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ABSTRACT
This article focuses on the unique contribution of the QT-clicker regarding formative and summative
assessment in a large flipped first year statistics module. In this module, the flipped classroom as peda-
gogical model first substituted the traditional teaching model. QT-clickers were subsequently introduced
to enable active and cooperative learning for face-to-face engagement inside the classroom. The various
input capabilities of the QT-clicker, providing for the possibility of partial grade crediting, offer a distin-
guishing advantage. These clickers were initially only used for formative assessment, but soon extended to
summative assessment. Two cohorts—2014 (no QT-clickers) and 2017 (with QT-clickers)—were compared.
The intervention of using QT-clickers was evaluated along two lines: the pedagogical influence of the QT-
clicker and the effect of partial grade crediting. Several general linear models (GLMs) were fitted to the data
to investigate how QT-clicker use is related to the students’ examination performance. The outcome of the
GLM models indicates that the association of higher examination marks with QT-clicker use holds for the
2017 cohort with and without partial credit. A qualitative component of the study reports on the student
voice testifying to positive experience.
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1. Introduction

Classroom response systems are not new in education and have
been used for decades, especially for formative assessment in
traditional classrooms (Judson and Sawada 2002). The learning
advantages of clickers in traditional classrooms are well reported
(Mayer et al. 2009). However, few studies are available on the
use of clickers in flipped classrooms or for formative assess-
ment extended to summative assessment. The purpose of this
article is to investigate whether using QT-clickers for formative
assessment, as well as for summative assessment, can enrich
student learning in a large flipped classroom environment for
an introductory statistics course.

A flipped classroom model, resulting in problem-based in-
class instruction, was implemented in 2013 for the Introductory
Statistics course at an urban South African university. An online
homework system was used in combination with the flipped
classroom for students to prepare before they came to class
and it was found that the students’ examination performance
improved. However, this improvement could not necessarily be
attributed to the online homework system per se. It is more
likely the result of the combination of the flipped classroom
and the online homework system embedded in a constructivist
foundation (Reyneke et al. 2018).

In this article, the introduction of QT-clickers as part of active
learning in a flipped classroom environment is investigated.
These clickers were used for both formative and summative
assessment. A Turning Technology QT-clicker is distinguished
from a standard clicker by a full-featured keypad with a variety
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of input abilities, over and above the basic multiple choice
options. It is widely known that multiple choice options may
lead to guessing or clever elimination of certain distractors
for a question (McKenna 2019). With QT-clickers, instead of
providing students with a choice of answers, one (or more) of
which is correct, students have to calculate answers which they
submit via the QT-clicker keypad.

Formative assessment in this study involved individual
or group clicker questions in class which formed part of
PowerPoint� polling slides. Formative assessment measured
students’ understanding of concepts, and combined with the
advantages of peer learning and immediate feedback it renders
an improved learning model. These formative assessment tasks
contribute a small percentage to students’ grades. Formative
assessment is also attained in the form of online homework
assignments that constitute a larger part of the semester mark
(term mark), to encourage students to participate.

The successful implementation of QT-clickers for active
learning and formative assessment prompted us to extend the
use to summative assessment as well. For the purpose of this
study, summative assessment is a formal, graded test or exami-
nation paper, written in a controlled environment without peer
interaction. The papers were administered by using Turning
Technology’s self-paced polling, that is, students could pace
themselves by moving forward and backward between the
questions using the QT-clicker’s keypad to modify or change
their answers. The advantage of a QT-clicker in a self-paced
test—over a multiple choice questions (MCQs) test—is that,
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in addition to the variety of input abilities that allow students
to type in, for example, numerical answers or words, partial
grade crediting can be done following the assessment. Since
the students’ answers are captured on an Excel spreadsheet, the
lecturer can readily pick up common mistakes by the frequency
of common wrong answers (e.g., students using the variance
instead of the standard deviation in a calculation). Partial grade
crediting allows the lecturer to award some marks for intermedi-
ate steps even though the submitted answer is wrong. This more
comprehensive assessment obviously benefits students.

2. Literature Review

The use of electronic voting systems in large lecture modules,
especially in science, can be dated to the 1960s (Judson and
Sawada 2002). Since then, lecturers using such systems have
had the same aim, namely active learning and instant feedback,
particularly for students in large classes. Technology has evolved
rapidly, therefore crude, hard-wired systems of the past paved
the way for today’s modern wireless, multi-function alternatives,
although the underlying pedagogy has stayed the same in the
majority of classes.

A distinct feature of current classroom response systems
(clickers) is the ability to display graphic representations of
students’ answers in the form of bar charts, which facilitate
immediate feedback. The vast majority of formative assessment
research on classroom response systems has been done in psy-
chology (Lantz and Stawiski 2014), biology (Smith et al. 2011),
science (Baltaci-Goktalay 2016), business subjects (Rana and
Dwivedi 2016), mathematics (Chen et al. 2010), and statistics
(Kaplan 2011). Only a few nonspecific articles, none in statistics,
could be found on summative assessment involving clickers
(Kay and LeSage 2009; Hancock 2010; Han and Finkelstein
2013; Wang, Chung, and Yang 2014; Premkumar 2016). Studies
on the use of clickers in flipped classrooms are even more scarce.
Only two clicker studies could be traced, one in an English and
the other in a statistics flipped classroom (McGee, Stokes, and
Nadolsky 2016; Hung 2017).

Mazur (1997; p. 9–32) implemented peer instruction sup-
ported by clickers in the 1990s. Mazur and his team later
developed an interactive program, Learning Catalytics (Prensky
2011), which then needed a more sophisticated response tool in
the form of smart devices, such as smart phones and tablets, to
accommodate advanced software. More recently, several articles
on the use of smart phones and other internet devices as substi-
tutes for traditional clickers have been published (Dunn et al.
2012; Chou, Chang, and Lin 2017; Hung 2017).

Barnett (2006) divided the advantages of using a classroom
response system for formative assessment into three categories,
namely interactional, attitudinal, and pedagogical advantages,
which are discussed accordingly.

Lasry (2008) argued that using peer instruction and low-
technology flash cards versus peer instruction and high-
technology clickers provides the same interactional benefit.
However, while a lecturer can easily implement flash cards
instead of clickers in small classes, with large classes there could
be gain from clickers that provide automatic, accurate, anony-
mous, and immediate feedback (Koppel and Berenson 2009).

According to the Guidelines for Assessment and Instruction in
Statistics Education, GAISE project (American Statistical Asso-
ciation 2016), lecturers should enhance active learning and use
the appropriate technology to develop conceptual understand-
ing. Clickers offer a good option, because they can promote
active and fun learning instead of students passively listening
to a lecturer (Dufresne et al. 1996; Wit 2003; Sharma et al. 2005;
Caldwell 2007; Hoekstra 2008).

Many lecturers initially used clickers to incorporate active
learning as a one-way engagement in large classes (Littauer
1972; Crews et al. 2011). Soon it emerged that students prefer
to use clickers with peers to learn from each other and the
lecturer, discussing questions and interchanging ideas (Beatty
2004; Caldwell 2007; Yourstone, Kraye, and Albaum 2008; Kay
and LeSage 2009; Smith et al. 2011; Bojinova and Oigara 2013).

Another benefit of the use of clickers is that it may help to
improve student attitudes.

A student’s attitude toward a subject is of critical impor-
tance. Many students have a fear of subjects like mathematics,
statistics, and science (Fullerton and Umphrey 2001). Positive
attitudes when using clickers are observed in physics by Sharma
et al. (2005). Barnett (2006) shared a similar experience with
science students who described their clicker experience as fun,
like playing a game, and convenient. Some students are often
negative about the introductory statistics module under dis-
cussion, which is a service course with compulsory enrolment.
Clickers could change students’ attitudes toward the subject if
they start to enjoy learning statistics and think it is useful (Mateo
2010; Mocko and Jacobbe 2010; Titman and Lancaster 2011).

Researchers found that the anonymity of clicker use results
in students not having to embarrass themselves in front of their
peers, thereby fostering positive attitudes and active partici-
pation in class (Draper and Brown 2004; Sharma et al. 2005;
Freeman, Blayney, and Ginns 2006; Trees and Jackson 2007;
Laxman 2011).

A study by Amstelveen (2013) confirms that proper clicker
use can improve attitudes, which in turn has an influence on
class attendance. There is a relationship between class atten-
dance and academic achievement in an introductory statistics
course (Wang and Englander 2010). In a study by Credé, Roch,
and Kieszczynka (2010), it was found that class attendance
is a better predictor of grades than any other of the student
characteristics, including hours studied and GPA score.

Finally, we turn to the pedagogical advantage. It has been
found that metacognition from clicker use has a positive impact
on the learning process—learning occurs at a higher level
and students can clarify their own misconceptions because of
immediate feedback (Dunn et al. 2012; Forster 2014; Lantz
and Stawiski 2014) and therefore gain better understanding of
content (Barnett 2006; Mayer et al. 2009; Brady, Seli, and Rosen-
thal 2013). Mayer et al. (2009) suggested that a questioning
based teaching model, using clickers, can enhance academic
performance and generative learning (constructing meaning) in
large classes.

To develop higher order questions that will stimulate stu-
dents’ critical thinking takes time and effort (Beatty et al. 2006).
Barnett (2006), Smith et al. (2011), and Büyükkurt, Li, and
Cassidy (2012) argued that the use of properly set questions and
peer discussion, combined with the lecturer’s explanation, can
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enhance student learning. Kaplan (2011) used simulations on a
calculator and then submitted the results via clickers in a large
lecture statistics class to improve the “conceptual understanding
of statistical inference.”

Hung (2017) used MCQs in the form of Kahoot! quizzes in
his gamified use of smart devices (clickers) called BYOD (bring
your own device) in a flipped classroom. Kahoot! is a cloud-
based automated response system where students can use any
smart device instead of clicker devices. Kahoot! quizzes had a
beneficial effect on student learning, that is, the Kahoot group
who used smart devices outperformed the non-Kahoot group
who used PowerPoint slides and the raising of hands in the post-
test. A perception survey was conducted to find out how both
groups experienced the flipped learning. The results show that
the Kahoot group was consistently more positive than the non-
Kahoot group.

McGee, Stokes, and Nadolsky (2016) used clickers for for-
mative assessment and immediate feedback in a large flipped
statistics classroom with just-in-time teaching (JITT). Apart
from watching videos, reading a chapter before class or active
learning in class, students have to complete a short set of online
questions before attending the next class. Based on the online
answers, the instructor can immediately address and correct
misunderstandings in the next class.

It can also be argued that the use of clickers could have a pos-
itive influence on achievement. Several studies reported on the
influence of clickers on performance and how the experimental
group (with clickers) outperformed the control group (without
clickers) on the final examination scores (Gauci et al. 2009; Kyei-
Blankson 2009; Mayer et al. 2009; Majerich et al. 2011).

Instructors have varying conceptions of the difference
between formative and summative assessment. According to
Kay and LeSage (2009), formative assessment consists of ques-
tions and tests without grades and summative assessment con-
sists of formal tests with grades. Han and Finkelstein (2013)
described the use of clicker assessment and feedback (CAF)
for formative assessment as a measure of understanding course
concepts without grades, while summative assessment is similar
to formative assessment, but students’ answers are linked to
grades. Han and Finkelstein (2013) reported on a large CAF
supporting project that was introduced to improve students’
engagement in undergraduate modules. The 74 instructors who
participated in the project were categorized as either formative-
or summative CAF users. Instructors’ use of CAF for formative
assessment was found to be more effective than for summative
assessment, based on students’ opinions of engagement and
learning.

Hancock (2010) discarded all paper tests and used
PowerPoint� polling where clicker questions are integrated
into the PowerPoint� lecture or tests for both formative
and summative assessment. Tests consisted of a series of
PowerPoint� slides with MCQs. Each slide is time limited for
all students, depending on the type of problem. The limitation is
that students cannot go back to a specific question on a previous
slide. Wang, Chung, and Yang (2014) also used a set of MCQs
for summative assessment at the end of each unit. A compatible
clicker software program, Examination View, was used to
build questions of different difficulty level for the summative
assessment tests. Premkumar (2016) used self-paced polling

of TurningPoint� technology for a complete MCQ paper,
substituting the scannable answer sheet for clicker answers. No
reports on studies could be found on using self-paced polling
and written papers where students could have the benefit of
revising and changing answers on a clicker, by typing in answers
instead of simply selecting an MCQ option, and be advantaged
by partial grade crediting.

3. Theoretical Framework

Constructivism is the theoretical underpinning of the flipped
classroom and the use of QT-clickers in class. The leading theo-
rist among cognitive constructivists is Jean Piaget. Lev Vygotsky
can be considered the main social constructivist while Jerome
Bruner combines the cognitive and social constructivism theory
(Lutz and Huitt 2004). Piaget perceives a child as an inde-
pendent being who should acquire knowledge through self-
discovery. Vygotsky observes a child as a “social being and
cognitive development is led by social interactions.” Cognitive
development can be accelerated if the right scaffolding provided
by an educated person is used within the zone of proximal
development. The “zone of proximal development is the dis-
tance between the actual development level and the potential
development level” (Vygotsky 1978), for example, in tertiary
education, it denotes the difference between what a student
can achieve with and without the help of an expert lecturer
or peer. Bruner was strongly influenced by Vygotsky’s theory
of social constructivism. He also believes that learning new
concepts is influenced by active learning with the assistance of
an educator. Bruner differs from Piaget by arguing that cognitive
development should be seen as a continuous process instead of
being categorized into separate stages.

The three constructivists mentioned above provided an
important basis to this study. In our study, the out-of-class
activities are scheduled as individual activities. Piaget’s cognitive
development theory influenced the design of this study’s out-
of-class activities of the students. Students are expected to use
self-directed learning to explore and construct statistical con-
cepts to build prior knowledge. Relationships have been found
between the prior knowledge and performance in statistics
courses (Schutz et al. 1998). Our in-class activities are inspired
by Vygotski and Bruner’s social constructivism. Students are
engaged in various active learning activities in class, with QT-
clickers playing a fundamental role. The large lecture groups
seem contradictory to social constructivism perspectives at face
value, but students form small informal groups for peer discus-
sion before they submit their answers to QT-clicker questions
in class. The immediate feedback helps students to clarify their
misconceptions (Dunn et al. 2012) and integrate it with their
prior knowledge (Bransford, Brown, and Cocking 2000; p. 10).
It is a continual scaffolding process, building on prior knowl-
edge in a student-centered environment where a higher level of
potential learning can be attained (Hannafin and Land 2000).
The lecturer helps students to engage in active learning through
the use of scaffolding, that is, providing comprehensive support
with all the different tasks in class (Wood, Bruner, and Ross
1976). As students take more ownership of their learning, the
assistance can slowly be reduced and eventually removed when
students perform better.
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4. Teaching Model

QT-clickers were used for both formative and summative assess-
ment for the 2017 intervention cohort. Formative assessment
was achieved through QT-clicker use in class, as well as by using
an online homework system for pre- and post-class assignments.
The class tests, semester tests (term tests), and examination
formed part of our summative assessment. All tests were based
on a subset of the syllabus while the examination paper was
based on the complete syllabus. The final grade is the average
of the semester mark (Sem) and the examination mark (Exam).
The semester mark included all formative assessments (20% of
semester mark) and summative assessments during the semester
(80% of the semester mark).

The examination paper for every cohort was set by a team
of examiners and tested the same learning outcomes, but the
questions differed from year to year. Before 2015, we used a
MCQ examination paper with approximately 64 questions, each
with five distractors. Each question counted one or two marks.
Students could do their calculations on the back of each printed
page, but the paper was not handed in for grading purposes.
A scan sheet was used to capture the answers for the MCQ
papers. Starting in 2015 the examination paper was more com-
prehensive and had approximately 55 free response and a few
MCQ questions, counting one or two marks each. Students had
two-and-a-half hours to write the paper and 30 min to submit
their answers on their QT-clickers in nine different venues on
campus. We are confident that the examination papers are valid
and comparable, by virtue of the item analyses and the internal
panel’s evaluation of the examination papers (Reyneke et al.
2018).

Currently in the 14-week semester (term), the flipped class-
room model consists of three segments:

• Out-of-class preparation

– Prescribed pre-reading of relevant textbook sections and
classnotes;

– Pre-class online homework assignments with automated
grading and immediate feedback.

• In-class active learning

– Problem-based real world exercises;
– QT-clicker questions dispersed through the weekly three

50-min periods;
– One 50-min tutorial per week, also used to write class tests

using QT-clickers;
– One optional 50-min Excel practical session in a computer

laboratorium.

• After-class consolidation

– Post-class assignments based on real world scenarios.

The flipped classroom pedagogy requires students to come to
class prepared, where difficult concepts can be revisited; QT-
clicker questions are used in class to test the students’ under-
standing. TurningPoint� technology is used to integrate the
QT-clicker questions into the PowerPoint� lecture. For some
of the QT-clicker questions in class, depending on the type,

students have to submit an individual answer, indicated by a
deleted group-symbol; if they are allowed to discuss with their
peers, the group-symbol is used.

The immediate feedback after polling makes it possible for
the lecturer to assess the overall level of understanding, while
students know what they do not understand and they can com-
pare themselves against their peers.

The tutorial classes are based on a worksheet posted on
the Blackboard learning management system for students to
prepare for the weekly tutorial. Students have to submit their
worksheet answers via QT-clickers in the tutorial class. The
lecturer can then give immediate feedback on misunderstood
concepts or calculation errors. Unfortunately some students
simply copy worksheet answers from their peers and for this
reason unannounced short QT-clicker tests, based on the work-
sheet, are given in the tutorial class.

Before QT-clickers were implemented in 2015, summative
assessment (formal assessment) comprised the sole use of MCQ
semester tests and examination papers. To supplement MCQs,
class tests were written and graded by hand. The written class
tests resulted in delayed feedback because of human resource
capacity constraints and it is possible that this could have nega-
tively impacted on student learning.

Since 2015 summative assessment has changed from MCQs
to written papers using QT-clickers with self-paced polling. All
students receive a hard copy of the test or examination paper,
which should be turned in, showing their detailed calculations.
The students’ hard copies will only be graded by hand if a
power failure or any other technical malfunction occurs. The
responses are submitted on their QT-clickers, which are sent
to a wireless receiver (dongle), collected and then sent to the
lecturer’s device. An Excel file is exported for the calculation
of the final assessment marks. The few non-clicker papers of
students who do not have a QT-clicker are graded by hand
and captured in an Excel file. The process of partial grade
crediting can commence by viewing the Excel sheet with all the
responses. The answers to each question, located in a column
in the spreadsheet, can then be sorted individually to pick up
common mistakes. For example, if the normal probability of a
variable should be calculated and a student managed to get the
correct z-value, but read the wrong probability from the normal
table, then intermediate marks (partial credit) can be awarded.
This is an advantage of written papers with self-paced polling
and a benefit to summative assessment, which is not possible
for solely MCQ-based papers.

An added benefit of self-paced polling testing versus
PowerPoint� polling is that tests and examination can be taken
at a student’s own pace, that is, answers can be reviewed and
changed as the student works through the paper. Students can
submit answers after each question or return to previous ques-
tions and submit only after completion of the paper. The only
limitation is the three hour cap on the paper as a whole.

5. Research Aim and Design

The aim of this article is to investigate whether the use of QT-
clickers for active learning extended to summative assessment
can enhance student learning in a large flipped classroom envi-
ronment in an introductory statistics course.
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Table 1. Summary of cohort composition.

2014 2017 (QT-clickers— 2017 (QT-clickers—
Cohort (no QT-clickers) with partial grading) without partial grading)

Sample size n = 1448 n = 1176 n = 1176
Proportion female 52.5 48 48
Examination mark

Mean (%) 59.32 61.32 59.52
(Standard deviation %) (16.88) (17.71) (17.91)

Pass rate (%)a 86.5 88.4 (85.6–88.4)b

aPass rate is based on the final grade ≥50% which is a composite of the examination and semester mark, or on the supplementary examination mark.
bThirty-three students who passed with partial grading failed without partial grading, but would have qualified for a supplementary examination which they may or may
not have passed.

The ideal scientific approach would have been to conduct a
randomized experiment. However, from the studies mentioned
above there is strong evidence that clickers benefit students, and
a randomized experimental design would knowingly disadvan-
tage the group of students who are not allowed to use clickers.
To avoid unethical behavior, we decided to use two cohorts from
different time periods instead, one who used QT-clickers (2017
students) and one who did not use QT-clickers (2014 students).
QT-clickers were already introduced in 2015, but it was decided
to use the 2017 cohort as the intervention group because of
practical problems encountered with the implementation of QT-
clickers in 2015 and 2016.1

5.1. Participants

Participants were all registered students for the first semester
module of Introductory Statistics (STK110) at a large residential
university in South Africa for the years 2014 or 2017. Up to
2014, the Grade 12 mathematics prerequisite for STK110 was
at least 50% and from 2015 it was increased to at least 60%.
Therefore, to make the 2014 and 2017 cohorts comparable, the
samples representing these two cohorts included only first time
statistics students with a Grade 12 mathematics mark of at least
60%. Repeat students, who may have an advantage based on
their prior exposure to the module, were excluded from the
sample. The two cohorts were exposed to the same textbook,
course content and teaching pedagogy, namely a flipped class-
room. In addition, the first four weeks of each semester were
used to review basic statistics concepts and probability theory
taught in Grade 12 mathematics to make sure that the baseline
understanding of statistics concepts was similar for students
who entered the module. A group of four to five lecturers teach
STK110 in the first semester and typically at least three of the
lecturers remain the same on an annual basis. The two cohorts
differ primarily in that no QT-clickers were used by the 2014
cohort versus QT-clickers being used by the 2017 cohort. The
2014 cohort consisted of 1448 students and the 2017 cohort of
1176 students (cf. Table 1).

The price of a new QT-clicker in 2015 was approximately
$48.95 and increased to $53.01 in 2017. Past students could

1The lecturers were unaware that the power saver option must be disabled
on the computers used for summative assessment in 2015. This led to
uncaptured QT-clicker answers and apart from concerned students and
the majority of scripts graded by hand, an optional, compensational test
opportunity was offered which disqualified the comparison of the 2015
to the 2014 cohort. In 2016 the political unrest on campus regarding
instruction in the Afrikaans medium resulted in the 2016 cohort also not
being credibly comparable to the 2014 cohort.

sell their QT-clickers to the on-campus bookstore or directly
to other students, allowing prospective students to buy a sec-
ondhand refurbished QT-clicker at a lower price. Approximately
5% of the students in the 2017 cohort, similar to the previous
two cohorts, could not afford to purchase a QT-clicker. They
were, however, not penalized, since their class tests and semester
tests were graded by hand and the marks manually captured on
the grade book. These students could still actively participate
in class with formative assessment questions and, when needed,
handed their answers in on paper.

5.2. Equipment

The classroom response system most suitable to our needs is
the QT-clicker of Turning Technologies. This QT-clicker differs
from the standard clicker in that it has a full-featured keypad
that allows more comprehensive data to be entered as opposed to
the standard multiple choice option. It enables a wide variety of
question types, from multiple choice, true/false, and numerical
answers to words, sentences, and essays. Students’ answers can
be tracked as each device has a unique serial number allocated
to an individual student. QT-clicker devices are registered on
the Blackboard learning management system and the QT-clicker
serial number is then linked to a unique student number, which
prevent students from using a peer’s QT-clicker.

6. Analysis

A mixed methods approach was used to obtain a comprehensive
picture of the effectiveness of QT-clicker use. The quantitative
analysis consists of descriptive statistics in the form of tables and
graphs, as well as regression analyses. A general linear model
(GLM) was used to investigate the relationship between QT-
clicker use and examination performance. It could be argued
that a difference between the two cohorts may be related to the
partial crediting implemented in the 2017 examination versus
no partial crediting in the 2014 examination, and not to the use
of the QT-clickers for formative and summative assessment per
se. Therefore, the 2017 examination and semester test papers
were regraded as purely multiple-choice questions (i.e., without
partial credit for intermediate steps) to allow for a comparison of
the 2014 and 2017 summative papers. This enabled us to evalu-
ate the impact of partial grade crediting on summative assess-
ment by building two models, namely the 2017 examination
graded with and without partial credits, each against the 2014
MCQ examination mark.
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Figure 1. Frequency polygons of the distribution of examination marks for the 2014 cohort and the 2017 cohorts with and without partial grading.

The qualitative analysis component of the study consists of
ten survey questions to measure the 2017 cohort’s perception of
the use of QT-clickers for formative and summative assessment.
The survey was administered during class in the last few weeks
of the first semester of 2017. The response rate was 79.5% (935
out of 1176). An eleventh open-ended question inviting general
comments on QT-clickers was filled out by 527 of the 935
students (56.4%, 44.8% overall). Focus group interviews were
conducted to obtain richer data to get a better understanding of
the perceptions of students concerning QT-clicker use.

7. Findings

7.1. Quantitative Analysis

A summary of the composition of the two cohorts is given in
Table 1.

7.1.1. Cohort Mark Distribution Comparison
Polygons based on deciles have been used in Figure 1 to give a
better visual comparison between the distributions of the two
cohorts.

Figure 1 shows that the 2017 cohort with partial grading out-
performed the 2014 cohort from the [60; 70) interval upward.
The 2017 cohort without partial grading also outperformed the
2014 cohort in the [60; 80) and [90; 100) intervals.

Two chi-squared tests were conducted to evaluate the asso-
ciation between the examination marks for the 2014 cohort
compared to the 2017 cohorts with and without partial grading,
as well as McNemars’ tests for the paired data (the 2017 cohorts
with and without partial grading).

There is a significant relationship when first comparing the
distribution of scores for the 2014 cohort to the 2017 cohort
with partial grading (χ2 (8) = 37.343, p < 0.0001, Cramer’s
V = 0.119)2. The grade intervals that contribute most to
the discernible difference between the two distributions are
[10; 50) , [70; 80), and [90; 100]. The 2017 cohort, for example,
has significantly fewer students with an examination mark in the
interval [40; 50) and several more students than expected under
the null hypothesis of no association with an examination mark
in the interval [70; 80) and vice versa for the 2014 cohort.

Second, when comparing the distribution of scores for the
2014 cohort to the 2017 cohort without partial grading a sig-
nificant result was also found (χ2 (8) = 25.446, p < 0.001,
Cramer’s V = 0.098). The grade intervals that contribute most
to the discernible difference between the two distributions, are
[10; 30) and [40; 50). We see that far fewer 2017 students than
expected under the null hypothesis of no association achieved
an examination mark in the interval [40; 50), while many more
2014 students than expected fall in this interval.

Finally, McNemar’s tests with a continuity correction were
used to test which grade intervals, if any, have different propor-
tions between the examination marks for the 2017 cohort with
and without partial grading. The gains made by awarding partial
credit were substantial with a significantly higher proportion
of students with examination scores in the intervals [60; 70),
(p = 0.01), [70; 80), (p < 0.0001), [80; 90), (p = 0.002)
and [90; 100], (p = 0.003). There is also a significantly lower
proportion of students with examination scores in the intervals
[30; 40), (p < 0.0001) and [40; 50), (p < 0.0001).

2Cramer’s V is a measure for effect size, V = 0.119 denotes a small effect.
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Table 2. Description of variables identified for the GLM.

Variable Type Possible values

Dependent: Exam (examination
mark)

Quantitative 0%–100%

Independent: Clicker (clicker
use)

Categorical,
nominal

1 (Clicker 2017)
0 (No Clicker 2014)

Covariates:
Sem (semester mark) Quantitative 30%–100%
Gr 12 Math (Grade 12

mathematics mark)
Quantitative 60%–100%

Gr 12 Eng (Grade 12 English
mark)

Quantitative 45%–100%

Mother tongue (home language
vs. instruction language)

Categorical,
nominal

1 (Home language
different from
instruction language)

0 (Home language same
as instruction language)

APS score (based on the six best
Grade 12 marks excluding life
orientation)

Quantitative 26–42

Yrs reg (Years registered—the
number of years a student has
been registered at the
university)

Quantitative 1–6

STK contact time (programme
dependent exposure to
statistics)

Categorical, ordinal 1 (Six months)
2 (Nine months to one

year)
3 (Two years)
4 (Three years)

Class section (instruction
language preference)

Categorical,
nominal

1 (English)
0 (Afrikaans)

Gender Categorical,
nominal

1 (Female)
0 (Male)

7.1.2. Statistical Modeling
The GLM has as main objective to model the effect of the
intervention (clicker cohort in 2017 versus the control cohort
in 2014) on the performance of students as measured by their
examination mark with and without partial grading. The stu-
dents of both cohorts are therefore included in the model.
Clicker use is included as a dummy variable. The model allows
us to control for covariates that may also influence the outcome
(i.e., examination mark).

In the first part, two GLM models with only main effects are
constructed to evaluate the impact of partial grading versus no
partial grading on examination performance. In the second part,
a number of GLM models are built to investigate the dominance
of Sem (semester mark) in the model. Finally, a model with
interaction terms in addition to the main effects as in GLM I
is constructed to model the effect of clicker use on examination
performance for partial grading in 2017.

We identified nine plausible covariates that are likely to have
an effect on the examination mark, in addition to clicker use.
The variables Gr 12 Math, Gr 12 Eng, APS score, and Sem
(explained in Table 2) have been centered around their means,
because they do not contain a meaningful value of zero and
with interaction terms being included in the model, centering
can avoid multicollinearity issues. The assumptions for all the
GLM analyses were tested and met. The variables are defined in
Table 2.

7.1.2.1. Part I: Effect of Partial Grading. Two models were
constructed: The GLM I (with partial grading) and GLM II
(without partial grading) models explain 67.9% and 67.6%

Table 3. Results of GLM I with partial grading in 2017.

Coefficientsa

Unstandardized coefficients

Model β Std. error Std. β t Sig.

Constant 56.294 0.686 82.105 < 0.0001
X1: Clicker 3.337 0.388 0.096 8.601 < 0.0001
X2: Sem 0.866 0.016 0.744 52.984 < 0.0001
X3: Gr12 Math 0.175 0.030 0.090 5.844 < 0.0001
X4: Mother tongue 1.329 0.384 0.038 3.462 0.001
X5: APS score 0.239 0.077 0.049 3.097 0.002
X6: Yrs reg 1.663 0.582 0.032 2.859 0.004

aDependent variable: Examination mark (R2 = 0.679)

Table 4. Results of GLM II without partial grading in 2017.

Coefficientsa

Unstandardized coefficients

Model β Std. error Std. β t Sig.

Constant 56.044 0.693 80.858 < 0.0001
X1: Clicker 2.361 0.396 0.068 6.002 < 0.0001
X2: Sem 0.869 0.016 0.746 52.687 < 0.0001
X3: Gr12 Math 0.183 0.030 0.094 6.070 < 0.0001
X4: Mother tongue 1.286 0.388 0.037 3.319 0.001
X5: APS score 0.219 0.078 0.045 2.817 0.005
X6: Yrs reg 1.560 0.588 0.030 2.654 0.008

aDependent variable: Examination mark (R2 = 0.676).

of the variance in the dependent variable, examination mark,
respectively. A stepwise procedure was followed to identify the
meaningful covariates in the model. Five of the nine covariates
remain in both the GLM models, together with the independent
variable of interest, that is, clicker use. The results of GLM I are
displayed in Table 3 and the results of GLM II in Table 4.

The general linear model without partial grading is given by:

̂Y = 56.044 + 2.361X1 + 0.869X2 + 0.183X3 + 1.286X4

+ 0.219X5 + 1.56X6.

The most important finding from the GLM, without partial
grading, is that the mean examination mark for the 2017 stu-
dents who used QT-clickers is 2.36% higher compared to the
2014 students who did not use QT-clickers, ceteris paribus. The
GLM clicker regression coefficient for partial grading in 2017 is
3.337, which is almost 1% higher than without partial grading.
It was found that students gain on average between 1% to 10%
extra for a semester test or an examination paper when partially
graded. The observed difference between the 2014 and non-
partially graded 2017 scores could be due to the pedagogical
advantage of QT-clickers, apart from partial grading.

Not surprisingly, the semester mark (term mark) is the best
predictor of the examination mark in terms of its relative con-
tribution to explaining the variance in the dependent variable
(largest standardized regression coefficient in both models).
For each 1% increase in the semester mark, the examination
mark increases by 0.87%, controlling for all other predictors in
the model. The use of QT-clickers is also the most important
predictor in both models, following the semester mark. This
is an indicator that the use of QT-clickers is a key predic-
tor of student performance as measured by the examination
mark.
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Table 5. Summary of the four additional GLM models.

Model Dep variable Covariates Unstd β Sig. R2 Comment

GLM III Sem Clicker −1.678 0.004 0.003 R2 is poor
GLM IV Exam Clicker 2.030 0.003 0.003 R2 is poor
GLM V Exam Sem 0.942 < 0.0001 0.66 R2 is good for only Sem in

the model
GLM VI Exam All GLM I covariates

except Sem
0.34 R2 is lower than in GLM I

Table 6. Results of GLM VII (interaction model) with partial grading in 2017.

Coefficientsa

Unstandardized
coefficients

Model β Std. error Std. β t Sig.

Constant 56.053 0.710 78.992 < 0.0001
X1: Clicker 2.485 0.547 0.072 4.541 < 0.0001
X2: Sem 0.820 0.020 0.705 41.690 < 0.0001
X3: Gr12 Math 0.396 0.080 0.204 4.928 < 0.0001

X4: Mother tongue 0.673 0.515 0.019 1.306 0.2
X5: APS score 0.272 0.077 0.056 3.552 < 0.0001
X6: Yrs reg 2.009 0.584 0.039 3.441 0.001
X1X2: Clicker*Sem 0.106 0.026 0.060 4.026 < 0.0001
X1X4: Clicker*Mtongue 1.520 0.768 0.037 1.979 0.048
X3X6: Math*YrsReg −0.225 0.069 −0.129 −3.247 0.001
X2X5: Sem*APScore 0.008 0.004 0.024 2.080 0.04

aDependent variable: Examination mark (R2 = 0.683).

7.1.2.2. Part II: Dominance of the Predictor Sem (Semester
Mark) for 2017 With Partial Grading. We knew that Sem
(semester mark) would be the strongest predictor of examina-
tion performance, well before exploring the data to assess the
influence of the clickers and identify meaningful covariates that
should be controlled for.

We constructed five additional GLM models to gain a better
understanding of the role of Sem. The results of GLM III, IV, V,
and VI are captured in Table 5; the final model is GLM VII with
interaction terms (see Table 6).

From GLM III the mean semester mark for 2017 students
who used QT-clickers is 1.68% lower compared to the 2014
students who did not use QT-clickers. Clickers are novel to first
year students and it may take time for them to get used to it,
especially for summative assessment. The formative assessment
component for the 2017 cohort contributed approximately 5%,
toward the semester mark and students’ unfamiliarity with this
new approach is possibly reflected in the negative relationship
between the semester mark and clicker use.

It is evident from GLM IV that the mean examination mark
for the 2017 students who used QT-clickers is 2.03% higher
compared to the 2014 students who did not use QT-clickers.

We believe that the effect of clicker use is more evident toward
the end of the semester and hence only truly quantifiable in the
examination marks as indicated by GLM IV.

For GLM V R2 = 0.66 confirming the strong association
between students’ performance during the semester and their
examination.

The lower coefficient of determination R2 = 0.34 for GLM
VI captures the importance of Sem in the model. The results
of GLM VI justify the investigation of a model with interaction
terms, as it is evident that Sem plays a role, not only in predicting

the examination mark, but it also influences the other covariates’
roles in the model.

A model with all second and third-order interactions
was therefore built. Four second-order interaction terms,
namely Sem*Clicker, Sem*APS, Clicker*Mothertongue, and
YrsReg*Math and none of the third-order interaction terms
were found to be significant. The results of GLM VII model with
all the significant interaction terms are displayed in Table 6.

The general linear model is given by:̂Y = 56.053+2.485X1+
0.82X2+0.396X3+0.673X4+0.272X5+2.009X6+0.106X1X2+
1.52X1X4 − 0.225X3X6 + 0.008X2X5.

The main objective is to interpret the effect of clickers on
examination performance for both cohorts. Consider the fol-
lowing four options that the general linear equation reduces to:

1. Clicker = 0 and Mother tongue = 0:
̂Y = 56.053 + (0.82 + 0.008X5)X2 + 0.396X3

+ 0.272X5 + 2.009X6 − 0.225X3X6

2. Clicker = 0 and Mother tongue = 1:
̂Y = 56.726 + (0.82 + 0.008X5)X2 + 0.396X3 + 0.272X5

+ 2.009X6 − 0.225X3X6

3. Clicker = 1 and Mother tongue = 0:
̂Y = 58.538 + (0.926 + 0.008X5)X2 + 0.396X3 + 0.272X5

+ 2.009X6 − 0.225X3X6

4. Clicker = 1 and Mother tongue = 1:
̂Y = 60.731 + (0.926 + 0.008X5)X2 + 0.396X3 + 0.272X5

+ 2.009X6 − 0.225X3X6

For the 2017 students who used clickers and not educated in
their mother tongue, there is a shift of approximately 4% in the
intercept, with an accompanying increase of 0.106 in Sem (X2)
compared to the 2014 students who did not use clickers and not
educated in their mother tongue. Interaction terms Clicker*Sem
and Sem*APS are of importance for interpreting the effect of
the semester mark on the examination mark in combination
with other covariates, however, both these two terms have a
small effect on the examination mark. When comparing the
two partial grading models the distinct effect of Clicker on the
examination mark is noticeable, that is, in GLM I the coefficient
is 3.337 and for GLM VII it is 2.485.

The estimated β-coefficient for Clicker*Mtongue of 1.52 cap-
tures the large effect of this interaction on the semester mark. It
is evident that the 2017 students with clickers and non-mother
tongue instruction have on average a higher examination mark
than those with mother tongue instruction. It could be that
many students are already used to non-mother tongue instruc-
tion at school level, or students tend to work harder because of
the language barrier at university level.
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Figure 2. Clustered bar graph of students’ perceptions on ten QT-clicker statements.

7.2. Qualitative Analysis

The 2017 cohort was surveyed to obtain these students’ percep-
tions of QT-clicker use. Students could compare their under-
standing of statistics course content with QT-clickers against
their understanding of course content in other courses that do
not use QT-clickers. Ten statements were posed on how students
perceived QT-clickers anchored on a scale from 0 (don’t agree)
to 10 (fully agree). Where students did not fill in an answer, it
was coded as a blank.

The ten QT-clicker statements in the survey that students
could rate their agreement on a 0–10 scale are as follows:

1. QT-clickers made class more fun and exciting.
2. I prefer to use a QT-clicker than to raise my hand during

class activities.
3. The use of QT-clickers made me feel more inclined to

engage with my peers in class.
4. The QT-clicker questions during a tut session inspired me

to do my tutorial beforehand.
5. Response to QT-clicker questions and feedback improved

my attention.
6. Response to QT-clicker questions and feedback in class

helped me to be more involved and engaged in a large
lecture hall.

7. QT-clickers contributed positively to my learning experi-
ence.

8. The use of QT-clicker feedback improved my understand-
ing of course content.

9. The QT-clicker feedback enabled the lecturer to respond
and explain difficult concepts that I might not have under-
stood.

10. Answers to QT-clicker questions and feedback helped me to
judge my own understanding of the course content.

The scale from 0 to 10 was divided into three categories, 0 to 4
(low), 5 to 7 (moderate) and 8 to 10 (high). For each of the ten
statements students’ responses were categorized according to
the above parsing of the scale. A clustered bar graph represents
the perceptions of the students (categorized as low, moderate,
and high) on the 10 QT-clicker statements in Figure 2.

In general, approximately 50% of the students have a high
perception of QT-clicker use. There were exceptions like state-
ment 2 where 68% of students perceived QT-clickers a better
medium of communicating their answers, than hand raising.
The moderate perceivers formed about 33% of the students
and the low perceivers from 10% to 22% depending on the
statement.

A few data points in Figure 2 were flagged with an asterisk,
to highlight the statements with noteworthy responses. The
first statement identified for further discussion was “QT-clickers
made class more fun and exciting.” It is evident that not all
students perceived QT-clicker use as fun and exciting. Com-
pared to the other nine statements, Statement 1 has the highest
percentage of low perceivers, namely 22%. In the literature some
of the authors described clicker use as fun and engaging, and it
breaks up boredom and repetition of lectures (Mayer et al. 2009;
Koenig 2010; Baltaci-Goktalay 2016), but these students have a
differing opinion.

The outcome of Statement 2 supports the other studies that
have shown that students prefer to use a QT-clicker rather
than raising their hands during class activities. Stowell and
Nelson (2007) reported that clickers are superior to hand-
raising and flash cards, the reason being that clickers maximize
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Table 7. Average statement response against final grades.

Grade intervals S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

[0; 40) 5.9 7.1 6.0 5.8 6.4 6.6 6.2 5.8 6.1 6.5
[40; 50) 6.0 7.5 6.6 6.6 7.0 7.2 6.6 6.2 6.7 6.8
[50; 60) 6.0 7.1 6.5 6.2 6.9 6.9 6.4 5.9 6.8 7.0
[60; 70) 6.9 8.2 7.3 7.1 7.7 7.7 7.4 6.9 7.6 7.7
[70; 80) 7.0 8.2 7.1 7.2 7.6 7.7 7.3 6.9 7.7 7.7
[80; 90) 7.5 8.9 7.8 7.8 8.2 8.2 7.9 7.3 7.9 8.3
[90; 100] 7.5 8.8 7.8 7.8 8.3 8.2 8.0 7.3 8.0 8.2

participation, especially in large classes, because of anonymity
(Hoekstra 2008; Hwang and Wolfe 2010), and students can relax
and have confidence facing their peers or lecturer. In one of the
focus groups a student said: “The students are shy and if you put
up your hand to answer a question, the whole class turns and
stares at you, which is embarrassing.”

The results of statement 8 (whether the use of QT-clicker
feedback improves understanding of course content) were
somewhat unforeseen as we expected more students to agree
with this statement. According to the literature, the purpose of
feedback is to improve understanding of course content. Apart
from immediate generated feedback in the form of a bar chart,
lecturers should decide on time and detail of explaining wrong
answers and revisiting certain concepts. The construction of
more effective QT-clicker questions and simulations could also
be considered in the future (Wit 2003; Kaplan 2011; Büyükkurt,
Li, and Cassidy 2012).

The student responses to the ten QT-clicker statements (aver-
age mark out of 10) were also compared and merged with their
final grades. The averages for the different statements in the
grade distribution were calculated and tabulated in Table 7.

It is evident from Table 7 that the average student satisfac-
tion of QT-clicker use is positively correlated with the grade
intervals of the final grade. It is worth noting that similar aver-
age statement responses can be bounded in broader bands of
approximately 20% as indicated by the shading, that is, 40%–
59%, 60%–79%, and 80%–100%. For certain statements, for
example Statement 2, no matter what their grade distribution
is, most students do not prefer to raise their hands. Students
from the weakest to the strongest achievers rated Statement 8
(how QT-clicker feedback improved mastery of course content)
lower than expected. There should be valid reasons that need to
be clarified. This will be investigated in our follow-up studies.

The open-ended question was answered by only 44.8% of
the 2017 students. A graphical representation of the primary
response of the students can be seen in Figure 3.

The open-ended question produced several disparate com-
ments. Fifty-two percent of students perceived the use of click-
ers as positive. Comments made were that clickers are useful,
helpful, increased productivity, learning, and engagement in
class, kept students focused, etc. It made classes an interac-
tive, inspiring, fun, exciting, incredible, and amazing learning
experience. The students who were negative in general regard-
ing the use of clickers formed 11.6% of the total and 20%
of the students did not prefer clickers for formal tests. The
average final grade for the students who disliked clickers in
general and for formal tests were 57% and 60%, respectively,
compared to the overall average final grade of 62%. Students
who disliked clickers in general expressed their emotions in
words such as that clickers are intimidating, frustrating, time-
consuming, irrelevant, annoying, impractical, and complicated.
The perception was that clickers make them nervous and they
do not like it. Misconceptions regarding clicker use in formal
assessment were responsible for some of the comments, that is,
rounding of decimal places, marks not displayed, poor marks in
tests, and waste of time in tests. In reality students have never
lost marks for incorrect spelling and after all the answers have
been submitted, the lecturer can give extra half marks or full
marks for certain in-between calculation steps. All answers were
marked in an interval, therefore they could not lose marks for
incorrect decimal places. Students with clickers had at least an
extra 10 min per hour to submit their answers on the clicker.
Other categories of comments were: 7.1% of the students expe-
rienced technical problems, 6.5% felt that a clicker was very
expensive, and 2.8% had problems with attendance marks. For
example, if they forgot their clicker at home, they would not
be able to do the questions in class and then lose marks on
attendance.

8. Discussion

This study investigates the use of QT-clickers in a large first
year statistics module, following a flipped classroom teaching
model. The intervention of using QT-clickers was evaluated
with respect to the pedagogical influence of the QT-clicker and
the effect of partial grade crediting. Awarding partial credit
allows instructors to better measure students statistical under-
standing and get a more nuanced view of what students do and
do not understand. By using QT-clickers students are forced to
come up with answers in class and tests, instead of multiple-
choice guesses. This could help students to achieve a bet-
ter understanding of basic statistical concepts. The immediate

Figure 3. Bar chart of students’ general comments on clicker use.
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clicker feedback helps students to clarify their misconceptions
and if it is integrated with their prior knowledge we believe that
deeper learning is attained in the long term.

The first two GLM models predict that students of the 2017
clicker cohort’s examination marks are 2.36%–3.34% higher
compared to the 2014 students who did not use QT-clickers,
ceteris paribus. What is of importance, however, is the statis-
tically significant increase in the students’ examination marks
that can be linked to clicker use with or without partial grading.

The next four GLM models investigate the dominant role
of the semester mark in combination with other covariates to
predict the examination performance. Even if Sem (semester
mark) is the only covariate in the model, it explains more than
65% of the unique variation in the examination scores. The
focus of the last GLM is the influence of clickers on examination
marks when controlling for the semester mark and its significant
interaction with the other covariates.

Students may be getting a better understanding of some basic
statistical concepts due to clicker use and that could account for
the difference in examination grade distributions (i.e., a shift in
examination scores away from the low decile scores with a rise
from 60% onward) as observed in the polygons in Figure 1.

Both the quantitative and the qualitative data indicate that
clickers were successfully used in the flipped environment. The
quantitative data shows that the clicker cohort’s partially graded
examination average and pass rate were higher than that of the
no clicker cohort. The improved performance of the clicker
cohort is also evidenced by the stronger presence in the top per-
formance categories of the examination marks, as compared to
that of the no clicker cohort. The marginal improvement of 2%
in both the examination average and pass rate has the practical
importance of an increase of more than 23 successful students
because of the large cohort. The qualitative findings evince the
interactional and attitudinal benefits of Barnett (2006), such as
anonymity of responses and a positive attitude. A few concerns
were identified for further attention, such as that the use of
clicker question feedback provided did not necessarily improve
understanding. Sometimes students can clarify their own mis-
conceptions because of immediate generated feedback (Dunn
et al. 2012), but it is also the lecturer’s responsibility to revisit a
concept depending on the feedback.

The use of clickers and the evidence of the benefits that it
offers are not unique to this study as shown by the existing
rich body of literature on clicker use. What makes this study
unique is that it expounds the benefits of QT-clicker use through
the lens of a flipped classroom model, and using these clickers
for both formative and summative assessment. The exposition
of how clickers are used within this environment should be
valuable to someone considering either using QT-clickers in a
flipped classroom setting and/or using QT-clickers for summa-
tive assessment. Based on the results of this study prospective
users can be fairly confident that using clickers in a flipped
classroom for summative assessment is not detrimental to but,
in fact, enhances student learning.

Future research could investigate a breakdown of topics
that have historically given students trouble (item analysis of
threshold concepts can be used) and a comparison of two or
more cohorts across those topics would be worth pursuing.
The contradicting results from our GLM models showing that

students not educated in their mother tongue outperform their
counterparts also warrant investigation.
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