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Background: Computer-aided learning management systems (LMSs) are widely used in higher education and are
viewed as beneficial when transitioning from conventional face-to-face teaching to fully online courses. While LMSs
have unique tools for transferring and assessing knowledge, their ability to engage and assess learners needs
further investigation. This paper focuses on a study examining the LMS “Moodle” to ascertain the effectiveness of
“Moodle quizzes” to improve, assess and distinguish knowledge in a civil engineering course at an Australian
university. The course has a database comprising 62 formative and 61 summative quiz questions with embedded
text, images, audio and video. This study investigates the use of these quiz questions with four course cohorts and
169 students. The quizzes assessed competencies of students during various stages of a study period through
automated marking. The suitability of questions to assess and distinguish student knowledge levels was determined
using a psychometric analysis based on facility index (FI) and the discrimination index (DI) statistics embedded

Results: This study highlights strategies used to set and review quiz questions for formative and summative assessments.
Results indicated that students were engaged and satisfied in the formative assessment because they viewed
the interactive videos between 2 and 6 times and 65% of students attempted all the formative questions.
The FlI indicated student pass rate for the summative questions and DI indicated the difficulty of these
questions, while the combination of Fl and DI results separated students with different knowledge levels.
Using these Moodle statistics provided information to make effective decisions on how to improve the

Conclusion: The multimodal quizzes were effective in teaching and assessing a theoretical engineering course and
provided efficient methods to replace conventional assessments. The FI and DI indexes are useful statistical tools in
redesigning appropriate sets of questions. Time-poor academics will benefit from using these easily attainable Moodle
statistics to inform decisions while revising the quizzes and making assessments more autonomous.

Keywords: Online teaching, Online assessments, Moodle, Online quizzes, Psychometric analysis, Facility index,

Introduction

The growth of online learning in recent decades has re-
sulted in higher education institutes offering more on-
line courses with up to 30% of American college and
university students participating in at least one online
course (Broadbent & Fuller-Tyszkiewicz, 2018; Liagkou
& Stylios, 2018). Despite significant technological ad-
vances in online education tools, developing online
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course materials can be still challenging (Jackson, 2017).
New technologies and educational design methodologies
continuously redefine the role of professionals (Philip-
sen, Tondeur, Roblin, Vanslambrouck, & Zhu, 2019),
therefore education institutes must ensure that educa-
tional needs of those professionals remain a primary
concern. A main concern educators face is identifying
the appropriate technology to develop online course ma-
terials for various disciplines (Salamon, Ali, Miskon, &
Ahmad, 2016), as the requirements for digital resources
can vary significantly between different disciplines (Mar-
tins, 2017; Sancho-Vinuesa, Masia, Fuertes-Alpiste, &
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Molas-Castells, 2018). Alongside learning and adjusting
to new technologies, educators face challenges in devel-
oping resources which will successfully engage online
users, working with students’ different knowledge levels
and assessing the required course objectives, all while
maintaining the quality of an institute’s graduates.

Various learning management systems (LMSs) and
tools are available to develop digital resources for
courses which were previously solely based on trad-
itional face-to-face teaching. Research has identified
Moodle as a complete and adequate platform for imple-
mentation in higher education (Aydin & Tirkes, 2010;
Williams van Rooij, 2012). Moodle provides different
user-friendly tools such as “quizzes”, “forums”, “data-
bases” and “workshops” to develop various digital re-
sources for teaching and assessment purposes. It is
viewed as a best-practice instructional mode and that
students who do not engage with blended learning are
academically disadvantaged (Francis & Shannon, 2013).
Moodle was ranked among the top 20 best LMSs based
on user experiences in 2018 and 2019 (Andre, 2019;
eLearning Industry, 2018).

Online quizzes in LMSs have been implemented for
summative assignments, formative assessments and in-
structional design methods in diverse disciplines such as
engineering, biology, medicine and the social sciences
(Jaeger & Adair, 2017; Krause et al., 2017; Sullivan,
2016). Recent studies highlight the benefits of online
quizzes and students’ positive attitude towards them
(Cohen & Sasson, 2016; Wallihan et al., 2018). Such ben-
efits include improving student motivation, enhancing
understanding and active learning, and deterring cheat-
ing, as long as the quiz questions are not too easy (Cook
& Babon, 2017). Carefully designed online quizzes can
be one of many solutions to pre-empt student plagiarism
by randomising questions, shuffling responses, providing
timestamps and logs of multiple quiz attempts with sys-
tematic evaluation processes (Sullivan, 2016).

Furthermore, online quizzes can address student fail-
ure to correctly solve word problems. Word problems
aim to connect mathematical problem-solving activities
to real-world examples (Geary, 2017). Students, never-
theless, can have difficulties in constructing a mental
model of such situations (Thevenot, 2010). One solution
to this issue is to utilise mathematical word problems
which allow students to make real sense of the situations
described in the problems (Vicente, Orrantia, &
Verschaffel, 2008). Placing the real-world situation be-
fore the mathematical problem is vital to understand the
mathematical representation of the problem and inte-
grate the information into real-world problems (Theve-
not, Devidal, Barrouillet, & Fayol, 2007). Therefore,
educators need to develop resources to assist students to
develop a mental model to solve real-world problems

Page 2 of 14

represented by mathematical formula. This process can
be challenging yet potentially addressed by using video-
enhanced explanations of problems and feedback in the
form of online quizzes (West & Turner, 2016). Quizzes
with interactive videos enhance student performance
giving the students an opportunity to view examples and
analyse scenarios (Heo & Chow, 2005; Maarek, 2018).

One benefit of online tests is that feedback can be
automatic and timely, providing students with immedi-
ate feedback on their learning with opportunities to im-
prove their understanding. Research on outcomes of
instant feedback to quizzes within a variety of teaching
courses reported that instant feedback opens new ave-
nues of communication between educators and students
(Rinaldi, Lorr, & Williams, 2017). Immediate feedback is
useful for students who could be struggling to under-
stand the subject matter or who are reticent to ask ques-
tions in a conventional classroom setting. Instant
feedback also provides a quick snapshot of the cohort’s
understanding of the subject matter. Numerous studies
identify that instant feedback recognises students’ level
of understanding across a cohort providing a positive
and interactive course for students (Fales-Williams,
Kramer, Heer, & Danielson, 2005; James, 2016; Root-
Kustritz, 2014). When immediate feedback with online
tests is provided, an active learning environment is cre-
ated, and students are more likely to engage with the
feedback rather than avoid it if provided later (Schneider,
Ruder, & Bauer, 2018). The quality and detail of the
feedback will also determine the level of learning. Stu-
dent learning is enhanced and reinforced when detailed
feedback to online tests is provided (Wojcikowski &
Kirk, 2013). Platforms—such as Moodle—are being used
to embed quizzes and instant feedback into teaching
courses within universities. Moodle quizzes with their fa-
cility to use numerous multimedia options such as audio
and video can support this interaction and provide the
immediate feedback which positively gauges the stu-
dents’ level of understanding.

Student evaluation techniques and their relationship
to grades have been a discussion topic for many decades
in various academic disciplines (Huang & Fang, 2013;
Ransdell, 2001; Ting, 2001). Relating evaluation to
grades enables educators to take proactive measures in
the classroom, for example, changing instruction,
reviewing lecture materials and assignments, providing
extra resources to students, and setting up prerequisites
courses (Huang & Fang, 2013). Automated evaluation
processes used in some online assessment tools such as
Moodle quizzes enable instructors to identify patterns
between a student’s response to a question and overall
course performance using inbuilt statistical features of
the platform.

Therefore, this paper investigates:
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1. Can online quizzes enhance student engagement
and performance?

2. How can Moodle statistics be used to determine
the effectiveness of online quiz questions?

3. What benefits do online quizzes have for
academics?

Course Background

The engineering course Hydraulics and Hydrology is a
compulsory course for third-year undergraduate stu-
dents of the civil engineering programme at the Univer-
sity of South Australia. The course was developed to
meet Engineers Australia standards for an accredited
civil engineering programme. The course content fo-
cuses on hydrological processes, measurement and inter-
pretation of hydro-meteorological data, design flood
estimations, open channel systems design and modelling
river channel systems. The course consists of complex
mathematical calculations usually based on Excel for-
mula and hydrological data analysis.

Moodle quizzes were developed for this course to
introduce and develop students’ declarative knowledge
in engineering hydrology and open-channel hydraulics,
when many university courses moved from the conven-
tional face-to-face learning environment to online teach-
ing. The conventional Hydraulics and Hydrology course
had a 2-h lecture followed by a 2-h tutorial per week for
12 weeks (with one week set aside for revision). Seven of
these weekly tutorials focused on structured problem-
solving activities. When developing the online course,
these seven tutorials were turned into 123 sequenced
Moodle quiz questions with integrated stages. Each
Moodle question consisted of text, images, audio or
video explanations and feedback. Face-to-face lectures
were reproduced using the Camtasia software as a series
of short videos, highlighting key concepts and key ter-
minology. These videos were then linked to the online
quizzes as additional feedback to some questions. In-
stead of attending face-to-face lectures and tutorials, on-
line students engage with lecturers through a real-time
virtual classroom to discuss their questions. Methods
used in preparing lecture videos and real-time virtual
classes in the online course are not discussed in this

paper.

Methods

Methods used to develop online quizzes

The process of appropriate structuring and selection of
questions is vital in transferring and assessing knowledge
in learning environments. In online learning environ-
ments, extra care must be taken to engage online
learners. The quizzes for this online course were devel-
oped to achieve two objectives: (1) develop student
knowledge by providing them with an opportunity to
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practise and apply the new concepts learnt in the course,
and (2) assess student knowledge and assign an appro-
priate grade that accurately distinguish between student
competency levels (novice, competent, proficient and ex-
pert). To achieve these objectives “formative” and “sum-
mative” Moodle quizzes were developed.

In this course, online quizzes were developed using
various multimodal resources to explain complicated
mathematical solutions and course-specific terminology.
The quizzes provide an approach to construct detailed
and coherent mental models of key course concepts. For
example, an instructional video was prepared to teach
the concept of a sluice gate (sliding gate) to control
water flow where a hydraulic jump (abrupt rise in water
surface) could occur in different opening positions of
the sluice gate. The solution to this problem requires
performing numerous calculations and drawing flow
profiles. Visual representations of all scenarios aimed to
help students understand the importance of each calcu-
lation when designing a sluice gate because miscalcula-
tions can lead to serious consequences. Attention was
given to repetitive solutions of similar problems as re-
search shows this technique strengthens the memory
traces of appropriate schemata (Thevenot, 2010). Stu-
dent prior knowledge and appropriate use of technical
keywords were also considered by defining and repeating
terminology.

Formative quizzes

Moodle quizzes have been used to improve instructional
design (Wallihan et al., 2018) and formative assessments
(Cohen & Sasson, 2016). In this study, two sets of for-
mative quiz questions with detailed answers were pre-
pared as the primary method of teaching students the
course-required theories. In the first set, each question
was embedded with a short interactive video (3—12 min)
explaining the concept. These videos were segmented to
clearly indicate the problem, information given, detailed
solution and the final solution. At the commencement
of the video, students could choose a section of the
video as shown in Fig. 1 (e.g. “Solution”, “Just the an-
swer”) and navigate the video sections according to their
preference, rather than necessarily watching the entire
video. This facility allowed a degree of personalisation
for each student. To complement this activity, both
structured and scripted worksheets were given to each
student enabling them to read through the scripts if they
chose not to listen to the video. The scripted sheets were
an added resource for students, particularly those for
whom English was an additional language.

In the second set of formative quiz questions, students
were given instructions for each question (see Fig. 2).
Conventional tutorial questions were reproduced result-
ing in staged questions with detailed answers. Students
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Fig. 1 Screenshot showing the commencement of the short video embedded

could confirm answers before moving to the next ques-
tion (see Fig. 3).

Summative quizzes

Two sets of summative quizzes were used to assess
student knowledge. The first set had a time restric-
tion of 1-3h. These quizzes were developed to chal-
lenge the students in weeks 3, 6, 9 and 12 of the 13-
week course. The second set was developed for Excel-

requirement for students to derive complicated Excel
formula and iterations. Students were given thorough
instructions on how to complete the task. These were
available for download via the course home page (as
shown in Fig. 2) and students had a week to follow
the instructions and attempt the tasks using the Excel
sheets. The students were then required to complete
a quiz based on the tasks they attempted. At this
stage questions were selected depending on the know-

based interactive activities fulfilling the course ledge that needed to be assessed. For example, in a
TASK
NUMBER

6 Plot depth (d) against specific energy (E:) and label your plot
appropriately. Insert an X, Y scatter plot with smooth lines.

Question 5 O

Bs =b+2md

14
~ Jadm

A
dp = —
m Bs

7 According to the Excel table you created, what is the
minimum specific energy (Es, min), and what depth does it
occur ai? (Note —there is an Excel command to find the
minimum value Min (), where a range can be selected.

8 Calculate Top Width (Bs), and Froude Number (F) for the
range of flow depths in iwo additional columns.

What are the Froude Number (F) at Es, min, and the depths
below and above the depth at E;, min? Comment regarding
supercritical and subcritical flows. If the Froude Number at E;,
min is Nnot equal to 1, copy the last row from your data table
and paste it below the last row, and use the ‘Goal Seek’
function in the Excel to find the depth at which F=1.

Fig. 2 Downloadable instruction sheet with reference to the Moodle quiz

Question 6 O

Question 7 O
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Select one:

a. Compare F against 1

b. Compare d against dc

¢.Compare S_ against S_
o d.Allof the above

e. None of the above

Check

Your answer is correct.

The correct answer is: All of the above

To decide flow types, following method can be used.

Compute the critical slope for the conditions described in Question 1

Answer: | 23 X
Check
Atcriticalflow,  Q2b,
gA?
v
Whend = d, then bg = b = 6m
A. = 6d, de
Q =100m3/s
007 x6 il
9.81 x (6d,)%
2
d? - % To find S, use Manning’s equation,
X
. 1 5 1
1002 1 Q= ;AR)/TJS(./Z
do= ’m =3.05m on

The correct answer is: 0.004

Fig. 3 Sample questions with “Check” button to view detailed answers
A\

2
Se=|—=
el

A, = 6d. = 6 x 3.05 = 18.3m?

P.=b+2d,=612x305=121m

Ro=f 183 . q
€T P 120

. 100 x 0.015
(18.3) x (151)73

2
l = 0.004

In CP1 Task 2, you have calculated area (A), slope length (w), wetted perimeter (P), hydraulic
radius (R), and estimated flow rate (Q,,,) for each flow depth from O.1m to 3 m. Based on the
answers you received, select the best suitable values for the following table using the
dropdown menu.
P Q
d A w R (hydraulic et
(wetted & (estimated
area slope length) radius)
(depth)  (@rea) |(slopelength) @ eten) flow rate)
(m) (m) (m) (m) 5
0.19
020 Choose... ¥
0.30
0.40
0.50
0.60 Choose...
0.70
0.80 Choose... ¥ '
Fig. 4 A Moodle question where students must enter answers for selected cells using their pre-worked Excel formula
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situation where a student was to be assessed on their
ability to write a correct Excel formula, a dropdown
menu in a table was created (see Fig. 4). Students
would write a formula in an Excel sheet and then se-
lect an answer for each cell with a dropdown menu.
Students do not need to enter a value for every cell
in the same column, because if the formula is correct
they will get answers for every correct cell. Alterna-
tively, if the knowledge is assessed based on the stu-
dents’ ability to identify a certain point on a graph,
students would draw a graph using the Excel sheets
and then complete the “drag-and-drop” type question
in the quiz identifying the correct curve or point on
the graph (see Fig. 5). The instruction sheet includes
step-by-step instructions, making it easier to under-
stand the concepts. The instructions sheets also have
references to the adjoining quiz (see Fig. 2). Students
are required to complete the tasks using the Excel
formula before attempting the corresponding quiz
question.

Both formative and summative quizzes included a
range of questions: multiple choice, selecting from a
dropdown menu, entering a numerical or short text an-
swer, uploading sketches, drag-and-drop labels and re-
flective and detailed descriptive (essay) type questions
(as shown in Fig. 6). The percentage of different formats
for questions varied in both summative and formative
quizzes (see Fig. 7a, b). The format for each question
was modified based on the concepts/theories being
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taught for that question. Setting up multiple-choice
questions was labour intensive and time-consuming, al-
though the grading was instantaneous. By contrast,
essay-type questions were quick to setup but time-con-
suming to grade. A range of questions was created to aid
students’ learning because a combination of different
types of questions can be used to improve students’ crit-
ical thinking (Ennis, 1993). The variation of question
type also optimised the hours required for constructing
and grading questions. Student engagement and per-
formance in each type of question were then
investigated.

Evaluation of the quiz questions

The quizzes have been implemented with four co-
horts of students enrolled in the course (n = 169).
Formative quizzes were analysed according to the
number of times each student attempted each ques-
tion. For the summative quiz questions, the suitability
of each online question was based on psychometric
analysis.

Psychometric analysis is a statistical procedure to de-
termine the suitability of the proposed questions for
grading purposes based on student responses and their
relationship with the rest of the responses (Gémez-
Soberén et al., 2013). As formative questions could have
unlimited attempts, psychometric analysis was not suit-
able for analysing these questions; instead, they were
analysed according to the number of times each student

In CP1Task 10, you marked the points dn, dc,d1,and d2 on a 'd' vs 'Es' plot.

Refer to that plot and drag and drop the correct labels on the following plot.

c
450 "——D

4.00
3.50
3.00

© 250

2.00 /|:]
150 ¢
o/|:|

1.00
0.50 .0’—‘|:|

0.00

0.00 20.00 40.00

60.00

Es

80.00 100.00 120.00 140.00

HEEE

Fig. 5 A Moodle question where students must identify the points by dragging and dropping labels
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In CP1Task 7, you have identified the minimum specific energy (ES min» and the depth where
it occurs.

Based on your findings, select the best suitable values using the dropdown menu

Minimum specific energy (€, . )? Choose... ¥

Depth at which minimum specific energy occurs? ~ Choose... ¥

With reference to CP1 Task 17, comment on what you notice about Q

Font family ~+  Font size w  Paragraph ¥ ﬁ 1}3 ::
Bl7|uls|[x|x|=l=[=|=|v|x|[n]®
== = SRR AR RPN @ B :::

In the CP1 Task 14, you plotted depth (d) against flow rate (Q) graph.
Upload your graph (please upload ONLY the graph, not the entire Excel file).

Make sure that you have labelled your plot appropriately.

Maximum size for new files: 100OMB, maximum attachments: 1

B

» (@l Files

You can drag and drop files here to add them.

With reference to CP1 Task 8, what is the exact critical depth?

Answer:

This is not a characteristic of a subcritical flow

Select one:

a. Channel depth,d <d_
b. Bed slope, SSESISE

c. Froude number, F<1

d. specific energy, E >E_

Fig. 6 Examples of question types included in the quizzes

- J
s N
a Summative b Formative
Drag-and-drop Drag-and-drop
9% 5%
3 Reflective or Multiple choice
Reﬂec_tlv_e or descriptive 13%
descriptive 23%
26% Multiple choice
14%
True/False
3%
True/False
5%
Dropdown
Menu
13%
Dropdown Menu
Numerical 19% Numerical
answer answer
27% 43%
Fig. 7 a Percentages of different types of summative questions. b Percentages of different types of formative questions
. J
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attempted a question. Psychometric analysis was only
used to evaluate summative quizzes as it is an effective
tool to assess the suitability of the questions to discrim-
inate between competent and less competent students.
The psychometric analysis in this study addressed: (1)
Were the quiz questions well-constructed and did they
have an appropriate level of difficulty? and (2) Did the
questions discriminate between the higher and lower
knowledge levels of students? The analysis of the sum-
mative quiz was carried out using the Moodle statistics
of the facility index (FI) and the discrimination index
(DI).

Facility Index

The FI describes the overall difficulty of the questions
and the index represents the ratio of users that an-
swer the question correctly. In principle, a very low
(¢ 5%) or very high (= 95%) FI suggests that the
question is not useful as an instrument of measure-
ment (Blanco & Ginovart, 2010). The FI is calculated
using Eq. 1 (see Appendix). The FI values, based on
the student’s score in each question, are interpreted
by “Moodle Statistics” (2019a) (see Table 1).

Discrimination Index

The DI is the correlation between the weighted scores
on the question and those on the rest of the test. It
indicates how effective the question is at sorting out
more able from less able students. A question which
is very easy or very difficult cannot discriminate be-
tween students of differing ability as most students
may get the same result. According to Moodle statis-
tics (Butcher, 2010), the maximum discrimination re-
quires a facility index in the range 30-70% (although
such a value is no guarantee of a high discrimination
index). The discrimination index is expressed in Eq. 3
(see Appendix). The discrimination index is calculated
based on the number of students who completed the

Table 1 Interpretation of FI (facility index values) of each
question (adapted from Moodle Statistics, 2019a)

FI (%) Interpretation

<5 Extremely difficult or something wrong with the question
6-10 Very difficult

11-20 Difficult

21-34 Moderately difficult

35-65 About right for the average student

66-80 Fairly easy

81-89 Easy

90-94 Very easy

95-100 Extremely easy

Page 8 of 14

Table 2 Interpretation of DI (discrimination index values) of
each question (adapted from Moodle Statistics, 2019a)

DI (%)

50 and above

Interpretation

Very good discrimination

30-50 Adequate discrimination

20-29 Weak discrimination

0-19 Very weak discrimination
-ve Question probably invalid

quiz. According to the “Moodle statistics” (2019a), DI
values should be interpreted as shown in Table 2.

To categorise a question with “very good discrimin-
ation”, students who scored high in other sections of
the quiz should also have scored high on this ques-
tion; similarly, students who have scored low on other
sections of the quiz must also have scored low on
this question. Hence, the score for the question and
the score for the test should be well correlated.

In this study, both FI and DI are used as tools to
measure the power of a question to distinguish profi-
cient from weak learners.

Features of online quizzes which improve academics’
productivity

Once the quiz questions have been designed and re-
fined, the features available in Moodle quizzes can
streamline the workload of academics. The key fea-
tures are:

1. Having a database of resources to teach and assess
course content—such as complicated mathematical
calculations and course-specific terminology—which
can be modified with minimal academic effort

2. Customised and automated feedback which provide
adequate and prompt responses to students

3. Automated marking which reduces academics’
workload

4. Randomising and shuffling quiz questions, together
with monitoring Moodle logs, which enable
academics to address issues of plagiarism more
effectively and efficiently.

These features collectively benefit time-poor aca-
demics and improve the quality of teaching.

Results and Discussion

Can online quizzes enhance student engagement and
performance?

A focus when preparing the quizzes was to improve stu-
dent engagement. Although the formative questions
were not compulsory, 65% of the students engaged in all
the formative questions at least once (see Fig. 8). A
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Fig. 8 Analysis of student engagement in formative questions
A

monly less than half formative questions

more than half but not all formative
questions

m all formative questions and less than
half of the questions more than once

all formative questions and more than
half of the questions more than once

M all formative questions more than once

student testimonial reflecting the benefits that they re-
ceived through these resources is: “... They are very very
helpful and easily understandable... just gives us another
chance to understand the example afterwards” [A stu-
dent in 2017 Course Evaluations]. This level of engage-
ment in formative quizzes can be explained by the
variety of the question formats—detailed written and/or
audio/video answers provided—and different levels of
complexity for each question. Embedding videos into
Moodle quizzes improved the students’ engagement and
satisfaction of the activity. The number of views for each
embedded video per student ranged from 2 to 6, which
meant that the interactive videos were popular and
added to the student’s overall satisfaction. At the end of
the study period, the interactive videos received positive
feedback comments from the students, for example “The
online quizzes and videos are practical and helpful. And
allows students to learn in their own time.” [2017 Focus

Group Report].

How can Moodle statistics be used to determine the
effectiveness of online quiz questions?

Psychometric analysis was performed to evaluate the
summative questions to identify which questions needed
to be revised to achieve appropriate targets, for example,
increase the overall pass rate or limit the number of stu-
dents who received high distinctions (HDs). It was im-
perative to assess a student’s knowledge level as well as
distinguish the difference in knowledge levels between
students.

Calculating FI was used to maintain the required
pass rate using a set of questions that varied from
easy to difficult. The distribution of level of difficulty
of all summative questions after the first cohort is
shown in Fig. 9. After implementing the quizzes for a
cohort of students, the difficulty of each question
could be assessed by analysing the FI, aiming for a
value between 11% and 89%. These results led to fur-
ther modification of the assessments if the questions

Extremely easy (FI = 95-100%)

Very easy (FI = 90-94%)

Easy (FI = 81-89 %)

Fairly easy (FI = 66-80%)

About right for the average student (FI = 35-65%)

Moderately difficult (FI = 21-34%)

Difficult (FI = 11-20%)

Very difficult (FI = 6-10%)

Extremely difficult or something wrong with the question (FI <5%)

Fig. 9 Distribution of level of difficulty of each question, based on Fl

0%

5% 10% 15% 20% 25% 30% 35%

Percentage of questions
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were deemed too easy or too hard, thus optimising
the effectiveness of the questions.

Although FI is a useful measurement to determine the
level of difficulty of each question, making questions easy
or difficult can only control the number of students that
pass or fail. This measure cannot be used effectively to
categorise or determine students’ varying levels of know-
ledge from novice to expert. DI was a more effective scale
to measure the ability of each question to “discriminate”
between each student with a “very good discrimination”
level being 50% or above. Questions with weak discrimin-
ation (<30%) were unsuitable as this may result in stu-
dents receiving final grades that do not reflect their level
of competency. The percentage distribution of DI analysis
of all the summative questions after the first cohort is
shown in Fig. 10. The questions with a negative DI, which
signifies an invalid question with an error, were removed
or revised for the following cohort of students.

FI and DI were analysed simultaneously prior to asses-
sing the suitability of each question. The FI and DI of
the 61 summative questions are shown in Fig. 11. FI only
indicates whether the questions are easy or difficult
based on the number of students that got the question
correct. For example, Fig. 11 shows that questions 1, 5
and 6 have the same FI of 85%, which meant all three
questions were easy. However, DIs of the same questions
were 40%, 9% and 51% which represent moderate, weak
and very good discrimination. Thus an “easy” question
can also be a question that has good “discrimination”
features, meaning that most students who answered this
question correctly also answered other questions cor-
rectly. Similarly, students who did not get it correct did
not get other questions correct either. However, some
“easy” questions which had the same FI value can have
“very weak” discrimination, meaning that most students
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answered this question correctly regardless of how they
performed in other parts of the test. If the focus is on
separating students who deserve high distinctions (HD)
from distinctions (D) and D from Credit (C), then “easy”
questions with low discrimination are not suitable as
most students can answer this type of questions cor-
rectly regardless of their ability. In such a scenario, this
type of questions can be removed/revised for future co-
horts. Therefore, relying solely on the FI index or “easi-
ness” of the question is not appropriate. FI does not
provide a direct correlation between students who
scored well in this question with students who scored
well in other parts of the test. Nevertheless, “very good”
discrimination can be achieved with “fairly easy” ques-
tions, for example questions 9, 38 and 47 (see Fig. 11).
On the other hand, very difficult questions always have
“weak” discrimination, for example questions 7, 16 and
48 (see Fig. 11). Such questions are difficult for every
student, regardless of their performance in other parts of
the test. By contrast, some questions (questions 28, 41
and 50 in Fig. 11) show negative values for discrimin-
ation showing an inverse correlation with students who
get this question correct with those who get other parts
of the test correct. Usually, this happens with an error or
over-simplification in a question.

Further analysis of FI and DI showed no significant re-
lationship between question types (shown in Fig. 7a) and
their DI values, except for the “reflective or descriptive”
type of questions. These types of questions mostly had
DI index higher than 50% indicating the importance of
including such questions in online quizzes. Investigating
FI together with DI provided useful data to evaluate each
question and correct/modify them as necessary to pro-
vide all students with a fair grade, thus optimising the
effectiveness of quizzes.

Question probably invalid (DI = negative
value)

Very weak discrimination (DI = 0-19%)

Weak discrimination (DI = 20-29%)

Very good discrimination (DI = 50% and

above)

Adequate discrimination (DI = 30—-49%) _

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Fig. 10 Level of discrimination of summative question based on DI

Percentage of questions
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Fig. 11 Analysis of FI and DI when evaluating the questions for revision purposes

Number of Questions

What benefits do online quizzes have for academics?

The online quizzes have numerous practical benefits for
academics. The first benefit is that the quiz questions
were effective in the teaching and learning of a complex
applied mathematics course. The quiz questions which
were designed used various multimodal resources with
embedded videos enabling students to visualise real-life
scenarios as a preliminary to necessary problem-solving.
Carefully staging questions with necessary repetition
thus ensured the development of course concepts and
skills. Once the questions have been designed they can
be refined in an ongoing manner with minimal academic
effort.

Another benefit of the online quizzes was the custo-
mised and automated feedback. The relevant immediate
automated feedback for each question explained com-
mon mistakes made by students and significant time was
saved by not providing repetitive feedback for common
mistakes. The staged online activities significantly re-
duced the time that academics spent on explaining the
concepts. Instead, they could spend this saved time with
students during weekly helpdesk sessions via a virtual
classroom, focusing on questions from students, rather
than explaining the basic concepts. This change in ap-
proach from face-to-face teaching to online learning
provided lecturers with vital one-on-one time with stu-
dents focusing on content that needed more clarifica-
tion. In saving academics time, it was therefore also
cost-effective.

Similarly, automated marking in online quizzes saved sig-
nificant time for academics, particularly for the Excel-based
assignments. Before the introduction of these online quiz-
zes, students used Excel formula for calculations and tutors
used onerous answer sheets as a guide when grading. With
the online Moodle quiz questions, students still have to
practise how to use Excel for iterative type of questions, but
markers do not have to use the lengthy Excel sheets. The
Moodle quizzes reduced marking time as the results were
calculated instantaneously for numerical and short text-
type answers. This approach allowed time to be re-directed
into thorough marking of reflective and descriptive ques-
tions. Tutors marked these questions and provided custo-
mised feedback, ensuring that students did not feel isolated
or disenfranchised from the University.

The online quizzes also supported academics in com-
bating plagiarism. In the previous marking practices, es-
pecially in large classes, Excel formula could be copied
without being detected in text-matching software. This
issue was overcome by developing the online quizzes by
using Moodle’s advanced features such as randomising
questions, shuffling answers and checking logs. There-
fore, online quizzes have reduced workloads of aca-
demics while creating an active and engaged learning
environment for students.

Conclusion
This paper discusses the comprehensive ability of Moo-
dle quizzes to transfer and assess engineering knowledge
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based on a study conducted in an undergraduate civil
engineering course at the University of South Australia.
The paper explains approaches used when preparing on-
line materials to enhance student engagement and per-
formance. The paper highlights how Moodle statistics
can be used to measure the effectiveness of quiz ques-
tions to award students a fair grade by calculating FI and
DI. It also discusses the benefits for academics when
using features within the Moodle quizzes.

The study found that the Moodle quizzes assessed the
competencies of students during the various stages of a
study period through automated marking and easily ex-
tractable statistics. These carefully prepared Moodle
quizzes catered to students with different levels of know-
ledge within the discipline. The study identified FI and
DI as control indices from which the students’ educa-
tional performance is inferred, identified and predicted
by detecting whether the proposed questions are appro-
priate to assess the level of knowledge, degree of diffi-
culty, and degree of discrimination between different
types of conceptual skills. The study showed that the FI
and DI must be used together to ascertain a reliable in-
dication of which questions are beneficial in achieving
ultimate course success. By investigating FI and DI, edu-
cators can make decisions about question selection
based on their intended goal (e.g. whether they want to
discriminate between students or whether they want to
increase the pass rate without decreasing the quality of
the course). If educators want to increase the pass rate
by not sacrificing the quality of the course, then ques-
tions with high FI (> 66% or above) and high DI (> 30%
or above) should be selected. The questions that require
modification and additional instruction can be identified
quickly by this type of analysis.

The quality of these quizzes was enhanced by using a
variety of question formats with various multimodal in-
structions, followed by prompt feedback. The variety
and combination of quiz questions increased student en-
gagement and satisfaction as they catered to different
knowledge levels of students. The variety of question
formats also helped educators to balance the time re-
quired for constructing and grading the quiz (e.g. the
balance between multiple choice and descriptive type of
questions). This paper highlights ways to reduce grading
time (e.g. not having to manually mark Excel-based as-
signments) and reallocate time for marking other assess-
ments (e.g. reflective and descriptive assignments).

One limitation of this study is that the results are
based on only one course, although with four cohorts.
Analysing results from a few similar applied mathemat-
ics courses needs to be investigated to generalise the re-
sults. Of the various question types used in this study,
most reflective and descriptive questions had a high DI,
indicating the importance of including these types of
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questions in an applied mathematical course. All the
other question types had a range of DI. However, the
reasons why some questions in the same category had
different DI values and the features of these questions
were not investigated in this study. Further analysis of
individual questions and their DI values would be a
worthwhile research focus for future studies.

This study provides numerous methods that can be
applied to develop effective and interactive online quiz-
zes. The principles discussed in this paper are not lim-
ited to Moodle LMS and could be applied to other LMS
systems which support online quizzes. In addition, some
methods presented in this paper (e.g. how to calculate
and interpret FI and DI), enable educators to use these
methods in any online or offline quiz. Overall, the ap-
proach detailed in this paper is concise and flexible for
online resource development. This paper will enhance
mandated and non-mandated digital teaching ap-
proaches and will lead to optimising assessments to pro-
vide a dynamic and valued student learning experience.

Appendix
Equations to represent the facility index (FI) and dis-
crimination index (DI) (adapted from Moodle Statistics,
2019b)

The FI can be represented by Eq. 1.

&i—xi( min)

F; = 100 (1)

x;( max)-x;( min)
In Moodle statistics, x;{(min) is always zero, so Eq.1
can be simplified to Eq. 2.

Xx;

F; =100 —/———
x;( max)

(2)

where x;,—student’s score in each question
The DI can be represented by Eq. 3.

C(xanp)

D, = 1007 (x,,X,) = 100
V(%) V(Xp)

(3)
where
1

= o7 2 (w95 (X,(9)-X,,)

seS

C(xvap)

V() = o> (5(5)%,)"

seS

The lot of students s € S who have completed at least
one attempt on the quiz.

The quiz has a number of positions p ¢ P

Each quiz has a number of questions i € I
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