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Abstract: An online course was designed for students in higher education to learn basic
statistics concepts, supplementary with four face-to-face tutorials. This study evaluated the
designed course, with a focus on students’ perceptions of course implementation and course
materials, through questionnaire surveys and focus group interviews. The surveys found that
students especially recognized the help of the video clips for learning sampling distribution
and central limit theorem, and the simulations for understanding confidence interval and
sampling distribution. The focus group interviews found that students generally recognized
the overall support from the three main types of course materials - video clips, simulations
and quizzes - on learning basic statistics concepts. Nearly half of the students indicated their
preference to first watch the online video clips and then do the online quizzes and further
return to the video clips when they encountered difficulties. This study revealed students’
need of face-to-face tutorials along different time points in the blended learning process.
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1. Introduction

Statistical literacy is essential for students in the higher education sector to understand and perform
guantitative and qualitative researches in their daily study (Hahs-Vaughn, Acquaye, Griffith, Jo,
Matthews, & Acharya, 2017; Peters, Smith, Middledorp, Karpin, Sin, & Kilgore, 2013). For
students in Hong Kong, the learning of basic statistics starts as an extended curriculum module for
optional selection, but not a compulsory module for every student, in the senior secondary
mathematics curriculum (Curriculum Development Council & Hong Kong Examinations and
Assessment Authority, 2017). This makes quite a portion of local students possess inadequate
statistical literacy before entering universities for further study. Traditional statistics curriculum has
a common emphasis that students do statistics calculations well means students understand statistics
concepts well; and thereby overlooking the fact that many students recite and adopt statistical
formulas without a solid statistical understanding (Barrios, Gonzalez-Teruel, Cosculluela, Fornieles,
& Turbany, 2014; Peters et al., 2013). This study therefore designed an online course for supporting
tertiary students in Hong Kong to flexibly yet effectively develop fundamental statistics concepts.

2. Background of Study

It is essential for students in nowadays society to possess the knowledge and techniques of applying
basic statistics, in order to accurately organize, analyze, interpret and present the massive data
involved in their everyday pursuits (Hahs-Vaughn et al., 2017; Peters et al., 2013). Higher education
institutions over the world have the convention of offering credit-bearing courses on basic statistics
as a compulsory curriculum component for students specialized in mathematics, science, and/or
engineering streams across undergraduate and postgraduate levels. These formal courses on basic
statistics are generally designed to sharpen students’ understanding of the fundamental terms and
concepts in the topics of descriptive statistics, normal distribution, probability, hypothesis testing
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and simple univariate statistics; and are commonly delivered through face-to-face tutorial,
supplementary with the practical application of statistical software packages, in a fixed curriculum
schedule (Hahs-Vaughn et al., 2017; Peters et al., 2013). The rapid growth of different learning
management platforms and varying online learning resources has led the wave of e-Learning in
higher education in recent decades (Bernard, Borokhovski, Schmid, Tamim, & Abrami, 2014;
Poelmans & Wessa, 2015). Alongside the prevalent use of different statistical software packages,
traditional statistics education is facing opportunities to ride on the e-Learning trends for a shift of
more interactive, more practical, and more problem-solving oriented learning and teaching inside
and outside campus (Hahs-Vaughn et al., 2017; Lu & Lemonde, 2013). The blended learning
approach is advocated to be potential to realize the suggested shift in statistics education.

The blended learning approach is an instructional strategy that incorporates face-to-face
tutorial in classroom and online learning with multimedia resources outside classroom (Poelmans &
Wessa, 2015; Scherrer, 2011). It allows a flexibility in selecting the web-based technologies for
resources retrieval and learning interactions, and setting the time ratio between online learning and
face-to-face tutorial (Bernard et al., 2014; Peterson, 2016). Blended learning courses commonly
combine regularly-scheduled face-to-face classes delivered by instructors, and between-classes
online work by students via the online learning platforms selected such as Moodle (Lu & Lemonde,
2013; Luo et al., 2017). Students are usually asked to use the online learning platforms selected to
watch online videos before and/or after classes, make online discussions and complete online
quizzes after classes (Barrios et al., 2014; Hahs-Vaughn et al., 2017). Researchers find it is
important for students in the blended learning approach to attend face-to-face classes with two needs
- students’ heavy reliance on instructors’ regular guidance on learning resources and learning flows
(Barrios etal., 2014; Scherrer, 2011); and students’ strong desire for instructors’ extra explanation of
knowledge points and assignment solutions (Peterson, 2016; Poelmans & Wessa, 2015).

3. Methodology

This study designed a course named “Basic Statistics Concepts for Higher Education”. The course
aimed to enhance students’ conceptual understanding of basic statistics through the blended learning
approach which based on a 16-hour online learning component and was supplemented with a
four-hour face-to-face learning component. The designed course focused on four topics: “Sampling
Distribution” about the definition and calculation of sampling distribution of sample mean; “Central
Limit Theorem” about the definition of central limit theorem and the calculation of probability;
“Confidence Interval” about the interpretation and calculation of confidence interval, and the
relationship between confidence level and sample size; and “Hypothesis Testing” about the
determination of null hypothesis, alternative hypothesis and critical region, and the hypothesis
testing for a mean with known variance. The desighed course was a non-credit course for all
interested undergraduate/postgraduate students of the university. There were a total of 89 student
participants in the designed course after the open call-for-enroliment (see Table 1 for the student
profiles). The majority of student participants had no background knowledge about statistics, as
61.1% of the student participants had never learned statistics and some of them even had difficulty in
understanding statistical terms like mean and standard deviation.

Table 1
Profiles of Student Participants (N=89) of the Online Learning Course for Basic Statistics Concepts
Study level Study area N (%) Sub-total Total
Arts 5 (5.6%)
Undergraduate - Junior grade (Year 1-2) Science 7 (7.9%) 19 (21.3%)
Social Science 7 (7.9%)
Arts 14 (15.7%)
Undergraduate - Senior grade (Year 3-5) Science 3 (3.3%) 28 (31.5%) 89 (100.0%)
Social Science 11 (12.4%)
Arts 4 (4.5%)
Postgraduate Science 6 (6.7%) 42 (47.2%)
Social Science 32 (36.0%)
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This course provided a learning pack on the learning management system Moodle for
students’ online access to self-learn and then consolidate basic statistics concepts according to their
own learning progress and needs. The online learning pack provided three types of course-specific
digital resources: the video clips which explained and illustrated the terms and procedures related to
the target statistics concepts; the simulations which provided students with demonstrations and then
opportunities of statistical operations for applying the target statistics concepts; and the quizzes
which provided questions for students to check their understanding of the target statistics concepts.

As teacher guidance is important in blended learning, students were set to attend a one-hour
face-to-face tutorial session each week together with using the online learning pack to self-learn the
statistics concepts. These tutorials aimed to introduce key concepts for each topic that students were
to learn that week, and allow students to ask questions on their learning difficulties. In Session 1,
students learned about background knowledge about the statistics concepts of mean, standard
deviation and probability distributions; and then learned about the course topic of “Sampling
Distribution”. Session 2 introduced the course topics of “Central Limit Theorem” and “Confidence
Interval”; and Session 3 the course topic of “Hypothesis Testing”. Session 4 engaged students in
hands-on activities to develop the practical knowledge of SPSS operation for data analysis.

Moreover, the designed course provided two supplementary learning resources for students’
reference. Firstly, four memory cards, of each summarized each topic in plain language, were
created to help students strengthen the memory of key knowledge points. Secondly, a concept map
which showed the inter-relationships between different concepts across the four topics was created
to help students visualize clearly the connections among the knowledge points. Furthermore, a
day-by-day study schedule was designed for guiding students to use the online learning pack to learn
step-by-step. It served as a checklist for students who had their own pace yet wanted to make sure
they had covered all the key knowledge points before the respective face-to-face tutorials.

A mixed-method evaluation was conducted after the fourth face-to-face tutorial to
investigate the views of students on the arrangements and resources of the designed course. Two
research questions were focused: (1) What are the students’ overall perceptions of the
implementation of the blended learning course for basic statistics? (2) What are the students’
specific perceptions of the materials in the blended learning course for basic statistics? Two
guestionnaire surveys and three groups of focus group interviews were conducted to collect the
guantitative and qualitative data addressing the two research questions. The two questionnaire
surveys involved 49 students upon voluntarily participation. The first survey consisted of nine
4-point Likert scale question items to ask about students’ overall perceptions of course
implementation; while the second survey consisted of eleven 5-point Likert scale question items to
ask about students’ specific perceptions of course materials. The Cronbach’s alpha coefficients of
the two surveys are 0.907 and 0.962 respectively. The three groups of focus group interviews
involved 18 students upon voluntarily participation. The students were asked to indicate their overall
perceptions of course implementation, with a focus on course arrangements and learning outcomes;
and their specific perceptions of course materials, with a focus on the online learning platform and
the specific course materials of video clips, simulations, quizzes and other resources.

4. Results and Discussion
4.1 Students’ Overall Perceptions of the Implementation of the Blended Learning Course

The students in general positively perceived the overall implementation of the blended learning
course, as reflected by the results of the questionnaire survey (see Table 2) and focus group
interview (see Table 3). The students in the questionnaire survey agreed that the designed course
was well-organized for learning basic statistical knowledge. The students also affirmed the
usefulness of the suggested study schedule for learning the four topics in the designed course. The
students recognized the overall support from three main types of course materials - the simulations,
quizzes and video clips - on helping them to understand more basic statistics concepts. It is noted
that the designed courses inspired the students to apply the blended learning approach in future.
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Table 2
Survey Results of Students’ Overall Perceptions of the Course Implementation

Items Mean # (SD)
Inte_ra_ctive simulations provided on Moodle helped me understand the knowledge on basic concepts of 3.16 (0.83)
statistics. '

The quizzes on Moodle enhanced my learning on basic statistics. 3.14 (0.73)
The video clips provided on Moodle well-illustrated the key concepts of basic statistics. 3.14 (0.76)
The suggested study schedule was useful in learning. 3.14 (0.93)
The course enhanced my knowledge on basic statistics. 3.12 (0.75)
Overall, the course was well-organized. 3.00 (0.65)
The course inspired me to apply blended learning in my current/future learning/teaching. 3.00 (0.86)
The four one-hour tutorials facilitated my learning on basic statistics. 291 (0.98)
The content covered matched up to my expectations. 2.86 (0.79)

a1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree

Students’ feedback in the focus group interview echoes with the survey results. The students
generally satisfied with the quality and potential of the designed course. For the course arrangements,
the students considered the designed course well-organized to promote them to integrate theory into
practice. The students generally spent two to five hours per week for the designed course; and were
managed to learn most of the course contents by themselves online. A student illustrated that he
obtained 10% of the knowledge in face-to-face tutorials and 90% through the video clips and quizzes
on the online learning platform. Many students affirmed the importance and usefulness of following
the suggested study schedule for the successful course completion. They also appreciated that the
designed course enabled them to learn statistics with theory-driven practice, as the course delivery
started with theories and concepts and then engaged students in the hands-on of statistical software.

For the learning outcomes, most students affirmed the course effectiveness. The students
appreciated that the designed course matched their expectation for applying the learned statistical
knowledge to their study work, as it was insufficient for them to learn statistics in daily curriculum.
Nearly three quarters of the students further expressed their appreciation of the blended learning
approach and their willingness to take part in other blended learning courses in future. Few students
who were not major in mathematics-related streams commented that the course contents were quite
difficult for them and so suggested on dividing students into different groups according to their
academic majors for course delivery in future. For course improvement, one-third of the students
indicated the need of more practice and review opportunities in face-to-face tutorials, to enhance
their target statistical knowledge through real-life data analysis. Half of the students also suggested
on extending the length of each face-to-face tutorial; and increasing the time and examples on
explaining how to use the target statistical formulas and interpret statistical results meaningfully.

Table 3

Focus Group Interview Results of Students’ Overall Perceptions of the Course Implementation

Issues Major feedback

Course arrangements | e  Most students were satisfied with the whole experience of the blended learning course. The students
appreciated the opportunities for learner-centered learning in the designed course, as they felt
comfortable and flexible to do self-learning of the course contents anytime, anywhere.

e  The whole cohort affirmed the need of face-to-face tutorials. They appreciated the arrangement for
making extra discussion appointments and WhatsApp group communication with instructors to discuss
their difficulties in learning the course contents.

Learning outcomes e Most students found the designed course useful and beneficial, as the course contents supported them to
better understand and apply the key concepts and common jargons of basic statistics in their daily study.

e  Students who were not major in mathematics-related streams commented that the course contents were
quite difficult for them and so suggested on dividing students into different groups according to their
academic majors for course delivery.

The above results of students’ overall perceptions of the implementation of the blended
learning course echo with the findings in previous relevant studies including Scherrer (2011) and
Peterson (2016) — university students are generally able and comfortable to manage the flexible
approach supported by blended learning courses for an effective learning of statistical knowledge.
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4.2 Students’ Specific Perceptions of the Materials in the Blended Learning Course

The students positively perceived the specific materials for the designed course. As Table 4 shows,
the students in the questionnaire survey generally affirmed the learning support from varying course
materials, especially the video clips for the “Sampling Distribution” and “Central Limit Theorem”
topics; and the simulation for the “Confidence Interval” and “Sampling Distribution” topics.

Table 4

Survey Results of Students’ Specific Perceptions of the Course Materials

Items Mean ? (SD)
The video clips in Sampling Distribution topic were useful for learning basic statistics. 4.04 (0.86)
The video clips in Central Limit Theorem topic were useful for learning basic statistics. 4.02 (0.94)
The video clips in Confidence Interval topic were useful for learning basic statistics. 3.92 (0.90)
The simulation in Confidence Interval topic was useful for learning basic statistics. 3.88 (0.85)
The concept map on basic statistics was clear. 3.84 (0.89)
The video clips in Hypothesis Testing topic were useful for learning basic statistics. 3.82 (0.85)
The simulation in Sampling Distribution topic was useful for learning basic statistics. 3.82 (0.94)
Overall, the quizzes helped me learn the basic statistics. 3.67 (0.98)
The concept map on basic statistics was useful for consolidating the learned knowledge. 3.65 (0.94)
The simulation in Hypothesis Testing topic was useful for learning basic statistics. 3.59 (0.09)
The simulation in Central Limit Theorem topic was useful for learning basic statistics. 3.49 (1.09)

21 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree.

As Table 5 shows, students in the focus group interviews affirmed the ease of retrieving
course materials of video clips, simulations and quizzes. Most students found the course materials
facilitated them much to learn target statistical knowledge, and to realize the importance of statistics
in daily study and so motivate them to learn more. Nearly half of the students preferred to first watch
video clips and then do quizzes, and when needed return to the video clips for the knowledge points.

Table 5

Focus Group Interview Results of Students’ Specific Perceptions of the Course Materials
Issues Major feedback
Online learning e  Most students found the Moodle platform was easy to use for the online retrieval of course materials.
platform e The students considered the video clips and quizzes most helpful and useful in assisting their self-learning.
Specific course e The majority of the students favored the video clips most. They considered those video clips very useful to
ma_terials:_ be the major source for course learning, with step-by-step explanations of the target statistical operations.
-VIdeO C!IDS e  Nearly a quarter of the students found the simulations well-designed, easy to follow, and useful for
-Slmulatlons supporting them to understand the target statistics concepts well.
-Quizzes e  Many students appreciated the quizzes, as they could repeatedly attempt to answer quiz questions and then
-Other resources learn from the explanations for correct answers when they incorrectly answered the quiz questions.

e  Many students found concept map, memory card and other resources useful.

Over 25% of the students indicated they could keep concentrated on the precise and concise
explanations in the short video clips. Nearly 25% of the students watched the video clips several
times if they found difficulty in understanding the concepts. The students also found the simulations
helpful to stimulate a deeper thinking of the target concepts. Moreover, most students were satisfied
with the design of online quizzes, which were short yet able to provide sufficient explanations to the
answer of each question. Many students also appreciated the usefulness of the other resources - the
concept maps and memory cards - for knowledge consolidation. It is noted that nearly 40% of the
students searched for external online resources for relevant explanations when they found
difficulties in understanding the course contents, as they wanted to solve the problems on their own.

Focus group interviews also collected suggestions on course materials improvement. For the
video clips, some students commented that more examples and exercises can be embedded, so that
they could think more about the target statistical knowledge through practice. Some students
expected for more detailed illustrations in the video clips. For example, the main formulas can be
shown on one side along with the video content flow, in order to enable them to remember more
about the formulas when listening to the description and explanation of the given examples. For the
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simulations, some students suggested on the automatic display of more explanations after their
question-answering, so that they can immediately check their knowledge level. For the quizzes,
some students suggested on adding more questions and expanding the relevant explanations in the
online quizzes, so that they could think more about the target statistical knowledge through practice.

5. Conclusion and Implication

This study designed an online course, supplementary with face-to-face tutorials, on basic statistics.
The course evaluation by questionnaire surveys and focus group interviews confirmed students’
positive perception of the overall course implementation and the specific course materials - video
clips, simulations and quizzes. This study echoes the recent work by Hahs-Vaughn et al. (2017) and
Luo et al. (2017) that it is practical to engage university students in blended learning courses for
learning basic statistics effectively. It also enriches current literature on the preference and pattern of
university students for selecting and using certain types of course materials in topic-specific learning
of basic statistics. Two implications are made for future blended learning courses on basic statistics.
Firstly, this study found that the students especially appreciated the short video clips which
were precise and concise enough for them to focus on the important course concepts, especially the
topics of sampling distribution and central limit theorem. The students preferred to first watch the
online video clips and then do the online quizzes, and further return to the video clips when they
encountered difficulties. Future courses should thus use the repeatable feature of the video clips and
quizzes to support students to gradually deepen statistical understanding through exercising.
Secondly, this study found that the students valued the four face-to-face tutorials along with
their self-learning process using the online learning pack; and expected to have more practice and
review opportunities in face-to-face tutorials in a longer duration. The students indicated their need
of more time, examples and explanations for real-life data analysis. Future courses should thus keep
instructor-led face-to-face tutorials regularly for giving extra explanation of knowledge points, extra
guidance on online resources exploration, and extra opportunities of operational practices.
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