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Abstract: This study examines the alignment between mathematics learning outcomes and assessment 
practices in three Moroccan universities. The purpose is to evaluate whether assessment tests 
adequately represent the intended learning outcomes and reflect the results of teaching activities. The 
study focuses on the Algebra 2 module, which serves as a reference framework for the targeted learning 
outcomes. The research adopts a psychodidactic approach, combining the analysis of assessment 
questions and the module’s specification table. The representativeness of the intended learning 
outcomes in each test is measured using the chi-square goodness-of-fit technique. The results reveal 
significant inconsistencies in the representativeness of the content and cognitive levels. The findings 
indicate a recurrent overrepresentation of algebraic reasoning, as well as variations between years and 
institutions. The high chi-square values (ranging from 45.65 to 125.32) suggest that several tests do not 
adequately cover the intended learning outcomes. These findings point to a misalignment between 
assessment practices and the learning outcomes framework. This study highlights the need to rethink 
university assessment practices by adopting a systematic approach based on clearly defined learning 
outcomes and psychometric principles. Such improvements could contribute to more valid, balanced, 
and equitable evaluation of students’ competencies. 
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1. Introduction and Problem Statement  

The Bachelor’s degree program in Mathematical Sciences, Computer Science, and Applications 
(SMIA) is a national program. It is accredited by the Ministry of  Higher Education in accordance with 
the National Pedagogical Standards (CNPN) for the bachelor’s degree. It is part of  the Bachelor’s, 
Master’s, and Doctorate (BMD) system and is based on both a modular and disciplinary approach. The 
content of  the various mathematics modules in this program is defined by a national commission 
composed of  representatives from mathematics departments of  various Moroccan universities. 

In line with CNPN requirements, each module must be described by specifying the intended 
competencies, the knowledge to be acquired, the content to be covered, the pedagogical methods to be 
adopted, and the assessment modalities to be applied. In practice, competencies are often formulated in 
general terms and reflect what the instructor should develop in students. The pedagogical methods 
employed are mostly limited to lectures and tutorials. The assessment is centered on the validation of  
modules and focuses on the format and weight given to the various tests that comprise it. 

Furthermore, the content of  the modules is generally presented as chapter and subchapter titles 
without specifying the exact knowledge to be acquired. This grants university teachers, regarded as 
disciplinary experts, a high degree of  autonomy in both detailing the content to be delivered and 
assuming responsibility for its instruction. 

https://orcid.org/0009-0007-7131-4962


51 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 10, No. 4: 50-65, 2026 
DOI: 10.55214/2576-8484.v10i4.12550 
© 2026 by the authors; licensee Learning Gate 

 

In this context, it is crucial to emphasize the importance of  learning outcomes. A clear definition 
not only clarifies a module’s pedagogical objectives but also guides the implementation of  pedagogical 
activities and underpins the design of  assessment tests. Evaluating learning outcomes is, therefore, a 
strategic tool for both steering the educational system and monitoring student progress throughout 
their academic journey. 

Moreover, the assessment of  learning outcomes is essential for managing teaching activities, both 
within the educational system and in the undergraduate student’s academic journey. Focusing on the 
transmission of  knowledge and teaching leads us to question how university teachers design summative 
assessment tests of  their students’ learning outcomes: Do the assessment tests target the learning 
outcomes intended by the program? Are they valid and reliable? 

Focusing solely on knowledge transmission and instruction without considering the explicit 
definition of  intended learning outcomes and students’ learning development has led us to question how 
university teachers design summative assessments of  their students’ learning outcomes. 

Many studies have addressed the validity and reliability of  assessment tests based on psychometric 
analysis, which involves internal parameters such as the difficulty index, calculated through the average 
success rate per item, the discrimination index, Cronbach's alpha, the KR-20 coefficient for multiple-
choice questions, and correlations between tests [1, 2]. 

Other studies focus on the content validity of  exam tests, based on the analysis of  the alignment 
between test items and the program’s learning objectives. This involves analyzing the content coverage 
of  the curriculum and pedagogical objectives [3-6]. 

International assessments such as PISA and TIMSS Advanced have also been the subject of  
analyses using didactic tools. Roditi and Salles [7] and Salles [8] applied Robert [9 ]'s Level of  
Knowledge Functioning (LKF) model to analyze the competencies required in PISA and TIMSS 
Advanced tasks. Chevallard, et al. [10] based their studies on the Anthropological Theory of  the 
Didactic, analyzing assessment tasks through praxeological analysis to examine the correspondence 
between institutional knowledge, curriculum content, and the mathematical activities required in 
evaluation tasks. Grapin and Grugeon-Allys [11] developed an item analysis tool used for the CEDRE 
2008 assessment. The work of  Vantourout and Goasdoué [12] highlighted the relevance of  the 
psychodidactic approach in the construction and analysis of  test validity. 

Our work combines the analysis of  item alignment with the learning outcomes of  the curriculum 
and a psychodidactic analysis of  test questions. The aim is to analyze the type of  response required by 
each question's statement. 

A complementary approach, illustrated by Jamalzadeh et al. [13], is based on psychometric item 
analysis and a qualitative study of  distractors. The authors employ methods such as Differential Item 
Functioning (DIF) and Differential Distractor Functioning (DDF) to identify biases and inconsistencies 
in test items. This approach helps improve the interpretation of  results and ensures that tasks genuinely 
assess the intended competencies. Roditi and Salles [7] and Salles [8] conducted a critical analysis of  
PISA and TIMSS Advanced assessments using the LKF model proposed by Robert [9]. Their 
methodological approach consisted of  a re-analysis of  the knowledge required to answer the items. 

Our research examines the validity of  summative assessment tests developed by teachers 
responsible for the Algebra 2 module in the SMIA field at three national faculties of  science. It is 
inspired by the work of  Roditi and Salles [7] and Salles [8], adopting Aline Robert [9]'s model. It 
focuses on the alignment of  test items with the learning outcomes relevant to the Algebra 2 module. It 
departs from the psychometric approach used in the work of  Li, et al. [1] and Indriyani, et al. [2], 
relying instead on a psychodidactic analysis of  the test items. This analysis is based on a didactic 
examination of  the tasks and the cognitive processes targeted by the mathematical activity required in 
each item. 
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2. Conceptual Framework 
2.1. Learning Outcomes and Learning Outcomes Referential 

According to Cedefop [14]1, d’Hoop, et al. [15], AUF and CITEF [16]2,3 the intended learning 
outcome of  a teaching unit describes what a learner should know, understand, and be able to do at the 
end of  a learning process. Each learning outcome is characterized by mathematical content, a cognitive 
activity or process, a response strategy, a type of  mobilization, etc. 

Learning outcomes play a key role in the design of  curricula, training activities, and assessments. 
They express the expected results of  students' learning activities, explicitly and operationally 
translating the intended objectives, pedagogical intent, and structuring the teaching-learning activity. 

The learning outcomes framework of  a module is the set of  intended learning outcomes for that 
module, which should be covered through the various teaching and learning activities associated with it. 
Its development is based on a methodology that relies on a psycho-didactic analysis of  the learning 
activity underlying the teaching activities. 
 
2.2. Pedagogical Alignment 

According to Biggs [17]; Biggs [18] and Biggs [19], pedagogical alignment or constructive 
alignment expresses the coherence between attended learning outcomes, teaching-learning activities, 
and assessment strategies. In other words, the teacher should organize teaching-learning activities 
based on the prescribed learning outcomes. Additionally, they should design the assessment of  learning 
outcomes in alignment with the teaching-learning activities carried out. Through pedagogical 
alignment, learning outcomes serve as a roadmap guiding the design of  both teaching-learning 
activities and assessments. 
 
2.3. The TIMSS4 Model for Characterizing Learning Outcomes 

The international TIMSS survey [20] assesses learning outcomes in mathematics through two 
dimensions: 

Content Dimension: This dimension describes the set of  concepts, knowledge, and procedures 
targeted by the adopted mathematics curriculum. 

Cognitive Dimension: This focuses on mathematical activities and the cognitive processes associated 
with learning the curriculum. It is structured into three cognitive levels: "Know," "Apply," and "Reason". 

Each level describes a set of specific cognitive processes or mathematical activities. 

• Knowing: This level refers to simple questions where the student responds directly using the 
methods, techniques, and content acquired in the learning activity. 

• Applying: This level refers to questions that require adapting knowledge to familiar situations in 
order to answer a question whose solution is not immediate. 

• Reasoning: This level refers to complex questions requiring the construction and justification of  
knowledge. The student proceeds in multiple steps, takes initiatives, chooses strategies, and 
mobilizes prior knowledge while adjusting their approach. 

 
Table 1. 
Synthetic table of the different cognitive processes intended by the program. 

Cognitive level Cognitive Process 
Knowing Recognize, Recall, Verify, Show, Implement, Calculate, Decompose, Solve  
Applying Determine, Search, Find, Investigate, Use, Apply, Transform, Reduce, Simplify, Choose, Show, Invert 

Reasoning 
Demonstrate, Prove, Justify, Argue, Search, Determine, Analyze and Interpret, Construct, Transfer, 
Evaluate, Judge, Investigate 

 
1European Centre for the Development of Vocational Training. 

.The Francophone University Agency2 
speaking engineers and technicians.-International conference for French3 

.Trends in International Mathematics and Science Study4 
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Table 1 is inspired by the TIMSS methodology and adapted for the treatment of an algebraic activity. 
This cognitive model provides a foundation for assessing learning outcomes in mathematics, 

emphasizing the importance of  each level and its associated processes within the context of  algebra. 
 
2.4. Level of Knowledge Functioning Model 

The level of  knowledge functioning model adopted by Robert [9] is a tool for analyzing the 
mathematical content involved in a mathematical activity and the level of  its mobilization to solve a 
mathematical task (questions or problems). This model distinguishes between two types of  knowledge: 
knowledge as an object and knowledge as a tool. 

According to Douady [21], object-type tasks focus on learning a new concept, subject, or technique. 
Tool-type tasks, on the other hand, aim to mobilize previously acquired concepts, subjects, or techniques 
within a problem-solving activity. This type of  task is categorized into three levels of  mobilization: 

• Technical Level: This level is characterized by the student’s ability to mobilize knowledge 
(concepts, theorems, properties, procedures, definitions, etc.) in an isolated, direct, and immediate 
manner without any adaptation. According to Salles [8], tasks at this level require students to 
perform routine activities by applying a procedure suggested by the problem statement, which is 
assumed to be automated. 

• Mobilizable Level: At this level, the knowledge mobilized consists of  well-identified and correctly 
used mathematical concepts. However, they are not applied in a simple and immediate way; 
instead, they require a transformation of  the problem statement before being implemented. 
According to Salles [8], tasks at this level demand adaptations of  the given statement to be 
successfully completed. 

• Available Level: At this level, mathematical knowledge is integrated into a mathematical activity 
without explicit indications guiding the student to use specific knowledge. The student is required 
to shift perspectives, connect different areas of  knowledge, and construct rigorous reasoning 
autonomously. Salles [8] refers to this level as the “Intermediate Level”. 

Aline Robert’s model complements the TIMSS model by seeking to identify the cognitive processes 
mobilized in response to a question. Through this identification, we can position the activity within the 
taxonomic level adopted by TIMSS. 

We intend to adopt Aline Robert’s model as a tool for analyzing the activity required by a task in 
order to determine the cognitive level targeted by each task in the assessment test. This model will 
enable us to conduct a detailed and precise analysis of  the mathematical activity targeted by each task in 
the learning outcomes assessment test. 
 
2.5. The Accuracy of Assessment 
We characterize the accuracy of assessment through two dimensions: 

• Pedagogical alignment of  assessment refers to the congruence between what the assessment should 
evaluate and the learning outcomes targeted by the module’s teaching activities. This alignment is 
reflected in the assessment test by ensuring that each component of  the learning outcomes is 
proportionally represented. The test should adequately cover the different elements of  the 
framework while considering the relative importance of  each component [22-24]. 

• Reliability and validity of  an assessment test are essential elements to ensure the accuracy of  the 
assessment. They help, on one hand, to precisely determine the student’s performance level 
relative to a predefined threshold and, on the other hand, to measure the alignment between what 
the test actually evaluates and what it claims to assess [25]. The analysis of  this dimension relies 
on a psycho-didactic approach that examines both the test content and the cognitive activities 
required to answer each question [26]. 

It is important to note that didactic variables, as well as the epistemological nature of  mathematical 
knowledge, may influence the difficulty of  assessment tasks. According to the Anthropological Theory 
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of  the Didactic, mathematical activity can be described through Praxeologies composed of  types of  
tasks, techniques, technologies, and theories. Consequently, analyzing assessment items requires 
examining the adequacy between the mathematical activity required by the task and the competencies 
intended to be assessed [16, 27]. Such an analysis helps ensure that the test effectively measures the 
targeted knowledge while considering the epistemological characteristics of  the content and the 
contextual and cognitive factors that may influence students’ performance. 
 
2.6. The Epistemological Nature of Knowledge as a Source of Difficulty 

The epistemological nature of  university-level mathematical knowledge is considered, according to 
several studies, an obstacle or a source of  difficulty for students in learning advanced mathematics. 
There is a consensus in previous research on the multiple aspects of  this difficulty. Among them, we can 
cite the abstract nature of  mathematical knowledge [28], the transition from numerical thinking to 
structuralist thinking [29, 30], and the characteristics of  formalization, unification, and generalization 
(FUG) in mathematical knowledge [31]. 

These elements can be used as didactic characteristics of  the items in an assessment test. They can 
also serve as support for analyzing student performance based on the nature of  the tasks required by the 
test items. 
 
2.6.1. Questions whose answers refer to abstract knowledge 

Abstract questions pertain to concepts that lack concrete support and are developed through human 
thought to understand, examine, or explain problems. Several studies have shown that the abstract 
nature of  mathematical concepts, particularly in abstract algebra, poses an obstacle and a challenge in 
the learning process [32]. The works of  Veith, et al. [33]; Hausberger [34]; Hausberger [35]; 
Hausberger [36]; Hausberger [37] and Hausberger [38] emphasize that the epistemological nature of  
algebraic concepts is inherently abstract. 

Studies by Di Martino, et al. [39], Gueudet and Thomas [40], and Gueudet and Vandebrouck [41] 
on the high school-to-university transition indicate that mathematical questions undergo 
epistemological shifts, with mathematical tasks becoming more abstract and formal at the beginning of  
university education. This transition is often a source of  difficulty for students entering higher 
education. 
 
2.6.2. Questions Whose Answers Require Formalization 

The treatment of  this type of  question requires the use of  symbolic language and a syntax specific 
to formal mathematics [42]. At university, mathematical activity is supported by formal writing. Several 
studies have shown that formal mathematical concepts pose difficulties and obstacles for students. These 
include learning difficulties related to new concepts, such as topological concepts (formal definitions of  
open and closed sets) [43, 44], difficulties in solving tasks, exercises, or mathematical problems [45, 
46], and difficulties related to conceptual understanding [34]. 
 
2.6.3. Questions Whose Answers Require Generalizations 

Generalized questions focus on notions, methods, phenomena, or generic problems, aiming to 
identify common characteristics from particular cases and extend the validity of  universal laws [47]. 
This process relies on abstraction and formalization [48] and often involves objects already encountered 
in other forms [32]. For example, abstract algebra generalizes the properties of  structures such as the 
set of  rational numbers, Q, the set of  real numbers, R, and the set of  complex numbers, C. An element 
of  a field can be a real number, a vector, a function, etc. Linear algebra, which deals with vector spaces, 
linear systems, and linear applications, relies on abstract algebra, geometry, and analysis [46]. 
2.6.4. Questions Whose Answers Rely on the Unifying Aspect 

A unifying-type question focuses on different mathematical structures that share common properties 
or analogies, defined by axioms. This involves replacing several notions with a new object, often through 
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a new formalism [31]. For example, the concept of  a group is unifying because it applies to various 
algebraic structures such as integers, permutations, and matrices, unifying and generalizing concepts 
from different fields. 

The work of  Harel [49] shows that undergraduate students entering university encounter 
difficulties in changing perspectives and interpreting complex and abstract objects. For instance, it is 
difficult for them to “show that a subset of  polynomials annihilating at 0 is a vector subspace,” as it 
requires both mastery of  abstract definitions and the ability to reason about various conceptual 
relationships. These difficulties relate to the unifying and conceptual nature of  objects in linear algebra, 
which demands significant cognitive adjustments from students. 

Dorier [46] demonstrated that it is sometimes necessary to change the unifying framework, for 
example, by using affine, analytical, or vectorial methods to solve problems outside of  linear algebra. 
 

3. Methodological Framework 
Let us recall that the objective of  this study is to analyze the alignment of  learning outcomes 

assessment tests, carried out by the teachers responsible for the Algebra 2 module, with the learning 
outcomes of  the teaching activity. We aim to determine whether the assessments are adapted to the 
intended learning outcomes of  the teaching-learning activities, so that students can be correctly 
assessed on their degree of  acquisition of  these learning outcomes. 

To conduct this study, we analyzed the instructional documents of  the teachers responsible for the 
module, which characterize their teaching activities (lecture notes, tutorial sheets). This analysis allowed 
us to identify the intended learning outcomes of  the teaching activities, which we then organized into a 
framework for the learning outcomes of  the Algebra 2 module. This analysis was the subject of  the 
article titled “Determining the Learning Outcomes of  a University Mathematics Module: The Case of  the 
Algebra 2 Module in the SMIA Fields of  Study”, published in The International Journal of  Science, 
Mathematics and Technology Learning. 

This framework is inspired by the methodology used by TIMSS for defining learning outcomes to 
support the design of  its standardized tests. 
 
Table 2.  
Specification table of the Algebra 2 module. 

Content Domain Content component 
Cognitive Levels Rates (%) 

Knowing 
(K) (%) 

Applying (A) 
(%) 

Reasoning 
(R) (%) 

 

Usual algebraic structures 

Group (GR) (%) 8.70 9.78 9.78 28,26 

Ring (Rn) (%) 4.35 5.43 7.61 17,39 

Body (Bd) (%) 3.26 0.00 4.35 7,61 
Rates (%) 16.31 15.21 21.74 53,26 

One indeterminate 
polynomial and rational 
fractions 

One indeterminate polynomial 
(Pol) (%) 

18.48 11.95 5.43 35,87 

Rational Fractions (FR) (%) 4.35 5.45 1.09 10,87 
Rates (%) 22.83 17.40 6.52 46,74 

Rates (%) 39,13 32.61 28.26 100 

 
This specification table was produced as part of  the study [26]. It is characterized by the content 

dimension and the cognitive dimension, which is based on the taxonomic model of  Mullis, et al. [20]. It 
makes it possible to characterize the framework of  learning outcomes intended by the teaching-learning 
activities. 

Beyond its descriptive function, this specification table plays a central role in analyzing the validity 
and representativeness of  assessments. It makes it possible to evaluate the extent to which tests are 
aligned with the requirements of  the curriculum by identifying potential imbalances between the 
content areas covered, the cognitive levels targeted, and the intended learning objectives. As such, it 
serves as a key tool for examining the quality of  the assessments implemented and their ability to 
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reliably and meaningfully measure students’ learning outcomes. 
The creation of  this specification table reveals that in the content domain of  algebraic structures, 

the “Reasoning” level is the most represented, followed by the “Knowing” level. In contrast, in the 
domain of  polynomials and rational fractions, the “Knowing” level predominates, followed by the 
“Applying” level. In the content domain of  algebraic structures, reasoning accounts for 21.74% 
(21.74/53.26) of  cognitive activity, while the “Knowing” and “Applying” levels each represent around 
15%. Conversely, in the content domain of  polynomials and rational fractions, the “Reasoning” level 
does not exceed 6.52%, whereas the “Knowing” level accounts for 22.83%. 
 
3.1. Methodological approach  

This study requires the analysis of course content, tutorials, and assessment tests. We can only 
consider tests from institutions for which we have both course materials and tutorials. For consistency, 
comparing the tests also requires us to limit ourselves to those from the same academic year. These 
constraints have led us to restrict our analysis to assessment tests administered in the following 
faculties: the Faculty of Sciences Semlalia of Marrakech (FSSM), the Faculty of Sciences Dhar El 
Mahraz of Fez (FSDM), and the Faculty of Sciences Abdelmalek Essaâdi of Tetouan (FSAME). 
Furthermore, our analysis focused on tests from the years 2015, 2016, and 2017. 
To address the research questions, we will use three analytical tools, namely: 

1. The use of the learning outcomes framework for the Algebra 2 module as a tool for processing the 
coverage of mathematical content in each assessment test. This allows for an analysis of the 
alignment between the tests and the intended learning outcomes of the program. 

2. The use of Robert [9] as a tool for processing the cognitive activity targeted by each test 
question or as a tool for analyzing the LKF required by each response to a test question. 

3. The use of a summary table of the different cognitive processes intended by the program as a tool 
for classifying the types of cognitive processes and activities targeted by each question. 

The last two tools will enable us to categorize the questions according to the cognitive levels adopted 
in our research. 
 
3.2. Data Handlings  

We analyzed and categorized the expected response types for each question in the assessment tests 
using a multi-step approach: 

1. Identifying the mathematical concepts targeted by the question: This involves determining the algebraic 
concepts required in the response, along with their respective content domains and subdomains. 
This step helps define the “content” dimension of  the learning outcomes assessed by the question. 

2. Determining the expected cognitive mathematical activity: This step identifies the level of  knowledge 
mobilization required in the response by referring to the adopted learning outcomes framework. 
We used Aline Robert’s model to categorize the mathematical content involved in the activity into 
three levels: Technical, Mobilizable, or Available. 

3. Identifying the major cognitive process targeted by the question and its cognitive level: This involves 
determining the cognitive process using the synthetic table of  different cognitive processes and 
the TIMSS-adopted cognitive taxonomy. The “major process” refers to the overarching cognitive 
process required to answer the question. While a response may contain multiple cognitive 
processes across different stages, the question itself  aims at a process that encompasses these 
intermediate steps. 

4. Identifying the learning outcomes targeted by the question: This step consolidates the content domains 
identified in Step (1) with the cognitive processes and their levels from the other steps, structuring 
them into the learning outcomes targeted by the question. 

5. Constructing the learning outcomes table for an assessment test: In this step, we determine the weight of  
each content component (section and chapter of  the module) as well as each cognitive component 
by calculating the frequency of  each component addressed in the assessment test. Each test is 
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thus represented by a synthetic table of  the analysis results. 
The data from the assessment tests of  each university are processed and presented in a table. Each 

row represents the learning outcomes of  a test, while the different columns correspond to the various 
dimensions of  the learning outcomes targeted by each test. 
 
3.3. Statistical Tool for Assessing the Representativeness of Tests 

In this study, we use the Chi-square goodness-of-fit test to estimate the representativeness of  each 
component of  the intended learning outcomes, as well as the overall representativeness of  each test. 
The representativeness of  each component is calculated using the following formula: 

Representativeness of component 𝒊 =  
(𝑻𝑶𝒊−𝑻𝒆)𝟐

𝑻𝒆
 

Where: 

𝑻𝑶𝒊: represents the observed rate for each learning outcome component. 

𝑻𝒆: represents the theoretical rate given by the specification table. 
Furthermore, the representativeness of each test is determined using the Chi-square goodness-of-fit 

formula: 

𝑿𝒊
𝟐 = ∑

(𝑻𝑶𝒊 − 𝑻𝒆)𝟐

𝑻𝒆
.

𝟖

𝒊=𝟏
 

The more the observed rates of  content and cognitive components in the test deviate from the 
theoretical rates defined by the specification table, the higher the Chi-square goodness-of-fit value will 
be. Conversely, if  these rates are closer to the theoretical values, the Chi-square value will be lower. 

It is important to note that the analysis of  the representativeness of  the assessment tests is based 
on eight categorical variables grouped into five content components and three cognitive components. 

The degrees of  freedom are set at 𝒍 = 𝟕. A chi-square test with a significance level is applied, with the 

theoretical value being 𝑿𝟐
𝒕𝒉é𝒐𝒓𝒊𝒒𝒖𝒆 = 𝟏𝟒, 𝟎𝟔𝟕. Therefore, if  the calculated chi-square goodness-of-fit 

value exceeds this threshold, the test sample is not representative of  the components of  the 
specification table, whereas a value close to or below this threshold indicates good representativeness. 
 

4. Analysis of  Test Results 
To analyze the data, we compare the results of  our test analysis with the Specification Table (S.T.) 

of  the module. This process allows us to assess the representativeness of  the “content” and “cognitive” 
components of  the intended learning outcomes, as well as the reliability of  the tests by year and by 
institution. Finally, we conclude this analysis with an examination of  the didactic variables 
characterizing the algebraic activity targeted by each assessment test. 
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Table 3. 
FSSM, FSDM, and FSAME tests, by content and cognitive component. 

Institution 
Academic 
year of  the 
test 

Test content representativeness rates (%) 
Test cognitive level 

representativeness rates (%) 

Usual algebraic structures 
Polynomials 

and Fractions K A R 
Gr Rn Bd Pol FR 

FS Semlalia-
Marrakech 

January 2017 47.06 29.41 0 17.64 5.88 29.41 41.18 29.41 

January 2016 35.29 41.18 0 23.53 0 17.65 23.53 58.82 

January 2015 56.25 25 6.25 6.25 6.25 37.5 43.75 18.75 

FS-Dhar El 
Mahrez-Fés 

January 2017 47.37 21.05 0 31.58 0 36.84 47.37 15.79 

January 2016 41.18 17.65 5.88 35.29 0 35.29 52.94 11.76 

January 2015 46.67 6.67 0 33.33 13.33 26.67 33.33 40 

FS Abd Elmalek 
Essaadi- Tétouane 

January 2017 42.86 14.29 7.14 35.71 0 28.57 14.29 57.14 

January 2016 46.67 46.67 0 0 6.67 46.67 33.33 20 

January 2015 43.37 0 0 50 6.67 37.5 37.5 25 
Representativeness according to 
S.T. (%) 

28,26 17.39 7.61 20.65 10.86 10.86 32.61 28.26 

 
This table presents the results of  the analysis of  assessment tests conducted by various university 

institutions. Each test is represented by the representativeness rate of  the two components: content and 
cognitive, of  the targeted learning outcomes. The last row of  the table shows the percentages calculated 
in the module’s specification table. 

The data in Table 2 reveal that the component related to field structures is not assessed in six tests, 
while the rational fractions component is not targeted in four tests. These two sections have the lowest 
coverage of  learning outcomes within their respective domains. 

The results presented in this table allow for the identification of  learning outcome components that 
are either underrepresented or overrepresented. However, they do not provide a comprehensive and 
precise overview of  the representativeness of  each component within the various assessment tests. A 
more in-depth analysis is therefore necessary to better understand this aspect and draw relevant 
conclusions. 
 
4.1. Analysis of Assessment Test Accuracy 

To carry out this analysis, we calculated the deviations between the observed test rates and the 
theoretical rates provided by the specification table for each element of  the content and cognitive 
components. The deviation for each test is calculated using the chi-square goodness-of-fit test. 
 
Table 4. 
Calculation of chi-square of goodness-of-fit. 

 Institutions  A.Y. 
Algebraic Structures 

(A.S.) 
Polynomials and 
Fractions (P.F.) K A R Chi-squares 

Gr Rn Bd Pol FR 

FS Semlalia-
Marrakech 

January 2017 12.51 8.31 7.61 9.26 2.28 2.41 2.25 0.05 46.77 

January 2016 1.75 32.55 7.61 4.25 10.86 11.79 2.53 33.05 125.32 
January 2015 27.72 3.33 0.24 24.46 1.96 0.07 3.81 3.20 66.26 

 FS-Dhar El 
Mahrez-Fés 

January 2017 12.92 0.77 7.61 0.51 10.86 0.13 6.68 5.50 45.65 
January 2016 5.91 0.00 0.39 0.01 10.86 0.38 12.67 9.63 48.21 

January 2015 11.99 6.61 7.61 0.18 0.56 3.97 0.02 4.88 77.83 

Elmalek 
Essaadi- 
Tétouane 

January 2017 7.54 0.55 0.03 0.00 10.86 2.85 10.29 29.51 82.19 

January 2016 11.99 49.30 7.61 35.87 1.62 1.45 0.02 2.41 110.27 

January 2015 8.08 17.39 7.61 5.57 1.62 0.07 0.73 0.38 50.45 
Representativeness according to 
S.T. (%) 

28.26 17.39 7.61 35.87 10.86 10.86 32.61 28.26  

 
The high Chi-square values highlight a significant discrepancy between the observed percentages 
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and the expected percentages (according to the specification table). This table reveals substantial 
variations from one year to another and from one university institution to another (see the Chi-square 
column). The obtained values, ranging between 45.65 and 125.32, far exceed the theoretical reference 
value (14.067), which is linked to the nature of  the assessment tests. These results indicate that the 
representativeness of  each test is significantly higher than the expected theoretical value. It can thus be 
concluded that none of  the tests are aligned with the learning outcomes framework. 

For a more in-depth analysis of  representativeness, it is essential to calculate the gaps between the 
representativeness rates of  each component of  the learning outcomes referential. This involves 
comparing the desired representativeness, as per the specification table, with the representativeness 
actually observed in the test. These gaps will reveal the components that are overrepresented at the 
expense of  others. 
 
 
Table 5. 
Deviation between test rates and specification table rates. 

Institution 
  

Academic 
Year of  the 
test 

Deviation between acquired 
rates Test / S.T. Domain A.S. 

(%) 

Deviation between acquired 
rates Test / S.T. Domain 

P.F. (%) 

Cognitive component rate 
deviation (%) 

Gr % Rn % Bd % 
Dom. 
S.A. % 

Pol % F.R % 
Dom.Pol-

FR % 
K A R 

FS 
Semlalia-
Marrakech 

January 
2017 

18.8 12.02 -7.61 23.21 -18.23 -4.98 -23.21 -9.72 8.57 1.15 

January 
2016 

7.03 23.79 -7.61 23.21 -12.34 -10.86 -23.2 -21.5 -9.08 30.56 

January 
2015 

28 7.61 -1.36 34.24 -29.62 -4.61 -34.23 -1.63 11.14 -9.51 

 FS-Dhar El 
Mahrez-Fés 

January 
2017 

19.1 3.66 -7.61 15.16 -4.29 -10.86 -15.15 -2.29 14.76 -12.47 

January 
2016 

12.9 0.26 -1.73 11.45 -0.58 -10.86 -11.44 -3.84 20.33 -16.5 

January 
2015 

18.4 -10.7 -7.61 0.08 -2.54 2.47 -0.07 -12.5 0.72 11.74 

FS Abd 
Elmalek 
Essaadi- 
Tétouane 

January 
2017 

15.1 -17.4 -0.47 11.03 -0.16 -10.86 -11.02 -1.63 4.89 -3.26 

January 
2016 

18.4 29.28 -7.61 40.08 -35.87 -4.19 -40.06 7.54 0.72 -8.26 

January 
2015 

14.6 -3.1 -7.61 -9.89 14.13 -4.19 9.94 -10.6 -18.3 28.88 

Representativeness 
according to S.T. (%) 

28,26 17.39 7.61 53.26 35.87 10.86 46.73 39.13 32.61 28.26 

 
Table 4 indicates that all tests, except for those from January 2017 at Abd Elmalek Essaadi and from 

January 2015 at Dhar El Mahraz faculties, overrepresented the domain of  algebraic structures. The 
January 2016 test from Abd Elmalek Essaadi faculty emphasized group and ring structures while 
reducing the level of  algebraic reasoning in favor of  knowledge. 

The January 2015 test from Abd Elmalek Essaadi faculty and the January 2016 test from Semlalia 
faculty overrepresented algebraic reasoning by more than 28%, at the expense of  the other two 
cognitive levels, thus accounting for more than half  of  the cognitive activity targeted by the 
specification table. These tests reduced cognitive activity related to algebraic calculation, particularly in 
the domains of  polynomials and rational fractions, while favoring algebraic reasoning in the domain of  
usual algebraic structures. It is important to note that, according to Bloom’s taxonomy, cognitive 
activity related to reasoning is more complex than that related to knowledge and application. 
Consequently, an overrepresentation of  reasoning in a test increases its level of  difficulty. 

The tests from Semlalia Faculty for January 2015 and 2017, as well as those from Dhar El Mahraz 
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in January 2016 and 2017, focused on application, primarily emphasizing algebraic calculation within 
algebraic structures. In contrast, the January 2016 test from Abd Elmalek Essaadi Faculty increased the 
“Knowledge” level by 7.54% while reducing the “Reasoning” level by 8.26%, making it easier compared 
to the other tests. 
 
4.2. Analysis of Didactic Variables 

In this section, we analyze the didactic variables that characterize the tests examined in this study. 
The objective is to assess the degree of  epistemological abstraction, as well as the dimensions of  
formalism, unification, and generalization they involve, which helps estimate the level of  cognitive 
demand associated with these tests. These variables, recognized in the literature as key factors 
contributing to test difficulty in this module, serve as the analytical framework adopted for this study. 
The tests from the three faculties of  science highlight significant differences in cognitive complexity 
and the nature of  the knowledge mobilized. 

The January 2016 test at FSSM, the January 2015 test at FSAME, and the January 2015 test at 
FSDM emphasize algebraic reasoning as well as content related to usual algebraic structures. These 
tests rely heavily on knowledge that is both epistemologically abstract and of  an FUG (Formal, 
Unifying, and Generalizing) nature, while demanding a high level of  cognitive complexity. 
Consequently, we can classify these tests as very difficult. 

In contrast, the January 2015 and January 2017 tests at FSSM, along with the January 2017 and 
January 2016 tests at FSDM, and the January 2017 test at FSAME, increase the focus on usual algebraic 
structures by emphasizing the application of  results or usual algebraic properties. These tests focus on 
the epistemological aspect of  abstraction, of  an FUG nature, and present a moderate level of  cognitive 
complexity. Thus, we can classify them as difficult. 

Whereas the January 2016 test at FSAME, unlike the others, reduces cognitive demands by limiting 
itself  to the “Knowledge” level while significantly increasing content related to usual algebraic 
structures, as well as the abstract, formal, unifying, and generalizing aspects of  the knowledge 
mobilized. This result leads us to classify this test as less difficult than the others. 
 

5. Synthesis and Discussion 
The analysis of  assessment tests reveals significant gaps in the representativeness of  learning 

outcome components. Certain elements, such as the structure of  bodies (Bd) and rational fractions (FR), 
are frequently underrepresented. This imbalance highlights an uneven coverage of  learning outcomes, 
which could compromise the overall assessment of  students’ learning outcomes and the accuracy of  the 
results. The data also underscores significant discrepancies between observed and expected outcomes. 
These substantial gaps indicate that the tests are not aligned with the learning outcomes. Furthermore, 
the considerable variations from one year to another and from one institution to another reveal the need 
to design tests based on evaluation criteria centered on learning outcomes. 

Previous studies confirm and enrich the findings of  this research by identifying similar issues in the 
assessment of  learning outcomes. Alemayehu Wole et al. [5]  demonstrated a weak correlation between 
tests and the intended learning outcomes of  the school curriculum, with an imbalanced coverage of  
cognitive, psychomotor, and affective domains. Onaiba [6] noted a misalignment between exam 
objectives and curriculum goals, characterized by an overrepresentation of  grammar and reading 
comprehension and the neglect of  listening and speaking skills. Uzun and Kılıçkaya [50] highlighted 
that some skills are overrepresented, while others, such as oral expression, are neglected. PITUWA [3] 
found that more than 50% of  exam questions are not aligned with course objectives. These findings 
align with our observations regarding the underrepresentation of  key components and the 
misalignment between observed and expected outcomes. They underscore the need to reform university 
assessment practices to improve quality and accuracy. 

Another major finding is the overrepresentation of  algebraic structures, particularly groups and 
rings, at the expense of  other areas such as polynomials and rational fractions. This trend favors 
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algebraic reasoning over algebraic computation, which could increase the difficulty of  the tests. Indeed, 
tests focused on algebraic reasoning are more demanding, as this cognitive activity is more complex 
than mere knowledge or application. Conversely, those who focus on the application of  algebraic 
properties are perceived as less difficult. This disparity underscores the importance of  a balanced test 
design to effectively assess students’ learning outcomes. 

The sections involving reasoning, such as groups and rings, are perceived by teachers in this 
program as fundamental components of  the mathematical curriculum for this type of  degree. The 
emphasis placed on these concepts leads us to assume that university mathematics teachers in this 
program view their discipline as an activity centered primarily on reasoning rather than on the mastery 
of  computational techniques. These sections are characterized more by the presence of  algebraic 
reasoning, which could explain these teachers’ preference for assessing reasoning through their 
evaluation practices. 

The works of  Rasmussen and Wawro [51], Inglis and Alcock [52] all emphasize the importance 
that university mathematics instructors place on logical reasoning, conceptual thinking, and 
mathematical rigor, particularly in fields such as abstract algebra. These studies show that concepts like 
groups and rings are seen as essential for developing students' ability to reason abstractly and construct 
proofs. Instructors prioritize the assessment of  reasoning and conceptual understanding over mastery 
of  computational techniques, reflecting a disciplinary focus on problem-solving and critical thinking. 
These findings confirm and contextualize our own observations regarding the emphasis on groups and 
rings in assessment practices, as well as instructors' preference for evaluating reasoning in university-
level mathematics education. 

The analysis of  tests based on their level of  cognitive difficulty reveals significant trends. Tests that 
draw on epistemologically abstract knowledge, characterized by formal, unifying, and generalizing 
(FUG) qualities, are classified as very difficult. Conversely, those focusing on the application of  algebraic 
properties are deemed difficult, while those that reduce cognitive demands to the level of  simple 
knowledge are considered less difficult [32, 33, 40, 41, 43-47].  

In conclusion, the analysis of  assessment tests highlights imbalances in the representativeness of  
learning outcome components. To improve the quality of  assessment, it is essential to better align tests 
with the learning outcomes framework. This requires a thorough revision of  test design to ensure that 
the content and cognitive level are aligned with the intended learning outcomes. Such an approach 
would ensure a fairer and more representative evaluation of  students' learning achievements. 
 
5.1. Research Implications 

This study aims, at the national level, to raise awareness among key stakeholders in higher 
education in Morocco (teachers, pedagogical advisors, and ANEAQ) about the challenges related to the 
assessment of learning outcomes at the university level. It highlights, for teachers, the importance of 
designing assessment tools aligned with the intended learning outcomes, ensuring coherence between 
assessments of learning and teaching-learning activities. 

Furthermore, this research proposes a new methodological approach to analyze the relevance of 
university assessment tools, drawing on a psycho-didactic perspective. This approach, adaptable to 
other educational contexts, could promote the harmonization of assessment practices on an international 
scale. Universities and educational systems in other countries could use the findings of this study as a 
reference (benchmarking) to compare and improve their own assessment practices. 

Moreover, this initiative could facilitate the exchange of experiences between Morocco and other 
countries, particularly within international networks dedicated to education. By identifying the key 
elements that ensure the validity of assessment tools, this study contributes to a better understanding of 
the challenges related to the accuracy of evaluations and the optimization of their design. It thus 
provides concrete avenues for enhancing the quality and reliability of assessment practices in higher 
education. 
 



62 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 10, No. 4: 50-65, 2026 
DOI: 10.55214/2576-8484.v10i4.12550 
© 2026 by the authors; licensee Learning Gate 

 

5.2. Research Prospects 
This study paves the way for comparisons of  assessment practices between Moroccan university 

teachers and their international counterparts who adopt similar teaching approaches. Analyzing the 
relevance of  test questions, as well as the difficulty and discrimination characteristics of  Algebra 2 
module questions, will be essential. Finally, future research should focus on constructing and managing 
a standardized assessment test model for this module within the SMIA field. 
 

6. Conclusion 
This research investigates the validity of learning outcome assessment tests for the Algebra 2 

module across three faculties of science. The primary objective was to analyze the alignment of these 
assessments with the intended learning outcomes of the teaching-learning activities, as synthesized in 
the module’s specification table. A psycho-didactic analysis was conducted on the assessment questions 
and anticipated responses to ascertain the validity and reliability, which are fundamental elements for 
ensuring the accuracy of the evaluation instruments. Based on this investigation, the following 
conclusions have been drawn: 

The analysis results indicate that the Algebra 2 module assessment tests, in the three science 
faculties studied, are not adequately aligned with the teaching-learning activities. The content and 
cognitive components of  the learning outcomes are neither valid nor representative. This underscores 
the imperative for explicit formulation of  learning outcomes to ensure the design of  high-quality 
assessment tests. The observed lack of  validity, both in terms of  content and cognitive demands, across 
all analyzed tests highlights biased assessment practices by instructors, thereby leading to the adoption 
of  inappropriate learning strategies among students. 

These observations can be attributed to the fact that instructors base their pedagogical practices on 
a content-focused approach, even though university curricula are designed following an objective- or 
competency-based framework. Consequently, they perceive teaching as merely the transmission of  a list 
of  topics [53]. From this perspective, assessment is reduced to selecting a sample of  content deemed 
representative of  the taught material, without due consideration for the representativeness of  the 
intended learning outcomes. In essence, instructors' assessment practices are rooted in a pedagogical 
approach centered on the transmission of  academic knowledge. 

A clear and precise definition of  the expected learning outcomes within the training program is 
crucial for the design, development, and management of  assessment tests. The determination of  these 
learning outcomes supports teaching-learning activities and ensures optimal pedagogical alignment 
between instructional practices and assessment methods. 
 
6.1. Research Limitations 

Our analysis was limited to the tests administered in January 2015, January 2016, and January 
2017 in three faculties of  science. We were unable to analyze the remaining tests as they were either 
unavailable or inaccessible. However, these tests could be examined similarly using a psycho-didactic 
approach, assessing the alignment between assessment tests and teaching-learning activities. To deepen 
the analysis of  the tests, it is essential to consider various internal didactic parameters and external 
formal elements that may influence their performance, such as linguistic characteristics, implicit and 
explicit response indicators, as well as intra- or extramathematical contexts, among others. 
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