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Abstract 
The current technology trends, along with their continuously evolving character, are fostering major 
transformations in the educational environment; especially, in the higher education sector. This vivid 
scenario is providing a hotbed for the development and application of alternative teaching approaches, 
aimed at reforming the classroom environment, in order to ensure pedagogical practices reflect the 
dominant cultural, professional and societal values in vogue. This is particularly true for engineering, 
given its very scientific/technological nature as well as the high demands for such professionals in 
society. Such transformations may be perceived in more abstract forms – such as teaching approaches, 
learning methods – and, more recently, in more concrete forms, with drastic changes in the physical 
spaces dedicated to teaching/learning. In this context, an investigation has been devised in order to 
assess the impact of such transformations on the reshaping of the teaching approaches and on the 
learning experience of students of the electro-mechanical engineering course at CU Coventry 
(subsidiary of Coventry University); and is, herein, presented as a case study. A comparative study is 
currently being developed around the modules of the second year of the course, tested for both 
teaching/learning approaches and physical classroom design/construction, along successive runs. This 
initiative is intended to produce the first metrics on different degrees of blended approaches and, chiefly, 
on the shift towards the use of technology-enhanced open learning spaces. From such quantitative 
results, appraisals on the pedagogic practices will, then, be elaborated. 
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1 INTRODUCTION  
It is well-known that the levels of technological development and economic prosperity of a society are 
directly linked to the quality of its engineers. These professionals are the ultimate agents of 
development, given the scientific, creative, humanistic, environmental and social dimensions that 
comprise the engineering formation. It is only natural, then, to expect a continuous transformation of the 
methods and means of promoting engineering schooling, in order to ensure compliance with the social 
and economic driving forces [1]. 

Such context is prompting reforms in the higher education sector, more particularly, in the pedagogic 
approaches in engineering. Currently, efforts are concentrated on the promotion – and leveraging – of 
creativity as a chief factor in the formation of the engineer [2], [3]. Innovative practices are oriented at 
forming creative professionals through new pedagogical paradigms, devoted to the incorporation of 
technological trends and maximisation of the effectiveness of the scholarship programme. A major 
difficulty, as pointed out by Fadeeva and Kirillov [4], relates to developing and implementing all the 
elements, in the pedagogical process, that could ensure a holistic methodology; such as scientific 
research and its practical applications, the creative use of cognitive abilities, the interaction between 
learners and the development of digital proficiency [5], [6].  

In its continuous attempt to pioneering the transformation of its higher education pedagogic practices, 
Coventry University is heavily investing in the adaptation of the learning spaces to the new teaching 
approaches. Not only are the practices deployed in classroom evolving to ensure an up-to-date 
methodology, the physical spaces are also being reshaped to encourage its implementation. A new 
building has just been delivered for housing the courses offered by CU Coventry, a subsidiary unit. The 
concept of the new building is one that eliminates walls: instead of having classrooms, the new premises 
present, predominantly, open-plan laboratories. Upon transitioning to these newly-inaugurated spaces, 
students of the electro-mechanical engineering course started having their lectures in these open-plan 
laboratories, where multiple cohorts and modules were simultaneously occupying the same physical 
space. Figure 1 illustrates the new style classroom, whose design was thought of to eliminate physical 
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barriers between students and encourage the interaction between them, the use of lab devices and 
equipment, and the easy access to multiple lecturers.  

 
Figure 1. (a) A picture of students engaged in activities and interacting between themselves; in (b), two 

lecturers are seen roaming around the stations during a lecture for student support.  

Such concept of the new classroom was implemented after many years experimenting with innovative 
teaching practices, devoted to an ever-so increasing level of incorporation of technology into the lectures 
and lesson activities. Recent studies indicate that technology-enhanced learning, with the use of 
multimedia resources, software-conducted lectures, demonstration-based tutorials and similar are 
strong allies in the creation of appealing – and accessible – objects or learners[6], [7], [8]. 

Given that the transition from the traditional style of lectures to the open-space, technology-enhanced 
practices happened between academic bimesters, students were presented to the new style half way 
through their course. Therefore, in order to assess the impact of the changes on the learning experience, 
an investigation on the students’ performance, preferences and perceptions has been conducted. The 
aim of such initiative was to collate data from different modules along consecutive academic bimesters, 
in order to evaluate the impact of the different approaches in the learning process.   

2 METHODOLOGY 
A comprehensive study on the effects of the transition from a traditional classroom environment to an 
open learning space was designed to generate the first datasets for a comparison between the 
traditional teaching practices and the innovative style. The idea was to investigate the impact of each 
approach, as well as their relative degree of success and limitations, on the students’ experience and 
opinion. The performances of second year students enrolled in two modules of the electro-mechanical 
engineering course at CU Coventry along the academic bimesters 3, immediately before the transition, 
and 4, the first in the new environment, were closely followed. A total of 72 students were evaluated 
through their grades in the course works and their analyses on both learning methods. The modules 
investigated were the 209EN – Control & Mechatronics and the 212EN – Smart Manufacturing 
Technology, chosen due to the fact that both were running along the academic bimesters 3 and 4. The 
complete survey had three stages: a pre-emptive stage, the performance analysis and the 
questionnaire. 

The pre-emptive stage was entirely carried out in the traditional classroom environment along the first 
and second academic bimesters. Another module, namely, the 210EN – Mechanical Engineering, 
served as a preliminary tool to evaluate the effect of different degrees of blended learning. In the first 
academic bimester, the 210EN was offered in an entirely flipped modality (lecturing hours dedicated to 
problem-solving activities within the context of the project-based course works and lectures made 
available as videos on the virtual learning environment for remote study), while, in the second, the same 
module ran with a blended approach (alternating between traditional lectures and flipped classroom). 
The final grades of each student were calculated for both cohorts (bimesters 1 & 2), checked against 
their attendance, compared and a potential equivalence was statistically analyzed.  
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The second stage involved a similar procedure, but with the two aforementioned modules: while one 
cohort was enrolled in the 209EN module in bimester 3, the other cohort studied the 212EN. In bimester 
4, the cohorts were swapped. Students from the 209EN in bimester 3 studied the 212EN in bimester 4 
and vice-versa. Therefore, each of these modules ran in a traditional classroom style and in the open-
space/technology-enhanced learning style. Once again, attendance and final grades were used as 
performance indicators. In the case of the open space/technology-enhanced learning, an adaptation 
was made to emphasize engagement over physical attendance, since, in some cases, students were 
following the online lectures remotely. Plots of the performance versus attendance were generated for 
a visual representation of the overall performance distributions. In this process, students whose 
attendance was found to be inferior to 10% and for whom no attempt of submission of the course works 
was recorded were excluded, in order to avoid bias. For each module, the average cohort grade was 
calculated. In order to provide a reliable comparison of the effects of the pedagogic processes for each 
of the studied modules, hypothesis tests for independent samples were conducted (one-tail t-test) for a 
5% probability significance. Given that the variances were unknown, a statistical F-test for variances 
was carried out prior to the t-test, in order to determine whether a test for equal or unequal variances 
should be used. The results were, then, compiled and interpreted, so as to provide a basis for checking 
whether the change in the teaching approaches meant an improvement (or worsening) of the students’ 
performance, or if no direct impact could be drawn. 

Finally, a questionnaire was applied, at the end of the fourth academic bimester, to evaluate the 
students’ own perceptions regarding the change in the pedagogic approach and learning process. The 
questions covered their analysis of the effectiveness of the pre-emptive experiences with the 210EN 
module, of the effectiveness of the new style classroom in enhancing their learning; the reasons for any 
perceived positive impact, the perceived drawbacks (if any) of the open learning spaces and their 
preferences. The collated results are presented next, along with the questions, and analyzed along the 
data from the previous stages.       

3 RESULTS 
The results are presented in the same sequence defined by each stage defined in the previous section.   

3.1 Pre-emptive try out – 210EN module 

3.1.1 Results for the first stage of the survey 
Figure 2 shows “performance versus attendance” plots for the fully flipped 210EN module and for the 
blended approach 210EN. The analyses of variance yielded very close results, summarised in table 1.  

 
Figure 2. (a) students’ performance in the fully flipped module (cohort from bimester 1),  in comparison to 

(b) the blended approach adopted in bimester 2 for the other tested cohort.  
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Table 1. Result of the F-test for the distributions in the “performance vs. attendance”  
plots of the 210EN module from Fig. 2.  

  
Blended 

(traditional) 
Flipped  

(new style) 
Mean 42.60 42.57 
Variance 522.47 360.22 
Observations 24 32 
df 23 31 
F 1.45  
P(F<=f) one-tail 0.17  
F Critical one-tail 1.88   

Since the calculated F-value from the test (F = 1.45) did not exceed the critical F-value for rejection of 
the null hypothesis (Fcr = 1.88), this latter, stating equivalence of the variances for both populations, is 
accepted. Then, a t-test assuming equal variances was conducted for the grades obtained in both runs 
of the module, shown in table 2: 

Table 2. Summary of the hypothesis test for the pre-emptive study module in both modalities.  

  
Blended  

(traditional) 
Flipped  

(new style) 
Mean 42.60 42.57 
Variance 522.47 360.22 
Observations 24 32 
Pooled Variance 429.33  
Hypothesized Mean Difference 0  
df 54  
t Stat 0.01  
P(T<=t) one-tail 0.50  
t Critical one-tail 1.67  
P(T<=t) two-tail 1.00  
t Critical two-tail 2.00   

3.1.2 Analysis of the results 
The hypothesis test produced a t-value (t = 0.01) much lower than the critical t-value for rejection of the 
null hypothesis, this latter stating that the grades from both modalities are equivalent to each other. 
Therefore, there is sufficient statistical evidence to affirm that both grade distributions are equal. The 
calculated averages already provide an indication of this result, since they are practically the same. This 
means that, despite the changes in the pedagogic practices, the outcomes of their implementation were 
the same. A fully flipped module was not better nor worse than a blended approach in terms of the 
overall performance.        

3.2 Traditional classroom vs. open-space, technology-enhanced classroom 

3.2.1 Results for the second stage of the survey – 209EN module 
In this second stage, a similar procedure was applied on two modules. Figure 3 plots the same 
“performance versus attendance” results for the Control & Mechatronics (209EN module). Likewise, an 
analysis of the variances was carried out to determine the hypothesis test to be applied on the dataset, 
and the results from this F-test are found in table 3: 
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Figure 3. (a) students’ performance in the traditional classroom modality of the 209EN module; (b) the 

performance distribution for the open-space, technology-enhanced environment. 

Table 3. F-test for the variances of the grades distributions for the 209EN module from Fig. 3: 

  Traditional New style 
Mean 44.65 52.26 
Variance 755.18 409.01 
Observations 24 36 
df 23 35 
F 1.85  
P(F<=f) one-tail 0.05  
F Critical one-tail 1.84   

A comparison between the calculated F-value from the test on the populations of grades (F = 1.85) and 
the critical F-value (Fcr = 1.84) has shown that, this time, the variances could not be considered as equal. 
Thus, a hypothesis test considering unequal variances was applied on the datasets. Table 4 summarises 
the t-test results: 

Table 4. Hypothesis test for the performances of students in the module 209EN offered in a traditional 
classroom and in the new premises (open-space/technology-enhanced). 

  New style Traditional 
Mean 52.26 44.65 
Variance 409.01 755.18 
Observations 36 24 
Hypothesized Mean Difference 0  
df 39  
t Stat 1.16  
P(T<=t) one-tail 0.13  
t Critical one-tail 1.68  
P(T<=t) two-tail 0.25  
t Critical two-tail 2.02   

3.2.2 Results for the second stage of the survey – 212EN module 
The “performance versus attendance” plots for the Smart Manufacturing module (212EN) are shown in 
figure 4. For these data, table 5 shows the variance F-test. 
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Figure 4. (a) students’ performance in the traditional classroom modality of the 212EN module;  

(b) the performance distribution for the open-space, technology-enhanced environment modality 
 of the 212EN module.  

Table 5. F-test for the variances of the grades distributions shown in Fig. 4 for the 212EN module. 

  New Style Traditional 
Mean 55.79 51.80 
Variance 1100.69 623.23 
Observations 22 40 
df 21 39 
F 1.77  
P(F<=f) one-tail 0.06  
F Critical one-tail 1.83   

Despite the differences in magnitude between the absolute values of the variances for the two closely 
calculated means, the F-test yielded an F-value (F = 1.77) lower than the critical F for rejection of the 
null hypothesis, which states equivalence between the variances. Therefore, the test produced sufficient 
evidence for accepting the null hypothesis, determining an equal variance t-test to be applied on the 
grade datasets for the 212EN. Table 6 shows the hypothesis test outputs: 

Table 6. Hypothesis test results for the datasets of the 212EN module. 

  New Style Traditional 
Mean 55.79 51.80 
Variance 1100.69 623.23 
Observations 22 40 
Pooled Variance 790.34  
Hypothesized Mean Difference 0  
df 60  
t Stat 0.53  
P(T<=t) one-tail 0.30  
t Critical one-tail 1.67  
P(T<=t) two-tail 0.59  
t Critical two-tail 2.00   

3.2.3 Analysis of the results 
The investigated modules differ from each other in terms of contents, but both present a very high degree 
of applied elements of scientific and technical nature, prompting a dynamic set of practical activities in 
which design, planning and people-solving are constantly stimulated skills. In the light of this awareness, 
the expectation of the team was that the new environment, characterised by spaces devoted to enhance 
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the application of innovative practices, could potentiate the students’ performance. In both cases, 
though, the hypothesis tests produced statistical evidences that the grades distributions were equivalent 
for the traditional classroom environment and for the open learning spaces, since the critical t-value 
calculated from the tests were inferior to the critical t-value for rejection of the null hypothesis, this latter 
stating equivalence between the averages of both datasets (t =1.16 < tcr = 1.68, in the case of the 
209EN module and t = 0.53 < tcr = 1.67 for the 212EN module).  

However, the fact that no significant differences were observed between the results of different 
approaches is not a negative result. Since the changes tested were the level of technology incorporated 
in the lessons and the effect of the design of the learning spaces on the students’ capacity to develop 
skills from the guidance received, these results may well mean that such parameters, highly praised as 
effective, are of secondary importance. Moreover, since continuous innovation is sought in the planning 
of the modules contents and activities, the results of the performance analysis indicate that the teaching 
methods have predominance in shaping the experience in classroom, and that the degrees of success 
in promoting learning were already being replicated in a developed, well-defined standard.  

Also, it is also worth mentioning that, if the new style of premises and technology enhancement did not 
promote any readily detectable difference in performances, it also did not cause any disruption. 
Differences, if at all existent, could well mean a worsening of the academic performance, especially 
considering that the transition between a traditional classroom environment and an open-space style 
lecturing space happened between consecutive bimesters, being complete and with no transition period, 
other than that provided by the pre-emptive try outs designed by the authors, responsible for the 
modules administration, contents and activities.  

With respect to the try outs in the first two academic bimesters, the results obtained in the first stage of 
the current investigation seem to suggest that blended learning has many ways of implementation – as 
expected for such a vast and full of possibilities concept in the world of pedagogic approaches – with 
one approach not being necessarily more effective than the other. Once more, the process is highly 
dependent on the talents of the teacher and on the degree of interest invested by each student. 

3.3 Students’ perspective – questionnaire  

3.3.1 Results of the survey amongst the students 
The students who participated in the survey had one of the modules (either the 209EN or the 212EN) 
studied in the traditional environment and the other, in the new style classroom. Besides, all of them 
were part of the try outs with different degrees of blended approach. The results of their perspective are 
presented next, along with the object of analysis (the questions formulated). 

Question 1 – I feel that the try outs with the 210EN modules in the first academic bimesters served as a 
preparation for the new classroom style. 

 
Figure 5. Distribution of perspectives for question 1. 

Question 2 – I feel the open-space classroom is more effective in promoting enhancement of my learning 
process, in comparison to the traditional classroom spaces. 
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Figure 6. Distribution of perspectives for question 2. 

Question 3 – I feel that the positive impact of the new learning spaces (open classroom) stems from: 

Table 6. Reasons for the positive impact offered in the questionnaire. 

Reason ID Reason 

R1 Easier access to digital resources (software, files, Moodle, articles, etc.). 

R2 Feeling of belonging to an environment where learning is actively taking place around me. 

R3 Possibility of interacting with other cohorts / students. 

R4 
Flexibility of engagement proportioned by the incorporation of technology into the 
classroom, giving more emphasis to engagement with the virtual learning environment, 
rather than to the presence in the building.   

R5 Other: New equipment, pc's. 

 
Figure 7. Percentages of mentions, in the survey, of the reasons presented in table 6 for the perceived 

positive impact of the open space, technology-enhanced environment.  

Question 4 – I also feel there are drawbacks in these new approaches, based on open spaces and 
technology-enhanced learning.  
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Figure 8. Distribution of perspectives for question 4.  

Question 5 – With respect to the previous statement, I feel that the drawbacks of the new learning 
spaces (open classroom) stem from: 

Table 7. Most often mentioned drawbacks by students. 

Drawback ID Drawback 

D1 Technology issues (microphone/earphones/software breakdown) 

D2 Harder interaction with the lecturer  

D3 Not enough transition time 

D4 Environmental noises (from other lectures/cohorts in the same space) 

 
Figure 9. The drawbacks mentioned by the students and how often each drawback  

from table 7 was mentioned. 

Question 6 – I prefer the modern open-space technology-enhanced classroom, in comparison to the 
traditional classroom. 
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Figure 10. Distribution of perspectives for question 4. 

3.3.2 Analysis of the results 
The applied questionnaire, at the end of the first academic bimester in the new environment, indicated 
that students have mixed feeling with regards to the innovative practices. In agreement with the results 
from the statistical study on performance indicators, most of the students were reluctant in associating 
an improvement on their performance to the innovative practices. In the same line of thought, the vast 
majority also did not perceive any deterioration in their performance due to the change of environment 
and methodology, as it can be seen from Fig. 6. And, while the new learning style has not obtained 
major adhesion of the students’ preference, it was also far from being rejected. Many of the students 
who declared themselves neutral to question 6 mentioned they do not disapprove the study environment 
and practices, but simply did not have sufficient time to adapt –or get used with it – yet. Others, on the 
other hand, were more emphatic in stating that the absence of physical barriers between different 
cohorts and classes, all of them occupying the same space, provides more potential distractions to their 
concentration. 

Whichever the case, most of the students, even those who showed themselves enthusiastic with the 
technology-enhanced learning, recognised that some difficulties were present that required adaptability. 
The negative sides of the innovative approach were mainly related to equipment/software faults and 
from interference from other classes happening at the same time in the same environment. 

Overall, figure 7 indicates that a significant proportion of the students accepted some features of the 
new environment and methodology as advantages to be explores in their studies. Embedded in the 69% 
of appraisals received by the reason R1 was the notion, explained in many of the survey responses, 
that the easier access to resources meant they felt more encouraged to develop research skills, digital 
proficiency and technical abilities in engineering. And, if no full acceptance – or preference – for these 
new approaches has been observed, no rejection of these initiatives is anywhere present in the 
outcomes of the surveys. In general, the methods applied before the transition seem to be as effective 
as the methods developed for the new academic environment. However, this analysis took into 
consideration cohorts of students who have been exposed to a similar teaching approach along their 
year of studies. A more complete analysis, looking into larger cohorts of the course, could provide 
another insight into the investigation. Also, it is important to mention the fact that many students who 
were part of stage 2 of the survey have not studied the module offered in the pre-emptive try out, which 
may have contributed to increase the percentage of neutrality with regards to the effectiveness of the 
pre-emptive approach.     

4 CONCLUSIONS 
• Statistical analysis indicated that there has been no changes to students’ performance due to the 

transition to the open space/technology-enhanced classroom from the traditional environment, for 
the investigated modules of the second year.  

• Most students seem to appreciate the ease of access provided by the technology-enhanced 
learning, despite some technical difficulties with devices and software being mentioned as 
drawbacks of the new approach. 
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