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Abstract: This investigation was conducted to assess the impact of effort, interest, and cognitive competence on
statistics achievement, mediated by self-concept among students. The study engaged 453 students enrolled in a
statistics course at Yarmouk University, Jordan, who completed a self-report questionnaire. Path analysis facilitated
the examination of both direct and indirect influences exerted by effort, interest, and cognitive competence on statistics
achievement, with self-concept serving as a mediator. It was found that effort, interest, and cognitive competence
significantly directly affected statistics achievement. Furthermore, self-concept was observed to partially mediate
the relationships between each of effort, interest, cognitive competence, and statistics achievement. These results
underscore the critical roles of effort, interest, and cognitive competence as predictors of success in statistics. The
partial mediation by self-concept suggests its important but not exclusive role in enhancing academic outcomes.
This study contributes to educational strategies by highlighting the potential of interventions focused on self-concept
enhancement to improve academic performance in statistical education. Implications for educators and policy-makers
are discussed in terms of designing effective educational interventions.

Keywords: Effort; Interest; Cognitive competence; Self-concept; Statistics achievement; Jordanian Yarmouk
University

1 Introduction

Statistics is an important subject that is widely used in various fields such as business, social sciences, and
healthcare. The achievement of statistics is influenced by several factors, including effort, interest, cognitive
competence, and self-concept. This paper proposes hypotheses to examine the relationship between effect, effort,
interest, and cognitive competence and its impact on statistical achievement through self-concept statistics. Effort,
interest, and cognitive competence are factors that are thought to contribute directly to statistical achievement.
Research has consistently demonstrated that students who put in more effort, are interested in the subject matter,
and possess a high level of cognitive competence tend to perform better academically [1-3]. However, the role of
self-concept in the relationship between these factors and statistical achievement is less clear.

Self-concept refers to an individual’s self-perception in various areas, including their academic capabilities.
Studies have consistently shown that there is a positive correlation between self-concept and academic achievement [4,
5]. Specifically, students with a positive self-concept tend to perform better academically than those with a negative
self-concept. Therefore, the paper proposes hypotheses to explore the indirect effects of self-concept on the
relationship between effort, interest, cognitive competence, and statistical achievement.

Student achievement is closely tied to cognitive competence, as the latter refers to the mental abilities and
processes necessary for successful learning [6]. Researchers have found that students who demonstrate higher
levels of cognitive competence typically achieve better grades, perform well on standardized tests, and exhibit
strong problem-solving skills [7]. Cognitive competence encompasses a range of skills, including attention span,
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memory retention, critical thinking, and information processing [8, 9]. Educators play a crucial role in fostering
cognitive competence by providing engaging and challenging curriculum, encouraging active participation in class
discussions, and offering targeted interventions for students struggling with specific areas of cognition [10]. By
nurturing cognitive competence in students, educators can help them reach their full potential academically and
develop strong analytical skills that will benefit them beyond the classroom.

The problem in this study is the understanding of the factors that contribute to academic achievement in the field
of statistics. Statistics is a critical subject in many fields, and academic achievement in statistics is an important
predictor of success in these fields. Despite the importance of statistics, many students struggle to achieve success in
this subject. The study’s importance lies in its potential to identify the factors that influence statistical achievement
and to provide insights into how these factors can be improved. By examining the direct and indirect effects of
effort, interest, and cognitive competence on statistics achievement through the mediating role of self-concept, this
study can provide valuable information for educators, policymakers, and researchers to enhance students’ academic
achievement in statistics. Furthermore, the study can be valuable in the creation of academic interventions and
programs that aim to enhance students’ statistical achievement. The findings can guide the formulation of effective
interventions that focus on improving factors such as students’ self-concept and interest in statistics, as well as
providing assistance in developing their cognitive competence.

2 Literature Review
2.1 Effort

Effort is defined as the degree of exertion or the amount of energy expended to accomplish a task [11]. It is
considered a critical determinant of academic achievement, as it reflects the level of dedication and persistence that
students exhibit towards their academic pursuits [12]. In the context of statistics education, effort has been shown to
be positively associated with achievement [13]. Githua and Nyabwa [14] found that students’ effort was significantly
related to their achievement in a statistics course. In addition, a meta-analysis in the study [15] revealed that effort
is a strong predictor of academic achievement across a range of subjects, including mathematics. Research has also
shown that effort is positively related to academic achievement. For example, Stoeber and Stoeber [16] showed that
effort is positively related to academic performance in undergraduate students. Similarly, Hidi and Renninger [15]
discovered a positive association between effort and academic performance across multiple academic disciplines.

Effort plays a crucial role in determining student achievement. Research has consistently shown that students who
put forth genuine effort tend to perform better academically. When students devote time and energy towards their
studies, they are more likely to grasp new concepts, retain information, and apply their knowledge effectively [16, 17].
In addition, putting in effort fosters a strong work ethic and resilience in the face of challenges. Students who are
willing to work hard demonstrate perseverance and determination, which are essential qualities for success in
academics and beyond [18]. Teachers can also play a pivotal role in motivating students to exert effort by providing
engaging lessons, setting high expectations, and offering constructive feedback. Ultimately, the relationship between
effort and student achievement underscores the importance of cultivating a growth mindset and fostering a culture
of hard work within educational environments. Based on the literature above, the first and second hypotheses were
formulated as:

HI: Effort has a direct and positive effect on statistical achievement.

H2: Effort has an indirect effect on statistical achievement through meditation self-concept.

2.2 Interest

According to self-determination theory (SDT), individuals who are intrinsically motivated, i.e., who engage in
an activity because they find it interesting, enjoyable, or satisfying, are more likely to perform well and persist in the
activity [19]. In the context of education, several studies have demonstrated that interest is a significant predictor of
academic achievement, including in the field of statistics [20-22]. High school students who reported greater interest
in mathematics achieved higher grades in mathematics and had higher scores on the mathematics section of the SAT.
Similarly, Wang and Eccles [23] discovered that high school students who expressed a higher level of interest in
math and science were more inclined towards pursuing careers in STEM (Science, Technology, Engineering, and
Mathematics) fields. Interest can directly contribute to academic achievement by increasing the student’s engagement
and enjoyment of the subject matter. It can also indirectly influence academic achievement by shaping the student’s
self-concept. As a student develops a greater interest in the subject, they may develop a stronger sense of self-efficacy
and belief in their ability to succeed, which can further increase their motivation and academic achievement [24—-26].
Moreover, research has shown that interest is a key factor in the learning and retention of information [14]. When
individuals are interested in a topic, they are more likely to engage in deep processing of the information, which leads
to better learning and retention. In the context of statistics, individuals who are interested in the subject are more
likely to engage with the material, seek out additional resources, and apply the concepts to real-world problems,
which can lead to better performance on exams and assignments [27].
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Research has consistently demonstrated that interest is positively related to academic achievement. Several studies
have reported that students who are interested in their academic subjects tend to perform better academically [17, 22].
In summary, based on the literature, it is reasonable to hypothesize that interest has a direct and positive effect on
statistical achievement. Students who are more interested in statistics are likely to perform better in the subject.

In education, the relationship between student interest and academic achievement is widely acknowledged as
a crucial factor in determining success [28]. When students are interested and motivated in a subject, they are
more likely to actively engage with the material, participate in class discussions, and seek out additional learning
opportunities [29]. This leads to improved comprehension, retention of information, and overall performance in
assessments. Research also suggests that when teachers are able to spark student interest through dynamic lessons and
relevant real-world applications, it can have a significant impact on student achievement levels [30]. By fostering an
environment where students are encouraged to explore their interests and connect them to their learning experiences,
educators can effectively enhance motivation and drive for academic excellence among their learners [31]. Ultimately,
promoting student interest plays a key role in unlocking potential and facilitating positive outcomes in education.

H3: Interest has a positive and direct effect on statistical achievement.

HA4: Interest has an indirect effect on statistical achievement through meditation self-concept.

2.3 Cognitive Competence

Research has suggested that there is a positive correlation between cognitive competence and academic achievement
[32]. Cognitive competence is a significant predictor of academic achievement, including in statistics [33]. Cognitive
competence can directly contribute to academic achievement by improving the student’s knowledge and skills in
the subject area. It can also indirectly influence academic achievement by shaping the student’s self-concept. As a
student develops greater cognitive competence, they may develop a stronger sense of self-efficacy and belief in their
own abilities, which can further increase their motivation and academic achievement [34].

Cognitive competence refers to the ability to process and analyze information, solve problems, and think
critically. Research has consistently shown that cognitive abilities are strong predictors of academic achievement [35].
Statistics achievement, on the other hand, refers to the extent to which students demonstrate mastery of statistical
concepts and skills. Studies have found a positive relationship between cognitive competence and achievement in
statistics. For example, Kuncel and Hezlett [36] found that cognitive abilities such as mathematical reasoning
and spatial visualization predicted success in statistics courses. Research has consistently demonstrated that
cognitive competence is a strong predictor of achievement in mathematics and statistics [37, 38]. For instance,
Xu and Schau [39] found that cognitive competence was a significant predictor of achievement in an undergraduate
statistics course, even after controlling for other relevant factors such as prior mathematics and statistics achievement,
motivation, and self-efficacy.

Furthermore, cognitive competence plays a crucial role in determining student achievement in academic settings.
Students who possess strong cognitive abilities, such as critical thinking, problem-solving skills, and memory
retention, are more likely to excel in their studies compared to those with weaker cognitive skills [40, 41]. Cognitive
competence enables students to process information effectively, make connections between different concepts, and
handle complex tasks with ease. Moreover, individuals with high cognitive ability are better equipped to adapt
to new challenges and learn new information quickly [42]. Educators can support the development of cognitive
competence by implementing instructional strategies that promote critical thinking, encourage active learning, and
provide opportunities for students to engage in meaningful problem-solving activities [43]. By fostering cognitive
competence among students, educators can help enhance academic performance and prepare individuals for success
in both educational and professional settings.

Moreover, according to the cognitive load theory, individuals’ cognitive abilities directly impact their ability to
learn complex tasks such as statistics [44]. This theory posits that learners’ cognitive resources are limited and that
they must allocate these resources efficiently to learn effectively. Thus, learners with higher cognitive competence
may be better equipped to handle the cognitive demands of statistical tasks, leading to better performance [45].

H5: Cognitive competence has a positive and direct effect on statistical achievement.

HG6: Cognitive competence has an indirect effect on statistical achievement through the mediation of self-concept.

2.4 Self-Concept

Self-concept refers to an individual’s beliefs and perceptions about their abilities, traits, and characteristics.
Previous research has shown that self-concept can influence academic achievement [46, 47]. Self-concept refers to
an individual’s perception of their abilities, characteristics, and values and has been found to be a crucial factor in
academic achievement [48]. Several studies have indicated that self-concept is a significant predictor of academic
performance [26, 34, 44, 49]. For example, Marsh and Craven [44] found that self-concept was positively related
to academic achievement in mathematics. Furthermore, research has shown that interest is positively related to
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self-concept [14, 22]. When individuals are interested in a domain, they are more likely to develop a positive
self-concept in that domain, which in turn can lead to greater engagement and achievement [14].

This hypothesis is supported by the self-concept theory, which emphasizes that individuals’ beliefs about
themselves influence their behavior and academic achievement [50, 51]. Specifically, self-concept refers to one’s
beliefs and perceptions about their own abilities, characteristics, and values [37]. When individuals perceive
themselves as capable and competent in a specific domain, they are more likely to engage in activities related to that
domain, persist in the face of challenges, and ultimately achieve success [52, 53].

In addition, self-concept, defined as an individual’s perception of themselves, plays a crucial role in student
achievement [15]. Research indicates that students with a positive self-concept are more likely to set high academic
goals, take risks in their learning, and persist in the face of challenges. On the other hand, students with low self-esteem
or negative self-perceptions may doubt their abilities, shy away from challenges, and underperform academically [27].
Therefore, nurturing students’ self-concept is essential for promoting academic success. Educators can support
students by providing opportunities for success, offering constructive feedback, and creating a safe and inclusive
learning environment. By instilling strong self-concepts in students, educators can empower them to reach their full
potential and achieve academic excellence.

Students who have a positive self-concept tend to have a more positive attitude towards their academic work
and are more motivated to achieve their goals [3]. Moreover, previous research has suggested that self-concept
can mediate the relationship between cognitive competence and academic achievement [46, 53]. This suggests that
students who have higher cognitive competence may have a more positive self-concept, which, in turn, leads to better
academic achievement.

Hypotheses 3 and 4 also relate to social cognitive theory and self-concept theory, as they suggest that interest
can directly and indirectly influence academic achievement. Moreover, several studies have shown that self-concept
mediates the relationship between effort and academic achievement. For example, Linnenbrink and Pintrich [54]
found that self-concept partially mediated the relationship between effort and academic achievement in middle school
students.

H7: Self-concept has a direct and positive effect on statistical achievement.

2.5 Research Framework

The theoretical framework for the above hypotheses can be based on social cognitive theory and self-concept
theory. Social Cognitive Theory and Self-Concept Theory are both important frameworks for understanding the
factors that influence academic achievement. Social Cognitive Theory posits that behavior is shaped by an interplay
between individual factors, situational factors, and behavioral factors. According to this theory, personal factors such
as effort, cognitive competence, and self-efficacy beliefs can directly and indirectly influence academic achievement.
Situational factors, such as the learning environment and social context, can also play a role in shaping behavior.
Finally, behavioral factors such as motivation and self-regulation can further influence academic achievement [55].
Self-Concept Theory suggests that individuals’ beliefs about their own abilities and qualities can shape their behavior
and achievements. According to this theory, self-concept is composed of both the individual’s self-esteem and their
self-efficacy beliefs. Self-esteem refers to the individual’s overall sense of self-worth, while self-efficacy beliefs are
their beliefs about their ability to succeed in specific domains, such as academics. These beliefs can be shaped by
personal factors such as effort and cognitive competence, as well as situational factors such as feedback from teachers
and peers [48].

The hypotheses formulated in the manuscript are consistent with both social cognitive theory and self-concept
theory. Hypotheses 1, 2, 5, and 6 suggest that personal factors such as effort and cognitive competence can directly
and indirectly influence academic achievement. For example, effort can directly contribute to academic achievement
by increasing the amount of time and energy a student devotes to their studies. Effort can also indirectly influence
academic achievement by shaping the student’s self-concept. As a student puts in more effort, they may develop a
stronger sense of self-efficacy and belief in their own ability to succeed, which can further increase their motivation
and academic achievement.

3 Methodology

The current study employed a quantitative research design, specifically a path analysis, to investigate the
relationships among effort, interest, and cognitive competence on statistics achievement through the mediation
of self-concept. The participants were undergraduate students from Jordanian universities taking a statistics course.
The sample size was 453, and data were collected using a self-report questionnaire. The questionnaire consisted of
24 items that measured effort, interest, cognitive competence, self-concept, and statistical achievement.
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3.1 Measures

The study employed a self-report questionnaire consisting of five scales measuring effort, cognitive competence,
interest, self-concept, and statistical achievement. The effort, cognitive competence, and interest scales were adapted
from the study [54], while the self-concept scale was adapted from the studies [26, 56]. The statistical achievement
scale was adapted from the study [57].

Both online and offline surveys, and the participants were chosen through a random sampling process. The data
was collected between January and March of 2023. Measurement validation, confirmatory factor analysis (CFA),
and path analysis were performed using SPSS and AMOS 27. The maximum likelihood method was used to conduct
a path analysis to examine the direct and indirect impacts of effort, interest, and cognitive competence on statistical
achievement through the mediation of self-concept. The mediation effect was tested using a bootstrapping method
with 2000 resamples.

3.2 Participants

The study sample consisted of 453 students from a Jordanian Yarmouk University; 58.90% were female, while
41.10% were male. In terms of academic year, the first and second years made up the majority of the sample,
accounting for 40.20% and 39.30%, respectively. However, it is noteworthy that there were still individuals in their
third year (10.80%) and fourth year or beyond (9.70%) included in the sample.

The distribution by college indicates that 56.10% of individuals were enrolled in the humanitarian college, while
43.90% were enrolled in the scientific college. Table 1 illustrates the demographics of the sample.

Table 1. Distribution of the sample due personal information

Demographic Item N %o
Gender M 186 41.10%
F 267  58.90%
First 182 40.20%
Year Secgnd 178  39.30%
Third 49  10.80%

Fourth or more 44 9.70%
Humanitarian 254 56.10%

Collage Scientific 199 43.90%

3.3 Exploratory Factor Analysis (EFA)
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A principal component analysis was conducted to identify underlying factors in the measured variables. The
analysis fifth’s factors with eigenvalues greater than 1, as shown in the screen plot in Figure 1, explain 35.632%,
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13.677%, 6.83%, 6.177%, and 4.68% of the variance, respectively [33]. The first factor, named “effort,” had high
factor loadings on five items related to effort, with factor loadings ranging from 0.372 to 0.871. The second factor,
named “cognitive,” had high factor loadings on six items related to cognitive engagement, with factor loadings
ranging from 0.648 to 0.857. The third factor, named “interest,” had high factor loadings on the fourth item related
to interest, with factor loadings ranging from 0.728 to 0.927. The fourth factor, named “statistical achievement,”
had high factor loadings on the fifth’s items related to statistical achievement, with factor loadings ranging from
0.598 to 0.717. The fifth factor, named “self-concept,” had high factor loadings on sixth items related to statistical
achievement, with factor loadings ranging from 0.436 to 0.838.

Table 2. Results of EFA

Measurement Items Factor Loading Eigenvalue Variance Explained

I plan to complete all of my statistics assignments. 0.372
I plan to work hard in my statistics course. 0.565

I plan to study hard for every statistics test. 0.864 9.264 35.632
I plan to attend every statistics class session. 0.582
I plan to review my notes and course materials regularly to 0871

reinforce my understanding of statistics. ’
I am confident in my ability to grasp statistics concepts
. 0.648
and apply them proficiently.

I am making good progress in this statistics course and 0676

finding the material easy to follow. 3.556 13.677
I am skilled at performing statistical calculations
. 0.857
accurately and quickly.
I am capable of learning and mastering statistics. 0.849
I have a strong understanding of statistical equations

and their applications. 0.848
I feel comfortable with statistical concepts and am 0.850
able to use them effectively. '
I am interested in communicating statistical
. . 0.927
information to others.
I am interested in utilizing statistics. 0.728 1.776 6.830
I am interested in comprehending statistical information. 0.834
I am interested in learning about statistics. 0.903
I am a quick learner when it comes to statistics. 0.598
Statistics is a strong area for me. 0.644
I believe that learning statistics would benefit me 1.606 6.177
. - 0.717
in my daily life.
Achieving success in statistics is important for me
. L 0.631
to attain my desired job.
I consistently perform well in statistics. 0.712
I excel at solving statistical problems. 0.794
I am confident in my ability to perform well 0.838

on statistics tests.

I understand the fundamental principles of statistics. 0.754 1217 4.680
I have a strong grasp of statistical terminology 0557
and concepts. ’
My statistical skills are useful for achieving my 0823
personal and professional goals. )
I have a better understanding of statistics than
0.436
most people do.
Total variance explained 66.997%
“Kaiser-Meyer-Olkin Measure of Sampling Adequacy” 0.855
X2 12420.131
“Bartlett’s Test of Sphericity” df 325
Significant 0.000

Note: Extraction method: principal component analysis

Table 2 shows the factor loading values for 26 items used in the study. The items are grouped into six different
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factors: The Effort, Cognitive, Interest, Stat_achiev, and SC1-SC6. KMO test [34] was performed at 0.855, which
exceeds the minimum requirement of 0.7 indicating that the sample is adequate for conducting a factor analysis. The
total variance explained is 66.997%, which means that the factors identified in the analysis account for a substantial
portion of the total variance in the data. In addition, screen plot output indicating the data have fifth factors data as
shown in Figure 2.

Screen Plot

Eigenvalue

0 OO0 0—0

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Component Number

Figure 2. Screen plot output indicating that the data have fifth factors data

3.4 Reliability Analysis

Cronbach’s alpha values indicate that the measurement scales used in the study are reliable and have good internal
consistency, where Cronbach’s alpha reliability coefficient is acceptable if exceeded 0.60 as shown in Table 3.

Table 3. Results Cronbach’s « for each domain

Domain Cronbach’s a N of Items
Effort 0.813 5
Cognitive-competence 0.927 6
Interest 0.889 4
Statistics achievement 0.759 5
Self-concept 0.858 6

The mean values for these variables are as follows: self-concept (3.486), effort (3.289), interest (3.205), statistical
achievement (2.943), and cognitive competence (2.820). Causal modeling assumes that variables are normally
distributed, which means that their skewness and kurtosis should not exceed an absolute value of 2 [12]. Table 4
shows that all variables in our study meet this standard, as the absolute values of their skewness and kurtosis fall
within the desired range.

Table 4. Descriptive indices for each domain

Rank Domain Mean Std. Deviation Skewness Kurtosis
1 Self-concept 3.486 0.691 -0.804 0.486
2 Effort 3.289 0.900 -0.375 -0.186
3 Interest 3.205 1.271 -0.220 -1.051
4 Statistics achievement ~ 2.943 0.833 -0.217 -0.010
5 Cognitive-competence  2.820 1.114 0.045 -0.782

Effort and cognitive competence have a positive and significant correlation (r = 0.529**, p < 0.01), indicating
that there is a strong relationship between putting in effort and having higher cognitive competence. Similarly, effort
and interest exhibit a positive and significant correlation (r = 0.339**, p < 0.01), suggesting that there is a link
between exerting effort and having a greater interest in the subject. Furthermore, cognitive competence and interest
are positively and significantly correlated (r = 0.264**, p < 0.01), indicating that higher cognitive competence is
associated with a greater interest in the topic. The correlation between statistical achievement and effort is positive
and significant (r = 0.487**, p < 0.01), suggesting that there is a strong relationship between putting in more effort
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and achieving better results in statistics. Similarly, statistical achievement and cognitive competence demonstrate a
positive and significant correlation (r = 0.428**, p < 0.01), indicating that higher cognitive competence is associated
with better performance in statistics.

Additionally, statistical achievement and interest exhibit a positive and significant correlation (r = 0.265**, p <
0.01), suggesting that a greater interest in the subject is associated with achieving better results in statistics. Lastly,
self-concept shows positive and significant correlations with effort (r = 0.585**, p < 0.01), cognitive competence
(r = 0.529**, p < 0.01), interest (r = 0.414**, p < 0.01), and statistical achievement (r = 0.417**, p < 0.01),
indicating that a higher self-concept is associated with increased effort, cognitive competence, interest, and better
performance in statistics, as shown in Table 5.

Table 5. Correlation matrix of the research variables

. Cognitive Statistical Self-
Variables Effort Competence Interest Achievement Concept
Effort 1
Cognitive competence  0.529** 1
Interest 0.339** 0.264** 1
Statistical achievement  0.487** 0.428** 0.265** 1 1
Self-concept 0.585** 0.529** 0.414** 0.417** 1

Note: * p > 0.05, ** p > 0.01

3.5 Confirmatory Factor Analysis (CFA)

The model fit was assessed before investigating the assumptions of the study. According to the study [13], Table 6
shows that the values for RMSEA, CFI, TLI, and IFI all exceed the recommended threshold values, indicating that
the statistical model has a good fit. “The RMSEA value is 0.079, which is below the recommended threshold of
0.08, indicating a good fit. The CFI, TLI, and IFI values are all above the recommended threshold of 0.90, indicating
a good fit. The value for X2 /DF is 3.813, which is between the recommended threshold range of 1 < X2 /DF < 57,
indicating a reasonable fit. The values presented in the table suggest that the statistical model has a good fit, with all
fit indices falling within the recommended threshold ranges or exceeding them.

Table 6. Conformity fitness indices of model

CFI TLI IFI RMSEA x2/DF
0935 0926 0935 0079  3.813

Path analysis was employed to examine the hypotheses and investigate the relationships among effort, interest,
cognitive competence, self-concept, and statistical achievement through the mediation of self-concept. Effort has
a significant direct effect on statistical achievement (5 = 0.355, p < 0.01), indicating that students who exert more
effort are likely to perform better in statistics. Effort also has a significant indirect effect on statistical achievement
through self-concept (8 = 0.347, p < 0.05), indicating that self-concept partially mediates the relationship between
effort and statistical achievement.

Similarly, interest shows a significant direct effect on statistical achievement (5 = 0.317, p < 0.01), indicating
that students with a greater interest in statistics are more likely to achieve better results. Interest also has a significant
indirect effect on statistical achievement through self-concept (3 = 0.493, p < 0.05), further supporting the idea that
self-concept partially mediates the relationship between interest and statistical achievement.

Furthermore, cognitive competence demonstrates a significant direct effect on statistical achievement (5 = 0.277,
p < 0.01), indicating that students with higher cognitive competence are more likely to excel in statistics. Cognitive
competence also has a significant indirect effect on statistical achievement through self-concept (5 = 0.214, p <
0.05), suggesting that self-concept plays a partial mediating role in the relationship between cognitive competence
and statistical achievement.

These findings highlight the importance of self-concept as a mediator in the relationships between effort, interest,
cognitive competence, and statistical achievement. While effort, interest, and cognitive competence have direct
effects on statistical achievement, self-concept serves as a partial mediator, indicating that it influences but does not
fully account for the relationships between these variables and academic performance in statistics. Table 7 shows
the path analysis impact of effort, interest, and cognitive competence on statistical achievement through meditation
on self-concept statistics.
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Table 7. Path analysis impact of effort, interest and cognitive competence on statistical achievement through
meditation of self-concept statistics

Variables Direct Effects Indirect Total Effects Result
Effort 0.355™* 0.347** 0.702** Partial mediation
Interest 0.317** 0.493** 0.810** Partial mediation

Cognitive competence 0.277* 0.214** 0.419** Partial mediation

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

4 Discussion

The study shows that effort has a significant direct effect on statistical achievement is in line with the findings
of the studies [14, 43], who also found a positive association between effort and achievement in statistics courses.
The meta-analysis also supports the importance of effort as a predictor of academic achievement across different
subjects, including mathematics [15]. The results of the study indicate that educators and policymakers should
consider promoting and encouraging student effort in statistics education to improve their academic achievement in
this subject. This can include strategies such as providing clear goals, feedback, and support for students to increase
their dedication and persistence towards their academic pursuits.

The study’s outcomes reinforce the notion that effort and academic achievement in statistics are positively
correlated. The data indicates that effort has both a direct and indirect effect on statistical achievement, implying that
students who put in more effort not only perform better but also have a higher self-concept concerning their abilities
in this subject. The finding that self-concept mediates the relationship between effort and statistical achievement is
also noteworthy. It suggests that students who view themselves positively in terms of their statistical abilities are more
likely to put in higher levels of effort and subsequently score better grades in this subject. Our findings align with
those of Stoeber and Stoeber [16], who observed a positive correlation between effort and academic performance
in undergraduate students. Additionally, the study [15] supports our results by demonstrating a positive correlation
between effort and academic achievement in various academic domains.

The study [54] is particularly relevant to our results, as it also found that self-concept partially mediated the
relationship between effort and academic achievement. However, their study focused on middle school students,
while our study focused on college students taking a statistics course. The results of this study have practical
implications for educators and policymakers. For example, promoting a positive self-concept among students can be
a useful strategy for increasing their motivation and effort towards academic pursuits, including statistics education.
Educators can use a variety of techniques to enhance self-concept, such as providing positive feedback and support,
using praise for effort, and helping students set realistic goals and expectations.

Previous research has indicated that interest plays a crucial role in academic achievement, including in the field
of statistics. The studies [1, 15] have shown that interest is a significant predictor of academic performance in various
subjects and can lead to greater engagement, attention, and understanding. This highlights the importance of making
statistics more engaging and relevant to students’ interests by using real-life examples, interactive activities, and
meaningful applications.

Moreover, the finding that interest has an indirect effect on statistical achievement through self-concept underscores
the significance of self-concept in academic success. Students who are interested in statistics may develop a more
positive self-concept in the subject, which can enhance their motivation and performance. This is consistent
with prior research that has demonstrated a positive relationship between interest, self-concept, and academic
achievement [14, 44]. Therefore, educators and teachers should strive to cultivate students’ interest and positive
self-concept in statistics to improve their academic outcomes [15, 35]. These results indicate that efforts to improve
students’ self-concept in statistics may lead to greater interest and effort, which in turn may result in better academic
performance.

Cognitive competence has a significant direct effect on statistical achievement, which is consistent with previous
research. For example, Carter [38] found that cognitive competence was a significant predictor of achievement in
mathematics among middle school students. Similarly, Xu and Schau [39] found that cognitive competence was a
significant predictor of achievement in an undergraduate statistics course. In the context of statistics, students with
higher cognitive competence may be better able to understand and apply statistical concepts, which can lead to better
performance on exams and assignments. Additionally, they may be better able to engage in deep processing of the
material, which can lead to better learning and retention of the concepts.

Self-concept partially mediates the relationship between cognitive competence and statistical achievement, which
is an interesting result. It suggests that students with higher cognitive abilities may have a more positive self-concept
related to their ability to learn and succeed in statistics, which in turn may contribute to their better performance.

The finding that self-concept serves as a partial mediator in the connection between cognitive competence and
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statistical achievement holds important implications for policymakers and educators. It indicates that efforts to
enhance students’ cognitive abilities can also have a favorable influence on their self-concept and drive to excel in
statistics. Furthermore, initiatives that focus on boosting students’ self-concept and confidence in their skills can
also play a significant role in improving their academic performance.

Social cognitive theory explains the positive association between cognitive competence and self-concept,
proposing that an individual’s self-efficacy beliefs are shaped by their past experiences and successes [44]. Therefore,
students who possess higher cognitive competence are likely to excel in academic tasks, leading to a more favorable
self-concept, which, in turn, fosters further success. The results of this research are consistent with previous studies
that have also identified a positive correlation between cognitive competence and academic achievement [18, 54].
Moreover, self-concept has been identified as a crucial factor in academic performance [24], with students who have a
positive self-concept being more motivated and displaying a more positive attitude towards their academic work [3].
The present study also reveals that self-concept partially mediates the connection between cognitive competence
and statistical achievement, which aligns with prior research proposing that self-concept can serve as a mediator
between cognitive competence and academic achievement [14, 25]. Overall, the findings suggest that students with
higher cognitive competence may possess a more favorable self-concept, leading to better academic performance in
statistics.

5 Conclusion

This study aimed to investigate the relationships among effort, interest, cognitive competence, and statistical
achievement, mediated by self-concept, among undergraduate students at a Jordanian university. The results
revealed that effort, interest, and cognitive competence had significant direct effects on statistical achievement.
Additionally, self-concept partially mediated the relationships among effort, interest, cognitive competence, and
statistical achievement. These findings suggest that both individual factors (effort, interest, and cognitive competence)
and psychological factors (self-concept) play important roles in students’ academic achievement in statistics.

The study’s findings highlight the need for educators and policymakers to consider both individual and psychological
factors when developing educational interventions to improve academic achievement in statistics. Efforts to enhance
students’ effort, interest, cognitive competence, and self-concept may lead to better academic outcomes. Specifically,
educators should encourage students to exert more effort in their studies and foster their interest in statistics.
Furthermore, educators should provide opportunities for students to develop and enhance their cognitive competence
and self-concept by providing academic support, counseling services, and mentorship programs.

Recommendation

The findings suggest that educators and policymakers should consider promoting and encouraging student efforts
in statistics education to improve their academic achievement in this subject. Strategies such as providing clear goals,
feedback, and support for students to increase their dedication and persistence towards their academic pursuits can
be effective.

Promoting a positive self-concept among students can also be a useful strategy for increasing their motivation
and effort towards academic pursuits, including statistics education. Educators can use a variety of techniques to
enhance self-concept, such as providing positive feedback and support, using praise for effort, and helping students
set realistic goals and expectations.

Making statistics more engaging and relevant to students’ interests by using real-life examples, interactive
activities, and meaningful applications is another strategy that can help increase students’ interest and, subsequently,
their performance.

Limitations

The study used a sample size and self-reported measures. The sample size was limited to college students
enrolled in a statistics course, which may not be representative of the entire population. Future studies could consider
using a larger and more diverse sample to increase generalizability. Additionally, the use of self-report measures may
have introduced biases, such as social desirability bias, where students may have reported higher levels of effort or
interest than they actually put in. Future studies could consider using objective measures, such as attendance records
or test scores, to assess effort and achievement.

Another limitation is that the study focused only on three factors, namely effort, interest, and self-concept, that
may influence academic achievement in statistics. Other factors, such as prior knowledge, teaching methods, and
motivation, may also be important predictors of academic achievement in this subject. Future studies could consider
exploring the relationships between these additional factors and academic achievement in statistics.

Finally, the study used a cross-sectional design, which limits our ability to establish causality. While the results
suggest that effort, interest, and self-concept may influence academic achievement in statistics, it is not clear whether
these factors cause improvements in academic achievement or whether academic achievement leads to changes in
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these factors. Future studies could consider using longitudinal designs to better establish the causal relationships
between these factors and academic achievement in statistics.
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