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Abstract: This study provides a detailed characterization of inductive reasoning among Moroccan
secondary school students, which remains underexplored in national and international contexts.
Using an original analysis grid based on structural and processual reasoning steps, the research
offers insight into how students engage with inductive thought when solving mathematical prob-
lems, revealing cognitive tendencies and curricular influences.

A test composed of five carefully designed problems was administered to elicit inductive reasoning
through familiar concepts and representations. The results show that most students successfully
engaged with the initial phases of reasoning, particularly observation and model identification.
However, generalization was less frequently achieved. The study’s originality lies in its fine-
grained, step-by-step analysis of students’ reasoning, highlighting the potential of inductive think-
ing in a context where it is often overshadowed by a dominant focus on deduction.
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INTRODUCTION

In the Moroccan high school mathematics curriculum, several types of reasoning are introduced
as foundational principles: reasoning by equivalence, contrapositive, disjunction of cases, contra-
diction, and mathematical induction (Pedagogical Orientations of Mathematics, Secondary Qual-
ifying, 2014, p. 17). These reasoning modes are typically presented as formal tools for proof, of-
ten without sustained attention to how students develop them through problem-solving. Among
these, deductive reasoning remains dominant, shaping the structure of both teaching and assess-
ment (Nhiry et al., 2023).

Yet mathematical reasoning is not limited to deduction. Inductive reasoning plays a crucial role in
helping learners identify patterns, make conjectures, and construct generalizations from specific
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cases. Despite its centrality in mathematical discovery and early learning, inductive reasoning of-
ten remains underrepresented in instructional practice, limiting students’ capacity to explore and
justify mathematical ideas flexibly (Brousseau, 2000; Duval, 1995; Lithner, 2008).

This study addresses a significant gap in literature. While existing research has explored mathe-
matical reasoning broadly, very few studies have offered a detailed empirical analysis of how Mo-
roccan students engage in inductive reasoning, especially through the lens of their written problem-
solving processes. The originality of this study lies in its use of a custom-designed analysis grid—
based on structural and processual dimensions of reasoning—to characterize how inductive think-
ing unfolds across multiple stages of problem-solving.

Although this work focuses primarily on student productions, it is situated within a broader reflec-
tion on the influence of curriculum and teaching practices. The didactic environment—heavily
oriented toward formal proof—may shape how students approach or neglect inductive reasoning
when required. Understanding how students reason inductively therefore offers key insights into
cognitive processes and the curricular framework in which they operate.

This research contributes new empirical data to the field by analyzing the responses of first-year
baccalaureate students to five carefully selected mathematical problems. It aims to reveal both the
potential and the limits of inductive reasoning among secondary students and to open future path-
ways for research and teaching practices that value exploratory reasoning in mathematics.

THEORETICAL BACKGROUND
Inductive Reasoning: Historical, Epistemological, and Didactic Anchoring

David Hume (1748) challenged the validity of induction, suggesting it depends on habit rather than
logical certainty. Observing events repeatedly — like the sun rising daily — doesn't logically en-
sure they will happen again, as the uniformity of nature cannot be proven. The assumption that the
future will mirror the past is rooted purely in psychological habit.

Polya (1957) characterizes induction as “a way of reasoning that leads to combination.” Induction
deals with the transition from the particular to the general, leading us to the knowledge of general
truth (Arnaud & Nicole, 1965).

Osherson et al. (1990) and Sloman (1993) recognize the influence of perceptual similarity in their
main theories of induction in adults, specifically in terms of overlapping structural characteristics
between an inductive base and a target, which plays a major role in determining the strength of
inductive inferences.

In mathematics education, inductive reasoning is defined as an ampliative inference leading to the
construction of new knowledge from the observation of cases, generalized to a broader set (Pe-
demonte, 2002). Often applied locally, especially in experimental contexts, induction alone cannot
account for all processes at play. A process-oriented perspective—considering actions such as
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generalizing, conjecturing, and classifying—helps identify two problem-solving approaches that
are neither purely deductive nor purely inductive: the experimental approach and the successive
test-adjustment approach. The experimental approach articulates phases of experimentation—con-
ducting tests, observing results, drawing conclusions—together with the formulation and at-
tempted proof of conjectures (Gardes, 2013).

Inductive reasoning follows the pattern-data-result-rule (Pedemonte, 2002; Cabassut, 2005; Jean-
notte, 2015). The process begins with observing data, recognizing patterns, and drawing conclu-
sions or creating a rule. Duquesne (2003) states, "Inductive inference is exercised on observed
regularities from which more general conclusions can be drawn." Therefore, it involves deriving
a rule from data and making assertions about that data. It moves from the specific to the general.
According to Jeannotte (2015), generalization, conjunction, and the identification of regularities
are essential for the induction process. It is also helpful to consider the dynamic aspect of reasoning
in teaching and learning mathematical reasoning (MR). Jeannotte (2015) proposes a distinction
between two dimensions to better understand the components of inductive reasoning in mathemat-
ics education.

o Structural aspect: This refers to the overall organization of the reasoning process, how a
student moves from data to rule, and how different stages are ordered and connected.
e Processual aspect: This refers to the cognitive processes involved in constructing that rea-
soning, which Jeannotte categorizes as:
o Processes of exploration, such as identifying regularities, comparing, classifying,
conjecturing, and generalizing.
o Processes of validation, where learners seek to confirm or justify the reasoning
behind their conjectures.

In terms of problem-solving using inductive reasoning:

The study by Canadas (2007) proposes a more precise categorization of inductive reasoning based
on the steps outlined by Polya (1967) and Reid (2002), specifically: 1) observation of cases; 2)
organization of cases; 3) search for and prediction of models; 4) formulation of conjectures; 5)
validation of conjectures; 6) generalization of conjectures; and 7) justification of general conjec-
tures. This framework was used to study the inductive reasoning of twelve Spanish secondary
school students.

Cafiadas et al. (2009) used a model for the characterization of inductive reasoning composed of
seven steps: 1) working on particular cases; 2) organizing particular cases; 3) searching for and
predicting models; 4) formulating conjectures; 5) justifying (validating the conjecture based on
particular cases); 6) generalizing; and 7) justifying the generalization (formal proof) (Cafiadas &
Castro, 2007). This model was employed to analyze the responses of Spanish students in grades 9
and 10 when working on linear and quadratic sequence problems.

Papageorgiou (2009) proposes and evaluates a training program that integrates problem-solving
through inductive reasoning with the development of mathematical concepts among sixth-grade
students in elementary schools in an urban area of Cyprus.
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Sosa Moguel et al. (2019) proposed three processes to characterize secondary mathematics teach-
ers' inductive reasoning when working with a quadratic model to obtain a general rule: 1) observ-
ing regularities; 2) establishing a model; and 3) formulating a generalization. The results showed
that some teachers encountered difficulties in transitioning from observing regularities to formu-
lating a generalization.

Inductive Reasoning: Characterization and Detection of Similarities and Differences With
Deductive Reasoning

Inductive reasoning is a fundamental cognitive process in which we observe data (judged to be
true) to deduce a conclusion that allows us to create generalizations.

This type of reasoning is often characterized as allowing one to move from the particular to the
general (Polya, 1965). An inductive reasoning step can be characterized as data-rule-affirmation,
as shown in the diagram (Figure 1). However, according to Jeannotte (2015), this characterization
is insufficient to describe RM; the processual aspects—generalization, conjunction, and identifi-
cation of a regularity—are also necessary for the induction process.

A disadvantage of inductive reasoning is that inferences are made from specific situations, which
may not have any meaning in the real world.

Data

Rule

v .
Affirmation

Figure 1: Model of an inductive reasoning step (Favier, Stéphane & Chanudet, Maud 2021, p.90)

On the other hand, deductive reasoning works in the opposite direction from inductive reasoning.
It is a process that allows obtaining a statement from data and a rule. It involves the use of general
hypotheses and logical premises to arrive at a logical conclusion.

Therefore, both reasoning types are considered alternatives; inductive reasoning produces gener-
alizations, while deductive reasoning produces particularizations. Additionally, there is a differ-
ence in the production of proof, as the two reasons are at different and non-linear times.

In a proof approach, the deductive and inductive points of view are located at dif-
ferent and non-linear times. The inductive point of view is present in the develop-
ment of a conjecture or the study of hypotheses when the conclusion is to be con-
structed. The deductive point of view is predominant in the writing of the proof.
(Denise GRENIER, 2012, p.107)
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On the other hand, there are also similarities. For example, the degree of certainty that allows
deduction and induction to be placed on a common degree of argument strength (Aidan Feeney,
Evan Heit, 2007).

Inductive Reasoning: Detection of the Place it Occupies in the Moroccan Program
Reasoning is the foundation of mathematics, as Ross wrote in 1998:

1t is essential to emphasize that the foundation of mathematics is reasoning. While science
verifies through observation, mathematics verifies through logical reasoning. Thus, the es-
sence of mathematics lies in proofs, and the distinction among illustrations, conjectures,
and proofs should be emphasized (Ross, 1998, p.254)

In Moroccan secondary school programs (Men, 2007), mathematical reasoning is central, appear-
ing explicitly and implicitly in activities, problem-solving exercises, and problems. Explicit in-
struction on reasoning mainly occurs in the “Logic” course, specifically within the Mathematical
Reasoning section, which covers direct reasoning (deductive), disjunction of cases, proof by ab-
surdity, contrapositive, counterexample, and induction. This study follows the reference model of
mathematical reasoning proposed by Jeannotte (2015), used in Nhiry et al. (2023), which examines
the structural aspects of reasoning. Their findings highlight the dominance of the deductive step,
with the inductive step also strongly represented in the curriculum—hence its inclusion here, es-
pecially in problem-solving contexts. Although inductive reasoning is rarely named in textbooks
and appears only briefly in official teacher guidelines (Nhiry et al., 2023), it is more often encoun-
tered in preparatory activities than in exercises and problems designed to build understanding of
mathematical concepts (see Appendix 2).

Structural Aspect in Inductive Reasoning

The structural aspect of inductive reasoning involves observing particular data, identifying regu-
larities (also referred to as assertions), and ultimately inferring a rule that allows the passage of
data to assertions (Jeannotte, 2015). In addition to its structural aspect, the grid presented (Nhiry
and al. 2023) also described its procedural aspects: identifying regularities, conjecturing, and gen-
eralizing.

To describe inductive reasoning, four stages were considered, Pélya (1967):
e Observation of cases.
e Formulation of a conjecture based on previous particular cases.
e Generalization.
e Verification of the conjecture with new special cases.

For uncertain cases, Reid (2002) proposed a conjecture formulation with five detailed steps:
e Work on specific cases.
¢ Analysis model.
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e Information analysis.
e Analysis of information on specific cases (with doubts).
e (Generalization, use of generalization to prove.

We utilized his writings in our study to develop an analysis grid (Table 1) that characterizes the
inductive reasoning of secondary school students when they solve problems that can be solved
using this type of reasoning.

C1: C2: C3: C4: Cs:
Analysis Case Identification Identification of Formulation of Generalization
criterion observation of a model regularities a
©) conjecture
. Infer a recursive re- Infer a state- Infer a property of a
Examine several . . .
. lationship between ment about a set of mathematical
Steps to follow specific exam- Observe subse- . . .
. . . . mathematical ob- regularity that objects, or of the re-
in the generali- ples to identify =~ quent cases and . . . X . o
. . jects by analyzing  has potential for  lationships within it,
zation process patterns or regu-  infer a pattern. LAY .
I their similarities and mathematical from a more re-
larities. . . .
differences. theorization stricted subset.

Table 1: Inductive Reasoning Analysis Grid.

METHODOLOGY

Participants

The participants were 130 Moroccan students from the first year of the baccalaureate: 1 bac (2™
year of high school) distributed as follows:

e 80 students in the first year of the experimental sciences baccalaureate (abbreviated as
Isc.exp) are divided into three classes, ages 16 to 17.

e 50 students in the first year of the baccalaureate in mathematical sciences (1SM), divided
into two classes (ages 16-17).

The choice of school level was based on the idea that students at this level, with these two branches,
often engage in mathematical reasoning during the "notion of logic" lesson, where they explore
different types of mathematical reasoning.

Data Collection Tools

We developed a test consisting of five problems to document and characterize students’ inductive
reasoning. The test was designed not only to collect answers but also to elicit different stages of
inductive reasoning, ranging from observation and model identification to conjecture and general-
ization. It thus served as both a research instrument and a didactic tool, enabling us to capture the
ways in which students mobilize inductive reasoning when confronted with mathematical tasks.
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The full version of the test is provided in Appendix 2, while Appendix 3 summarizes the objec-
tives, task types, and detailed reasoning steps associated with each problem. For clarity, Table 2
presents a summary of the five problems, indicating their registers and main objectives.

problem Register Objective of the problem
Digital + Alge- Use inductive reasoning to identify the sequence and induce its
Probl braic explicit formula.
Digital + Alge- | Use inductive reasoning to determine the units digit of powers
Prob2 braic (e.g., 13™) and generalize the pattern.
Digital Use inductive reasoning to observe the data of n?2-n+11 and pre-
Prob3 dict its behavior for all natural numbers.
Probd Digital + Alge- | Use inductive reasoning to examine the behavior of functions x™
braic as x reverses - and generalize the rule for their limits.
Geometric + | Use inductive reasoning to determine the number of sticks in a
Prob5 Algebraic growing pattern and conjecture a general rule.

Table 2: Summary of Test Problems and Their Main Objectives

The Test Process

We administered a test of five problems to students individually in class at the end of the school
year in May 2024, aiming to gather more results for analysis, given the particularity of the chosen
school level (first year of the baccalaureate). The student has taken a reasonable basis of the ac-
quired knowledge and new concepts at the level of the common core science and in the first year
of the baccalaureate he is ready to analyze, think and use his knowledge and especially reason and
also by the reason that in this level the student becomes more familiar with mathematical reasoning
and logical thinking through the lessons of the notion of logic which is located at the beginning of
the program. The estimated time to answer the test was 90 minutes. To collect more criteria on the
students' inductive reasoning, we asked the students to write what they thought and answer in
detail, explaining that it was a matter of providing reasoning rather than an immediate result of the
questions. We also asked them to draft their answers on a copy.

Analysis Instrument

The analysis of student reasoning was guided by three main dimensions: (1) the structure of in-
ductive steps, following Jeannotte’s (2015) model of data, assertion, and rule; (2) the registers of
semiotic representation mobilized (Duval, 1995); and (3) the curricular location of each task in the
Moroccan secondary mathematics program. A complementary a priori analysis, presented in
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Appendix 4, illustrates how the analytical grid was applied and ensures transparency in the coding
process.

Method of Analysis

We used a study based on the grid to analyze students' inductive reasoning. It aims to characterize
the inductive reasoning developed by the student (the structural step of the reasoning) and to doc-
ument the different stages of inductive reasoning (criteria of the grid) which also describes the
processual step of the reasoning and this through a descriptive analysis: numbers, percentages and
averages for each problem of the test.

+» Example of the analysis of the reasoning given by a student according to the grid:
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Figure 2: Example of inductive reasoning given by a student on problem

Analvysis C1: C2: C3: C4: Formulation CS: Generalization
anaty Case Identification of  Identification of of a conjecture
criterion (C) . o
observation a model regularities
Approach to the F F NF F NF

reasoning process
Table 3: Criteria for analyzing students’ reasoning; F: done; NF: not done; FE: done with error

This student employed inductive reasoning effectively to answer the question posed in Problem 1
of the test. We then analyzed the steps of this reasoning according to the grid, as shown in Table
4. The results indicated that the student followed inductive reasoning and completed most of the
steps mentioned in the grid; however, he did not provide a generalization at the end. Inductive
reasoning was considered successful if the student observed and formulated a conjecture, provided
a generalization, or completed most of the steps and formulated a conjecture without generalizing.
Conversely, inductive reasoning was considered unsuccessful if the student limited himself to sim-
ple observation or produced only a very brief conjecture. In this illustrative case, the student can
therefore be qualified as having successfully employed inductive reasoning.

After presenting this example of student reasoning, it was important to clarify how the analytical
grid was applied more broadly. For this reason, an a-priori analysis of the test tasks is provided in
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Appendix 4. This analysis presents one possible solution method for each problem and shows in
advance how the grid was used to code reasoning steps. By including this complementary analysis,
the coding procedure is made explicit and methodological transparency is ensured.

While both the student example and the a-priori analysis illustrate the application of the grid at the
level of individual cases, the methodological framework extended well beyond these illustrations.
The approach was not limited to a descriptive presentation of the sample, tasks, and procedures;
rather, it was deliberately designed to investigate whether and how students were able to mobilize
inductive reasoning. The test composed of five carefully selected problems, the explicit instruc-
tions emphasizing justification, and the analytical grid for coding reasoning steps, all constituted
methodological interventions that directly shaped the outcomes. This integrated design allowed us
to go beyond simple description and to characterize the presence and quality of inductive reasoning
across the entire student sample.

RESULTS

Frequencies of the students' inductive structural step according to each problem.

Table 4 below shows the frequency with which students identified inductive reasoning in solving
the 5 problems proposed in the test.

The first phase of our analysis involved reviewing the students' copies. We found students who
did not answer all the problems and students who, despite answering the problems, provided a
direct answer to certain questions, that is, an absence of a reasoning approach.

In Table 4, "used" refers to the number of students who employed the inductive step (observation,
statement, or rule), while "not used" or "did not answer" refers to the number of students who
either did not reason or did not answer the problem directly (resulting in an absence of response).

Frequency of inductive step presence
Used Not used or not answered the
problem
Probl 50 (38.46%) 80 (61.53%)
Prob2 28 (21.53%) 102 (78.46%)
Prob3 102 (78.46%) 27 (19.23%)
Prob4 111 (85.38%) 19 (14.61%)
Prob5 100 (76.92%) 30 (23.07%)
Total 391 (60.15%) 259(39.84%)

Table 4: Frequency of use of inductive step

For the five proposed problems and the 130 student scripts collected, a total of 650 effective reso-
lutions were expected for analysis. However, 259 resolutions (39.84%) were excluded. Nearly half
were removed because no solution appeared in the student’s script (blank space or an explicit
statement of inability to solve the problem), because only a brief answer was provided, or because
the responses combined correct and incorrect elements without demonstrating any evidence of
inductive reasoning.
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Regarding the rate of inductive reasoning use, the academic track had a significant impact on the
percentage observed. Table 5 presents a visualization of the difference between the two tracks in
the first year of the Baccalaureate.

Frequency of the presence of inductive step according to the
branches
Used Not used or not answered the
problem
1SM 1EXP 1SM 1EXP

Total reasoning accord- 230 161 20 (07.72%) 239 (92.27%)
ing to the total copies (58.82%) (41.11%)
analyzed
Total reasoning accord- | 230 (92%) 113 20 (05.11%) 239 (59.75%)
ing to copies of the (28.25%)
same branch

Table 5: Frequency of use of the inductive step by branch at the 1st-grade school level.

Among the two branches studied, students in the 1SM branch showed a significant use of inductive
reasoning (92%). This can be explained by the fact that students in the SM stream, being special-
ized in mathematics, develop more in-depth skills in this area. They also demonstrate a more at-
tentive and methodical attitude, which can be interpreted as a better mobilization of methodologi-
cal and cognitive skills, allowing them to approach tasks more efficiently than their counterparts
in the 1EXP branch.

Subsequently, the analysis focused exclusively on the 391 responses (60.15%) that exhibited ev-
idence of inductive reasoning, in accordance with the previously developed analysis grid.

Frequency of Steps Taken by Students for Each Problem

To determine the frequencies of the steps performed by students on the test problems, we identified
the steps taken by each student in the 391 reasonings related to each test problem by filling in the
previously presented grid. We present these frequencies in Table 6 and Figure 3:

CI C2 C3 C4 C5
Probl 50 (100%) 31 (62%) 13 (26%) 20 (04%) 7 (14%)
Prob2 | 25(89.28%) | 19(67.85%) | 6(21.42%) | 10(35.71%) | 2(07.14%)
Prob3 | 102(100%) | 93 (91.17%) | 55(53.92%) | 100 (98.03%) | 95 (93.13%)
Probd | 111(100%) | 106 (95.49%) | 68 (61.26%) | 63 (56.75%) | 62 (55.85%)
Prob5 | 100 (100%) 90 (90%) 64 (64%) 34 (34%) 26 (26%)
TOTAL | 388 (99.23%) | 339 (86.70%) | 206 (52.68%) | 227 (58.05%) | 192 (49.10%)
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Table 6: Frequency of inductive reasoning steps

For criterion CI: Observation of cases, the results show that students who used the inductive step
in their resolutions succeeded well in this initial step, with a success rate of 99.23%. This shows
their ability to make remarks and observations.

For criterion C2: Identification of a model, students were able to identify a model in 86.70% of
the reasonings, with high percentages in problems 3, 4, and 5 and moderately high percentages in
problems 1 and 2. In all the resolutions where the model identification step appears, there is already
a case observation step, which allowed us to conclude that accurate data observation leads to the
detection of the model.

For criterion C3: Identification of regularities, half of the solutions contain the identification of
regularities, with most of these instances appearing in problems 3, 4, and 5, compared to lower
percentages in problems 1 and 2. This is due, according to a brief interview conducted with stu-
dents after the test, to the fact that problem 3 contains more cases, and problems 4 and 5 include,
respectively, a table and a figure, which made the regularity more noticeable. So here, the identi-
fication is linked to the structure of the problem.

For criterion C4: Formulation of a Conjecture, the reasoning in which the formulation of conjec-
tures was 58.05%, with slight moderation in problems 1, 2, and 5. According to the students' com-
ments, these problems were slightly more challenging for them to identify compared to problems
3 and 4. Most students were able to find it, especially in the resolution of problem 3, with a large
percentage achieving a score of 98.03%.

For criterion C5: Generalization, we observed a low weighting, particularly in problems 1, 2, and
5, during the final step of inductive reasoning. However, in general, fewer than half of the reasons
contain generalization, even in resolutions where students have already made a conjecture. So it is
clear that the students have a confusion between making a conjecture and giving the generalization
that is the expected rule. On the other hand, there are instances where students have reached gen-
eralization without going through the other steps, solely from observation (30.09%).

Frequency of Steps

=—t—Prob1 ——@=—Prob2 e——g=—Prob3 -—fl=—Prob4 =——=—Prob5

120%
100%
80%
60%
40%
20%

0% — *
C1 Cc2 C3 c4 C5
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Figure 3: Frequency of inductive reasoning steps per problem.

The frequency analysis of the steps across the five problems reveals a consistent trend, with similar
increases and decreases from one problem to another. The most frequently employed steps (Figure
4) are: (C1) observation of given cases, (C2) model identification, and (C3) conjecture formula-
tion.

C5;49.10%
n C1
m C2
58.05% = C3
m = C4
= C5

C3;52.68%

Figure 4. Frequency of inductive reasoning steps in the five problems.

The results previously obtained concern the students' copies where traces of inductive reasoning
were identified. However, our study was conducted on a sample of 650 resolutions. To better vis-
ualize the results, Figure 5 presents the frequencies of the steps used by all students.

e C1 (59%): This category is the most dominant, accounting for more than half of the oc-
currences. This could indicate that step C1 is essential or very frequently used by students
in their reasoning or resolutions.

e (2 (52.15%): This step is also very frequent, although less than C1. It can play a comple-
mentary or secondary role in resolutions.

e (C3(31.69%): This step is used by approximately a third of students, which could indicate
that it is relevant but less central than the previous steps.

o (4 (34.92%): Its frequency is similar to that of C3, suggesting it is also used occasionally
or in specific cases.

o (5 (29.53%): This category is the least frequent, accounting for approximately a quarter
of the occurrences. It could correspond to a more specific or advanced stage, used in par-
ticular situations.

These data show an uneven distribution in steps or categories, with a marked preponderance of
steps C1 and C2. This suggests that students focus more on key steps in their solutions, while
others, such as C4 and C5, are less systematically used.
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Figure 5: Frequency of steps in inductive reasoning.

These percentages reveal a clear hierarchy in the accessibility of the different stages of inductive
reasoning. Nearly all students were able to observe cases and most could identify a model, but the
proportion decreased significantly when moving to more advanced steps such as identifying regu-
larities, formulating conjectures, and especially generalizing. This distribution suggests that while
students are generally capable of initiating inductive reasoning, they struggle to bring it to com-
pletion. In particular, the transition from conjecture to generalization appears to represent a critical
difficulty. These findings indicate that inductive reasoning is often only partially mobilized, with
students demonstrating strengths in the initial phases but encountering obstacles in the later, more
abstract stages.

Examples of Illustrations of Students' Reasoning
We present some of the students' productions that relate to inductive reasoning, as illustrated by
the given problems (10 examples). We illustrate successful and unsuccessful inductive reasoning:

Inductive Reasoning Succeeds

4+ Student production 1 of branch 1SM on problem 02 succeeds without doing all the steps
presented in the grid:

The student here has respected the structural step of inductive reasoning: data - statement - rule.
For the steps of reasoning, we find that the student has done the step of observing the data well
(we have ... The units digit is ...), then the identification of the model has been produced well (the
unit’s digits are repeated in cycles of 4), then the student has reformulated the conjecture. To find
the units digit, we must divide by 4 and observe the remainder. Since the remainder of 25 divided
by 4 is 1, the units digit is 3. Towards the end, the student provided a generalization of the power
formula to have a unit digit equal to 1 (4K + 1 /v K € N). In this production, we find that the student
has not completed the step of identifying regularities; despite this, his reasoning is considered
successful.
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Figure 6: Student 1 SM's successful production on test problem 2.

+ Student production 2 of branch 1SM on problem 03, respecting all the steps and consider-
ing the epistemological value of the reasoning:

In problem 3, the student applied inductive reasoning in full accordance with the analysis grid—
progressing through observation, model identification, and recognition of regularities—to formu-
late the generalization “product of prime numbers.” Demonstrating an understanding of the epis-
temological limitation of induction, he acknowledged that conclusions drawn from limited data
are only probable and accordingly refined his generalization while supplying a counterexample.
This production is therefore considered successful in inductive reasoning and of high quality in
terms of mathematical logic.
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Figure 7: Student 2 SM's successful solution to test problem 3.

4+ Student production 3 (1IEXP branch, problem 3):

In this production, the student employed inductive reasoning by observing several cases of 7, con-
jecturing that the expression n n?-n+11 yields prime numbers, and generalizing that it is always
prime for any n. Although the steps of model identification and recognition of regularities were
not explicitly stated, the reasoning is deemed successful. Unlike student 2’s production for the
same problem, this one does not address the epistemological value of induction; the generalization

is thus considered valid for the observed cases, but the reasoning as a whole remains merely plau-
sible.

R 41729 . S 27 I s
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Because for@JLme__vq\_éﬂ Zm g; —:——J‘_ . =
Figure 8: Student's successful production of EXP 3 on problem 3 of the test.

4 Student production 4 of branch 1EXP on problem 04:

In identifying the usual limit, the student successfully applied inductive reasoning to generalize
the rule. By calculating the values for each function, we observe and identify the model that
emerges. In addition to the regularities between the two functions, the formulation of the conjec-
tures related to each function was established as a result of the generalization (the expected rule).
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Figure 9: Student's successful production of EXP 4 on problem 4 of the test.

+ Student production 5 of branch 1SM on problem 05: successful inductive reasoning on a
geometric problem.

The student illustrated the observation phase on the drawn patterns, then identified the pattern and
regularities of adding 2 sticks each time. Then, he conjectured the number of sticks needed to
create the 10th pattern and the nth pattern as part of a generalization process.
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Figure 10: Student 5 SM's successful solution to problem 5 of the test.
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Inductive reasoning failed:

+ Student production 6 of branch 1EXP on problem 02:

The student used inductive reasoning to answer question 1 of the problem. He completed all the
steps, observing and analyzing the powers of 13. Then, he identified the patterns and regularities,
revealing a conjecture about the units digit of 13 raised to the power of 25. Since division by 4
gives a remainder of 1, it follows that the units digit of 13 raised to the power of 1 is also 1.
However, the student was unable to generalize or devise a sufficient rule for determining the ex-
ponent that ends in 3. This reasoning is considered unsuccessful.
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Figure 11: Unsuccessful production of student 6's IEXP on problem 2 of the test.
4 Student production 7 of branch 1EXP on problem 05:

In this reasoning, the student was satisfied with two steps: drawing the patterns without detailing
the observations and the conjecture itself, without specifying which model was followed or even
the regularities detected that led to this conjecture. He lacks generality, and he did not give any
information on the unknown for the conjectured expression. It is for these reasons that his reason-
ing is unsuccessful.
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Figure 12: Unsuccessful production of student 7's EXP on problem 5 of the test.

4 Student production 8 of branch 1EXP on problem 01:

In this case, the student’s use of inductive reasoning was deemed unsuccessful. While the reason-
ing began appropriately—with accurate observations, correct completion of the numerical se-
quence through model detection, and identification of a regularity explained in the “analysis” sec-

tion—it failed at the stages of conjecture and generalization (FE: formulated with error).
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Figure 13: Failed production of student 8 EXP on test problem 1.
#+ Student production 9 from branch 1SM on problem 03:

Conversely, although this student’s inductive reasoning followed all steps of the analysis grid, it
was deemed unsuccessful. After performing calculations and observations, the student formulated
a conjecture and proposed a concluding rule; however, the conjecture was incorrect. The problem
was treated as a recurrence sequence, but the student failed to generalize correctly (FE), particu-
larly concerning the primality of the values of n?-n+11.
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Figure 14: Unsuccessful production of student 9 SM on problem 3 of the test.

#+ Student production 10 of branch 1EXP on problem 02:
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Unsuccessful production: The student completed the observation step by circling the identified
unit digits but failed to carry out model identification and recognition of regularities. Conse-
quently, the generalization was flawed. Although the structural step of inductive reasoning was
followed, the omission of the initial phases hindered the understanding and formulation of con-
jectures.
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Figure 15: Student failed to produce 10 EXP on problem 2 of the test.
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DISCUSSION

This study aimed to characterize the inductive reasoning of secondary school students, specifically
those enrolled in the first year of the baccalaureate program. Drawing on the framework developed
by Nhiry et al. (2023), which distinguishes between structural and processual dimensions of in-
ductive reasoning, we applied a tailored analytical grid to examine students’ responses to five
mathematical problems. The test was administered to 130 students, and the results revealed both
strengths and limitations in how inductive reasoning was mobilized in this context.

The analysis showed a clear hierarchy in the accessibility of inductive steps. Almost all students
(99.23%) were able to make relevant observations, and the majority (86.70%) identified a model,
demonstrating their capacity to recognize structure in specific cases. However, fewer students
moved forward to more complex stages: 52.68% identified regularities, 58.05% formulated con-
jectures, and only 49.10% reached generalization. These results suggest that while students are
generally comfortable initiating inductive reasoning, they encounter significant challenges in com-
pleting the reasoning cycle. The tendency to stop at conjecture without moving to generalization
reflects both cognitive difficulties and didactic influences. In contexts where deduction dominates,
inductive exploration often lacks explicit scaffolding, leaving students with limited opportunities
to consolidate the later stages of inductive reasoning.
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The partial nature of inductive reasoning observed here is consistent with international findings.
Jeannotte (2015) highlighted that the transition from conjecture to generalization remains a persis-
tent obstacle in secondary mathematics, with many students formulating conjectures that are never
generalized. Similarly, Canadas and Castro (2007) reported that students often succeed in produc-
ing conjectures but fail to extend them to broader generalizations. Our results thus corroborate
these findings and extend them to the Moroccan context, showing that the challenge of completing
the inductive process is not context-specific but resonates with international evidence. This align-
ment reinforces the idea that inductive reasoning, while fundamental to mathematical thinking,
requires explicit support in order to develop fully.

Importantly, these results were not the product of descriptive observation alone but emerged from
a methodological design intentionally structured to elicit inductive reasoning. The five problems
were chosen to stimulate students’ capacity to identify patterns and generalize. Instructions em-
phasized explanation and justification, encouraging students to articulate their reasoning rather
than merely provide answers. The analytical grid offered a systematic framework for coding rea-
soning steps, ensuring consistency in interpretation. Together, these interventions constituted
methodological choices that directly shaped the findings, allowing us to characterize inductive
reasoning across the entire student sample. Thus, the study contributes not only empirical results
but also a replicable methodological approach for analyzing reasoning.

From a pedagogical standpoint, the findings highlight the need to rebalance classroom practices.
In the current Moroccan curriculum, as in many international contexts, deduction is strongly em-
phasized, often at the expense of inductive reasoning. To make more room for inductive reasoning,
teachers could implement several strategies. For instance, beginning new topics with open-ended
exploratory tasks rather than formal definitions would invite students to observe and conjecture
before rules are introduced. Encouraging students to make and test conjectures before formal
proofs can help them see the value of induction as a pathway to deduction. Classroom discussions
structured around observed patterns, counterexamples, and student reasoning would promote col-
laborative exploration and critical reflection. In addition, scaffolding prompts—such as asking
“How might this pattern continue?” or “Can you propose a rule that fits all these cases?”—can
explicitly guide students toward generalization.

These pedagogical implications are directly connected to the empirical findings. The fact that
nearly all students succeeded in observation (99.23%) and most in model identification (86.70%)
suggests that exploratory tasks can serve as effective entry points for inductive reasoning. At the
same time, the difficulty observed in moving from conjecture (58.05%) to generalization (49.10%)
highlights the need for scaffolding prompts and structured guidance to help students complete the
reasoning cycle. By explicitly aligning teaching strategies with these observed strengths and weak-
nesses, instruction can better support the development of inductive reasoning.

Beyond the immediate findings, this study makes a theoretical and methodological contribution to
the literature on mathematical reasoning. It demonstrates how an analytical grid, based on struc-
tural and processual dimensions, can be used to systematically identify and evaluate inductive
reasoning in student work. This tool has the potential to be applied or adapted in other instructional
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contexts, enabling cross-national comparisons and fostering dialogue on how inductive reasoning
is fostered in different educational systems. By connecting the Moroccan case to broader interna-
tional research, this study contributes to a deeper understanding of the challenges and possibilities
of inductive reasoning in mathematics education worldwide.

Overall, the study shows that inductive reasoning among secondary students is frequently partial:
students readily engage in early stages such as observation and model identification but struggle
to reach full generalization. This finding is consistent with international research and highlights a
pressing didactic challenge. Addressing this challenge requires both methodological tools, such as
the one proposed in this study, and pedagogical practices that deliberately scaffold inductive rea-
soning. In this sense, the study bridges theoretical analysis, empirical data, and practical implica-
tions, offering a contribution that is both contextually grounded and internationally relevant.

CONCLUSION

This study provides a detailed characterization of how Moroccan secondary school students en-
gage in inductive reasoning when solving mathematical problems. Using a structured analysis grid
grounded in recent theoretical work (Nhiry et al., 2023), we evaluated student responses across
key reasoning stages: observation, model identification, regularity recognition, conjecture, and
generalization. The findings showed that while many students demonstrated strong observational
skills and could identify models, fewer advanced to formulating valid conjectures and generaliza-
tions.

One of this study’s main contributions lies in its methodological approach. The use of a fine-
grained, step-by-step analytical grid enabled a nuanced understanding of reasoning processes,
moving beyond binary notions of success or failure. Rather than merely evaluating correctness,
the study captured how students constructed generalizations from specific cases—an essential fea-
ture of inductive reasoning. This approach provides a replicable tool that can be adapted in other
contexts to assess reasoning more systematically.

The results further revealed that although nearly 60% of students demonstrated inductive reason-
ing, the remaining 40% did not, particularly among the 1SEXP group. This finding raises concerns
about the limited visibility of inductive reasoning in the Moroccan mathematics curriculum, which
heavily emphasizes formal deduction. Similar challenges have been reported internationally: Jean-
notte (2015) noted that the transition from conjecture to generalization remains a persistent obsta-
cle, while Canadas and Castro (2007) highlighted that students often formulate conjectures without
extending them to valid generalizations. Our study therefore corroborates these findings and situ-
ates them within the Moroccan context, contributing to the international dialogue on mathematical
reasoning.

While this research did not directly observe classroom teaching, the results point toward clear
pedagogical implications. Inductive reasoning could be better supported by integrating open-ended
exploratory tasks at the beginning of topics rather than starting with formal definitions,
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encouraging students to make and test conjectures before introducing proofs, structuring classroom
discussions around observed patterns and counterexamples, and providing scaffolding prompts
that explicitly support generalization. Such strategies could help students progress beyond obser-
vation to higher levels of inductive reasoning, complementing deductive approaches and fostering
a more balanced mathematical experience.

This research thus establishes a foundation for future studies on the role of teaching methods and
task design in advancing inductive reasoning. It emphasizes the importance of pedagogical strate-
gies that recognize induction as both a precursor to proof and a central aspect of mathematical
thinking. By bridging theoretical insights with instructional considerations, the study contributes
to academic discussions on reasoning and offers guidance for mathematics educators seeking to
strengthen students’ reasoning skills.

Nevertheless, the study has limitations. The sample size was restricted, which may limit generali-
zability to other student populations or educational settings. In addition, relying solely on written
assessments, without triangulation through classroom observations or student interviews, con-
strained the depth of analysis regarding the dynamics of reasoning. Future research could adopt
longitudinal approaches to monitor the development of inductive reasoning over time, investigate
how specific teacher interventions foster generalization, or analyze classroom conversations to
capture the evolving nature of reasoning during collaborative work.

CONFLICTS OF INTEREST STATEMENT

All authors declare that they have no conflicts of interest.

REFERENCES

[1] ARNAUD, A. et NICOLE, P. (1965). La logique ou I'art de penser, Flammerion,
collection champs.

[2] Brousseau, G. (2000). Les propriétés didactiques de la géométrie ¢lémentaire [Didactic
properties of elementary geometry]. Proceedings of the Seminary of Didactics of
Mathematics of the University of Crete, Rethymon http://hal.archives-
ouvertes.fr/hal00515110/fr/

[3] Cabassut, R. (2005). Savoir scientifique : épistémologie, histoire des sciences, didactique
des disciplines. (These de doctorat non publiée). Université Paris Diderot.

[4] Cafiadas, M. C. (2007). Descripcion y caracterizacion del razonamiento inductivo
utilizado por estudiantes de educacion secundaria al resolver tareas relacionadas con
sucesiones lineales y cuadraticas. [Description and characterization of inductive
reasoning used by secondary students in solving tasks related to linear and quadratic

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.

S0



[5]

[6]
[7]

[8]
[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

MATHEMATICS TEACHING RESEARCH JOURNAL 388
EARLY SPRING 2026

TEACHING
RESEARCH Vol 18 no 1

NYC MODEL

sequences.] Doctoral thesis. Granada : Universidad de Granada. (Available at
http://cumbia.ath.cx/mcc.htm )

Canadas, M. C., Castro, E., & Castro, E. (2009). Utilizacion d’un modelo para describir
el razonamiento inductivo de los estudiantes en la resolucion de problemas. Electronic
Journal of Research in Educational Psychology, 7(1), 261-278.

Cafiadas, M. C., & Castro, E. (2007). A proposal of categorisation for analysing inductive
reasoning. PNA, 1(2), 67-78. (Available at ww.pna.es)

Duquesne, F. (2003). Apprendre a raisonner en mathématiques a | 'école et au college (2e
ed.). Suresnes, France : Editions du Centre national d'études et de formation pour
I'enfance inadaptée.

Duval, R. (1995). Sémiosis et pensée humaine : registres s€émiotiques et apprentissages
intellectuels. Exploration, Berne, Suisse : P. Lang.

Favier, S., & Chanudet, M. (2021). Les démarches et modes de raisonnement en jeu dans
les problémes de" recherches & stratégies" en 10H. Revue de Mathématiques pour
I’école, 235, 88-98.

Feeney, A. E., & Heit, E. E. (2007). Inductive reasoning: Experimental, developmental,
and computational approaches. In Fifth International Conference on Thinking, Jul 2004,
University of Leuven, Belgium; Many of the chapter authors for this book talked at the
aforementioned symposium. Cambridge University Press.

Gardes, M.-L. (2013). Etude de processus de recherche de chercheurs, éléves et étudiants,
engagés dans la recherche d’un probléme non résolu en théorie des nombres [These de
doctorat en mathématiques générales]. Université Claude Bernard - Lyon L.

GRENIER, D. (2012). LA RECURRENCE : CONCEPT MATHEMATIQUE ET
PRINCIPE DE PREUVE.

Hume, D. (1748). An Inquiry concerning human understanding. Charles W. Hendel (ed.)
Indianapolis: Bobbs-Merrill Company, Inc.

Jeannotte, D. (2015). Mathematical reasoning: proposing a conceptual model for learning
and teaching in elementary and secondary schools [Doctoral dissertation, University of
Quebec at Montreal]. Archipel. https://archipel.ugam.ca/8129/

Kingdom of Morocco (2014). Program of the mathematical sections French option (1st
year of the baccalaureate). Ministry of National Education, Higher Education and
Scientific Research. Education and scientific research.

Lithner, J. (2000). Mathematical reasoning in task solving. Educational Studies in
Mathematics, 41(2), 165-190.

Lithner, J. (2008). A research framework for creative and imitative reasonmg.
Educational Studies in Mathematics, 67(3), 255-276.Meyer, M. (2010). Abduction - A
logical view for investigating and initiating processes of discovering mathematical
coherences. Educational Studies in Mathematics, 74(2), 185-205.

Osherson, D. N., Smith, E. E., Wilkie, O., Lopez, " A., & Shafir, E. (1990). Category-
based induction. Psychological Review, 97, 185-200.

Ministére de 'Education Nationale (Mengov) Programme des sections mathématiques du
baccalauréat marocain 2007.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]

[28]
[29]

MATHEMATICS TEACHING RESEARCH JOURNAL 389
EARLY SPRING 2026

TEACHING
RESEARCH Vol 18 no 1

NYC MODEL

Nhiry, M., Abouhanifa, S., & El Khouzai, E. M. (2023). The characterization of
mathematical reasoning through an analysis of high school curricula and textbooks in
Morocco. Cogent Education, 10(1), 2188797.

Papageorgiou, E. (2009). Towards a Teaching Approach for Improving Mathematics
Inductive Reasoning Problem Solving. In Tzekaki, M., Kaldrimidou, M. and Sakonidis,
H. (Eds.). Proceedings of the 33rd Conference of the International Group for the
Psychology of Mathematics Education (pp. 313—320). Thessaloniki, Greece: PME.
Pedemonte, B. (2002). Etude didactique et cognitive des rapports de 1 'argumentation et
de la démonstration dans I'apprentissage des mathématiques. (Theése de doctorat non
publiée). Université Joseph Fourier, Grenoble.

Polya, G. (1957). How to solve it. A new aspect of mathematical method. New York:
Doubleday and Company, Inc.

Polya, G. (1967). Le Découverte des Mathématiques. [The discovery of mathematics.]
Paris: DUNOD.

Reid, D. (2002). Conjectures and refutations in grade 5 mathematics. Journal for
Research in Mathematics Education, 33(1), 5-29.

Ross, K. A. (1998). Doing and Proving: The Place of Algorithms and Proofs in School
Mathematics. The American Mathematical Monthly, 105(3), 252-255.
https://doi.org/10.2307/2589080

Simon, M. A. (1996). Beyond inductive and deductive reasoning: The search for a sense
ofknowing. Educational Studies in Mathematics, 30(2), 197-210.

Sloman, S. A. (1993). Feature based induction. Cognitive Psychology, 2 5, 231-280.
Sosa Moguel, L. E., Aparicio Landa, E. D. J., & Cabanas Sanchez, M. G. (2019).
Characterization of Inductive Reasoning in Middle School Mathematics Teachers in a
Generalization Task.

APPENDIX

Appendix 01: Distribution of Task Types in the Moroccan Program and Manuals for the
First Year of the Baccalaureate: 1ISC.EXP and 1SM.

Isc.exp ISM
- Preparatory activities (introductory, -Preparatory activities (reminder activities;
reminder, and constructive activities). constructive activities).
- Exercises: Invest in my knowledge -Exercises: applications; reinforcement of
- Exercises: integrating my learning acquired knowledge; improvement.
- Application exercises -Problems.
- Exercises to reinforce acquired skills.
- Improvement exercises.
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Appendix 02: Task Testing
Codification Problems
Let the following sequence be:
Probl 0;3;8;15;24;35;48; 63....
Give the following 5 terms, then determine the nth term.
Let the powers of the number 13 be: 13,169,2197, 28561,
371293, 4826809...
1) Determine the units digit of 1325
2) Determine all the exponents of numbers ending in 3.
1) Give V n € N ,the values of the number:
Prob3 n?-n+11
2) By justifying, what can we conclude about:n?-n+11

Prob2

Let two numerical functions be defined by:
f(x)=x?Andg(x)=x3
1) Complete the following table:

x -10 -102 -103 -10° -1010 -10%0

f(x)
Prob4
g(x)

2) What can we conclude about the values of f(x)and
g(x)when x takes on increasingly larger absolute
values?

3) Guess the limits: lim x?and lim x3

X—-00 X—-00
4) What can we conclude about lim x™ ; VneN"
X—-00
Prob5s 1) Make or draw the following 3 patterns
2) How many sticks does it take to make the
10é™epattern?
3) How many sticks? if it is necessary to make the
némepattern?
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Appendix 03: Characteristics of Test Problems
Location
in the Objective of | Reason for
Inductive step structure Register 1EXP & ) .
the problem choice
1SM
program
- Use This
0 inductive problem is
reasoning to | widely used
3 12—-1=0 .g y
Probl determine for the
8 22-1=3 the introduction
15 S| 32-1=15 sequence of of
240 | Digital elemeflts in | numerical
sequences the given sequences
35 Digital q list and in its
(The 2 . . .
48 + induce its explicit
Aloebrai branches) licit f
63 Nth term is - gebraic explici orn.l..
form. -an activity
...... n2—-1vneN* that allows
the student
to use
inductive
reasoning.
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- Determine | -A task that
131 the units uses
=13 =Exponenisof digit of inductive
numbers ending .
132 in numbers reasoning to
=169 3:1:5:9:13;17; raised toa determine
133 > [R2152557 power, here the units
“The units digits digital the example digit of
13%=28 of 13%5is 3 sequences | of 13 and numbers
. (The 2 the with power.
135 =3 branches) | exponents -
Prob2 Digital . .
71293 i which end | Application
13 ; Arithmeti with a exercise on
6809 Exponents ending Algebraic o .
in 3 are: ¢ for ISM | precise digit | the notion
Vn € N, 131+4n using of
inductive divisibility
reasoning. | and explicit
sequence
and also of
congruence
for 1SM.
-Make good | -An activity
—r observation | in which
-n s of the data | the use of
+11 . . .
11,13,17, and arrive at | inductive
SRRt 23,31, Notion of | prediction | reasoning is
i et Trney . about the | necessary to
20|17 it logic nature of | determine
2 ilad el (both the the nature
4 |21 Digital branches) .
Prob3 5 expression | of the
n?-n+11 | numbers in
""" n?—n+11;Vne - for all an
N, is always first Arithmeti .
natural expression,
cfor ISM | . )
integers n. | and which
students
encounter

in the logic
concept
course.
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-See the -An
behavior of | introductor
x X2 | x3 .. ..
=17 i 4= o leltS' of | the tVYO type | y activity
—102 Ze numerical | functions on the usual
jg: Jim x3 = —oo functions | x™when x limits in-oo
—;g:z -The power of 2 (both reverses -c0. | which
evenand 3 odd. Digital branches) | -Generalize | allows
Prob4
+ the general | students to
Algebraic rule for use
g calculating | inductive
n .. .
the limit of | reasoning.
Jim_x™ : ' these
= functions
—00 Stnimpair °
-Determine This
Pt the number problem
stick triangle. Geometri of sticks to allows the
Pattern 2: c construct a use of
1st pattern: triangle Adding a triangle . .
(3 sticks) (5 sticks). + Digital pattern. inductive
2nd pattern: 2 Pattern 3: Algebraic sequences -Conjecture | reasoning in
triangles (5 sticks) Adding a triangle a general th ntext
Probs a (The 2 gene © conte
.......... sticks) i branches) rule to of
10th pattern: 2 ©3,5,79,11,13,1 calculate numerical
gt Gl this number. | sequences
The number of sticks for the nth pattern can using a
be expressed as: 2n+1 ; Vn € N geometric
figure.

Appendix 04: A Priori Analysis of One Method for Solving Test Tasks According to the Grid.

+ Problem 01

C1: C2: C3: C4: C5: Generalization
Problem 01 Case. Identifying a  Identification Formulation
observation model of ofa
regularities conjecture
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Let the following
sequence be:
0;3;8;15;24;35;48
; 63....

Give the following
5 terms then
determine the nth
term.

+« Problem 02

Problem 02

Let the powers of
the number 13 be:
13,169,2197,28561

1) Determine the
units digit of13%3
2) Determine all
the exponents of
the numbers that
end in 3.
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- The student -The student -The student  -The student -The student must
must observe  should observe must ensure must infer a general rule,
the first given  that these terms  that there is a formulate a returning to the first
terms. are related to regularity that conjecture term he must notice
-The student  perfect squares.  each term is for the nth that:
adds more 12=1 formed by a term of the 0%-1=-1
terms (5 terms 22=4 square minus sequence and which is not the
or more) 32-9 1, by isn2-1 first term of the
According to 42-16 observing sequet.lce (0), so the
the s2_9c other terms: rule is true for all
observation 5 62-1=35 terms starting with 1
that makes it. 6=36 72_1=48 hence the rule is:
-The student 82.1=63 Vn e N ;n?-1
must compare 2 4
this remark with 9°-1=80
the terms of the
sequence and
note that each
term is
expressed in the
form of a square
minus 1:
12-1=0
22.1=3
32.1=8
42.1=15
52-1=24
Cl1: C2: C3: C4: Cs:
Case observation Identificatio Identificatio Formulatio Generalizatio
n of a model n of nofa n
regularities  conjecture
-The student must observe  -The student -The student Formulates  -The student
the powers given and at must notice must a conjecture must
the same time observe the  that the unit  identify the about the generalize
units digit: digits of the repeating units digit that the units
131=13, the units digit is powers units-digit of 13™by digit of
3. follow a cycle in identifying 13235 3.
132=169, the units digit cycleof4  powersof 13 thecyclic - The student
is9. numbers: (3,9,7,1) pattern (3, must
133=2197, and uses the 9,7,1) generalize
remainder that the

< chiffre des unités es
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13*=28561, the units digit ~ 3.9,7,1 and

is 7. then it starts
13°=371293, the units again.
digit is 3.
136=4826809, the units
digit is 9.

when
dividing the
exponent by
4 to
determine
the units
digit.

using
modulo 4.

exponent
ending in 3 is:

Vn €N,

131+4n
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+ Problem 03
C3:
Ct: C2: Identification C4:
ificati
Problem 03 Case Identification of of Formulation of
observation a model . a conjecture
regularities
-The student -The student - The student -The student
must calculate must observe the ~ must see the  must guess that:
and observe the  results and other regularities 11, 13, 17, 23,
particular cases cases: that for 31, 41...these
of n=0- 11 n=0— 11 are prime
n?-n+11, in n=1- 11 n=1- 11 numbers
answering n=2— 13 nZ-n+11 , therefore
question 1 _ : n“-n+11produ
1)GiveVn € N o n=3-17 s L .
. For n= n=4d—s 23 vhichtista ct of prime
,the values of the 0%2-0+11=11 15— 31 prime number numbers seems
number: For n=1 and forn > to be true for
n?-n+11 2 _ n=6—> 41 N the observed
2) In justifyi 17-1+11=11 n=7— 53 2 the values
n justifyin -
2 _ . )
conclude 2 2F+1 1 _;3 -The student prime
about:n2-n+11 5 orn= must identify that numbers
3%-3+11=17 The expression
5 for= n?-n+11produce
4°-4+11=23 s prime numbers.
For n=5
52-5+11=31
+ Problem 04
Problem 04 C1: C2: C3: C4:
Case observation Identificatio Identificat Formulati
n of a model ion of on of a
regularitie conjecture

S
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Cs:
Generalization

-The student
must generalize
thatvn € N
in?-n+11, is
always first

C5: Generalization
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Let two numerical functions
be defined by:

f(x)=x*andg(x)=x3

1) Complete the following
table:

x | -10| -101 -10y -10

-10

f(x

g

2) What can we conclude
about the values of f(x)and
g(x)when x takes on
increasingly larger absolute
values?

3)Conjecture the limits:

lim x*And lim x3

X—-00 X—-00
4) What can we conclude
about

limx™:VneN"

X—-00

- Identifies that
for large
|x], the function

grows rapidly and

reaches large
values, and
recognizes that
g (x)exhibits
similar behavior
while preserving
its sign.

- Identifies
that both
functions are
powers of X;
f (x)remain
s positive
and
increases
rapidly,
whereas

g (x)retains
the sign of
xand grows
faster in
magnitude.

-The
student
must
identify
that the
more
Xxincreases
in absolute
value, the
more

f(x) and
g(x)reach
very large
values.
However,
f(x)it
always
remains
positive
while
g(x) the
sign of
follows x.
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- Observes
that as
|x|increase
s, both
f(x)and
g(x)grow
significantl
y;
however,
f(x)is
always
positive,
whereas

g (x)retain
s the sign
of x.

397

-The student must
generalize
that:-vn € N

lim x™ =

X—-00
+00 sinpair
-00 si nimpair
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+ Problem 05
C1: C2: C3: C4: Formulation Cs:
Case Identificatio Identificatio of a conjecture Generalizatio
Problem 05 .
observatio n of a model n of n
n regularities
- Observes
that the
triangles
are
equilateral —Th_e student must
and that -The student  -The student COjeilils thaf[:
each new must identify must observe Pattern BESTIS The student
A A triangle. should
pattern that for each  the Pattern 2: Adding a )
1) Make or draw the adds one additional regularity of  rianole (5 sticks). generalize that
following 3 patterns triangle pattern, 2 the number  pattern 3: Adding a th.e number of
2) How many sticks do you sharinga  sticks are of sticks: for  (rjangle (7 sticks). StI’CkS for the
need to make the 10th side with ~ added for the each n°M€ pattern
pattern? the reason that additional -The student must can be
3) How many sticks does it previous each triangle  pattern there guess the formula  expressed as:
take to make the same figure; shares a side  isan 2n +1 which n+l;Vn €
pattern? counts the  with the addition of 2 expresses the N
number of  previous sticks. numbers of sticks
sticks to triangle. for each pattern;
. . 3,5,7,9,11,13,15,1
identify the 7.21..
growing
sequence
3,5, ...,
21).
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