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Abstract—Despite the richness and economic importance of
geology in Morocco, secondary school students show limited
motivation to learn the subject. This study aims to analyze the
factors influencing the motivation of Moroccan secondary
school students to learn geology. A Geology Motivation
Questionnaire II was used to examine the influence of gender,
place of residence, class and geology marks on student
motivation. Multiple linear regression analyses were performed
on 2053 high school students. The results showed that gender
has a significant impact on student motivation, with girls more
motivated than boys to learn geology. Geology marks also had a
significant, but negative effect on motivation (the lower the
marks, the lower the motivation), particularly on students’
self-efficacy and self-determination. Home environment shows
relatively weak effects, while class differences have no
significant and consistent effects. However, a general trend
shows that motivation decreases with advancement in
schooling. The regression model explained 21.6% of the total
variance in the predictors of Moroccan geology students’
motivation. In addition, interviews with 26 students confirmed
and enriched these results by identifying other factors
influencing motivation, such as socio-familial environment,
previous experiences, quality of teaching practices and digital
literacy.

Keywords—geology, learning, Moroccan
motivation, secondary school

students,

I. INTRODUCTION

The study of student motivation has been one of the most
exciting areas of research in science education since the
1980s. Motivation is a key element in any learning
process [1], particularly in scientific learning, where it
requires a combination of cognitive abilities, specific skills
and sustained effort to acquire a thorough understanding of
scientific concepts. For Salih er al. [2], motivation is a
complex psychological concept that aims to explain behavior
and determine the level of effort expended when performing
various activities. What’s more, it has a considerable
influence on learning and performance [3]; more successful
students are often highly motivated to learn, and the same is
true vice versa [4]. In the same vein, Satrianti et al. [5] point
out that students’ performance in science is influenced by
their motivation during learning. Indeed, motivational factors
are among the most powerful predictors of students’ future
perseverance in science [6, 7]. Furthermore, motivation is
one of the main predictors of academic success, regardless of
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a student’s intelligence level [8]. Improving student
motivation also remains one of the main concerns of teachers
in the educational context [9]. This situation calls for the
creation of a favorable learning climate, capable of
stimulating and maintaining student motivation when
learning science. To achieve this, it is essential to implement
varied pedagogical strategies, aimed at making science more
attractive by anchoring it in students’ everyday lives and
linking it to their future academic and professional
aspirations. This includes improving teachers’ skills and
classroom practices, fostering science learning outside the
classroom by providing supportive environments [10], but
also promoting a sense of belonging to the classroom and
school [11].

However, motivation is a complex, multidimensional
concept [10, 12, 13], and scientific learning is an equally
complex process, influenced by the interaction of multiple
variables, both subjective (linked to the student) and
objective (beyond the student’s control). It is therefore
difficult for teachers to anticipate and control these factors
during the learning process. Motivational factors thus present
a contextual enigma that teachers need to decipher. In this
context, scientific research has shown that, even under
identical teaching conditions, students’ motivation to learn
science varies according to several factors, including
differences in grade level [14, 15], place of residence [16]
and gender [17]. These observations highlight the existence
of other factors affecting student motivation in science,
which deserve to be explored to make learning these
disciplines more attractive. This is the perspective of our
research.

Motivation to learn science, as conceived in Albert
Bandura’s social cognitive theory [18-20], can be defined by
extension as “the internal state that elicits, directs and
sustains science learning behavior” [21]. It is a multifactorial
construct that influences self-regulated learning and includes,
in particular, intrinsic motivation, self-determination,
self-efficacy and extrinsic motivation [21]. The latter refers
to learning science in order to achieve concrete goals, such as
a career or a good mark [22]. These motivational dimensions
have been widely measured in different countries and
scientific disciplines using a psychometric tool (SMQ-II)
developed by Glynn and collaborators in 2011 to assess
motivation in science.
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A. Problem Statement

Despite efforts at educational reform and recognition of
Morocco’s geological wealth, as well as its scientific and
economic importance [23], the teaching of geology has not
undergone any significant evolution and faces several
obstacles [24]. Furthermore, our professional and training
experiences, as well as those of our colleagues, reveal that
students perceive geology as a boring and little attractive
discipline. In fact, they display a notable lack of motivation
and interest in learning it. This lack of motivation can be
explained largely by the influence of certain demographic
variables, including gender, place of residence, and school
level, as well as students’ performance in geology [23]. These
variables therefore need to be examined using advanced
statistical analyses, such as correlation and multiple
regression tests, in order to better understand their influence
on students’ motivation to learn geology.

Moreover, several pedagogical factors may explain this
lack of interest in geology among Moroccan students. These
include the absence of empirical approaches, the
ineffectiveness of teaching methods used in the
classroom [25], and the complexity of geological
concepts [26-29]. This situation is also linked to a lack of
knowledge of the different fields of application of
geology [26], particularly among Moroccan teachers with
initial training in biology [29, 30]. What’s more, the school
guidance system in Morocco tends to marginalize
geology-related streams in favor of biology-oriented
ones [30], which could partly explain the remarkable
reluctance towards geology studies in Moroccan universities.
As an example, at the Faculty of Sciences in Fez, the number
of students enrolled in geology did not exceed 17 per year
between 2005 and 2011 [27].

Furthermore, an analysis of existing Moroccan literature
highlights the scarcity of didactic work on the teaching and
learning of geology, compared with other scientific
disciplines such as biology or physics. No specific studies
have been carried out in Morocco, or internationally, on
student motivation in geology. Similarly, no didactic work
has used the SMQ-II in Morocco to assess motivation in a
specific scientific field, nor worldwide to study motivation in
the field of geology.

Previous work also points out that motivation occupies an
important and privileged place in pedagogy compared to
science didactics [23]. Pedagogy sees motivation as a goal to
be achieved at the end of learning, while science didactics
focuses mainly on the construction and acquisition of
scientific knowledge, neglecting the motivational aspect.
This raises two fundamental questions: how can an
unmotivated student acquire basic scientific concepts and
knowledge? And in the case of a student’s lack of motivation
and interest in a given subject, can the specific learning
objectives be achieved?

In summary, this research is based on three main issues
that justify its relevance: the lack of interest and motivation
of Moroccan students in learning geology, the absence of
studies on student motivation for learning this subject
worldwide, and finally, the scarcity and dispersion of
Moroccan literature concerning the didactics of geology
compared to other scientific disciplines.

B. Research Aim and Research Questions

Aware of the crucial importance of understanding and
analyzing the complex dimensions of student motivation in
the learning process, and in order to contribute to enriching
the still scarce and scattered Moroccan literature in the field
of geology didactics, we set out to study the factors
influencing Moroccan students’ motivation to learn this
discipline in secondary school. The aim is to make geology
more attractive and optimize its learning. To achieve this
objective, two research questions were formulated:

(1) Do differences in gender, school level, place of residence
and marks obtained in geology influence students’
motivation to learn the subject?

(2) What other factors might influence students’ motivation
to learn geology?

II. RESEARCH METHODOLOGY

A. General Background

This study adopted a mixed research methodology
combining quantitative and qualitative approaches to collect
data from Moroccan students. The quantitative data collected
via the GMQ-II made it possible to explain the five
components of students’ motivation to learn geology
according to gender, school level, place of residence, and
marks obtained in this subject, which required multiple linear
regression analyses. To enrich and complement the
quantitative results, as well as to broaden the scope of this
research, a qualitative analysis was conducted based on
transcripts of semi-structured interviews. This method
proved to be more effective in interpreting the possibility that
other factors influence students’ motivation to learn geology.

This methodology allows us to deepen the research and
strengthen our understanding of the factors influencing
students’ motivational components with regard to learning
geology. It also aims to obtain precise and scientifically valid
results, likely to advance geological learning, while
providing complementary qualitative insights.

The student data collection process took place from March
the 15th to June the 10th of 2024. It occurred in two distinct
phases:

e Distribution of the GMQ-II questionnaire in paper format,
to assess the five components of motivation to learn
geology according to criteria such as academic progress,
gender, place of residence or marks obtained in the
subject.

e Semi-structured individual interviews to complement the
quantitative results with more in-depth qualitative
perspectives.

B. Legal and Ethical Aspects

In accordance with the ethical and legal requirements of
scientific research, institutional approval was obtained from
the Marrakech-Safi Regional Academy of Education and
Training, as well as authorization from the Provincial
Directorates of Education overseeing the schools concerned.
The objectives of the study were explained to the students,
and their participation was based on voluntary and informed
consent.

The principles of confidentiality and anonymity were
strictly upheld throughout the data collection and processing
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phases.

C. Participants

The study involved a sample of 2053 students from 17
public schools in the Marrakech-Safi region of Morocco, who
responded to the GMQ-II. Schools were selected on the basis
of accessibility criteria, in accordance with the
above-mentioned legal procedures.

Based on the power analysis performed using G*Power
3.1.9.7 software (f* = 0.15; a = 0.05; power = 0.80;
4 predictors), the minimum sample size required to estimate a
multiple linear regression model is 85 students. Thus, the
total sample size used in this study (N = 2053) is more than
sufficient to represent the target population.

Participants were characterized according to four main
criteria: gender, place of residence, geology performance and
school level.
® Gender: 53.7% of participants are girls and 46.3% are

boys.

e Place of residence: 43.5% live in rural areas, 29.5% in
semi-urban areas and 27% in urban areas.

e Geology performance: average geology marks were also
taken into account: 21.6% of participants scored below 10,
55.3% between 10 and 15, while 23.1% scored above 15.

e School level: the participants covered six levels, with a
proportion of students in the first (1YMS), second
(2YMS) and third (3YMS) years of middle school (16.9%,
20.4% and 19.8%, respectively), as well as 19% of
participants in the Common Scientific Core (CSC), 12.6%
in the first (1BAC) and 11.3% in the second year (2BAC)
of the baccalaureate in high school science streams.

D. Instrument and Procedures

This study is based on quantitative data collected using an
adapted version of the Science Motivation Questionnaire 11
(SMQ-1I) [21] contextualized for the Moroccan education
system and to the objectives of the study. The adaptation
followed a four-stage methodology, supervised by experts in
pedagogy and science didactics, fluent in English and Arabic:
e Translation into Arabic language;

e Contextual adaptations: modifications to suit Moroccan
context;

e Expert validation;

® Pre-testing with 80 students (middle and high school) to
check clarity and consistency.

The final Geology Motivation Questionnaire-II (GMQ-II)
adapted from QMS-II, comprises 25 items divided into five
motivational dimensions: intrinsic motivation, self-efficacy,
self-determination, grade motivation and career motivation
(see Table 1).

Students are asked to respond to each item on a rating scale
(Likert scale) ranging from “Never (1) to “Always (5)”.

The GMQ-II was administered in paper format. The
administration steps were as follows:

e Demographic information: Students indicated their
gender, place of residence, school level and average
geology mark.

® Responses to motivational items: Participants were
asked to rate the 25 statements.

® Duration: Questionnaire administration took no longer
than 15 min [21], ensuring effective participation without
cognitive overload.

Table 1. Moroccan version of the Geology Motivation Questionnaire
(GMQ-TI)

Items
The geology I learn is relevant to my life.
Learning geology is interesting.
Learning geology makes my life more
meaningful.
I am curious about discoveries in geology.
I enjoy learning geology.
T am confident I will do well on geology tests.
I am confident I will do well in geology labs and
integrated activities.
I believe I can master geology knowledge and
skills.
I believe I can earn a grade of “15” in geology
I am sure I can understand geology.
1 put enough effort into learning geology.
I use strategies to learn geology well.
I spend a lot of time learning geology.
I prepare well for geology tests and labs.
I study hard to learn geology.
I like to do better than other students on geology
tests.
Getting a good geology grade is important to
Grade Motivation  me.

(GM) It is important that I get an “15” in geology.
I think about the grade I will get in geology.
Scoring high on geology tests and labs matters
to me.
Learning geology will help me get a good job.
Knowing geology will give me a career
advantage.
Understanding geology will benefit me in my
career.
My career will involve geology.
I will use geology problem-solving skills in my
career.

Factors

Intrinsic Motivation
(IM)

Self-Efficacy (SE)

Self-Determination
(SD)

Career Motivation
(CM)

E. Validity and Reliability of GMQ-1I

The SMQ-II has demonstrated content and criterion
validity in previous studies [21]. In the present study, face
and content validity were confirmed by the panel of experts
in pedagogy and science didactics previously described.
Construct validity was then examined through a
Confirmatory Factor Analysis (CFA) conducted using
AMOS software, version 23 (see Appendix A).

The CFA results show that all GMQ-II items are valid for
measuring the motivational components of Moroccan
students in geology and that the proposed model meets the
recommended goodness-of-fit criteria, with a value of y*/df =
3.899, RMSEA = 0.038, SRMR = 0.056, CFI = 0.957, GFI =
0.96, NFI = 0.943, AGFI = 0.951, and TLI = 0.951.
Furthermore, the items exhibit standardized factor loadings
ranging from moderate to high, with the lowest loading being
0.37, thus exceeding the factor loading criterion of 0.35 [31].

The reliability of the instrument was assessed using
Cronbach’s alpha, with values equal to or greater than 0.70
considered acceptable [32]. The obtained Cronbach’s alpha
coefficients (see Table 2) show that the Moroccan version of
the GMQ-II has sufficient reliability for measuring Moroccan
secondary school students’ motivation to learn geology.

Table 2. Alpha values and number of items for each score

Components Alpha values N items
Intrinsic motivation 0.769 5 items
Self-efficacy 0.782 5 items
Self-determination 0.789 5 items
Grade motivation 0.728 5 items
Career motivation 0.851 5 items
Total score of items 0.911 25 items
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These analyses show that the adapted instrument (GMQ-II)
has both confirmed validity and robust statistical reliability,
guaranteeing reliable results for our study.

F. Qualitative Data

In order to supplement the data collected with the GMQ-II,
and to identify other factors likely to influence Moroccan
students’ motivation to learn geology, semi-directive
individual interviews were conducted with 26 students (14
middle school students and 12 high school students). Of these,
14 were girls (54%) and 12 boys (46%), proportions similar
to those observed in the overall sample of 2053 students who
voluntarily completed the GMQ-II.

The interviews were conducted using a semi-structured
guide developed from the GMQ-II and a synthesis of
previous research on motivation in science. With regard to
reliability and validity, Noble and Smith [33] point out that
qualitative methods are still widely debated. In our study,
validity was ensured by: rereading by a panel of experts and
incorporating feedback from a pre-test conducted with 4
students.

The final version of the guide (Table 3), validated by the
experts, includes 5 open-ended, simple and flexible questions,
giving interviewees the space to express themselves freely
about their ideas and conceptions without any restrictions.
The interviews were carried out in the classrooms of 3 middle
schools and 2 high schools with students who had completed,
signed and returned the consent form on the day of the
interview. Each interview lasted no more than 20 minutes.

Table 3. Questions and their objectives from the interview guide concerning
motivation in geology
Objectives
This question will enable us to
assess students’ motivation levels
and underlying factors.
This question explores the internal
and/or external factors that
motivate students to learn geology.
This question will explore the
factors that may discourage
students from learning geology.
Both questions aim to reveal the
factors that would enable students
to take greater control of their
learning and develop their
autonomy.

Questions

Could you describe your
motivation to learn the geology
courses?

Could you explain what motivates
you to learn geology?

What discourages you from
learning geology?

In your opinion, what is not
sufficiently taken into account in
the geology program?

What could be done to encourage
more students to learn this subject?

G. Data Analysis
To analyze the correlations between the dependent

self-determination, grade motivation and career motivation)

and the independent variables (gender, school level, place of

residence and geology marks), a multiple linear regression
analysis was used. This analysis relies on the following three
standard statistical tests:

® The F-test for overall model fit to verify whether all
independent variables significantly explain the dependent
variable;

® The t-test for regression coefficients to examine the
statistical significance of each predictor’s effect on the
dependent variable;

e The coefficient of determination (adjusted R?) to measure
the proportion of variance in the dependent variable
explained by the model.

These tests make it possible to determine the proportion of
influence of each predictor on the dependent variable (Y),
through the following regression equation: Y = fot fi.Xi +
PoXo+ ...+ X, +e.

All independent variables in this study were transformed
into dummy variables for inclusion in linear regression using
codes 0 and 1 [34, 35].

Gender was recorded as a “female” dichotomous variable
with “0” for boys and “7” for girl.

The polytomous variables (school level, place of residence
and geology marks) were coded using the “K-I1”
transformation method, which consists of creating a dummy
variable for each category, while retaining a reference
category.

All stages of the regression analysis were performed using
SPSS software (version 27).

III. RESULTS

In order to carry out the regression analysis, the classical
assumptions (normality, multicollinearity, heteroscedasticity
and linearity) were first verified.

The normality was assessed using a Quantile-Quantile plot
(Q-Q plot). This method is widely used and effective in linear
regression analysis [36]. The results obtained (see
Appendix B) showed that, overall, the points aligned well on
the diagonal, proving that the data followed a normal
distribution.

The multicollinearity assumption, the results in Table 4
show that the tolerance and Variance Inflation Factor (VIF)
values for each predictor are 0.1 higher and 3 lower,
respectively. These results attest to the absence of
problematic multicollinearity between the predictors.

variables (intrinsic motivation, self-efficacy,
Table 4. Multicollinearity test results
Predictors Girl 1YMS 2YMS 3YMS CSC 1BAC Rural Semi-Urban Less than 10 Between 10 and 15
Tolerance  0.959  0.466 0.422 0.434 0.458 0.539 0.622 0.659 0.589 0.632
VIF 1.043  2.148 2.367 2.302 2.183 1.857 1.607 1.517 1.698 1.582

The assumption of heteroscedasticity was tested using the
Glejser test. The analysis of the results obtained (see Table 5)
reveals that the p-value of each predictor for the dependent
variable is significant (P > 0.05), proving the absence of any
sign of heteroscedasticity in the model.

Furthermore, Pearson’s correlation test was also used to
determine the best predictors of Moroccan students’
motivation in geology before performing a regression
analysis. The results (Table 6) show that the predictors with a

strong correlation with motivation for geology were gender
(girl) and students’ performance in this subject (below 10),
with respective correlation coefficients in absolute value:
0.047 <r<0.122 and —0.345 < r < -0.147.

The results of the analysis show that the classical
assumptions of the regression model are satisfied. Therefore,
we can now proceed to the analysis of the model predictors
and assess the influence of each on the dependent variable.
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Table 5. Results of the Glejser test

P-value of independent variables

Dependent variables

Girl 1YMS 2YMS 3YMS CSC 1BAC Rural  Semi-Urban Less than 10 Between 10 and 15
Intrinsic Motivation  0.565 0.080  0.075 0.563  0.895 0.140 0.190 0.966 0.085 0.568
Self-Efficacy 0.750 0.061 0.052  0.056 0.211 0.051 0.749 0.276 0.060 0.058
Self-Determination ~ 0.770 0.329 0.553  0.801 0.404 0.697 0.999 0.646 0.358 0.168
Grade Motivation 0.474 0.054  0.051 0.107  0.060 0.061 0.070 0.395 0.051 0.053
Career Motivation  0.522 0.190  0.061 0.267 0.416 0.377 0.081 0.173 0.185 0.257
Table 6. Pearson correlation test results on the dependent variables
Dependent variables Correlation coefficient (r)
Girl 1YMS 2YMS 3YMS CSC 1 BAC Rural Semi-Urban Less than 10 Between 10 and 15
Intrinsic Motivation  0.108"™ -0.002  0.010 -0.060" 0.042 -0.006 0.013 -0.026 -0.208" -0.023
Self-Efficacy 0.122"  -0.016 —0.052" -0.153" 0.111"  0.040 -0.068"" -0.006 —-0.345™ -0.040
Self-Determination ~ 0.114™  0.103™  0.076™ -0.142" 0.051° —0.046" 0.042 -0.044" -0.211™" —-0.026
Grade Motivation ~ 0.084™  0.025 0.057°  —0.051" —0.002  0.028  0.027 —-0.043 -0.183™ -0.044"
Career Motivation ~ 0.047°  0.141™  —0.032 —0.105" 0.018 —0.041 0.079™ —0.034 -0.147" 0.017

Note: *p <0.05; **p <0.01

A. The Regression Model

The results of the regression model calculation and the
ANOVA for the effect of all predictors on the components of
students’ motivation to learn geology are summarized in
Table 7.

The analysis of the results in Table 6 above, reveals a
statistically significant relationship (p-value < 0.05) was
found between the predictors and the components of
students’ motivation to learn geology in the Moroccan
secondary cycle, with the proportion of variance explained by

the model (adjusted R?) ranging from 0.063 to 0.216. This
indicates that this model explains only a small (6.3%) to
moderate (21.6%) proportion of the variance in the
components of students’ motivation to learn geology. Given
the inherent complexity of human behavior and the multiple
factors that influence it, this model can be considered
acceptable, but it simultancously suggests that 78% of the
other predictors significantly influencing geology students’
motivation were not explored by this model.

Table 7. Summary of regression models and the Anova for all predictors of the geology motivation dimension

Dependent variables Model summary ANOVA
R R?>  Adjusted R? F df p-value
Intrinsic Motivation 0.293 0.086 0.081 19.180 10 <0.001
Self-Efficacy 0.469 0.220 0.216 57.688 10 <0.001
Self-Determination 0.367 0.135 0.131 31.852 10 <0.001
Grade Motivation 0.307 0.094 0.090 21.209 10 <0.001
Career Motivation 0.259 0.067 0.063 14.681 10 <0.001

As for the analysis of the regression coefficients (B), it
allows for assessing the direction and magnitude of the
individual effect of each predictor on the components of

students’ motivation to learn geology in Morocco. Table 8§
shows the values of B.

Table 8. Regression coefficients of predictors on the students’ motivation component in geology

Coefficient
Dependent Variables Predictors
B Standard error B T P-value
Constant 3.320 0.078 - 42.655 0.000
Girl 0.141 0.041 0.075 3.492 0.000
1 YMS 0.107 0.077 0.043 1.386 0.166
2 YMS 0.142 0.076 0.061 1.878 0.060
o o 3YMS 0.017 0.075 0.007 0.228 0.820
Intrinsic Motivation csc 0.047 0.075 0.020 0.627 0.531
(IM) 1BAC —-0.004 0.081 —-0.002 —-0.053 0.958
Rural 0.087 0.051 0.046 1.721 0.085
Semi-Urban 0.007 0.053 0.004 0.138 0.891
Less than 10 —-0.778 0.063 —0.342 —-12.421 0.000
Between 10 and 15 -0.415 0.050 -0.221 —-8.290 0.000
Constant 3.873 0.071 - 54.401 0.000
Girl 0.103 0.037 0.055 2.776 0.006
1 YMS —-0.036 0.071 —-0.015 —-0.508 0.611
2YMS —-0.054 0.069 —-0.024 —0.785 0.433
Self-Efficacy 3YMS —-0.261 0.069 -0.112 -3.784 0.000
(SE) CSC -0.020 0.068 —0.008 —0.293 0.769
1BAC —-0.061 0.074 -0.022 —-0.823 0.410
Rural -0.010 0.046 —-0.005 -0.222 0.824
Semi-Urban —-0.009 0.049 —0.004 —0.180 0.857
Less than 10 -1.189 0.057 —-0.528 —-20.748 0.000
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Between 10 and 15 -0.652 0.046 -0.350 -14.232 0.000

Constant 2.987 0.077 - 38.622 0.000

Girl 0.184 0.040 0.096 4.580 0.000

1 YMS 0.554 0.077 0217 7.209 0.000

2YMS 0.487 0.075 0.205 6.489 0.000

o 3YMS 0.079 0.075 0.033 1.059 0.290
Self-Determination CsC 0.270 0.074 0.111 3.644 0.000
(SD) 1BAC 0.105 0.081 0.036 1.294 0.196
Rural 0.108 0.050 0.056 2.145 0.032

Semi-Urban 0.012 0.053 0.006 0.231 0.818

Less than 10 ~0.859 0.062 ~0.370 ~13.797 0.000

Between 10 and 15 -0.467 0.050 -0.243 -9.396 0.000

Constant 3.705 0.077 - 48.296 0.000

Girl 0.107 0.040 0.058 2.679 0.007

1 YMS 0.379 0.076 0.153 4.965 0.000

2YMS 0.444 0.074 0.193 5.968 0.000

o 3YMS 0.255 0.074 0.110 3.434 0.001
Grade Motivation csc 0.176 0.073 0.075 2399 0.017
(GM) 1BAC 0.296 0.080 0.106 3.695 0.000
Rural 0.063 0.050 0.034 1.266 0.206

Semi-Urban ~0.036 0.053 ~0.018 ~0.677 0.498

Less than 10 -0.796 0.062 ~0.354 ~12.893 0.000

Between 10 and 15 -0.463 0.049 -0.249 -9.382 0.000

Constant 2.847 0.092 - 31.109 0.000

Girl 0.095 0.048 0.043 1.993 0.046

1 YMS 0.354 0.091 0.122 3.894 0.000

2YMS ~0.060 0.089 ~0.022 ~0.672 0.502

o 3YMS ~0.184 0.089 ~0.067 ~2.073 0.038
Career(g\‘:)‘vamn csc 0,006 0.088 ~0.002 ~0.074 0.941
1BAC ~0.137 0.096 ~0.042 ~1.436 0.151

Rural 0.263 0.059 0.120 4.425 0.000

Semi-Urban 0.093 0.063 0.039 1.475 0.140

Less than 10 -0.582 0.074 -0.220 -7.901 0.000

Between 10 and 15 -0.258 0.059 -0.118 -4.387 0.000

Based on the analysis of the regression results presented in
Table 8, and considering the statistical significance threshold
(P < 0.05) as well as the predefined reference categories
(male gender, 2BAC school level, urban residence, and
marks > 15), the results indicate that the set of predictors does
not have a significant influence across all motivational
components (IM, SE, SD, GM, and CM) among Moroccan
students in geology. However, certain trends are worth
highlighting:

Intrinsic Motivation (IM) is positively associated with
female gender (B = 0.141). However, it is significantly lower
among students who obtained average marks below 10 (B =
—0.778) or between 10 and 15 (B = —0.415), compared to
those who scored above 15.

Self-Efficacy (SE) is also positively associated with
female gender, although the effect remains weak (B = 0.103).
A negative effect was also observed among 3YMS students
(B=-0.261) and those who scored below 10 (B =-1.189) or
between 10 and 15 (B = —0.652), compared to the reference
categories.

Self-Determination (SD) is positively influenced by
female gender, several school levels prior to the 2BAC (1
YMS, 2 YMS, and CSC), as well as by rural residence (B =
0.108). However, low marks (below 10) or average marks
(between 10 and 15) are associated with a significant
decrease in self-determination among Moroccan students in

geology.

Grade Motivation (GM) is positively influenced by
female gender as well as by all the school levels examined
(1YMS, 2YMS, 3YMS, CSC, and 1BAC). In contrast,
students with low or average marks show significantly lower
grade motivation compared to those who scored above 15.

Career Motivation (CM) is positively associated with
female gender (B = 0.095), 1 YMS school level (B =0.354),
and rural residence (B = 0.263), while it is negatively
associated with 3 YMS school level (B =—-0.184). As with all
other motivational components, low or average marks in
geology are systematically associated with a significant
decrease in career motivation compared to students who
scored above 15.

B.  Analysis of Qualitative Data

The maximum value for the proportion of influence of the
proposed regression model is 22%. This indicates that 78% of
the other predictors were not taken into account by this model.
To identify these missing factors, we transcribed and coded
the qualitative interviews, then analyzed the discourse
thematically (see Table 9 for coding details).

This combined approach provides a more comprehensive
understanding of the determinants of motivation in geology.

The analysis of the results of interviews conducted with 26
students helped to enrich the quantitative results, identifying
six other factors influencing students’ motivation to learn
geology in secondary school:
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1) The socio-familial environment

A total of 73.1% of the students surveyed highlighted the
influence of their socio-familial environment on their
motivation to learn geology. They mentioned in particular the

importance of their parents’ support, the influence of their
peers, but also the difficult economic situation and cultural
level of their parents, as well as the professional careers of
their relatives in the field of geology.

Table 9. Summary of coding for other factors influencing student motivation in geology

Factors

Some key aspects extracted

Percentage

Socio-familial
environment

-Parental support and peer impact,
-Parents’ economic status and cultural level

73.10% (N = 19)

-Family career in geology.

Past experience

-Negative experience with teacher and/or subject.
-Interesting extra-curricular experiences.

34.61% (N =9)

-Lack of empiricism (laboratory experiments and field trips).

Impact of the teacher
and the quality of
teaching practices

-Traditional teaching methods and styles.
-Teacher dominance in the construction of knowledge.

96.15% (N =25)

-Student-teacher interaction.

Digital literacy

-Digital tools: computers, platforms, YouTube videos, etc.
-Technological tools: artificial intelligence applications, electronic whiteboards, Internet videos, etc.

46.16% (N = 12)

-Geological concepts too difficult.

Geological concepts
taught

-Factor of abstraction (spatiotemporal).

100% (N = 26)

-Decontextualization of geological concepts.

-Language of instruction.

Organizational and
educational aspects

-Time spent on the session.
-Timing of lessons.

42.30% (N =11)

2) The previous experiences

34.61% of students also mentioned the influence of their
personal experiences and teachers on their motivation. Some
of them attributed their lack of interest and motivation in
learning geology to the attitude of certain teachers,
particularly due to their behavior, which was marked by
exclusion and discrimination in the classroom. Other students
praised the decisive role of extracurricular activities in
strengthening their motivation and commitment to learning
geology.

3) The quality of teaching practices

An overwhelming majority of students (96.15%)
highlighted the complete absence of empirical approaches
and the ineffectiveness of the teaching methods used in class.
They emphasized that this had a negative impact not only on
their understanding of the geological content taught, but also
on their motivation to learn this subject. Only a tiny minority
mentioned that enthusiasm, encouragement, and the ability of
teachers to demonstrate the economic and scientific
importance of geology were determining factors in their
motivation to learn this subject.

4) The digital literacy

A total of 46.16% of students reported that the use of
technological and digital tools (artificial intelligence,
platforms, internet, etc.) has a positive influence on their
motivation to learn the subject, as these tools help them
understand lessons and do their homework, and allow them to
easily access information.

5) The complexity of the geological concepts taught

The students surveyed unanimously expressed difficulty
understanding the geological phenomena taught, due to the
complexity of the concepts covered and the succession of
geological events over a very long period of time and in
three-dimensional space, which reduced their motivation to
learn this subject.

6) The organizational and educational aspects of the
programs taught

A total of 42.30% of the students surveyed stated that
teaching geology in French had hindered their understanding
and progress, due to language barriers and technical
vocabulary. Some middle school students pointed out that
allocating two hours to each class session leads to boredom
and reduces their ability to concentrate. High school students
also expressed dissatisfaction with how geology classes are
scheduled and timed in the 1BAC and 2BAC programs.

IV. DISCUSSION

The aim of this study was to identify the factors
influencing the motivation of Moroccan secondary school
geology students. To this end, we collected both quantitative
and qualitative data from students using a mixed
methodology combining a questionnaire (GMQ-II) and
semi-structured interviews.

The GMQ-II data were analyzed using multiple regression
analysis. This analysis revealed that the four predictors
examined (gender, school level, place of residence and
geology marks) had no significant overall effect on
motivation, as evidenced by the low coefficient of
determination adjusted R? (see Table 7). Contrary to several
previous scientific studies [16, 37, 38], which confirmed
gender as the best predictor variable, geology marks had the
highest absolute correlation value in this study.

The marks below 10 were negatively and highly
significantly correlated with all dimensions of student
motivation in geology, in particular with intrinsic motivation,
self-efficacy and self-determination. Marks between 10 and
15 showed negative, non-significant correlations, indicating
that although students scored slightly higher in geology, their
motivation to learn the subject remained low. Overall, these
results suggest that students with low geology marks are less
motivated than those with slightly higher marks. This finding
is in line with several scientific studies [2, 4, 5, 23], which
have confirmed that good grades can enhance students’
motivation and engagement in their scientific learning, and
vice versa.
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The results of the correlation analysis indicate that gender
has a slightly weak effect on the motivation of Moroccan
secondary school students to learn geology. This finding is in
line with the conclusions of several scientific studies
conducted on motivation [16, 21, 38].

The positive and highly significant correlations observed
with all the dimensions of motivation suggest that girls are
globally more motivated than boys to learn geology, and this
is particularly true with regard to self-efficacy and
self-determination. These results confirm the findings of
several previous studies conducted on motivation in science
learning [16, 23, 38]. The interviews with students revealed
that: “girls showed a higher degree of perseverance and
seriousness, placed more importance on school success and
scientific careers, and showed a greater commitment to
scientific subjects than boys”, factors that could explain the
differences in motivation between the two genders.

The Class differences were considered predictive variables
in this study, but had no statistically significant effect on
Moroccan students’ motivation to learn geology. This finding
is consistent with that of the study conducted by Huda and
Rohaeti [38], who found that Chinese students’ class
differences had a weak effect on their motivation in
chemistry. The transcripts of interviews with the students
also confirmed this conclusion: none of them mentioned that
progression through the school levels had any influence on
their motivation to learn geology. Although statistical results
show that class differences do not have significant and
consistent effects, a general trend shows that motivation
decreases as students progress through school. This
observation is also corroborated by several didactic works on
motivation in science [14, 15, 23, 38].

The place of residence was also a predictor variable
examined in this study (Rural, Semi-urban and Urban). The
results of the correlation coefficient analysis show a very low
value, suggesting that differences in place of residence have
no statistically significant effect on Moroccan students’
motivation to learn geology. The interviews conducted also
confirmed this conclusion: none of the students mentioned
the influence of their area of residence on their motivation to
learn geology. The lack of effect of differences in residence
on students’ motivation in geology can be explained by
different but complementary environments: urban areas are
characterized by greater access to educational resources and
more favorable study conditions, which promote scientific
learning, while rural and semi-urban areas are characterized
by geological heritage that allows students to enrich their
scientific thinking and motivate them to learn this subject. In
line with these results, Zhang and Zhou [16] also found no
significant difference in the motivation of secondary school
students, whether urban or rural, to learn chemistry.

The analysis of the regression model results revealed that
the statistical effects of the predictors examined did not apply
to all components of motivation, with the exception of gender
(female) and student performance in geology (below 10 or
between 10 and 15), which appeared repeatedly in the various
equations. These results suggest that gender and performance
play a decisive and significant role in explaining differences
in Moroccan students’ motivation to learn geology.

More specifically, gender (female) proved to be the most
significant predictive variable, promoting all dimensions of

student motivation in geology, particularly
self-determination. These results are consistent with the
findings of previous scientific studies [21, 23, 38], which
confirmed that girls were more motivated and
self-determined than boys in science learning. This finding
was also supported during the interviews, in which girls
showed higher motivation than boys for learning geology,
due to the scientific importance of the subject, the
professional and academic careers associated with it, as well
as their spirit of scientific discovery and interest in science.
This trend is well illustrated by the following comments from
a female student: “I really enjoy science subjects, especially
geology, because it allows us to explain the natural
phenomena around us and understand how the Earth works.
In addition, I would like to become a teacher of this subject,
like my mother, or a mining engineer.”

Performance differences (marks below 10) had the most
significant, but negative, effects on all components of student
motivation, with regression coefficients (b) ranging from
—1.189 to —0.582. Performance in geology is therefore the
predictive factor that most reduces student motivation,
particularly the components of self-determination and
self-efficacy. These results were strikingly confirmed by the
students during interviews. Five of them indicated that their
lack of motivation was due to their poor performance in
geology, as evidenced by the following comment from a
student: “In my first year of middle school, I was passionate
about the subject and got good results. But when I moved up
to the second year, my marks dropped dramatically, despite
all my efforts to study. This frustrated me and reduced my
motivation to learn the subject.”

Differences in school level and place of residence do not
have a systematically significant effect on all aspects of
student motivation in geology. Only grade motivation shows
a positive influence linked to class differences. As for place
of residence, only rural students show a positive influence,
specifically on the dimensions of self-determination and
career motivation. Overall, the effects of school progress and
place of residence on students’ motivation, although present,
remain very limited.

Overall, the proposed regression model explained only
21.6% of the total proportion of predictive variables for
motivation in geology. Other factors were extracted from the
transcripts of interviews conducted with students, including
the socio-familial environment, students’ previous
experiences with the subject, the quality of teaching practices
in the classroom, digital literacy, the complexity of
geological concepts, and the organizational and educational
aspects of the programs taught. Aware that motivation is an
overly complex affective concept in humans, which can be
influenced by numerous subjective and/or objective factors
when learning geology, this study remains relevant but needs
to be supplemented by further scientific research to identify
other potential factors influencing motivation in geology,
with the aim of making the learning of this subject more
appealing and improving the quality of teaching practices.

V. CONCLUSION AND RECOMMENDATIONS

This study aimed to identify the factors influencing
Moroccan secondary school students’ motivation to learn
geology. To achieve this objective, a rigorous
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methodological approach involving four distinct steps was

adopted:

® Review of existing literature: An in-depth analysis of
previous scientific work on motivation was carried out,
accompanied by the choice of a mixed research
methodology combining quantitative (GMQ-II) and
qualitative (semi-structured interviews) approaches.

e Data collection: The data were collected from a
representative sample of secondary school students in the
Marrakech-Safi region (Morocco).

e Data analysis: The quantitative data were analyzed using
multiple linear regression tests, while the qualitative data
were analyzed using content analysis.

o Interpretation of results: The results obtained were
interpreted in light of the research objectives set, then
compared with data from the existing literature.

The results of this study showed that gender was the
predictive variable with the most significant impact on all
aspects of student motivation. Girls are more motivated than
boys to learn geology.

The differences in marks obtained in geology also have a
significant, but negative, effect on all components of
students’ motivation, particularly self-efficacy and
self-determination. In fact, the lower the results in geology,
the lower the level of motivation tends to be, and conversely.

The results show that differences in school level do not
have significant and consistent effects on all components of
student motivation in geology, with the exception of the 3
YMS class, which has a significant and consistent, but
negative effect on all aspects of student motivation,
particularly self-efficacy and career motivation. However, a
general trend shows that motivation decreases as students
progress through school.

As for the differences in students’ places of residence, their
influence proved to be the weakest among all the predictive
variables examined, and even almost negligible. This
highlights that differences in place of residence are not a
significant determinant of students’ motivation in geology,
and that it would therefore be irrelevant to consider them as a
motivating factor for learning geology in future studies in
Morocco.

Finally, it should be emphasized that the regression model
explains only 22% of the total variables predicting students’
motivation in geology, while qualitative interviews with 26
students identified six other factors influencing motivation:
socio-familial environment, previous experiences, quality of
teaching practices, digital literacy, complexity of geological
concepts, and organizational and educational aspects of the
programs taught.

The results of this study offer several avenues for
reflection and recommendations for both future research and
teaching practices aimed at increasing Moroccan students’
motivation in geology and making its learning more
captivating and engaging.

A. Recommendations for Future Research

The results of this study highlight the need for further
research into Moroccan students’ motivation to learn geology.
To this end, the sample should be expanded to include all
regions of the country, and the different demographic

characteristics of the students should be taken into account in
order to gain a more complete understanding of the factors
influencing motivation in geology. It is also recommended
that a mixed methodological approach of the sequential
explanatory type be adopted to analyze student motivation in
greater depth, explore their subjective experiences, and
understand their psychosocial backgrounds.

Furthermore, to better account for the correlations among
the different motivational dimensions and to reduce the risk
of Type I error, future research should employ multivariate
methods, such as multivariate multiple regression or
MANOVA/MANCOVA analyses. These approaches would
help produce more robust and interpretable results, providing
detailed data to support the improvement of geology
instruction quality.

In addition, the factors identified through the interviews
conducted in this study deserve to be examined in future
research as predictive variables of motivation, using
advanced statistical analyses (correlation and multiple
regression tests, etc.), in order to better explain students’
motivation in geology.

B. Practical Recommendations of the Findings

The results of the study highlight the need to take into
account the affective and psychological aspects of students in
the teaching of geology, by offering them psychological
support programs to improve their mental well-being and
motivation to learn the subject. It is also advisable to organize
training sessions in educational psychology for geology
teachers, to enable them to develop their skills in educational
communication techniques and emotion management.

In addition, geology teaching should be adapted to gender
differences, in particular by encouraging boys to participate
more actively in learning activities and competitive dynamics.
It is also necessary to improve the conditions for teaching
geology in rural areas, in particular by equipping science
laboratories with modern technology to encourage
experimentation and interaction with geological phenomena.

The study also revealed that marks had an impact on
motivation to learn, which means that additional educational
support programs need to be offered to students who perform
poorly in geology. These programs may include targeted
interactive activities, as well as individual or group sessions
supervised by teachers, in order to optimize these students’
motivation to learn geology.

Finally, family support for students in their studies and the
creation of channels of communication between parents and
the school are essential, as the results of this study show.

APPENDIX: RESULTS OF CONFIRMATORY FACTOR ANALYSIS
AND NORMALITY ASSESSMENT (Q-Q PLOTS)

A. Confirmatory Factor Analysis

Fig. Al. presents the standardized factor loadings and the
correlations among the factors estimated by AMOS.

B. Quantile-Quantile Plots (Q-Q Plots)

Figs. A2—6 show the results of the Q-Q Plots used to verify
the normality of the data distribution for each of the five
motivational components.
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Fig. Al. Confirmatory factor analysis: Standardized factor loadings and correlations. IM, intrinsic motivation; CM, career motivation; SD, self-determination;
SE, self-efficacy; GM, grade motivation; e, error term.
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Fig. A2. Q-Q plot of intrinsic motivation.
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Fig. A3. Q-Q plot of self-efficacy.
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Fig. A4. Q-Q plot of self-determination.
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Fig. AS. Q-Q plot of grade motivation.
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Fig. A6. Q-Q plot of career motivation.
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