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Abstract:
The ordinal regression method was used to model the relationship between the ordinal
outcome variable, in this case, the different levels of students' ability regarding the
overall learning experience in the application of statistical procedures at the
University of the Western Cape (UWC), and the explanatory variables concerning
students’ demographics, emotions, attitudes and learning environment in the UWC.
The outcome variable for students' ability to learn statistics was measured on an
ordered, categorical six-point Likert scale. The major decisions involved in the model
building for ordinal regression were deciding which explanatory variables should be
included in the model and choosing the link function that demonstrated the model
appropriateness. In addition, the model fitting statistics, the accuracy of the
classification results and the validity of the model assumptions, e.g., parallel lines,
were assessed for selecting the best model. One of our main findings is that asking for
help, worth of statistics, fear of statistics monitors, affect, cognitive competence,
support from significant others, marital status, ethnic group and type of study were
the core risk factors of statistics learning with a high prediction accuracy of 75.49%.
This finding generates a powerful voice for statistics learning challenges at UWC.
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1. Introduction
Students' ability to apply statistical procedures is a learning philosophy that seeks to

integrate all tasks to focus on meeting student needs and objectives. Through learning
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statistics, students become involved in the continuous improvement of the production
of knowledge in statistics. Although originally applied to research operations and
communication, and for a number of years only used in that area, learning statistics is
now becoming recognized as a generic applied mathematical and research tool,
applicable in academic and in daily life. Application of statistical procedures can be a
powerful technique for unleashing students’ creativity and potential, reducing student
anxiety and negative attitude towards statistics, and improving knowledge for students
and the population [1]. Unfortunately, in practice, students' ability to learn statistics is
usually not evaluated unless their performance is unsatisfactory. As long as students'
performance is progressing appropriately, the ability to learn statistics in itself may
not be closely examined on the assumption that interest and cooperation are probably
at acceptable levels. It is when the performance of students’ falls short of that
expected by the graduate program that their teachers start looking into attitudinal
factors that may underlie the poor showing that can eventually affect their
performance [2].

In this study, the ordinal regression method was used to model the relationship
between the ordinal outcome variable, i.e. different levels of students' self-efficacy to
learn statistics (SELS) regarding the overall learning experience in the application of
ability to learn statistics at the University of Western Cape (UWC), and the
explanatory variables concerning demographics and students learning environment at
UWC. The outcome variable for students' SELS was measured on an ordered,
categorical, and six-point Likert scale (1. no confidence at all; 2. a little confidence; 3.
a fair amount of confidence; 4. much confidence; 5. very much confidence; 6.
complete confidence). It is implausible to assume the normality and homogeneity of
variance for an ordered categorical outcome. Thus, the ordinal regression model
becomes a preferable modeling tool that does not assume the normality and constant
variance, but requires the assumption of parallel lines across all levels of the
categorical outcome. Explanatory variables include gender, age, marital status, ethnic
group, post-graduate program, student status, type of study, past experiences and 51
items related to the statistics anxiety rating scale, 36 items related to the survey of
attitudes toward statistics, 12 items related to multidimensional scale of perceived
social support at UWC. Regression methods such as linear, logistic, and ordinal
regression are useful tools to analyze the relationship between multiple explanatory
variables and students’ SELS.

The ordinal regression method is capable of allowing researchers to identify
explanatory variables related to statistics anxiety, attitudes toward statistics and social
support that contribute to the overall capacity of students to cope with the application
of statistical procedures. The ordinal regression also permits researchers to estimate
the magnitude of the effect of the explanatory variables on the outcome variable. The
major decisions involved in the model building for ordinal regression were deciding
which explanatory variables should be included in the model and choosing the link
function (e.g. logit link, probit link and complementary log-log link) that
demonstrated the model appropriateness. The study results could lead to a better
understanding of the knowledge about statistics and services from students'
perspectives [3] and [4].

The primary focus of the study was the formulation of the ordinal regression model,
the application of ordinal regression analysis, and the interpretation of study results.
The students' SELS questionnaire was analyzed by the ordinal regression method to
achieve the four study objectives:
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To identify significant explanatory variables that influenced the overall students'
SELS;

To estimate thresholds (i.e. constants) and regression coefficients;

To describe the direction of the relationship between the explanatory variables and
the overall students' SELS based on the sign (+ and -) of regression coefficients; and

To perform classifications for all SELS levels of the overall students’ experience,
and subsequently evaluate the accuracy of the classification results.

The ultimate goal of the study was to make recommendations to enhance the
awareness of the concepts, social support, statistics anxiety, and attitudes toward
statistics as appropriate in the light of research findings.

2. Materials and Methods
Data were collected from a questionnaire which was distributed for a random

sample of students at UWC from different departments. We received 156 of 200
questionnaires distributed. For the determination of this work, the four instruments
employed dealt with cognitive issues (self-efficacy); beliefs (statistics anxiety);
students’ behavior (attitude toward statistics); an adequate environment that provides
social support to students; demographic information (gender, age, marital status,
ethnic group, post-graduate program, student status and type of study) and
experiences (statistics and research methodology).

Belief involves six factors of 51 items, namely, worth of statistics, interpretation
anxiety, test and class anxiety, computational self-concept, fear of asking for help and
fear of statistics teachers [5]. The worth of statistics factor determines the importance
of applying statistics in the research and measures a student’s insight of the worth of
statistic course. The interpretation anxiety refers to the ability to interpret the
statistical outcomes, and make an objective decision. The test and class anxiety factor
measures the respondent’s anxiety during resolving statistical problems, or taking a
statistical test. The computational self-concept factor reveals nervousness related to
current mathematical calculations. The fear of asking for help factor involves the
understanding of statistics material and statistical output. The fear of statistics
teachers consists of the respondent’s anxiety of evaluating the professor’s attitude,
language and computational orientation.

In addition, students’ behavior (attitude towards the statistics) comprises six sub-
components, namely, affect, cognitive competence, value, difficulty, interest and effort
[6]. The sub-component, affect (six items), assesses the students’ positive and
negative feelings about statistics, while cognitive competence (six items) describes the
students’ intellectual knowledge and skills applied to statistics. The component, value
(nine items), captures attitudes about the usefulness, relevance and worth of statistics,
and difficulty (seven items) measures the students’ opinions about the difficulty of
statistics as a subject [6]. In fact, the sub-component, interest (four items), reveals the
students’ level of individual interest in learning statistics. Similarly, effort (four items),
describes the amount of work the student expends to learn statistics [6].

Social support defines behavior that assists students who are undergoing stressful
life circumstances to handle the problems they face in learning statistics, effectively
[7]. Concerning the environment factors, this variable regroups multiple social
supports, relating to the source, namely, social support from significant others (four
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items), from friends (four items) and from family members (four items). These factors
indicate how students feel about each statement.

The high internal consistency for the survey instrument might be demonstrated
based on the alpha reliability. The reliability for SELS beliefs was reported as .980.

Regarding the experiences component, the indication of rationality experiences to
other variables was noted. The consistency for each of the components ranged
between .758 and .816, with experiences in statistics, .758, experiences in research
methodology, .816, and the reliability of overall experiences, .820.
Concerning the Statistics Anxiety Rating Scale (STARS) instrument, the

dependability for each of the components fluctuated from .795 to .962, with “worth of
statistics, 937; interpretation anxiety, 912; test and class anxiety, 901; computational
self-concept, .888; fear of asking for help peers, .798; and fear of asking for help
monitors, .795. The rationality indication of STARS to other variables was stated.
According to the independent variable attitudes, it was found to have strong

coexisting rationality with the Survey Attitudes toward Statistics (SATS) instrument.
Each of the subscales was displayed as reliable with Cronbach’s Alpha at .661 for
affect, .613 for cognitive competence, .711 for value, .707 for difficulty, .884 for
interest and .904 for effort [6]. The Cronbach’s Alpha coefficient was reported
reliable as .876 for the SATS.

For the independent variable of social support, the Multidimensional Scale of
Perceived Social Support (MSPSS) [8] was applied. In three subscales, namely,
support from significant others, .837, support from family members, .883, and support
from friends, .875 were achieved. The instrument was considered reliable with
Cronbach’s Alpha coefficients reported as .929 for the social support.

The major decisions involved in constructing the ordinal regression models were
deciding what explanatory variables had more effect on the dependent variable and
choosing the link functions that would be good to fit the model. There are many link
functions which are a transformation of the cumulative probabilities that allows
estimation of the model. Five link functions are Logit (Evenly distributed categories),
Complementary log-log (Higher categories more likely), Negative log-log (Lower
categories more likely), Probit (Variable is normally distributed), Cauchit (Variable
has many extreme values), [9].

3. Results and Discussion
Building an ordinal regression model for students’ ability to apply statistical

procedures at UWC involves several assessments. There is a need to observe the
dispersal of values for the outcome variable. Still, it is not perfect even if the ordinal
outcome is equally spaced. The histogram for the dependent variables shows the
distribution of categories of the overall students’ self-efficacy to learn statistics. The
ordinal regression analysis uses a link function to designate the effect of the
explanatory variables on ordered categorical outcome, in such a way that the
assumptions of normality and constant variance are not required [10]. The choice of
the link function provides a good fit for the data. Figure 1 reveals that the data have
many extremes values. Therefore, the Cauchit link function was applied, since that
function focused on the outcome with many extreme values. The model assumes that
the relationship between the explanatory variables and the ordinal outcome is self-
regulating of the category, because the regression coefficient does not depend on the
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categories of the outcome variable. Essentially, the model assumes that the consistent
regression coefficients in the link function are equal for each cut-off point [11].

Figure 1. Distribution of the overall students’ self-efficacy to learn statistics at UWC,

3.1. Predictive Value of the Model
The model provides suitable predictions. While the log-likelihood statistics are

unsure, due to the large number of empty cells in the model, the difference between
the two log-likelihoods can usually still be interpreted as chi-square distributed
statistics [12]. Therefore, the model fitting information indicated a significant chi-
square statistic, which implied a significant improvement over the baseline intercept-
only model, with p < .001 (Table 1). This indicated that the model provided better
predictions than deductions, based on the low probabilities for the outcome categories.

Table 1. Model-fitting information.

Model -2 Log Likelihood Chi-Square df Sig.
Intercept Only 298.267

Final 239.714 58.553 29 .001

Link function: Cauchit

3.2. Test of Parallel Lines
The subsequent test assessed the assumption that the parameters (slope coefficients)

were the same for all response categories. The general model (with separate
parameters for each category) revealed a significant improvement in the model fit.
The observed significance level in Table 2 was large (p= .546), as there was no
sufficient evidence to reject the parallelism hypothesis. It is also possible that the poor
model fit was due to the chosen ordering of the categories of the dependent variable.
An ordering that places “little confidence” as a greater value, may have had a better fit.

Table 2. Test of parallel linesa .

Model -2 Log Likelihood Chi-Square df Sig.
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Null Hypothesis 239.714
General 212.233b 27.481c 29 .546

The null hypothesis states that the location parameters (slope coefficients) are the same across
response categories.
a. Link function: Cauchit.
b. The log-likelihood value cannot be further increased after maximum number of step-halving.
c. The Chi-Square statistic is computed based on the log-likelihood value of the last iteration of

the general model.
Validity of the test is uncertain.

3.3. Pseudo R-squared Measures
Three pseudo R-squared values are illustrated in Table 3. All of the pseudo R-

squared values indicated that this model fitted the outcome data. In this case, the
higher pseudo R-squared value indicates the best model to guess the effect. According
to this measure, Nagelkerke/Cragg & Uhler’s was the best at 37%, followed by Cox &
Snell’s with 32%, and McFadden (20%) was the worst [13]. Cox & Snell’s pseudo R-
squared value had a maximum value that was less than one. If the full model perfectly
predicted the outcome, and had a likelihood of 1, Nagelkerke/Cragg & Uhler’s R-
squared value = 1.

Table 3. Pseudo R-squared measures.

Cox & Snell .321
Nagelkerke/Cragg & Uhler .373

McFadden .196

Link function: Cauchit

3.4. Classification Table
The inspection of the predictions generated by the model is summarized in Table 4.

Based on the predicting cumulative probabilities, the model could produce correct
predicted categories, based on the values of the predictor variables. A classification
table, or a confusion matrix, represents the cross-tabulation of the predicted categories,
with the actual categories.

Table 4. Confusion matrix for the initial model.

Current response Categories
Predicted Response Categories

TotalA little
confidence

A fair amount of
confidence

Much
confidence

A little
confidence

n 60 11 5 76
% within Current
Response Category 78.80% 14.50% 6.60% 100.00%

A fair
amount of
confidence

n 6 47 1
% within Current
Response Category 11.10% 87.00% 1.90% 100.00%

Much
confidence

n 8 6 7
% within Current
Response Category 38.10% 28.60% 33.30% 100.00%

Total
N 74 64 13

% within Current
Response Category 49.00% 42.40% 8.60% 100.00%

Link function: Cauchit
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The model seemed to be doing an adequate job of predicting outcome categories, at
least for the most frequent categories - category two (a fair amount of confidence) and
category one (little confidence). The model correctly classified 87.0% of the category
two cases, and 78.8% of the category one cases. However, the respondents in the two
categories were more likely to be classified as category one than category two, a
desirable result for predicting ordinal responses. In addition, category three (much
confidence) respondents were somewhat poorly predicted, with the majority of cases
being assigned to category one (little confidence), a category that should, theoretically,
be most dissimilar to category one, which might have indicated a problem in the way
the ordinal outcome scale was defined.

Although this issue will not be discussed any further at this point, in an actual data
analysis situation, it probably would be necessary to investigate whether the ordinal
scale could be improved by reordering, merging, splitting or excluding some
categories. However, the model confirmed high prediction accuracy (75.49%) for all
three categories combined.

3.5. Interpreting the Model
The effect of each predictor is summarized in Table 5. The nature of the link

function, the signs of the coefficients for covariates, and the relative values of the
coefficients for factor levels, provide important information concerning the effects of
the predictors in the model. After applying the complete model with the Cauchit link,
only one threshold of the model equation was significantly different from zero, and
considerably contributed to the values of the response probability in different
categories, as illustrated in Table 5. In addition, subsequent interpretations, based on
the parameter estimates were followed. A total of 6 factors (ask for help, worth of
statistics, fear of statistics teachers, affect, cognitive competence and support from
significant others) and three covariates (marital status, ethnic group and type of study)
were found to be significantly associated with the self-efficacy to learn statistics.
These predictors performed very well in the model. Among them, worth of statistics,
cognitive competence and type of study had negative coefficient estimates.
The Ask for help achieves very well in the model. The implication of the assessment

for this factor is less than 0.05 (p= .010), signifying that its experiential consequence
is not accidental. Meanwhile its coefficient is positive, as ask for help increases,
similarly, there is a likelihood of the coefficient being increased if one is in one of the
upper classes of student status.

In addition, fear of statistics teacher was an important predictor of SELS beliefs.
The respondents with low and moderate anxiety are more likely to be in the lower
result categories, than those with high anxiety. The significance level of the test for
fear of statistics teacher is .023, less than 0.05, suggesting that its practical outcome is
not in line for an unintended event.

Regarding the affect factor, it is presented as one of good indicators of SELS beliefs
in Table 5. The meaning level of the test for affect is p= .008, less than 0.05, revealing
that the affect factor amply explains the change observed on the dependent variable.
Therefore, with a positive coefficient, as affect rises, so does the likelihood of
recording one of the higher cumulative outcome groups.

Support from significant others substantially contributes to the model. Students
with very strongly, strongly, and mildly disagree choices are more expected to be in
the inferior outcome groupings, than those lacking this. The significance level of the
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test for the support from significant others is p= .011, less than 0.05, indicating that
each observed effect is not due to an extraneous variable. Meanwhile, each of its
coefficients is positive; therefore, as support in low or moderate categories increases,
so does the possibility of being in one of the greater cumulative outcome categories of
SELS beliefs.

Worth of statistics also contributes to the model in an expressive method. The
respondents with a low positive attitude are more likely to be in the higher conclusion
categories, compared to those with a more positive one. The significance level of the
test for worth of statistics is p= .012, less than 0.05, reveals that its perceived
influence is not due to an unforeseen event. Its constant estimate is negative; therefore,
as worth of statistics rises, so the likelihood of being in a higher cumulative outcome
category decreases, or as worth of statistics decreases, the prospect of being in a
higher collective result types improves.

Table 5. Parameter estimates.

Item names R. coeff. P-value Item names R. coeff. P-value
[SelfEffAbsMeanOrd = 2] 4.229 .013 Support- Sig. Others 1.312 .011

Experiences in RM .128 .738 Family support .690 .141
Experiences in Stats -.416 .265 Friend support -.644 .097

Test factor -.366 .429 Postgraduate prog. .685 .228
Interpretation factor .652 .192 Marital status 2.173 .003
Ask for help factor 1.147 .010 [Age group=1] .716 .558

Worth factor -1.824 .012 [Age group=2] .823 .404
Self-comput factor .806 .189 [Age group=3] .530 .534
Teacher factor 1.091 .023 gender -.186 .726
Affect factor 1.155 .008 Ethnic group=0 1.831 .190

Cognitive competence. -1.210 .010 Ethnic group=1 -.015 .993
Value factor .401 .257 Ethnic group=2 7.653 .002

Difficulty factor -.652 .057 Student status=0 -1.426 .189
Interest factor .226 .495 Student status=1 -1.058 .257

Effort .081 .817 Type of study -2.386 .017

Link function: Cauchit

Another important point is that, cognitive competence appears to be a significant
predictor on the overall SELS beliefs. Students with low anxiety are more likely to be
in the lower consequence classifications, than those deprived thereof. The significance
of the test for cognitive competence in the average category is p= .010, less than .05,
revealing that its detected result is not owing to chance. Its constant is negative;
therefore, as cognitive competence increases, so the likelihood of scoring in higher
category decreases, or as cognitive competence decreases, the probability of recording
in one of the higher collective outcome classifications increases.

Regarding the covariates, marital status proves to be a significant predictor of the
overall SELS beliefs. Students with single status are more likely to be in the lower
outcome groups than those with a partner. The significance of the test for marital
status in a single category is p= .003, less than 0.05, with a substantial coefficient
estimate. The effect of the variation observed in the probability of the cumulative
outcome category of the overall SELS beliefs is explained by marital status. A
positive coefficient reveals that as the prevalence of those with partners increases, so
does the possibility of being in one of the higher cumulative outcome classes.
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Similarly, ethnic group displays an extensive contribution in the model. Students in
the Indian/Asian group are more likely to be in the inferior outcome categories,
compared to others. The significance of the test for Indian/Asian group is p= .002,
with the highest positive coefficient estimate. Unfortunately, the type of study
negatively related with the overall SELS beliefs. Full-time students are more likely to
score in the higher product categories, compared to part-time students. The
significance of the test for full-time students is p= .017, less than 0.05, with a
considerable coefficient estimate. However, the type of study is one of the reasons for
the change observed in the probability of the higher growing result classes. The sign
of the coefficient estimate is negative, showing that as the type of study intensifies, so
the possibility of being in an upper aggregate outcome category decreases, or as type
of study decreases, the probability of recording in one of the upper aggregate outcome
categories increases.

By contrast, gender, experience in research methodology, age groups, interest and
test and class anxiety factor add very little to the model, while there is no particular
category of support from family members, support from friends, difficulty,
interpretation, experiences in statistics, postgraduate program and ethnic groups that
is significant on its own. Specifically, interpretation, self-computational, support from
family members, student status, support from friends, and difficulty are slightly
meaningful. Typically, keeping such a factor in the model with the small effect of
each category combined, does add to the dependability of the model. Fascinatingly,
while students with moderate positive attitudes in difficulty are more likely to be in
the higher outcome categories, than those with low positive attitude, those with
neutral attitudes in support from significant others are less expected to be in the lower
effect brackets, compared to those who scored agree in support from significant others
outcomes.

3.6. Principle of Parsimony
The standard of meanness was appropriate to the building of the ordinal regression

model. The argument is that, if the complete models comprising all explanatory
variables are too multifaceted, it could end in imprecise assessment of the factors and
unpredictability of the model structure [12]. If the occurrence dispersal of the ordered
categorical results revealed that the data points were consistently distributed in many
classes, then the Logit link function might be appropriate. In fact, there was no clear-
cut choice of link functions. If one link function did not afford a good fit to the data,
then the other link function might be a practical substitute [12]. Founded on the
overhead demonstrating strategy, the model with the Logit link was built to comprise
24 explanatory variables.

3.7. Predictive Value of the Model with Logit Link
The reduced model analysed 151 of the 156 cases, and excluded five (5)

questionnaires from the study, because of having at least one item with missing
records or a not appropriate score. Table 5 reveals the result of the Pearson’s chi-
square test (χ2 = 59.416 with d.f. of 37 and p = .011) indicating that the model with
the Logit link fitted the information.

Table 6. Model-fitting information.

Model -2 Log Likelihood Chi-Square df Sig.
Intercept Only 298.267



Volume 3, 2020 ISSN: 2617-4588
DOI: https://doi.org/10.31058/j.edu.2020.32006

Submitted to Education Journal, page 62-71 www.itspoa.com/journal/edu

Final 238.851 59.416 37 .011

Link function: Logit

3.8. Test of Parallel Lines
In this test, the statement that the restrictions were the same for all response

categories is investigated. According to Table 7, the significance of the test for
Pearson’s Chi-square indicated a large value (p= .625). There was no adequate
indication to reject the parallelism assumption. This confirms that the selected
organization of the classes of the dependent variable was consistent. An ordering that
places little confidence as a greater value may have a better fit. The model assumption
of parallel lines in the model with the Logit link was (e.g., χ2 = 33.69 with d.f. of 37
and p = .625). The results of the model in the logit link did not violate the model
assumption of parallel lines, and convergence is attained.

Table 7. Test of parallel linesa .

Model -2 Log Likelihood Chi-Square df Sig.
Null Hypothesis 238.851

General 205.161b 33.690c 37 .625

The null hypothesis states that the location parameters (slope coefficients) are the same across
response categories.
a. Link function: Logit.
b. The log-likelihood value cannot be further increased after the maximum number of step-

halving.
c. The Chi-Square statistic is computed based on the log-likelihood value of the last iteration of

the general model.
Validity of the test is uncertain.

3.9. Pseudo R-squared Measures
Three pseudo R-squared measures, described in Table 8, confirm that the model

with Logit link fits the outcome data. However, the highest pseudo R-squared
measure represents the best model to guess the effect. Therefore, Nagelkerke/Cragg &
Uhler’s measure indicated the best (38%), followed by Cox & Snell’s (33%) and
McFadden’s (20%), which was the smallest. The standard indicates that Cox &
Snell’s pseudo R-squared has an extreme value that is less than one. If the full model
perfectly envisages the outcome and has a possibility of 1, Nagelkerke/Cragg &
Uhler’s R-squared measure = 1.

Therefore, the model in Logit link was a worthy model. The three pseudo R squared
measures ‒ McFadden’s (20%), Cox and Snell’s (33%), and Nagelkerke/Cragg &
Uhler’s (38%) ‒ were higher for the model in Logit link, compared to the model in
Cauchit link.

Table 8. Pseudo R-squared measures.

Cox & Snell .325
Nagelkerke/Cragg & Uhler .378

McFadden .199

Link function: Logit.

3.10. Interpreting the Model
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Using the complete model with the Logit link, one threshold of the model equation
was meaningfully dissimilar from zero, and yielded substantially to the values of the
response possibility in the diverse classes of the three explanatory variables, namely,
experiences in statistics, ethnic group and post-graduate program, as illustrated in
Table 9. In addition, the SELS beliefs were expressively connected with the three
explanatory variables. Two of the three significant explanatory variables (ethnic
group and post-graduate program) showed positive regression coefficients, signifying
that the students, who scored greater in these independent variables were expected to
score in the upper levels in the SELS beliefs.

The variable, ethnic group, performed very well in this model. The significance of
the test for this covariate was p= .017, revealing that the variation observed in the
dependent variable was expected. The coefficient was positive; therefore, as the
variable of ethnic group intensifies, so does the possibility of being in one of the
higher classes of SELS beliefs. Similarly, the variable, post-graduate program, was
found to be significantly associated with the overall SELS beliefs. The significance of
the test for this factor was p= .042, revealing that the dependent and the explanatory
variable moved in the same direction; therefore, as the variable, post-graduate
program decreases, so does the likelihood of being in one of the smaller classes of the
dependent variable, and vice-versa.

Table 9. Parameter estimates.

Item names R. coeff. P-value Item names R. coeff. P-value
[SelfEffAbsMeanOrd = 2] 4.589 .032 [Agegp=1] .572 .588

Experiences in RM .203 .502 [Agegp=2] .455 .597
Experiences in Stats -.615 .033 [Agegp=3] .134 .856

Test factor .025 .944 gender -.109 .797
Interpretation factor -.229 .554 Ethnic group=0 1.740 .113
Ask for help factor .530 .099 Ethnic group=1 1.082 .364

Worth factor -.761 .149 Ethnic group=2 3.529 .017
Self-computational .386 .405 Student status=0 -1.077 .221
Teacher factor .519 .160 Student status=1 -.837 .267
Affect factor .009 .978 Type of study -1.216 .165

Cognitive competence -.493 .149 Department=1 .022 .992
Value factor .342 .251 Department=3 -19.835 .997

Difficulty factor -.170 .491 Department=5 1.681 .320
Interest factor .111 .681 Department=7 1.713 .274
Effort factor -.157 .598 Department=8 1.417 .358

Support- Others .272 .431 Department=9 .549 .720
Family support .670 .053 Department=10 1.389 .312
Friend support -.451 .153 Marital status .808 .128

Postgraduate prog. .997 .042

Link function: Logit

Additionally, experiences in statistics was significantly associated with the overall
self-efficacy to learn statistics (p= .033), with a negative regression coefficient (-.615).
Therefore, as experiences in statistics increases, the probability of being in one of the
smaller categories of self-efficacy to learn statistics decreases, or vice-versa. Gender,
affect factor, age groups, interest factor, effort factor, department and test and class
anxiety factor, added insignificantly to the model. However, worth of statistics factor,
ask for help, fear of statistics teacher, cognitive competence, value factor, support
from family members, type of study, marital status, experiences in research
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methodology, interpretation of statistics factor, computational self-concept, difficulty
factor, support from significant others and student status were slightly important.
Frequently, it is important to keep such factors in the model, since the small
possessions of each group accrue and afford valuable material to the model.

3.11. Evaluation of the Accuracy of the Classification Response Categories
The exactness of the organization outcomes for the approval response classes are

illustrated in Table 10. The complete model, with the Logit link, arranged the classes
of little confidence (76.3%), a fair amount of confidence (57.4%), and much
confidence (23.8%). The model established a fairly strong expectation exactness
(62.25%) for all three classes joint.

Table 10. Cross-tabulation.

Current response Categories
Predicted Response Categories

TotalA little
confidence

A fair amount
of confidence

Much
confidence

A little
confidence

n 58 17 1 76
% within Current
Response Category 76.3% 22.4% 1.3% 100.0%

A fair
amount of
confidence

n 20 31 3 54
% within Current
Response Category 37.0% 57.4% 5.6% 100.0%

Much
confidence

n 4 12 5 21
% within Current
Response Category 19.0% 57.1% 23.8% 100.0%

Total n 82 60 9 151
% within Current
Response Category 54.3% 39.7% 6.0% 100.0%

If the standard of meanness was measured to be the most significant modeling
approach, then the complete model, with the Cauchit link, might have been a better
model to use, when matched to the whole model, with the Logit link. However, the
complete model, with the Cauchit link, seemed in this instance to be the best model in
this study, based on the model fitting statistics, the correctness of arrangement results,
with the great expectation accuracy (75.49%) for all three classes jointly.

3.12. Correlation Estimated Classification Probability Between Predicted and
Actual Category
The relationship between estimated classification probability for predicted and

actual category was examined using Spearman’s rho correlation coefficient. Table 11
indicates that there was a strong relationship found between the predictable
arrangement likelihood for predicted, and estimated classification probability for real
category. The findings indicated rho =.680, n =151, p < .000. A positive correlation
coefficient implies that a lesser increase in the estimated classification probability for
predicted category is associated with a lesser increase in the estimated classification
probability for actual category; or a lesser decrease registered in the estimated
classification probability for predicted category, is associated with a lesser reduction
in the estimated classification possibility for actual category. The strength of the
correlation is 46.24%, which is impressive.
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Table 11. Correlation between predicted and actual category.

Estimated
Classification

Probability for the
Predicted Category -

UWC Cauchit

Estimated
Classification

Probability for the
Actual Category -
UWC Cauchit

Spearman's
rho

Estimated
Classification
Probability for
the Predicted
Category -

UWC Cauchit

Correlation
Coefficient 1.000 .680**

Sig. (2-
tailed) .000

Estimated
Classification
Probability for
the Actual
Category -

UWC Cauchit

Correlation
Coefficient .680** 1.000

Sig. (2-
tailed) .000

**. Correlation is significant at the 0.01 level (2-tailed)
b. Listwise N = 151

4. Discussion
In this section, we sought to explore the results of the ordinal regression performed

on the UWC data. Using the Cauchit link function the results indicated that marital
status, ethnic group, and type of study were the significant factors among the
demographic predictors, selected for the analyses. In addition, the UWC data
considered the, ask for help, worth of statistics and fear of statistics monitors factors
as individual risk factors of SELS beliefs. The analysis revealed that these emotion
factors were statistically significant determinants of SELS beliefs.

Regarding the SATS components, affect and cognitive competence were observed
to be statistically significant predictors of SELS beliefs, when an ordinal regression
was undertaken in this regard. In addition, the analysis of the UWC data revealed that
the support from family members could have an influence, in terms of social support
and exposure to SELS beliefs.

As discussed in a previous section, marital status was a contributing factor of SELS
beliefs. The findings of the ordinal regression indicated a positive coefficient
regression (RC = 2.173), with p =.003. Marital status, indeed, had a direct influence
on SELS beliefs scores.

Concerning ethnic group, the most prominent were African (70.5 %) and Coloured
(22.4 %), while the Indian and White students represented only 3.2 % and 3.8 % of
the UWC data. The influence of ethnic group on SELS depended on traditional beliefs,
as well as diverse daily social practices and financial constraints. Ethnic practices and
norms could influence students’ choice of programme, such as the Science department,
because of some mystification beliefs. Notably, Coloured students (RC= -.015) had
slightly higher SELS beliefs than students of the White ethnic group did. Ethnic group,
marital status, and type of study were significant predictors of SELS beliefs, using the
Cauchit link function. The findings revealed that students from African (RC= 1.831)
and Indian (RC= 7.653) groups had less SELS beliefs, than students of the White
ethnic group did.
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To sum up, these results prove that students from Indian and African ethnic groups
were more at risk of SELS than the other abovementioned groups because of some
practices regarding their cultural background and their feelings of disempowerment.
This situation is discouraging, as students are less motivated to devote themselves to
producing their best efforts. Other possible explanations could be that students were
detached from statistics learning for a period of time, and/or had family
responsibilities [14]. The choices of some students did not reflect reality, which
revealed gaps in their attitudes. In the African ethnic group, students live mostly in the
disadvantaged areas, characterised by issues surrounding the lack of adequate
education. Financial constraints appear to be an important cause that hinders access to
education. In an academic institution, such as UWC, where more than 40 % of people
live under the poverty line, the influence of parental financial status is quite evident.

The results indicated that full-time graduate students (92%) have less risk of failure
to achieve SELS beliefs, than those in part-time program (8%). That is a very
important finding. There was no significant association between type of study and
SELS beliefs. The lengthy discontinuities from experience in statistics and the
informal presence of part-time students on campus presented great challenges to the
learning process. Regarding the type of study, the results from multivariate analysis
also confirmed that it significantly contributed to the improvement of SELS beliefs
(RC = -2.386, p = .017).

Notably, only 9% of the students in the UWC data were Non-African, while African
and South-African were 41% and 50%, respectively. The regression results revealed
that African (RC = -1.426, p = .189) and South-African (RC = -1.058, p = .257)
students had more SELS beliefs, than Non-Africans (Asian and White), who were well
prepared. Therefore, the impact of student status on SELS was not statistically major
in this current research, which was also observed by other researchers [15]; [16]. We
are of the opinion that the students with less confidence in SELS, probably
experienced a lack of knowledge. Therefore, providing them with numerous
opportunities to get involved in investigation during their advanced education
program, could offer them occasions to be exposed to statistics, thereby enhancing
their self-assurance levels.

In addition, it appeared that when the various tasks illustrated how statistics could
be valuable, fallacies about statistics were dismissed. Coming into contact with the
relevant articles makes statistics knowledge more expressive. Subsequently, the
results of the ordinal regression revealed RC = 1.091, p = .023. If the mentor is
sensitive to students’ worries it is likely to assist post-graduate students to learn
statistics more effectively. [17] reveals that a lack of conversation between statistics
monitors and students was the key motive for statistics anxiety. Good communication
encourages students to relay their most significant queries to the instructors, using a
“one-minute paper” approach. In this sense, [1] assert that the “one-minute paper”
method meaningfully reduces STARS, by reviewing lessons, which enable students to
record their problems, for consultation in the next class, and to re-organise the main
points for examination preparation.

Regarding the worth of statistics, the findings revealed that the responses of post-
graduate students followed the same trend as the fear of asking for help. The students
displayed no anxiety (25.6%) and low anxiety (43.6%), totaling 69.2% of students,
who collectively displayed low anxiety, which indicates the graduate students’
reluctance for referring to peers. A possible reason could be that many students are
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concerned about sharing their point of view; therefore, it would have been helpful to
explore more examples, for them to comprehend more fully in what way statistics
could address diverse structures of a problem. The ordinal regression results, using the
Cauchit link function, confirmed that worth of statistics is a predictor of SELS beliefs,
with a coefficient regression of RC= -1.824, p = .012. In fact, the influence of the
worth of statistics factor on SELS depended on the student’s familiarity with different
tasks about real world problems. This linkage could be the result of a lack of
connection to real world problems for graduate students in statistics. However, this
current study determined that SELS beliefs are negatively associated with worth of
statistics. High anxiety levels of worth of statistics are associated with low levels of
SELS beliefs.

The students who reported low ratings in the fear of asking for help factor, with no
anxiety (23.7%) and low anxiety (30.1%), represented more than half of the
respondents (53.8%), displaying lower values. This situation is bad. The outcomes of
the ordinal regression, using the Cauchit link, demonstrated that fear of asking for
help (RC = 1.147, p = .010) was observed to be an important predictor of SELS
beliefs. These students were not motivated to ask for any assistance, which implies
they may have mistaken beliefs about the applicability of some tests, or interpretations
of real world problems. This belief is controversial, and may not help students to
develop their own knowledge, or prevent the development of creative ability. Likely
methods to reduce STARS are through communication and practice, or providing
coping strategies to students. To solve these issues, [18] suggest that presenting
statistics to students in an approach that assists them to understand influences on their
own individual knowledge objectives may assist reducing STARS in the long-term.

Notably in this current study, it was observed that some students reported a low
positive attitude (47.4%) and others, a high positive attitude (21.8%) for affect. This
disproportionate representation in student attitudes reveals a need for intervention to
improve their attitude and to overcome their fear. An ordinal regression, using the
Cauchit link function, revealed a positive influence of affect on SELS beliefs. Table 4
shows that Affect (RC = 1.155, p = .008) implies that a graduate student with a lesser
positive attitude is associated with less SELS beliefs, or one with a higher positive
attitude is associated with high SELS beliefs. This finding is similar to existing
literature, as [2] determined that, among post-graduate medical students in China, the
students with more positive affect, were inclined to achieve well in the inspection.
Including investigation and statistics into the programme of all students would expose
them to the language, as well as the meaning that statistics fulfils in their development,
as they specialise in this field.

A stepwise ordinal regression, using Cauchit link function (RC = -1.210) proved
that cognitive competence was a contributing factor of SELS beliefs, even though
there is a negative association between SELS beliefs and cognitive competence of the
graduate students. This outcome is explained by the fact that the deterioration to the
mean points to the inclination of graduate students with great positive attitude ratings,
to achieve lower on SELS beliefs. On the other hand, it allows students with small
positive attitudes ratings to obtain higher on SELS beliefs, and those with moderate
positive attitude scores for cognitive competence, to score around the moderate range
on SELS beliefs. This issue of statistical regression may be a risk to internal
rationality. The results of this research is contrary to that of a study by [19], who
observed that undergraduate psychology students from the University of Zurich in
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Germany, with more positive attitudes towards cognitive competence, as well as those
who were more competent in statistics, revealed higher statistics achievement.

Regarding the social support factor, the results revealed that the respondents’
reports for support from significant others were, disagree (12.8%) and agree (69.8%).
The majority of students scored high levels of social support. However, there was no
important modification in the means SELS ratings among the support categories
(disagree, neutral and agree). A possible explanation for the irrelevant outcome
suggests that social support was available for the students, but it did not cooperate as a
barrier between the variables, to maybe decrease STARS, or increase SATS.
Therefore, support from significant others may possibly help the student to manage,
but not clearly eliminate the issue, modify SATS, or modify rational. Similar results
were observed by [20], in an investigation on the emotional happiness and
sociocultural reworking among short-term foreign students, from various departments,
at a university in Ireland. However, this current study’s findings of an ordinal
regression acknowledged that support from significant others remains a contributing
factor to improve SELS beliefs (RC = 1.312 with p = .011).

Notably, on behalf of the postgraduate students, inferior levels of STARS were
associated with positive SATS. Therefore, as indicated by the results of this current
study, the post-graduate programme is expected to directly lower stages of STARS,
and higher positive SATS. However, the current outcomes also revealed that STARS
and SATS levels for post-graduate students were similar to those found by previous
researchers [3]; [4]. Since the drive of this current research was not to develop an
approach to decrease STARS, or expand SATS, faculty members and others, who
plan statistics courses for academics and the profession, could integrate resources and
methods that will reduce the STARS of students, and, naturally, directly lead to
improved achievement.

5. Conclusion
Statistics learning is one of the most important issues facing statistics education

today. International awareness about the problem was manifested in the inclusion of
statistics learning as one of the targets of the statistics education. Unfortunately,
insufficient research has been conducted on the subject. Estimates of statistics
learning levels are rare, controversial and sometimes contradictory. There is a great
need to estimate the level, follow the structural change in the students’ SELS beliefs,
and scientific explanations of the immediate and distant causes of failure in statistics
learning. The situation is worse in developing countries, where the Higher Education
System does not operate smoothly. The poor quality of existing data, as well as the
lack of information about statistics learning, should not restrict researchers from
seeking to provide answers to these problems. This study should be an appeal,
encouragement and guide to researchers to make the best use of the findings.

The answers of the main objectives are highlighted below, according to specific
investigation queries:

What are the factors that predict SELS beliefs, significantly, at UWC?
The SELS beliefs were significantly associated with 6 factors (ask for help, worth

of statistics, fear of statistics teachers, affect, cognitive competence and support from
significant others) and 3 covariates (marital status, ethnic groups and type of study).
Estimation of thresholds and parameters
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One threshold of the model equation was significantly different from zero, and
considerably contributed to the values of the response probability in different
categories. The significant predictors performed very well in the model.

Description direction of the relationship between the explanatory variables and the
overall students' SELS beliefs
All significant predictor variables displayed positive regression coefficients,

signifying that the students who scored greater levels of approval in these attributes,
were probably to have greater satisfaction with the SELS beliefs.

To perform classifications for all SELS levels of students, and evaluate the accuracy
of the classification results
The correctness of arrangement results indicated the strong expectation accuracy

(75.49%) for all three classes jointly. There was a strong relationship found between
the predictable arrangement likelihood for predicted, and estimated classification
probability for real category. The strength of the correlation was 46.24%, which is
remarkable.

Unfortunately, the experience in statistics tended to reduce the confidence of
graduate students. This result revealed that previous experience achieved in statistics,
did not assist graduate students in applying statistical knowledge in their graduate
program. In addition, this confirmed the lack of a relationship with statisticians, or
peers, for any seeking for help.
In particular, these findings are verifiable at the university level, and because

society is dynamic and in constant flux, it is essential that these statistics be updated,
or revised periodically, so as to ensure that they reflect the realities of SELS beliefs,
based on societal changes and dynamics. The socioeconomic and cultural contexts of
the university (country) transform rapidly; therefore, updated information is needed
even if it does not contradict existing findings only confirms them.

5.1. Strengthen Learning Program with an Important Statistics Education Aspect
This recommendation highlights the importance of statistics learning, as little

attention is being given to statistics learning of postgraduate students. This is
evidenced by the availability of information on statistics learning, and the lack of
information about student learning. The findings revealed that the fear of statistics
monitor was among the core risk factors of statistics learning at UWC. With the high
level of ethnic group, type of study, marital status, worth of statistics, cognitive
competence, support from significant others, affect, and ask for help at UWC, the
level of SELS beliefs was reinforced by occurrences of failure. All the dimensions of
statistics learning, such as knowledge of statistics, learning selection skills, as well as
lack of social support that leads to failures, need to be re-addressed at university level.

5.2. Promote Student Empowerment for Self-Regulated Learning
The results of this current study highlighted many problematic aspects of statistics

at UWC. The impact of statistics learning on employment and poverty, in general,
highlights the importance of empowering students, and understanding the predictors
of failure in statistics learning. Therefore, this recommendation is made to reinforce
endeavours for the financial and psychological empowerment of students. In the
context of this current study, the students’ choices of academic institution and post-
graduate program, their fear of statistics monitors, and social support play a
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significant role in terms of their self-regulated learning in the field of statistics and
their employment status, financial means and decision-making power. In addition, this
study recommends the promotion of student empowerment for self-regulated learning
in order to generate a powerful voice for statistics learning challenges at UWC and the
institutions at large across the country.
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