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Abstract  

There is a constant need to look for new ways of motivating students, of providing them prompt feedback and of 

helping them to retain the material at lectures. This need is met here by introducing a game (a cyclist race inspired 

by ‘Le Tour de France’) built around a Student Response System where students are addressed with questions 

aligned to learning outcomes, which they answer on their own tablets, laptops or smartphones during lectures. 

Stages take place at selected lecturing slots and for each stage, standings with times are allocated to the students 

based on the accuracy and speed of their replies. By computing the times of all stages, it is possible to obtain the 

overall standings. All this info is updated live during and right after each stage. The learning experience is tested 

in two civil engineering subjects where students’ satisfaction and performance are shown to be significantly 

enhanced. 

Keywords: Student Response System, Active Learning, Instant Feedback, Audience Response System, 

Gamification  

 

1. Motivation 

Educational technology has evolved significantly in the 21st century. Online courses are becoming increasingly 

popular and have expanded into universally accepted Virtual Learning Environments (VLEs). Britain & Liber 

(2004) confirm an increase in uptaking of VLEs across all UK Higher Education sectors, with Blackboard and 

WebCT dominating the market. VLEs include uses such as access to course material (most popular), access to 

web-based resources, collaborative working, assignment submission, formative assessment, peer support, e-

assessment, online student presentations, access to multimedia resources, problem-based learning, e-portfolio, 

learning design, etc. However, Britain & Liber point out that a lack of innovative educational technologies in the 

field of wireless and mobile phones still remains in Higher Education Institutions.   
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It has also been reported that e-learning has focused too much on making digital content and not enough on 

the learning (Squire, 2005), and that students sometimes feel a sense of isolation in online or distance education 

courses. Anderson et al. (2001) and Siemens (2002) underline the importance of teaching presence, where the 

traditional ‘provider of knowledge’ becomes a ‘facilitator of knowledge’ and the student shifts from being a 

‘passive learner’ to an ‘active learner’. Whether the material is delivered online or not, its nature can be tedious 

and boring, and/or the feedback be insufficient or late, leading to student’s frustration and disengagement. The 

latter often derives in procrastination (Steel, 2007) and/or high student absenteeism and dropout rates (López-

Bonilla & López-Bonilla, 2015). Therefore, the ongoing challenge for teachers is how to engage students best 

when facilitating knowledge.  

In order to meet this challenge as well as addressing the need for novel applications of wireless and mobile 

phones to Higher Education, this paper combines Student Response Systems (SRSs), also known as Audience 

Response Systems (ARSs), with a game element within the lecture theatre. The concept of using games for 

motivating groups is often referred to as gamification (Filsecker & Hickey, 2014; Kulmer et al., 2016; Morillas 

Barrio et al., 2016; Sailer et al., 2017; Wang et al., 2016). The SRS game proposed here lays the basis for a 

continuous monitoring and assessment that will provide immediate feedback to both facilitator and students. The 

students will learn and test their knowledge by playing on their own wireless-based mobile, tablet or laptop, while 

results are updated live and anonymously on the theatre screen. It is expected that its implementation will make 

lectures more entertaining and motivational and promote student attendance and engagement.  

2. Literature Review 

There is evidence to demonstrate that students appreciate feedback and that learning improves by allowing 

students to become aware of how well they are doing and what they need to do to improve, but favourable learning 

conditions need to be met first (Hattie & Timperley, 2007; Sadler, 2010). Difficulties may arise from the different 

perceptions by facilitators and students on the amount of detail of feedback, its usefulness, the extent to which 

students are only interested in grades and the fairness of marking procedures (Carless, 2006). In order to meet 

conditions for good feedback, Nicol & Macfarlane-Dick (2006) establish that these should: (1) clarify what good 

performance is, (2) facilitate the development of self-assessment in learning, (3) deliver high-quality information 

to students about their learning, (4) encourage teacher and peer dialogue around learning, (5) encourage positive 

motivational beliefs and self-esteem, (6) provide opportunities to close the gap between current and desired 

performance and, (7) provide information to teachers that can be used to help shape teaching. Wiliam (2011) 

reports on different kinds of feedback interventions going from weaker feedback only (students are given only the 

knowledge of their own score) to strong formative assessment (students are given information about the correct 

results, some explanation, and specific activities to undertake in order to improve) when the average effect size 

increases from 0.14 to 0.56. Another factor to take into account in the implementation of feedback is the speed of 

reply to student response.  For instance, one of the main reasons that one-to-one tutoring is so effective, is that 

errors in the student’s work are identified immediately, and then explanations and further follow-up are provided 

whenever deemed to be necessary (Wiliam, 2011). In this paper, a SRS game is brought into the learning 

environment for detecting potential problems sufficiently early (i.e., during learning) and building student trust. 
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2.1. On the pedagogical use of games 

Since children and adults learn and develop through play, there is a rationale behind integrating games within 

teaching strategies for promoting active learning and enhancing student’s critical thinking abilities. Papert (1998) 

and Baker (2010) associate poorer learning to boredom. In order to tackle the later, games have been widely 

adopted to improve children's learning. Typically, the game assigns scores to the students as a function of the 

accuracy of their answers. Only recently, games have been targeted as a means to develop innovative forms of 

learning in Universities (Pivec et al., 2003) as the one presented in this paper. Examples in Higher Education are 

games based on television shows (Glendon & Ulrich, 2005) and on sports competitions (Gonzalez et al., 2014; 

Gonzalez   Covian, 2015) that divide the class into teams that play against each other using oral or written 

questions. Morillas Barrio et al. (2016) attribute a higher student motivation and degree of connection in class to 

the use of competitive games. Similarly, Burguillo (2010) uses game theory tournaments to support competition-

based learning, i.e., to achieve learning through a competition, even though the student’s score in the competition 

is independent from the learning result. This must be distinguished from competitive-based learning, where the 

learning depends on the result of the competition itself. A question then arises ‘How to assess a game-based 

learning environment?’ Ifenthaler el al. (2012) distinguishes three alternatives: (1) game scoring, which focus on 

targets achieved while playing the game and the time taken to complete the tasks, (2) external, which is not part 

of the game-based environment (i.e., assessment via interviews, knowledge maps, essays, etc.) and (3) embedded, 

which does not interrupt the game (i.e., clickstreams, information trails).  

Technology can be brought into educational games (i.e., computer and video games) as discussed by Gee 

(2003) to get people to learn and master something that is long and challenging and to enjoy it, too. He argues 

that books and videos, for all their virtues, cannot engage players/students in ‘action at a distance’, much like 

remotely manipulating a robot, which causes humans to feel as if they have stretched into a new space. The 

relevance of instructional support in game-based learning is demonstrated by Wouters & Van Oostendorp (2013). 

The growth rate of publications on digital game-based learning has significantly increased from the beginning of 

the century (Hwang & Wu, 2012). Squire (2005) provides a model of learning with digital gaming technologies 

and guidelines to apply them in e-learning. The objectives of the game need to be well structured, sequential and 

with a sustained meaning to motivate players to achieve those goals (Kapp, 2012). In an Elementary School, 

Filsecker & Hickey (2014) show how external rewards or competitions do not have to imply a negative impact on 

student’s motivation if the learning environment provides adequate feedback and opportunities to improve. In 

Secondary School, Huizenga et al. (2009) employ mobile game-based learning to teach historical subjects to 

students that outperform others with regular project-based lessons. In spite of the results, they surprisingly 

discover that there are no significant differences with respect to the motivation for the subject between learners 

with or without a game-based approach. It must be clarified that by motivation they specifically refer to interest 

for the subject as opposed to fun and/or engagement. In High School, Annetta et al. (2009) find that students using 

video games in their learning of a biology course are more engaged than students with the traditional print material. 

Statistical results do not appear to indicate that they have a greater understanding of the concepts being taught, 

however, cognitive processing is only one factor that contributes to effective learning, and affective impacts and 

emotional factors should also be considered.  
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In Higher Education, Becker (2001) asks 1st year students in computer science to write games 

(‘minesweeper’ and ‘asteroids’) as a way to motivate and inspire them. They conclude that students gain 

experience with all the topics that the assignment was designed to exercise, and learn concepts more thoroughly 

than they would have had they not been so keen. It is acknowledged that some educational computer games, such 

as Mindtools, may pose difficulties to students when playing it individually, an issue that is addressed by Sung & 

Hwang (2013) via a collaborative approach. Blunt (2007) notes that, University classes in business, economics 

and management using video games, outperform classes that do not use them regardless the gender. However, 

student populations aged over 40 years did not feel an improvement with the use of video games. In line with this 

finding, Whitton (2007) argues that the belief of computer games being intrinsically motivational and as a result, 

a useful educational tool with learning happening almost without the individual realising it, can be true for 

children, but it cannot be generalized to older populations in Higher Education. However, she acknowledges that 

Higher Education students may be motivated to use games if they perceive them as the most effective way to 

learn. Even further, Huang et al. (2010) reveal a significant correlation between learners’ motivational and 

cognitive processing based on 144 undergraduate students. The use of a computer-based learning game by Kulmer 

et al. (2015) to teach contents in Electrical Engineering leads to a strong relationship between the number of times 

the game is played and student performance, together with a student desire for more learning games. An example 

of the use of computer games to support the learning of theory of structures in Civil Engineering at Master level 

is provided by Ebner & Holzinger (2006). They find that it is key to motivate the students to play the game, which 

they recommend being simple, available anywhere and anytime, playable within a short time and part of a 

competition.  

2.2. On the use of student response systems in lectures 

Crews et al. (2011), Bruff (2009) and many others suggest SRSs (also known as clickers) as a means to make 

students focus and participate actively in lectures. The facilitators use the SRS to send specific questions to the 

students in real time, that they answer using remote handsets, tablets, laptops, and smartphones. SRSs commonly 

have the option of providing anonymous results or linking responses to individual students. Once the students’ 

answers are gathered, the facilitator can make use of instant result aggregation and visualization to assess the level 

of understanding. Results are often viewed as a bar chart, indicating how many students voted for each possible 

answer. There are four appealing features of SRSs:  

• formative assessment 

• real-time results (immediate feedback for both students and facilitator) 

• increase in student engagement 

• projection on screen during lectures for the class to see 

SRS technology allows the facilitator to create multiple-choice, text, or numeric response question formats. These 

questions can be reused in subsequent academic seasons. A thorough review of the state of the art in the use of 

clickers by Caldwell (2007) highlights their value for introducing peer learning methods in large classes and 

provides guidelines for writing good questions and best-practice tips. Wieman et al. (2008) also give 

recommendations on the ideal approach to formulating questions that will engage students in the use of SRSs. 
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Gok (2011) reviews what benefits have been appreciated about SRSs in the literature, and classify them into three 

categories with sub-categories, namely, student involvement (attendance, attention and anonymity, participation 

and engagement), learning (interaction, discussion, contingent teaching, learning performance and quality of 

learning) and assessment (feedback, formative and comparison to class responses). Kay & LeSage (2009) survey 

the literature looking for advantages and disadvantages in using SRSs, when the time needed to set up a SRS, to 

create effective questions, to cover the material adequately, and to respond to instantaneous student feedback, 

stands as a major challenge for the facilitator.  

Trees & Jackson (2007) point out that unlike websites, PowerPoint, WebCT, and Blackboard, the success of 

clickers depend less on the facilitator and more on the students accepting clickers to positively affect their learning. 

There are many records of successful implementation of SRSs in the literature. For example, Cohn and Fraser 

(2016) observe large differences of 1.17-2.45 standard deviations for seven learning environment, attitude and 

achievement criteria in favour of a group of 532 science students using SRS, compared to a group 565 who did 

not use SRS, in a Middle School. D’Inverno et al. (2003) use clickers in both lectures and tutorials to promote 

greater student interaction in a large lecture class in Engineering mathematics. Forty students score the quality of 

the clicker tutorials with an excellent mean value of 4.4 on a scale 1-5. Stowell & Nelson (2007) compare clickers 

to standard lecture, hand-raising and response card methods of student feedback for 140 undergraduates taking 

Psychology courses in their 1st year in college. The SRS group is found to have the highest participation, greater 

positive emotion during lectures and are more likely to respond honestly to in-class review questions. 1221 

undergraduates taking Chemistry courses participate in an investigation by Hall et al. (2005) that shows that 

semesters using a SRS leads to substantially better grades than semesters without a SRS. Therefore, students 

indicate an increased level of engagement, learning, and motivation. Preszler et al. (2007) find that the more 

frequent the use of SRSs in lectures, the larger the increase in students’ learning and the improvement in student’s 

performance on the exam for all six Biology courses being tested. The clickers also act as a reflective tool through 

which facilitators engage in their own educational development and help them to make learning environments 

more student centred. With the objective of developing higher-level thinking skills in mind, Dangel & Wang 

(2008) provide a framework that couples SRSs with good pedagogical practice to promote deep learning.  

Crossgrove & Curran (2008) confirm that exam performance improves with the use of clickers for Biology 

courses, although changes are more dramatic in non-major than in major courses. They also carry out a post-

course test to analyse the long-term retention of material, which they observe to increase with the use of clickers 

for the non-major course, but interestingly, not for the major course. The authors argue that the smaller impact on 

the major course may be due to a somewhat lower level of feedback. Gok (2011), based on a survey consisting of 

241 male and 262 female students, from freshman to senior, taking chemical, physical and geology courses, and 

Morillas Barrio et al. (2016), based on a survey of 77 male and 54 female students, aged 15 to 24, taking 

telecommunication engineering, socio-statistics and computer courses, find that male students have significantly 

more positive attitudes towards the SRSs than female students. Nevertheless, SRS are preferred by shy students 

and female participants over raising their hands when having to answer controversial questions in a psychology 

course, and as a result, the SRS makes a contribution to a greater diversity of students’ opinions (Stowell et al., 

2010). MacGeorge et al. (2008), in contrast, do not find differences in gender, ethnicity or academic year when a 
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SRS is evaluated by 854 undergraduates (approx. 50% each gender) attending courses on social scientific theory 

in communication, natural resource conservation, and introduction to business.  

Remote handsets are becoming less common as Wi-Fi devices become more available. SRSs based on 

handheld mobile Wi-Fi devices overcome the need of facilitators for having traditional remote handsets in the 

vicinity. A Wi-Fi based SRS is exploited by Stav et al. (2010) to provide an instruction-training course between 

different countries via video conferencing. Socrative (Socrative, 2017; Mendez & Slisko, 2013; Walsh, 2014; 

Awedh et al. 2014; Dervan, 2014), ExitTicket (2017), PollEveryWhere (2017) and Qwizdom (2017) are popular 

Wi-Fi based SRS alternatives. Some SRSs have options to introduce team competitions or games to make the 

questioning more attractive such as Kahoot (Wang, 2015; Wang et al., 2016; Zainol & Kamaru, 2017; Grinias, 

2017) or Quiz-a-tron (Wang & Hoang, 2017), but not to the level intended in this investigation. It is worth noting 

the comparisons between gamified and non-gamified versions of a SRS reported by Morillas Barrio et al. (2016) 

and Wang et al. (2016). Results indicate that the gamified SRS leads to significant improvement in motivation, 

engagement, enjoyment, and concentration, but the gain in learning performance has a low statistical significance 

and remains to be proven. Furthermore, Wang (2015) investigates the danger of students losing interest in the 

game when employed on a continuous basis for a long period, but the wear off effect is found to be minimal on 

motivation and engagement, and null on perceived learning. However, he acknowledges that if the same game 

was frequently used in many courses, the wear off effect could become substantial. Therefore, a variety of games 

or game modes as proposed in Wang & Hoang (2017), is needed. ExitTicket is the SRS platform chosen to 

implement the game proposed in the following sections, due to its appealing graphical interface and to its ability 

to measure both percentage of successful answers and speed of reply by the students. These two parameters will 

be used to convert the data gathered by the SRS application into an exciting game.   

3. Method 

3.1. Participants and Context 

The concept is tested on two CiVil ENgineering (CVEN) modules of an Irish University during the first semester 

of the academic season 2015/16. The overall grade for both modules is the result of computing a continuous 

assessment component and an unseen end-of-semester exam. The weight of the continuous assessment is 

approximately determined by the ratio of the duration of the activity and its preparation to that of the course 

(Hornby, 2003) and the remaining percentage is assigned to the exam, in line with the high and low stakes 

assessment typically given to the summative and formative assessments respectively. Details on these modules 

are presented next. 

• CVEN30170 (title: Stress + Finite Element Analysis): This is a 5-credit 3rd year core module delivered within 

a 12-week lecturing period. The syllabus is divided into two sections of equal weight and duration, ‘Stress 

Analysis’ and ‘Finite Element Analysis’, each imparted by a different lecturer. There are 13 Civil Engineering 

undergrads (1 female and 12 male; 2 international and 11 national) and 13 Structural Engineering with 

Architecture undergrads (2 female and 11 male; 1 international and 12 national) registered to this module. 

CVEN30170 has a continuous assessment component worth 30% and a 2 hr unseen end-of-semester 
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examination worth 70%. The continuous assessment component consists of a computer lab assignment (15%) 

and tutorials (15%), but the tutorials have been replaced by the SRS game in the current season.  

• CVEN40150 (title: Structural Analysis, Design, and Specification): This is a 5-credit 4th year core module 

delivered within a 12-week lecturing period. The syllabus is divided into three sections of equal weight and 

duration, ‘Structural Analysis’, ‘Structural Design’ and ‘Specification’, each imparted by a different lecturer. 

There are 12 and 13 students registered to the Civil Engineering (1 female and 11 male; 2 international and 

10 national) and Structural Engineering with Architecture (5 female and 8 male; 8 international and 5 

national) programmes respectively. CVEN40150 has a continuous assessment component worth 20% and 2 

hr unseen end-of-semester examination worth 80%. The continuous assessment component typically consists 

of tutorials only, but this season, 10% have been assigned to tutorials and 10% to the SRS game. Here, 

tutorials refer to a facilitator providing a set of questions that students must answer in class and submit within 

an allocated time. During this time, students solve the tutorial individually but they can use their notes, help 

each other and/or require the assistance of the facilitator whenever needed. 

From past seasons, students appear to have a high degree of satisfaction and performance in CVEN40150 but 

they find CVEN30170 too abstract, being unable to perform in the exam at the same level of tutorials where they 

receive additional support. In CVEN40150, the average score of a total of 118 students in the exam component of 

the previous three years has been 54.5% with a failure rate of 25.9% (the passing threshold is set at 40%). In 

CVEN30170, a total of 76 students have had an average exam score of 43.5% with a failure rate of 42% in the 

same three years. It must be noted that these results correspond to the exam component only and that the 

continuous assessment component needs to be added to compute the final grade for the module. One potential 

cause of the high failure rate in the exam is the tendency of students to leave their studying for the very end. 

Another possible cause is that students’ learning is not supported correctly and it is mis-orientating student’s effort 

(condition 3 in Gibbs & Simpson (2004)). The feedback received from the exam score (assessment ‘of’ learning) 

at the end of the semester can be used to corroborate if the learning outcomes have been met, but it is not that 

useful in contributing to achieving the learning outcomes. Gibbs & Simpson (2004) warn that ‘learners need 

prompt feedback to learn effectively’. This brings up a question: ‘Is sufficient and efficient feedback provided to 

the students?’ It could happen that the feedback provided in lectures to date is not fully satisfactory, and a more 

self-assessment orientated strategy should be sought (Sadler, 2010). It becomes evident that complementary 

assessment methods (‘for’ and ‘as’ learning) that provide early feedback to the student are necessary. 

Having said that, an overload of assignments and conflict of coursework with other modules in the same 

semester are not desirable. Therefore, the proposed method aims to promote the frequent use of the SRS game 

within the existing time slots scheduled for lectures and tutorials in an attempt to overcome some of the concerns 

described earlier. Out of the total number of registered students, 25 and 24 students are exposed to the SRS game 

in CVEN30170 and CVEN40150 respectively. The approach is implemented and tested on the ‘Stress Analysis’ 

contents of CVEN30170 delivered during the second half of the semester ( 24 hours) and on the ‘Structural 

Analysis’ contents of CVEN40150 delivered during the second third of the semester ( 14 hours). The selected 

contents compose the picture of a virtual race where stages are made of questions to be answered via the SRS. 

The questions in the stages are related to learning outcomes taught at the time in lectures. In CVEN30170, these 
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involve calculation of stresses and strains, constitutive equations, Mohr’s circle and stress functions. In 

CVEN40150, moment distribution method, elasto-plastic analysis of beams and analysis of slabs are covered.  

3.2. Objectives 

On the basis of past experience, the main objectives of the SRS game proposed here are: 

• To develop a highly motivational learning experience.  

• To provide students immediate feedback that will allow them to assess their understanding and bring them 

early awareness if a further study was needed.  

• To provide the facilitator immediate feedback on the delivery of topics to be reinforced, redesigned or 

customized for those students in need. 

• To make a tool available to students that will allow them to learn and to test their knowledge at all times via 

their own Wi-Fi enabled devices.  

• To increase retention rates at lectures. 

• To serve as a teaching strategy to enhance the curriculum, to make learning fun and to engage and challenge 

students.  

In the process of achieving these objectives, it is expected that the seven principles for good feedback practice by 

Nicol & Macfarlane-Dick (2006) will be met. 

3.3. Implementation 

The steps towards the implementation of the new educational game proposal, how it operates and is integrated 

within lectures, are introduced next.  

3.3.1. The Theme 

According to Squire (2005), games must first create an emotionally compelling context for the player. Cycling 

has been chosen as the theme of the game as students are likely to connect with it. Most people have cycled 

sometime and some follow the big cyclist events with interest. ‘Surviving Le Tour de France’ is presented to them 

as a rich storyline with a longitudinal development (i.e., from start to the end of a lecture and from start to the end 

of a module). Getting better at cycling (or at any particular set of skills) is about endurance, sacrifice and lots of 

training, and similarly, the game rewards students who work hard and do well.  

The syllabus of a module is divided into stages of a simulated cyclist race. A stage is basically an online test 

consisting a set of questions addressed to the students, often released in a step-by-step format (i.e., breaking a 

problem into small ones). One stage takes place at each lecture. The time taken by a student is a function of the 

accuracy of the answers, with ties between students being resolved by the speed of reply. Following a lecture, 

final stage standings with times are allocated to each student, and those students ranked in the top positions get a 

time bonus as an incentive. By computing the times of all stages, it is possible to obtain the overall standings. All 

this info is updated right after each stage in Blackboard VLE. The timing of the students in the overall standings 

is employed for continuous assessment purposes (Section 3.1).  
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3.3.2. Arrangements before and during a Stage 

Facilitators and students have access to different areas of the SRS application. Before a stage, the facilitator needs 

to plan for and upload a database of questions (multiple-choice with randomized answers, true/false, numerical, 

etc.) to her/his area within the SRS. A specific set of questions, classified according to the degree of difficulty, is 

planned for each lecture of the academic calendar. These questions are aligned to learning targets and mapped to 

module outcomes. Figure 1 illustrates these preliminary arrangements.  

A lecture slot (1 or 2 hr) is divided into two parts. In the first part, the facilitator delivers or reviews syllabus 

in classical fashion. In the second part, students log in to the SRS via their own mobile/tablet to compete in a 

stage. During a stage, students answer the questions posed by the SRS on their own Wi-Fi enabled devices 

(smartphones, mobiles, and tablets) as pictured in Figure 2. Each student is assigned an anonymous random id 

that s/he will identify within the screen of the lecture theatre. The adoption of this anonymous cyclist id does not 

only protect the privacy of student records, but it is also a way for the student to recreate herself/himself in a new 

world while achieving deep learning. Initially, all students are grouped together. The SRS is employed to record 

two features in all answers: accuracy and speed of reply. Right and faster answers cause students to move up in 

the classification. During a stage, students can visualize progress on both their own device and the theatre screen 

in real time. Live time questioning, instant result aggregation and visualization via projection on the theatre screen 

are key elements for a stage to engage students (Figure 2). The SRS can also be accessed by students outside 

lecture hours (from anywhere with Wi-Fi access) for monitoring their progress or reviewing old material, although 

in this case, their attempts are not computed for grading purposes. 

3.3.3. Feedback and Assessment 

Students and facilitator receive feedback on how well the learning outcomes are being satisfied with the accuracy 

of the answers via the SRS (Figure 2). Figure 3 shows some of the wealth of information available after a stage 

for creating a rich feedback environment. The facilitator has access to individual and global scores, for each 

question and for each student, that are used as a reference for improving the delivery of the syllabus. Based on 

this info, the facilitator uses the theatre screen for reporting on overall percentages of success for each question 

as well as highlighting typical errors and lessons learnt from each stage. This level of feedback fits with the 

principles by Nicol & Macfarlane-Dick (2006) listed in Section 2. Other benefits of using a SRS for continuous 

assessment purposes include the principles of transparency, reliability (i.e., unaffected by human factors such as 

tiredness or criteria differences in markers), practicability and efficiency (i.e., the initial implementation and 

creation of sets of questions may be time-consuming, but once available, they can be reused to provide students 

and facilitator automatic results and feedback). In spite, however, of these advantages, the author acknowledges 

that online assessment may not be able to measure all student’s knowledge compared to other methods of 

assessment. For this reason, the in-class SRS game proposed here is recommended as a formative low stakes 

assessment aimed to give student timely and good feedback as well as achieving the objectives outlined in Section 

3.2.  
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3.4. Measuring Tools 

Four populations are employed to constitute two control groups (fifteen CVEN30170 and twenty-three 

CVEN40150 students in 2014/15) and two test groups (twenty-three CVEN30170 and twenty-one CVEN40150 

students in 2015/16). The two test groups are taught with the SRS game. The two control groups learn with 

conventional teaching methods as described in Section 3.1. The measuring tools consist of a confidential in-class 

questionnaire to be filled by the test groups before completion of the semester, and confidential online surveys 

and exam results to be taken by both control and test groups at the end of the semester. Students’ satisfaction in 

an online survey and in-class questionnaires are measured using a 5-point Likert scale going from ‘Strongly 

Agree’ to ‘Strongly Disagree’. The categories ‘Strongly Agree’, ‘Agree’, ‘Neither Agree nor Disagree’, 

‘Disagree’ and ‘Strongly Disagree’ are weighed 5, 4, 3, 2 and 1 respectively, to obtain a mean value, that will be 

higher the greater the overall satisfaction. While only a small percentage of students (28.2% and 19.6% of 2014/15 

and 2015/16 classes respectively) filled the online survey, all students in the test groups took the in-class 

questionnaire and end-of-semester exam respectively. 

The online survey has five core questions determined by the School of Teaching and Learning that are 

common to all academic modules. Data are gathered via a Blackboard VLE where students are asked to voluntarily 

answer these questions, which are repeated for all modules every year. It is then possible a historical comparison 

between different modules and academic seasons. The online survey is opened to students from mid-semester to 

the end of the semester (beyond the examinations period). From the control and test groups, eleven and nine 

students filled the online survey in 2014/15 and 2015/16 respectively.  

A short in-class questionnaire consisting of eight specific questions is designed to assess students’ motivation 

and attitude towards the SRS game, and how the objectives underlined in Section 3.2 are met. Some of these 

questions are similar to others published elsewhere (Hall et al, 2005; Crossgrove & Curran, 2008; Gonzalez et al. 

2014; Gonzalez & Covian, 2015), although they may have been rephrased to adapt it to the proposal at hand. The 

questionnaire was provided in paper and collected at the end of a lecture that took place half-way through the first 

semester of 2015/16. Twenty-three CVEN30170 students and twenty-one CVEN40150 students (100%) filled the 

questionnaire. 

One of the advantages of the end-of-semester examination is that it allows assessing learning outcomes all 

together, although some authors argue that the exam is an artificial situation that, in some cases, may be a poor 

indicator of student’s performance in real-life situations (Gibbs & Simpson, 2004) and that students may 

underperform as a result of anxiety. Even so, plagiarism is unlikely, and the exam measures the knowledge of the 

individual with the certainty that it is only his/hers. Therefore, exam scores are gathered for 2014/15 and 2015/16 

populations in CVEN30170 and CVEN40150 modules at the end of the semester. Info is also provided for a third 

module, CVEN30020, where there have not been any changes in the teaching method. CVEN30020 (title: 

Analysis of Structures) is a 5-credit 3rd year core module in the same subject area of structures for Civil Engineers 

and Structural Engineers with Architecture degrees as CVEN30170 and CVEN40150. Even though both 

CVEN30020 and CVEN30170 are 3rd year core modules, there are small differences in the samples due to the 

participation of repeat students, international exchange students or selection of these modules as elective by other 
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degrees. For this reason, the total population defined in Section 3.1 for CVEN30170 is reduced to a sample with 

the same fifteen students in 2014/15 and twenty-three students in 2015/16 that also took CVEN30020. The non-

intervention CVEN30020 sample is employed as a form of pre-test aiming to check that the two academic seasons 

have an equivalent prior knowledge and academic ability. Syllabus and facilitators have remained the same in the 

three modules for the two academic seasons. In all cases, the end-of-semester examination lasts two hours, and 

students do not have access to material other than the information provided with the script.  

4. Results 

This section provides a measure of how students’ feedback and performance at the end-of-semester exam support 

the innovative approach.  

4.1 Students’ feedback 

4.1.1. General Online Survey 

Table 1 compares mean Likert values obtained in the academic season 2015/16 to the immediately previous season 

2014/15 and to an average of the three precedent seasons (2012/13, 2013/14 and 2014/15). The very low sample 

size of the test and control groups that participated in the online survey does not make possible to assess the 

improvement in 2015/16 with respect to previous years. Therefore, the discussion in this section is centred around 

how the two modules under investigation (CVEN30170 and CVEN40150) historically compare to each other and 

to the average for all CVEN modules when considering a long period from 2012 to 2015.  It can be seen that the 

degree of satisfaction when considering an average of all CVEN modules in the Civil Engineering School is fairly 

consistent throughout all seasons and questions, and it oscillates around a value of 4.  In relation to question C1, 

scores in CVEN40150 indicate that students feel the module content has contributed to their overall understanding 

of the subject to a greater extent than the average of all CVEN modules. However, CVEN30170 score in C1 is 

relatively low compared to the average of all CVEN modules, which suggests that students feel that the material, 

teaching, or content did not improve their understanding of the topic. When analysing C2, scores are high for both 

modules, i.e., the module’s assessment facilitated students’ learning. According to question C3, CVEN40150 

students appear to be well aware of how the taught material is relevant to the module outcomes. This is evidenced 

by an average score of 4.14 in the preceding three seasons and 3.91 for all modules. However, a score of 3.42 by 

CVEN30170 students from 2012 to 2015 is again significantly lower than by CVEN40150 students, as if they did 

not have a clear idea of what the learning outcomes are or how they relate to the module. Similarly, CVEN30170 

students give a score of 3.42 for C4 compared 4.16 by CVEN40150 students. Finally, answers to question C5 

refer to an overall feeling on the content, structure, and teaching of the modules. In the three seasons from 2012 

to 2015, they yield mean peak values of 4.13 and 3.34 for CVEN40150 and CVEN30170 respectively.  
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Table 1. Mean of Responses to General Questions (maximum and minimum are 5 -strongly agree- and 1 -strongly 

disagree- respectively) 

 CVEN30170 CVEN40150 All CVEN modules 

Season 15/16 14/15 12/15 15/16 14/15 12/15 15/16 14/15 12/15 

C1  - I have a better 

understanding of the subject 

after completing this module 

3.33 2.75 3.42 4.50 4.29 4.26 4.09 3.96 4.00 

C2 - The assessment was 

relevant to the work of the 

module  

4.67 4.00 3.92 4.67 4.29 4.39 4.01 3.96 3.96 

C3 - I achieved the learning 

outcomes for this module  

3.33 3.00 3.42 4.50 4.00 4.14 4.05 3.87 3.91 

C4 - The teaching on this 

module supported my 

learning 

4.00 2.75 3.42 4.83 3.83 4.16 4.00 3.77 3.87 

C5 - Overall I am satisfied 

with this module 

4.00 2.50 3.34 4.33 4.00 4.13 3.90 3.67 3.78 

Size 3 4 20 6 7 28 230 268 828 

(%) participation 11.5 25.0 24.7 24.0 29.2 24.6 27.1 32.8 32.0 

Although the sample sizes do not allow for a meaningful comparison of how the intervention in 2015/16 

performs, it transpires that CVEN30170 has been a less popular module than CVEN40150 in the preceding years, 

and as already noted in Section 3.1, one that students find particularly difficult. Overall it is possible to observe a 

more positive student’s perception in 2015/16 than in previous years, however, this interpretation is at best 

tentative, as students are providing feedback on the module as a whole, possibly after the end-of-semester 

examination making it prone to bias, and the percentage of participation is very low. The following subsections 

aim to corroborate the encouraging, although limited, views gathered by these general questions.  

4.1.2. Specific In-class Questionnaire 

In order to gather a more representative sample, anonymous in-class student questionnaires are circulated as 

described in Section 3.4. The percentage number of hits for each response is illustrated in Figure 4. There is not 

one single record of ‘Strongly Disagreement’ on the targeted questions amongst the forty-four students that 

completed the questionnaire. The largest proportion of CVEN30170 students ‘Agree’ to five questions and 

‘Strongly Agree’ to the remaining three questions. For CVEN40150 students, ‘Agree’ and ‘Strongly Agree’ are 

majority in six and two questions respectively. Both classes mostly ‘Strongly Agree’ to Q3, i.e., they work harder 

and pay more attention as a result of being informed of their scores in real time. 

Table 2 provides mean and standard deviation values per question to allow for a meaningful comparison of 

the degree of fulfilment. While CVEN30170 students consider the lectures being more engaging with the use of 

wireless-based SRS as the most positive impact (Q6 with 4.61), CVEN40150 students appreciate the combination 

of SRS questions around a game theme the most (Q5 with 4.43). The average degree of satisfaction of 

CVEN30170 (yielding an average of 4.32 across the 8 questions) appears to be higher than CVEN40150 (average 

of 4.17). The latter can be attributed to the characteristics of the syllabi, the difference in age of the samples, 

duration (smaller period of exposure in CVEN40150) and timing (the SRS game was delivered in CVEN40150 
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first, and some aspects were improved later in CVEN30170). The standard deviation in CVEN40150 is larger 

than in CVEN30170 in 6 out of the 8 questions. When averaging the answers of both classes, there are three 

questions that stand out with the highest score of 4.43, which are Q8, recommending its use in the future, and the 

aforementioned Q3 and Q6, i.e., students working harder and being more engaged in lectures.  

Table 2. Mean and standard deviation of responses to specific questions (maximum and minimum are 5 -strongly 

agree- and 1 -strongly disagree- respectively) 

 CVEN30170 CVEN40150 

 Mean St. Dev. Mean St. Dev. 

Q1 - The new approach was efficient in allowing me to practice and 

retain material taught in lectures & test my knowledge on a 

continuous and promptly basis 

4.43 0.50 4.29 0.45 

Q2 - Revising answers and my score let me reflect on the topic and 

made me aware of points that I failed to understand or that I needed 

to reinforce 

4.09 0.77 3.81 0.79 

Q3 - Being informed of my performance in real-time made me want 

to work harder and to pay more attention to notes and to preceding 

lectures to improve my score 

4.56 0.58 4.29 0.82 

Q4 - The alignment of all questions posed by the SRS to learning 

outcomes helped me to be aware of the concepts/skills that I need to 

achieve for the module  

3.96 0.75 4.09 0.61 

Q5 - I believe it is a good idea to organise SRS questions and answers 

around a game theme  

4.22 0.72 4.43 0.79 

Q6 - I found lectures to be more engaging with the use of a wireless-

based SRS than without it 

4.61 0.49 4.24 0.53 

Q7 - I feel my learning has been accelerated by the guided step-by-

step questioning of SRS approach used here  

4.13 0.54 3.95 0.72 

Q8 - Overall I would recommend the use of a wireless-based SRS 

approach in the future  

4.56 0.50 4.29 0.63 

4.1.3. Open-Ended Comments 

The questionnaire also included open-ended comments that reinforced students’ positive perception of the new 

approach. A sample of quotes is grouped here under five major identified topics.   

1. The SRS game increases students’ participation and engagement: ‘In-class quizzes are very good and 

actually make you pay attention in class!’, ‘It was a really good way to learn and I paid a lot more attention 

in class and my attendance increased’, ‘I found the SRS a very useful tool in aiding my learning for the 

module; I definitively kept more focused in class than I would have otherwise!’ 

2. The SRS game enhances metacognitive awareness: ‘This method was very effective as it kept the second hour 

of the class quite lively. The step by step method helped me identify areas I need to work on’ 

3. The SRS game accelerates students’ learning and increases the level of retention in lectures: ‘Tour de France 

allowed me for quick revision and allowed me to understand concepts almost immediately’, ‘Very useful for 

recapping tough subjects’ 

4. The frequent assessment and feedback by the SRS game is found highly beneficial: ‘The SRS gave real 

examples of questions on a regular basis preparing me for the final exam’, ‘The section was well supported 

by continuous assessment, and I think the use of that really, really helped with the understanding and thought 

process being reinforced and transferred regardless of the application’  
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5. The SRS game offers more support than other lectures delivered in a traditional format, which would benefit 

from the implementation of the same idea: ‘I would happily do this again as it was very worthwhile and the 

other part of the module would benefit from this idea going forward’. In relation to a section X of the module 

covered by a different lecturer in a more traditional format, students point out ‘I think that, overall, section X 

was really unsupported in terms of ensuring understanding throughout the semester. Though it was lectured 

well, the lack of assessment or assignments throughout the semester meant it was not very well or thoroughly 

tested, when compared with the way in which the section with the SRS was imparted‘ 

Students do not only find assessments more interesting and enjoyable but also feel that the perceived learning 

justifies the effort invested and as a result, they are more engaged and motivated.  

4.2 End-of-Semester Examination  

Those students exposed to the SRS game have produced an average score in the final exam of 51.4% and 60.0% 

in CVEN30170 and CVEN40150 respectively. These average scores represent relative increments of +28.8% in 

CVEN30170 and +4.9% in CVEN40150 with respect to the previous season, and of +17.4% in CVEN30170 and 

+8.5% in CVEN40150 with respect to an average of the previous three seasons. Comparing the previous three-

year period to the current season, failing rates have dropped from 42.1% to 28.0% in CVEN30170 (When adding 

the continuous assessment component to the exam component, the overall failure rate in CVEN30170 further 

decreases from 28.0% to 8.0% in 2015/16) and from 25.9% to 8.7% in CVEN40150. These percentages refer to 

total scores, and it must be noted that the SRS game was applied only to a portion of the exam that weighed 1/2 

and 1/3 of the CVEN30170 and CVEN40150 exams respectively.  

The impact of the new approach can be evaluated more realistically when analysing the questions of the 

exam covered by the SRS game in isolation from the rest. Here, CVEN30170 students have gone from an average 

score of 32.0% in 2014/15 (fifteen students) to 53.0% in 2015/16 (twenty-three students), and similarly the average 

score in CVEN40150 increased from 67.2% in 2014/15 (twenty-three students) to 73.8% in 2015/16 (twenty-one 

students). Figure 5 compares the distribution of scores for the exam questions on SRS contents between both 

academic seasons. The mode of CVEN40150 reaches the top interval ( 90%) in 2015/16, and the mode of 

CVEN30170 has shifted from a failing range (< 40%) in 2014/15 to a medium range interval (50 to 60%) in 

2015/16.  

Table 3 compares the statistics of the final scores in the exam component for CVEN30170, CVEN40150, 

and CVEN30020 in the seasons 2014/15 and 2015/16. CVEN30020 is a 3rd year Civil Engineering module titled 

“Analysis of Structures” where a traditional format, similar to that employed with CVEN30170 in the season 

2014/15 (consisting of lectures, tutorials, and computer labs), has been employed in both academic seasons. While 

mean scores show that students with the SRS game clearly outperformed those without it in CVEN30170, the 

improvement is smaller in CVEN40150, although better than no intervention at all (i.e., CVEN30020). Cohen’s 

effect size and t-test are employed here to address the fact that the difference of means between 2014/15 and 

2015/16 do not take into account the variability within the groups. Effect size is calculated dividing the difference 

between two means by the pooled standard deviation (Cohen, 1992). As expected,  a difference of means of -1.8, 

a negligible effect size of -0.09 and p > 0.05 are found for CVEN30020, i.e., the performance in 2014/15 and 
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2015/16 are about the same. The effect size for CVEN40150 has a difference of means of 2.8 and a small effect 

size of 0.15 towards the SRS game. The latter represents that students in 2015/16 received a score of around 0.15 

standard deviations more than the mean score received in 2014/15 with p > 0.05, therefore, there is no significant 

improvement. The effectiveness of the SRS game method in improving the performance at the exam is felt most 

strongly in CVEN30170 with a difference of means of 11.5, a large effect size of 0.78 and p < 0.05, i.e., the 

performance is significantly improved. Summarizing, the SRS game appears to have been more efficient in 

supporting students’ learning than using a traditional setting, more prominently in the subject with younger 

students and the lowest performance. 

Table 3. Mean, Standard Deviation, Skewness and Kurtosis of Total Exam Scores (in percentage) for Three 

Modules and Two Academic Seasons, Effect Size and t−test Result ((*) It includes SRS game intervention) 

Module Statistics 2014/15 2015/16 Difference 

of means 

Pooled Std. 

Dev. 

Effect size p (t-test) 

CVEN30170 Size 15 23(*) 11.5 14.80 0.78 0.02 

Mean 39.9 51.4(*) 

St. Dev. 11.8 17.3(*) 

Skewness 0.39 -0.18(*) 

Kurtosis  -0.03 -0.73(*) 

CVEN40150 Size 23 21(*) 2.8 18.27 0.15 0.61 

Mean 57.2 60.0(*) 

St. Dev. 19.5 16.9(*) 

Skewness -0.97 -0.70(*) 

Kurtosis  0.56 0.64(*) 

CVEN30020 Size 15 23 -1.8 19.65 -0.09 0.79 

Mean 44. 7 43.0 

St. Dev. 20.80 18.4 

Skewness -0.38 0.15 

Kurtosis  -0.88 0.09 

4.3 Limitations  

There are limitations to the potential generalization of this investigation beyond the four populations of fifteen 

(CVEN30170, 2014/15), twenty-three (CVEN30170, 2015/16), twenty-three (CVEN40150, 2014/15) and twenty-

one (CVEN30170, 2015/16) students tested on structures-related modules within an Irish Civil Engineering 

School. The SRS game is tested partially in 2015/16, i.e., in one-third of the lectures in CVEN40150 and in one-

half of the lectures in CVEN30170. It is not possible to gain insights into any gender effects given that 82.3% of 

the population was male. Ideally, both control and test groups would have been selected within the same academic 

season and pre- and post- tests employed to evaluate students’ performance. However, control (2014/15) and test 

(2015/16) populations are selected from different academic seasons due to limited resources. Exam performance 

by the same students in another module without any intervention (CVEN30020) has been employed to compare 

the mean academic ability between 2014/15 and 2015/16. The populations taking the CVEN40150 exam have 

similar dimensions in both years; however, the CVEN30170 population in 2015/16 is 53.33% larger than in 

2014/15. It must also be taken into account that the level of difficulty of the exams in these two years is comparable 

but the questions are not identical.  
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5. Conclusions 

In the introduction of this paper, it has been argued that there are remaining issues in providing successful feedback 

and in engaging students to be addressed. The benefits of using SRSs to fill the gap between what is understood 

and what is aimed to be understood has been published extensively. However, this paper has shown its 

applicability to a particular field in Civil Engineering education and has also introduced the novel idea of linking 

it to a relatable game for the learners (‘Le Tour de France’). Students have been provided with a tool that brings 

the benefits of Wi-Fi based SRSs and games together to achieve high levels of student engagement. Here, the 

game is a race that has been designed as a type of formative assessment where students are graded according to 

their timing in the overall standings.   

The approach has been successfully tested in two structures-related civil engineering subjects: CVEN30170 

and CVEN40150. Compared to previous seasons, the impact of the SRS game has been noticed in CVEN30170 

more strongly than in CVEN40150, largely due to a historically poorer exam performance and a lower degree of 

students’ satisfaction. While students have received immediate feedback and measure of their knowledge, the 

facilitator has been able to monitor their level of understanding on a continuous basis and to take remedial actions 

as needed. As a result, students have confirmed via confidential questionnaires and exams that they are studying 

harder and that they are learning more than with past traditional practices. These responses can be attributed to a 

better alignment between outcomes and assessment, and to the higher frequency and intensity of assessment via 

the SRS game. It is worthwhile to mention that students have weighed the use of a game theme as one of the most 

positive aspects of the initiative. Firstly, instant feedback has led to more effective learning in accordance with 

Gibbs & Simpson (2004) and Wiliam (2011). Secondly, the game component has brought an increased effort and 

motivation into students compared to the observation of a conventional SRS alone. As reported by Whitton (2007) 

and Huang et al. (2010), this motivation can be the result of perceiving the game as the most effective way to 

learn.  

It must be noted that the SRS game can also be played outside the lecture theatre. By facilitating learning at 

different times and in different places as recommended by Ebner & Holzinger (2006), the SRS is serving students 

to support and maintain the empowering sense of taking charge of their own learning in a way that a traditional 

teaching setting cannot meet. The fact that the students have been exposed to the SRS game by the first time could 

suggest that their positive perception has been affected by the novelty of the intervention. Nonetheless, students 

were exposed in these and other modules of successive years to the same SRS game, when they quoted ‘the Tour 

de France was a great success again’ and ‘a good way to learn’, and they kept emphasizing how useful it was in 

helping them to check if they were grasping each concept in class and how it encouraged them to study the notes 

prior to the exam period. All these experiences justify the expense in time that the setting of the SRS game requires.   

At present, the connection between the cloud-based SRS and the game is handled manually. Future 

developments seek to integrate both into a unique interface where the information from each stage will be 

transferred into the overall classification automatically. The possibility of incorporating graphics with stage 

profiles (rougher the more difficult the questions) and of allowing students to choose a customized cyclist jersey, 

to visualize animated cyclists with a cycling pace linked to their answers and superposed on the stage profile, to 
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play with other peers and/or computer characters (i.e., simulating cyclists performing at a range of grade levels) 

or to hover over a specific cyclist or group of cyclists in the stage to display either the time difference, the full list 

of cyclists with their live times at the stage in course or the live overall standings (sum of all stages up to that 

point) will be explored amongst other appealing features, to convert the suggested approach into a unique stand-

alone educational game.  
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