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Abstract 
This paper describes research conducted as part of the EU Horizon 2020-funded project NEWTON 
with the aim of investigating how multimedia adaptation can affect student knowledge acquisition. A 
pilot test was carried out in Dublin City University involving 42 undergraduate students. Various 
questionnaires have been used to collect students’ data, including demographics, and information 
regarding participants’ use of Internet access technologies and watching movies. Based on this data, 
students were divided into subgroups considering their age, gender, vision (i.e., wearing glasses) and 
frequency of watching movies. Results show that there is a knowledge gain improvement after using 
multimedia adaptation for all the subgroups.  
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1 INTRODUCTION  
There is a strong push towards encouraging students to pursue Science, Technology, Engineering, 
and Mathematics (STEM)-based subjects, which in general are perceived as difficult. Employing 
traditional educational approaches only has determined STEM subjects to be found harder by many of 
the students in most academic stages. Students were often discouraged during the learning process 
and many have disengaged. Teachers also struggle to find best avenues to improve students’ 
motivation, engagement and learning outcomes. Therefore, existing didactic approaches in STEM 
subjects demand changing and improvements in terms of teaching and learning procedures are 
sought. Video streaming of learning content is one of the current technology-enhanced learning (TEL) 
approaches employed to enhance student interest in STEM. In many academic and industrial 
research centres, multimedia streaming is a good solution to address some problems of traditional 
learning and teaching approaches. Additionally, adaptive multimedia streaming also addresses some 
issues related to content delivery. Multimedia adaptation refers to changing some parameters of a 
media component such as bit rate and/or resolution in case of video during the streaming process in 
order to accommodate for instance limitations in terms of network delivery capacity.  

This paper describes research related to a study conducted as part of the EU Horizon 2020-funded 
project NEWTON 1  with the aim of investigating how multimedia adaptation affects participant 
knowledge acquisition during TEL. The goal of the NEWTON project is to design, implement, integrate 
and disseminate TEL innovative approaches and applications in order to improve learning process. 
NEWTON also investigates the impact of using innovative technologies such as augmented reality 
and virtual reality, virtual labs, adaptive and personalised multimedia and multiple sensorial media [1, 
2, 3, 4, 8]. Innovative pedagogical approaches such as problem based learning, flipped classroom and 
game-based learning and gamification [5, 6, 7, 9] combined with the above mentioned technologies 
were deployed in over 20 STEM related small and large scale pilots. 

Among other approaches, the NEWTON project has designed an innovative adaptive multimedia 
delivery solution based on the Dynamic Adaptive Streaming over HTTP standard (DASH). This 
innovative adaptive solution was used to deliver real learning content to students. The goal of the 
deployment was maintaining high user quality of experience (QoE) by performing content delivery 
adjustment according to existing delivery network conditions. 

Various questionnaires have been used to collect students’ data, including demographics, and 
student-related information such as use of Internet access technologies and multimedia consumption. 
Based on this data, the students were divided into subgroups based on their age, gender, vision (i.e. 
wearing glasses) and frequency of watching movies. The results of the experiment show that there is 
a knowledge gain improvement after using NEWTON multimedia adaptation. This improvement was 
 
1 NEWTON project website, http://www.newtonproject.eu/ 
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consistent for different classes of students e.g. who wear glasses, students from different age groups, 
genders, and students with various exposure to movies.  

2 RELATED WORK  
Diverse works have focused and various researchers have proposed adaptive delivery solutions trying 
to improve delivery performance, efficiency and/or user QoE. For instance a utility maximization 
problem that separately takes into account different utility functions for video and data flows has been 
the focus of [10]. The authors have developed an algorithm termed “Adaptive Guaranteed Bit Rate” 
(AGBR) which calculates a target bit rate for each type of traffic and have tested it. They have 
concluded that the proposed solution can adapt well and maintain video flow quality with increasing 
network congestion. 

Employing a QoE model, the authors of [11] have proposed a QoE driven algorithm for Dynamic 
Adaptive Streaming over HTTP for multi users. The advantage of this model is that it can be used in 
an over–the–top streaming as it does not require change of media content. The model calculates a 
Mean Opinion Score (MOS) based on the video stream data rate variation. Considering this, the video 
streaming rate is then adjusted to improve resulting MOS. The streaming rate is adapted proactively 
based on channel condition. The authors have compared their solution to the standard DASH-based 
approach and found DASH unsatisfactory due to the sub-optimal content agnostic resource allocation. 
They have concluded that a clear QoE improvement can be achieved by taking into account content 
characteristics. 

Another researcher team has described an adaptive scheme they call Quality–Fair adaptive Scheme 
(QFAS) which takes into consideration the quality and fairness aspects of HTTP streaming for multiple 
users operating within the same LTE cell. The proposed framework optimises the share of radio 
resources by taking into consideration content characteristics and channel conditions. The framework 
of QFAS consists of a HTTP Adaptive Scheme (HAS) Server, Media-Aware Network Elements 
(MANE), eNodeB (eNB) and HAS clients. When comparing the QFAS scheme with other techniques, 
the authors have concluded that the quality is significantly improved amongst HAS users [12]. 

A high-level adaptive multimedia delivery system for all-IP networks has been presented in [13]. The 
Quality-oriented Adaptive Scheme (QOAS) was proposed to provide good perceptual quality of 
multimedia streaming to the end-users in loaded network conditions. This proposed solution involves a 
quality assessment scheme takes into consideration packet loss ratio, delay and jitter of the current 
multimedia stream. The proposed scheme combines these parameters with an estimation of end-user 
perceived quality and generates a score for the final delivery. Based on a number of these scores, the 
adaptation is performed such as user QoE is increased. The quality-oriented algorithm performs the 
adaptation such as video is delivered at different quality levels depending on the feedback received 
from the quality assessment scheme located at the clients. Testing in both wired [14] and wireless 
environments [15] has demonstrated superiority of QOAS in comparison with other approaches. 

An interesting multimedia adaptive scheme had been presented in [16]. The Cost-Oriented Adaptive 
Multimedia Delivery (COMEDY) uses a price model to trade-off between video quality and users’ 
eagerness to pay. COMEDY considers different levels of quality streams depending on how much the 
users are willing to pay. For instance, it offers a higher quality video to users who can pay more while 
it suggests a lower quality video to the users who are on a restricted budget. COMEDY considers the 
quality of user experience of different mobile devices as well. It illustrates the money saving contrast 
among the different network operators for example, Vodafone Ireland, O2 Ireland and T-Mobile. 
Consequently, the cost-oriented adaptive solutions is beneficial for the network operators to think 
about balancing the users’ needs and the limited bandwidth which exists sometimes (e.g. peak time). 

A cloud-based Scalable Video Coding (SVC) adaptive streaming solution which takes the device 
parameters into account has been presented in [17]. This solution gives different options for coding 
the video stream, like the other adaptive schemes but uses a Bayesian network environment and a 
multi-variable linear regression model before the scalable video coding decision. The Bayesian model 
is able to anticipate whether the streamed videos would adapt to the requirements of user and to 
consider whether the general battery power of the mobile device could support a complete video 
playback. The duration estimation relies on the device characteristics feedback, such as screen 
resolution, CPU, battery level, start and end time of video decoding, video coding bitrate and available 
bandwidth. Based on this, the appropriate SVC streams will be delivered to the corresponding users 
so that good quality of video to the users will be achieved. 
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As mentioned, the NEWTON adaptive multimedia pilot described in this paper was performed as part 
of the EU Horizon 2020-funded NEWTON project. The NEWTON project bridges the gap between the 
development of latest technologies and classic education by providing educators and students with 
modern solutions and tools to enable improved and more attractive teaching and learning, with special 
focus on STEM education. Previous works on employing adaptive multimedia content and delivering it 
in educational contexts was reported in [2]. 

3 METHODOLOGY 
A group of 42 college students from Dublin City University Ireland participated in the NEWTON project 
adaptive multimedia pilot and provided answers to the various tests and questionnaires. The 
evaluation meets all ethics requirements, so prior to running the case study, approval was obtained 
from university Ethics committee. All required documents were prepared, including informed consent 
forms, plain language statement and data management plan. The plain language statement included a 
detailed description of the testing scenario, information on study purpose, participant identity 
protection info. The students had roughly 45 minutes to watch 8 adaptive multimedia clips via 
NEWTELP, the NEWTON project online platform. Each clip was associated with a three-question pre-
test and a six-question post-test to evaluate the learning outcome. Paired t-test for means were used 
to show whether there exist statistically significant differences between pre-test and post-test results. 
The learning activity took place in class, during the normal hours of study. 

4 PILOT STUDY RESULTS  
Knowledge assessment has been conducted in this pilot survey using pre- and post-tests for all 
adaptive multimedia streams. 

The knowledge pre-test and post-test assessments of all students is shown in Figure 1. The maximum 
score for pre-test is 24, for post-test is 48. The average post-test score in the pre-tests is 11.28 and for 
the post-tests is 33.03. 

The average post-test correct ratio (68.80 out of 100) presented an improvement of 21.79% compared 
with the average pre-test correct ratio (47.01 out of 100). Results of a t-test confirmed highly statistical 
significance of the difference between the two tests with α = 0.05 (t (42) = 7.7540, p = 0.0001). 

 
 Figure 1. Knowledge Assessment of all participants. 

4.1 Sub-group Study 
This section illustrate the indication of the knowledge assessment of participants based on aspects 
such as age, gender, vision, network technology used and frequency of watching movies. Each aspect 
is divided in different sub-groups to clarify different stages involved to obtain the results.  
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4.1.1 Knowledge assessment based on participants’ age 
Given their age, participants were divided into four groups:  

- Group A: less than 20. (21.43%). 
- Group B: between 21 and 25 (38.10%). 
- Group C: between 26 and 30 (14.29%). 
- Group D: over 30 (26.19 %).  

A paired t-test was carried out to explore whether there is a statistically significant difference in terms 
of knowledge gain between the four sub-groups (see Table 1). Results showed statistical significant 
improvements2 of 41.15%, 38.65%, 50.02% and 60.56% for groups A, B, C and D, respectively.  

Table 1. Paired Samples Test for Age sub-group. 

Groups 

Paired Differences 

t df Sig.  
(2-tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

A -15.047 14.725 4.908 -26.366 -3.728 -3.065 8 .015 

B -21.744 17.060 4.265 -30.835 -12.653 -5.098 15 .000 

C -15.278 24.178 9.871 -40.651 10.095 -1.548 5 .182 

D -25.001 18.259 5.505 -37.268 -12.734 -4.541 10 .001 

4.1.2 Knowledge assessment based on participants’ gender  
Participants were also divided into two groups based on their gender: A for females and B for males. 
30.95% of the participants identified themselves as females while 69.05% identified themselves as 
males. A paired t-test was carried out to explore whether there is a statistical significant difference 
between the two groups (see table 2). Results showed increases of 55.13% for females and 43.87% 
for males. 

Table 2. Paired Samples Test for Gender sub-group. 

Groups 

Paired Differences 

t df Sig.  
(2-tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

A -17.148 15.803 4.383 -26.698 -7.598 -3.912 12 .002 

B -21.623 18.762 3.484 -28.760 -14.487 -6.206 28 .000 

4.1.3 Knowledge assessment based on participants’ vision  
Vison was also considered when analysing the results and therefore the participants were divided in 
two groups based on whether they wear glasses or not, 31.0% of the participants reported that they 
wear glasses. 

A paired t-test was carried out to explore whether there is a statistical significant difference between 
the two groups (see Table 3). Results showed increases of 48.02% and 45.71% for participants who 
wear glasses and the one who do not, respectively. 

 
2 Improvements were computed as follows: the difference between the Post and Pre results divided by the average of the Pre and 

Post results. 
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Table 3. Paired Samples Test for Glasses sub-group. 

Do you 
wearing 
glasses? 

Paired Differences 

t df Sig.  
(2-tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

Yes -19.390 15.553 4.314 -28.789 -9.991 -4.495 12 .001 

No -20.618 19.008 3.530 -27.849 -13.388 -5.841 28 .000 

4.1.4 Knowledge assessment based on network technology used  
Participants were divided into three groups, based on the network technology they use to connect to 
the Internet: Wi-Fi (88.10%), Ethernet (7.14%) and 3G/4G networks (4.76%). A paired t-test was 
carried out to explore whether there is a statistical significant difference between the three groups. 
Results showed a statistical significant increase of 49.75% for Wi-Fi users and non-significant 
increases of 5.43% and 77.53% for Ethernet and 3G/4G users.  

Table 4. Paired Samples Test for Network sub-group. 

What type of 
network do you use? 

Paired Differences 

t df Sig.  
(2-tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

Wi-Fi -20.946 15.928 2.618 -26.256 -15.635 -7.999 36 .000 

Ethernet with cable -3.473 35.863 20.705 -92.561 85.614 -.168 2 .882 

3G/4G -32.295 13.258 9.375 -151.416 86.826 -3.445 1 .180 

4.1.5 Knowledge assessment based on participants’ frequency of watching movies 
Participants were divided into four groups, based on their frequency of watching movies:  

- Group A: every day (5.12%). 
- Group B: once a week (19.45%). 
- Group C: twice a week (5.12%). 
- Group D once a month (13.31%).  

A paired t-test was carried out to explore whether there is a statistical significant difference between 
the four groups (see Table 5). Results showed statistical significant increases of 59.92% and 43.15% 
for groups D and B, respectively. Results also show non-statistically significant increases of 61.41% 
and 28.29% for groups C and A, respectively. 

Table 5. Paired Samples Test for Movies sub-group. 

How often do 
you watch 
movies? 

Paired Differences 

t df Sig.  
(2-tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

Group A -12.500 20.144 9.009 -37.512 12.512 -1.388 3 .238 

Group B -21.929 16.351 3.751 -29.810 -14.049 -5.776 17 .000 

Group C -22.500 14.468 6.470 -40.465 -4.535 -2.682 3 .075 

Group D -19.872 21.173 5.872 -32.667 -7.078 -3.128 11 .005 
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5 CONCLUSIONS  
The pilot test described in this paper investigates the benefit of employing adaptive multimedia on 
learners’ knowledge acquisition. The pilot was carried out in Dublin City University and involved 42 
undergraduate students. After analysing the results of the various questionnaires, we noted that there 
is statistically significant improvement in knowledge gain of almost all subgroups. We believe that the 
findings of this study can be used as the groundwork for future large-scale studies to shed light on 
how various adaptive multimedia techniques can be harnessed to enable students to learn more in 
STEM-related subjects and to improve their learning quality of experience.  
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