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Abstract: Performance of engineering degree students often becomes an important concern for 24 

lectures. Using classical teaching methodologies in practical lectures may be behind the problem. 25 

The present work develops a couple of innovative student-response-system based methodologies 26 

designed to be implemented during engineering practical lessons in higher education (BSc level). 27 

A pretest-posttest design is developed to assess the evolution of student’s performance (third 28 

course in Civil Engineering degree at the University of Córdoba). In addition, a motivational 29 

questionnaire towards the use of the innovative methodologies has been filled by the students. The 30 

results of this pilot experience show an impact on performance by the rapid feedback linked to the 31 

in-class formative assessment, in which conceptual reminders at the beginning of the practical 32 

lessons boost the motivation, engagement, and enhancement. The motivational questionnaires 33 

depicted a favourable perception of the methodologies by the students, highlighting their 34 

recommendation to extend its application to other lecturers. 35 

Keywords: student response system; higher education; civil engineering; 36 

performance; motivation 37 

Abbreviations: Student Response Systems (SRSs); Question Metrics (GQM); European Higher 38 

Education Area (EHEA); New Information and 39 

Communication Technologies (NICTs); Game-based 40 

Student Response System (GSRS); research questions 41 

(RQs); Problem Based Learning (PBL); Reminder plus 42 

Kahoot! Survey (RKS); Standard lesson plus Kahoot! 43 

Survey (SKS);  44 

Introduction 45 

The importance of considering technology to enhance teaching and learning processes during 46 

lecture sessions is a well-known item highlighted by the education community. The use of 47 

technology by students in both the inside and outside of the learning framework cannot be denied. 48 

Inside the classroom, the use of electronic devices may promote bad habits, thus, with a negative 49 

impact on the student’s efficiency. Tossell, Kortum, Shepard, Rahmati, & Zhong (2015) concluded 50 

that students often perceived their own smartphone devices as a distraction to requisite learning for 51 

classroom performance. However, technology can be regarded as a tool to address certain 52 

deficiencies inside the classroom. Since the past decade, the emerging Student Response Systems 53 
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(SRSs) are playing a key role at colleges as well as universities (Dangel and Wang, 2008). SRSs 54 

conforms an evolving in-class-student-polling technology designed to create engaging and inviting 55 

learning environments maximizing active learning (Lowery, 2005). This methodology is referred 56 

in the literature as clickers, Audience Response Systems (Banks, 2006), Classroom Response 57 

Systems (Naismith, Lonsdale, Vavoula, & Sharples, 2004; Roschelle, Abrahamson, & Penuel, 58 

2004; Fies and Marshall, 2006), or voting machines (Reay, Bao, Warnakulasooriya, & Baugh, 59 

2005), among others. Evidence on the effectiveness of using this technology can be an important 60 

resource for tutors seeking to engage learners and raise the quality of learning experiences 61 

(Heaslip, Donovan, & Cullen, 2014).  62 

To accomplish the requirements of the European Higher Education Area (EHEA) (EHEA, 63 

2008), it is necessary to promote the use of New Information and Communication Technologies 64 

(NICTs) in learning frameworks. In this sense, the introduction of game-based student response 65 

system (GSRS) is being considered effective for classroom dynamics (Wang and Lieberoth, 2016). 66 

The game-based version of SRS permits to activate a competition mode, in which students must 67 

compete for a higher score, promoting interactivity and motivation. Recent works report benefits 68 

on using games as teaching tools for students (Wang, Øfsdahl, & Mørch-Storstein, 2007; Wang, 69 

Øfsdahl, & Mørch-Storstein, 2008; Wu, Wang, Børresen, & Tidemann, 2011), including those 70 

from engineering grades (Bodnar, Anastasio, Enszer, & Burkey, 2016).  Chen, Whittinghill and 71 

Kadlowec (2010) provide evidence that the use of clickers-type technology may have a positive 72 

impact on engineering students’ learning process. In this regard, Carnevale (2005) reported the 73 

improvement of motivation and engagement including gamification techniques in traditional 74 

classroom lectures. That positive impact is likely to be given by the resultant feedback of the 75 

application of the GSRSs. Particularly, regarding this rapid feedback likely to enhance the 76 

learning, engineering practical lessons in higher education are especially susceptible to be studied. 77 

This thought is supported by the frequent poor background presented by new engineering students 78 

and their anecdotical shallow exposure to methodologies promoting the use of new technologies in 79 

high school. This problem, which may not be universal, is however spreading and reported by self-80 

experience in the Civil Engineering degree at the University of Córdoba, Spain, motivating a 81 

critical thinking towards its solution. In this regard, there exist plenty of software that permits the 82 

implementation of GSRS into a lecture such as Socrative (Coca & Slisko 2013) or Quizlet 83 

(Gruenstein, McGraw, & Sutherland, 2009). Among them, Kahoot! stands out as a free online 84 

GSRS software becoming in a common tool for teachers in recent years (Wang and Lieberoth, 85 

2016) being its competitive nature the crucial factor to keep the students attention (Wang, 2015).  86 

The need of achieving the requirements by the EHEA, the spreading use of the SRSs in 87 

learning frameworks, and the problem concerning engineering practical lessons convey to 88 

motivate a new research work. This pilot study presents the application of innovative SRSs based 89 

methodologies to engineering practical lectures for higher education, introducing a conceptual 90 

reminder at the beginning of the lessons as a ground-breaking resource. A pretest-posttest design 91 

involving control group is conducted for each methodology in consecutive time periods. The 92 

assessment of the results in the tests allows to investigate the impact on the students’ performance 93 

by the application of the innovative methodologies. Furthermore, satisfactory questionnaires are 94 
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filled in by the students at the end of the last phase, in which Kahoot! is used without control 95 

group, thus allowing to recover students’ motivation evolution data.  96 

Background 97 

Largely, the increasing presence of new technologies in common life establishes a higher, 98 

challenging qualitative learning framework to address. Especially for the European community, 99 

the spreading of the new technologies in learning environments along with the educational 100 

internationalization demand keeping up-to-date the job-related skills to adapt to change (Pons and 101 

Moreno, 2005; European Communities, 2007; Pons, 2007). In this regard, higher education 102 

provides an important framework to develop and boost skills and competences linked to lifelong 103 

learning.  104 

Both technical and human skills, which are necessarily linked to the continuous changing 105 

society and its habits, are inherent to the personal development of the civil engineering students, 106 

where new technologies play a key role. Application of SRSs or GSRSs to learning environments 107 

leads to an enhancement of motivation, learning practices, and competences (Stay, Nielsen, 108 

Hansen-Nygard, & Thorseth, 2010), which have been successfully applied to engineering learning 109 

environments before (d’Inverno, David, & White, 2003, Petropoulakis & Flood, 2008; Dabbour, 110 

2016). Furthermore, it becomes important to study their impact on active learning in practical 111 

lessons for engineering courses (Jenkins and Goo, 2005; Brannan, Hajduk, & Murden, 2010; 112 

Freeman et al., 2014). Particularly, the use of clickers has shown a potential to boost effectiveness 113 

in civil engineering courses as concluded by Brannan et al. (2010). 114 

Student learning can be greatly supported by the implementation of in-class formative 115 

assessment instructional methods (Black and William, 1998), mainly linked to the in-class 116 

immediate feedback generation. Brosvic, Epstein, Cook, & Dihoff (2005) highlighted a significant 117 

improvement in student performance when a primary immediate feedback is provided, boosting 118 

the retention skills. That finding concurred with the findings by Dufresne and Gerace (2004), who 119 

stated that classroom assessment entails an upper grade of classroom culture than that derived 120 

from the focus on students’ mental processes. In that sense, SRSs can be seen as tools to provide 121 

immediate feedback to students, via instantaneous responses (Meltzer and Manivannan, 2002), 122 

and, therefore, help them to overcome impasses, achieve threshold concepts, and progress from 123 

liminality leading to truly advancements in learning processes (VanLehn, Siler, Murray, 124 

Yamauchi, & Baggett, 2003). These benefits are also likely boosted by the enhancement of 125 

students’ participation and motivation by the SRSs (Rodriguez-Largacha et al., 2014; Stehling, 126 

Bach, Vossen, & Jeschke, 2014). However, as it was concluded by Roselli and Brophy (2006), not 127 

only the students are benefited by the in-class formative assessment, but also the instructors are 128 

helped to understand the real student comprehension on the subject. Both alike benefits were 129 

likewise reported by Kay and LeSage (2009) by an extended literature review.   130 



5 

Material and methods 131 

Research questions and research approach 132 

The main goal of the evaluation presented in this work was to investigate the effects on efficiency, 133 

performance, and motivation of applying new methodologies based on SRSs in engineering 134 

practical lectures at BSc level in higher education. The research method used herein is founded on 135 

the Goal Question Metrics (GQM) approach (Basili, 1992). The GQM approach establishes 136 

definitions of the research goal as a conceptual level, a set of research questions as an operational 137 

level, and finally a set of metrics to answer the defined research questions as a quantitative level. 138 

According to the GQM template, the purpose of this study was to evaluate the effects of applying 139 

new SRSs based methodologies in engineering practical lectures for higher education.  140 

The research questions (RQs) were defined by decomposing the research goal as follows: 141 

 RQ1: Do SRSs help to improve the general performance of engineering students in 142 

practical lectures? This research question focuses on investigating the effect of using 143 

SRSs at the end of the engineering practical lectures to generate a strong feedback.  144 

 RQ2: What is the effectiveness of applying a concept reminder at the beginning of the 145 

engineering practical lectures concerning to the general performance in a subject? This 146 

research question analyses the impact of remembering the theoretical concepts to work on 147 

any engineering practical lectures.  148 

 RQ3: Does the implementation of new SRSs based methodologies in engineering 149 

practical lectures help to improve the students’ motivation towards a subject? This 150 

research question studies how the students’ motivation regarding to an engineering 151 

subject evolves as a new SRSs based methodology is applied. 152 

To evaluate the operational level of the RQs, Kahoot! surveys along with observations are 153 

used as data sources. Thereby, this research combines both qualitative and quantitative data for the 154 

analysis. RQ3 is evaluated by using the data from satisfactory questionnaires. To that purpose, the 155 

English written Students Questionnaire on the Use of Clickers by Roush and Song (2013) and the 156 

Spanish one by Fuertes et al. (2016) are adopted and replicated in this study. Note that Roush and 157 

Song’s questionnaire covers a wider range of items than the one from Fuertes et al.’s, having 38 158 

and 6 items respectively. For this questionnaire, a free answered question with blank space about 159 

the enhancement of the Kahoot! surveys is provided, and thus personal queries can be collected.  160 

Method 161 

To assess of the research questions, two different methodologies were developed, implemented, 162 

and compared in this study as presented below. Both methodologies differ from each other in the 163 

application of a reminder of theoretical concepts at the beginning of the practical sessions. The 164 
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comparison between the new methodologies and the classical one was accomplished based on a 165 

pretest-posttest design involving a control group. Due to the reduced number of class-hours for the 166 

subject (hardly above sixty) this research was accomplished during six weeks, divided into three 167 

phases, as coincident to the course plan. The first methodology was applied during the first two 168 

weeks (phase 1), whereas the second methodology was implemented to both groups during the 169 

weeks three and four (phase 2), inverting the rolls between experimental and control groups. For 170 

the weeks five and six (phase 3), the classical methodology (neither having a reminder of 171 

theoretical concepts nor a Kahoot! survey) was used to end up with the satisfaction questionnaires.  172 

Sample 173 

The research was conducted on the Civil Engineering degree of the University of Cordoba, Spain, 174 

on the third-year BSc level subject named ‘Hydraulic Engineering Applied to Distribution 175 

Systems’ during the course 2016/2017. The sample were composed by 17 students (14 males and 3 176 

females) of 21 to 28 years old, with mean (M) = 23.59 and standard deviation (SD) = 5.61. Most 177 

of the participants attended to the subject for the first time, whilst only a few were re-attending 178 

because of a failure in previous years. The students attended to the practical lectures in two 179 

different groups, which are denoted as group A and B in this study (composed by 9 and 8 students 180 

respectively). The teaching activities in the practical lessons involve solving real engineering 181 

problems related to the subject, encouraging the students to work individually and check the step-182 

by-step results in the end using the teacher solution (explained in details for the group by using a 183 

classical blackboard method). Thereby, the problem based learning (PBL) is applied.  184 

Methodologies 185 

First Methodology: RKS 186 

 The first methodology is noted as the Reminder plus Kahoot! Survey (RKS). The RKS 187 

methodology consists of applying a reminder of theoretical concepts to work with during 188 

the practical lessons and later-on the application of a Kahoot! Survey. Through the 189 

reminder of theoretical concepts at the very beginning of the practical lessons, it is 190 

expected to support the short-term memory of the students upon the basis of the 191 

upcoming work. Moreover, as the theory is summarized, a strong link between theory and 192 

its application is favoured, which may enhance students’ motivation towards the subject. 193 

Then, by the end of each practical lessons, the Kahoot! Survey is applied to generate a 194 

strong feedback for the students. The contents of the Kahoot! Survey are related to the 195 

theoretical concepts applied during the practical lessons. Hence, due to the proximity of 196 

the reminder in time, the feedback is supposed to yield a strong impact.  197 

Figure 1a depicts the RKS methodology. The duration of a practical lesson is represented 198 

by T (two hours). The RKS methodology proposes a splitting scheme of T as follows: 199 
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(1) The first 5% of T is devoted to the conceptual-theoretical reminder. 200 

(2) The next 80% of T is dedicated to the usual practical lesson time.  201 

(3) The last 15% of T is used to apply the Kahoot! Survey on the work of the lesson. 202 

The regular practical lesson is only reduced from 100% to 80% of T, which is expected to 203 

not suppose in a high impact on students’ performance, since the rest 20% of T is employed to 204 

reinforce contents. 205 

Second Methodology: SKS 206 

 The second proposal is the so-called methodology Standard lesson plus Kahoot! Survey 207 

(SKS). The SKS methodology consists on the application of a Kahoot! Survey at the end 208 

of the regular practical lesson. The reminder of theoretical concepts is then avoided to 209 

enlarge the standard practical lesson duration, which may lead greater impact on students’ 210 

performance as the concepts are worked during more time. A high feedback resulting 211 

from the application of Kahoot! Survey is expected anyways.   212 

Figure 1b shows the conceptual sketch for the SKS methodology. Here, the practical 213 

lesson work occupies the 85% of T, whereas the time invested to apply the Kahoot! Survey 214 

remains as 15% of T. In a two-hours lesson, the 15%T = 18 minutes which may not lead to a 215 

strong regular practical lesson reduction if it is properly planned. 216 

Procedure 217 

According to Figure 2, the RKS methodology is firstly applied to the experimental group (A) 218 

during a couple of weeks (phase 1), whereas the application of the SKS methodology (group B) is 219 

conducted in the next two weeks (weeks 3 and 4 [phase 2]). Prior to the beginning of the practical 220 

lectures, a few minutes of extra-class time is required to take the pre-tests. The lecturer then 221 

introduces the methodology details to the students, asking for honesty in their answers and 222 

highlighting the importance of the new methodologies as concert to their performance. Both 223 

methodologies are then developed during the practical lectures occupying the full-length T. Once 224 

the lectures finish, the post-tests are taken in new additional extra-class time. To help retaining the 225 

students for the last extra-time, the lecturer alerts the impact of having the post-tests on their 226 

feedback as well as a little reward for good performance in the answers. The last is expected to 227 

help enhancing the concentration of the students on the tests.  228 

The pre-tests and post-tests are questionnaires built with 5 to 6 questions of multiple 229 

choice related to the contents of previous theoretical lectures. These theoretical lessons are 230 

delivered into 1.5 h long sessions at the beginning of the week. Thereby, in the same week, both 231 

the theoretical and practical lessons are related to a unique, previously planned content, assuring 232 

their link. To enable the comparison and assessment of the results from the tests, each pair of 233 

pretest-posttest is related to the same content, where questions are asking for the same concepts. 234 



8 

Furthermore, in order to avoid bias in the posttests’ responses introduced by residual memories, 235 

posttests’ questions are written differently and sorted following a different order as compare to the 236 

pretest. In this pilot experience, one out of two pair of pretest-posttest is applied per two weeks. 237 

Each one of the tests were elaborated by the four teachers of the subject in common, extending its 238 

validation.  239 

The Kahoot! Surveys are compound by 8 to 10 multiple choice questions. The 240 

smartphones are required to act as clickers in the practical lecture, whereas the use of laptops is 241 

permitted if the formers are missing or not running properly. During the application of the Kahoot! 242 

Surveys, the speakers are enabled, so that the background music is listened to by the students. As a 243 

non-verified observation, by enabling the background music, the students’ attitude towards the 244 

survey seems to be modified, making them more relaxed and, hence, leading to a more natural 245 

feedback, which could be stronger than in a classical one (without music). The competition option 246 

in Kahoot! Surveys is also enabled to improve engagement of the students. 247 

Once the pretest-posttest design and the methodologies are conducted, the students are 248 

involved into a new phase in which the SKS methodology is applied to both groups A and B. 249 

Therefore, the same content is powered for all the students using the SRSs. At the end of the phase 250 

3, the students are asked to fill the satisfactory questionnaires.  251 

Results 252 

The results from the application of both satisfactory questionnaires by (Roush and Song, 2013) 253 

and (Fuertes et al., 2016) are quantitatively analyzed. The free responses in the sixth question by 254 

the Fuertes et al. (2016)’s satisfactory questionnaire are qualitatively commented. Later, a one-way 255 

ANOVA test is conducted over the gain scores results obtained from the pretest-posttest design to 256 

study the factor structure, the reliability, and the null hypothesis (Dimitrov and Rumrill, 2003; 257 

Papastergiou, 2009; De Grez and Valcke, 2013).   258 

RQ1: Effect on Performance 259 

Figure 3 shows the assessment of performance for the RKS methodology as applied during the 260 

first couple of weeks (phase 1). The results of the tests as well as the relative enhancement are 261 

presented in terms of passing percentage in Figure 3. In percentage, the relative performance 262 

enhancement was calculated as 100*(posttest-pretest)/10, that leads to 100% when posttest = 10 263 

and pretest = 0. As compared to the performance of the control group for the pretest (54.3%), the 264 

experimental group yields a higher relative performance enhancement (26.7%). The average of the 265 

pretest performance in the experimental group was below 50%, meaning an averaged fail in the 266 

group (45.7%). Notwithstanding, the application of the RKS methodology to this group allowed to 267 

enhance performance up to 73.3%, greater than the posttest performance in the control group 268 

(68.6%). The feedback leading by the RKS methodology is then of high impact, where it is 269 

important to remember that the conceptual reminder is acting at the beginning of the practical 270 
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lesson.  271 

The assessment of performance for the SKS methodology is depicted in Figure 4. The 272 

SKS methodology was applied during the weeks 3 and 4 (phase 2), inverting rolls in the 273 

experimental and control. The highest relative performance enhancement was again presented for 274 

the group attending in first turn to the practical lessons (33.3%). On the opposite, the experimental 275 

group leaded a high performance on the pretest that shortened the enhancement range, so that 276 

yielding a 12%. That bias can be laid by a non-uniform attitude or skills levels towards the subject 277 

by the students of both groups. However, the lower value of the experimental group for the relative 278 

performance enhancement should not be considered as a bad result as compared to the control 279 

group. Note that a little enhancement from 72% (experimental group pretest performance) may 280 

imply more effort than one from 48.3% (control group pretest performance). Furthermore, the 281 

posttest performance is greater for the experimental group (84%) than the control group (81.7%), 282 

which corroborates a best performance of the experimental group.  283 

Using the data from experimental group in both the application of RKS and SKS 284 

methodologies, statistical information of the performance gain scores (=pretestposttest) after 285 

using a one-way ANOVA test is recovered. Ordering gain scores with respect to the 286 

methodologies (1 = RKS and 2 = SKS), taking the gain scores as dependent variable and the 287 

methodology as the categorical predictor, leads to df = 1, F = 0.98, p = 0.34, and dferror = 12 (df is 288 

the degree of freedom, F is the F-factor, and p is the p-factor). As the p becomes greater than a 289 

significance level of 0.05, the null hypothesis (it is the population means are overall equal) is 290 

rejected.  291 

RQ2: Effectiveness of the Conceptual Reminder 292 

Comparing results in Figure 3 and 4, the relative performance enhancement in the experimental 293 

group is higher for the RKS methodology than the SKS, which differentiate one to each other from 294 

the application of the conceptual reminder. Its application allowed to enhance performance up to 295 

26.7%, but, most importantly, permits to increase scores upon the level of passing (above 50%) 296 

when coming from a 46.7% averaged value in the pre-test. The application of the conceptual 297 

reminder consisted on a very short classical lecture where important concepts to be worked in the 298 

lecture were remembered by using technological devices as well as board work.  299 

Throughout an informal testing (after-class interviews) of the students’ opinion towards 300 

the application of the conceptual reminder, a positive attitude was found. Factors as implication of 301 

additional extra-class time or the repetition of portions of the theoretical lectures were not 302 

considered as notable concerns by the students.  303 

RQ3: Effect on Motivation 304 

Table 1 (Appendix) summarizes the results obtained from the application of the satisfactory 305 

questionnaire by (Fuertes et al., 2016) on paper to both group of students by the end of the week 6. 306 

The last couple of weeks, they are 2 weeks after finish applying SKS methodology, were used to 307 
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apply a merged Kahoot! Survey to all students. The participants answered to the statements in the 308 

survey according to a Likert-type scale: Strongly Agree, Agree, Neutral, Disagree, and Strongly 309 

Disagree. Here, the questionnaire by Fuertes et al. (2016) is translated into English for a better 310 

understanding of the general readers. However, this questionnaire was answered in Spanish by 311 

Spanish speaker students (low level of understanding of English), which leads to more confident 312 

results. Overall, the students showed a good attitude towards the use of SRSs into the practical 313 

lesson, highlighting their recommendation to extend this practice to other teachers and finding it 314 

useful to their learning process.  315 

Table 2 (Appendix) summarizes the results obtained from the application of the 316 

satisfactory questionnaire by Roush and Song (2013) on paper under the same conditions as the 317 

former questionnaire (Fuertes et al., 2016). The questionnaire by Roush and Song (2013) was 318 

adapted from MacGeorge et al. (2008). Both satisfactory questionnaires were applied at the same 319 

time, so that bias in students’ motivation could be reduced to minimum. Same Likert-type scale 320 

were employed herein, however, adding a sixth level with N/A-type answer. The most significant 321 

well evaluated statements were ‘I feel more engaged during class because we use Clickers’, ‘Time 322 

spent using Clickers is time well spent’, ‘Because of clickers, it is easier for me to tell whether I 323 

am mastering class materials’, and ‘I understand more in the class because we use Clickers’, 324 

presenting percentages of agree answers above 50%. Therefore, a positive attitude by the students 325 

concerning the use of SRSs is highlighted. On the other hand, the most significant bad evaluated 326 

statements were ‘Using Clickers boosts my enthusiasm for studying the material we learn in this 327 

class’ and ‘I have had a good experience with Clickers’. In addition, negative statements such as 328 

‘Using the Clickers technology is pretty hard’ and ‘I do not like using Clickers’ are highlighted by 329 

the students. This discrepancy in the score of similar items in the satisfactory questionnaire 330 

indicates dependence as well as bias in the data to some extent. Several factors such as the 331 

extended length of the questionnaire and the English written statements are likely behind this 332 

incongruity. It is necessary to remark that the data reflected in Table 2 was recovered in second 333 

place (once the satisfactory questionnaire by Fuertes et al. (2016) was answered), so that tiredness 334 

could play a dominant roll to explain the discrepancy.  335 

Discussion 336 

The application of both new SRSs based methodologies for engineering practical lessons has 337 

yielded satisfactory results in terms of score performance. Contrary to what expected on PBL, and 338 

despite the use of technology, the pedagogical intent of the new methodologies remains deductive 339 

as the students are asked to recall theory for an individual use to solve problems. Note that the 340 

RKS and SKS methodologies have been tested to work in a Civil Engineering group of students at 341 

the University of Córdoba, Spain. Traditionally, practical lessons are lectured by means of 342 

classical methodologies in most of the engineering degrees in Spain. Further, the practical lessons 343 

mean a specific weight on the learning process of engineering students (often overcoming the 344 

theoretical lessons in time). Thus, the assembling of a Kahoot! Survey in the end of the practical 345 
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lessons were welcomed by the students and resulted in a strong feedback. This feedback has been 346 

tested to enhance students’ performance by using a pretest-posttest design, as previously reported 347 

by Chen et al. (2010). Furthermore, the beneficial impact of immediate feedback on performance 348 

is likely to be reflected also by the end of the semester, as found by Cotner, Fall, Wick, Walker, & 349 

Baepler (2008). In fact, regarding the subject in study, the 60% of the students passed the subject 350 

during the course 2016/2017, whilst only the 48.48% did it during the previous course 351 

(2015/2016), reflecting on the positive impact of the methodologies by the end of the course. 352 

However, conversely to other findings by Chen et al. (2010), the rapid feedback resulted in a 353 

beneficial advancement for the students even being applied during a short period. Introducing a 354 

little conceptual reminder at the beginning of the lesson, taking some extra-time, permitted to 355 

boost that feedback and, thus, the students’ performance, as concluded in previous sections from 356 

the comparison of RKS and SKS methodologies results. Thus, this strong feedback is necessarily 357 

understood as a result of the design of the whole intervention. Importantly, these findings concur 358 

with those indicated by Mazur (1997) and Falconer (2004) after applying the so-called 359 

ConcepTests to both physics and chemistry classroom environments, enhancing their participation 360 

and motivation. Whereas the preparation of a Kahoot! Survey for every session may imply 361 

additional work for the engineering teachers, the release of the conceptual reminder can be rapidly 362 

executed with no need of groundwork. Importantly, the use of Kahoot! surveys at the end of the 363 

consecutive practical sessions need to be seen as a reliable tool for enhancing and assessing the 364 

students’ performance, as the questions in the surveys are maintained while the last are engrossed 365 

by new basic-concept related multiple-choice questions for the subsequent lessons. Furthermore, 366 

as the smartphone use is generalized in grade students and employed during the end of the class, 367 

the students’ distraction is reduced. That finding is in this line with the conclusions by (Siau, 368 

Sheng, & Nah, 2006), stating that any kind of implication of the smartphone in class, as new 369 

technology devices, will help towards the enhancement of the interactivity.   370 

The application of both satisfactory questionnaires by Fuertes et al. (2016) and Roush and 371 

Song (2013) showed a positive attitude of the students towards the use of Clickers during the 372 

sessions, agreeing with previous finding in this field (Hall, Collier, Thomas, & Hilgers, 2005; 373 

Roselli and Brophy, 2006; Chen et al. 2010). In addition, the questionaries’ results allowed to 374 

corroborate the well understanding of the methodologies by the students, supporting our findings 375 

in classroom. However, the results by Roush and Song’s (2013) questionnaire lead to some minor 376 

negative evaluations, where the complexity of using Clickers is highlighted. That negative 377 

evaluation can be explained by some bias in the data, which was recovered after filling the 378 

questionnaire by Fuertes et al. (2016) and, most importantly, using English as a non-governed 379 

language by the students. Positive evaluation by Fuertes et al.’s (2016) questionnaire, as written 380 

and filled in Spanish, is then of a high reliability. The results highlight an increase of participation 381 

in class, followed by a useful perception of tests as concern to the learning process. The students 382 

highly recommend the extension of the innovative RKS and SKS methodologies to other teachers. 383 

In addition, the students’ satisfaction with the teaching style is in line with the findings by Schmidt 384 

(2011). This overall perception by students and the positive student engagement cover an 385 

undisputable pedagogical objective. Moreover, the sixth question (free answered question) 386 
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revealed a general demand of increasing the number of questions into both the pretest-posttests 387 

and the Kahoot! Surveys. However, a balance between time spent for tests and surveys and 388 

practical lesson duration is required to prevent the students learning process from being reduced.  389 

The application of the successful innovative methodology for practical lectures in 390 

engineering grades is suitable to be extended to other disciplines, apart from civil engineering, as 391 

well as different countries, thus not constraining its application to the Spanish framework. To that 392 

purpose, the engineering practical lessons should satisfy a similar setup to these ones accounted 393 

for, and depicted in details above, this study. Further, both the sample size and the experimental 394 

duration require being enlarged to reduce bias in the results from non-randomize selection of 395 

groups and the rapid switching of roles. This, together with the validation and reliability analysis 396 

of the questionnaires as well as an extended statistical analysis, may significantly improve the 397 

research method. 398 

Conclusions 399 

The present study presents two innovative SRSs based methodologies to be applied to engineering 400 

practical lessons in higher education, in which the novelty is found in the conjunction of 401 

preliminary basic-concepts reminder and the ultimately use of Kahoot! surveys. The objective of 402 

their application is to enhance both performance and motivation of the students in engineering 403 

practical lessons. The assessment of the use of Kahoot! Surveys at the end of the lessons as well as 404 

a conceptual reminder at the very beginning aimed us to evaluate the effectiveness of the 405 

methodologies. The method consisted on a pretest-posttest design that permitted to measure the 406 

degree of enhancement by the application of both innovative methodologies. By the end of the 407 

pretests-posttest design period, the Kahoot! Surveys are merged into one summarizing survey that 408 

is applied to students to finally answer satisfactory questionnaires.  409 

Through the present pilot experience, the relative performance enhancement is found to 410 

be greater by the RKS methodology than the SKS methodology. Differing from the application of 411 

the conceptual reminder just before the lessons, it is recommended the use of the RKS 412 

methodology. The planning of the conceptual Reminder does not imply a hard groundwork as it is 413 

based on previous theoretical lessons. However, a certain extra-time for work is required for the 414 

teachers to properly arrange the Kahoot! Surveys. Despite the effort, it is found that extra-effort 415 

may result in an enhancement of the students’ performance, motivation, and participation in 416 

practical lessons, leading to a development of the quick-response practical engineering skill, and 417 

so the tacit knowledge.  418 

The superior performance of the group A in the phase 2 could be explained by means of a 419 

pre-training effect in the previous phase. Finally, apart from the limitations of the present work 420 

(sample size and experiment duration) by following this research line in engineering practical 421 

lessons methodology, further studies should be focused: (i) to extend this pilot study to greater 422 

samples during more extended period of practical lessons, addressing, if possible, a wider range of 423 

engineering disciplines; (ii) to use rubrics to evaluate the evolution of the performance, and (ii) to 424 



13 

apply the successful methodology in subsequent, consecutive courses, thus allowing to evaluate 425 

the association of the performance scores in classroom with the performance of the students in the 426 

University exams progressively.  427 
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Appendix: Satisfactory Questionnaires Results 607 

The results by the satisfactory questionnaires by Fuertes et al. (2016) and Rough and Song (2013) 608 

are summarized in the following Table 1 and Table 2, respectively.   609 
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 610 

Tables 611 

Table 1. Results from the satisfactory questionnaire by Fuertes et al. (2016) 612 

Statement 

Strongly 

Agree Agree Neutral Disagree 

Strongly 

Disagree 

I have found the tests as useful for 

my learning process. 

41.7% 41.7% 8.3% 0% 8.3% 

The number of questions per test is 

adequate. 

27.8% 38.9% 8.3% 19.4% 5.6% 

The tests have enhanced the level of 

my participation in class. 

44.4% 38.9% 5.6% 0% 11.1% 

The quality of the access to the tests 

have been adequate. 

44.4% 33.3% 5.6% 2.8% 11.1% 

Do you recommend this practice to 

other teachers? 

58.3% 25% 0% 2.8% 11.1% 

 613 

  614 
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Table 2. Results from the satisfactory questionnaire by Roush and Song (2013) 615 

Statement 

Strongly 

Agree Agree Neutral Disagree 

Strongly 

Disagree 
N/A 

I feel more engaged during 

class because we use 

Clickers.  

23.5% 58.8% 11.8% 2.9% 0% 2.9% 

Because we use Clickers, I 

have a greater sense of 

participation in the class. 

26.5% 38.2% 32.4% 0% 2.9% 0% 

Using Clickers heightens my 

interest in whatever else we 

do during class.  

26.5% 41.2% 20.6% 8.8% 2.9% 0% 

I wish we spent less time 

using Clickers. 

5.9% 32.4% 14.7% 29.4% 14.7% 0% 

Time spent using Clickers is 

time well spent. 

17.6% 58.8% 14.7% 2.9% 2.9% 0.0% 

I have thought about not 

answering or actually did not 

answer a Clickers question 

because I was afraid someone 

near me would see how I 

answered.  

11.8% 17.6% 26.5% 17.6% 20.6% 2.9% 

Using clickers makes me 

more attentive during lecture 

or other class activities. 

8.8% 35.3% 32.4% 14.7% 8.8% 0.0% 

Using Clickers helps me focus 

on the subject matter during 

class.  

26.5% 47.1% 23.5% 2.9% 0.0% 0.0% 

Using the clickers technology 

is easy. 

23.5% 44.1% 29.4% 0.0% 0.0% 0.0% 

I have no problems using the 

clickers technology. 

55.9% 35.3% 5.9% 2.9% 0.0% 0.0% 

Using the Clickers technology 

is pretty hard.  

47.1% 41.2% 8.8% 0.0% 2.9% 0.0% 

Using Clickers boosts my 

enthusiasm for studying the 

11.8% 17.6% 23.5% 20.6% 20.6% 5.9% 
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material we learn in this 

class.  

Using clickers makes me 

more motivated to learn in 

this class. 

32.4% 47.1% 14.7% 5.9% 0.0% 0.0% 

If we didn’t use Clickers, I 

would be less interested in the 

topics we cover in this class. 

29.4% 44.1% 14.7% 0.0% 0.0% 0.0% 

Using Clickers makes me 

more likely to review my 

notes prior to class.  

8.8% 26.5% 35.3% 17.6% 0.0% 0.0% 

Using Clickers encourages 

me to do readings prior to 

class.  

20.6% 38.2% 23.5% 0.0% 0.0% 5.9% 

Because we use Clickers, I 

prepare for class more than I 

would otherwise.  

20.6% 44.1% 8.8% 8.8% 0.0% 2.9% 

Using the clickers is fun. 17.6% 35.3% 26.5% 5.9% 2.9% 0.0% 

It is exciting to answer 

questions using Clickers 

technology.  

44.1% 32.4% 8.8% 0.0% 0.0% 0.0% 

I enjoy using the clickers 

technology. 

29.4% 41.2% 8.8% 2.9% 2.9% 0.0% 

I do not like using Clickers. 35.3% 32.4% 8.8% 5.9% 2.9% 0.0% 

I have had a good experience 

with Clickers. 

17.6% 11.8% 8.8% 20.6% 26.5% 0.0% 

Because Clickers is used, I 

attend class more regularly 

than I would otherwise. 

35.3% 29.4% 14.7% 2.9% 0.0% 0.0% 

Using clickers increases my 

likelihood of attending class. 

20.6% 32.4% 29.4% 2.9% 0.0% 0.0% 

Using clickers motivates me 

to attend class. 

17.6% 47.1% 14.7% 2.9% 0.0% 0.0% 

Because of Clickers, I have a 

better idea of what to expect 

17.6% 44.1% 20.6% 2.9% 0.0% 0.0% 



23 

on exams, quizzes, or 

assignments. 

I believe that I know more 

about what will be 

emphasized on exams, 

quizzes, or assignments 

because of Clickers. 

20.6% 47.1% 17.6% 0.0% 0.0% 0.0% 

Using clickers gives me a 

preview of what I will need to 

know for exams, quizzes, or 

assignments. 

20.6% 35.3% 26.5% 0.0% 0.0% 2.9% 

Because of clickers, it is 

easier for me to tell whether I 

am mastering class materials.  

14.7% 52.9% 17.6% 0.0% 0.0% 0.0% 

Because of Clickers, I am 

more certain about how I am 

performing in the class.  

20.6% 44.1% 14.7% 5.9% 0.0% 0.0% 

Using clickers helps me more 

easily determine how well I 

am doing in the class. 

26.5% 35.3% 23.5% 0.0% 0.0% 0.0% 

My knowledge of class 

material is improved by using 

Clickers. 

23.5% 41.2% 11.8% 5.9% 0.0% 2.9% 

I understand more in the 

class because we use 

Clickers.  

23.5% 50.0% 8.8% 2.9% 0.0% 0.0% 

Clickers help me learn class 

material better. 

29.4% 32.4% 23.5% 0.0% 0.0% 0.0% 

Clickers technology is 

interfering with me getting a 

good grade. 

32.4% 47.1% 2.9% 2.9% 0.0% 0.0% 

Because we are using 

Clickers, I expect to get a 

lower grade than I would 

otherwise. 

20.6% 17.6% 20.6% 11.8% 8.8% 5.9% 
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Using Clickers is negatively 

impacting my grade. 

14.7% 14.7% 14.7% 14.7% 17.6% 8.8% 

 616 

  617 
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Figures 618 

Fig. 1 Conceptual sketch of the: (a) RKS methodology and (b) SKS methodology 619 

 620 

Fig. 2 Flow-chart of the experimental procedure 621 

 622 
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Fig. 3 Assessment of performance for the RKS methodology 623 

 624 

Fig. 4 Assessment of performance for the SKS methodology 625 

 626 


