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Abstract

Teaching Computer Science, the fastest evolving contemporary technology, in a career-

focused third level institution, to increasingly diverse and larger groups of students with

fewer resources while attempting to address the serious, universal, longstanding and

apparently intrinsic, educational concerns associated with teaching Computer Science,

a field sometimes described as ‘asocial’, is a challenge. As robust correlation between

high levels of student engagement, a concept based on the social constructivist theory

of learning, and positive academic achievement has been established in many studies

since the mid-90s, increasing student engagement in Computer Science courses is

deemed imperative, urgent and particularly challenging.

We report on a case study spanning four years and involving 133 students on the use of

a Web 2.0 suite of cloud-based office tool, Google Docs, to deliver a blended,

collaborative, cloud-based approach to learning. The work explains how constructivism

can be reinforced within a modern, blended, learning environment. Key statistical

findings include how the use of the commenting facility within Google Docs deployed

to increase social constructivism in students, is positively correlated (R=0.50, statistical

significance ⍴<0.01) with their academic performance. The effect strength measured

implies that these students, who tend to eschew traditional, particularly oral,

engagement techniques, can increase their overall academic mark by six to seven

percentage points on average (or +0.4 to +0.5 standard deviation) by contributing, over

an academic year, ten public comments within the teaching material. We also reflect on

the students' own voice to better understand their personal disposition towards low

levels of engagements.

The approach is defined as Blended Collaborative Cloud Learning. It aims to reinforce

constructivist practices. The four year case study illustrates how social constructivism

in a challenging environment can be increased. It demonstrates the positive effects of

such an increase on the average academic performance of students.
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1. Introduction

Computer Science education in a career focused institution is partly characterised by an

underlying tension between teaching practical skills in a fast changing technological

landscape while still mostly relying on traditional teaching approaches (Meudec, 2014)

within a context of massification of higher level education and, in the Irish context at

least, recent drastic budget cuts (Quality and Qualifications Ireland, 2016).

The literature is examined to provide an overview of the fundamental teaching problems

under scrutiny and for evidence-based strategies that could be used to address the

identified issues. Underpinned by third party research findings and adapted to the

specific contexts of Computer Science education, the specific teaching innovation

introduced aimed at tackling the teaching and learning challenges previously

highlighted is detailed. After clearly stating the research questions that this work

attempts to address, the methodology employed is presented. Based on qualitative and

quantitative data collected over four years of its use, the findings are analysed and

discussed.

2. Literature Review

Numerous statistical analyses demonstrate that Computer Science courses have a

universal high rate of non-progression. For example in Ireland, Liston, Frawley and

Patterson (2016, p. 6) state:

Within the institute of technology sector [...] Computer Science presents the
highest non-progression rate at level 8.

Worryingly, this rate is worsening and reached 26% of non-progression from first to

second year for the 2012/2013 academic year (Ibid., p. 23). This situation is not unique

to Ireland nor a recent phenomenon: it is universal and longstanding (e.g. Biggers et.

al. 2008; Beaubouef and Mason, 2005). This situation has inevitable negative

associated financial, economic and social costs.

In parallel, established research shows that Computer Science students have an intrinsic

tendency towards low level of active participation in traditional teaching settings. For

example, they are, along with Natural Sciences, Mathematics and Statistics students,

less likely to ask questions or contribute to discussion in class (Higher Education
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Authority, 2015, p. 59) than students in Arts and Humanities. Further, research confirms

that computing professionals and students alike have a clear bias towards introversion:

Sach, Petre and Sharp (2010) reviewing five published research papers on the

personality traits of software engineers, demonstrate a clear bias towards introversion

based on the Myers-Briggs Type Indicator. Greathead (2008) confirms that students’

ability at understanding programming code is correlated to the introvert personality

trait: ‘[...] the Extrovert-Introvert scale is significantly correlated with the score on the

code comprehension task.’ (Ibid., p. 8). This finding agrees with the research of

Chandler, Carter and Benest (2003) in the UK on the introversion tendencies of the

majority of Computer Science students; we note that logically these tendencies ought

to apply to teachers of Computer Science too…

Further, an underreported difficulty for teachers of Computer Science, the fastest

evolving contemporary technology, at third level, which has inevitable pedagogical

consequences, is the greater proportion of the teachers’ effort that must be devoted to

the ever evolving course contents: to keep pace with changes in the industry—

especially in career focused institutions—in order to deliver an attractive and relevant

education. Thus, compared to many other disciplines, Computer Science teachers have

to devote more time to keeping their teaching material up-to-date, presumably to the

detriment of pedagogy.

From a theory of learning perspective, Ben-Ari (2001) highlights that constructivism

has been extremely influential in science and mathematics education up to the point of

representing the state of the art. At a more practical level many studies have reinforced

the soundness of seeking to increase student engagement in their learning (e.g. Astin,

1999; Kuh and Hu, 2003; Hu, Kuh and Li, 2008).

The Higher Education Authority (2015) of Ireland recognises that low active learning

participation rates (particularly asking or answering questions during class,

participating in oral discussion or seeking direct guidance from staff), which is common

on Computer Science course, is a concern ‘In disciplines where building knowledge

constructively is vitally important, this may require further consideration.’ (Ibid., p.

88). Further, in its briefing paper, ‘Student Non-Completion on ICT Programmes’, the

National Forum for the Enhancement of Teaching and Learning in Higher Education

(2015a) highlights that ‘[...] there are certain causes of non-completion that relate more
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particularly to students on ICT programmes.’ (Ibid., p. 4). Of particular interest as a

practitioner is the focus on ‘Social Integration’ (Ibid., p. 6) where it is highlighted that

Computer Science courses have ‘[...] a lack of peer-to-peer interaction, peer mentoring

and learning.’ (Ibid., p. 6). Biggers et al. (2008, p. 406) go even further than merely

highlighting low quality of human interactions in their conclusions on their study of

student leavers by qualifying Computer Science studies as ‘asocial’:

Students who left CS major have an overwhelming perception that CS is an asocial,
coding-only field with little connection to the outside world.

Thus while the concept of learner engagement is backed by an important body of

evidence-based research (e.g. Trowler, 2010, pp. 22–25, details the benefits of

increased learner engagement on improving learning, improving throughput rates and

retentions as well as for equality and social justice), caution must be exercised: the

numerous initiatives taken to tackle high non-completion rates on programmes over

many years such as flipped classroom, gamification, learning support and collaborative

learning programmes (National Forum for the Enhancement of Teaching and Learning

in Higher Education, 2015a pp. 6–8) aimed at increasing active learning, student

engagement and social constructivism do not appear to be working.

The everyday experience of Computer Science students as repeatedly reported in the

literature, national surveys and statistics, appears quite different than the recommended

practices would suggest. As Selwyn and Grant (2009) put it, the ‘state of the art’ in this

case appears to exist in isolation from the ‘state of the actual’.

Our main thrust is that this dichotomy is primarily due to the previously highlighted

specificities of Computer Science education namely, an intrinsic introversion in the

majority of students, and crucially their teachers, who eschew, and even resent (Cain,

2012), traditional forms of active participations and initiatives at increasing

engagement, and the necessity for a very high turnover of the teaching material which

consumes a greater proportion of teachers’ time than in other discipline, are being

ignored by educationalists. This leads to the recommended state of the art social

constructivist education via increased student engagement not being actually

experienced by the students. We contend that this failure is the lead cause of Computer

Science’s universal worse students’ progression rate.
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Faced with this multifaceted reality we have developed a targeted Blended

Collaborative Cloud Learning approach that is primarily aimed at sustainably

increasing active learning and student engagement as a way to reinforce, particularly

social, constructivism for typical Computer Science students. The primary tool that we

have adapted for this purpose is the free Google Docs (Google, 2016) suite of cloud-

based office tools. The use of Google Docs in education is recent and largely unstudied.

Liu and Lan (2016, p. 171) within the context of learning English as a foreign language

state that:

[...] like many other Web 2.0 applications in support of peer scaffolding and
knowledge co-construction, Google Docs plays a pivotal role in enhancing
students’ motivation and involvement.

Their study hints at how Web 2.0 tools such as Google Docs can support social

constructivism in a modern setting.

Figure 2.1 – Overview of Google Docs editing tool (2016)

Informally these tools allow the synchronous and asynchronous collaborative creation,

typically via a standard web browser, of documents that are stored in a cloud

infrastructure. In our case all course material are available in this form and the learning
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space is a networked open space where students bring their own device for greater

ownership of their learning and off-campus ease of access. Figure 2.1 illustrates a

typical resource on which students are encouraged to comment publicly or

anonymously, before, during and after face to face teaching.

A typical teaching session (Meudec, 2016a), includes students reading the blog-like

material and commenting on it at their own pace, summaries are delivered by the

teacher and followed by class discussions (often using the students-created comments

as topics), in-class students’ collaborative group work using pre-formatted Google

Docs, and an anonymous quiz. The use of a collaborative cloud based editing tool make

this approach achievable. It also increases course material maintainability by

facilitating instantaneous updating from anywhere at any time.

3. Methodology

Blended Collaborative Cloud Learning has been applied in the ‘Software Engineering

for Web, Cloud and Mobile Apps’ module (Meudec, 2016b) over the past four years

starting in 2012/2013 at the Institute of Technology, Carlow, Ireland (Meudec, 2016c).

This is a year three module, one of six, and is a part of an applied four year Honours

Bachelor of Science, in Software Development. It involves four hours of contact time

per week for 21 weeks and over the past four years, the average class size has been 33

students.

Research Question 1: To what extent, if at all, has the introduction of the teaching

innovation, Blended Collaborative Cloud Learning, increased social constructivism in

the learners?

And, as according to the espoused theory of learning, an increase in social

constructivism should benefit learners:

Research Question 2: What has been the impact of the introduction of the teaching

innovation, Blended Collaborative Cloud Learning, on students’ academic

performance?

This work, via multiple observations of the introduction of Google Docs as a Web 2.0

technology for teaching as an instance of introducing an innovative educational

technology, is a case of attempting to increase in students the practices that fall under
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the concept of learners engagement as an example of an attempt at better conformance

to the social constructivist theory of learning. It uses mixed methods based on statistics

of academic results (comprising three years pre-introduction of the innovation and four

post-introduction), individual student’s comment contributions in the teaching material

and answers to an online anonymous students survey administered towards the end of

the academic year 2015/2016 (n=27, 70% response rate).

Pre-Innovation Post-Innovation

Academic Year 09/10 10/11 11/12 12/13 13/14 14/15 15/16

Students Registered 19 26 23 27 46 44 31

Included in study (n) 15 23 17 24 41 39 27

Table 3.1 – Case Study Units

Table 3.1 summarises the case study units; the difference between students registered

and those included in the study is made up of students who drop out, who only registered

for some modules or who did not attend all final exams.

4. Findings and Analysis

The creation of comments on the teaching material by the students is one of the defining

characteristic of Blended Collaborative Cloud Learning. To get a sense of the scale of

its use, Table 4.1 presents some quantitative data on commenting by students.

Post-Innovation

Academic Year 12/13 13/14 14/15 15/16 Average

Nb of Students 24 41 39 27 33

Nb of Anonymous Comments 77 401 31 3 128

Nb of Anonymous Comments per Student 3.21 9.78 0.79 0.11 3.91

Nb of Non-Anonymous Comments 102 139 167 177 146

Nb of Non-Anonymous Comments per
Student 4.25 3.39 4.28 6.55 4.46

Proportion of Non-Commenting Students 42% 44% 64% 33% 47%

Table 4.1 – Four years of commenting statistics
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Thus, on average, students are presented with 13 of their peers’ comments per week or

about three per session; the teacher’s replies and the comments by students from

previous years strategically left in the teaching material are not included in this total.

Figure 4.1 – Summary of responses on the use of comments

It is possible to complement this picture by examining the answers to the anonymous

survey administered in 2015/2016 to the same students as summarised in Figure 4.1.

These reveal that over 70% of students read other students’ comments often or very

often and over 90% do the same for the teacher’s comments. Only 5% never found the

comments useful. Of note is the self-reported figure of 47% for non-commenting

students whereas the actual objective figure as measured is actually 34% suggesting

that the survey participation was biased towards non-commenters.
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To understand why many students do not create comments it is useful to examine the

ten qualitative answers from third year students to the question ‘If you did not create

comments yourself can you explain why?’. 80 percent of the students who responded

expressed the view that they never felt the need to, either because a comment already

existed, the material was clear enough or they simply never found anything to add (and

hence, perhaps, revealing a lack of self-reflection):

Never felt the need to ask, question was already asked

I never had any interesting comments too add, rereading the doc or listening to your
own synopsis would often leave an issue clear.

either someone else asks my question or I ask someone beside me

20 percent of the answers expressed a fear of commenting (e.g. ‘Afraid’ and ‘Afraid of

asking silly question, being looked down on by peers’) despite the possibility of creating

anonymous comments. This confirms Oliver’s findings (2015) that as learning is

increasingly weaved through the fabric of learners’ daily lives, some learners find the

experience ‘too open’.

There is direct evidence that half the students create non-anonymous comments, that

almost all students read the comments (amounting to 13 peers’ comments per week on

average, which can be reread during revisions) and that the vast majority of students

finds them useful thus overall indicating the presence of peer-induced self-reflections

in students. Thus it is reasonable to conclude that Google Docs comments do contribute

to social peer learning by acting as an additional communication channel, which is

uniquely synchronous and asynchronous, and possibly anonymous, between all

participants. Further, it is highly probable that these learning interactions would not

have occurred without the use of Google Docs comments as they have a lower barrier

of social self-consciousness than oral interactions (although as reported, the barrier is

not nil, even when anonymous commenting is allowed). This complementary

communication channel is offered in addition to traditional oral interactions between

teacher and learners, and also between peers, which are themselves greatly facilitated

by the lab based mode of delivery.

Finally, we can report that results of an initial correlation analysis. Although the initial

two years of the case study were characterised by a high proportion of anonymous
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students’ comments rendering correlation with academic results achieved meaningless,

there is a positive statistically significant (p<0.01) relationship between the number of

non-anonymous comments created by students and their academic performance in the

last two years with an average correlation of about 0.51 and a modest fit of 0.26. The

analysis shows that on average a student who creates ten comments during the duration

of the module (about one every two weeks) can expect his or her academic result to

increase between six to seven percentage points (or about +0.41 to +0.52 of the standard

deviation). While causality between the number of non-anonymous created and

academic performance has not yet been established (it may well be that academically

gifted students are more naturally inquisitive and would therefore tend to engage more

with the material by creating comments for example) it is important not to reduce the

approach solely to the creation of comments using Google Docs: it is a complex mesh

of dynamic activities and interactions.

5. Conclusions and Future Work

Blended Collaborative Cloud Learning is an innovative teaching approach that

embraces the contemporary networked reality, aims to deepen and sustain learning by

increasing social constructivism via the use of Google Docs (Google, 2016), a cloud-

based office suite of tools. In BCCL, the technology is used to increase, particularly

during class time, opportunities for contextualised human interactions and peer

collaborations for students groups that have long been identified as predominantly

introverted (Chandler, Carter and Benest, 2003). It is not used, as in MOOCs, to replace

direct human interactions, but rather to increase them and improve the classroom

experience by tackling the often asocial (Biggers et al., 2008, p. 406) nature of

Computer Science studies. The additional communication channel offered by Google

Docs commenting facility appears to better suit the personality traits of many Computer

Science students who tend to eschew traditional, particularly oral, engagement

techniques (Cain, 2012).

Future work should be undertaken to compare the use of the innovation with other

traditional modes of delivery: How does it affect students? Are the effects the same for

all categories of students?
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