure in the model tests issued in the years 2017 and 2019. The
model test LSM6 1s a True/False problem-type, while LSM10 is a multiple-choice
problem-type. Problems on numbers in the remaining model tests are short-answer and

open-ended problem-types.
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On the other hand, according to table 4 Appendix R, test items under this topic
in the official tests are diverse. Many test items keep occurring amost in al officia
tests, but these test items are based on the different conditions and situations given.
Multiple-choice problems occur only in officia tests LS112 and LS122, while problems

of other official tests are of short-answer and open-ended type.

The following is the part under the topic numbers retrieved from the official test

LS162.

In the complex plane referred 1o an orthenormal system|Chu. v ). consider the peints A{1) Miz) and

MY 5o Tt 7= |:| —1)2+1 withz=1,

o= Yenly that z'- i [| -1 lz— |:|-
b= Wenfy that AN 5."'.-114'_; Deduee that if b maovies on the emrele with center & and radiis -J"F

then M" moves on o circle (C} whose center and radius should be determined.
- Prove that: ||-|:.-1."--J_'} :l '1|'|:-'J.M_| b Xkm with ke

d- Compare |2'- zjand |2 -1, then prove that the tnangle AMM' is right isesceles.
2} Let z=x +ivand z'=x"riyv' where x, v, x" andv"are real mumbers,
8- Express X' and v'in terms of x and v,
b- Werify that if M' moves on a ling ([} with equation vy =x_ then M moves on a ling (Adio he

determined,

Figure 16: Sample Problem 3 on Numbers from the Official Test LS162

It is noticed that the official tests are more aligned with the model tests of the
years 2017 and 2019 than with the previous model tests. The content isalmost similar in
al the tests. However, both the model tests of the years 2017 and 2019 and the official
tests contain more diverse test items that require high order thinking skills and are more
comprehensive of the objectives of thistopic. Writing in exponentia form and

calculating and using the properties of argument are emphasized in the official tests and
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model testsissued in 2017 and 2018 but ignored in the previous model test, while the
objective on writing in trigonometric form does not occur in official tests, and

representing a complex number graphically occurs only in the model test LSMO.

The model tests of the years 2017 and 2019 have almost same test items as all
the official tests, while they differ from the model testsissued in the year 2000. This
reflects that the model tests, representing the curriculum, were modified to be aligned

with the assessment.

Classical Sudy (Geometry)

Classical Sudy isatopic classified under Geometry. It involves the use of the
knowledge of plane geometry and space geometry, analytical geometry, and visualizing
geometric elements and sketching 3D drawings, to find equations of straight lines and
planes in the space and to study their relative positions. Table 5 in Appendix R displays
the occurrences of test items on the topic classical study as well as the tests in which
they appear. The tests items under classical study occur with no specific pattern in the

model and official tests.

Thetest items on classical geometry occurred only in the model tests LSM 1 and
LSM3. In both tests, no figure was shown. The following is the part under the topic

classical study retrieved from the model test LSM 3.
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o
The space has the orthonormal system (O 215 ) k)'
Consider the planes (P) and (Q) of equations:
(P i+ dy<z+i=10
fQJ' .'.?II'J:Iﬁ:—S_ﬂ

1) Prove that (P) and (Q) are orthogonal. 2) Deduce the distance from
the point A (2, 1, 4) to the line (D), intersection of the two planes (P) and
(Q).

3) Give an equation of the line (D).
4) Use the value found in question 2) to calculate the coordinates of the point
H, orthogonal projection of the point A on the line (D).

Figure 17: Sample Problem 1 on Classical Geometry from the Model Test LSM3

On the other hand, the model tests of the years 2017 and 2019 have similar
structure and content under thistopic. They all have more questions on this topic which
are comprehensive of the topic and more diverse. Moreover, no figures are shown in any
of them. The following is the part under the topic classical study retrieved from the

model test LSMS8.

In the space of an orthonormal system(0 ; 7,3, k), consider the plane (P) with equation :

x=—t—1
x +y+z—1=0, and the line (d) with parametric equations { y=t+5 (teR),
z=3t+9

Let H(1. 1,-1)be a point on (P).

1) Determine A, the common point between (d) and (P).

2) Let( A) be the line passing through H and perpendicular to the plane (P).
a- Write a system of parametric equations of (A ).
b- Verify that E (2,2,0) 1s the intersection point between ( A ) and (d).
¢- Calculate the angle formed by (d) and (P).

3) Let(Q) be the plane passing through O and the pomnt F (2,1,0) and perpendicular to{P).
a- Write an equation of the plane (Q).
b- Let M(x.y.z) be a vanable point on (Q).

Prove that the volume of the tetrahedron MEAH 1s constant.

¢- Deduce that the two planes (Q) and (EAH) are parallel
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Figure 18: Sample Problem 2 on Classical Geometry from the Model Test LSM8

Asfor the official tests, test items under classical study are of similar content
and structure to those of the model tests. Only one test LS192 contains afigure. No
pattern in the occurrence of test itemsis obvious. The test items are very diverse and
differ clearly between the tests. The following is the part under the topic classical study
retrieved from the official test LS151.

The space 1s referred to a direct orthonormal system (O ; i, I k).

Consider the plane (P) with equation x —2y +2z—6 =0 and the two lines (d) and (d') defined as:

Jx=m+l [x =2t
(d):¢y=2m+1 and [d']:—%}'=51—3 (m and t are real parameters)
Z=2m+2 Lz=4l‘.

1) Find the coordinates of A, the intersection point of line (d) and plane (P).

2) Verify that A 1s on line(d'), and that (d')1s contained in plane (P).

3) a- Write an equation of plane (Q) determined by the lines (d) and (d').
b- Show that the two planes (P) and (Q) are perpendicular.

4) Let B(1:1:2)be a point on {d_}

Calculate the distance from point B to line(d').

Figure 19: Sample Problem 3 on Classical Geometry from the Official Test LS151

Definitions & Representations

One problem under Calculus occurs in each model and official test. It isthe most
important topic asit is assigned the highest grade points. This problem involves all the
topics under this domain in an integrated form. Definition and representations is one of

these topics. It involves the study of exponential and trigonometric functions in terms
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of: Domain, variation, limits and asymptotes, graphical representations, derivative and
primitive, composite functions and inverse functions (Safa, 2013). Table 6 Appendix R

displays the test items on definition and representations and the tests in which they

appear.

Thistopic occursin al the model testsin asimilar structure where no tables or
graphs are presented. It is noted that the model tests of the years 2017 and 2019 have
more varied test items and include composite functions which have no test itemsin
previous old model tests nor the official tests. It is aso noted that the model tests of the
years 2017 and 2019 contain al the possible test items that might occur under this topic.
Therefore, they are very comprehensive of the topic and include test items that are

challenging requiring a good level of reasoning.

Thefollowing is aquestion retrieved from the model test LSM3 under the topic
Definitions & Representations.
X

fis the function defined on [0); + o [ by (%)= % x—1+ =
2 nx

I} Study the limits of f at 00 and at + w. Prove that the line (4):

¥ :%x —1 iy an obligue asymptote of the graph (C) of [. Specify the

relative positions of (C) and (4).
2) a- Calculate f'(x) and then ["'(x). Deduce the variations of .
b- Caleulate f‘r’e“'j} and deduce the sign of [
c- Make the table of variations of [

Figure 20: Sample Problem 1 on Definitions & Representations from the Model Test

LSM3

Thefollowing is aquestion retrieved from the model test LSM 10 under the topic

Definitions & Representations.
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Consider the function fdefined over B as: f(x) = (2 — x)e* + x — 2, and denote by (C ) its
representative curve in an orthonormal system (O, T, 7).

1- a) Determine xEI_Elm f(x) and calculate f(2.5).
b} Determine xl_i.rjlm f(x) and prove that the straight line (d) with equation y = x — 2 is an

asymptote to (C).
¢) Study the relative positions of (C) & (d).

2- a) Verify that f'(x) = g(x), then set up the table of variations of f.
b) Show that f(a) = 222,

x—1

Figure 21: Sample Problem 2 on Definitions & Representations from the Model Test

LSM10

The following is a question from the Calculus problem retrieved from the

official test LS152 under the topic Definitions & Representations.

A- Let g be the function defined on ]ﬂ :+=:'3[ as g(x)= x —1+2Inx.

) Determine limg(x) and lim g(x).

x—+l)

2) Calculate g'(x)then set up the table of variations of g.
3) Calculate g(1) then deduce the sign of g(x) according to the value of x.
Figure 22: Sample Problem 3 on Definitions & Representations from the Model Test

LS152

The official testsvary alittlein structure in three tests LS172, LS182 and L S191
wherein a part of the problem a graph is given. The content is similar between the
official and the model tests. Moreover, athough similar forms of test items might
frequently occur, they vary between the three cognitive domains: knowing, applying and

reasoning as the function and context differ.
Continuity and Differentiation
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The objectives of thistopic are regarded as part of the topic differentiation.
They include studying: Image of a closed interval by a continuous function, derivative
of composite and inverse functions, successive derivatives, and L’Hopital’s rule. Table
7 in Appendix R displays the test items on this topic and the tests where they occur. All
model and official testsinclude test items either targeting this topic directly or

indirectly. Similar content and structure exist under test items of thistopic.

The following is aquestion retrieved from the model test LSM1 under this topic.

Let [ be the function defined by fix) = Inx —mx where m is a non-zero real
number. Let C, be the graph of [ in an orthonormal system.

1) For which values of m, the function [ is strictly monotone increasing?

2) For which values of m, C,, has a maximum or a minimum?

Figure 23: Sample Problem 1 on Differentiation from the Model Test LSM1

Thefollowing is part of a problem under Calculus retrieved from the model test

LSM?7 targeting this topic.

In what follows, suppose that f(x) =x e "+ x, and fis defined over R.
3) a- Venfy that f'(x) = g(x) and set up the table of vanations of .

b- Discuss according to x the concavity of (C).
¢- Determine the point E on (C) where the tangent (T) 1s parallel to (d).

Figure 24: Sample Problem 2 on Differentiation from the Model Test LSVI7

The official tests have test items that are similar to the test items of the model
testsissued in the years 2017 and 2019. In fact, this topic becomes more limited in the

official tests and the model tests of the years 2017 and 2019 to test items that routine
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guestions. Therefore, questions that might appear to require reasoning under this topic,

when being routine, they require applying instead.

Integration

Integration which is also atopic under Calculus domain, includes different
methods of calculating integrals to find the primitive of afunction to calcul ate areas and
volumes. Thistopic occursin the model tests and the official tests as part(s) under the
problem on Calculus. Table 8 in Appendix R displays the test items on integration and

the tests they appear in.

The model testsissued in the year 2000 address the topic integration in the tests

LSM1, LSM2, and LSM4. The questions are direct and address limited objectives.

The following is a question under this topic retrieved from the model test LSM 1.

Let [ be a function defined by fix)=Inx — mx where m is a non-zero real

number. Let Cy, be the graph of [ in an orthonormal system
- Calculate the area of the domain limited by C;, the lines y = -x, y = [ and x
=g,

Figure 25: Sample Problem 1 on Integration from the Model Test LSVI1

The model tests of the years 2017 and 2019 address the topic integration in the
tests LSM7, LSM9, and LSM10 in asimilar way as means to calcul ate the area of the

region bounded by the curve and given lines.

Thefollowing is a question retrieved from the model test LSM 10 under the topic

integration.
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Consider the function fdefined over R as: f(x) = (2 — x)e* + x — 2, and denote by (C ) its
representative curve in an orthonormal system (O, 7, 7).

5- Denote by A the area bounded by (C), (d), (y¥") and the line with equation x = a.
6—da
Show that 4 =

units of area,

Figure 26: Sample Problem 2 on Integration from the Model Test LSM10

Integration occursin all the official tests except for LS151, LS161, LS162, and
LS192. Test items similar to the ones occurring in the model tests occur in the officia
tests under this topic. However, some official tests emphasize this topic more than other

test items by including more test items.

The following is a question tackling this topic retrieved from the official test

LS152.

4) Let o be a real number greater than 1. Denote by A (o )the area of the region bounded
by (C). (d) and the two lines with equations x = | andx =a.

Inx ~l-Inx !
—dx = + k , where k 1s a real number.
X X

a- Venfy that !

b- Express A(a) in terms of «.

c- Using the graphic, show that A(o) <

(a-1)
2

Figure 27: Sample Problem 3 on Integration from the Official Test LS152

Three objectives under integration were never addressed in both the model tests
and the official tests. Thisreflects the model tests were not modified based on arevision
of the curriculum’s objectives to have a better alignment, but kept tackling, in the same

forms used, the content covered by the previous national tests.

Differential Equations
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Table 9 in Appendix R presents the test items on differential equations, another
topic under Calculus, and the tests where they appear. The model test LSM7 isthe only

test that tackles this topic.

The following is the part on the topic differential equations retrieved from the

model test LSM7.

Consider the differential equation (E): y" +2y" +y=x + 2.
1) a- Venfy that u= x 1s a particular solution for (E).
b- Let y = z + u ; Form the differential equation (E')satisfied by z and solve this equation .

¢- Deduce the general solution y = f{x) for the equation (E).

d-Denote by (C) the representative curve of { in an orthonormal system (O; T, ).
Determine [ so that (C) is tangent at O to the line y = 2x .

Figure 28: Sample Problem 1 on Differential Equations from the Model Test LSM7

On the other hand, the topic differential equations appears only in one official

test LS192.

The following is the part on the topic differential equations retrieved from the

test LS192 from the problem on Calculus.

Consider the differential equation (E):y'=y ==2x.
lety=z+2x +2.
1) Form the differential equation (E') satisfied by z.
2) Solve (E') and deduce the particular solution of (E) satisfying y(0) = (.

Figure 29: Sample Problem 2 on Differential Equations from the Official Test LS192

This shows that no alignment exists between the model tests and the official tests
under thistopic. Thistopic, based on its rare appearance in both the model and official

tests which does not cover all the objectives, seems to be unimportant.
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Satistics

Thetopic statisticsis under Satistics and Probability. It does not occur in any
official test or model test of the years 2017 and 2019. It only appears in the model test

LSM4. Table 10 in Appendix R presents the test items on statistics.

Probability

Table 11 in Appendix R displays the objectives under this topic occurring in the
model and official tests. Probability involves the study of probability of events focused
on conditional probability and dependent events. The study of real random variables and

distribution functionsis also included under thistopic.

Probability occursin the model tests LSM2 and L SM3 with a focus on binomial
distribution which is among the lessons which were omitted directly after the curriculum
reform. On the other hand, this topic has a problem in every new model test and official
test with afocus on the concepts conditional probability and determining probability

distribution of X.

Thefollowing is a sample probability problems retrieved from the model test

LSM2.
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In a factory where we make shirts, we notice that:

4% of the shirts have colour defect (called “defect C"),

2% of the shirts have defect in size (called “defect T")

The existence of one defect in a shirt is independent from the existence or

not of the other defect.

1) a- Determine the probability that a shirt has the two defects C and T.
b- Determine the probability that a shirt has, at least, one defect.

2)  Let X be the random variable representing the number of shirts having
at least one defect in a set of 80 shirts.
a- What is the law of X?
b- What is the probability that each shirt of the set has at least one  defect?
c- What is the mathematical expectation of X7 Give an interpretation of
the value you found.

Figure 30: Sample Problem 1 on Probability fromthe Model Test LSVI2

The following is a sample probability problem retrieved from the model test

LSMS.

U; and U, are two boxes so that :

U; contains 10 balls ;: 6 red and 4 black .
U, contains 10 balls: 5 red and 5 black .
A die numbered 1 through 6 1s rolled .
. If this die shows | or 2 . then two balls are randomly selected at a time from the box U .

.Otherwise . two balls are randomly selected one after another with replacement from the box U,

Consider the following events :
U, :"The selected box 1s U,.”

U, :"'The selected box 1s U/,.”
R :""The selected balls are red ™.
1) calculate P(R [U, ), P(RAU,)

2) venfy that FfR}=%.

3) The two balls selected are red . calculate the probability that they come from U, .
4) Let X be the random vanable that 1s equal to the number of the red balls selected .

Figure 31: Sample Problem 2 on Probability fromthe Model Test LSM5

The following is a sample probability problem retrieved from the official test

LS182.
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I1- (4 points)
An urn U contains six balls: four red balls and two blue balls.
A bag S contains five bills: one 50 000 LL bill. twe 20 000 LL bills and two 10 000 LL balls.
Part A
One ball 1s randomly drawn from U
s [ this ball is red, then two bills are drawn successively without replacement at random from S.
o [f this ball is blue, then three bills are drawn simultaneously at random from S.
Consider the following events:
R: " the drawn ball 1s red ".
A: " the sum of the values of the bills drawn 1s 70 000 LL ".

|I:x.2

1) Calculate the probabilities P(R ), P(%] then verify that P[A-‘""-R:I=l .

L

2) Calculate P{Aﬁﬁ}. Deduce P(A).

Part B
In this part, two bills are drawn successively with replacement at random from the bag S.
Designate by X. the random vanable that is equal to the sum of the values of the two drawn bills.
) Determine the six possible values of X,
4

2) Show that P{X =70 000)= Frag

]

3) Calculate P(X= 70 000).

Figure 32: Sample Problem 3 on Differential Equations from the Official Test LS182

No pattern is obvious in the occurrence of test itemsin the official tests. It is
noticed that the tests are aligned with the model tests of the years 2017 and 2019 under

probability but not with the previous model tests.

In conclusion, the qualitative analysis shows certain topics were neglected or
never addressed in the model tests and the official tests. The topic circular functions was
never addressed in the model tests and the official tests before it was cancelled in 2018.
Similarly, the topic statistics appeared in one of the model tests that were issued with
the curriculum but not in any model test of the year 2017 or official test before being
cancelled in 2018. On the other hand, differential equations which wasignored in most
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of the model tests and the official tests throughout the years, appears back in one of the
model tests of the year 2017 and in the official test LS192. Several objectives were
never addressed in the official and model tests. These objectives are under integration,
literal and numerical calculations, and probability. Moreover, all topics occur ina

purely abstract context except for probability which always occursin real-life contexts.

It isaso clear how the model tests of the years 2017 and 2019 were designed to
be more aligned with all the previous national tests. This reflects that the modification
was not based on arational revision of the curriculum taking into consideration its

objectives and content details.

In fact, the qualitative analysis of the official tests of the LS track shows that the
national examination of this track does not reflect the major points of the reform as
mentioned in the introduction of the mathematics curriculum: stressing the individual
construction of knowledge by giving students the opportunity to be immersed in real-life
situations where inquiry is their starting point (b) stresses the importance of eliminating
the theoretical overuse, emphasizing the practicality of the topics given, and the use of
calculator and computer technologies; and (¢) recommending starting from real-life
situations which shows that math is not separated from everyday life. The test items of
most of the topics of the official tests of thistrack are purely abstract and theoretical, do
not relate to real-life or other scientific subjects, and do not require the use of any
technological tool except the calculator for basic calculations. The only topic that
appearsin areal-life context is probability. This contradicts the three mgjor points

mentioned.
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On the other hand, the process objectives of the LS track, as presented in the
curriculum document, emphasize mathematical reasoning, solving mathematical
problems, and communicating mathematically (ECRD, 1997a). The qualitative anaysis
shows that communication through mathematics which includes, as stated in the
introduction of the curriculum, reading and interpreting texts, writing demonstration,
and explaining situations, graphs and tables, for the LS track, isalso partially reflected
in the official tests of this track since questions are mostly direct and theoretical.

4.4.5. Quantitative Analysis of the LS National Tests

The percentages of test items under the content and cognitive domains of the
model tests and national tests for the LS track are presented in tables, compared, and
analyzed in this section. The Pearson Product-Moment correl ation coefficients between

the data in the resultant tables are then presented, interpreted and discussed.

4.45.1 - Overall Correlation Between the Model Tests and the Official Tests

According to the definition of test item adopted in this study, there are 324 test
itemsin 10 model tests and 556 test itemsin 16 official tests. For the sake of having a
unified base for comparison, the datain the Table AlIModLS, that presents the
guantitative data of the ten model tests, and Table OffEXLS, that presents the

guantitative data of the sixteen national tests, were converted to percentages.

Table 1 in Appendix S displays the resultant percentages of the test itemsin all
the model and national tests distributed over the cognitive domains and topics they

tackle.
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According to the table, the model and official tests assess in a balanced way
most of the topics of the curriculum. The topic definitions and representations is
assigned the highest number of the test items in both the model and the official tests
(41.36% and 35.58% respectively), and this reflects the high importance given to this
topic in both the model and officia tests. The topic classical study (geometry) has the
second highest number of test items in both the model and official tests (17.67% and
19.6% respectively). Then the topic probability follows with 14.05% of the model tests’
test items and 16.74% of the official tests’ test items and the topic numbers with avery
close percentage to probability’s percentages in each of the model and official tests
(15.66% and 16.28% respectively). The remaining topics have low percentages of the

test items in each of the modd and official tests;

continuity and differentiation (5.87% and 5.28% respectively)

integration (1.86% and 4.39% respectively)

literal and numerical calculations (1.7% and 2.14% respectively)

differentiation (0.93% and 0.54% respectively)

statistics (0.92% and O respectively)

Discrepancy is obvious mainly in the percentages under the topic integration
which is emphasized more in the official tests than the model tests. On the other hand,
the topic statisticsis never addressed in the official tests although it was added to the
suspended lessons in the last two years (2018-2019), while it has avery low percentage

of test items in the model tests.

Considering the math domains, Algebra which consists of the topics literal and

numerical calculations and numbers constitutes 17.36% and 18.42% of the test items of
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the model and official test respectively. Geometry constitutes 17.67% and 19.16% of the
test items of the model and official test respectively. Calculus which consists of the
topics definitions and representations, continuity and differentiation, integration, and
differential equations constitutes 50.02% of the test items in the model tests and 45.69%
of the official tests’ test items. The domain Probability and Statistics which consists of
the topics statistics and probability constitutes 14.97% and 16.74% of the test itemsin

the model and official tests respectively.

Table 1 in Appendix S presents the percentages of test items addressing the
cognitive domains knowing, applying, and reasoning in the model and official tests.
According to table 1, the model and official tests address each cognitive domain with
very close percentages of test items. While the cognitive domain knowing has the
highest percentage of test itemsin the model tests (43.66%) followed by applying
(40.49%), it has the second highest percentage in the official tests (40.26%) after
applying (43.34%). On the other hand, the domain reasoning has alow percentage of
test itemsin each the model (15.87%) and the official tests (16.41%) compared to the

other two domains.

Comparing the model tests and official tests to both math topics and cognitive
domains, close percentages of test items appear under each. However, it is noted that
under the topic probability, the domain knowing is emphasized over applying and
reasoning (7.10%, 3.94%, and 3.01% respectively), while in the official tests, the
domains knowing and applying have almost equal percentages (6.69% and 6.77%
respectively) over reasoning (3.28%) reflecting a discrepancy in the percentages under

the domain applying under this topic. Moreover, the topic literal and numerical
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calculations’ test items are distributed over knowing and reasoning in the model tests,
while they tackle only knowing in the official tests. On the other hand, the topics
definitions and representations, continuity and differentiation, and integration under the
domain Calculus are the only topics where the test items require the domain applying
more that the domains knowing and reasoning. Lastly, the topic differential equations,
its rare presence in both the model and official testsis limited to the domains knowing

and applying.

Correlations were made, using Pearson Product-Moment coefficient by
Microsoft Excel, between the calculated percentages by correlating datain Table 1 of
Appendix S. An overall correlation was calculated between al cells of the model tests
and al cells of the official tests, correlations under each math domain between the
model and official tests were calculated, and correlations under each cognitive domain

between the model and official tests were calculated.

Table 10 presents the correlation between all the official exams of the years

2011- 2019, and the modé tests for the LS track at grade 12.

Table 10 Correlations Between the Official Tests of the Years 2011-2019 and the Model

Tests for Grade 12 LS Track

I In terms of In terms of
c ngra_ Cognitive Domains Math Contents
orrefation — A R Alge. Geom, Cal. S&P
OT & MT 0.97 099 097 09 0.93 0.85 099 092
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K: Knowing

A: Applying

R: Reasoning

Alge.: Algebra

Cal.: Calculus

Geom.: Geometry

S& P : Statistics & Probability

OT & MT : Official testsand model tests

According to Table 10, the overall correlation between the model tests and the
national testsis very high (r=0.97). This shows that the model tests and the official tests
are very consistent in general. This high correlation is the result of having very close

percentages of test items under amost every topic and cognitive domain.

The correlation between the national tests and model tests in terms of the
cognitive domainsis similarly calculated between the numbers in the columns of each
domain of Table 1 in Appendix S and presented in Table 6. The correlation, refer to
Table 6, between the national tests and model tests in terms of knowing is 0.99, applying
is0.97, and reasoning is 0.95. This high correlation shows the consistency of the model
and official tests under each cognitive domain. This great alignment is due to the
correspondence in the percentages of topics covered under each cognitive domain as

presented in table 1 Appendix S.

Correlations between the math domains were similarly calculated by finding
Pearson Product-Moment coefficient between the datain the rows of Table 1in
Appendix S. High positive correlations, at the math domains, are aso shown in Table
10. Algebra has a correlation of 0.93 between the model tests and the official tests. This
is due to the close percentages of each topic under each domain as shownin Table 1

Appendix S. Moreover, the domain Geometry has a correlation of 0.85 between the
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model and official tests which reflects also a high consistency between the model and
official tests under this domain. The domain Calculus has a correlation of 0.99. The high
correlation reflects the high consistency between the model tests and official tests under
this domain and itstopics. Similarly, the correlation under the domain Probability and
Satistics is very high positive (0.92). This reflects the consistency between the model
tests and official tests under this domain. Although the topic statistics, under this
domain, doesn’t occur in the official tests, unlike the model tests, its occurrence in the
model tests is negligible (0.92) which didn’t affect the consistency under the whole
domain which isreflected clearly in the close percentages under the topic probability in

Table 1 Appendix S.

In short, results show an overall very high correlation between the model tests

and official tests under all math topics and cognitive domains.

4.45.2 — Correlations Between the Model Tests and the Official Tests over

the years 2011-2013, 2015-2016, 2017-2018, and 2019

4.45.2.1 - Alignment Between the Modd Tests and the National Tests Over the Y ears

More valid results, are obtained when comparisons and correlations are made
between the national tests and their corresponding model tests. Therefore, comparison
and correlations between the model tests and the national tests over the years 2011-
2013, 2015-2016, 2017-2018 and 2019 are made in this section. Comparison is made
between the model tests (LSM1, LSM2, and LSM 3) issued with the curriculum
documents (in 2000) and the national tests of the years 2011-2013 and 2015-2016,

between the model tests (LSM5, LSM6, LSM7, and LSM8) issued in the year 2017 and
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the national tests of the years 2017-2018, and between the model tests (LSM8 and

LSM9) issued in the year 2019 and the national tests of this year are made.

There are 77 test items in four model testsissued in the year 2000, 161 test items
in the four model testsissued in the year 2017, model tests issued in the year 2017, 84
test itemsin the two model testsissued in the year 2019, 202 test items in six officia
tests (2011-2013), 146 test itemsin four official tests (2015-2016), 137 test itemsin four
official tests (2017-2018), and 71 test itemsin the two official tests of the year 2019.
TablesMod, NewModL S, OffEXL S11-13, OffEXL S15-16, OffEXLS17-18, and
OffEXLS19 were converted to percentages to have a unified base for comparison. Tables
2, 3, and 4 in Appendix S display the resultant percentages of the test items distributed
over the cognitive domains and topics they tackle for the LS track. Table 2 presents the
percentages of test itemsin the model testsissued in the year 2000 and the national tests
of the years 2011-2013 and 2015-2016. Table 3 presents the percentages of test itemsin
the model tests issued in the year 2017 and the national tests of the years 2017-2018,
and Table 4 presents the percentages of test items in the model tests issued in the year

20019 and the national tests of the same year.

Content Domains

According to tables 2, 3, and 4, the topic definitions and representations has the
highest percentage of test itemsin al the studied sets of tests ranging between 30% and
44%. The topics classical study, numbers, and probability come next with very close
percentages of test items. The topics continuity and differentiation, integration,
differential equations, literal and numerical calculations, and statistics are assigned

small percentages of test itemsin all the sets of tests studied.
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When comparing the model testsissued in the year 2000 to the official tests of
the years 2011-2013, it isobviousin table 2 in Appendix Sthat al the topics are
assessed in a somehow imbalanced way in the model and official tests except the topics
literal and numerical calculations (1.95% and1.196% respectively) and numbers
(11.37% and 12.87% respectively). The topics definitions and representations and
continuity and differentiation have more test item percentages in the model tests
(42.68% and10.38% respectively) than the official tests (35.52% and 6.4%
respectively). Discrepancies also occur under the topics integration and statistics. While
the first is emphasized morein the official tests than the model tests (6.38% and 3.91%
respectively), the latter occursin the model tests only but with low percentage (3.9%). It
is noticed that differential equations doesn’t occur in any of the model tests and official
tests under this set. Test items on probability are more in the official tests than the

model tests (16.13% and 11.04% respectively).

Discrepancies are obvious between the percentages of the test itemsin these
model tests, and of the official tests of the years 2015-2016 mainly under the topics
numbers (11.37% and 21.61% respectively), continuity and differentiation (10.38%, and
4.11% respectively), and probability (11.04%, and 14.56% respectively). Statistics also
has no test itemsin the official tests of the years 2015-2016, while differential equations

doesn’t occur in both the model and official tests.

When comparing the model tests of the year 2017 to the official tests of the years
2017-2018, it isobviousin table 3 in Appendix Sthat the model tests and the
corresponding official tests assess in a balanced way most of the topics of the math

curriculum: numbers, classical study, and continuity and differentiation. Discrepancies
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are obvious between the model tests and the official tests mainly in the percentages of
the topicsliteral and numerical calculations (0.62% and 3.65% respectively),
definitions and representations (44.1% and 34.32% respectively), and integration (0.62
and 4.38% respectively). Thetopic statistics is added to the suspended lessons starting
from the year 2017. It is also noted that the topic differential equationsis covered in the
model tests of the year 2017 with very low percentage (1.86%) but not in the official
tests. Therefore, official tests are not aligned with the model tests in terms of content

coverage of thistopic.

Comparing the model tests of the year 2019 to their corresponding official tests
of the year 2019, it is obviousin table 4 of Appendix S that the model tests and their
corresponding official tests are very well aligned under the Algebratopics (literal and
numerical calculations and numbers). Some differences exist in the percentages of the
test items under the remaining topics which make them less aligned under these topics.
The topic differential equationsisjust covered in the official tests but not the model

tests which makes them unaligned under this topic.

In short, the qualitative analysis of the model and national tests over the
mentioned sets shows that the national tests over the years are becoming better aligned

with their respective model tests in terms of content domain coverage.

Cognitive Domains

Asto the cognitive domains, the cognitive domain knowing (refer to Table 2
appendix S) has very close percentages in the model and officia tests of the year 2011-

2013 (39.18 % and 38.93% respectively). On the other hand, discrepancies occur under

142



reasoning which is emphasized more in the official tests that the model tests (19.32%
and15.81% respectively) and applying which is emphasized more in the model tests
having about half of the test items (45.03%) than the official tests (41.78%). Moreover,
it is noted that the topic numbersin the model tests have a great percentage under the
domain reasoning (6.28% out of 11.37%) while having close percentages over the three
cognitive domainsin the official tests. Therefore, the model tests and the official tests of
the yeas 2011-2013 are well aligned only under the topics of the Algebra domain and

under knowing. This alignment decreases under other topics and cognitive domains.

The model tests and the official tests of the year 2015-2016 (refer to Table 2
appendix S) have very close percentages under all the cognitive domains knowing,
applying, and reasoning (39.18%, 45.03%, and 15.81% respectively for the model tests
and 41.13%, 45.79%, and 13.2% respectively for the model tests). Therefore, the model
tests and the official tests are well aligned under the topics classical study and

definitions and representations only and under all the cognitive domains.

On the other hand, the model testsissued in 2017 and the official tests of the
year 2017-2019 have close percentages under all the cognitive domains knowing,
applying, and reasoning with a more emphasis on reasoning in the official tests than
model tests (17.98% and 15.68% respectively) and a more emphasis on knowing in the

model tests than official tests for these years (43.47% and 40.23% respectively).

On the other hand, discrepancies exist under the cognitive domains mainly under
knowing and applying in the model tests and national tests of the year 2019. While the
model tests emphasize knowing over applying (49.09% and 36.6% respectively), the

official tests emphasize applying over knowing (45.66% and 42.49% respectively).
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These discrepancies are because of the differences in the percentages of each of the
topics numbers and classical study under these two cognitive domains. The officia tests
have more test items under applying covering these two topics, while the model tests

have more test items under knowing under these topics.

In short, the national tests of the years 2015-2016 and 2017-2018 are more
aligned with their corresponding model tests in terms of cognitive domains than the
national tests of the years 2011-2013 and 2019. Correspondence of percentages under
knowing and applying is the greatest with a more emphasis on applying by the national
tests. Discrepancy occurs mainly under reasoning being more emphasized in the model
tests over al the years. The curriculum, as demonstrated in the model tests, emphasizes
the cognitive domain knowing over applying and reasoning, while the official tests
emphasize applying over knowing and reasoning. However, more attention is given by
all the modél tests to the domain reasoning than the official tests over the mentioned

periods of time.

Correlations

In addition to percentages, correlations were cal cul ated between the respective
numbersin Tables 2, 3, and 4 in Appendix S. Correlations were cal culated between the
model testsissued in the year 2000 and the official tests of the yeas 2011-2013, the
model tests issued with the curriculum documents and the official tests of the years
2015-2016, the model testsissued in 2017 and the official tests of the years 2017-2018,

and the model testsissued in 2019 and the officia tests of the year 2019.
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According to Table 11, the overall correlation is very high positive (ranging

between 0.82 and 0.96) between the tests of al the sets correlated. This shows that the

tests of each set have an overall good aignment under each set.

Table 11: Correations Between the Official Tests and the Model Tests Over the Years

2011-2013, 2015-2016, 2017-2018, and 2019 for Grade 12 LS Track

In terms of In terms of
ch\rlglraililon _Cognitive _Domai ns Math Contents

OT11- Knowing Applying Reasoning Alg. Geo. Calc. S.P.
13&MT1 0.92 0.9 0.96 0.77 0.79 098 098 0.8
OT15-

16&MT1 0.88 0.7 0.95 0.63 036 099 098 0.6
OoT17-

18&MT2 0.96 0.93 0.94 0.66 084 098 09 0.8
OT19&MT3 0.89 0.89 0.9 0.85 066 036 097 0.95
Alg.: Algebra

Geo.: Geometry

Calc. : Calculus (Numerical Functions)

S.P.: Statistics & Praobability

MT1: model testsLSM1,LSM2,LSM3 and LSM4
MT2: model testsLSM5, LSM6, LSM7, and LSM 8
MT3: model testsLSM9 and LSM 10

OT11-13: official tests of the years 2011-2013
OT15-16: official tests of the years 2015-2016
OT17-18: official tests of the years 2017-2018
OT19: official tests of the year 2019

Mode testsissued in the year 2000 and the national tests of the years 2011-2013

are well aligned under all the cognitive domains and content domains having

correlations ranging between 0.77 and 0.98.

Model testsissued in the year 2000 and the national tests of the years 2015-2016
are somehow well-aligned under the cognitive domains knowing and reasoning having

correlations of 0.7 and 0.66 respectively, and very well-aligned under applying having a
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very high correlation (r=0.98). Asfor the content domains, the model and national tests
under this period are very well aligned under Geometry and Cal culus and somehow
under Satistics and Probability(r=0.6), but not under Algebra under which alow

correlation exists (0.36).

Mode testsissued in the year 2017 and the national tests of the years 2017-2018
are well aligned under all the cognitive domains and content domains having

correlations ranging between 0.66 and 0.98 with the lowest correlation under reasoning.

Mode testsissued in the year 2019 and the national tests of the year 2019 are
very well aligned under all cognitive domains and all content domains (correlation
ranging between 0.66 and 0.97) except for Geometry content domain where the

correlation isvery low (0.36).

4.45.2.2 — Evolution of the National Tests of the LS track Over the Years

In this section, comparison between the national tests of the years 2011-2013,
2015-2016, 2017-2018, and 2019 isin terms of content domains and cognitive domains
to see the evolution of the national test is over time, then correlations are calculated to

check their alignment.

Content Domains

Comparing the official tests of the years 2011-2013, 2015-2016, 2017-2018, and
2019 in terms of math topics, it is obvious, according to tables 2, 3, and 4 in the
appendix S, that the official tests of the years 2011-2013 and 2017-2018 have close
percentages under the math topics literal and numerical calculations, classical study,
continuity and differentiation, and probability and under definitions and representations
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with the official tests of the years 2015-2016. The topic differential equationsis never
addressed in the tests of these three sets of years. The topics numbers and classical
studies have close percentages of test itemsin the official tests of the years 2015-2016

and the year 2019.

Cognitive Domains

The official tests of the years 2011-2013, 2015-2016, 2017-2018, and 2019 have
very close percentages under the domain knowing ranging between 38.9% and 42.5%.
Tests of the years 2011-2013 and those of the years 2017-2018 have close percentages
under the domains applying and reasoning too (41.77% and 19.32% respectively for
official tests of the years 2011-2013 and 41.89% and 17.98% respectively for official
tests of the years 2017-2018). The official tests of the years 2015-2016 and the year
2019 have very close percentages under al cognitive domains (41.13% and 42.49%
respectively under knowing, 45.76% and 45.67% respectively under applying, and

13.2% and 11.86% respectively under reasoning.

In short, the national tests over the years have very close percentages under the
cognitive domains. It is noted that more emphasis is given over years to applying on the

expense of reasoning.

Correlations

In addition to percentages, correlations were calculated between the respective
numbersin Tables 2, 3, and 4 in Appendix S. Correlations were calculated between the
official tests of the years 2011-2013 and the years 2015-2016, the official tests of the

years 2011-2013 and the years 2017-2018, the official tests of the years 2011-2013 and
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the year 2019, the official tests of the years 2015-2016 and the years 2017-2018, the
official tests of the years 2015-2016 and the year 2019, the official tests of the years
2017-2018 and the year 2019 of the LS track. When taking the correlations between the
official tests, the topic statistics is excluded. The fact isthat this topic was never
addressed in any national test before the year 2018, and it was omitted since the year
2018. Therefore, keeping it in the national tests of the years before 2018 and omitting it
in the tests of the years 2018 till 2019 naturally resulted in tables which are not of equal
Size and structure to be correlated. Moreover, keeping it will affect slightly the
correlation results. To solve this problem, we had to remove that topic from Tables 2, 3,

and 4 in Appendix S when doing the correlations in this section.

Table 12
Correlations Between the Official Exams of the Years 2011-2019 and the Model Tests

for Grade 12 LS Track

In terms of In terms of
Cocr’l‘r’g;'i'on Cognitive Domains Math Contents
Knowing Applying Reasoning Alg. Geo. Calc. SP.
OT11-13&
OT15-16 0.92 0.78 0.97 0.9 0.78 099 099 044
OT11-
13&0T17-18 0.93 0.91 0.93 0.87 0.83 08 098 -0.28
OT11-13&
OoT19 0.89 0.9 0.9 0.91 091 082 094 084
OT15-
16&OT17-18 0.92 0.85 0.98 0.7 0.89 075 096 0.74
OT15-
16&OT19 0.87 0.77 0.93 0.84 0.81 086 093 0.86
OT17-
18&OT19 0.88 0.8 0.94 0.74 089 031 096 03
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Alg.: Algebra

Geo.: Geometry

Calc. : Calculus (Numerical Functions)

S.P.: Statistics & Probability

OT11-13: official tests of the years 2011-2013
OT15-16: official tests of the years 2015-2016
OT17-18: official tests of the years 2017-2018
OT19: official tests of the year 2019

The official tests of the years 2011-2013, 2015-2016, 2017-2018, and 2019 are
consistent with each other under all the cognitive domains, refer to Table 12, having

high correlations ranging between 0.7 and 0.98 under these cognitive domains.

In terms of math domains, refer to table 12, high positive correlations (ranging
between 0.75 and 0.99) exist between the tests of all the sets studied under the content
domains Algebra, Geometry, and Calculus except for the national tests of the years
2017-2018 and 2019 under Geometry (r=0.31). Thisreflects that all the official tests are
aligned with each other under these content domains. Low correlations exist between the
model official tests of the years 2011-2013 and the years 2015-2016 (r=0.44), and
between official tests of the years 2017-2018 and the year 2019 (r=0.3), and a negative
correlation between official tests of the years 2011-2013 and the year 2017-2018 (r=-
0.28) under the domain Probability and Satistics. Therefore, alack of alignment exists
between the mentioned sets of the official tests under this domain. The official tests
2011-2013 and 2019, 2015-2016 and 2017-2018, and 2015-2016 and 2019, however,
have a good alignment under this domain represented by their high positive correlations

(0.84, 0.74, and 0.86 respectively).
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In fact, the correlations between the national tests show that the tests did not
change over the years. They are steady in terms of content domains and cognitive

domains coverage.

4.45.3 - Correlations Between the Model Tests and the Official Tests of Sessions 1

and 2

To study if there is any difference in the alignment between the curriculum and
session-1 and session-2 official tests, comparison is made in this section between the
model tests issued with the curriculum documents and the corresponding official
session-1 and session-2 tests (of the years 2011-2013 and 2015-2016), between the
model testsissued in 2017 and the corresponding official session-1 and session-2 tests
(of the years 2017-2018), and between the model tests of the year 2019 and their
corresponding official tests of the year 2019 for the LS track. Comparison is a'so made
between sessions 1 and 2 official tests of the years 2011-2013 and 2015-2016, between
sessions 1 and 2 official tests of the years 2017-2018, and between session 1 and 2
official tests of the year 2019 to see how consistent the official tests of sessions 1 and 2

are.

There are 77 test items in four model tests issued with the curriculum document,
161 test items in the four model tests LSM5, LSM6, LSM7, and LSM8 model tests
issued in the year 2017, 84 test itemsin the two model tests issued in the year 2019
(LSM9 and LSM10), 170 test items in five session-1 official tests of the years 2011-
2016, 178 test items in five session-2 officia tests of the years 2011-2016, 74 test items
in four session-1 official tests of the years 2017-2018, 63 test itemsin four session-2

official tests of the years 2017-2018, 33 test itemsin session-1 official test of the year
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2019, and 38 test itemsin session-2 official test of the year 2019. Tables ModLS,
ModL S5-8, ModL S9-10, OffExLS11, OffExLS21, Off EXLS12, OffEXLS122, LS191,

and LS192 were converted to percentages to have a unified base for comparison.

Table 5 in Appendix S presents the distribution in percentages of the test items
in the model tests (LSM1, LSM2, LSM3, and LSM4), session-1 official tests of the
years 2011-2016, and session-2 official tests of the years 2011-2016 to their
corresponding cognitive domains and math topics they address. Table 6 in Appendix S
presents the distribution in percentages of the test itemsin the model tests of the year
2017, session-1 official tests of the years 2017-2018, and session-2 official tests of the
years 2017-2018 to their corresponding cognitive domains and math topics they address.
Table 7 in Appendix S presents the distribution in percentages of the test itemsin the
model tests of the year 2019, session-1 official tests of the year 2019, and session-2
official tests of the year 2019 to their corresponding cognitive domains and math topics
they address. The datain these tables are extracted from the Tables ModL S, ModL S5-8,

ModL S9-10, OffExLS11, OffEXLS21, OffExLS12, OffExLS122, LS191, and LS192.

Model Tests Compared to Each of Sessions 1 and 2 of the National Tests

When comparing the model tests issued with the curriculum documents to
session-1 officia tests of the years 2011-2016, and session-2 official tests of the years
2011-2016, it isobviousintable 5 in Appendix Sthat the model tests and the
corresponding official tests do not assess in a balanced way the different topics of the
math curriculum. The percentages of the test itemsin the model tests are distributed
over eight out of ninetopics, while they are distributed in session-1 official tests and

session-2 official tests of the years 2011-2016 over seven topics. It is noted that no test
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items tackled the topic differential equationsin both the model and the official tests,
while statistics is only addressed in the model tests. The topic definitions and
representations has the highest percentage of test itemsin al tests (42.86% in the model
tests, 35.3% in session-1 officia tests, and 38.34% in session-2 officia tests). Thereisa
small difference in the percentages of this topic between the model tests and each of
session-1 and 2 official tests. The topic classical study has the second highest
percentage in the model tests issued with the curriculum documents (14.61%), session-1
official tests of the years 2011-2016 (20.23%), and session-2 official tests of the years
2011-2016 (19.1%) with obvious discrepancies between the model tests and each of
session-1 and session-2 official tests under this topic. Similarly, the topics numbers and
probability, which have the third highest percentage of test itemsin the model tests,
have significant differences in the percentages between the model tests and each of
session-1 and session-2 official tests of the year 2011-2016 (11.37%, 17.94%, and
15.17% respectively for numbers and 11.04%, 16.82%, and 14.19% respectively). A
huge discrepancy exists under the topic continuity and differentiation between the model
tests and each of session-1 and session-2 official tests taking 10.38% in the model tests,

4.71% in session-1 official tests, and 5.82% in session-2 official tests.

When comparing the model tests issued in the year 2017 to each of session-1and
session-2 officia tests of the years 2017-2018, it isobviousin table 6 in Appendix S
that the model tests compared to each of session-1 and session-2 official tests do not
assess in a balanced way some of the topics of the math curriculum. While the model
tests have some test items on differential equations, both session-1 and session-2 official

tests do not cover thistopic. The topics numbers, classical study, definitions and
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representations, continuity and differentiation, and probability have very close
percentages of test itemsin the model tests (16.77%, 18.01%, 44.1%, 4.34%, and
13.66% respectively) and session-1 official tests of the years 2017-2018 (17.57%,
18.92%, 37.84%, 4.06%, and 14.53% respectively), while there are obvious
discrepancies under the topics literal and numerical calculations, numbers, definitions
and representations, continuity and differentiation, integration, and probability between
the model tests (0.62%, 16.77%, 44.1%, 4.34%, 0.62%, and 13.66% respectively) and
session-2 official tests (4.37%, 11.12%, 30.15%, 9.53%, 4.76%, and 21.03%
respectively). This shows amisalignment of the model tests with session-2 official tests

of the year 2017-2018 under these topics.

Comparing the model tests of the year 2019 and the official tests of the same
year, it is obvious, according to table 7 in appendix S, that thereis a good alignment
between the model tests and each of session-1 and session-2 under most of the math
topics. The topic differential equations occurs only in session-2 official tests of the year
2019 without appearing in the model tests and official session-1 tests. Moreover, the
topic integration has a good percentage in the official tests 2019 (9.09%), whileitis
almost negligible in the model tests (2.37%) and with no occurrence under session-2

official tests of the year 2019.

Asto the cognitive domains, Tables 5, 6, and 7 in Appendix S show that close
percentages of test items exist among the model tests, session-1 official tests and
session-2 official tests of the years 2011-2016, 2017-2018, and 2019 under all the
cognitive domains. It is notable that session-2 of the years 2011-2016 has a higher

percentage under reasoning than the model tests and session-1 of the same years
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(17.84%, 15.81%, and 15.59% respectively). A balance in the percentages under the
cognitive domains knowing, applying and reasoning al so exists between the model tests
(43.47%, 40.83%, and 15.68% respectively) and session-1 official tests of the years
2017-2018 (46.17%, 39.77%, and 14.08% respectively). A discrepancy exists under this
domain when comparing each of the model tests and session-1 official tests with
session-2 officia tests of the year 2017-2018 (the latter has the percentages 33.2%,
44.32%, and 22.49% respectively). It is notable that session-2 official tests of the years
2017-2018 have the highest percentage under the domain reasoning among all studied
sets of tests (22.49%). Discrepancies exist under the domain knowing when comparing
the model tests of the year 2019 to each of sessions 1 and 2 officia tests of the same
year (49.09%, 42.93%, and 42.1% respectively), under applying between the mentioned
tests (36.6%, 42.17%, and 48.73% respectively), and under reasoning when comparing
between each of the model tests and session-1 official test of the year 2019 and session-

2 2019 (14.28%, 15.9%, and 9.21% respectively).

In short, discrepancies occur between the model tests and sessions 1 and 2
national tests mainly under the topic numbers, continuity and differentiation, and
probability. Correspondence under all the cognitive domainsis better between the
model tests of the 2017 and session-1 national tests of the years 2017-2018 than
between the model tests and session-2 national tests of the same period, and between the
model tests of the 2019 and session-1 national tests of the year 2019 than between the
model tests and session-2 national tests of the same period. Close percentages of test
items exist among the model tests, session-1 official tests and session-2 official tests of

the years 2011-2016 under all cognitive domains.
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Session-1 National Tests Compared to Session-2 National Tests

Comparing sessions 1 and 2 of the official tests of the years 2011-2013, 2015-
2016, 2017-2018, and 2019 in terms of math topics, it is obvious, according to tables 5,
6, and 7 in Appendix S, that sessions 1 and 2 of the years 2011-2016 are well aligned
having very close percentages under each topic. However, thisis not the case between
sessions 1 and 2 of each of the years 2017-2018 and 2019 because discrepancies exist in

the percentages of test items under different topics.

In terms of cognitive domains, according to tables 5, 6, and 7 of Appendix S,
sessions 1 and 2 of the years 2011-2016 have good correspondence under applying
(42.43% and 44.37% respectively) and reasoning (15.59% and 17.84% respectively) but
with discrepancies under knowing (41.93% and 37.79% respectively). Sessions 1 and 2
of the years 2017-2018 have a somehow good correspondence under applying (39.77%
and 44.32% respectively) but with discrepancies under knowing (46.17% and 33.2%
respectively) and reasoning (14.08% and 22.49% respectively). It is notable that
reasoning in sessions 2 of the years 2011-2016 and 2017-2018 emphasi ze reasoning
more than sessions 1 of the same years. Sessions 1 and 2 of the year 2019 have a good
correspondence under knowing (42.93% and 42.1% respectively) but with discrepancies
under applying (42.17% and 48.73% respectively) and reasoning (15.9% and 9.21%
respectively). The lowest percentage under reasoning exists in session-2 of the year

2019.

Correlations
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In addition to percentages, correlations were cal culated between the respective
numbersin Tables5 and 6 in Appendix S. Correlations were made between the model
tests issued with the curriculum documents and the corresponding official session-1 and
session-2 tests (of the years 2011-2016), between the model tests issued in 2017and the
corresponding official session-1 and session-2 tests (of the years 2017-2018), and
between the model tests of the year 2019 and their corresponding official tests (year

2019).

According to Table 13, the correlations between the model tests issued with the
curriculum and session-1 official tests of years 2011-2016, the model tests and session-2
official tests of years 2011-2016, the model tests and session-1 official tests of years
2017-2018, the model tests and session-2 official tests of years 2017-2018, the model
tests and session-1 official test of year 2019, and the model tests and session-2 official
tests of the year 2019 are 0.915, 0.906, 0.903, 0.815, 0.88, and 0.77 respectively. This
shows that the tests under each compared set are consistent. However, this consistency
is greater between model testsissued in the year 2000 and with their corresponding
sessions 1 and 2 official tests then between model testsissued in 2017 and their
corresponding official tests. This consistency decreases between the model tests of the

year 2019 and its corresponding official tests.

Table 12: Correlations Between Sessions 1 and 2 of the Official Exams of the Years

2011-2016, 2017-2018, and 2019, and the Model Tests for Grade 12 LS Track

In terms of In terms of
c OV;“T_' Cognitive Domains Math Contents
orrelation — A R Alg. Geo. Calc. SP

OT11-16(1)&MT1 0.915 079 097 086 062 099 099 081
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OT11-16(2)&MT1 0.906 094 099 0.7 048 098 097 0.63
OT17-18(1)&MT2 0.903 093 097 058 097 099 092 0.64
OT17-18(2)&MT2 0.815 076 088 0.57 033 094 094 0.15
OT19(1)&MT3 0.88 089 093 061 083 064 095 0.38
OT19(2)&MT3 0.77 071 0.79 0.66 037 02 093 094
OT11-16(1)&
OT11-16(2) 0.96 094 0.99 0.7 0.88 1 1 0.89
OT17-18(1)&
OT17-19(2) 0.83 077 096 0.65 048 097 09 0.67
OT19(1)& OT19(2) 0.7 06 082 001 041 0838 087 0.06

K: Knowing

A: Applying

R: Reasoning

Alg.: Algebra

Calc.: Calculus (Numerical Functions)

S.P.: Statistics & Probability

MT1: model testsissued with the curriculum documents
MT2: model testsissued in the year 2017

MT3: model testsissued in the year 2019

OT11-16(1): session-1 official tests of the years 2011-2016
OT11-16(2): session-2 official tests of the years 2011-2016
OT17-18(1): session-1 official tests of the years 2017-2018
OT17-18(2): session-2 official tests of the years 2017-2018
OT19(1): session-1 official tests of the year 2019

0T 19(2): session-2 official tests of the year 2019

In terms of cognitive domains, refer to table 12, the correlations between the

model tests and their corresponding sessions 1 and 2 over al the years are high positive
under al cognitive domain (ranging between 0.7 and 0.9) except for reasoning when
correlating the model tests to each of session-1 and session-2 official tests of the year

2019, having average correlations of 0.58 and 0.57 respectively.

In terms of math domain algebra, refer to table 12, an obvious low correlation

(ranging between 0.33 and 0.48) exists between session-2 official tests of each year and

their corresponding model tests. Thisis because under this math domain, percentages of
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test items vary alot between session-2 tests and the model testsin terms of math domain
and both math topic and cognitive domain. Therefore, there is consistency between
sessions-1 officia tests of the years 2011-2016, 2017-2018 and 2019 and their
corresponding model tests under the math domain Algebra but not among the tests of

the remaining sets.

In terms of math domains Geometry and Calculus, very high correlations exist
between the tests of each sets ranging between 0.87 and 1 except for the tests of the set:
model tests of the year 2019 and session-1 official test and model tests of the year 2019
and session-2 official test of the same year (r=0.64 and r=0.2 respectively) under
Geometry. These high correlations reflect a great consistency between the mentioned
sets, while the average and low correlations reflect an average consistency and alow
consistency between the model tests of the year 2019 and session-1 test of the same year

and between the model tests and session-2 test of the same year respectively.

In terms of math domain statistics and probability, refer to table 12, negative
and very low correlations exist between the model testsissued in 2017 and each of
session-1 and session-2 official tests of the year 2017, and the model tests of the year
2019 and session-1 of the year 2019 (-0.64, 0.15, and -0.38). Thisreflects an
inconsistency between each of the mentioned set. Thisis due to discrepancies of the
total percentages of test items under thistopic or to discrepancies of the percentages
under the cognitive domains under this math domain. On the other hand, the correlations
between the tests of the remaining sets range between 0.63 and 0.94 reflecting a
consistency ranging between good to high consistency between the sets under the

domain Satistics and Probability.
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Correlations were cal culated between sessions 1 and 2 official tests of each of
the years 2011-2016, 2017-2018, and 2019. Correl ations between sessions 1 and 2
official tests of years 2011-2016, sessions 1 and 2 official tests of years 2017-2018, and

sessions 1 and 2 of the year 2019 are 0.96, 0.83 0.7 respectively.

Correlations in term of cognitive domains, refer to table 12, range between good
(r=0.6) to high positive (r=0.99) between sessions 1 and 2 national tests under al
cognitive domains except under reasoning between session-1 and session-2 official tests

of the year 2019 having a very low correlation (r=0.01).

In terms of math domain algebra, refer to table 12, obvious low correlations
exist between sessions 1 and 2 official tests of the years 2017-2018 and the year 2019
(r=0.48 and 0.41 respectively). High positive correlation exist under Algebra between
sessions 1 and 2 of the years 2011-2016 (r=0.88). In terms of math domains Geometry
and Calculus, very high correlations exist between sessions 1 and 2 of all the years
ranging between 0.87 and 1. These high correlations reflect a great consistency between
sessions 1 and 2 of the national tests. In terms of math domain Satistics and
Probability, refer to table 12, negative and very low correlations exist between each of
session-1 and session-2 official tests of the year 2017 and sessions 1 and 2 of the year
2019 (0.67 and -0.06 respectively). This reflects an inconsistency between each of the
mentioned set. Thisis due to discrepancies of the total percentages of test items under
this topic or to discrepancies of the percentages under the cognitive domains under this
math domain. On the other hand, the correlation sessions 1 and 2 of the years 2011-2016
is high positive (r= 0.89) reflecting a high consistency between sessions 1 and 2 of the

year 2011-2016 under the domain Satistics and Probability.
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In short, the quantitative analysis of the official tests of the LS track show that
the objective reasoning has a percentage (16.41%) of the test items which islow and
does not reflect the general and specific objectives of mathematics at this track. Solving
mathematical problems, which isincluded in both cognitive domains applying, which is
required by 43.34% of the testsitems of the official tests for the LS track, and reasoning
which isrequired by 16.41% of the tests items of the official tests for the same track, is
emphasized ranging from simple mathematical problems to some complex non-routine
problems. It isimportant to note at this level that since applying involves solving routine
problems and reasoning consists of solving non-routine problems, many problems that
normally require reasoning, when seen repeated over several tests are considered as
routine questions that students are used to solve and thus classified under applying
rather than reasoning. Moreover, a considerable change is obvious in the model tests
over the years emphasizing knowing over applying, while a steady content and cognitive

structure is obviousin the national tests over the years.
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Chapter Five

Conclusions and Recommendations

This chapter includes six parts: 1) introduction, 2) discussion, 3) conclusions, 4)

recommendations, 5) limitations, 6) and recommendations for future studies.

5.1. Introduction

The purpose of this study was to examine the alignment between the foundations
of the Lebanese mathematics intended curriculum, as represented by the curriculum
documentation, and national assessment, as represented by the national math tests for
the LH and the LS tracks of grade 12 (assessed curriculum) between the years 2011 and
2019. The study aso investigated the alignment’s evolution throughout the
implementation years of the reformed curriculum starting from the year 2001 taking into
consideration the results of Sleiman’s study (2012) and Safa’s study (2013) on the
alignment of the mentioned curriculum components during the previous years for the
LH and LS tracks respectively. The study also studied if there exist any differences
between session-1 and session-2 of the officia tests for both tracks, by investigating

their alignment with the 1997 reformed curriculum.

Content analysis techniques were used in the study for both the LH and LS
tracks. The qualitative section studied the structure and content of each of the
curriculum, model tests, and national official tests. The qualitative analysis of the tests
took into consideration the topics and the test items. The model tests and official tests

were analyzed quantitatively using double-entry statistical tables. Test items, as



identified by Osta (2007), for each test were analyzed in these tables as to their
corresponding objectives in the math curriculum and to the cognitive domains they
address, based on TIMSS Advanced 2015 framework. These tables were then compared
using Pearson Product-Moment coefficient to check the degree of alignment between

the model tests and official tests.

The Lebanese official tests for the LH track, as shown in the analysis, are

characterized by the following:

- All the official tests have the same structure. Each is made up of three parts
with constant grade distribution each year. Each part covers a domain:
Algebra (17.75%), Calculus (54.2%), and Satistics and Probability
(28.05%).

- Inegualities under the topic equalities and inequalities and the topic statistics
of grade 12 are never addressed in the official tests. Satistics in the official
testsis only limited to very basic concepts taken in previous year.

- Thetopic simple and compound interest is addressed in session-2 only of the
official tests. Its occurrence is rare (1.44% of the official tests) and limited to
one objective out of five objectives.

- Propositional calculusis never addressed in the official tests. It was added to
the omitted tests starting from the year 2016.

- The problems on the topics equations and statistics and probability are
aways presented in the real-life context with examples that are different each
time but requiring applying what is learned under this topic. On the other

hand, the problems on equations are always related to money and discounts.
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Definitions and representations topic is considered to be the most important
topic since itstest items cover 52.76% of the official tests with the highest
assigned grade points (10 points out of 20). The problem on definitions and
representations is never presented in the context of real-life situations. The
given varies between three types: a graph, atable of variation, and a
function. Many test items are of similar content but vary in structure as the
given varies. Other different test items appear under this topic each time.
The official tests put a great emphasis on the cognitive domain knowing
(51.57% of the test itemsin the official tests), then applying gets 38.81%.
Official tests amost neglect the domain reasoning (9.62%). The test itemsin
the official tests are mostly routine questions previously seen in class. They
don’t challenge students’ critical thinking and mathematical reasoning. What
does thisinform us about the connection of these tests to the foundations of

the curriculum which emphasize mainly the reasoning cognitive domain?

On the other hand, according to the results of the analysis, the Lebanese official

tests for the LS track are characterized by the following:

All the tests have the same structure. Each is made up of four parts with
constant grade distribution every year. Each part covers adomain: Algebra
(18.42% of thetest items), Geometry (19.16% of the test items), Calculus
(45.69% of thetest items), and Statistics and Probability (16.74% of the test
items).

The cognitive domains are emphasized differently in the national tests. The

cognitive domain applying is the most emphasized (43.34% of the test
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items). Then the domain knowing (40.26% of the test items) follows and
reasoning (16.41% of the test items).

The domain Trigonometry has no occurrence in any test before being omitted
in the year 2018. The topic statistics also has no test itemsin the official tests
before being omitted in the year 2018. Some objectives under different topics
never occurred such as distribution function under the topic probability,
Pascal’s Triangle under the topic literal and numerical calculations, and
second order equations under the topic differential equations.

The domain Calculus which occursin al tests have the highest percentage of
test items and highest allocated grade points (8 points out of 20 each year).
This domain contains four topics, but in every test two of these four topics
always occur definitions and representations and continuity and
differentiation with a great emphasis on the first (35.48% of the test items)
compared to the second (5.28% of the test items). On the other hand, the
topic integration seldom occurs having the same forms of test items (4.39%
of thetest items), and the topic differential equations rarely occurs (0.54% of
the test items). Differential equationsis tackled in only one test (session-2 of
the year 2019) with basic questions that are limited to knowing and applying
cognitive domains.

The topics numbers, classical study, and probability occur without an
obvious pattern in the national tests. On the other hand, the topics under the
domain Calculus have similar repetitive form but of different functions and

situations.
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- A greater emphasis on reasoning appears in session-2 official tests of the
years 2011-2016 and 2017-2018 than sessions-1 of the same periods.

- Three domains are tackled in the national testsin a purely abstract form
(Algebra, Calculus, and Geometry), while Probability is always presented in
ared-life context.

- Thegivenin the national testsisrarely presented as a graph or table.

From all the above, what do the resultstell us about the tests? The assessment
system in the Lebanese curriculum? The problems from which the curriculum and

assessment suffer?

The results of this study are in agreement with the results of the research done by
Osta (2007), Sleiman (2012), and Safa (2013) regarding the characteristics of the
official tests. The official tests have a steady structure and cover a narrowed part of the

curriculum, a “mini curriculum” as named by Osta (2007).

The negative effects of high-stakes tests have been extensively discussed in
literature. Since the results of the Lebanese official tests are the only criterion that
determines the student’s eligibility of graduating from school and moving to the
university in Lebanon, students will adjust themselves to the tests by only focusing on
the materials covered in the exams (Madaus, 1988) and practicing items similar in
content and format to the official tests (Bailey, 1996), which might result in not
acquiring the understanding, skills and knowledge that students are supposed to acquire

at thisgrade level.
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High stakes tests also have their effects on the program itself, including teachers
and curriculum developers. Teachers will teach to the test emphasizing only materials
that are covered in the tests, because of the social pressure exerted on them (Madaus,
1988). Schools and parents want students’ results to be satisfactory as these results
determine the students’ future and the schools’ reputation. Moreover, a tradition of “past
tests” developsin high-stakes test setting, and eventually these past tests define the
curriculum (Madaus, 1988). Thisis obvious for the LH track in the model tests, which
were released in the years 2017 and 2019. Both, the qualitative and quantitative analyses
of the study show a great alignment (ranging between 0.9 and 0.97) between these late
model tests and the corresponding official tests (of the years 2017-2018 and 2019) and
between the official tests of the years 2011 to 2016 and the official tests of the years
2017-2018 and 2019. These two results show that the model tests had undergone
modifications, while the national tests remained stable in structure, content, and
cognitive levels required, and that the modification made to the model tests,
representing the curriculum, seem to be made to align with the assessment instead of

being based on arevision of the curriculum in terms of objectives and content.

Thisin turn raises concerns regarding the negative impact of the steady and low-
level thinking education students are getting over thislong period of time on them as
individuals and on the whole society taking into consideration the importance of

mathematics education on the intellectual development, other sciences, and society.

Moreover, on the website, it is clear that the model testsissued in the years 2017
and 2019 are prepared by different schools and authors with many years of experience

of teaching students for the official tests. This raises the following concerns:
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- These tests are being prepared by consumers. These authors are teachers who
are teaching their students questions similar to the model tests which raises a

question about the credibility of the national tests’ results.

- Teachers preparing the tests are teachers who have been preparing the national
tests years before the reform of the curriculum. Therefore, how much would
they, their mentality, and assessment strategies have changed to keep pace with

the drastic changes that the reform has brought to the mathematics curriculum?

The results of thislongitudinal study contributes to the literature in avery
important idea. The study showed that the model tests changed to align with the
assessment while the opposite should happen. The assessment has to contribute to the
development of the curriculum, while in the case of this study the assessment led to
changing the curriculum in a way that didn’t end in achieving its goals. This would not
have been clear and obviousiif the study was not carried in the way it was carried and
over this period of time. The comparison of the model tests and the official tests and
studying their alignment and the comparison and correlations done between the official
tests over years showed this important idea and ended in the conclusion that a tradition
of past tests has developed in high-stakes test setting and eventually defined the

curriculum.

5.2. Discussion

The findings of the study will be discussed based on three main aspects: 1) the
foundations of the Lebanese mathematics curriculum represented by its introduction,

general objectives, and the Evaluation Guide (Appendix A), 2) the document “Details
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and Results of the Workshops Carried out by ECRD as Part of the Curriculum
Evaluation and Development Plan” (Appendix G), and 3) the socio-political situation in
L ebanon during the years of the implementation of the reformed curriculum. The
discussion based on what’s mentioned is important since the educational system in any
country can’t be separated from its context, and this is basic to have a better reading of

the findings of this study and to better understand the reasons behind them.

5.2.1 Foundation of the L ebanese Mathematics Curriculum

The introduction of the math curriculum, as mentioned in the main curriculum
document (referenced in Appendix A), states the role of mathematics and describes how
the spirit and teaching of mathematics were reformed stressing the individual
construction of knowledge through mental activities, the importance of eliminating the
theoretical overuse, the use of calculator and computer technologies, and starting from
real-life situations which shows that math is not separated from everyday life and
ensuring the accessibility of mathematics learning by all.

The LH official tests, as analyzed qualitatively, help to some extent in the
implementation of the reform of mathematics education as mentioned in the
mathematics curriculum’s introduction. About half of the topics are given in real-life
context in the tests (equations and statistics and probability). On the other hand, the
gualitative analysis of the official tests of the LS track shows that the national
examination of thistrack does not reflect the major points of the reform as mentioned in
the introduction of the mathematics curriculum. Test items of most of the topics of the
official tests of thistrack are purely abstract, not relating to real-life, except for the topic

probability. Moreover, national tests of both tracks do not require the use of any
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technological tool except the calculator for basic calculations. These major points of the
introduction are very important in the LS track since students graduating from it are
eligible to major in STEM majors (Science, Technology, Engineering, and
Mathematics). Linking the topics learnt to real-life applications and understanding their
usefulness constitute an important element that fosters students’ interest in STEM
subjects and mgjors (Baran et al., 2016; Chittum et a., 2017).

The general objectives of the reformed mathematics curriculum as mentioned in
the main curriculum document (referenced in Appendix A) are: mathematical reasoning,
solving mathematical problems, relating mathematics to the surrounding reality,
communicating mathemeatically, and valuing mathematics (ECRD, 1997a).
Mathematical reasoning is reflected in the LH official testsin avery low percentage
(9.62% of the total test items). Asfor solving mathematical problems, only routine
problems that require direct application of knowledge and procedures are emphasized in
the official testsfor this objective. Asfor communication, this objective isreflected to a
good extent in the official tests based on if compared to the subskills required by the
process objectives of the LH track. However, these subskills do not reflect completely
this objective as mentioned in the introduction and general objectives and do not reflect
what mathematical communication truly is. Sumarmo et al. (2012) give a more extended
list for mathematical communication’s characteristics. It includes: “(a) constructing real
objects, figures and diagrams into mathematical ideas; (b) explaining mathematical
ideas, situations, and relationships by oral and written expressions, or by means of redl
objects, pictures, figures, and algebra; (c) explaining daily events in mathematical

symbol languages; (d) listening, discussing, and writing upon mathematics,
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comprehensive reading upon mathematical presentations; (€) explaining and drafting
questions upon learnt mathematical materials” (Sumarmo et al., 2015, p. 351).

On the other hand, the quantitative analysis of the official tests of the LS track
show that the objective mathematical reasoning has a percentage (16.41%) of the test
items which islow and does not reflect the general and specific objectives of
mathematics at this track. Solving mathematical problems, which isincluded in both
cognitive domains applying and reasoning is emphasized ranging from simple
mathematical problems to some complex non-routine problems. Moreover, only
probability problems are related to reality, while no problems relate to other sciences.
Communication, on the other hand, is also partially reflected in the official tests of this
track since questions are mostly direct and theoretical.

Moreover, the stable structure and repetitive type of questionsin the tests, as
shown in the qualitative analysis, and the focus on knowing and applying rather than
reasoning cognitive domains, as shown in the quantitative, reflect and promote the
behaviorist approach, rather than the constructivist approach announced in the
introduction and genera objectives. This reflects that this approach still has its great
implications on mathematics education and its practices in the 1997 reformed
curriculum in Lebanon in terms of drill and practice questions and having same type and
wording of questions.

The section “General principles about the guidelines and the way of developing
the national test questions in mathematics for the general secondary school certificate”

(Appendix D) under the Evaluation Guide contains the bases for the question selection
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in terms of content and format. These criteriaare for al grade 12 tracks. The national

tests should:

1.

“Abide by the general and specific objectives”: As mentioned earlier in this
section, the official tests of the LH track require the communication skills
mentioned in the specific objectives, while these skills are not emphasized in
the official tests of the LS track. The official tests also require problem-
solving skills but limited to routine problems for the LH track, and not
including real-life problems or being integrated with other sciences for the
LStrack. However, reasoning istackled in low percentages in the tests of
both the LH and LS tracks.

“Have a balance among the basic three levels of knowledge: acquisition,
application, and analysis”. These levels can be associated to TIMSS
cognitive domains: knowing, applying, and reasoning. Table 1 in Appendix
Q shows an imbalance of these three levelsin the LH track. Knowing has the
main emphasis (51.57% of the test items), the applying (38.81% of the test
items) and reasoning (9.62% of the test items). Similarly, an imbalance
exists between these three cognitive domain in the official testsfor the LS
track. At thistrack, 40.26% of the test items require knowing, 43.34% require
applying, and 16.41% require reasoning.

“Consider competences from all the domains and should include questions
that test the competences tackling different parts of the curriculum”. Each of
the official tests has three parts covering the three domains for the LH track-

Algebra, Calculus, and Statistics and Probability- except for 2 tests out of 16
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tests that do not cover the domain Algebra. Some topics of the curriculum
under each domain are neglected: inequalities, simple and compound
interest, and statistics. For the LS track, the domain Trigonometry and the
topic statistics never occur in the official tests before being omitted.
Covering al competencies under al domainsis not possible knowing that
some objectives are aways neglected while many othersrarely appear in the
officia tests.

“Not follow a specific pattern, neglect any part of the curriculum, or consider
continuously a specific topic”. The LH and LS official tests do not respect
this criterion since many topics are never tackled while others are dways
adopted. Moreover, the official tests of thistrack follow a steady structure
with the same grade distribution.

“Must ask diverse types of questions (open-ended questions, short response,
multiple-choice questions) and questions based on text, diagram, graph, etc”.
Most of the test itemsin the official tests of the LH track are open-ended.
Multiple choice questions never occur. However, the problems on rational
functions differ in representation each time between a graph, atable, or an
explicit function form. Similarly, almost al of the LS national tests are of
open-ended questions or short response. Two out of sixteen official tests
have different forms of questions under the topic numbers; oneis multiple
choice and the other is true or false question. Graphs al so appear in only two

tests, while the remaining tests have problems based on text only.
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6.

“Be clearly communicated to escape multiple interpretations”. The official
testsfor the LH and LS tracks are well written and clearly communicated.
“Not be limited to grade 12 concepts, but include items that tackle concepts
or objectives of grade 10 and 11”. This criterion is respected in the official
tests of the LH track. Appendix K part Il lists the curriculum content of
grades 9, 10, and 11 of the LH track that are addressed in the official tests.
Probability concepts taken in grade 11 are aways tackled in the tests.
Statistics test items are limited to concepts taken in previous years. Many
concepts in the topic rational functions are taken in previous grade levels.
The official testsfor the LS track also respect this criterion as many concepts
under all topics relate to concepts taken in previous years. Appendix K part |
lists the curriculum content of grades 9, 10, and 11 of the LS track that are

addressed in the official tests.

5.2.2 Details and Results of the Workshops Carried out by ECRD as Part of the
Curriculum Evaluation and Development Plan

Severa points were the topics of discussions in the workshops carried out by the
ECRD and presented under the document “Details and Results of the Workshops
Carried out by ECRD as Part of the Curriculum Evaluation and Development Plan”.
These points are very important in understanding the results of this study.

Above all, it is clear that the curriculum development was not carried out based
on athorough planning of the whole curriculum forms or components atogether. The
intended, implemented, and potentially implemented curricula were planned and put

into application/effect first, then planning the evaluation or assessment process was
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thought of. Moreover, the discussion reflects an unclear understanding of the aims
behind the mathematics curriculum and education. Thisisacrucia point because the
way questions on the reasons and aims of mathematics education are answered strongly
influences how math will be taught and who should do mathematics (Larson, 2018).
This also raises questions on whether the introduction and the general objectives, in
which the importance of mathematics on both the individual and social levelsis
described and in which clear objectives and essentia skills needed to be acquired are
stated, are the actual philosophy adopted in this reformed curriculum, or if they were
only crafted in an appealing way just to be an image and not to be adopted.

Moreover, according to the document, curriculum planning and development
seem to be carried out not only in separate phases, but also by different committees that
seemed to work independently. Thisin turn reflects a distorted view of the curriculum
by the curriculum developers and a possible absence of the concept “curriculum
alignment” to them.

Another important issue can be concluded from this document. Developing the
mathematics curriculum was based on specialists and experts who have great
experience, but whose backgrounds do not reflect the average norm of the country. Asa
result, crafting the curriculum didn’t take into consideration the level, needs, and
abilities of the average students in the country. This contradicts the fact that they are
designing a national curriculum which must take into consideration students’ nature and
needs all over the country. Thisis, as discussed in the document, the reason behind

thinking that the allocated time for mathematics is enough to cover all the topics
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planned first, and then omitting many of them shortly after the curriculum reformin
both the LH and the LS tracks.

In the document, it is not clear how reducing the lessons occurred, especially that
some were directly omitted directly after the reform. Thisleads us to avery important
guestion. Was the reduction of lessons which used to happen over years based on a
series of global evauation of the curriculum, or was it made randomly just because of
not having time to cover them?

Moreover, it is obvious that examination in the Lebanese mathematics
curriculum is controlling the curriculum. It was decided that the whole curriculum
should be reformed again to align with the new evaluation system adopted. Beloe
Report (SSEC, 1960) states that examination systems can control and govern the kind of
curriculum adopted. Moreover, this confirms one of the negative effects high stake tests
have which is “becoming the major schooling goal” as stated by Madaus (1988).

In addition, despite this fragile curriculum development process, the blame ison
students’ abilities in the existing problems and not on the program. However, to make
educational accountability successful, curriculum alignment must be ensured, and thus
curriculum developers and schools be held accountable- just as students- by showing
that what is offered to students meet the standards set (Anderson, 2002).

For the LH track, it is clear that some of the topics which were always neglected
in the official tests, namely statistics and propositional calculus, were possibly
neglected for the following main reasons. The first is that statistics was new to teachers
thus caused problems, but it is essential as stated in the curriculum introduction.

Therefore, thistopic remained in the curriculum without being tackled in the official
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tests until a decision was made to omit it in the year 2017. Asfor the topic
propositional calculus, the debate over this topic might be the main reason behind
keeping it but not tackling it. Some refused to remove it because it is essential for the
university stage later on, while others saw it hard for students of LH track. This topic
was kept for years then was added to the omitted topics.

For the LS track, the topic statistics might be never occurring for the same
mentioned reason for thistopic in the LH curriculum. However, according to the
document, several topics were asked to be included by other subjects’ developers (as the
physics developers) in the mathematics curricula despite the mathematics curriculum
developers’ belief that they are not important. This might be the reason behind including
several topics but limiting them to very low percentages of test items. The topics
trigonometry, integration, and differential equations are known to be of high importance
in physics and engineering majors. Therefore, having very low percentages in the
official tests might be for this mentioned reason.

Finally, lowering the cognitive level required by the test itemsin the LH national
tests, especially the reasoning domain, might be because of the low ability students of
this track have as described in the document.

5.2.3 The Socio-Palitical Situation in L ebanon

L ebanon has passed through periods characterized by unstable political and
security situations. During the years of the implementation of the reformed curriculum
and since the year 2005, the assassinations of many political figures occurred. Since the
year 2005 till the year of this study, the political and security situation in Lebanon has

not reached stability. Many governments continuously came to power, then either
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quitted or were forced to quit by the public. This created an unstable situation on all
aspects because when a government quits or does not get the minimum number of votes
to reach power, it becomes a care-taking government. The care-taking government has
jurisdictions which are very limited not exceeding issues that are considered very
critical. As aresult, decisions which are limited to ministers are barely taken and when
taken, they are taken after months or years. Moreover, many important decisionsin

L ebanon are taken based on the agreement between all political parties. A decision such
asthe curriculum reform is considered a big decision that requires such agreement.

The curriculum as noticed in the documents of Appendix G had been going
through revisions and evaluations. However, no change has been noticed in the
assessment or the curriculum foundation and content till the year 2017. The reason
behind this might be because of the mentioned chaotic political situation in the country
which can aso be noticed also in what happened in the year 2014 when the committee
responsible for correcting the tests refrained from correcting the tests because they were
not given their rights. New model tests were put to public in the academic year 2016-
2017, some topics were omitted, and new guidelines for assessment were published as
an attempt to improve the educational system. Other model tests were also issued in the

academic year 2018-2019 with more topics being omitted.

5.3. Conclusions

This paper aimed to answer the following research questions:. (1) Are the Lebanese
officia math exams at the secondary level (for each of LS and LH tracks), over the
years 2011-2019, aligned with the national curriculum as reflected in the curriculum

document (ECRD, 1997a)? (2) Isthere any improvement in the alignment of the official
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math exams for each track, in the last years of implementation, compared to the extent
of alignment that resulted from the two previous studies? (3) Are there differences
between the testsin sessions 1 and 2, over the last years of implementation, for each of
the Secondary LS and LH tests, in terms of content and cognitive domains addressed?
The three research questions will be discussed based on the results of this study.

5.3.1. Research Question 1

Are the Lebanese official math exams at the secondary level (for each of LS and
LH tracks), over the years 2011-2019, aligned with the national curriculum as reflected
in the curriculum document (ECRD, 1997a)?

To answer this question for the LH track, the quantitative analysis (refer to Table
5 chapter 4) shows that there isavery high correlation (r = 0.967) between the official
tests and the model tests when considering the math domains and cognitive abilities.
Moreover, the percentages presented in Table 1 Appendix Q show that the model tests
and the official tests emphasize the knowing domain over applying and reasoning. One
reason for this high correlation might be that the total number of test items of the model
testsis 205, forty-nine of thistotal number corresponding to the model testsissued in
the year 2000, while the remaining corresponding to the model testsissued in 2017 and
2019 which are highly aligned with the official tests of the years 2017-2019 and are very
similar in content and cognitive domains as the national tests of the previous years.

Another possible reason for this high alignment might be the idea that a tradition
of past tests developsin high-stakes test setting eventually defining the curriculum
(Madaus, 1988). The high correspondence is obvious between the model testsissued in

2017 and 2019 and all the official tests and not only the corresponding official tests of
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the years 2017-2019. To test this hypothesis, correlations between the tests of the year
2019 were correlated with the tests of the years 2015-2016 and the years 2017-2018.

Results are presented in Table 13.

Table 13: Correlations Between the Official Tests of the Years 2015-2016 and 2017-

2018 and the Model Tests of the year 2019 for Grade 12 LH Track

In terms of In terms of
Overall Cognitive Domains Math Contents
OT15- Correlation Knowing Applying Reasoning Algebra Calculus — Statistics
6& @ —— & Probability
MT 0.949 1 0.96 0.72 0.98 0.95 0.97
OT17- 0.95 0.97 0.98 0.85 0.95 0.96 0.90

18&MT

OT15-16: official tests of the years 2015-2016
OT17-18: official tests of the years 2017-2018
MT: model tests of the year 2019
According to Table 13, very high overall correlations and very high correlations
under all the cognitive and math domain exist between the model tests of the year 2019
and the official tests of the years 2015-2016 and 2017-2018. This shows that the above
hypothesis might be true for the LH track to a great extent based on the results presented
intable 13.
To answer this question for the LS track, the quantitative analysis (refer to Table
10 chapter 4) shows that there is avery high correlation (r = 0.94) between the official
tests and the model tests when considering the math domains and cognitive abilities.
Moreover, the percentages presented in Table 1 Appendix G show that the model tests

and the official tests emphasize the knowing domain over applying and reasoning. The
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correlations under each the cognitive domains and the content domains are also very
high.

The reason of this high correlation might be also that the total number of test
items of the model tests is 324. Seventy-seven of this total number correspond to the
model tests issued with the curriculum documents, while the remaining correspond to
the model testsissued in 2017 and 2019 which are highly aligned with the official tests
of the years 2017-2019 and very similar in content and cognitive domains as the
national tests of the previous years. Similar to the LH testes, another possible reason for
this high alignment for the LS track might be idea that a tradition of past tests develops
in high-stakes test setting eventually defining the curriculum (Madaus, 1988). To test
this hypothesis, correlations between the tests of the year 2019 were correlated with the

tests of the years 2015-2016 and the years 2017-2018. Results are presented in Table 14.

Table 14: Correlations Between the Official Tests of the Years 2015-2016 and 2017-

2018 and the Model Tests of the year 2019 for Grade 12 LS Track

In terms of In terms of

Over aJ.I Cognitive Domains Math Contents

Correlation — ™A~ R Alg. Geo. Cac SP.
OT15-16
& MT 0.94 095 099 0.75 0.97 0.8 0.8 04
oT17- 0.92 089 09% 094 0.76 1 1 -0.33
18&MT
K: Knowing
A: Applying
R: Reasoning
Alg.: Algebra

Geo,: Geometry

Calc. : Calculus (Numerical Functions)

S.P.: Statistics & Probability

OT15-16: official tests of the years 2015-2016
OT17-18: official tests of the years 2017-2018
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MT: model tests of the year 2019

According to Table 14, very high positive overall correlations and very high
correlations under al the cognitive and math domain exist between the model tests of
the year 2019 and the official tests of the years 2015-2016 and 2017-2018 except under
the domain Statistics and Probability. This shows that the above hypothesis might be
true to a good extent for the LS track based on the results presented in Table 14.

This reflects that a “testing culture” have been developed and rooted over the
years. This intersects with the results of Osta’s study’s (2007) that suggest “that the still
rooted assessment culture is affecting the new official exams and consequently every
other component of the curriculum” (Osta. 2007; p. 197).

5.3.2. Resear ch Question 2

Is there any improvement in the alignment of the official math tests for each
track, in the last years of implementation, compared to the extent of alignment that
resulted from the two previous studies?

The correlations between the model tests and the official tests for the LH track
are presented in Table 15. Correlations of the years 2001-2010 are taken from Sleiman’s
study (2012). The correlationsin Table 15 reflect the alignment of the tests in a better
way since each group of official testsis correlated with its corresponding model tests.
Table 15: Correlations Between the Official Tests of each of the Years 2001-2005,
2006-2010, 2011-2013, 2015-2016, 2017-2018, and 2019 and the Model Tests for

Grade 12 LH Track

2001-2005 2006-2010 2011-2013 2015-2016 2017-2018 2019

oT&mt 080 0.80 0.695 0.817 0.85 0.9
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OT & MT : Correlation between the official tests of the years2011-2019 (OT) and the
mode tests (MT)

According to Table 15, the correlation is the same between the tests of the years
2001-2005 and the tests of the years 2006-2010 (r=0.8) although according to Table 7
Appendix Q there are some changing aspects of the evolution of these tests under the
topics propositional calculus and simple and compound interests. These topics are more
neglected in the official tests of the years 2006-2010. However, the correlation
decreases to r=0.695 for the official tests of the years 2011-2013. Thisis because of the
discrepancies between percentages of the model tests and the official tests of these years
under the topics propositional calculus, simple and compound interests, and statistics.
Propositional calculus has no test itemsin the official tests of these years, while simple
and compound interests and statistics have no test items in the model tests issued with
the curriculum documents. Moreover, the topic equationsis less emphasized in the
official tests of these years than in the model tests (12.5% and 26.53% respectively).
The correlation increases in the official tests of the years 2015-2016 (r=0.817). The
simple and compound interest is neglected in the tests of these years, while the topic
equations is more emphasized causing a better correlation with the moddl tests under the
domain Algebra. The correlation increases to r=0.85 between the model tests of the year
2017 and the official tests of the years 2017-2018, and r=0.9 for tests of the year 2019.
The occurrence of every topic has amost the same percentage in the model tests and the
official tests of the years 2017-2018 and 2019. Similarly, the percentages under the
cognitive domains knowing and applying are very close. The discrepancy is only under

the domain reasoning being more emphasized in the model tests issued in the years
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2017 and 2019 than the officia tests, making the correlation not perfect between the

model tests and the official tests of these years.

The correlations between the model tests and the official tests for the LS track
are presented in Table 16. Correlations of the years 2001-2003 and 2009-2010 are taken
from Safa’s study (2013). However, to avoid an overlap between the periods of
correlations, new correlations were made between the tests of the years 2009-2010 using
Safa’s results since Safa (2013) calculated the correlation over the periods 2001-2003
and 2009-2012.

Table 16: Correlations Between the Official Tests of each of the Years 2001-2003,
2009-2010, 2011-2013, 2015-2016, 2017-2018, and 2019 and the Model Tests for

Grade 12 LS Track

2001-2003 2009-2010 2011-2013 2015-2016 2017-2018 2019
OT & MT 0.80 0.92 0.92 0.88 0.96 0.89

OT & MT : Correlation between the official tests of the years 2011-2019 (OT)
and the model tests(MT)

According to Table 16, the correlation between the model tests and the official
tests of the years 2001-2003 is 0.8. This correlation remarkably increases in the year
2009-2010 (r=0.92). Thisincrease is due to emphasizing applying at the expense of
knowing in the tests of this period making them better aligned with the official tests.
Same correlation is obtained for the tests of the years 2011-2013, while it decreases to
0.88 in the tests of the years 2015-2016. This decrease is mainly due to the discrepancies
between the model tests and the official tests of this year under the topics numbers

(11.37% and 21.6% of the test items respectively) and continuity and differentiation
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(10.38% and 4.11% respectively). Moreover, statistics has no test itemsin the official
tests of this year unlike the model tests. The correlation increases to 0.96 in the years
2017-2018 because of the close correspondence between the percentages under all
cognitive and content domains reflecting a high alignment between the model and the
official tests of these years. The correlation decreases again between the tests of the
years 2019 due to the discrepancies of the cognitive domains percentages under all math

domains.

5.3.3. Resear ch Question 3
Are there differences between the tests in sessions 1 and 2, over the last years of

implementation, for each of the Secondary LS and LH tests, in terms of content and
cognitive domains addressed?

Table 8 in chapter 4 represents the correl ations between the model tests of the
LH track and sessions 1 and 2 of the official tests of the LH track during the last years of
implementation (2011-2019). In general, the session-1 and session-2 official exams are
very consistent and aligned among each other. Thisis shown in the high correlations r =
0.931 between the session-1 and session-2 official exams of the years 2011-2016, r =
0.911 between the session-1 and session-2 official exams of the years 2017-2018, and r
= 0.937 between the session-1 and session-2 official exams of the year 2019.

The correlation between the model tests and the official testsis very high under
all cognitive domains and under al math domains reflecting a very good alignment

between sessions 1 and 2 national tests.
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Moreover, the topic statistics is more emphasized in session 2 of the official
tests, while the topic simple and compound interest occurs only in session 2 of the
official tests (refer to Tables4 and 5 in Appendix Q).

On the other hand, Table 12 in chapter 4 represents the correl ations between the
model tests of the LS track and sessions 1 and 2 of the official tests of the LS track
during the last years of implementation (2011-2019). In general, session-1 and session-2
official tests are consistent and aligned among each other. However, this consistency
decreases over the years. Thisis shown in the high correlations r = 0.96 between the
session-1 and session-2 official exams of the years 2011-2016, r = 0.83 between the
session-1 and session-2 official exams of the years 2017-2018, and r = 0.7 between the
session-1 and session-2 official exams of the year 2019.

The correlation between the model tests and the official testsis very high under
all cognitive domains and under all math domainsin the first years, but decreases
mainly in the year 2019 where discrepancies occur under the Algebra (0.41) and
Statistics and Probability (-0.06) content domains and the cognitive domain reasoning

(0.0).

5.4. Recommendations

The findings of this study reveal that the official tests have a stable structure and
target a narrow part of the curriculum. This |leads teachers to teach to the tests and
students to concentrate on the materials covered by the tests (Madaus, 1988). Moreover,
the tests emphasize knowing over applying and reasoning cognitive domains. The tests

do not address the main concerns of the curriculum presented in the curriculum’s
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introduction and general objectives. mathematical reasoning, solving non-routine
problems, communication, and connections.

However, the analysis of these findings shows that problems in the alignment
between the official tests and the curriculum foundation might be due to a great extent to
the curriculum development process of the reformed curriculum which occurred in an
inconsistent and coherent way.

Therefore, it isrecommended that the new reform starts by reconsidering the
testing policies and contents based on the curriculum foundations and not the opposite.
It isimportant that several terms made clear and defined well when developing the new
curriculum. The most important of these terms is “curriculum alignment” and its
importance. Curriculum forms: intended, implemented, assessed, and attained must be
taken into consideration when devel oping the new curriculum. A thorough planning of
all these forms should take place. The definition and role of assessment in the
curriculum and educational process should be taken into consideration to avoid the
negative effects of the high stake national examination and to avoid making examination
the basic goal behind education. To attain a positive washback of the tests, there should
be a close correspondence between the test and the syllabus, and tests should be
properly conceived and implemented (Popham, 1987; 2001).

Moreover, it is recommended that the reduction of lessonsin the curriculum,
when it happens, should be based on a periodic global evaluation of the curriculum and
not randomly. Many lessons are important to the university education, to the

development of certain skills which are important for the individual intellect and future,
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and in daily life. Therefore, assessing the lessons and curriculum is very important to
consider when reducing the curriculum.

In addition, it is recommended to include experts from different institutions (at
the level of schools and universities) and backgrounds in the curriculum planning
process. Teachers should also be included in this process since they play abasic role in
the educational process.

Available curriculum alignment models, frameworks, and studies can be made
use of when planning for any new curriculum to ensure the alignment of all forms of the
curriculum.

After reforming the curriculum, it is recommended to carry out professional
development on assessment and strategies followed for teachers, committee members
who prepare the assessment, and correctors of the official tests.

Onthe official testslevel, it isrecommended that the official tests take into
consideration including the neglected general objectives: reasoning, problem solving of
non-routine problems, and relating mathematics to the surrounding society and sciences.
Presenting problemsin areal-life context is highly recommended for the LS track.
Moreover, including the use of technology and a more complex use of scientific
calculators is recommended in both tracks. Including questions of different types and
forms which trigger students’ higher order cognitive skills are also recommended.
Another very important point should be considered. Solving problems can go under
applying and reasoning. Solving problems which are routine problems done or seen
before, even if they apparently require reasoning, go under applying. Therefore, it is

recommended that questions in the national tests do not take the same form and
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structure each time. Including real-life situations might help alot in varying the form of
the questions. Moreover, to attain a positive washback of the national tests, it is
recommended that these tests test the abilities whose development is required to be

encouraged and to be sampled widely and unpredictably (Bailey, 1996).

5.5. Limitations of the Study

This paper has two limitations. The first limitation is that no issued model tests
were found after the model tests issued with the reform until the year 2017. However,
according to the press, schools and several institutions complained when model tests of
the year 2017 were issued stating that this not more than telling students the questions of
the tests. The researcher concluded that these might be the only issued model tests
besides the ones issued with the reformed curriculum in the year 2000.

Another limitation is that the model tests which were issued with the reformed
curriculum have alow number of test items compared to the official tests and the new

model tests which might have affected the results of the study.

5.6. Recommended Future Resear ch

The following are recommendations for future research:

1. A study on how the “curriculum alignment” concept as conceived among the
curriculum developers, administrators, and teachers.

2. A study on the perceptions of grade 12 teachers towards the national
examination and its positive or negative effects on their instruction.

3. A study on the philosophy of the national examination as perceived by test

developers and test correctors and comparing them to the documents named
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“Specialized Reports For the Results of the Official Examination” found
under the ECRD website.

4. A study on the alignment between the intended curriculum and the
implemented curriculum (perceived —the interpretation of curriculum by
teachers- and operational —the curriculum in action as taught and learned) at

each of grade 12 tracks.
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APPENDIX A

The References of the Curriculum Documents

M ain Document

ECRD (1997a). Mathematics curricula. In General Education curricula and their
objectives. Decree n°® 10227 (pp. 287-327). Lebanon: Ministry of National
Education, Y outh and Sports & National Center of Educational Research and
Devel opment.

Thr ee Details-of-Content Documents

ECRD (1997b). Curriculum of Mathematics. Decree n°® 10227. Details of the contents of
thefirst year of each cycle. Lebanon: Ministry of Education and Higher
Education (MEHE) & Educational Center for Research and Devel opment

(ECRD).

ECRD (1998). Curriculum of Mathematics. Decree n° 10227. Details of the contents of
the second year of each cycle. Lebanon: Ministry of Education and Higher
Education (MEHE) & Educational Center for Research and Development

(ECRD).

ECRD (1999). Curriculum of Mathematics. Decree n° 10227. Details of the contents of
the third year of each cycle. Lebanon: Ministry of Education and Higher
Education (MEHE) & Educational Center for Research and Devel opment

(ECRD).
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APPENDIX B

Coding the Details of Contents of the L ebanese Reformed Math Curriculum
For the LStrack at the Secondary School L evel

Retrieved from:

Ministry of National Education, Y outh and Sports & National Center of
Educational Research and Development (1997). Curriculum of Mathematics.
Decree n® 10227. Details of the contents of the third year of each cycle.
Lebanon: Ministry of National Education, Y outh and Sports & National Center
of Educational Research and Devel opment.

Codes Math Curriculum for the LH frack at the Secondary School Level

1.1.1.1.  Identify a binary operation.

1.1.1.1.i, — Identify a binary operation on a set £ as a rule which associates to every pair (.3) €
ExE an element z € E.

1.1.1.2.  Recognize the properties of a binary operation.

1.1.1.2.i. — Identify an associative binary operation.

1.1.1.2.ii. — Identify a commutative binary operation.

1.1.1.3.  Recognize certain particular elements.

1.1.1.37. — Identify a neuntral element (an identity element) for a binary operation.

1.1.1.3.ii. — Identify the symmetric element of an element for a binary operation.

1.1.2.1. Define a group and give examples of groups
1.1.2.1.i. — Identify an Abelian group

1.1.2.1.ii. — Ideni’ a ioui_

1.2.1.1 Identify a combination of elements of a finite set

1.2.1.1.i. — Identify a combination of p elements of a set of n elements (p < n)as a part of this set
formed of p elements

1.2.1.2 Calculate the number of combinations of p elements of a set of n elements (p =n)

1.2.1.2.i. — Determine, in simple cases, all the combinations of p elements of a set of n elements

(p=n)
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12,13 Constract the Pascal's wiangle

1214  Enow znd nge the binomizl formula

12140 — Enow and use the formula giving the nomber g of &ll combinations of p
glemengts.of 2 set of n glamensls (p <o)

12140, — hlodel simiztions v comnbimations

1.2.1.4dii. — Enow and use the binomial formuala for expanding (agthlin

1.2.1.40v. — Enow and use the formula pip = (n-100p + (8-13 C {p-1)

13.1.1. Tdentify & linear system (s

13.1.2.  PFeduce alinesr system (gun) by successive applications of elementary operations

131320 — Apply an elementary operation on the equations of 2 linear system and know
that it transfomms it into &an equivalent system

1313, Eolve 2 linear system {msp) by the Ganss method

13130 — Hecognizs a zolution of 2 linear system

1.3.2.50. - Classify the linear systems into impossiole systems, indeterminate systems,
and determingtes systems,

1.3.L.300i. = Recognize an impossible reduced linear system
1.3.1.3 . —* Becognize a reduced limear systzm possessing 3 unigue solution

1.3.13v. —* Becognize a reduced linear system possessing an infinity of solutions and
identify in this case the rank and the unknowns of the system

1.3.1.3.xi. = solve 3 reduced linear item

1411 Calculate and Intarpret geometrically the modalos {zhsoluts valie) and argument
{amplimide) of a complex numbsar

14110 — Caloulate the modaliz of a complex numbar written in an alzsbraic form

14115, — Interpret geometrically the madulus of 2 complax number

1.4.1. 400, — Caloulate the argument of 2 non-zaro complex numbear written in an alzebraic form

141 40w, — Interpret gsometrically the arsument of a non-zero complex munber

1412  Enpow and gse the formulas relative to the maodulas and argument of & complex monber,

14120 — Enow and use the following properties relative to the modulus of 2 complex
numbers: mod{z)= §, mod(z) is 2 real momber |, [mod{z) = 0] ..

141205, — Enow and use the following properties relative to the argument of 8 non-zero
complex numbers: gral-zi= n+ gralz) (27)... .

1421 Write a complex mumber in the Tigonometric form
14210 — Write 2 non-zero complex mamber 2, given in alzebraic form, in the trigonometric
fonm z = r{ggsA +izind) whare r, § are raal mumbers, 1=
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2.11.21 — Pecomize the mized product of three vectars

2112, —Determine the anahtic exprezzion of the miad product jpg direct arthonormal
svatem

201200 — Uze the ruixed product to caloulate the volwme of 2 parzllelspiped and hatof a
tetraheadron.

211z — Enow that the mixed product of three vectors iz zesa if | and oaly if, these vectors
are coplanar,

Detenmine the caresizn equation of & plane and a line dafmad ey
2121 geometic alements in an orthomormal systermn
— Rlecomize the egoation g + 13— Bg 1 =0 as that of 2 plane

24110  pependicolar to the nos-zero vector Vo, v, W)

—+ Dietenmine an equation of the plans passing throuzh a given point

242000 and perpeadicular to 3 non-zero vector.

— Dietenmine an equation of 2 plane passing throush thres non-

212400, collinear pointg

— Dietenming an equation of 2 plane passing throush a given podst and
2.4.2.00y. paralle] to tao noa-paralle] given directions.

21100, — Eoow that the line of non-zero direction vector [ b, o) and passing trough a
point A (=0, v, 20) is the set of points b3 2) verifing the system of parametric
equatians: x =at+x0 | y=bt+vl | z =g+ =0 where t 3 2 Tes] parametsr

242001 — Detennine 2 system of parametric equatians of 2 line passing throuszh tao given

Additional Ehow that 2 given point liss in a plana
Additional Show that 2 line pazzes throush 2 given podst
Additional Show that 2 line lies in 2 plane

Additional Distermins an sguation of plane pazsing through a point and 2 line
Distermine an eguation of plane passing throush 2 podiats and perpendicular toa
Additional plane
Additional Distermine an egoation of plane contzining 2 lines
Additional Distarmins a0 squation of plans paszing through a point and parallel to a plans

Characterize the arthoeomality of tem lines, of 2 lme and = plane and of
2131 wo planes, kmowing thelr equations, in an orthonanmal system

— Enow that tao lines of raspective direction vectars Vighe) and
21310 Wa h.g!) are arthomonal if, and caly if, gghbiteg =0

— Fnow that a line of a direction vectar W and 3 plane of nommal
21310 wector V' are orthogonzl if, and anly if, WV and V" are collinear.

— Fnow that two planes of respective normal vectors Vg and
2131000 W s arg if, and oaly if 2 =0

Study the relative positions of tovo planes, two lines and of a plapa and |
21431 aline kmowing their equations, in an orthonanmal systam
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—= Enooy that two lines of respeciive direction vectors WV and W are
21410  paraliel (or comfmmded) if, and anby if, V' and W are collinear.

—= Eonoy that a lime of & direction vactor V' and a plane of norws]
21410 wector V' ave parallel if, and onby iV and V7 are orthogonal

—= Eonorey that two planes of respective nomaal vectars W and V' oare

214100 paralle]l {or confounded) if and only if W and V" are collinaar
— Dietermins the systermn of parametric equations of the line of
21410, infersection of two secant planss

1.141y. — Determins the mierzsection of two secant limes.
2141y — Determime the mitersection of 3 line 20d 2 plane
Additional  Prove tiwo lines are skew

Detenmine the distancs fom 2 point to 2 plane and the distance from & podnt
2.15.1. 04 line i an arthonommnal system,
— Enignyr and uss the relstion d = ghaoed + vl +wzl +1r)hegr (™2 +
21510 w2 +wtl) evppresning d from 2 point Al 0200 to the plane
of equation sy Rz =0
21510  — Calculate the distznce from 2 point fo 2 plane
Additional Czloalate the distance betoresn two lines

3111 Dietanmine the compoaite Smction: of two given fmctios:.
34110 —+ Becopmize and caloulste the compiosite Smction of oo Smchons
3112 Charactarize the fimctions having zn inverse funciion

—+ Becommize the raciprocal fimetion £4-17 of 2 contivwos and stricthy
31120 monatonos fimction £

—= Engw that the redprocal fonction £{-1) gf £ ecdsts anby if £is
31120 continnows and swictly monotone
3113 Copnpars sraphically the sraphs of 2 finction and its nrerze
31130 —+ Dhetermine the domain of dafinition of a reciprocs] funcion
311300 — Elnow that a funciion asd its reciproca] have the zame sense of

3443 — Calculate if pozsible, the explicit expression of the reciprocal fimcion.
— Elnow that the sraphes of a fimction and its recigrocal are svpumetric
344130 each other with reagpect ta the first bizector of the orthonormal system

3121 Shady the fumctions Arcsin, Arctan

— Becognize the myverse fimction of the sine fimction over [-x /2, n.2]
34210 g reprazemt it sraphically,

— Bacognize the imverse fimction of the cosine function over [0, of and
31210 present it graphically.
3.1.2.1.00i — Becoanize the ikvarze fnction of the staneent fonction over 1o/ 2, =
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2] and reprezent it graphically.

3131 Study and represert graphically the natoral logarithendc fimction I
— Fecogmize the domain of definition, variation and zraph of the
31310 natural logarithmic fetion
— Fnow and use the properiies of the natural loganthmic fanction: a
313100 and b ara tomo stricily positive real nwmbers. Lofab) = a + Inlg
In{ab=na:Foh. Insgrt a = (1 21)na
31341000 —+ Characterizs the mmaber 2

— Recognize the following limits: g Igg (x —0+) , Mgm g (x — ),
3130w lim I (x — -+oo), lippl, (= — O+), lingdn( 14220 (= — 0)
Differentizte fimvchion: of the form o) and caloulate the pristitives of

3132 fanctions of the fanm wa' where v iz a fanction

— Fecomniza the desivative of g whers 1 is 2 funciion of = and a
31320 primiie of wiuwithu 0.

Emow the relation which links the fimction In to the logarithmic
3.1.3.3. famction to base & (350 and 2 £ 1) and deduce the properties of the larter,
31330 — Emow that lpza(s) = eplha with a0 and 2= 1

— Fnow that the fonction loga 1= sinctly oressms fora > 1 and
3.1.3.3000 strictly decreazing for 1w2>0.
3.1.3.3.0L —+ Zolve equations and megualities tiat mcluds the logaritmic function

-~ o313 Epeedlfmies
3131 Smady and represent sraphiczlly the exponentiz] finction ta base e

— Fecomniza the domain of definition, variation and the representative
31310 carve of the exponentiz] fumction to baze 2

— Fnow and use the properiies of the exponeniial fmchon to baze &
31310 ) =="u + ey, eNEy) =2t n ) ety (BTR = e )

— Fecognize the following limits: lim g0 (x — -2, lgg g0 (x — 4o,
31341000 bimafe"w)y/a (1 — -+, 1im ahe(x)e™x (2 — -0, b (g™ - fx— )

— Fecognize the desivative of the fimction g)p and a primitive of gy
31310 where vis 2 fonction of %

— Enow that g3’h =g bna whare 2>l and 2 = 1.

3132 Smady and represent graphiczlly the exponentizl fimction to baze a

—+ Racognize the domain of definition, variztion and representative
31320 carve of the fimction 30%
3.1.3.3 Study the power fimclion x — x"(x — -

— Fnow that the power fanction = — x o, wheare « iz a real number is
31330 only defined if x=)

— Flecognize the varation and the representaiive oo of the potver
3.1.330 fanction.

— Fecognize the following limits: i I x"e (= — o), iy x"olipg
3.1.33.ii (= — 0+, lim gl o (x —+ec), lip aba(x) agF (x — =) (a.=0)
3.1.3.4. Compare the increasss of the fonctions In | g7, and ¥
31340 — Solve equations and inequalifies that incheding logamthermic and
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3211,  characterize the image of 2 closed interval by 3 continuous function
—= Enowr that the imaze of an mternval by 2 gopydigons, fanction is an
3r14i0 intervel of the same nature
—+ Fnpay the fact that 3 contimons function an 2 closed imtarval reachas
320401 amadmurn and a minimum on this imtersal and that it takes every intermediate value
bestwreen  the two  extremes (thear=m of intermediate values)

Locate a root for & coniimuons fimchion on a closed mterval and justi
3ELL. the existence of this root.

— Fnow that if a fonction fis contimooes and smictly moaotonous oa
32AL0 an interaal |, it defines 3 bijection of | on 1]

— Fnow that if a fanction fis continooes on the interval [gjg] with
32.1.20.  fiz)fibls0, it possesses at least one root in [3,4]|

— Fnow that if a fanction fis continuoes and smictly moaotonous on
324200, aninterdal [3g] with flaifib=0, it possesses one only oot in (g
3.2.% Derivatives of compasite functions

— Facomize and caloulate the derivative of 2 composite funchion ata
32210 point

3.22.1Ji. — Fecognize and calculate the derivative of a composite fimction of two fimctions an an
mterval

3231 Differentiate an inverse function
323114 - Use the formula [f2(-1)]' (w0} = 1/ #{x0), with y0 = f{x0)

32315 -* Recognize the derivative of an inverse function on an intenval.

3.2.4, second derivative, successive darivatives.

3241, Calculzte the second derivetive and the suoozssive derivatives of 3 funiction.
— Calculate the second derivative of a funciion at a point &and an an

32410 mteral

3.2.4 1 J), — Calculste the successive derivatives of 3 function 3t 3 point and on an istera]l

325 LHopigals ruls

3.5 I athon

33.1.1. Define the integral of a function f continuous on an interval [g,5]
3.3.1.14. —* Recognize the integral of a continwows functon fon the dossd
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APPENDIX C
Coding the Details of Contents of the L ebanese Refor med Math Curriculum

For the LH track at the Secondary School L evel

Retrieved from:

Ministry of National Education, Youth and Sports & National Center of
Educational Research and Development (1997). Curriculum of Mathematics. Decree
n° 10227. Details of the contents of the third year of each cycle. Lebanon: Ministry of

National Education, Y outh and Sports & National Center of Educational Research and

Devel opment.
Codes Mih Crricwiuwn for the LH track o the Seconudary School Level
1 ALSEBRA
11 Foundations

1.1.1 Binary operations

1111 Identify 2 binary operation

11111 —+ Tdemtifyy 2 binary operation on 2 =et E a5 a rule which asociates to
EVEIYV palr (Fy) e ExE an element s e £

1112 Fecomize the properties of a binary opsratian.

LL12i  —Identify an sssociative binary operation.

LLL2  — Identify 3 comemutative binary operation

1113 Fecomize cartain parbicular elements,

L1131 —Identify 2 neutral elemswt (an idemtity element) for a binary

operation.

1.1.1.3ii — Idemtify the svmemstric element of an clement for 2 binary
operation.

1.1.2 Structure of group

L1221 Define 2 groap.
L1211 — Clarify the strachare of the st of integers provided by additicn.
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1.2
121

1211

L2111
1.2.1.1ii

1212
1L.2135.

12134
1.2.1.3ii

2.1
211

2111
11111

21111
2111k

111K,

—+ Identify 2 group as being 2 sst provided by 3 binary operation
which verifies certain propertias.

Propositional calcalus

Identify 2 proposition

—+ [dentify 2 proposition a2 being 2 declarative phrase.

—+ [dentify 2 tautology as beins the proposition that iz always ous.
Fecomize and use the basic logical operators.

—+ [dentify tha negation of a proposition.

—+ [dentify the conjunction of & proposition.

—+ [dentify the dizjunction of 3 propositian.

—+ [dentify the mplication as being the proposition (- P Q.

— Idemtify the eguivalsnce a3 heing  the  proposition
F==Q)aiQ==P}

Usa the table of truth.

—+ Fill the table of truth of 2 propositian.

Equations £ Inequalities

Situations- problems leading to the solutions of equations and
inequalities

Analyzs 3 problam and puat it in equations and’'or inequalitiss.

—+ Chopee the unkmonm ar the unkmomms.

— TiTite the sguations, systems of equations, inegualities or systams
of inegualities whnch must verify the unknowms.

Clarify the constraint: on solations mposed by the stodied situation.
Salve the aguations and'or the inequalitie: and verify the validity of
the sohrtbioms fownd.

—+ Solve the equations and'or maqualities,

—+ Azzes the relevancs of the solations.

CALCULUS {MUMERICAL FUNCTIONS)
Definitions B Representations

Simple rational functions

Study and represemt sraphically simple rationzl funciions.

—+ Bacognize 3 rations] fimction 22 being a fimction of the form
x—ix)=PRx)Q(x) where P and O are pobmomials.

— Distarmine the domsain of definition of a rational fimnction.

—+ Diatarmine the parity of 2 rational fanction and explodt it

—+ Study the senze of variation of a rational fimction.
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Mih Curricwum for the LH track o the Secondory School Level

—+ Czlonlate the limits at the neighborbood of the domain of definition
of & rational fanctian.

— Find the vertical, horizomtal asyrmpiotes.

—+ Interpret the limits graphically.

— Find that 2 given lme Iz an asvmptote.

—+ Fepresent sraphically a rational finction.

— Lolve graphically an eqguation of the fomn PO/ Qxi=m
where # 12 2 real nomber.

rirankical .
Intarpret 2 graph and grazp the exsentiz] information that ara presented.
Usa the representative curve of 2 fimction to:
— Find from 2 graph the domam of definition of the function
corresponding to this sraph.
— Determine the imtervals of increaze (resp. of decresse) of the
correspondent fmction.
—+ Distermnine sraphically the exfrema and characterize tham
— Distermine graphically the points of discontimity.
—+ Clarify the limits if they exist.
—+ CGraphically locats the value of i) for 2 given x.
—+ Graphically locate the value of x for 2 given fik).
— Solve graphically megualities of the form: X = m (resp. =) for a
given raal valus of m
— Carppars fand g on a given interval whare g iz 3 reference function
fora given =
Caloolate o for a real positive mmber g in the two cazses g > 1 and
J<a<l.
Enow and use the properties:

W B, = G

[y = g,
—+ Heprezent graphically, point by point the fimcion: x— 4" fora
given raal positive mumber a.
— Pead graphically the varation of the function: X —~ &
according to a

— Compare sraphiczlly the tovo fanctions:

x— x whers 1 is 3 positive mieger
and x— g whera gis a positive rezl mamber,
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3.1.1.1.

31114
3.1L1.1.1i
3.1.1.1.30

3.11.1.iw.
3.1.11w.

3.1L1.1w.

3.2
321

3.2.1.1.

3.2 111

Mefath Curriculum for the LY trock ot the Secondary School Level

Mathematical Models for Economics and Social Sciences
Calculzte the simple interest or the compound interest returnad
by acapital placed at a given rate for a gven duration.

Find an elament among the four elements concerned by the
calculztionof interest knowing the other three.

— Enow the tenminology: capital, sirmple intersst, compoumd mtersst,
imtarest rate, period of placement. actos] value, acquired valoe.

= ¥Know and apply the relation linking the capital, rate, duration and
mierast.

= Enow and apply the formula Bnking the acguired value, capital,
interast rate and durstion.

= Know and use the forrmuwlas of annurty.

STATISTICS AND PROBAEBILITY
Statistics

Measures of central tendency and measures of variability of 3
distribution of one [continuous or discrete ) vanable

Calculzte the measures of central tendency and measures of
variabilityand know how to interpret them.

— Recognize the median class.

—* Recognize the modal class{es).

= ldentify and calculate analytically and graphically (if it can be
done) the median and the mode(s).

= |dentify and determine the range.

= |demtify and calculate the mean, mean dewiation, warance and
standard deviation.

= Comgpare and interpret two distributions of the same mean and
ofdifferent standard deviations.

Prioba bility

Conditional probability : definition, independence of two

events

Define and calculate the probability of an event A, knowing that
anevent B is achieved.

=+ Calculate PofA) by the [, BuAl = BASB) = BjAnB) / F{B).
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pdath Curricwlun for the LM trock ot the Secomdary Schoof Level

- Caloulats Flang) by the formula:
F{AnE] = F{A 8] = B{B) = F{B#A) = B{A) whars A and B are two non- impassible
EVEMLS.

Cefine two indegendent events:

— Recognize two independent events A4 and 8 by the fact that
PlA/B) = P{A).
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APPENDIX D
General Principles about the Guidelines and the Way of Developing the Official

Exam Questionsin Mathematicsfor the General Secondary School Certificate

Part |:

Retrieved from:

Ministry of Education and Higher Education & Educational Center for Research and
Development (2000). Evaluation Guide. Mathematics Secondary Cycle.
Lebanon: Ministry of National Education, Y outh and Sports & National

Center of Educational Research and Devel opment.
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APPENDIX E
Modd TestsLH track

Model Test 2 (LHM?2)
Retrieved from:

Ministry of Education and Higher Education & Educational Center for Research and
Development (2000). Evaluation Guide. Mathematics Secondary Cycle.
Lebanon: Ministry of National Education, Y outh and Sports & National

Center of Educational Research and Development.
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T

(3 polots)
The swudents of & secondary school are distributed according to the following table:
Boys Girls
External 650 850
Half-internal | S50 450
We randomly pick up one student.

Compute the probability that this student is external given that he is'a boy.

(6 points)

The average monthly income of cither an employee or a technician in & firm is 600 000 LP.
If we raise the wage of the employee by 10% and we reduce that of the technician by

1040, the average income becomes 590 000 LP,

What is the monthly incomse of each of them?

{11 points)

The following curve (C) represents the function f* defined by f(x)=ax+b+;:—; where a,

b, ¢ are real numbers. By reading the

graph :

1) Caleulate ¢,

2) Determine f{3) and f(~1). Deduce
the values of a and b.

3) Give the table of variations of f
and specify the limits of {x) at the

bounds of its domain of definition.

4) Prove that the liney = x+1 is an
asymptote of (C).

5) Solve the equations
flx)=-3 and f(x)=7.

6) Find the set of values of x
satisfying: =3 < f(x)<7.

PPttt tosstd s oot

x . -~ L i
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Elements of solutions and marking scheme

Question Short answers Note
w_ PLENG) 2
PEIG)= 2
1 (EIG) PG) (2)
Calculation (1), ]
3 i x+y = 1200000
Translatio
= . {l.lx+0.9y=1180000 " ;
Solution of the system x = 500 000L.L. y=700000 L.L. (2)
1.1 c=-1 1
1.2 a=1, b=1 2
1IL3 Readings from the representative curve. 4
M4 Limit of fix)~{x+ 1) =0 1
M5 | x=0o0rx=-3; x=2orx=§ ]
116 3<x20o0r 225255 2
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Model Test 6 (LHMG6)
Retrieved from:

https://www.crdp.org/official -exampl es-samples?term node tid depth=82
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1 (5 peints)
The following table shows the results of a randotn sample of 50 students at a certain high school
classified accovding to gender and age.

25
Total 14 =0

1) Complete the nmssing vahses in the given table,

2) Ome student is selected at modom from the S0-students smuple. Caleulate the probability of
selectmg:
a) A gl whese age 15 below 6 yeass,
b) Either a gir] or & student whose age is 18 years ar above.
¢} A boy knowang that he s older than 18 years.

3) Two differents students are selected one after anotler. What is the probabality that the stodents
are of different genders?

11 (S polnts)

A bookshop offers a 20 % discount on its articles. The sum of original prices of a pen and a
copybook is four times the price of the pen with the discount, The sum of prices of the pen and the
copvbook after discount is 16000 LBP

1) Calenlate the eagmal prrce of the pen and tlst of the copybook.

2) Deduce the price of eacls item after the discount,

3) Rima benefits from the discount and buys 2 pens and 3 copybooks.
How much does she pay?

L (10 points)
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Givea the function [ defined over its domain D and Jet () be its represearative corve in an
orthonomual system (7, 7} (See figure)

Y&t

0

(1)

/,r

Using the curve, answer to the questions | to 6.

1) Detenmune the domam of defimtton D of /
2) Find the limits: ‘lis_du..f(,r). ‘li_gf(x]. .Iim_@.f(x).md ‘lgu'n_f(x).(}iveageotmuic
meerpretation of the obtamed results,
3) Copy and complese the followmg 15mg the symbols <, > | o5 =
a f=D0
b) f'2)....0
¢ f-hH..=-2
d) (). S
4) Detenmine the sign of f (x) over |-ux,~1]
5) Find an equation of the tangent (T) to (C) at x = 1. Deduee the value of £ Y1)
6) Set up the table of vanahions of £

—_—xd4D
7) lnwhul’ollws;.assumethm:f(.r)="‘—‘;—:’r——ﬂ
#) Solve for x, —x*+2x +1=0. Deduce the points of intersection between (C) and the x-axis

~2x(x +1)

b) Venfy that [ Xx)=
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Solution
Question 1
1) Table (1pt)
Boys (B) 15 8 s o
Girls (F) 3 10 1 5
Total 18 18 5 =
2) Probability {(1pt+1pt+ipd)
3
a) ﬁi
25 14 12 27
by PG TR 1) T el it L
Y i e s)soﬁoso S0
) P(B Mgozls):;:%
-5 25 95 23 2{
P(BG M GBRE e = s e
Question 2
x ~ongual pace of a pen (150

y covigmal poce of a copybook

From the given we get the following systein
X +y =408 )

{0.8: +0.8y =1

x =6250LBP

y =13750LBP

0.3x = 5000 LBP

o 4
D asy=110008p P

3) Ruma paid & sam equals to; 2 5000 + 3= 11000 = 43000LBF (1)
Question 3

oo 2P0
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) =[]0t (0.5p0)

2) b f ()=, b f(x) =+, b f(x)=—1and Jimf(x)=-1{2pt)
x=0V.A
¥ =-1HA

3) Complete
1 D=0
2) f12)<0
3 f{-D=--2
4) ) >1(-3) (15pm)

4) fix)=<0over I'“’"“(Mm)

5) Taugeot passes through (1.2) and (0,6); y=-4x+6 then £ (1)=-4 (Ipt)
6) (1 5pts)

L) == -1 L

2ix) i 0 + —

{1pt)

-9

a

7)
1) x =122 then (1442 0) and (1-2 ; 0 ) are the two points of intersection of (C) and

(x'x) (1pt)

-2 l
2 /'(x)=iff—”uvu
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APPENDIX F
Model TestsLStrack

Model Test 1 (LSM1)
Retrieved from:

Ministry of Education and Higher Education & Educational Center for Research and
Development (2000). Evaluation Guide. Mathematics Secondary Cycle.
Lebanon: Ministry of National Education, Y outh and Sports & National

Center of Educational Research and Development.
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L (5poinss)
In 2 compater club of a school, there are four boys. numbered from | 1o 4, and five girk
numbered from | to 5. The manager of the club wishes to form a commutiee of three
membery,
1) How many committees of boys can be formed?
Deduce the possible number of committees having at least one girl,
2) How many commitiees having only one boy, and a member numbered 2 can be
formed?
I (9points)
Let f be the function defined by f(x) =Inx—mx where m is 2 0on z2ro real number.
Let C_ be the graph of £ in 2n orthonormal system.
1) Construct on the same skeich the graphs C, and C_,.
2) Calculate the area of the domain limited by C,, the lines y=~x, x= 1 and x = ¢.
3) For which values of m, the function fis strictly monotone increasing?
4) For whech values of m, C,, has & maximum or & minimum?
5) In this question, we supposc that m > 0,
a- Swdy, according to the values of m, the sign of ~1 = lam,
b~ Use the vaniations of f10 discuss, according 1o m1, the number of solutions of the
equation fix) =0.
6) Find the coordinates of 2 point of C_ a which the tangent to C,, contains the origin.

IfL. (6 points)

In the orthonormal space (031, /. k ), we consider the points A(1,0,0), B(1,1.1), C2.3.0)

and X2.0.3).

1) Verify that ABCD is a tetrzhedron snd calculate its volume.

2) Prove that (AB) is orthogonal to (CD). 2

3) Find the equation of the plane (ADC) and the coordinstes of the point H orthogonal
projection of 8 on the plane (ADC).

4) Iis the midpoint of [CD). Prove analytically that A, # and / are collinear and give a
geometric interpretation.
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Elements of solutions and marking scheme

Short answers

8

—_—

Number of committees with oo girls : € =4 (1),
Number of conwmittees of at least cac girl : € - C; =80 (/).

We cxpect the student to distinguish between two cases ©

Case |. The number of comemittees hevieg the boy numbered 2 is

€3 =6 (the girl numbered 2 is sjected);

Case 2. The number of committees having the girl numbered 2 is

€} X C} =12 (we must choaws one by, other than the mumber 2, and
one girl among the romaining four).

Total number of committees: 18

ol Montbu]&uﬁhof&ed&iv&iumm:m<&

n2

amswer: m > 0.

2 Expected answen: m < Ve, (1) -
b- Table of variations that shows the exareme values
(l.-t-u-] .
m
Conclusion; a snique solution for m = 1/e,
two solutions for m < 1/e,
and no solutions for m > Ve (7).

04

16 1 Calculation of an integral.

Expected answer: (¢, 1 me).
Coastruction of the representative curves of the two functions.

The student is expected 1o show that the four points & wot on the

_lll_.l_ sarme 1). Calculation of the volume: it is ol ().
[ 11%3 Simple calculation of scalar product.

Determisation of the equation of a plase contsining three points,
Expected equation : Je ~y~2~3=0 (JL

N3

uwmrunu[-l‘-‘-:%%] .

Simple argument of geometric crthogonality and the use of Pythagores
14 dlwwmhADlemuMmcmmmm

| poiats are on the same line.
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Model Test 5 (LSM5)
Retrieved from:

https://www.crdp.org/officia -exampl es-samples?term node tid depth=82
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I- {4 points)
In the space referred to an orthonormal system (0 T, k), consider the pomts E{2 ;2 ; 0) and
Fil ;0 ;-2). the plane {F) with equation x+y+z — 1=0 and the line {d) with parametric equations
A==t=1

y=t+5(tER)

z=3t+9

Denote by H the orthogonal projection of E on (P}
1
a- Wenty that E is a poant on (d).
h- Determine the coordinates of A |the intersection point of (d) and ().
1}
a-Verify that F is the symmetric of E with respect to (P ).
b-Write a system of parametric equations of the line { A ) bisector of the angle EAF
2} Let (0)) be the plane contaiming F and parallel to (P} and K the intersection point of (d)
and the plane ().
a) Wite an equation of the plane ((}).
b} Werify that A is the midpoint of [EE].

I1- (4points)
[J, and U , are two boxes so that :
Uy contamns 10 balls : 6 red and 4 black .
Uz contamns 10 balls: 5 red and 5 black .
A dic numbered 1 through 6 is rolled .
. If this die shows 1 ar 2 , then rwo balls are randomlby selected at a time from the box {7 .
Dtherwise , two balls are randomly selected one after another with replacement from the box U,
Consider the following events -
L, "The selected box s & "
L, :""The sclected box s 17, "
R -""The selected balls are red *°
I} calculate .H:R o, },HR-"‘-I-‘, J

2) verify that HR}:% ;

1) The two balls selected are red , calculate the probability that they come from L, .
4) Let X be the random vanable that is equal to the nomber of the red balls selected -
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n
a} verity that F{X=1}= :E—
b} Determine the probability distnbution of X

I11- (4paints)
The complex plane is referred to an orthonormal system (0 i, 7).
Denote by A, Band C the points with respective affixes z, =2-31, zg=1¢t .= 6L

1} Calculate Z8 74 Deduce the nature of the triangle ABC.
Ip—Zy
For each point M with affix distinct from i , we associate the poant M® with affix -
. ifz—2+3)
E - ——t
P
2) If z=1—1, determine the exponential form of '
3)a- If =1L find the algebraic form of z {Denote by E the image point of  obtained ).
b- Verify that E is a point on the line {AB).

4)Prove that if M moves on the perpendicular bissetor of [ AB] then M' moves on a circle with

center O and a radius to be detremined .

I'V- (Bpoints)
Consider the function defined over R by : fixj=Inic’* —c* +1}—1. { C ) is the representative
curve of [ in an othonormal system (0; 1]).
1) Determine the limit of f at —o and deduce an asympiote to (C).
1) a.Show that the line (D) with equation y=2x - | is an asymptote to {C ).
b.Discuss according to x | the relative position of (C)and ( D).
3) Calculate fr{x) and set up the table of vanations of f.
4) Determine the coordmates of A where the tangent to (C ) is parallel to (D).
5) Draw {D} and {C).
6) a) For x = ) prove that { has an inverse function g whose domain of definition should be
determined .
7) Let {G) be the representative curve of g and (D°) its asymptote. Draw (G) and (D7) in the
same system as that of { O ).
#) Suppose that the area of the region bounded by { C ), (x"Ox){y'Oy) 15 A
Calculate | in terms of A | the area of the region bounded by {(G) ,its asymptote and
the y-axis .
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Lo Nuoies
La | E 15 a pomnt on (d) for =3 0,5
Lb | A{3:1:-3) 0.5
la| gFi-2-2-N=|EF)Lip) I
Let Hi{l.1.-1) be the midpoint of |EF | and venty that H 15 on ().
Zh [x=—Im+3 0.5
{AH): J1 =1
|==2m-3 d
the perpendicular bisector of [EF]
Aa | (QF x+y+z+2=) 0.5
Ef4.0-6) =4 )~ 00N and A 1s the misdpoimt of | EK]. |
ih

il Mtes

1 Ay Yol o1 — p(R =5 0.5
Fl{ -"'L-'LJ_J:,-'_._J F(HHUL}_F( -"IITI.,IIJ{F{UL:'_U
2 C L) G- 2 . & |
PRI =PROU+PIRNG) =+ =R —=X-=—
Rty D=t 0% 10%31 18
3| (uy \_P@®RNU,) 2 0.5
P RI="pmy €
PR} ]
4 PO = 1) (n:{-i“ | ;’-(5 o 5 2) 23 |
= = = W= —_—_— =] = —
ol } 3TN0 T A
-1 A=K (1 2 |
19 23 5
{A=x1 — _ ol
P : S 45 ]
pl X=0)=1-FiX=1)}P[(X=2)

11 MNotes
1 | ABC s a nght 1sosceles tnangle. |
z =, 0.5

r=ct

d.a ZE = —X 4 51 I:l-l-q

3h| x, —3 : 0.5

Za~%E _ 3 then A.E and B are collinear .
g — g
4a iflz—2 AM 9.3
[z1= -I—"-l , then OM'=—
lz—zg] BM
4.b | OM™=1, then M' 15 on the circle with center 0 and radius | l
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DIV Motes
1 | lim fix}=-1 then y=—1 is a horizontal asymptotc 0.5
La | Im({fix)—2x+1j=0then v=2x — | 15 on O_Asympiote . |
2b | s1x<l) then (C)is above (I¥) I
51 x> then { C ) 1s below (1)
51 x={ (T} intersects { [
3 .. ehe-) 0,5
J Lx] = —gte——
e -t 2]
L — o ~In2 + o 0.5
fx) - t a
fx) _!_,_———'—'_'__'
4 | flix) =2 then A{InZ; In3 = 1) I
5 |
r*"
l
6.8 | Forx =0 | [ defined continuous and strictly increasing then { has an inverse 0.5
function g and [} = [— I+ r{
6.b | O the figure. 1
7 | Because of the symetry with respect to y=x then Arca= A —(area of the remon |

bounded by {13} and the coordimates axes |
Then Area = A — area of the tnangle bounded by the coondimates axes = A- .25,
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APPENDIX G

Details and Results of the Workshops Carried out by ECRD as Part of the
Curriculum Evaluation and Development Plan
Retrieved from:

https://www.crdp.orag/node/2897

235



3" journée: le 17/12/2003

1" séance
Suget du débat d"aujourd hui © le programme du Cycle Secondaire.

Dr MELHEM : Nous sommes réunis pour débattre ensemble de vos
remargues ou critiques & 'encoatre du programme sctuel, et comment nous
pouvons 'améliorer. Bt pour vous montrer aussi dans quelle direction nous
nous orientons actuclement en vue de le modifier. Je voudrais parler des
principaux probiémes auxquels nous nous sommes heurtés, vous el nous, au
niveau du Secondaire. Voici, 4 notre sens quelques-uns de ces problémes (vous
pourrez, bien sfir, cn signaler d'autres ¢t proposer des solutions pour y
remédier) -

1- D'abord, quand nous avons CoOgU €ES TOIAMMES, OOUS Yy aVOns
introduit de pouveaux supets telles les statistiques ou In programmation
hinéaire,

Tout cela a posé des problémes 3 beaucoup d'enseignants qui n'y étaient
pas no "avaient pas appris dans leur formation universitaire,
oul'miuuonblié Il ¥y a cu une période de démarrage assez pénible et

2- l,esyllbncéthaul‘ tel que les autorités concemées 'ond décidé,
impose en 1™ année secondaire un trone commun. Le but éait de
laisser & 1'éléve toute latitude de choisir son orientation aprés 15 ans,
considérant qu'une onentation précoce donne liew, souvent, a de
mauvais choix et & des reprets of changements qui perturbent le cursus
des Sléves.

Pour nous, charpés de ks conceplion des programmes de Mathématigques,
cela nous a posé un probléme
— [aut-il faciliter les sujets pour les rendre accessibles 4 tous 7
~ou faut-il les faire plus difficiles 4 I'inteation de ceux qui iront vers les
branches scientifiques (alors méme que les Maths sonl une matiére
exigible do tous) 7

Autre souci - nous ne voulions pas que des jeunes quittent 1'école &
cause des Mathématiques.
Nous avons choisi une solution madiane :
= Préseter des matidres assez foctes, un peu difficiles par rapport aux
Iittéraices, mais dans 'esposr que bes futurs scicatifiques soient prépads,
sachenl un peu ce qui les attend. Bt de fagon aussi i ce que les lindoaices so
discat - * Heureusement on y a échappé... Cest trop difficile pour moi. . "

Le probléme n'est pas dans les Maths, mais dans estimation que fait
I'&léve de oo qu'il peut et de oo vers quoi il veut aller.

W
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Si cette 1™ anndée reste um trooc commun, que pouvons-nous, Faire 7
Vous pouvez me dire : divisez cette 1™ année on 2 sections. Mais 13, la
décision ne dépend de mous. Bt en attendant une quelconque révision du
systéme, nous devons faire avec,

3- Nous avons réparti le programme sur les années du Secondaire de telle
sorte que, quel que soit le sujet sur leguel 1'éldve est interrogé en 3°
année (terminale), il 'ait vu an cours de cette anade. Mais 1l 1'aura aussi
vu avant puisque le sujet devia &re biti sur des choses qu'il a apprises
Auparavant,

Cette progression graduelie correspond & une philosophic de 1'&ducation
que nous avons adoptée. On n'apprend pas d'unce fois, en une année, tout ce
qu'on doit savoir sur un sujet. On progresse “en spimale *. Ces passages
successils sur un sujet, avec oublis ef rappels, & des niveaux de plus en plus
avancés, donnent & I'éléve le temps nécessaire pour |'assimiler, ou le digérer.

Sinon, pous devrions reprendre toul le prograome of le répartir par
sujets - tout sur la fonction doit Etre terminé en tant de semaines ou de mois |
tout sue "équation, en classe de seconde, tout sur la fooction en classe de
premmiére, toul sur intégration en termunale... Et lea questions de Pexamen
porteront sur ce contenu ¢ bloc

Cexi ne trouve Papprobation de personne, n: sur le plan pédagogique, ni
du point de vue psychologique. L'expérience a prouvé que ¢'est un choix nocif.

Bien entendn, e systéme adopté actucllement comporte quelques
meonvénients. Des problémes se posent, pour lesquels ol faut que nous
trouvions des solutions, Il y des matiéres qu'on considére intiles, d’autres
qu'on voudmit rajouter. .. Les physiciens sc plaigneat toujours de lacunes
mathématiques chez les édéves (exemplo @ *le vecteur *, utilisé par eux pour
représenter la force, alors que nous entendous, nous, sutre chose par le
veoteur).

4- Enfin, pour la structure méme du programme, nous avons un autre
probléme a affronter.

Le programune actucl a été congu sans prévision, dés le départ, de
Pévaluation 11 a é4€ biti sur des objectifs, que Pon appelle comportementaux,
chaque pas offectué par appreaant étant peevu et planilié dans ke détail
(comme vous ke voyez i la lectute du programme),

Bien entendu, il y a des objectifs généraux, qui, en pancipe, doivent se
retrouver entiérement dans kes objectifs sccomdaires (ou particls). Cette

structure, pensée de manibre trés saine et cohérente, ne s'est pourtant pas
réalisée 4 100 % dans I"appheation.

\YA
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Arrivés au stade de 'évahation, nous nous sommes interrogés © devons-
nous juste préparer I"Eléve & acquésir des compartements définis 7 C'est-d-dire
que je lui doane 14 et je lui dis den faire la réduction ; ou une &quation et je
lui dis de la résoudie ? Lo but n'estil pas plutdt d'obtenir, & partir de cos
compétences, un résultat cffectif, dans la pratique. Je hui apprends 4 résoudre
une &quation pour qu’il puisse résowdre un probléme A une nconnwe. .. Je lui
appeends e proportions pour qu'il 8”ea sorve en Physique ou en Chimie...

Les compétences sont-elles un but en clles-mémes 7 Dois-ge me limider 4
ces compblences simples 7 Si je le falsaig, je dénuturerzis 'espeit mdme du
programme. Il reste cependant que les objectif secondaires n'ont pas toujours
pris en considénation I"acquisition précise des compélences.

Pour combler ces lacunes, tout en restant dans 'esprit du programme,
nous avans abordé le probléme de I'évaluation sur la base des compétences, Et
14 nous avons rescootré diverses écoles d'évaluation, diverses opimions ot
canceptions... Au Liban, jusqu'en 1998, il n"existait pas de spécialistes dans oo
domaine et cela n'avait pas coms. Aillours, divers courants existent | «'esl
oormal, c'est la loi du développement. Nous avons fait venir des experts de
divers pays, Les avis étadent chaque fois différents,

Nous nosts somanes donc rémnss, au CRDP pour, avant tout, défimir In
compétence.

La compétence est, scloa pous, un grand objectif qui s'applique & des
cas, & des sujets donmés peécis, ou & des sitations définics, soit en

ou dans d'autres sciences, soit dans le domaine du savoir on
général ou dans kes activités de la vie coarante, of dont la méthode de résolution
ol peéeise.

11 y a donc : un objectif - une situation ~ un conleaw. Clest ce que nous
avoms adopté au CRDP. Et pous faisons une tentalive d'application aux
programmes actuels, dont pous cssayons de garder les gmnds objectifs et la
structure péabrale.

Dans nolre  précédemte réunion  concemant le  programme  (du
Complémentaire, nous vous avons donmé des excamples sur  quelgues
compétences nins envisapées,

D'autres excmples vont suivre (sur le Secondaire) que mes collégues
voall Vous exposer.

Mamtenan, je demande votre avis pour la suste. Voulez-vous que nous
passions directement 4 'expasé sur les compélences 7 Ou voulez-vous discuter
les problémes qui ont &¢ soulevés 7 Ou bicn exposer ef commenter les diverses
correspondances que §"ai reques au sujet des programmes 7 Je vous écoute.

A
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Dr Hussein ZEINEDDINE :

1= Les objectifs péndraux du programime du Secondaire sonl bien d&finis.
Mais quand o en vienl aux objectifs spécifiques, on découvis qu'en
10 et 1™ anmée, il y 2 des objectifs péaéraux qui n'ont pas
d'objectifs secondaires (ou  spécifiques) qui  lour comespondent.
Pourquoi 7 Bst-ce voulu ? Est-ce qu'on a vouls réserver bes objectifs
spécifiques aux seules 4 soctions de ka 3% année (tecminale) 7 Nous
aimenions compreadre,

2- Pour Ia 11%™ année (bac ), beaucoup de problémes viennent de co que ke
programme est trop long cf dease. 1) reste copendant que, pour la scction
littéraire, ke peogramme est imsuffisant, su dessous du niveau requis,
pous Jes éléves qui s"onenteront vers 'économse, alors qu’il est rop
lowrd powr coux qui choisiront de litséraire. Pout-&tre faut-il donc vevoir
le probléme da tranc conamun,

Dr MELITEM : Pour ce qui est de | densité des matidees, c'est un probldme
de contenu qui, done, nous concerne ¢ je vous promets qu'il scra examiné
Pour ce qui est du lrone commen e des sections (2 ou 3 en 11*™ année), cels
ue sc dbcide pas A potre niveaw. Mais il semit bon d'attircr 1'sttention dos
décidenrs sur co probléme. Une question: aprés *allégement * que nons
avons opéré sur ke progamme de 1™ scientifique, y a-t+il encore surchasge,
sehon vous 7
- Plusseurs répanses ; oui, trop lourd encore

Surin MAJZOURB (Secondsire pour Glks—Saida) © il 0’y a pas continuité eatre
le bac littérazre et I'économic, ef cela au piveau du programme.
~ Quelgues intervenamts atticent 1'sttention sur la sélection des éléves
oortains ot un 7 ca Maths ¢ réussisseat l'examen, el on les retrouve en
bac scientifique. I faul trouver uno solution & celle situation.

Dr Leila NASR (Unaversité de Kaslik) : J'aimerus savoir si la section littémre
et congue de fagon & ce 1'éléve s"onente veres I'économie.

Dr MELHEM ; Disons que ¢a lui est permis, Mais cela crée une situation

Dr Lella NASR : Certains de pos collégues ont réclamé un allégemont plus
important du programme de 1a 1% scientifique. Jaimenais vous signaler que,
moi qui enscigoe & 'université | jo vois amiver des Etudiants qui ne savent
presque tien en Algdhee, parce que allégement actuel n'a porté que sur
FAlgebee. Nous sommes oblipés de leur faire refaire tout lo programane
d'Alpibee. Aussi, pridre, 51 vous alléges encore ce programme (ce poar quaol je
sus d'accoed avec vous), que cet allégemeat ne porte pas eocore aur
I"Algébre...

\T.
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De. Ibrahim AL-HAJJ : Je veux rappeler qu'a la base, le minimum exigible
pour passer de la 1 scientifique & I'ES en terminale &tait une moyenne de —‘2%
en Mathématiques. Cette note / limite a été supprimée aprés que le programme
et be manuel furent achevés. De 1 viennont les problémes auxquels vous avez §
faire face avjourd hui

Dr Moufid SKAF : Nous enscignons tous of corrigeons (ous aux examens
officiels. Mme Saria Majzoub dit que celui qui a fait le littéraire ne peat pas
monder en ES. Pouvez-vous me dire ce qui, précisément, hni manque dans ce
programme. Moi, je considére gue c'est un probléme d'éléves et non un
probléme de programme. Les éldves ont 5 heures de Maths en seconde (trone
commun) et 4 heures en premidre. Ca me parait tout & fait suffisant, en tant que
bagage mathématique, pour montrer ca ES. Mais le probléme c’est le niveau ef
In capacité des éléves. Vous savez tous que 30 % do ces Eléves trop faibles ont

i

24 ou zéro ea Maths. Mais ceux-la, tout leur est difficile : quel que soit le
programme of quelle que soit la question que vous leur posez, ils auront ces
notes-lA. Ceux-1A, sont perdus dans lx seconde & trono comumun ; il Yeur faudit
un autre accés, plos facile, 4 cette matiére. Nous devons attirer I'attention des
dégideurs sur cotie seconde i oo commun. Je Crois que NOUS cu Sommes tows
d'accord. Méme ke progmmme de LH est difficile pour ces &léves si leur
probléme n’est pas résolu dés Ia seconde, Pour ce qui est du programme, j'ai
devant moi celui de ES et jo n'y vois avcun théme qui ne soit peéparé déji soil
en seconde, soit cn premuére méme Litéraire. D'aillouss bes Eléves capables en
Maths ne ressentent aucun mangue guand ils passent en ES. O sont lex lacunes
dana le progmmmme 7 Si vous m'en donnez un exemple précis, un sujet qui
manquenit i I'éléve en BS, nous pourrons en discater tout de suite.

Saria MAJZOUB : J'ai donné deux exemples :

- mhfm&um:bﬂmwoﬁu%mmm
ont le deoit de faire Economic, mais ils n'amiveal pas & suivre sur ceo
sujed, ¢ lewr est difficile ;
pour les logarithmes : les &éves nous poseat probléme quand ils arrivent
en Economic, nous sommes obligés d'y consacrer plus de temps que
préva (parce que les éléves ont en une moyenne qui leur a peomis
I'scots 4 I'Bcooomie, mais quo lewr analyse des questions est
inefficace), .

Dr Moufid SKAF : Vous confirmez ce que j'ai dit : le probléme ne se pose pas
au mveau du progrumme, mais au niveau de la préparation des éléves, .

Y
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Nada MAKKE (Sccondaire Al-Kawthar—Mabarzat) - Je suis d'accord avee M.
Skaf': c'est un probléme d'éléves plus que de programme. Nous avons
principalement augmenté les beures consacrées 4 ces sujols ¢n seconde, |

Nehmé MAKSOUD (Amicale des Enscignants) | J'ad trois remarques a faire :

I- Je nc sus pas d'accord sur fa forme de cetle réunton ; le débat va-t-il
continuer comme ¢a ou y a-t-il des points définis 4 Pordre du jour 7

2~ Pour ce qui est de I'Economie, pour moi, le probliéme réside surtout dans
le manuel du CRDP (mwoi, j"enseigne & 1"aide d'un autre manuel) qui est
trop fort. Son nivean est plus haut que le SV, Il faut des profs trés
costands pour 'en sorti. Mais le problime n'est pas duns le
programinc.

3- 80 % des éléves ea Economie viennent du littéraire. J'ai dans ma classe
3 on 4 ¢léves du scientifique et 35 4 36 du littéraire. La solution que
nous avons adoptée pour ces éléves trop faibles venant du littéraire, ¢’cat
de faire une session d'été, d'un mois entier... car il ne faut pas oublier
que nous commengons 'annde le 13 ou 14 seplembre. Voild encore une
solution des écoles priviées,

Dr MELHEM : Je vous pric de noter, encore une fois, que cetle réunion cst
réservie anx programmes ¢f pon aux manuck. Je vous remercic de vos
remarques sur le manuel, qui pounmient nous servir plus tard, mais je vous en
poie, tenons-nous au sujet d'sujourd i : Te programme du secondaire.

Ghassan ANTOUN (Union des Ecoles Orthodoxes) : 3'ai une proposition que
le CRDP powrmit peut-&tre examyner. Ne serait-il pas possible d’adopter le
modéle du progrumme frangais pour les Mathématiques, en créant, dans la
classe littéraire, un programme * Spécialités” destiné 4 ceux qui veulent
s'onenter vers I'Eeonomie ?

Dr MELHEM : La proposition de M. Antoun est intéressante ; il y a peut-étre
lii une voie 3 chercher. Beaucoop de choses intéressantes ont &té proposées.

Ahmad DANKAR : Pour ma part, J'imseste sur la nécessité de ne pas permetire
& n'importe qui d’aller en Feonomie. Comme 1'a souligné le Dr Hajy, il faut
rétablir un baréme, un plafoad précis en Maths. Peut-étre un conseil des
professenrs, dans les éooles, peut se charper d'orieater les éléves, de conseiller
sANS imposer. ..

Dr MELHEM : Ce n'est malheureusement pas dans nos prérogatives. Maig
pout-étre votre veou, exprimé ici, sera-t-il eatendu. .

upmkmummmamucmlubomma M™ Yolla Farés
qui va vous présenter un échantillon de notre travail sur les * compétences * qui
constitue la base de notre plan de perfectionnement du programome pout
I'avenir.

AR
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Yeolla Fards fait un exposé, avec projection de fiches portant sur un exemple
précis en statistiques. (Voir le Document N® 3 ci-joint).

L'expost est suivi de quelques éclaircissements donnés par le Dr Mclhem ot de
quelques remarques ¢ objections soulevées dans 'assistance, et partant
cssenticllement sur le choix de I'exemple, tird des statistiques (matiére que
cortains nssuren! méme ne pas traiter, vu le mangque de temps). On aurait
peéféed un excmple plies probant ef tiré d"unc matiére plus intéressante.
(Réponss du Dr Melbem : aprds tout ce n'est qu'un exemple pris au hasard ; oo
n'en el gu'aux premicrs pas; on vous promel bicatdt d'sutres spécimens
qu'on YOUS enverma pour avoir votre avis). En somme, il rassure les inguicts on
les récalcitrants A toutc imnovation. Nombre de participants s¢ montrent
d'aillewrs favorables i cetie nouvelle option et la défendent),

En cooclusion, le Dr Melhem résume [P'essenticl of insiste suor
P'importance du * verbe actif * dans ks désignation des compélences 4 acquérir
et affirme que ¢'est sur ce point que devra porter 'esseatiel des modifications &
apporter au programme. De toute fagon, on n'en esl gu'aux premiers pas dans
ce chantier d'avenir. Nous avons voulu vous présenter ici une dau-iption
formelle de ce qu'on appelle *compétence”, Nous espérons, dans 1'avenir,
pouvoir faire un prograsume selon cotte méthode. Si certains d'entre vous ou si
vos écoles voulaient bien nous faire des propositions (sous le titre : quelles
compétences 7), nous vous en serions

Y
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3 jowrnée: be 17/12:2003

2™ séance

Dr MELHEM : Avant de reprendre nos discussions (o0 il est
impossible de sstisfare tout Je monde !), j'ar une communication d’ordee
admanistratif & vous fare. Nous avions opéré, dans les anndes précédentes, un
aliégement du programme de Matématiques, qui a €& suivi d'un second
alépement, Tous ces allfgements onl encore cowrs anjourdhul, bica que ke
déceet officicl efit mentionné qu’ils seraient applicables jusqu'en 2002. Nous
allons donc requdiic officiellement des sutorités uoe décizion ministérielle qui
entérine ot prolonge beur validité jusqu'd la parution des nouveaux programmes
actuclloment en chaatier.

Moufid SKAF : C'est le demier allégement, celui de 2001 — 2002, qui est le
définitif,. Om lui a justc adjoint vn petit corollaire pour Ia 2™ année
scicuiﬁtpe

Dr Hicham BANNOUT demande i revoir 1a fiche de * compétence * vae toul
i I'heure. (On projette la 1% fiche). * J'ai deux remarues
1- Par mapport aux programmes actucls, un pas cn avant a &é fait dans Ia
bonne dwection : évolution o mméliomation. Pour ce qui du contenn et
des objectifs, la méthode de travall dans cefte réunion consistail i
demander leur avis aux enseignants sur be contenu © trop 7 assez 7 top
pea?. ..
2. Ce que vous proposez maintenant comme modification, le systéme des
" compétonoes * n'éwiti] pas 3éjd dans les programmes ? Peul-dlre pas
tout & fail systematiquement, mais il y avait déd des objecufs ot des
compélences & fare acquérir. Ma question est @ dans quelie mesure cela
a & pratiquement  utile aux  costignants  dunx leur  méthode
d'ensegnement et dans la réalisation de leurs objectifs 7

Ma proposition cst: travaillons surtout, dans cette nouvelle avancée
pour faire évoluer les programmes, sur In définition exacte des notons de
* compétence *, “savoir ' ¢t * savoir-faire *, swr la définition des objectils a
realiser dans chaque classe concernant chacune de ces compétences. Un point
c'est tout ! Swr le terrmun, centrer plutot sur ce que dod faire le prof en classe,
Se contenter de
compétence + savoir + savoir-fakre

Tout ls reste, avec cet cxcés de détails, ne fern qu'embromller bes
coseignants ef ne bos aidem pas en classe. A quoi ¢a sert de Jeur dire 0 " Ca c'est
be savou-faire, ¢a ¢’est le critére, ¢a ¢'est UVindicatens .~
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Dr MELHEM : Vous cancaturez - pessonnc 0'aum & dire en classe : “Voia
les indacatenrs * !

Dr  Hicham BANNOUT: Vote grand objectif, " Construire  les
mathématiques *, ¢’cst e plas important, et aussi lo plus actuel, Il fawt
seulement bien faire comprendn: sux enseignants ce gu'ils dodvent faire en
MWMMmMNM\:QMu
* comstruire lea mathématiques *.

Dr MELHEM : Nous sommes, nous, les conceptenrs du programme. Voulez-
vous que nous doanions sussi des méthodes d'enseignament ? Nous pensions
que ¢'Stait ke rOle de Ia Faculté de Pédagogie...

Dr Maroun BARAKAT (Université Libanaise) : Ce doot on parle dans cetie
nouvelle cooception, ¢’est d'unc *évaluation formative®, pour que le

évalue son propre enscignement (el non I'éléve). Il doit travailier sur
Ini-méme ; la fiche peut |'sider, mais elle ne suffil pas.

Moufid SKAF : 1l m'a semblé que co qui & &6 présenté dans ce tableau (dans
I'expesé) n'est rien d'autre que ce qui est dans le programme lui-méme, maus
exprimé autrement, pout-ftre juste plus précis. Aucun des indicateurs
meationnés n’est autre chase que 1'un des objectifs spécifiques défims dans le
progmmme (ou dans les commentaires de ces objectifs). Jusqu'a lu
termmologic qui est ls méme. En fin de comple, j'ai I'impression que le
programme va rester le méme (avee quelques ajoats ou quelques sllégements),
mais écot d'ume autre maniére, Nous rendons e programme responsable de
tous les problémes. 1l y a peut-Stre quelques problémes, mais ils soat dds, non
pas au programine, usais platét -

— soit 4 une insuffisance de Ia formation,
— soit & des carences dans les manwels qui seeaicot 4 réviser,

soit, surtout, & une mauvaise application de la méthode active pas les

engeagnants,

d'entre nows n'ont pas toot & it compns cette attitade & avoir 4
'égard des Eléves, on ne savent pas bien comment la mettre en pratique. Mais
il ne faut pas micr qu'un grand changement, quun grand pas eo avant a &é Ll
Aux cxmmens, nous avoss constaté, par exemple, un meillenr niveau des
questions. C'est un véritable saut qualitatif Dans toutes nos &coles, nous
I"avons senti. En dépit, bien siir, de quelques lacunes ou msuffisances. ..

Dans ce qui est proposé aujourd’hut, je me vois rien de sl
révolutioanuire. Sur lc plan du contenu, les choses resteront les m@mes, mies
préseatées sous wse autre forme. Espéroas que les manuels seront awsi
ambitieux que le programme. Ft souhaitons que nous, la Faculté de Pédapoge
ou les autres instances charpbes de la formation, pous puissions faire purvent
CC POUVCIN Message aux cascignants. S'il y en a parnd vous qui peuvent
appocter leur temoignage sur ce sujol, qu'ils le fassent,

Yo
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Jules ADOUANE (Coliége Elysée Kaslik) : Jo pense également que le
progmmme n'est pas le probléme. C'est la méthode des profs qui est en
question : beavooup n'appliquent pas la méthode active, Si 'on 2 "honnéteté
de fzire son awlocritique, on découyrira que e * cours magistral * se pratique
encore, On fait un effort les premidres semaines pais, peu & pew, on revient i
sce réflexcs anténicurs .. Moi je donse uoc 2™ année d'Apriculture & Kaslik ;
pous recevons des ¢lves qui ot une bonne formation | mais Jo probléme est
que le nivesu vanie d'une école & V'autre, souvent d'un peof & 'autre, . Cest
donoc surtout kx méthode d'coscigncment qui pose probléme,

Ahmad DANKAR : Quaed nous avons construil [e progranmme, nous n'avions
pas en 1&c ke mot * compétonces ", On parait ators d’objectifs pénéraux, pais
d"objectifs particulicrs pour chaque cycle ol pour chagque classe. On a &abli le

conleny, puis sont venss les détails du programme et des livies, Quand une

équipe a voulu cosuite établir use méthode d'évaluation, des experts dtmapers
(notammen! frangais) soat venus, dont M. Colomb, Il nous a présenté la notion
de compélence, Nous nous y sommes més, mais en fai, nous &hons tous un pea
perdus. Je soubaiternis, dans ce qui va ée fall maintenant (ef ¢'est peut-&tre ce
qui se fait au CRDP), que In notion de * compélences * soit définie, que lea
compétences exigibles solent clairement exprimées et de fagon simplifiée of
que sur bour base, on reconstrudre de contenn (u programne ef sa nouvelle
rédaction.

Dr MELHEM : En robdtissant be proprasmme, pewt-4ire conscrverons-nous les
sujets, ou les changeroms-nous scalement guand c'est nécessaire. Pour o qui
et de la fomation, le CRDP a essayé d'éablic un programme de formation
avec les moyens du bord. Nous ne pouvians pas, avee ce dont nous disposions,
faire plus. Quand & nos inteations futures, clles peuvent se sésumee ainsi :

~ un boa programme

~ de bons livres .

~ ume boone farmation.

Ghassan ANTOUN : J'ar deux questions |
I- Nows avons cu awjourd’hui un apergn plus précis de la notion de
compélence, & trvers un exemple e du progmmme de stalistiques
Peut-ére pourricz-vous mettre au point 4 autres exemples (2 ou 3) sur
d'sutres sujets et nous les faire distribues powr nous permetire de mioux
les Sudice. De cette fagon, si vous nous demandez notre avis par In
Auile, DOUS SEIOMS e prépards & participer 4 s réllexion commune.
2- Jo n'al pas encore trouvé de réponse claire i la problématique qui a éé
posée ot -
< faut-il caseagner les * mathératiques utihitares” cn vee d'unc
ulilisstion posteneure 7
- o fautil, dans uec cetaine mesure, enscigner les nuaths pour les
maths 7

AR C
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Dr MELHEM : Ce sujet n'a pas ¢ tranché & travers ke monde. Personne, ici,
n'a confirmé qu'unc option définitive a été prise. C'ost d'aillcurs I wn grand
probléme qui accompagne I'histoire des Mathématiques depuis les onigines.

Bouchr MOUSSA (Centre pédagogique Omar Al-Moukhtar) : Vous avez
souligné que beauncoup d'enscignants n'ont pas regu de formation. Mais le fait
est que, méme formés, quand ils reviennent en classe, ils revienncat souvent 4
leurs pratiques traditionnelles et i lears vicilles habitudes. Et cela parce que les
problémes véritables sont
~  les programmes trop longs : nous donnons 7 heures hebdomadaires pour y
amver

- dlac‘l;suw.

Dr MELHEM : Pour cc qui est des programmes, vous dites qu'ils sont trés
lourds. Méme sprés Jes allégemeats 7 Méme cn appliquant Ia méthode active,
qui peemet, comme nous I'a dit Dr Moufid Skaf, d’aller plus vite ? Quand nous
avons fait les programmes, des spécialistes et des enseignants de grande
expéricnce ont tout soupesé pour que ces programmes puissent 8tre terminés
(avee les allégements) en moins de 25 scmaines. Nous ne pouvions les
contredire. Plus tard, avee la pratique, sont apparues beaucoup de protestations.
Peut-8tre avait-on pris les décisions en fonction d'écoles, de milicux
spéeifiques, différents de la norme moyenne générale du pays. Nous nous
consultons ef nous vous consultons tous 4 ce sujet et nous allons ticher d'y
remédier. Mais jusqu'a quel point peut-on alléger 7 Je crains que plus tard on
se plaigne de cc que le programme est trop léger! Déja les professeurs
d'université nous le reprochent... Certains nous diroat : * Nous terminons cn
février | * 11 fant savoir trouver un juste milieu.

Pour ce qui est des compétences, nous ca SONMNES EOCOTE AUX Premicss
pas. Considérez sous cet angle I"exemple que nous vous avons dooné. ..

~ De nombreux participants ont exprimé le souhait de recevoir, par éerit,
quelques fiches supplémentaires sur les * compétences * pour les aider 4
mieux cemer la question.

~  Certains reviennent sur la nécessité de mieux répartic les matiéres sur les
trois années du secondaire. On donne des cxemples (I"équation du 2*
degré passée en 1%° alors que I'éléve la comprenait bien en seconde) de
la surcharge du programme du bac.

Moufid SKAF : C'est possible d*&udier ks répartition pour alléger un pew la
2'™ aande. Mais pour 1'équation du 2* degré, si I'éléve la comprenait en
scconde ¢'est parce qu'il ne faisait rien d"sutre...

Dr MELHEM : 1l faudra slirement le faire, sur la base de vos propositions.
Fen ai regu beaucoup. Nous nous appuicrons sur vos remarques (comume nous

P'avons fait 4 la suite de la réundon de V'année demiére avec M JOST).
|"évaluation est faite par des institutions. Mais avec vous, nous découvrons des

o/
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réalités précises sur le termin. Vous nous étes trés utiles. Bt je vous remercie
tous pour I'effort de réflexion que vous fournissez avee nous. Beaucoup de
points soulevés par vous onl &6 earegistrés. Yous les retrouverez dans un
rapport sur cot atelier de travail,

Awjourd’hul, nous sommes sur le seml de ce chantier de révision des
programmes sur la base des * compétences *. Je vous demande par excmple d'y
pasticiper en nous proposant des titres relatils sux compélences qui vous
paraissent exigibles, de par votre expénence sur le tarain. Pas des détails, mais
juste des titres. A vous de nous aider. Si vous nous laissez travailler seuls,
apeds vous allez vous plaindre et pows faire un Las de reproches. ..

Pour les remanicments du contenw : ajouter ou retmancher des choses,
micux adapter la répartiticn par années, eoto., j"ai gardé toutes vos propositions.
Kt jattends d'sutres propositions, que YOuS pourrez m’envoyer §i vous cn avez
q-cmnavompuubadcrm_

Je laisse la conclusion au Dr. Hajj.

Dr Ibrahim Al-~HAJJ : Si nous voulons essayer de remodeler les objectifs
secondaires selon la nouvelle méthode exposée awpourd'hai, il est trés
impoctant de savoir ce gue I'éléve doit savoir i la fin de chaque &ape -

- que doit-il savolr 7

—  que doit-il savoir faire ?

Un détail & sonligner : la matrice, en Algébre Iméaire, est trés utile en
Economie.

Dr MELHEM : Mais il favdra d'abord définic la compétence pour laquelle In
matrice et utile.

Mohamed MOUSSAOUI (Secondaire de Ghobeyni) pose des questions sur
des conteous trop lourds ou trop ambiticux dans les manuels (Ex : la * logique
mathématique™ en LH. “Méme & |"Universié on nc peut pas Ia
comprendre 1 7).

Dr MELHEM : Encore cctte confusion entre le programme ot le manuel.,.
Pour nous, c¢’est un manucl parm les autres Beaucoup de problémes
administratifs oot pesé sur la rédaction de ces manucls... Maws ce n'est pas 1
notre propos aujousd hui.

Dr Leila NASR : En coaclusion :
— Je suig, comme cortauns d'entre vous, coatre 'allégement sans cohbrence
On en paie le prix i I'Université.
~ Je suis pour ka " logique mathématique * en LI les philosophes, depuis
toujours, ot été des logiciens.

Fin de stance. On se promet de se retrouver sans tarder dans d'autres
renconlres.

AN 4 AN
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Retrieved from:
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1. (5 points)
In o certam store, all the pants are sold at the ssane poce awd all the ity ave sold at the sane price.
Diala bought 3 pands axd 4 shirts for 240 000 LL
Touds bought 2 pamts s 2 shurts for 140 000 LL
1) Calenlate the price of ene pant and that of one shirt.
2) The store proposes two offers for Diala if she buys 5 shirts and 5 pas:
o Offer1
10% discoumt o the price of each pant and 30% discount ou hwe price of each shin.
* Offer2
A reduction of 60 000 LL on the total amount.
Which ane of the two offers is better for Daala? Justify your answer

1L (5 points)
80 tonnsts are wavelling on 3 beat to visit a certamn iskand. These tounsts are distrabuted as shown i the table
below:

Age m years |16, 241 [24 ;32 [322; 40f [40,48] | [48.56]
Europeans 6 7 12 3 | 8
Asians k) 13 11 12 \ 5

1) Determine the avemge age of the European tourists on this boat
2) The captain of this boat chose randomly one person from these tourists to be the guest of honor.
Coasider the following events:
E: " the chosen tourist 18 Europesn
A " the chosen tounst is Asian ”
Y " the chosen tounst is less than 32 years old *

a. Verify that the probability of Y is -:% .
b. Calewdate the following probabalities:
PE). P(YV4). WYNA) YU E) and P(AL).

Pagel/2

249



T11- (10 points)

3
Lt 1 b the function defined oo the nterval 1= ]—L«:.{as{(x)- 5;:amﬂel {C) be ats representative
X+
curve in an orthononmal system (O;T.}}
1) Show that f{x) =% -1+ —_,
x+l

2) a Determine ‘lill_.ilf(x) mx deduce un equation of an asymgtote 1o (C)

o=l
b. Dnumine.iﬂﬂx).
¢. Prove that the lme (d) with equation y = x - 1 15 an asymptote to (C).

3) a Venfy that '(x) = (x__('”[]_‘];'i)
Xt

b. Copy and complete the followmg table of variations of [

X 1 1 -
(%) 0
fix)

4) a Calculate the coordmates of the pomnts of intersection of {C) and the lime with equation v = 3.
b. Find an equation of the tangent to (C) at is poant with abscissa 0.
<. Draw the curve (C) and its two asymplotes.

5) Solve mraphically: 2 < fix) = 3.

Page2/2
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QI Answers Mark
Let x be the pnice of a pant and y the price of a shirt
3x + Ay = 240000
| {2x+2y=“m %= 40000 LL and y =30 000 LL 2
Offer 1: after the discount, the price of a pant 1s ~ 40000209 = 36000 L1
And the price of a shirtis - 30000%0.7 = 21000 L. L
2 5% 36000 + 5« 21000 = 285000LL 3
Offer 2 : 540000+ 5 30000 — 60000 -« 250000LL
Offer 115 better for Diala
on_ | Answers Mark
The average age of the Eutopeans s
i 20x64+Tx28+12x36+3x44 +8x 52 1
% =36 years
2a P(Y):?:% 1
_ 3. _ 50 _s
| YU =P(Y) + P(E)- Y E)= 2o 3
o
1Yy=—
MAY)=4
3
1 ‘_“_L:(x-llx-fl)m%:x +3 :
x=1 x+1 x+1
.l'nn.f(x)-a!_--«-
2a | 1
x= -1 vertical asympiote of (C}
2b [ Jm 0= +n i
2¢ .li*'-nw[“"}'("“')l:.‘ﬂ'.[ﬁ}o' ¥ = x = 115 an asymptote of (C) 1
2% AN X e 2% -3 (x-1Hx+3)
)= 3 = = 3
3a (x+1) (x+1} (x+1) 1
Page1de 2



Answers

S o | 1 40
{x) . 0 +
-0
" /
fix) :
X 43 =3 . x - -0 thenx-0orx~=3
da x=+1

then the pomts of mtersechon are (0,3) and (3,3)

4b

y-HO)=r()x)y y~3=-3x,y= ~3x+3

dc

x [GI[w]1,3]

Page2de2
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Retrieved from:

https://www.cr dp.or g/en/official-exams-cor r ections-
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-{4paints)
In the space refanred 4o & ditect orfomonmal sysemi{o : 1. | | k §. consider the points:
AR B2 5 Lyemd O 2 3; )
1 pProve that irinngle ABC is right ot B
2p Show that am equaticn of the plane {P) detenmined by the doee pomts A, Besd Cisx+y+z2-h=0
31 Lea () be the plone possing throogh A snd perpesdicular o (AR)

& Determine an equaivon of (0}

b= Denoie by |[¥ ihe line of mdersccton of (P and (0, show thet ¥ is pamalle] @ {80
4p Led Hi3:3:0 ) be & poand i (0

- Show that A is the onbogomal prajectiom of H on (P

b- Caleulnie the voleme of the ismhedon HABC

11~ 4points)

A music store sells lissioal ond modern mustzal slbums soly.

The cusascmers of this sone ere surveyed and tie results sre oo folbows
& 2P of these coniamers boaght cach a olssionl albom

s Cut of those wio boaght o clossical album, 7P bought 8 moders album
& X af the customers bought ach o medern elitom.

A castomer of the sivre & merviewed o msdom. Consader the following cvents:
C: athe intervewed cusiomeer bought & clussicsl alfm »
M wthe imerviewed cusionser bought a maodemn aliem .

1} Caloalsse the probabiliiy P(C ~ M) and verify sar IO~ 8= 0,06,
2y Prove the BT Bl =072

1) Calealse the probability that the cussomes bought ar b one album
44 Knowing thai the customer didn’t buy a moden album. calculme e probeblity that he boughi a
clessical album
2} The classicel albens 15 sold for 30 G8ALL md the modem one s sold for 20 60601
Lt X be the random varishle dhar is equal 1o the sum paid by 5 customer.
g Jeaify thad the pessible valoes of X are: 0, 30 600,30 000 and 50 (06, Then, determine the probabilicy
distribution of X.
b [hring the month of June. 300 customers visited thies music spore. Estimaie the revenie of this stoee
daring thai meomth.
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1114 points)
In the plsme pefemed toa hﬂ::u‘dﬂmtm:l:}m[ﬂ;ﬂ,;':l,wiﬂu: the points A, B and C with recpective
affines .i.*-j-:l.-3-'3i l.ﬁi.l:_: -],

1 Prove that the pomas A, B ond C ere cofllimezar.
IpConsider the conyples. number w o= rp =2,

Write % im exponential o ind desduce dar w ™ i @ real negarive samiber.

3p Lt M be a point s the plane with sffix =
a- Giive 0 geomsetric inferpeetation o fr—i| and [z-1].
b Sepypeces that Jir —if = e~ I show that the paizt M moves on s line to be determined
E-vaeﬂ-nnfl::—ijxiiﬂj-m_ﬂﬂmm M moves & circle whise cemter pd mdins bo be
detemsined.

IV4Epoinis)
: : 4
Consider the fome non T defined o 1l::ﬂ“l:|"!-—1—-—.
el

Lam {0 b ias represenimive curve m an erthooormsl sysiem {usdi 2 cm)

1p Cabeulaie lem f{x) . lime fi{x) esd deduce the smympioies o {C)

2} Prowe that §is srictly imereasing over = ad set up @ts while of vonatons.

3}p The curve | C) has & poma of inflection W with shececsa . Wrke an equaivon of [T the @ngess
o ) ot the poim W

4o Calvulnte e abacisa of the point of inersecion of |C) wigh the 1-axis

- Diranw T mmad T
-I-E'h
£y e Veridy tha I'(:Iib--l-T med deduce an axdidenvative F of ©
g
b= Calcalase, im cm”. the area of the region bounded by the carve {CL the x- mxis. the v-axis and ihe line
widh eyuation 1 = In2.

) The hunction § hes over % an inverse fanemon g Denote by (G the represemanve curve of g
a- Specify the domain of definition of g.
b Show that () has 2 paiot of inflection § whosee coondinmies o be determined.
e Dheww (45 im the same sysiem s (O
d- Detepmine gxh mn terms of K.
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L8]] Answers M
1 AB{-2:1 ;1) BOW,—1;1); AR-BC =0, henice triangle ABC i right a1 B 05
xy F¥4 +iy —h=0,then A s m(PE g +yg +2g —6=10, then B belongs to (Pland x- +¥ +&. —6=0, lhen
2 C 11 (P} Therelome (P) - s+ v+ 2 —& = 5

Or AM{ABAAC) = 0 wth Mix: v, xhany pomt m |}
1a TR 03
For any ponct M {x, w, #hm @00 AM . AR= Iy () =T ys 2w =0
A derectmg vector of (D) 1z ‘,-f =np A, heooe Wik -3; 3, et RO, = 1 lrand Bg (O so0 B g (¥, Thus, (I¥ 15
ik parallel o (B I
O : Smce |BC) = papendicular to (AB) and (AB)1x perpendicalar o (D¥om A, (BC) and (0 being copdanar m
(Pjand perpendscular (o lhe same line (AB), are paralled
d.a AciP), AHILL]) and nr [EL1) benee (AH) 15 perpenchcular b (P 1
The volume of letrahedron HABC s equal to
ihb 1 1 ATE| A A AL | s
Vo= = HA * mnea of trianple ABC = = 5BAHCx ofF = 10’ 0 ¥ _—1- —=1u
3 f L L
L) 2 Answers M
1 UM =PC=PM/ Ch =14 PC M= PR Cy= PR C)= 0.06 I
2 MO M+ WC - M= PM)=1-PM) then PCo8)=078-006=0.72 05
i P {at kst an album) = | — AT 8) = 0,28 s
oy PCAR) 006 1
& PO Ry = s — 0.5
P%} O7R 13 N
The four possishle values are © (1 {the costumer did nod buy anythang), 20 (06 { the costomer boaghl 2 modemn afbum)
000 [ the costumer bought a classcal aflam), 500080 {the costumer h:lLI.Eh.I bwis albums )
X; i 20 D00 F0 D00 500 DO
Sa
1
B 7z (1Rl (.0 .14
5k E{X)=FPX, =0 =<0 72+ 2000 = 0. OF + 30 (0 = 0. 06 + 500 = 0. 14= 10400 L 1 05
- B= E(X) 2 300 = 10 400 = 300 = 3 130000 L1 -
i Answers bt
| Za—fg=—Fe Nand zs—2c=— 1+ 0 2, — %5 = 3z, — 2c) and :'."_l o o sl H."':-.?II'.-". and the thres 05
points A, B and Care collinear. "
= M 2
3 W=z - J—j= T T, Wt |-qE} " --|-qE|- which s real negative !
Ya | |e-i] = b —2a]= AM, =1 = oy 2] =CM 0.5
ih I #sq verfies |'£ - I|=|E — ll , 50 MA =BT and ibe poini M saries on the pependicalar bisector of segment | AC] 1
Iz, venly (Z—Dx(E+ D) =16 o (-2, ) = dzy-r, ) =16 o [y -2, [x]en —r_.ll—llf-
e 1

= I-":-.I = -".ﬁ1-"|-'=3-.1 —.':_-._l = 1. Hence AM™= 16; therefore the pomt M belonps (o the carcle with center A and radiue 4
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Ansaers

h M
i m fix}=3-d==Tand lm fi(x)}=3 Hence {C)has two asymptotes with aquations v = 3 and y = i
A= X =i
|.:1
(i) = e = [, {15 strictly incremding aver IR
(™ +11°
X —x i
2 f'ix]} i |
]
|.|:'\.| _F;F__—'—'_'__—'_'_‘__-
1
3 Slope of (Th=1"(l}) = 2, and (T} passes thaough the poant W {0 ; ), then the equation ol (This vy =2 x 0.5
. A d 1 1 Ind
4 a Ax) =0 e=3== S mm s r T —— s
___.l: &1 £ b
m
1l e
w i
i f |
4h v I
i
|
Fea { I:_"H. | 1-\.';‘ . I
Fix)= I'El.'-.ld.l.—il —I4 |d:-i= -x+1[—= di=—5+2In|e™+1]+e
1 e+l P S|
A=dA’ om”
2 i 57
5 ! S % [ 2 Lt F i ., 5
i A= [ B =| x4 2in(e™ +1) -_|n.-=--.1|n_1-|n|—' Thus, A= 4ln| = |em® e
. L J =¥, L 8 ]
G a Dom (gh=]-1, 3] L5
Bl W (0,115 a poied of mflection of (T, then the symametree of W owath respect bo the lme wath eguation 5
. y =% 1% the pomd 101 ; i1, whech 1z the pomd of md8sctan o {5}
6. {3} 1z the symmetnic of Cwith respect o the line wiith eguatsom ¢= x. 0.5
d 4 1y 4
yv=gx) S x=Hy) = e Lk = - =F—x - AR A R =
fa.ud e+l LRt s I
- : [ +x 1+x 1 I+x
o - ] = Thuss, 2w = lni | | yom g = — i |
J-x 1-x . I-x o7 2 I-x
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APPENDIX J
TIMSS Advanced 2015 — M athematics Cognitive Domains

Retrieved from:

Mullis, I. & Martin, M. (Eds.) (2014). TIMSS Advanced 2015 Assessment
Frameworks. Retrieved from Boston College, TIMSS & PIRLS International Study

Center website:

TIMSS Advanced
Mathematics Cognitive Domains
The mathematics cognitive dimension consists of three domains based on what
thinking processes students are expected to use when confronting the mathematics items
developed for the TIMSS Advanced 2015 assessment. The first domain, knowing,
addresses the students’ ability to recall and recognize facts, procedures, and concepts
necessary for a solid foundation in mathematics. The second domain, applying, focuses
on using this knowledge to model and implement strategies to solve problems. The third
domain, reasoning, includes analyzing, synthesizing, generalizing, and justifying
through mathematical arguments or proofs. The situations requiring reasoning often are

unfamiliar or complex.

While there is some hierarchy across the three cognitive domains (from knowing
to applying to reasoning), each domain contains items representing a full range of
difficulty. The following sections further describe the thinking skills and behaviors
defining the cognitive domains. The general descriptions are followed by lists of

specific behaviors to be elicited by items that are aligned with each domain.
Each content domain includes items devel oped to address each of the three

cognitive domains. Accordingly, the algebra, calculus, and geometry domains



include knowing, applying, and reasoning items.
Knowing

Knowing refers to students’ knowledge of mathematical facts, concepts, and
procedures. Mathematical facts and procedures form the foundation for mathematical
thought.

Recall Recall definitions, terminology, notation,
mathematical conventions, number properties, and
geometric properties.

Recognize Recognize entities that are mathematically equivalent
(e.g., different representations of the same function).
Compute Carry out algorithmic procedures (e.g., determining

derivatives of polynomial functions, and solving a
simple equation).

Retrieve Retrieve information from graphs, tables, texts, or

other sources.

Applying

The applying domain involves the application of mathematics in arange of
contexts. In this domain, students need to apply mathematical knowledge of facts, skills,
and procedures or understanding of mathematical concepts to create representations and
solve problems. The problemsin this domain typically reflect standard types of
problems expected to be familiar to students. Problems may be set in real -life situations,
or may be purely mathematical in nature involving, for example, numeric or algebraic

expressions, functions, equations, or geometric figures.
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Determine Determine efficient and appropriate methods,
strategies, or

tools for solving problems for which there are
commonly

used methods of solution.

Represent/M odel Generate an equation or diagram that models
problem

situations and generate equivalent representations for
a

given mathematical entity, or set of information.
I mplement Implement strategies and operations to solve
problemsin

familiar mathematical concepts and procedures.

Reasoning

Reasoning mathematically involves logical, systematic thinking. Problems
requiring reasoning may do so in different ways, because of the novelty of the context or
the complexity of the situation, the number of decisions and steps, and may draw on
knowledge and understanding from different areas of mathematics. Reasoning involves
formulating conjectures, making logical deductions based on specific assumptions and

rules, and justifying results.

Identify the elements of a problem and determine
the information, procedures, and strategies
necessary to solve the problem.

Integrate/ Synthesize | Link different elements of knowledge, related
representations, and procedures to solve problems.

Analyze

Evaluate Determine the appropriateness of aternative
strategies and solutions.

Draw Conclusions Make valid inferences on the basis of information
and evidence

Generalize Make statements that represent relationshipsin

more general and more widely applicable terms.

Justify Provide mathematical arguments to support a
strategy, solution, or a statement.
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APPENDIX K

Thecurriculum content of Grade 9, 10, or 11 that is associated with theitemsthat

were addressed in the official exam testsfor theLSand LH tracks

Part |: For theLS Track

A Arrangements and permutations: Calculate n!

B. Arrangements and permutations: Know and use the formulas
that give the mumber of arrangements and number of
permutations

C. Polynomials, equations and inequalities of degres 2: Determine

if a quadratic equation with real coefficients has real roots.

D. Polynomials, equations and inequalities of degree 2: Find the

roots of a quadratic equation with real coefficients if they exist.

E. Complex numbers: Identify the real part and the imaginary part
of a complex number.

E. Complex numbers: Determine the set of points that satisfy a
given condibion.

G. Complex numbers: Represent geometrically a complex number.

H. Complex numbers: Know and use the fact that the image of z

and Its conjugate are symmetric with respect to the real axis.

. Complex numbers: Caleulate the conjugate of a complex
nurmber and use its properties.
I Complex numbers: Solve a quadratic equation with real

coefficients and a negative discriminant.

E. Complex numbers: Characterize two equal complex mumbers.
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ML

= o

S =

Aa

EE.

CC.

DD.

H

Complex mumbers: Enow the fact that the function from the set of

points. p{F.30 to C which assigns p{E.3) to == +x is a bijection.

Wactarial stody: Find the coordinstes of the midpaint of a segment.

YWactarial stody: Enow and uze that the relations X{AB) = 3{AKE).

Craometry:

Geometry:
Geometry:
Greomefry:
Geometry:
Geometry:
Gepmefry:
Geometry:
Geometry:
Functions:
Functions:
Functions:

Fuonctions:

Calculate the angle between vectors (uzing dot product).
Prove ABC iz right (Given 3 points).

Prove ABC i3 izozcelas (use distance Formula).
Deduce ciocle is tangent to line.

Deduce'prove nature of 2 guad.

Enow and nze the properties of vector product.
Prove E g of B npp W

Prove 3 points collinear,

Prove w center of circumscribed circle.

Daduce V and'or H asymptotas neing lmits.
Sketch an asvimptote.

Verify that 2 given line is an asvmptote.

Calculate coordimate of intersection of graph and

amvmptotetanzent.

Fonctions:

Functions:

Study relative positions of C and asymptote tangent.

determine center of symmetry (by proving odd).

Functions: Prove 2 point iz a center of sym.

Functions: dizcuass the number of roots fx)=m.

Functions: mmterpret £(0) graphically.
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II.

MM

NI

Q0.

PP,

QQ.

5E.

TT.

Contimuity and differentiztion: Enow that the derfvative
is the slops of tangent and know the eguation of the
tangent to a graph at a point

Contimuity and differentiztion: Find m 20 that £ 1z strictly monotonic.
Contimuity and differentiztion: Find m 20 that C has an extremuam.
Continuity and differentiztion: Tustify i3 increzzing

uzing a given graph of £x).

Continuity and differentiztion: Tustify i3 increzzing

uzing a given table of £x).

Contimuity and differentiation: Stody sign of f{x)

uzing a table of variation of hix).

Contimuity and differentiztion: study sizgn of £ix)

given tabls of variztions of £i{x).

Continuity and differentiztion: Find h'(x) (where hix) =gfix).
Antiderivative: Identify the antiderivative as the inverse
aperation of differentiation.

Statistics: Draw I.C.F polygon.

Probahbility: Calcalats the probability of an evant

uzing the basic properties of probability.

Probability: Find BANE) uzing formula when independeant.
Probability: Enow that, for two events A and B, P[A or
Bl=PA)+PFB)-P(AandB).

Probahility: Enow that if 4 and A are complementary

events then: P{A) +P{A)1=1
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Part |1:

For theLH track

. Limgs: Draw a line definad by itz equation. (retrieved fom the detail: of

content: fargrade 90

Limes: Wirite the eguation of 2 line parallel to the y-axis. (retrieved from
the detzilzof content: for grade &)

Lings: Find the eguation of a line passing throuzh two distinct points.

{retrievedfrom the details of contents for grade 93

O, Fumcripns: Calcolate f{2) given the algebraic expreszzion f{x).

Funcrons: Write the eguation of the tangent to the graph of the fanction st
the point{a, f2)). (retrieved Som the detail: of contants for grade 11H)
Funcrions: Calculate the derivative and detarmine its sizn. (retrievad fom
thadetails of contents for grade 11H)

Funcrons: Graphically, detarmine if £ {20 is =0 <0, ar=10.

Funcrions: Determine analytically the points of intersection of curve and line.

Funcrions: Given table of variation, solve mequalities of the form: f{x) > m

(resp. <)

for a given raal valae of m.

I Fumciions: Given f{x) m tenms of 3, b, c, or other unkmoams. find the

nkmownE)

K. Functigns: Verify that the aguatioa of lime passing through 2 or 3 given point

L

L.

Fumciions: Compare (1) and £12) given table of variation

ML Fumctions: Show line iz tangent fo a carve.

M.

Functions: Find the intersection of 2 limes.



O Furctions: Given table of variation, find £{4).

P. Funcrions: Given table of variation, sglye fix) = m (resp. < ar =} for 2 given
razl valos of m.

Q. Furciions: Given fix) in 1 form, prove it can be written in another form

E. Imterezi: Which choice is mare profitzbla?

S, Imterest: Find eammed interest (new amount - old amount)

I Srwizfics: Complete table of frequency.

L0 Starizgics: Find the average of statistical data

. Probabiity: Calcolate the probability of an event using the baszic

properties ofprobability. (retrieved from the details of contents for grads

11H}

. Probability: Enow that, for two events A and B, B{A or B) = P{4) -
PE) - P(Aand B). (retrieved from the details of content: for grads 11H}

X Probabilify: Enow that if A and A are complementary events then: P{A) <+
Piay=1.
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APPENDIX L

Quantitative Analysis of theLH Model Tests

Model Test 2LHM2

Retrieved from:

Sleiman, L. H. (2012). A study of the alignment between the Lebanese secondary-level
national math exams for the literature and humanities track and the

reformed math curriculum.

—'.E—E
_—
R Mathematics Framework - .
A* g TIMSS Advanced 2008 - Mathematics
v 3 F Cognitive Domains Model Test 2
s ,C (LHM2)
bt B ;
© 2 = Test items
% E -E K i Applyi R i
- : B
= 3 ; nowing | Applying | Reasoning
12111 213 ILi , 1L
1.2:1. 0 2/3 IL1. , Il
1.2.13.1 173 1/3 I | TR
Z1.11av. | I1.3.1.
2111w, 4 1.3, HL3.. , HL.3.av, , ITL3.v.
21.1.1ax. ! 111.4.

J 2 | M1 L2, MI2.av.
21220 2 M2, HL2.1i
2.122vi1. 2 HL5.1. L5101
2122 1nx. 1 I1.6.

3211, 172 Va i
Total 10 172 4 5/6 1213 17

J refers to the test items addressed in the model tests and the official exams that relate to the
curriculum content studied at grade levels preceding Grade 12 LH track.

J:  Given fix) in terms of a, b, c find a, b, c
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Model Test 6 LHM6

Mathematics Framework - TIMSS

Math Model Test - Grade 12 - LH

Code of the .
. Advanced 2008 - Cognitive Section - Year 2017 - 2
Details of Domalns LHM6
Contents of
Grade 12 - LH
Knowing | Applying Reasoning Test items
1
1.2.1.1... 2/3 12i-111ii
1.2.1.1.ii. 21/6 12i-111ii-112i-112ii-113
1.2.1.3.i. 15/6 11/3 12i-112ii-112i-112ii-113- 1117 ai
2
2.1.1.1.ii. 1 11
2.1.1.1.vi. 1 12v2
2.1.2.2.ii. 11/2 1 % 1113d-1114-1116
2.1.2.2.v. 4 1 H12i-112ii-112iii-112iv-112v1
2.1.2.2.vi 1 3¢
E % % 115i
F 1 1 HI5ii-1117b
G 1 1 ll13a-1113b
H % % 17aii
3
T 6 I1i-Tlii-I1iii-I1iv-I1v-I1vi
3.2.
3.2.1.1.i. Y Y 12¢
3.2.1.2.i. 1 13
\Y 1 I2a
\\Y Y % 12b
21 35/6 81/6 33

E,F,G, T, U, Vand W refer to test items addressed in the model tests and the official
tests that relate to the curriculum content studied at grade levels preceding Grade 12 LH

track.

E: Write the equation of the tangent to the graph of the function at the point (a, f(a)).
F: Calculate the derivative and determine its sign.

G: Graphically, determine if f'(2) is>0,<0, or =0.

T: Complete table of frequency

U: Find the average of statistical data.
V: Calculate the probability of an event using the basic properties of probability.
W: Know that, for two events A and B, P(A or B) =P(A) + P(B) - P(A and B).
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APPENDIX M

Quantitative Analysis of the Official Test LH182 for the LH track

Code of the . Math Official Test - Grade 12 - LH
. Mathematics Framework - TIMSS .
Details of Advanced 2008 - Cognitive Domains Section - Year 2018 -2
Contents of LH182
Grade 12 - LH Knowing Applying | Reasoning Test Items
1.2.
1.2.1.1.i. 2/3 11i-11ii
1.2.1.1.ii. 11/6 11i-12ii-12ii
1.2.1.3.i. 15/6 5/6 11i-11ii-12i-12ii-1114a
2
2.1.1.1.iv. 1 3b
2.1.1.1.v. 1 1 1112ai-1112b
2.1.1.1.vi. 1 112aii
2.1.1.1.iix. Y 1/2 12c
2.1.1.1.ix. 1 114ci
2.1.2.
2.1.2.2.iix. 1 111)
A 1 I4ciii
B 1 4cii
E 1 114b
F % 1/2 ll13a
H Y 114a
Q 1 1
3
U Y 1/2 i
3.2.
3.2.1.1. % 11/2 112bii-112bv
AV 2 1 112a-112bi-112biii
\\Y Y 1/2 112biv
11% 111/3 11/6 24

A,B,E,F,H, Q, U, Vand W refer to test items addressed in the model tests and the
official tests that relate to the curriculum content studied at grade levels preceding
Grade 12 LH track.

A: Draw a line defined by its equation.

B: Write the equation of a line parallel to the y-axis.
E: Write the equation of the tangent to the graph of the function at the point (a, f(a)).
F: Calculate the derivative and determine its sign.
H: Determine analytically the points of intersection of curve and line.
Q: Given f(x) in 1 form, prove it can be written in another form

U: Find the average of statistical data.
V: Calculate the probability of an event using the basic properties of probability.
W: Know that, for two events A and B, P(A or B) =P(A) + P(B) - P(A and B).
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APPENDIX N
Quantitative Analysis of the Model TestsL Strack
Model Test 1ILHM1
Retrieved from:
Safa, W. (2013). Evaluating the alignment between a mathematics curriculum and the
national tests: The case of Lebanon secondary national exams for the life

science section (Master's Thesis under the supervision of 1. Osta). Lebanese

American University, Beirut.

: § Mathematics
Curriculum o R
Mathematics - Decree TIMSS Math - Model Test 1 - Grade

No 10227 - Date: 08 | Advenced 2008 12 - LS Section

- Cognitive
ME",‘ 1997 Domains
Details of Contents / w | w |
Objectives of Grade = |z s e
- (=9
12 - LS section E|l 2|8
1.2.1.2 1 s 11-iz
2.1.1 2 i 1/2 142 1H1
2.1.1 2 W 3 13 13 Lot
2121, 1/4 1/4 3
21200 1/2 1/2 2
2.1.3.1.1 1/4 1/2 12
2.1.4.1.%. 1/4 144 nz
Grade 11 174 12
Grade 115 1/2 1/2 114
113104 z i1
3.1.3. 3 5l 3/3 13 1/3 iGa
Grade 115 3 | 43 | [T
Grade 115 1 186
Eadadis 1/3 1/3 13 i
Grade 115 43 53 13 oo
3.3.3.1i 33 /3 1/3 G
5 B

Tavial 1,2 12 3 17
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Model Test S LHMS

Code of the Mathematics Framework- TIMSS Math - Model Test 5 -
Details of Advanced 2008- - Cognitive Grade 12 - LS Section

Contents of Domains

Grade 12 - LS Knowing Applying | Reasoning Test items
1
1.2.1.2 Y 11i
1.4.1.1.ii. Y I1ii
1.4.1.1.iii. Y 111ii
14.1.2 Y 1/2 12
1.4.1.2.iii. 1 pA 3/4 1i-113b
1.4.1.2.iv. Y 1/4 na
Grade 115 A 1/4 1a
Grade 115 1 Il13a
2
2.1.2.1.vi. 1 12b
Additional 1 I1a
2.1.4.1.ii. A 1/4 12a
2.1.4.1.iii. Y Y I13a
2.1.4.1.vi. Y 1 1/4 I11b-12a-13b
Grade 9 % 13b
3
3.1.1.2.ii. 1 IV6a
3.1.1.3.i. 1 IVéb
3.1.1.3.iv. 1 1 IV7a-IV8
3.1.3.1.i. 3 IV3ii-1V5ii-IV7b
3.1.3.1.iv. 1 IV1i
3.1.3.2.i. 1 IV3i
Grade 115 1 IV1ii
Grade 1185 1 IVSi
Grade 11S 1 IV2a
Grade 115 1/3 1/3 1/3 IV2b
5
Grade 1185 Y Y Iv4
5.2.1.1.i. Y Vs 113
5.2.1.1.ii. Y Y 111ii
5.2.2.1. 1 112
5.2.3.1.iii. 1 1 l14a-114b
grade 11S % 11i

Total 104/7 135/6 74/7 32
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APPENDIX O

Quantitative Analysis of the National Test LS131 for the LS track

Code ‘_)f the Mathematics Framework - TIMSS Math - N.atlonal Test
Details of . . 2013 session 1 - Grade
Advanced 2008 - Cognitive Domains .
Contents of Grade 12 - LS Section
12-1LS Knowing Applying | Reasoning Test ltems
1
1.4.1.1.ii. 1 I113a
1.4.1.2. Y 1/2 12i
1.4.1.3. 1/2 Y 112ii
1.4.1.2.ii. 11/2 1111-1113c
Grade 11S KA 1/4 Ya 13b-1113¢
Grade 11S Ya 113c
2
2.1.1.2.iii. Y 1/2 14b
2.1.2.1.ii. Y 1/2 I13a
2.1.2.1.iii. Y 1/2 12
2.1.3.1.i. 1 11
2.1.3.1.ii. 1 l14a
2.1.4.1.. 1/4 % 13b
3
3.1.1.3.. 1 IV6a
3.1.1.3.iii. 1 Ived
3.1.1.3.iv. 1 IV6c
3.1.3.1.i. 2 IV2ii-IV4bii
3.1.3.1.ii. 1 IV5ai
3.1.3.1.iii. 1 1 IV1i-IV1ii
3.1.3.1.iv. 1/3 1/3 1/3 IV2i
Grade 11S Y 1/2 IV1iii
Grade 11S 1 IV14bi
Grade 11S 1 IV4a
3.2.4.1.i. 1/2 Y IV6bi
Additional 1 IV6bii
Grade 11S Y 1/2 V3
3.3.2.1.ii. 1 IV5aii
3.3.3.1.i. Y 1/2 IV5b
5
5.2.1.1.i. 1/3 1/3 1/3 114
5.2.1.1.ii. 2 21i-111ii
5.2.2.1. Y Ya 112
5.2.3.1.1i. 1 115aii
5.2.3.1.111. 1 115aii
52.3.3.1 % 1/2 115b
grade 11 S % % 113
Total 112/3 192/3 52/3 37
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APPENDIX P
Qualitative Analysisof the LH Model Testsand Official Tests
Tablel

Occurrences of Test Items on Different Math Topics in the Model Tests and Official Tests of the LH Track at Grade 12

Model Tests Official Exams of the LH Track at Grade 12
Azt Tobi 2011 2012 2013 2015 2016 2017 2018 2019
— k3 — b2 — B3 — b3 — B3 — k3 — k3 — b3

1. ALGEERA

1.1.3 Proposifional Calculus X

1.2 Equations and Inequalities X X X X X X X X X X X X X X X X X X X X x X
2. CALCULUS (Numberical
Functions)

2.1. Definitions and
Reprezentations of Rational X X X X X X X X X X X X X X X XXX XXXXZIXKX
Functions

19 i . inters

2.2.1 Simple interest, Compound X X X X
Interest
3. STATISTICS AND
PROBABILITY

3.1, Statistics X X X X X X X X X X X X

3.2_ Probability X X X X X X X X X X X X X X X X X XXX XXX




Table?2

Distribution of Grades by Math Topics in the Model Tests and Official Tests of the LH Track at Grade 12

Math Topics

Model Tests

Official Exams of the LH Track at Grade 12

TIHT

CWHT

EWHT

SIHT]
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BIHT
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]
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[ UDIEsas
7 U0 E8as

[ UOTEESS s
7 unmEsas o

1. ALGEERA

1.1.3 Propositional Calculus
1.2 Eguations and Inequalitie
2. CALCULUS (Numberical

Functions)
2.1. Definitions and

Representations of Rational

Functions
2.2.1 Simple nterest
Compound Interest
3. STATISTICS AND
PROBABILITY
3.1. Statistics
3.2, Probability
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11
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Table 3
Occurrences of Test Items on the Math Topic “Propositional Calculus” in the Model Tests and Olfficial Tests of the LH Track at

Grade 12
Model Tests Official Exams of the LH Track at Grade 12
Test Items on Propositional 2011 2012 2013 2015 2016 2017 2018 2019
Caleulus = == S S L E L g g ¢ 2 2 8 8 2 2 8¢ ¢g g @ g g
-~ AN B MY R
-general problem on Logic X
Table4

Occurrences of Test Items on the Math Topic “Equations and Inequalities” in the Model Tests and Official Tests of the LH Track at

Grade 12
Model Tests Official Exams of the LH Track at Grads 12
Test Items on Equations and 2011 2012 2013 2015 2016 2017 2018 2019
Inequalities S £ EEEE L g 8 8 8 8 ¢ ¢ 4 3888 &8 8838 &
— [ ] — %] — [ ] — [ ] — (o) — [ ] — [ ] — [ o8]
-equations X X X X X X X X X X X X X X X XX X X X X
-inequalities X
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Table5

Occurrences of Test Items on the Math Topic “Definitions and Representations” in the Model Tests and Official Tests of the LH Track
at Grade 12

hModel Tests Official Exams of the LH Track at Grade 12
2011 2012 2003 2015 | 2016 2017 2018 2019
Tast [tems on Definitions and Eepresentations E E E E E E E E w o ow | w o W oW oW owoMmomomomomowm ow oW
=58 585855 gEEigfzigiiiEeic
-domain of definition X X X - - }_E’: X -
-find (1) x X X X b X X X
-determine £(1) X X X x X XK
-eompare f{2) and f{3) _ _ X X X X X X X
r_l::::z:p:a.:':a £} and £{1) determine wsing graph £ x ¥ X X X %
-prove that I(2, 3) is center of symmetoy X x X
-write sguation of tangent line at point A'provs XX XXX = X X X X X " X X
-determins the intersection of fix) 2nd 2 lin= X X X X X X X X X X
-find lim fi{x) as x =1+ x XK X X X H * X X X X X X X XK X XK
-deduce asymptote/write squation X X X X X X X X X X X X X X X
-fing lim f{x) as x-> = X X X X X X X iy X X X X X X X X X
-prove v= k of v= 2x+1 asymptote’ write squation X X X X X X X X X X X X X X X X X X
-piven f(x) = . verify f{x) iz also = . H X X
-solve f{x)=e(x) algebraically X X X
-_E‘l‘i.'?fl. :I:?;} 1.11 tlarms of 2, b, ¢. {or another vnlonown X % % X % X ¥ X ¥ X X i
to be foundl Finda b. e
-calenlate £(x) x XK H
-find sign of £{x) by calevlation "
-werify f{x)= X X X X XK X iy X X X X X X

verify £ (x) > 0
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-complate table of variation

-z2t table of variation

-graw line

-graw the graph of £

-write equation of vertical line given graph

-write squation of obligue line siven graph/points
-verify the equation of straight lins passing throwsh
siven points

-determine wsing table £ (2} <> =1

-
i

-determine # of solution of f{x)=3 (tablz)

-determine # of solution of f{x)=0 (zraph)

-solve graphically f{x) = 1

-solve graphically £ (x}=0

-solve graphically £ (x) > 0

-given table of variation, solve fix) = 0

-zolve graphically f{x) any line

-verify OhbxON=0.3£(3)

-prove that a line passes through 3 points.

-determine sign of £{d) at specific interval using the
graph

-prove algebraicly that the function is above its
zsymptots

-solve graphically inequality f{x)}ze(x)

X X

LA

vl

v

L

P4 | e

e
P
v e
vl |

X X X X
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Table 6

Occurrences of Test Items on the Math Topic “Simple and Compound Interest” in the Model Tests and Official Tests of the LH Track
at Grade 12

Model Tests Official Exams of the LH Track at Grade 12
Test Ttems on Simple and C 4 Tnteres 2011 2012 2013 2015 2016 2017 2018 2019
S H R
— k3 — b3 = k3 — b3 — B3 — B3 — k3 — b3
-find new amount using compound interest X X X X
-compare which choice is more profitable X
-find earned interest (new - old amount) X X

Table 7
Occurrences of Test Items on the Math Topic “Statistics” in the Model Tests and Official Tests of the LH Track at Grade 12

Model Tests Official Exams of the LH Track at Grade 12
TestI Statisti 2011 2012 2013 2015 2016 2017 2018 2019
— B} — B} — B} — B} — B3 — k3 — k3 — B3
-complete table X X XX X X X X X X
-find the average of statistical data X X X
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Table 8
Occurrences of Test Items on the Math Topic “Probability” in the Model Tests and Official Tests of the LH Track at Grade 12

Model Tests Official Exams of the LH Track at Grade 12
Test Items on Probability N = I .-fﬂ li EDIE f{] li Eﬂli f{] 12 E[]li f{] 12 EUIE
2 el oD T E T g2 08 Zog 8 2 2 & &£ @ £ & @2 82 2 %
— b3 — b3 = B3 o | b3 B3 o | b3 | B3 — | b3
-P(A) XX XX X X X X X X X X X X X X X X X
-P(A and B) X X X X X X X X X X X X X
-P(A or B) X ¥ X X X X X X X X X X
-P(A/B) X ¥ x XX X X XX XXX XXXXXXX XX
Plo=m ) X X X X
ﬂmI;EjmﬂglE;ll i; with no replacement B XX X X X X X X X X X
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APPENDIX Q
Quantitative Analysis of the Model Tests and Official Tests for the LH Track

Table 1

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests and the Official Tests (2011-

2019) for the LH Track of Grade 12 — Extracted from Table AlIModLH and Table OffExLH.

The Topics of the Math Curriculum Sum of Model Tests Sum of Official Tests
of the LH Track at Grade 12
K % A% R% Total K % A% R % Total
1.1.3. Propositional Calculus 0 0 2.93 2.93 0 0 0 0
1.2. Equations & Inequalities 8.17 5.90 398 18.05 8.51 4.78 446 17.75
2.1. Definitions and Representations 26.10 17.07 7.56  50.73 2544 2252 48 52.76
2.2.1. Simple & Compound Interest 1.22 0.24 0 1.46 0.96 0.48 0 1.44
3.1. Statistics 10 1.71 0 11.71 8.63 1.08 0.36  10.07
3.2. Probability 5.37 8.54 1.22 15.13 8.03 9.95 0 1798
Total 50.8537 33.4545 15.6894 =100 5157 3881 9.62 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 2

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued with the curriculum
documents and the Official Tests 2011-2013 and 2015-2016 for the LH Track of Grade 12 — Extracted from Table ModLH, Table

OffExLH11-13 and Table OffExLHI15-16.

The Topics of the Math Sum of Model Tests LHM1, Sum of 2011-2013 Official Sum of 2015-2016 Official
Curriculum of the LH LHM2, and LHM3 Tests Tests
Track at Grade 12
K% A% R% Total K% A% R% Total K% A% R% Total
1.1.3. Propositional 0 0 1224 1224 0 0 0 0 0 0 0 0
Calculus
1.2. Equations &
.. 10.2 13.61 2.72 26.53 542 3.16 393 12.5 11.14 697 5.45 23.56
Inequalities
e 38.78 1632 204 57.14 2214 2488 691 53.93 258 20.67 4.01 5048
Representations
2.2.1. Simple &
Compound Tnterest 0 0 0 0 25 1.071 0 3571 0 0 0 0
3.1. Statistics 0 0 0 0 1036 1.79 0 12.14 9.62 0 0 9615
3.2. Probability 1.02 3.06 0 408 7.143 10.71 0 17.86 793 841 0 1635
Total 50 32.99 17 =100 4756 4161 1083 =100 [] 5449 36.06 9455 =100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 3

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in 2017 and the Official
Tests 2017-2018 for the LH Track of Grade 12 — Extracted from Table ModLH5-7 and Table OffExLHI17-18.

The Topics of the Math Sum of Model Tests (LHMS, Sum of 2017-2018 Official
Curriculum for the LH Track at LHMS6, and LHM?7) Tests
Grade 12
K% A% R% Total K% A% R% Total
1.1.3. Propositional Calculus 0 0 0 0 0 0 0 0
1.2. Equations & Inequalities 556 296 481 1333 10.18 457 428 19.03
2.1. Definitions and 2111 17.78 778 46.67 2898 19.54 501 53.53
Representations
i‘lféll.ésst“nple & Compound 278 0.56 0 334 0 0 0 0
3.1. Statistics 16.11 3.89 0 20 487 1.77 133 797
3.2. Probability 556 944 1.67 16.67 951 996 0.00 1947
Total 51.12 34.63 14.26 d [ 5354 3584 1062 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 4

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in 2019 and the Official
Tests of the year 2019 for the LH Track of Grade 12 — Extracted from Table ModLH8-9 and Table OffExLHI17-18.

The Topics of the Math Sum of Model Tests (LHMS8 .
leicu}l)mn of the LH Track at and LHM9) ( Sum of 2019 Official Tests
Grade 12
K% A% R% Total K% A% R% Total
1.1.3. Propositional Calculus 0 0 0 0 0 0 0 0
1.2. Equations & Inequalities 1023  4.17 3.76 18.16 806 514 431 1751
i 2348 1667 1136 51.51 25.83 2583 083 52.49
Representations
2.2.1. Simple & Compound 0 0 0 0 083 083 0 166
Interest
3.1. Statistics 9.09 0 0 9.09 10 0 0 10
3.2. Probability 833 1136 1.52 2121 7.50 10.83 0.00 18.33
Total 51.13 322 16.64 0 [l 5222 4263 514 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 5

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in the year 2000 and
Sessions 1 and 2 Official Tests of the years 2011-2016 for the LH Track of Grade 12— Extracted from Table Mod, Table OffExLH]I1,
and OffExLH21

The Topics of the Math Sum of Old Model Tests Sum of Session-1 Official Sum of Session-2 Official

Curriculum of the LH LHMI, LHM2, and LHM3  Tests of the years 2011-2016 Tests of tg‘(") years 2011-
Track at Grade 12
K% A% R% Total K% A% R% Total K% A% R% Total

1.1.3. Propositional 0 0 1224 1224 0 0 0 0 0 0 0 0
Calculus
1.2. Equations & 102 1361 272 2653 98 599 57 2149 6.15 372 359 13.46
Inequalities
2.1. Defiitions and 38.78 1632 204 57.14 2193 2061 877 5131 2526 2526 295 53.47
Representations
2.2.1. Simple &
Compound Inferest 0 0 0 0 0 0 0 0 269 1.15 0 384
3.1. Statistics 0 0 0 0 6.58 1.32 0 79 13.08 0.77 0 13.85
3.2. Probability 1.02  3.06 0 408 811 11.18 0 1929 692 846 0 1538

Total 50 3299 17 =100 4642 39.1 1447 =100 | 541 3936 654 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 6

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in the year 2017 and
Sessions 1 and 2 Official Tests of the years 2017-2018 for the LH Track of Grade 12— Extracted from Table ModLHS5-7, Table

OffExLH12, and Table OffExLH2?2

The Topics of the Math
Curriculum of the LH
Track at Grade 12

Sum of Model Tests (LHMS,
LHM6, and LHM7)

Sum of Session-1 Official

Tests 2017-2018

Sum of Session-2 Official

Tests 2017-2018

K% A% R% Total K% A% R% Total K% A% R% Total
1.1.3. Propositional 0 0 0 0 0 0 0 0 0 0 0 0
Calculus
1.2. Equations &
.. 556 296 481 1333 12.07 5.75 46 2242 8.18 333 394 1545
Inequalities
2.1. Defmitions and 2111 17.78 778 4667 3405 2026 431 5862 2364 1879 576 48.19
Representations
2.2.1. Simple &
Compound Interest 2.78 0.56 0 334 0 0 0 0 0 0 0 0
3.1. Statistics 16.11 3.89 0 20 0 0 0 0 10 3.64 273 1637
3.2. Probability 556 944 167 16.67 8.19 10.78 0 18.97 1091 9.09 0 20
Total 51.12 3463 1426 =100 5431 36.79 891 =100 [ 5273 3485 1243 =100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 7

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in the year 2019 and
Sessions 1 and 2 Official Tests of the year 2019 for the LH Track of Grade 12— Extracted from Table ModLHS-9, Table LH191, and
Table LH192

) Sum of Model Tests (LHMS Sum of Session-1 Official Sum of Session-2 Official
The Topics of the Math
X and LHMD9) Tests 2019 Tests 2019
Curriculum of the LH
Track at Grade 12 X
K% A% R% Total K% A% R% Total K % % R % Total
1.1.3. Propositional 0 0 0 0 0 0 0 0 0 0 0 0
Calculus
1.2. Equations & 1023 417 376 1816  7.14 524 333 1571 933 5 567 20
Inequalities
R 2348 1667 1136 5151 2571 2714 0 5285 26 24 2 52
Representations
2.2.1. Simple &
Compound Interest 0 0 0 0 0 0 0 0 2 2 0 4
3.1. Statistics 9.09 0 0 9.09 17.14 0 0 17.14 0 0 0 0
3.2. Probability 833 1136 152 2121 571 8.57 0 1428 10 14 0 24
Total 51.13 322 1664 =100 55.7 4095 333 =100 | 4733 45 7.67 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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APPENDIX R

Quialitative Analysis of the LS Model Tests and Official Tests

Table 1

Occurrences of Test Items on Different Math Topics in the Model Tests and Official Tests for the LS Track of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
Math Topics N _ . -m . s 2011 _2[]1_2 2013 _2[]1_5 2016 _2[]1_]" 2018 _2[]1_9
1 oo ¥ E 8 BB @ & o&o@ @ o@omo & & ;oo i
€T E£Z £ E %4 4 b G b LD oA A LD B D LG
= B h o= o3 ®» 8 5 5 28 2 2 8 2 2 88 22 8 8 &g &
o i Ll e
1. ALGEERA
1.2, Literal and numerical calculations X X X X X X X X X XX X X X X X X X X X
14, Numbers X X X X XXX XX XXXXXXXXY XXX XX XXXKX
2. GEOMETEY
2.1 (Classical smdy X X X XX XX XXXXXXXXXY XXX XXX XXXXKX
3. CALCULUS (WUMERICAL FUNCTIONS)
3.1.  Definitions & Representations X X X X X XX XX XXXXXXXXXY XXX XXX XXXXKX
32 Continuity and differentation X X X XX XX XXXXXXXXXY XXX XXX XXXXKX
33. Integration X X X X X X X X X X X X X X X X X X
34.  Differential equations X X
4. TRIGONOMETEY
41 Circular functions
5. STATISTICS AND PROBAEBILITY
51 Statistics X
52 Probability X X X X X X X X X X ¥ ¥ XXX XXXXXXIXXZKX
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Table 2

Distribution of Grades by Math Topics in the Model Tests and Official Tests for the LS Track of Grade 12

Model Tests

Official Tests of the LS Track at Grade 12

_ 2011 2012 2013 2015 2016 2017 2018 2019
N - T BORReE - T Beliey © < BENBON ¢ T JeRbel
1. ALGEERA
1-2.  Literal and mumerical 5 05 05 1 2 3 > 15 051512505 1.5 1 25125 1
calculations
14, Numbers 6 4 3 4 4 4 4 4 4 a a4 a2 a2 4 4 4 4 4 4 4 4 a a a 4
2. GEOMETEY
2.1, (Classical study 6 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 a a a 4
3. CALCULUS
3.1.  Definitions &
32, Contnuity and differentation 9@ @ 7 10 8838888833888 SEESSEEE
33. Integration
34,  Differential equations
4. TRIGONOMETRY
4.1 Circular functions
5. STATISTICS AND
PEOBABILITY
51 Statistics 3
5.2 Probability 6 3 35 435 4 3 4 2 1 3 2 4 25352527335 25 3 15275 3 4
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Table 3

Occurrences of Test Items on the Math Topic “Literal and Numerical Calculations” in the Model Tests and Official Tests for the LS
Track of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
Objectives of the test items on Literal 2011 2012 2013 2015 2016 2017 2018 2019
and numerical calculations Liky wrunrsnLEiBiiBELiEEEEE8E%
SLE2s EZECESSEHBEEERBEREREAEEEBERE R
— b3 La 4w Lh on o0 — 2 2 oo oo oloo aoocooo o
o = = EMERE = EER: C EREER G C ERE
— kg — b3 == b3 — b3 — b3 — b3 — b3 — b3
No of combinations X b ® b E I XX X oK X X X X X X X
No of combinations (specifications: at
X L ® b
least.)
Agrangements and permutations X
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Table 4
Occurrences of Test Items on the Math Topic “Number” in the Model Tests and Official Tests for the LS Track of Grade 12

Miodsl Tests Offictal Tests of the LS Track at Grads 12
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Objectives of the test items on Numbers
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- uotnan

[ WOTHRDE |1

[ WOTRRDE |

o ILOLRRDE |-

" ILOLRRDE

[ HLOIRRDE

[ wotHRog
P 1LO0EED
. LLOLHED

Linzarize

]

write in trigo form

Ll

writs in exp form ¥ % ¥ X ¥ X X E X % ¥ | 0®¥ K X % %
write in alg form {from exp or trize?) x x
Identify the real part of 2 complex number x

E

Interprat seometrically the product ==
Calevlats the argument of = x ¥ x K X X X x x

Calevlate the modulus of = x X X K X X X X ¥ X X K %
Interprat geometrically the argement of z (prove collinear) x X X

Interprat seometrically the argument of z { v, OA) x

Intarprat geometrically the modules of = X X X X X

Determine the set of points that satisfv a given condition x = ®x  x X E X x Xx X X X X X X X x x X x x x
Enow that AB = abs (z(b)-=(2))

Dedues or prove the type of triansls x x x x P x x x

H
B
E
E
E
E
E
=

Prove parallelogram

Enow and use the propertizs of modules 3 3 % ® X x ¥ X x X
Enow and use the properties of an argument x x X X
Eepresent zeomeatrically a complex number

sxpress X and v interms of x and v X X x x X X X X x X
Eezcoenize purs real x 3

Eecoenize purs imaginary x x x
Calevlate cojuzate of a complex number and vse propertiss % x x

Solve a quadratic equation with complex roots x

Perform operations on complax numbers ® ¥ ® X ¥ X X X ¥ x ¥ %

show that 2 lines are perpendicular
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Table 5
Occurrences of Test Items on the Math Topic “Classical Study” in the Model Tests and Official Tests for the LS Track of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
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Objectives of the test items on Geometry

TIAETT
TR
ERETT
FINETT
IR
SINETT
LMETT
ENETT
GINET
DTINET

FLIOEEAE [

F LI IRE A8

P L0 8508
fh uowmses
f uomses
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fi unmsos

fi unmsas
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= [| UDmsaE
= [ Unmsas

e
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3
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= s || UOEE0E

w = [ UDEs0E

Show that a line les'not in plane

Show that a point belong'belong to plane
Show that a point belongs/not to a line
Show that A sym A’ wrt plane

Use dot product X
Calculate the distance from a point to a line
Calculate the distance from a point to a plane
Calculate the dist from a A to the line of
intersection

Prove E 1z orth. Proj. of point on a line
Prove E is orth. Proj. of point on a plane X
Find the orth proj. of a point on a plane X

Find the orth proj. of a point on a line X X X

Find eq. of a plane (passing A and perp to line) X
Find eq. of plane (contains line and a point) X

Find eq. of plane (2 points perp to a plane)
Find eq. of plane ( containing two lines)
Find eq. of a plan= (3 pts) X X
Find eq. of plane { A and parallel to a plane) X

Prove an expression is an eq. of plane ( 3 pts)

=
-
-
=
=
F3
F
=
-
=
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Prove an expression is an eq. of plane ( Ipt anda
line)

Prove an expression is an eq. of plane ( 1pt parallsl
2line)

Prove two planes perpendicular bt bt
Prove two planes parallsl

Prove two planes intersect

Find the line of intersection of two planes

Find the line of intersection of two planes given & bt

Prove a given line is inter. of two planes

Find equation of a line(A and perp. to plane...)

Find equation of a line( 2 pis=)

Find equation of line tangent to a circle

Prove two lines intersect at a given point

Prove line perp. to a plane

Deetermine m so that line perp. To plane

Prove line parallel. to a plans X
Prove two lines are perp. bt

Prove two lines ars parallel

Prove two lines are shew X
Prove point equidiztant from two lines

Find E interzection of line and plane

Deetermine the bisector of an angle (given one point) bt
Deetermine coordinates of pt E (E on line) AF=3

Verify that ABCD is a tetrahedron

Calculate volume of tetrahedron

Calculate the area of triangle ABC

Calculate the area of ouad ABCE b
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Calculate the area of triangle ABC

Calculate the area of quad ABCE

Prove ABC 1= right (Given 3 pts)

Prove ABC 1= equilateral (Given 3 pis)

Prove triangle is semi equilateral using dot produoct
Deeduce the dist. from A to 2 plane knowing volume
Deeduce circle 15 tangent to line

Find coordinates of tangency pt. between (C ) and
(d)

Dieduce’prove nature of a quad

Eonow and use the properties of vector product
Prove area{volume, distance)is indep. Of ..
Prove E sym of B wrt W

Find the coordinates of the midpt of a
zerment/verify

Find cosa of ansle formed between line and plane
Find coord. of pts of intersection of a line and a
circle

Find coordinates of a peint (Given area of triangle)
Find coordinates of a point (Given volume of
Find coordinates of a peint (Given izozcelez
triangle)

Find center of circle tangent to a plane

Prove w center of circumseribed circle
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Table 6

Occurrences of Test Items on the Math Topic “Definitions and Representations” in the Model Tests and Official Tests for the LS
Track of Grade 12

Model Tests (Official Tests of the LS Track at Grade 12
Otjectives of the test items on Definitions & _ 2001 2012 2043 2015 2006 2017 | 2018 2019
Representations ik ba b fn b fnomm ¥ ¥ ¥/ ¥ % % ¥ ¥ 8 8 5% % & @ ¥\ @
oY r 7T TFEs EEEE2E2EEEEEEZEECECE
—_— (%] —_— (o] — kol — kol —_— ] —_— o — b —_— bl
Construct graph C1 (Given Cm)
Study according to x the sien of f{x) ® 3 ¥ X
discuss using variations number of sclutions x x x
Study variation of function (ln and exp) X x
Studv variation of logarithmic function (bass &) X x x x 4 x x
Study variation of sxp function X ® X X X X ¥ X x ® ¥ ox
sketch graph of exp Function x x x X e x x X x x x X
sketch graph of loganithmic function (base 2) X X x X X x x X
skatch graph of function (ln and axp) x X X
Prove f adgmits an inverse fet £9(-1) X x ¥ X ¥ X X X ¥ X X
determine the explicit exprassion of £4-1) 3 X ®
wverify an exprassion to be the £4-1) X x x X
Find domain of definition of £(-1) x x X X x ¥ X x
Graph £4(-1) X x ¥ X X XX ®
Study variation of £4(-1) %
Enow and vse that £f{x) and £%(-1) ar= svm x X x
Find limit of log function of bas= = x x X X x x X
Find limit of exp function ® X X X X x x X ¥ X x  x X
Find limit of fet (zxp and lnx) ¥ %
Daduce ¥V and'or H asymptotes using limits % x ¥ X x X x x = x X
Verify that a given line is an asymptote X X X ® X x X ¥ X x x
Find coorinates of inter. Of graph and asvmptote’ lins x x x X
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Study relative positions of C and asvmptote'tangent
give table of variation withouvt deriving

Find £(x) of log. Function of basz 2

Find £(x) of exponential Function

Find f(x) of fuection {Inx and exp)

Prove £{x) positive (f 1s inc)from expression of fix)
Verify an exprassion to be the fix)

Deduce vaniation of £(x) from exprassion of £'(x)
Skatch an asvmptote

Plot points

deduce the sign of a function (£(-1), f{x}from table
Calevlata £07

Calevlata £{00

determine center of symmetry (by proving odd)

Prove a point is a center of sym.

prove f{xkean be written azs = ...
dizcrss the number of roots fix)=m
folve graphically insquality

Verify the domain of definition of fis..
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Table 7

Occurrences of Test Items on the Math Topic “Continuity and Differentiation” in the Model Tests and Official Tests for the LS Track
of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
2017 2018
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Objectives of the test items on Continuity and
differentation
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1018898
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L0 5825 |
L0 5535
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L0 5895

[ U0IEsas
L0 5835

| U01E8a8
10 5535

[ UDIEsas
L0 15885

| UOTESIE [k
L0 5535

Find m so that fis st monotone

Find m so that C has an extremum

Find f"{x) of log function b

Find limit using L'Hopital's nile b

Justify fis ihereasing using a given table of £1x) R X

Study sizn of fusing a table of variation X

Prove C has a point of inflection using zraph of £{x) b
Prove Chas a point of inflection using table of £ix) b

Prove C has a point of inflection by caleulating £7(x) ]

Find the coordinates of C at which tangent. . ® ® R b b XA b
Calculate a and b such that C 1s tangent to a line .. X

determine equation of tangent at a point b b b ® ®
Determine f such that © is tangent at O to a line b

Study according to x the concavity ®

WVerify that a line is the tangent at a pomt b

Find the point of inflection’ show % X b
Caleulate the derivative of £(-1) ]

deduce/find slope(eq) of tangent using £°{-1)

Prove f{x)=0 has a (unique) root in [a b] b R

Find h'{x) {where h{x) =xf{x) X

295



Table 8

Occurrences of Test Items on the Math Topic “Integration” in the Model Tests and Official Tests for the LS Track of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
- . . 2011 2012 2013 2015 2016 2017 2018 2019
Objectives of the test items on Integration ~—~ -~ — -~ - - = - = O —T T 7 =T
£ £ £ £ E£< £ S8 2 £ 2 2 B 2L 2L E 282 2B
T s & & ® 8 Z 2 3 22 2 2 2 2 2 2 2 2 &2 g &
= — = = — — = = — — = = — — = =
== o) — b == [ o) = bJ — L e o) — b
Calculate area under a curve ® X AR S X% M
Calculate area between fot and asymptote b F R
Calculate the area using graph of primitive F R
deduce the area between fot and asym. (from . . .
ntegral)
Caleulate a definite integral % ® %
Caleulate an indefinite integral ® % b % %
Enow and use the properties of integrals ® ® ®
Enow and use the fundamental theorem of
] . ®
integration
use by parts to find a definite integral ® X

Calculate a. b, ¢ so that F 15 an antiderivative of
f X
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Table 9

Occurrences of Test Items on the Math Topic “Differential Equations” in the Model Tests and Official Tests for the LS Track of Grade
12

Model Tests Official Tests of the LS Track at Grade 12
Objectives of the test items on 2011 2012 2013 2015 2016 2017 2018 2019
Differential equations " M M ™ O HBEHE BEH BEAEH BHE
P2 EZEZ2E2LELE B D oD@ B DB BB 5L B B B B
SSUWN Ue9xW8zg g g eezeeezeee e
b b e e o e B b e R
Solve a linear second order diff
equation X
Verify a particular solution of 2nd order
diff. eq X
Write a diff equa satisfied by z X X
deduce general sol. of (E) form (E") X X
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Table 10

Occurrences of Test Items on the Math Topic “Statistics” in the Model Tests and Official Tests for the LS Track of Grade 12

MModel Tests Official Tests of the LS Track at Grade 12
Objectives of the test items on 2011 2012 0 2013 2015 0 2016 20017 0 2018 2019
Statistics S mumnwZE £ £ 5 5 8 % £ %5 5 5 % E 8
ST LS EZE B 2 Z B B opoBoB B 22 B B BB
—Wwh LoNxXxWZ 2 2 2 2 2 8 o 2 2 28 2 2 2 2 o 9
— = — — — = — — — — — — = — — —
e B T B T B o R e T 2 e S
Organize the data mn classes of
i x
amplitude 10
Calculate the median X
Interpret the median ]

Calculate the mean given
classes and freq.
Caleulate the st. d. given
classes and freq.
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Table 11
Occurrences of Test Items on the Math Topic “Probability” in the Model Tests and Official Tests for the LS Track of Grade 12

Model Tests Official Tests of the LS Track at Grade 12
; . ; M2 M15 7 g
D‘U]ECD?F.EE of the test items on ccc- coococo D ;ﬂlé Eﬁmé ;ﬂlé é“m_; ;{]12 Ehm; ;{]1; E‘m;
Probability 2222 2222222 2 2 2 2 2 % 5 2 2 2 2% 8382 2
—NWE Lo NxwWZ g 2 2 2 2 2 2 2 2 2 2 2 2 2 2 |z
ST T s e s T R e e TR
P{ event), 1 is chosen at a time (and) X X
P{ event), 1 is chosen at a time (of) b
A or B) (1-p(A)) at least when ind. b XM ® b
P{event), more than 1 at a time {or) ® b X K ¥ X
P{event). more than 1 at a time (and) ® b ® O S O S
MAB) XN X
P{A/B) using formula X ox X ® ® X o® x x X H ¥ x X H M N
Find P{AME) using formula when ® ® ® x X X FO X o® M
Find P{AME) using formula when X X
P{AMB bar) b
P{AME bar) using formula XX X X X ® M X ¥
Total probability X K X K X ® b X X
Find values of X XK M ® b FR |
Determine the probability distribution of X K X X K X X X ¥ XM X XX
Find /prove P > <. =) XM = x XX X = F O S
Find E{X) P X ®
interpret E(X) Use E[X) to estitnate P P X
identify binomial dist XM X
find E(X) when X binomial XN
p{event) basic properties of probability XM o X K X X X X x M NI T I N T T
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Table 1

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests and the Official Tests (2011-
2019) for the LS Track of Grade 12 — Extracted from Table AIIModLS and Table OffExLS.

APPENDIX S

Quantitative Analysis of the LS Model Tests and Official Tests

Sum of Official Tests

K % A% R % Total
2.14 0 0 2.14
6.37 6.33 3.58 16.28
8.41 7.33 342 19.16
13.19 18.86 3.43 35.48
1.55 1.91 1.82 5.28
1.55 1.96 0.88 4.39
0.36 0.18 0.00 0.54
0 0 0 0
6.69 6.77 3.28 16.74
40.26 43.34 16.41 ~100

The Topics of the Math Curriculum for Sum of Model Tests
the LS Track of Grade 12
K% A% R% Total
1.2. theral and numerical 1.08 0 0.62 17
calculations
1.4, Numbers 7.92 4.76 298  15.66
2.1.  Classical study 9.44 5.04 3.19 17.67
3.1.  Definitions & Representations 13.79 23.2 437 4136
3.2.  Continuity and differentiation 2.37 2.37 1.13 5.87
3.3. Integration 0.57 0.72 0.57 1.86
3.4.  Differential equations 0.62 0.31 0 0.93
5.1. Statistics 0.77 0.15 0 0.92
5.2. Probability 7.1 3.94 3.01 14.05
Total 43.66 4049 1587 ~100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 2

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in the year 2000 and the

Official Tests 2011-2013 and 2015-2016 of the LS Track of Grade 12 — Extracted from Table ModLS, Table OffExLS11-13 and Table

OffExLS15-16.
The Topics of the Math Sum of Model Tests LSM1, i . Sum of 2015-2016 Official
Curriculum of the LS Track LSM2. LSM3, and LSM4 Sum of 2011-2013 Official Tests Tests
of Grade 12 K% A% R% Total K% A% R% Total K% A% R% Total
1.2 Literal and numerical 195 0 0 195 1.196 0 0 119 257 0 0 257
calculations
1.4.  Numbers 238 271 628 11.37 3.795 4785 429 1287 11.1  7.14 337 2161
2.1. Classical study 584 6.17 2.60 14.61 9.12 85 417 21.79 6.96 679 3.03 16.78
a. Definitions & 13.64 279 13 42.86 1258 1927  3.67 35.52 12.39 22.38 4 3877
Representations
a.  Continuity and 411 346 281 1038 213 188 213 614 194 16 057 411
differentiation
3.3. Integration 152 152 087 391 2.21 27 147 638 069 086 017 1.72
3.4.  Differential equations 0 0 0 0 0 0 0 0 0 0 0 0
5.1. Statistics 325 0.65 0 39 0 0 0 0 0 0 0 0
5.2. Probability 649 2.6 195 11.04 79 464 3.589 16.129 548 7.02 206 14.56
Total 39.18 45'(3) 15'51; ~100 38.931 41.775 19319 =100 41.13 4579 132 =100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 3

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in 2017 and the Official

Tests 2017-2018 of the LS Track of Grade 12 — Extracted from Table ModLS5-8 and Table OffExLS17-18.

The Topics of the Math Curriculum of

the LS Track of Grade 12

Sum of Model Tests LSMS5, LSM6,
LSM7, and LSMS8

Sum of 2017-2018 Official Tests

K % A% R% Total K% A% R % Total
iiula tlféfsml and numerical 0.62 0 0 062 3.65 0 0 365
1.4. Numbers 9.06 5.95 1.76 16.77 5.6 6.33 2.68 14.61
2.1.  Classical study 10.61 4.09 3.31 18.01 10.3 5.38 3.35 19.03
3.1.  Definitions & Representations 13.56 235 7.04 44.1 14.23 16.79 33 34.32
3.2.  Continuity and differentiation 2.17 2.17 0 4.34 0.73 2.56 33 6.59
3.3. Integration 0 0.31 0.31 0.62 1.34 2.07 0.97 4.38
3.4.  Differential equations 1.24 0.62 0 1.86 0 0 0 0
5.1. Statistics 0 0 0 0 0 0 0 0
5.2. Probability 6.21 4.19 326  13.66 4.38 8.76 4.38 17.52
Total 4347  40.83 15.68 =100 40.23 4189 1798 =100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 4

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in 2019 and the Official
Tests of the year 2019 of the LS Track of Grade 12 — Extracted from Table ModLS9-10 and Table OffExLS17-18.

The Topics of the Math Curriculum of

Sum of Model Tests LSM9 and

Sum of 2019 Official Exams

LSM10
the LS Track of Grade 12
K % A% R% Total K % A% R % Total
1.2. thel'al and numerical 119 0 0 119 1.06 0 0 1.06
calculations
1.4. Numbers 11.01 4.46 2.38 17.85 5.52 9.04 3.76  18.32
2.1.  Classical study 10.71 5.95 3.57 20.23 5.75 8.92 2.23 16.9
3.1.  Definitions & Representations 14.68 18.85 2.18  35.71 14.55 14.55 1.88  30.98
3.2.  Continuity and differentiation 1.19 1.79 1.79 4.77 0.7 1.41 0.7 2.81
3.3. Integration 0.79 0.79 0.79 2.37 1.88 1.88 0.47 4.23
3.4.  Differential equations 0 0 0 0 2.82 1.408 0 4228
5.1. Statistics 0 0 0 0 0 0 0 0
5.2. Probability 9.52 4.76 3.57 17.85 10.21 8.45 282 2148
Total 49.09 36.6  14.28 =100 42.49 45.658 11.86 =100
K = Knowing
A = Applying

R = Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 5

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued with the curriculum
documents and the and the Session-1 and Session-2 Olfficial Tests of the years 2011-2016 of the LS Track of Grade 12 — Extracted
Jfrom Table ModLS, Table OffExLS11, and OffExLS21

The Topics of the Math Sum of Session-1 Official Sum of Session-2 Official
Curriculum of the LS Track Sum of Model Tests Tests of the years 2011-2016 Tests of the years 2011-2016
of Grade 12 K% A% R% Total K% A% R% Total K% A% R% Total

1.2.  Literal and

. . 1.95 0 0 195 2.01 0 0 201 1.55 0 0 155
numerical calculations
1.4. Numbers 238 271 628 1137 814 49 49 1794 562 66 295 15.17
2.1. Classical study 584 617 260 1461 891 853 279 2023 749 707 454 191
3.1.  Definitions & 13.64 2792 13 42.86 11.77 21.18 235 353 132 1994 52 3834
Representations
3.2.  Continuity and 411 346 281 1038 186 157 128 471 222 194 166 582
differentiation
3.3. Integration 152 152 087 391 0882 147 059 2942 223 236 124 583
34. _ Differential 0 0 0 0 0 0 0 0 0 0 0 0
equations
5.1. Statistics 325  0.65 0 39 0 0 0 0 0 0 0 0
5.2. Probability 649 26 195 11.04 836 478 3.68 1682 548 646 225 14.19

Total 39.18 45.03 1581 =100 41932 4243 1559 =100 3779 4437 1784 =100
K = Knowing
A = Applying

R = Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 6

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests issued in the year 2017 and the
and the Session-1 and Session-2 Official Tests of the years 2017-2018 of the LS Track of Grade 12 — Extracted from Table ModLS,
Table OffExLS21, and OffExLS22

The Topics of the Math Sum of Model Tests Sum of Session-1 Official Sum of Session-2 Official
Curriculum of the LS Track Tests of the years 2017-2018 Tests of the years 2017-2018
at Grade 12 K% A% R% Total K% A% R% Total K% A% R% Total
1.2 Litralandnumerical 0o o o 062 304 0 0 304 437 0 0 437
calculations

1.4. Numbers 9.06 595 176 16.77 901 631 225 17.57 1.59 635 3.18 11.12
2.1.  Classical study 10.61 4.09 331 18.01 11.15 473 3.04 1892 926 6.09 3.7 19.05

3.1.  Definitions & 13.56 235 7.04 441 1824 1757 203 37.84 952 1587 4.76 30.15

Representations

3.2.  Continuity and 217 217 0 434 068 203 135 406 079 318 556 953

differentiation

33. Integration 0 031 031 062 135 203 068 406 132 212 132 476

34.  Differential 124 062 0 186 o 0 0 0 0O 0 0 0

equations

5.1. Statistics 0 0 0 0 0 0 0 0 0 0 0o 0

5. Probability 621 419 326 13.66 27 71 473 1453 635 1071 397 21.03
Total 4347 4083 1568 ~100 4617 3977 1408 =100 332 4432 2249 =100

K = Knowing

A = Applying

R =Reasoning
The sum of Totals is approximately equal to 100 because the percentages are rounded.
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Table 7

Distribution of Percentages of Test Items by Math Topics and Cognitive Domains in the Model Tests of the year 2017 and the and the
Session-1 and Session-2 Official Tests of the year 2019 for the LS Track of Grade 12— Extracted from Table ModLS9-10, Table

LS191, and Table LS192

The Topics of the Math

Session-1 Official Test of

Session-2 Official Test of

Sum of Model Tests

Curriculum of the LS Track the year 2019 the year 2019
of Grade 12 K% A% R% Total K% A% R% Total K% A% R% Total
1.2 Literal and numerical 1.19 0 0 1.19 227 0 0 227 0 0 0 0
calculations
1.4.  Numbers 1101 446 238 17.85 859 556 7.07 2122 285 1206 088 1579
2.1.  Classical study 1071 595 357 2023 606 682 227 1515 548 1075 2.19 1842
3.1 Definitions & 1468 18.85 2.18 35.71 1515 15.15 0 303 1404 1404 351 31.59
Representations
3:2.  Continuity and 119 179 179 477 152 151 0 303 0 132 132 264
Differentiation
3.3. Integration 079 079 079 237 404 404 101 9.09 0 0 0 0
3.4 Differential 0 0 0 0 0 0 0 0 526  2.63 0 789
equations
5.1. Statistics 0 0 0 0 0 0 0 0 0 0 0 0
5.2. Probability 952 476 3.57 17.85 53 909 555 1994 1447 793 131 23.71

Total 4909 366 1428 ~100 4293 4217 159 =100 421 4873 921 =~100
K = Knowing
A = Applying

R =Reasoning

The sum of Totals is approximately equal to 100 because the percentages are rounded.
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