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Abstract 

Self-management, self-control, and self-regulation skills of students are closely related to their achievement. 

This study aims to examine the mediating role of online self-regulation skills in the effect of pre-service 

mathematics teachers' self-management and self-control skills on their achievements in distance education 

process. The participants of the research which employed structural equation modeling consisted of 473 pre-

service mathematics teachers. The data collected through the use of Self-Control and Self-Management Scale 

and Self-Regulated Online Learning Questionnaire. Positive and significant relationships have been found 

among the sub-factors of the scales and achievement scores. Furthermore, the study finds a mediating role of 

online self-regulation skills between the relationship of self-management and self-control skills and academic 

achievement. Hence the study recommends the encouragement and development of self-regulation, self-

management and self-control skills to enhance the academic achievement of pre-service mathematics 

teachers. 
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1. Introduction 

All kinds of transformations that take place in social life also deeply affect the 

education-teaching processes. Effectively conducting distance education, the importance 

of which has been recognized more recently at all levels of teaching processes has also led 

to the differentiation and diversification of the concepts. As educational understanding 

goes through a serious transformation, it has become more prominent that “every student 

is the most important component of their own learning experience” (Weinstein & Huma, 

1998). In this process, in which the immediate distance education approach, which is 
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carried out together with asynchronous and synchronous applications, is adopted, the 

importance of students' learning to take responsibility for their own learning, to gain 

sensitivity to differences in their individual learning and to organize their learning 

processes has become more evident (Pillilion & McNeil, 2020; Rutherford et al., 2021). 

The transformation experienced in the teaching processes may have an impact on the 

learning approaches adopted by the students. In many studies, the effects of students' 

approaches on their motivation, thinking processes, and self-regulation skills are 

reconsidered in different contexts (Adl & Alkharusi, 2020; Costa et al., 2020; Halif et al., 

2020; Hwang et al., 2021; Landrum, 2020). 

Online learning applications have been used by many well-established universities for 

years, as they enable flexible access to teaching content at any time and place at the 

higher education level (Bates, 2018; Cambridge, 2020; Massachusetts Institute of 

Technology [MIT], 2020; Stanford, 2020). For many students, the examination of skills 

for newly encountered online learning processes is very important, especially in teaching 

abstract mathematics, since students' perceptions of the process will significantly affect 

their mathematics learning outcomes (Sahidin & Jamil, 2013). The way students manage 

and perceive the mathematics learning processes in the distance education process is 

likely to vary compared to the face-to-face teaching practices. Goulão and Menedez (2015) 

stated that due to the independent and flexible nature of online learning environments, 

students should take more responsibility in terms of independence, maturity, motivation 

and discipline in the learning process. The components of this proposal are closely related 

to the concept of self-regulation, which is based on Bandura's social-cognitive theory, 

which is related to one's ability to master one's own learning processes, to choose the 

right learning strategies in their own learning, to self-evaluate and organize these 

strategies when necessary, and to motivate oneself throughout the learning process 

(Pintrich, 2000; Zimmerman, 2015). Based on the cumulative structure of the discipline 

of mathematics, the necessity of cumulative learning makes it necessary for students to 

be able to control their learning processes and keep their motivation high (Schunk, 2001). 

This is closely related to students' self-regulation skills, as Zimmerman (2015) states. 

Academic achievement, in practice, indicates the set of knowledge learned, the degree 

of development of capacities, and skills in the academic environment (Jeynes, 2008). In 

line with this definition, it can be said that the effect of individual factors may have a 

significant effect on mathematics achievement (National Council of Teachers of 

Mathematics [NCTM], 2014; Organisation for Economic Cooperation and Development 

[OECD], 2016; Usher & Pajares, 2009). In the cognitive dimension of self-regulated 

learning, which is defined based on socio-cognitive learning theories, the student is not 

considered as a passive recipient of information, but as an element who actively 

constructs information through his/her own meaning-making, goal setting and strategy 

selection processes (Pintrich, 2000). In this context, self-regulated learning skills have a 

multidimensional structure that integrates the cognitive, motivational and behavioral 
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components of learning (Artino, 2008). Self-regulated learning is associated with 

volitional and active behaviors that include task strategies, time management, 

environment structuring, goal setting, help seeking (Barnard-Brak et al., 2010) and 

metacognitive skills.  

Self-regulated learning requires the individual to manage learning processes. This 

enables the concept of self-management to emerge as an important component in the self-

regulated learning process. In a certain sense, self-management encompasses, among 

other things, self-discipline, self-control, self-regulation, will power, ego strength, and 

effortful control (Duckworth & Kern 2011; McClelland & Cameron, 2011). In a 

widespread manner, self-management and self-control have been used together for a long 

time in the literature (Halford, 2003). Many studies reveal the importance of self-

management for academic success (Adam et al. , 2017; Chen & Li, 2021; Claro & Loeb, 

2019; Galla et al., 2019; Hofer et al., 2012; Kulusaklı, 2022; Verstege et al., 2019). When 

these studies are examined it has been revealed that researchers have a significant share 

in managing their choices in a healthy, realistic and applicable ways in order to provide 

individuals with the intrinsic motivation they will need to succeed.  

The expression of control, which is included in the components of self-regulation, 

includes not only the control of the elements outside the learner, but also the provision of 

individual control. Self-control, which has positive effects on academic achievement 

(Mischel, 2014), is defined by Duckworth et al. (2019) as deciding in favor of a less 

desirable option that will benefit in longer-term planning instead of an instant benefit or 

attractive option in life. From this point of view, Goulão and Menedez (2015) state that 

self-control should take a pro-active role in the realization of self-regulation. In the 

literature, there are studies showing that self-control affects school success (Duckworth 

et al., 2010), general success at the end of secondary school, and permanence in the first 

year of university education (Galla & Duckworth, 2015). Lindner et al. (2018) explained 

this situation as the effect of self-control on the motivation of individuals and on success. 

It has been revealed that self-control is a strong predictor of a range of cognitive and 

social competencies in adolescence, such as the ability to delay gratification in early life, 

planning, orientation and maintaining attention, effective pursuit of goals, and self-

confidence (Mischel et al., 1988). Herewith, self-control enables students to complete 

tasks on time, balance their free time successfully, and prevent their emotional states 

from preventing them from working, thus resulting in better academic results 

(Duckworth et al., 2012; Tangney et al., 2004). 

In this context, it is necessary to consider the concepts of self-management and self-

control together with the concept of self-regulation in the distance education process and 

online learning environments (Barlovits et al., 2021), where the responsibility for 

learning should be carried out more individually. Students' knowledge about 

management of their learning processes and determining the ways of providing 
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motivation that will help them in the process have the feature of being a cognitive and 

behavioral feedback set (Rascón-Hernán, 2019). Kremer-Hayon and Tillema (1999) drew 

attention the importance of self-regulated learning suggesting the examination of pre-

service teachers’ self-regulation skills. For this reason, it is a current and important issue 

to consider the self-management and self-control skills that students have in the context 

of mathematics lessons in distance education. In addition, having a detailed knowledge of 

the students' understanding of the abstract structure of mathematics due to the nature of 

the discipline can also serve as a road map for such a situation that may occur in the 

future. From this point of view, the aim of this study is to examine the mediating role of 

online self-regulation skills in the effect of pre-service mathematics teachers' self-

management and self-control skills on their achievements in distance education process. 

2. Method 

2.1. Research Design 

Structural Equation Modeling, one of the quantitative research designs, was used to 

determine the mediating role of self-regulated online learning in the relationship 

between self-control and self-management and academic achievement. The research 

employed a two-stage method to detect and eliminate measurement errors in structural 

equation studies. The first step involved developing a measurement model and testing its 

validity with confirmatory factor analysis. After the measurement model was 

constructed, a structural model was proposed by testing the structural relationships 

between the latent variables. 

2.2. Participants 

Within the scope of the research, convenient sampling, one of the non-probability 

sampling methods, was used to determine the study group from which the data were 

collected. Information on the demographic characteristics of the participants is presented 

in Table 1. 

Table 1. Demographic characteristics of the participants 
Variable Groups f % 

Gender Female 374 79.1 

Male 99 20.9 

Total 473 100 

Grade level 1 168 35.5 

2 159 33.6 

3 102 21.6 

4 44 9.3 

Total 473 100 
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 Table 1 presents that female participants predominate by gender. According to the grade 

level, although the number of senior pre-service mathematics teachers is low, it is seen 

that there is a balanced distribution in general. 

2.3. Data collection tools 

The participants were asked to indicate their grade point averages for achievement 

variable. The data for other variables were obtained through the use of self-control and 

self-management scale and Self-Regulated Online Learning Questionnaire. 

2.3.1. Self-Control and Self-Management Scale (SCMS) 

This self-evaluation tool measures self-control and self-management skills in terms of 

their overall features. Additionally, the scale is structured cognitively and behaviorally 

(Mezo, 2009). Using SCMS, each component of self-management, which are self-

monitoring [SM], self-evaluating [SE], and self-reinforcing [SR], is evaluated in a process-

oriented manner (Mezo & Short, 2012; Xue & Sun, 2011). Ercoşkun (2016) adapted the 

scale into Turkish with a three-factor structure including 16 items. Regarding the 

findings about linguistic equivalence, the correlation coefficients of self-control and self-

management scale (SCMS) in both Turkish and English versions were found to be rSCMS = 

.91, rSR = .81, rSE = .79 and rSM = .84. The construct validity was carried out via 

exploratory factor analysis (EFA) to evaluate the structure of the draft scale in Turkish 

culture, and confirmatory factor analysis (CFA) was administered. CFA showed that the 

three-dimensional structure of the scale has a good fit (RMSEA = .052, NFI = .97, CFI = 

.98, GFI = .96, AGFI = .94, RFI = .97). The reliability coefficients which were determined 

via test-retest method were obtained as .87 for the whole scale, .81, .73 and .80 for SR, SE 

and SM respectively. 

2.3.2. Self-Regulated Online Learning Questionnaire (SROL) 

The Turkish adaptation of the scale developed by Jansen et al. (2017) was made by 

Yavuzalp and Özdemir (2020). The scale consists of five factors (metacognition skills 

[MS], help seeking [HS], time management [TM], persistence [P], environmental 

structuring [ES]) and 36 items. MS refers to the metacognitive thinking skills of the 

students in online platforms such as organizing the learning materials, assessing the 

learning or determining the relationships among the concepts. HS refers to asking the 

teacher or peers for help when needed. TM includes items regarding the planning and 

timing for the tasks and courses. P refers to motivating oneself even when bored during 

the courses or doing homework. ES means organizing the environment so that one can 

study or engage the course better.  

EFA and CFA results validated the factor structure of the scale (RMSEA = .071, NFI = 

.98, CFI = .99, GFI = .82, AGFI = .79). The reliability coefficients which were determined 
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via test-retest method were obtained as .96 for the whole scale, and ranged from .70 to 

.95 for the factors. 

2.4. Data Analysis 

Data were collected after obtaining the necessary ethics committee permission to 

collect data within the scope of the research. SPSS and Lisrel softwares were used in the 

analysis of the collected data. It was checked whether normality, linearity, covariance, 

absence of multicollinearity, independence of residuals, and absence of extreme values 

were required assumptions for confirmatory factor analysis and path analysis, and the 

analyses were conducted after verifying that none were violated. 

3. Results 

The variables in the research model are described in Table 2 by descriptive statistics. 

Table 2. Descriptive statistics regarding the variables (N=473) 

 M SD Min. Max. Skewness  Kurtosis 

SCMS_SR 3.75 .83 1.00 5.00 -.56 -.04 

SCMS_SE 3.97 .62 160 5.00 -1.27 2.29 

SCMS_SM 3.80 .65 1.33 5.00 -.53 .42 

SROL_MS 4.51 1.25 1.44 7.00 -.30 -.48 

SROL_TM 4.88 1.15 1.00 7.00 -.20 -.48 

SROL_ES 5.55 1.20 1.60 7.00 -.87 .07 

SROL_P 4.88 1.33 1.20 7.00 -.42 -.56 

SROL_HS 4.71 1.39 1.00 7.00 -.63 -.09 

SUC 3.08 .42 1.67 4.00 -.77 .42 

Note: SCMS_SR, SE, SM: Self-Reinforcing, Self-Evaluating, and Self-Monitoring Subscales of SCMS; 
SROL_MS, TM, ES, P, HS: Metacognitive Skills, Time Management, Environmental Structuring, 
Persistence, and Help Seeking Subscales of SROL; SUC: Success 
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Table 2 shows that the skewness and kurtosis values are within acceptable ranges and 

the data do not violate the normal distribution assumption. The correlation values 

between the variables in the research model are presented in Table 3. 

Table 3. Pearson product-moment correlation coefficients among the variables 

  1 2 3 4 5 6 7 8 9 

1. SCMS_SR 1         

2. SCMS_SE .03 1        

3. SCMS_SM .53** .15** 1       

4. SROL_MS .38** .09* .52** 1      

5. SROL_TM .17** .28** .24** .30** 1     

6. SROL_ES .33** .15** .39** .60** .36** 1    

7. SROL_P .31** .12* .43** .67** .33** .54** 1   

8. SROL_HS .26** .09* .32** .58** .19** .43** .48** 1  

9. SUC .02 .06 .16** .18** .29** .21** .22** .19** 1 

Table 3 shows that there is no multicollinearity between the independent variables, 

and the data is suitable for mediation analysis. 

3.1. Findings regarding the measurement model 

The standardized path coefficients of the measurement model, the t-values regarding 

whether these coefficients are significant and the model goodness of fit indices showing 

whether the model can be accepted are presented in Figure 1. 

 

Figure 1. Standardized path coefficients regarding the measurement model  

Based on the standardized path coefficients for the measurement model in Figure 1, it 

can be seen that the latent variables have a high correlation with the observed variables, 
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while the observed variables have a low error variance. The data collected in the study 

are compatible and acceptable with the measurement model. Based on the standardized 

path coefficients of the measurement model, Figure 2 presents t-values indicating their 

statistical significance. 

 

Figure 2. t-values for the factors of measurement model  

According to Figure 2, the latent variables explaining the observed variable are 

represented by arrows with their t-values. A significant difference is observed at the 

significance level of .01 for all paths from latent variables to observed variables. 

Goodness of fit indices have to be between certain intervals to accept a measurement 

model as a whole. It is imperative to examine more than one fit indices when evaluating 

the goodness of fit between the theoretical structure and the collected data due to the fact 

that each index has strengths and weaknesses. A number of common goodness-of-fit 

indices are used in this study, including RMSEA, NFI, NNFI, CFI, IFI, SRMR. Table 4 

below presents the goodness-of-fit values obtained in this study and the acceptance 

criteria of various goodness-of-fit indices used in determining model fit. 
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Table 4. Goodness of fit values for the measurement model 

Goodness of fit index 
Acceptance 

criteria 

Value for the 

measurement 

model 

x2 /sd ≤ 5 3.57 

Root Mean Square Error of Approximation (RMSEA)  ≤ .08 .07 

90 Percent Confidence Interval for RMSEA ≤ .08 (.06; .09) 

Normed Fit Index (NFI) ≥ .90 .96 

Non-Normed Fit Index (NNFI) ≥ .90 .95 

Comparative Fit Index (CFI) ≥ .90 .97 

Incremental Fit Index (IFI) ≥ .90 .97 

Standardized RMR ≤ .08 .05 

Goodness-of-fit Index (GFI) ≥ .90 .96 

Adjusted Goodness-of-fit Index (AGFI ) ≥ .90 .93 

Using goodness-of-fit statistics, the measurement model meets all of the acceptance 

criteria, or, in other words, all values are consistent with the model at a level that can be 

accepted. The measurement model was confirmed based on these findings. 

3.2. Findings regarding the structural model  

The measure model developed in the first stage of the two-stage structural equation 

study had a good goodness-of-fit statistic. A structural relationship model was created 

and tested in the second stage that explained how latent variables relate to each other. 

Good fit indices showing whether the structural model can be accepted are given below, 

along with the standardized path coefficients of the model, their t-values, and the 

significant coefficients. 

 

Figure 3. Standardized path coefficients of the structural model 

When the relationships between latent variable of SCMS and observed variables are 

examined, the highest relationship exists with Self-Monitoring (SM), followed by Self-

Reinforcing (SR). It is seen that the relationship between SCMS and Self-Evaluating (SE) 
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is lower than other factors. When the relationships between the latent variable of SROL 

and observed variables are examined, the highest correlation exists with Metacognitive 

Skills (MS), followed by Persistence (P), Environmental Structuring (ES) and Help 

Seeking (HS), respectively. It is seen that the lowest relationship is with Time 

Management (TM). It is seen that the independent variable of SCMS has a path 

coefficient of .70 with the mediating variable of SROL, and a path coefficient of .30 

between the mediating variable and the dependent variable of achievement. The t values 

for the statistical significance of the standardized path coefficients of the structural 

model are presented in Figure 4. 

 
 

                          Figure 4. t-values regarding the structural model  

 

The t value of the path from SCMS to achievement variable is not statistically 

significant. This led to the relevant path being removed from the model and the model 

being retested. In the following table, we display the standardized path coefficients of the 

new model, t-values indicating whether the coefficients are significant, and goodness of 

fit indices indicating if the model has been accepted or not. 
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Figure 5. Standardized path factors of the revised structural model  

 

According to the path diagram in Figure 5, the path coefficient between Self-Control 

and Self-Management (SCMS) and Self-Regulated Online Learning (SROL) is .70, and 

the path coefficient between Self-Regulated Online Learning (SROL) and achievement is 

.26. The t values regarding whether the above coefficients are significant or not are 

presented in Figure 6. 

 

 
Figure 6. t-values regarding the revised structural model 
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Figure 6 shows that all paths are significant at the significant level of .01 considering t 

values of the revised structural model.  

3.3. Goodness of fit values of the structural model  

Table 5 presents the goodness of fit values for the structural model and the theoretical 

structure as well as the acceptance criteria for the goodness of fit indices. 

Table 5. Goodness of fit values of the structural model 

Goodness of fit index 
Acceptance 

criteria 

Value for the 

structural model 

x2 /sd ≤ 5 3.44 

Root Mean Square Error of Approximation (RMSEA)  ≤ .08 .07 

90 Percent Confidence Interval for RMSEA ≤ .08 (.06; .09) 

Normed Fit Index (NFI) ≥ .90 .96 

Non-Normed Fit Index (NNFI) ≥ .90 .96 

Comparative Fit Index (CFI) ≥ .90 .97 

Incremental Fit Index (IFI) ≥ .90 .97 

Standardized RMR ≤ .08 .04 

Goodness-of-fit Index (GFI) ≥ .90 .96 

Adjusted Goodness-of-fit Index (AGFI ) ≥ .90 .93 

 

Table 5 presents the goodness-of-fit statistics for this model, which indicate that the 

collected data support this model at an acceptable level. The constructed model is verified 

since all relationships are quite high and significant. 

Considering all the findings presented above, the research hypothesis regarding the 

mediating role of Self-Regulated Online Learning [SROL] between Self-Control and Self-

Management [SCMS] and success has been confirmed. It plays a partial mediating role in 

the relationship between Self-Control and Self-Management [SCMS] and success. The 

structural equations between the variables are as follows: 

Self-Regulated Online Learning = 0.70*Self-Control and Self-Management, Errorvar.= 

0.51, R2 = .49 

Success = 0.26*Self-Regulated Online Learning, Errorvar.= 0.93, R2 = .07 

According to this finding, Self-Control and Self-Management explain 49% of the variance 

in Self-Regulated Online Learning. Self-Regulated Online Learning explains about 7% of 

the variance in academic achievement. 
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4. Discussion 

This study aimed to determine the mediating role of self-regulated online learning in 

the relationship between self-control and self-management and pre-service mathematics 

teachers' academic achievement. The findings confirmed the mediating role of self-

regulated online learning in the relationship between self-control and self-management 

and academic achievement. Todd et al. (1999) argue that self-management strategies 

increase appropriate behaviors at schools in addition to enhancing the academic 

performance of the students. Self-control can be regarded as the internal processes that 

help the individuals to direct their behavior towards the desired activities by controlling 

thoughts and behavior (Karoly, 1993; Epstein, 1997). It can be inferred that self-control 

and self-management may help individuals change or determine the results of their 

behaviors. This leads to the improvement of the academic performance of pre-service 

mathematics teachers as this study puts forth. Studies revealed that the individuals who 

have the ability of self-management and self-control have increased perceptions about 

their ability to control and organize environmental factors and increase their motivation 

to further develop, resulting in less dependence on others (Goldstein, 1994; Hudley, 

1999). These abilities refer to self-regulation which requires individuals to master the 

learning processes, set their goals, determine and organize their learning strategies, and 

motivate themselves throughout the process (Hofer et al., 1998; Pintrich, 2000). Kremer-

Hayon and Tillema’s (1999) study put forth that pre-service teachers consider self-

regulated learning as an important factor for their motivation to learn. These study 

results support the mediating role of self-regulated learning in the relationship between 

self-management and self-control and achievement, since self-managing and self-

controlling individuals are prone to regulate their behaviors in line with their purposes 

as the studies verified. The individuals are not likely to take good decisions, solve 

problems and organize their behaviors accordingly unless they have the abilities to 

control and manage themselves (Fox & Calkins, 2003). As Baumeister and Vohs (2007) 

put forth self-regulation ability allows the individuals to motivate themselves to judge, 

organize and change their behaviors to resolve conflicts experienced. The participants of 

this study might have used their self-regulation strategies when they had problems in 

online learning environments in line with these findings, which supports the mediating 

role of self-regulated learning. The study by Zanting, Verloop, and Vermunt (2001) 

reveals that pre-service teachers perceive self-regulated learning as taking the initiative 

for their teaching processes as well as their learning processes. This implies that pre-

service teachers may benefit from self-regulated learning skills both for teaching and 

learning processes. Pre-service mathematics teachers are prone to establish a mutually 

reinforcing relationship between these two processes (Ebby, 2000). Moreover, Gürel et al. 

(2022) poited out that the teachers' monitoring and control behaviors were affected by the 

goals they set. Paris and Winograd (2001) emphasize the need to understand teachers’ 
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and pre-service teachers’ own thinking processes to help their students in their learning 

processes. Furthermore, Hsu et al., (2009) set forth the contribution of distance education 

environments into pre-service teachers’ self-regulated learning skills as they help them 

in planning, study routines, monitoring their learning performance and seeking help 

from others.  

An attention grabbing finding of the study is that self-control and self-management 

has no direct effect on the achievement. This result yields that self-control and self-

management alone cannot be the determinant of the achievement. Although they include 

perseverance, delaying instant gratification, using time effectively, planning and effective 

coping strategies (Kenneth, 1994; Kenneth & Keefer, 2006), it is asserted that individuals 

with high academic self-control obtain better grades in the long term (Tangney, 

Baumeister, & Boone, 2004). This suggests that self-control and self-management 

influence achievement over a time period or needs additional abilities, such as self-

regulated learning as the study suggests, for revealing its impact in the short term. The 

absence of self-regulation may hinder the effect of self-control and self-management on 

student performance as Baumeister, Bratslavsky, Muraven, and Tice (1998) claim that 

people don’t persist in the accomplishment of challenging tasks if they fail in the self-

regulation process. What is more, teaching environment may support the regulation 

processes of the studens. Manning et al. (2023) put forth that engaging, interactive and 

inclusive learning environments may foster students’ motivations to learn and 

engagements to the teaching processes.  

The students with high self-control and self-management willingly attend the courses, 

and mostly have intrinsic motivation for the tasks they should overcome (Duckworth et 

al., 2019; Kenneth & Reed, 2009). The fact that self-management can be learnt results in 

the thought that individuals’ performance is developed through self-management 

training (Frayne & Geringer, 2000). Self-regulated learning strategies may play catalyzer 

role in this relationship according to the findings of this study. Hence, the stakeholders 

in education are suggested to be aware of the role of self-control and self-management 

skills and self-regulated strategies in academic development of the individuals especially 

in this period which revealed the importance of these skills in distance education as well 

as face-to-face education.  Accordingly, necessary arrangements can be made in teachers’ 

professional development processes and pre-service teacher training. 
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