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STRUCTURED ABSTRACT 

CONTEXT 

Charles Sturt University (CSU) Engineering has been globally recognised as one of the best models to 
educate and train future engineers, in which modern technology-based teaching techniques are highly 
utilized (Graham 2018). All content in the entire civil engineering curriculum is divided into 3 hour 
topics, arranged in to a logical sequence along the respective Civil Engineering tree “branches” such 
as water, structures, geo-technology. Computer assisted personalized assessments items are 
included at the end of each topic. Challenges identified for online topic assessment include validity, 
reliability, dishonesty and academic misconduct (Arnold 2016). 

PURPOSE 
In this study, we investigate how to optimize available online assessment tools to evaluate 
student/cadet engineer’s interaction with the online learning content and assessments. 

APPROACH 
CSU Engineering was planned, developed and deliver in RelizeIT platform, which is a versatile, cloud-
based SaaS learning measurement and evidencing system. Nine types questions, including true/false, 
multiple choice (MCQ), enter answer, submit attachment, matching, grouping and figure identification 
were used for online assessment of topics. All question types were programmable, and RelizeIT 
generate different assessment items for different students, based on the instructions provided by the 
topic writer. The selection of assessment items for each topic was decided by the topic writer depend 
on the learning outcome and learning materials embedded in to the topic. Performance of each 
question type was evaluated using the number of attempts to complete a topic, score for each attempt 
and time spent for assessment and for topic completion. Over 75 cadet and student engineers 
participated for the study.  

RESULTS 
Success rate of multiple choice questions are higher than then enter answer type questions. Higher 
number of programmed questions of each type in the store makes more possible combinations for 
each attempt of a topic completion and minimize the risk of validity, reliability, dishonesty and 
academic misconduct. 

CONCLUSIONS 
Computer-assisted, personalized online assessment can be efficiently used to evaluate students’ 
interaction with online learning and assessment content. Higher number of programmed questions of 
each type in the store makes more possible combinations for each attempt of a topic completion and 
minimize the risk of validity, reliability, dishonesty and academic misconduct. This study highlights the 
importance of personalized online assessment “bank”, which could be established with the 
contribution of personalized assessment items from various local and international engineering 
educators. 
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Introduction 
Charles Sturt University (CSU) Engineering is a new graduate program established in regional 
Australia to train future civil Engineers, which combines on-campus project-based learning with online 
learning and off-campus, work-based learning. This program was started from a ‘blank slate’, with an 
innovative curriculum and forward-thinking approach and is recognized as a top global future 
Engineering educational program (Graham 2018). The program has established close industry 
partnerships and the cadet engineers undertake work placements with various engineering 
organisations, where the cadets work on real engineering problems and are treated like professionals 
in their placements. 

Self-directed learning is fundamental component of the CSU Engineering curriculum. Student/cadet 
engineers are individually and closely monitored and assessed against their own learning goals. 
During the CSU Engineering, student/cadet engineers are confronted with a series of on-campus 
challenges and work-based problems and are expected to identify, master and apply the knowledge 
and skills necessary to tackle them, as well as reflect upon their learning (Goncher and Devitt 2017). 

Contrast to other conventional civil engineering programs, formal exams and lectures are not 
scheduled in CSU Engineering.  Almost all civil engineering technical content, including both 
knowledge acquisition and skill development is disaggregated into a set of ‘topics’ that are delivered 
online for student/cadet engineers to access independently. Student/cadet Engineers have the 
freedom to select the time and topic to study. 

The CSU Engineering Topic Tree is the store of all learning materials in CSU Engineering. Learning 
materials are sized in to small sections or topics, each can be completed within 3 hours. In the Topic 
Tree, topics are arranged in a logical sequence from introductory topics to advanced water topics 
(Morgan et al. 2017).  Each topic consists of one or 2 learning objectives, learning materials and 
activities to reach topic objectives and assessment items. The Topic Tree was planned, developed 
and deliver in RealizeIT platform, which is a versatile, cloud-based SaaS learning measurement and 
evidencing system (Howlin and Lynch 2014b). 

The Water branch of the Topic Tree consist of four sub-branches, which are allocated for fluid 
mechanics, coastal engineering, water quality engineering and engineering hydrology. The topics 
relevant to each sub branch are arranged in a logical sequence. For example, the topics identified in 
the areas of chemical physical and microbial water quality parameters, water treatment and 
wastewater treatment are included in water quality sub-branch, which is graphically shown in Figure 1. 
Starting from the general introductory topics student/cadet engineers move up to advanced topics 
such as advanced microbiology for water engineers and next generation gene sequencing techniques 
are introduced.  

Growing the Topic Tree is a dynamic process and new topics are added regularly to incorporate the 
latest global civil Engineering applications in the field.  More than 800 topics have been mapped in the 
latest Topic Tree, and are organised into disciplinary “branches.” The pass mark for a topic is 75% 
mastery and computer assisted personalized assessment items are included at the end of each topic.  
Nine types questions, including true/false, multiple choice (MCQ), enter answer, submit attachment, 
matching, grouping and figure identification are used for online assessment of topics. All question 
types are programmable, and RealizeIT generates different assessment items for different students, 
based on the instructions provided by the topic writer. The selection of assessment items for each 
topic is decided by the topic writer and depends on the learning outcome(s) and learning materials 
embedded in to the topic. Challenges identified for online topic assessment include validity, reliability, 
dishonesty and academic misconduct (Arnold 2016, Chodoff 1996, Cizek 1999, Dick et al. 2002, 
Lathrop and Foss 2000). Over 75 cadet and student engineers participated for this study to investigate 
the effectiveness of personalized online assessment items embedded to Topic Tree. 
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Figure 1. Water quality sub-branch of CSU Engineering Topic Tree 

Methodology 

Fifty-five of the published water topics from years 2016 to 2018 in the water branch of the Topic Tree 
were selected for this study. The results of 72 student engineers and 37 cadet engineers (cadet 
engineers are the individuals undertaking their first and second work placements at the time of the 
study) are included in the study. Assessment information was ordered in the “twig” level, topic level, 
and assessment item level. Nine types of questions were available in RealizeIT (Howlin and Lynch 
2014b), and are identified in Figure 2. 

  

 

 

 

 

 

 

 

 

 

Figure 2: Available assessment items in RealizeIT 

1. Enter answer - A space is provided for the learner to enter the answer or answers to the 
question. Different sized inputs are possible. This question type allows for fill in the blanks 
questions and word search questions to be created.  

2. Multiple choice - The learner can choose one or more correct answers from a list of choices.  

3. True or false - The learner can choose from two choices.  

4. Ordering - A list of items is provided for the learner to order.  

5. Matching - The learner matches items against each other.  

6. Grouping - The learner groups items together.  

7. Point and click - An image is provided for the learner to select a region from.  



Proceedings, AAEE2018, Hamilton, New Zealand 

8. Attachment - The learner uploads an attachment which the instructor can review and grade.  

9. Composite parts - The question consists of multiple parts, each of which can be of any 
question type.  

Among the nine question types mentioned above, over 80% of the questions in the water branch fall in 
two categories: multiple choice (48%), and enter answer (36%). 

Assessment information in the question level was collected from the learning analytics made available 
through the RealizeIT adaptive learning platform, which includes time consumption for each question, 
outcome of the attempt, number of attempts, date and time, and topic name. Histograms and boxplots 
were used to summarise the data (Howlin and Lynch 2014a).  IBM SPSS 24 was used to analyse the 
data and plot graphs (George and Mallery 2016).       

Results and Discussion 

An example of “Enter Answer” type question and the answer for the question are shown in Figure 3. In 
the topic in which this question is used, 24% of topic assessment marks were allocated to this question. 
Variables in the question are marked with red squares. The allowable range of each variable is defined 
by the topic writer and different questions are generated by RealizeIT in each attempt.  
 
In order to get the correct answer for the question, Bernoulii’s equation and continuity equation need to 
be used as shown in the Figure 3b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   (a)       (b) 

Figure 3: (a) “Enter answer” type question in the water branch and (b) expected answer 

Figures 4a and 4b show the frequency distribution of various successful and unsuccessful attempts of 
the question shown in the Figure 3. Twenty-five first attempts were successful while five first attempts 
were unsuccessful and 27 second attempts were successful while only two second attempts were 
unsuccessful. If the attempt is successful, but the overall topic score is less than 75%, the topic must be 
repeated. There is a possibility to get the same question again with different parameters. 

The average time consumption for the first correct attempt is 465 seconds and second correct attempt 
is 210 seconds. Figure 4a suggests most of the cadet/student engineers take this question a second 
time, but have done it correctly in the first attempt. The required time consumption was reduced 

drastically in the second attempt.  
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(a)      (b)  

Figure 4: (a) Performance of the question given in Figure 3, Time consumption and (b) 
Frequency distribution 

A typical example of a multiple choice question embedded in water branch of the Topic Tree is shown 
in Figure 5a. Both horizontal and vertical velocity components of the fluid flow (u and v) were defined 
with variables and RealizeIT generates a different question in each attempt. As shown in Figure 5b, both 
partial differential equations and integration techniques to be used to get the correct answer.  For this 

topic, 8% of total topic assessment marks were allocated to this question. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)        (b) 

Figure 5: (a) “Multiple choice” type question in the water branch and (b) expected answer 
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The time consumption and frequency of each successful and unsuccessful attempts are graphically 
shown in Figure 6a and 6b.  Twenty-seven student/cadet engineers have done this question correctly 
in their first attempts, and only three first attempts has not been successful. Average time consumption 
for a successful first attempt was 200 seconds and unsuccessful first attempt was 230 seconds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)      (b) 

Figure 6: Performance of the question given in Fig.3, (6.a) Time consumption and (6.b) 
Frequency distribution 

Figures 7 and 8 summarise 26,935 of attempts for the enter answer type and multiple-choice questions.   
The average time consumption for a successful and unsuccessful first attempts are 250 and 100 
seconds, respectively, for enter answer type questions (Figure 7a).  Approximately 1,500 of first attempts 
(35% of total first attempts) were not successful and 750 of second attempts (17%) were not successful 
(Figure 7b).  The number of successful first attempts and second attempts are around 2,850 however, 
there is a huge difference in time consumption. There is a huge gap between an unsuccessful first 
attempt and a successful second attempt, suggesting some successful second attempts have been 
successful in the first attempt. However, they had repeated the question with different parameters as 
they had not passed the topic in the first attempt. Time consumption after a second attempt suggest that 
most of them are not genuine attempts based on the results that all the calculations were completed 
within 10 seconds. All successful attempts have consumed sufficient amount of time for the calculations.   
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Figure 7: (a) Overall performance of “Enter answer” type questions: Time consumption and (b) 
Overall performance of “Enter answer” type questions: Frequency distribution 

 

Figure 8.a shows the average time consumption of multiple choice question for various successful and 
unsuccessful attempts. Average time consumption for the first successful attempt is about 45 seconds, 
which is drastically reduced to <10seconds after first attempt.  These was a number of outliers identified 
in the successful attempts, particularly second and third attempts of multiple choice questions. If the first 
attempt is not successful, some cadet/ student Engineers has spent more time to identify the correct 
choice. However, time consumption for a successful attempt has decreased with each attempt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)       (b)  

Figure 8: (a) Overall performance of “Multiple choice” type questions: Time consumption and 
(b) Overall performance of “Multiple choice” type questions: Frequency distribution 

Over 6,500 of first attempts have been successful while about 2,500 of first attempts have been 
unsuccessful. Comparative to the Enter Answer type (65%, multiple choice questions (72%) showed 
better success rate in the first attempt.  

The overall Topic Tree contains about 1,000 topics covering a range of specialities within Civil 
Engineering and each topic functions analogously to a 0.2-point micro subject. It was observed that the 
average ratio of learning to assessment time consumption is 140: 40 for a CSU Engineering water topic. 
The same ratio for an eight-point conventional engineering subject (for example 2nd year fluid 
mechanics) is about 140: 5. The time allocation for the assessment of learning in CSU Engineering 
model is 8 times higher than that of conventional model. However, additional academic workload due to 
frequent assessment has been controlled, and accurate marking is guaranteed by computer assisted 
personalized assessment techniques embedded in The Topic Tree. The minimum pass mark for a topic 
is 75%, and there is no limitation for the number of attempts for a given topic. 

Conclusions 

Computer-assisted, personalized online assessment can be efficiently used to evaluate students’ 
interaction with online learning and assessment content. The results of this study showed that only 
genuine attempts, i.e. attempts where students spend adequate time completing the question, help to 
pass the online assessment items. The success rate of multiple choice questions are higher than then 
enter answer type questions. Higher numbers of programmed questions for each type in the store, i.e. 
question bank, allows for more possible combinations for each attempt, and minimizes the risk of 
validity, reliability, dishonesty and academic misconduct. This study highlights the importance of 
personalized online assessment question bank, which could be established with the contribution of 
personalized assessment items from various local and international engineering educators. The 
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outcome of this study could be effectively used to identify the consistency and combinations of 
assessment items for a given topic in the CSU Engineering Topic Tree. 
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