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Pedagogy and Processes for a Computer Programming
Outreach Workshop—The Bridge to College Model

Brendan Tangney, Elizabeth Oldham, Claire Conneely, Stephen Barrett, and John Lawlor

Abstract—This paper describes a model for computer program-
ming outreach workshops aimed at second-level students (ages
15–16). Participants engage in a series of programming activities
based on the Scratch visual programming language, and a very
strong group-based pedagogy is followed. Participants are not
required to have any prior programming experience. An empirical
evaluation was undertaken to evaluate to what extent the model
was successful in: 1) giving the participants a deeper under-
standing of what studying a computing degree and working in the
computing profession entails; and 2) increasing their interest in
pursuing a third-level qualification in a computer-related area.

Index Terms—Group work, outreach, pedagogy, programming,
workshops.

I. INTRODUCTION

R ESEARCH points to a significant discrepancy between
the perceptions of computer engineering and computer

science (CS) held by prospective third-level entrants, and the
reality of computer studies, the nature of employment in the in-
dustry, the actual difficulty of the subject relative to others, and
the characteristic profile of successful students. This variance
appears to be most pronounced among women [1] and amongst
those with least access to computing technology on a day-to-day
basis [2]. Arising from this problem in perception, it is clear that
many students well suited to the study of computing do not con-
sider it as a potential course of study. Accordingly, correcting
inaccurate preconceptions must be a key goal of any outreach
program aimed at attracting students to study computing at third
level.

This paper describes how a generic model for an outreach
workshop aimed at students in second-level education was mod-
ified specifically to target potential computing students. The re-
sulting model makes extensive use of group work in a project-
based workshop using a visual programming language. It is
argued that by giving students an authentic experience of de-
signing, implementing, and testing their own software artifacts,
they will gain deep insights into the skills, aptitudes, and atti-
tudes that are needed to thrive in a computing degree and subse-
quently in a related profession. Students who have had this expe-
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rience should thus be better informed when it comes to making
a decision about pursuing a third-level course in the area.

The paper discusses the empirical data derived from partic-
ipants who attended two offerings of the workshop. The data
suggest that participation in the workshop significantly, and fa-
vorably, changed both the students’ understanding of the study
of computing and their perceptions of CS as a profession.

The body of this paper is laid out as follows. Section II ex-
amines some of the literature concerned with approaches to
attracting students to pursue third-level courses in computing.
Section III describes the “Bridge 2 College” outreach model
upon which this work is based and how it was adapted for a com-
puter programming activity. Section IV describes the empirical
study carried out to measure changes in attitudes and percep-
tions arising from participation in the workshop. The data col-
lection instruments used are described and the key data items are
presented. Section V concludes the paper by discussing what
lessons can be learned and assessing how useful the proposed
model is as an outreach activity.

II. LITERATURE

Increased activities in the development of methodologies
for outreach are significantly motivated by a decline in the
number of students opting to pursue CS courses in their
undergraduate education. Papastergiou [1] suggests that the
most prevalent reason for choosing to study computing is the
prospect of gainful employment following graduation, and it
can thus be expected that uptake will track economic trends
to some degree. Nevertheless, personal interest in the subject
is a significant motivating factor, and so the perception among
candidate students of the discipline is highly relevant. Research
points to a significant discrepancy between the perceptions of
the subject held by prospective entrants and the reality of CS
studies, the nature of employment in the industry, the actual
difficulty of the subject relative to others, and the characteristic
profile of successful students. The question arises as to how
CS can be made attractive while at the same time developing
a realistic, honest appraisal of the suitability of the subject for
the particular student.

Efforts in changing the perception of CS range from enthu-
siastic advocacy designed explicitly to counter popular stereo-
types via presentation and personal engagement by academics
and undergraduates [3] to the formal delivery of programming
modules for second-level students either within or in addition to
the existing curriculum [4]. Neither approach appears sufficient
in itself—a mix of content is needed. Collofello et al. argue that
it is not enough to teach just programming and that, in addi-
tion, students should be given a “vision of the interesting work
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that can be done in CS” [4]. Frieze acknowledges the limita-
tions of “show” that glosses over the technical detail of the dis-
cipline, even while promoting it as a necessary element of any
program that seeks to change perceptions [3]. The structure of
engagement appears to have as significant an impact as the con-
tent, and there is evidence that accessible after-school settings,
where study is student-directed and conducted over an extended
unstructured period, provides a strong context for changes in
perception of computing. Maloney et al. report on such an ap-
proach that led to the successful learning of key programming
concepts and to a change in perceptions of the difficulty and
relevance of programming [5]. This was achieved with general
undirected mentoring support rather than formal lesson struc-
ture. In similar vein, McDougall and Boyle [6] argue that in-
novative approaches to pedagogy need to be explored in the
teaching of programming to secondary school students in the
classroom. They argue that in an appropriately scaffolded set-
ting, pupils can be facilitated to learn in what Papert [7] calls
a “bricolage” or “playful tinkering” fashion and that much of
the learning will be student (rather than teacher) initiated, with
peers and mentors being more likely sources of help than the
teacher. These settings provide the context in which advocacy
and learning can occur in tandem, and so they perhaps provide
a uniquely suited environment for outreach goals as they have
been described in this paper.

III. THE B2C MODEL

In common with many other third-level institutions, the au-
thors’ university is engaged in a number of social outreach ac-
tivities across all disciplines and faculties. One of these is an
initiative called the “Bridge 2 College,” or B2C, which aims
to provide positive computer-mediated learning experiences for
students, especially from schools that traditionally have a very
low rate of uptake of third-level education [15].

There exist a number of models for such out-of-school com-
puter-mediated outreach activities, of which the most widely
adopted is the “Computer Clubhouse.” The clubhouse model is
guided by four core principles: support learning through design
experiences, help youth build on their own interests, cultivate
an “emergent community,” and create an environment of respect
and trust [8].

The B2C model seeks to utilize some of the key strengths of
the Clubhouse approach, introducing a structure and form that
is innovative and distinct from both the Clubhouse and the tradi-
tional classroom while, at the same time, allowing engagement
with formal education. The learning environment in B2C is de-
signed to promote teamwork and collaboration and to provide
an appropriate social setting to encourage confident, self-di-
rected, and exploratory learning. Technology is used extensively
within the program to create a variety of digital artifacts (for ex-
ample, video and animation), but the teaching of technological
skills happens mostly by “osmosis” within the groups. It has
been found that the empowering nature of the learning experi-
ence, situated as it is within a university setting and mentored
by third-level student volunteers, increases the propensity of at
least some of the participants to go on to third-level education.

From the point of view of this study, the significant dis-
tinguishing elements of the B2C model are the strong im-

plementation of a team-based system (as derived from the
educational method of the Scout Movement [9]), a project-ori-
ented approach with teams working to meet objectives and
hard deadlines (all work is presented at regular checkpoints),
and the timing and duration of the workshop (three-and-a-half
consecutive days during one school week and during school
time).

As for the Computer Clubhouse model, the methodology of
the B2C borrows from the concepts of social constructivism as
described by Vygotsky, and the social setting contributes to a
positive cycle of development [10]. To this end, particular at-
tention was paid to the design of the physical space to sup-
port collaboration and creativity. A very deliberate effort was
made to make the space not look like school! The learning space
comprises two rooms, decorated with murals—one a forest and
the other a cityscape. The forest room features specifically de-
signed team spaces (pods) fitted with networked computers. A
“one-to-one” student-to-computer ratio was not adopted, and
typically two computers and other equipment are shared within
the pods so as to encourage teamwork and peer–peer learning.
The cityscape room has no fixed computer equipment, but pro-
vides flexible furnishings so that teams can set up individualized
spaces for meetings. The learning space also features a presen-
tation area with projection facilities.

A. Workshop Pedagogy and Processes

The pedagogy and processes adopted for the CS outreach
workshops described here were based on two main pillars. In
keeping with the arguments made by Collofello et al. [4], who
advocate the study of formal aspects of computer science in
order to dispel the “hacker” and “geek-image” myths prevalent
in secondary schools, the central idea is to offer an intensive
workshop in computer programming so that participants have
the opportunity to engage with one of the core activities of the
CS profession and can gain insights into what a third-level CS
course might entail. Following on from the arguments made
by [6], an innovative approach to pedagogy is followed, based
upon the B2C model described. Given the short duration of the
workshops (less than one week), it is not appropriate to try to
teach a conventional programming language with all the over-
heads that entails in terms of mastering syntax and so forth. In-
stead, inspired by the success of Maloney et al. [5] in using a
visual programming language that empowers the user to engage
in complex problem-solving and programming activities with
only a shallow learning curve, Scratch [11] was chosen as the
programming language to be used. Developed by MIT’s Media
Lab to encourage young people to learn key mathematical and
computational concepts, Scratch has been recognized as a suit-
able, and highly potential, first language for first-time program-
mers. Workshop study material was derived from a Scratch-
based module previously designed for use in the classroom set-
ting in schools.1 Fig. 1 shows a screenshot of the Scratch inter-
face.

The workshops took place during school time over the course
of three-and-a-half days (22 h). Throughout the workshop, the
participants worked in teams of four to five students of mixed

1http://www.lero.ie/educationoutreach/secondlevel/scratchlessonplans.html
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Fig. 1. Screenshot of the Scratch interface.

gender and from different schools. Each team elected a leader
for the duration of the workshop. As per the B2C learning
model, the team leaders and members were encouraged to
adopt responsibility for their learning and achievements. As for
the Computer Clubhouse model [8], [12], a group of third-level
student mentors, some with previous programming experience,
supported the participants in their learning throughout the
workshops. The student–mentor ratio was 4:1. Mentors were
predominantly involved in providing technical assistance, and
ensuring creativity and collaboration in the teams.

Aligning with the argument made by Collofello [4] that
prospective students should be given a “vision of the interesting
work that can be done in CS,” each workshop included a
number of oral presentations from varying CS research students
and members of the academic staff. Presentation topics ranged
from current research initiatives and projects to information
regarding undergraduate CS subjects, course choices, and
university entry requirements.

Scratch programming projects were assigned on a team basis,
in line with the B2C model of peer–peer learning and collabo-
ration. In keeping with Papert’s view that sharing the experi-
ence of building an artifact creates a path to learning [13], the
participants were presented with scaffolded large-scale projects
(for example, to design a game/create an animation by following

specific criteria and work plan), which allowed them to engage
in exploratory, self-directed learning.

Initially, the workshop schedule comprised demonstrations
and presentations on various programming concepts, followed
by group activity sessions using Scratch. However, after the first
few sessions, it was obvious that once the participants began
using the tool, they progressed at a faster rate than initially an-
ticipated. Without any formal instruction, the teams discovered
and began using sophisticated features of Scratch in the design
of their artifacts.

An important feature of the workshop was the testing and crit-
ical assessment of another team’s work. The participants were
also required to make a team presentation in order to demon-
strate their work in front of their peers, the mentors, and aca-
demic staff.

IV. EMPIRICAL STUDY

A. Instruments for Measuring Attitudinal Changes

The study described here involved two instances of the three-
and-a-half-day programming workshop just described. The pur-
pose of the study was to investigate the extent to which the
workshop experience could give the participants a deeper level
of insight into what the field of computing involves, thus en-
abling them to make a more informed decision about whether or
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not they would pursue a third-level course in the discipline. To
this end, questionnaires were administered at the beginning and
end of each workshop. The questionnaires sought to measure
changes over the course of the workshop in key attitudes, in-
cluding the students’ intention to attend third level, the range of
courses of study they were considering, and their understanding
of what a CS degree involves. Additionally, in the prequestion-
naire, general demographic information was collected, and par-
ticipants were asked directly about any prior programming ex-
perience they had.

Moreover, given that a good grade in mathematics is a re-
quirement of entry to engineering and computer science de-
grees in the authors’ university (and in many third-level insti-
tutions in Ireland and the U.K.), students were asked about their
performance in mathematics in the Junior Certificate (the state
examination taken at the end of the junior cycle of secondary
education—comparable to the GCSE in England) and about
their intentions and ambitions with regard to taking mathematics
in the Leaving Certificate (the state examination at the end of
secondary education). In the post-questionnaire, students were
asked about their attitude toward working in a team and their
overall assessment of the workshop.

Two sets of items in the questionnaires were adapted from
work by Papastergiou on attitudes of high school students to CS
[1]. One set aimed to gauge perception of CS as a profession,
and the other set comprised a scale measuring self-efficacy with
regard to using computers. For the former, participants were
asked to rate the following statements with regard to the extent
to which participants perceived the CS profession:

— CS is creative;
— CS is competitive;
— CS is interesting;
— CS offers one the opportunity to engage in a variety of

fields;
— CS demands that one engages in computer programming;
— CS involves working in a team;
— CS involves problem solving;
— CS involves doing a lot of mathematics;
— CS involves being useful to other people.
For measuring self-efficacy, a slightly modified version of Pa-

pastergiou’s scale (in turn derived from [14]) was used. Partici-
pants were asked to state their level of agreement on a five-point
scale (from “strongly disagree” to “strongly agree”) with the fol-
lowing statements:

— I enjoy working with computers;
— I often have difficulties when trying to learn how to use a

new computer package;
— I am very confident in my ability to use computers;
— Computers are far too complicated for me;
— I find working with computers very easy;
— As far as computers go, I feel less competent than my class-

mates;
— I usually find it easy to learn how to use a new software

package;
— Computers frighten me;
— I consider myself a more skilled computer user than most

of my classmates;
— I am very unsure of my ability to use computers;

— I think I could be a good computer programmer;
— Computer programming is too difficult a topic for me.

(The final two items were added to Papastergiou’s list in order
to reflect the emphasis on programming in the workshops.) Pos-
sible total scores range from 12 to 60, with higher scores indi-
cating greater computer self-efficacy.

Data were entered into SPSS for analysis. For the modi-
fied self-efficacy scale, the Cronbach alpha coefficient was
0.86. This indicates a high internal consistency; it justifies
the addition of individual item scores to form a total efficacy
score and allows for the performance of -tests to investigate
differences between mean self-efficacy scores before and after
the workshops. Means were also calculated for responses to
the individual items in order to summarize these responses and
investigate trends from pre- to post-workshop. (As the data
are ordinal rather than interval, the means should be treated
only as indicators; they are not used for further analysis.) For
the other two sets of items—those asking about perceptions of
CS courses and the CS profession—the items reflect different
aspects of CS and so do not form an internally consistent
scale. However, if it is accepted that the statements listed give
an indicative, if not necessarily a definitive, description of a
CS course or the CS profession, then a high cumulative score
indicates a more accurate appreciation of what CS involves.
On this assumption, total scores per student were computed
and -tests carried out, though the results should be interpreted
with caution. For the CS profession, possible scores range from
9 to 45; for CS courses (for which the items were scored on
a three-point scale, ranging from 0 to “not relevant” to 2 for
“very relevant”), possible scores range from 0 to 16.

B. Participant Demographics

In all, 39 students participated: 16 in week 1, and 23 in week
2. All students were aged either 15 or 16, 19 were male and 20
female, and they came from 11 different schools. All but one
of the participants had taken mathematics at the highest of the
three levels offered in the Junior Certificate examination; this
compares to a national average of about 45%. Thirty of the par-
ticipants had received a high grade (A or B), putting them in
the top quartile of their cohort. Thirty-two participants indicated
that they intend to take mathematics at the highest level available
in the Leaving Certificate examination. (Typically, only around
17% of the candidates in any year take this option.) All the par-
ticipants had access to a PC at home, and 10 had their own
computer. Most had been taught the standard desktop applica-
tions at school (31 word processing, 29 presentation software,
25 spreadsheets). Not surprisingly, given their age profile, the
most common usage of computers was for social networking,
with 17 students reporting they spent more than 1 h a day on
this activity. Four students reported that they could program in
Java, and five claimed to have knowledge of HTML (one stu-
dent had knowledge of both). Finally, at a more general level,
all but one of the participants indicated they intended to attend
third level. (Comparable national statistics are not available.)

Overall, therefore, the participants were technically literate,
but most had little or no prior experience of programming. Their
level of mathematical achievement was high. The participants
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TABLE I
OVERALL WORKSHOP EVALUATION

TABLE II
ATTITUDES TO GROUPS

are typical of students who would qualify for entry into a third-
level course in CS.

C. Findings

The overall response to the workshop experience was very
positive, as indicated in Table I, in which a response of 1 means
“not enjoyable” and a response of 5 “very enjoyable.” The only
negative responses came from two participants who did not
enjoy the strong group work aspect.

With regard to a specific question on whether or not their at-
titude toward working in groups had changed during the week,
the responses show a majority developed a more favorable atti-
tude. See Table II, in which a response of 1 indicates “become
much more negative” and a response of 5 indicates “become
much more positive.”

The participants’ views on continuing to engage with pro-
gramming were also positive, as shown in Table III.

With regard to computer use self-efficacy, the pre- and post-
workshop responses are shown in Tables IV and V. (For items in
Roman script, a response of 1 indicates “strongly disagree,” and
a response of 5 indicates “strongly agree.” For items in italic
script, 1 indicates “strongly agree,” and 5 indicates “strongly
disagree.”) The mean score rose from 46.7 to 47.9, but the paired
-test shows that this is not significant [ , ,

(2-tailed)]. However, a close analysis of some of the
individual items in the list is revealing, and this is discussed in
the following section.

A notable shift was recorded in the perceptions of what a
third-level CS course involved (see Tables VI and VII). The list
of statements is similar in style, but not in content, to the list
used in [1]. The mean rose from 11.6 to 13.1; a paired -test
showed that this rise is highly significant ( , ,

).
Participants’ perception of what the CS profession involves

changed after the workshop (see Tables VIII and IX). The mean
score rose from 34.8 to 36.6, and a paired -test indicated that
this is highly significant [ , ,
(2-tailed)].

V. DISCUSSION

The number of participants in the study described here is not
large, and further instances of the workshop need to be held to
see if the trends identified here hold out with a much larger pool
of participants. Equally so, a longitudinal study to determine

what long-term effects, if any, participation in the workshop had
on participants’ eventual course of study would be a very useful
piece of research to carry out. Notwithstanding these caveats, a
number of key points emerging from the data merit considera-
tion.

The participants produced pieces of software in the area of
games and animation of a level of complexity that belied their
lack of experience of computer programming. The programs
displayed significant sophistication comparable to that reported
by [5], yet within a concentrated workshop timeframe. The ef-
fect of collaborative teamwork was to accelerate learning signif-
icantly. Programs consistently included user interaction, loops,
conditional statements, Boolean logic, and the use of variables,
random numbers, and entity activity synchronization. In short,
the core concepts that would be present in an introductory un-
dergraduate course were present, albeit in the context of a par-
ticularly engaging and user-friendly programming environment.
The majority of solutions constructed by students were readily
classifiable as fully functional and engaging two-dimensional
(2D) games (including the programming of perspective in one
instance). A minority that lacked user interaction and direction
nevertheless included significant choreography of multiple ani-
mated elements, and this outcome was clearly the desired intent
of the students—essentially programmed animation of a com-
plexity that would be considered challenging.

A most interesting effect was the rapidity of transfer of
knowledge built in one team to others. New ideas were in-
corporated rapidly, and it was observed that within the time
span of the workshop, the students assimilated the full range of
core skills designed originally to be delivered over an extended
timeframe in the classroom. During the workshops, students
were required on the final day to redevelop their applications
from the very beginning. The speed with which such work was
performed pointed to the genuine knowledge building that had
occurred over the previous days.

Thus, the first goal of the workshop model was achieved,
and the participants did engage deeply in challenging problem
solving and programming tasks. Furthermore, as shown in
Table I, the participants enjoyed the experience. This is an
instance of what Papert referred to learning as “hard fun” [7].
Table II suggests that participants responded very favorably
to the emphasis on group work, which is too often missing
from the school classroom, but is crucially important in the
engineering profession. Furthermore, participants indicated
a propensity to engage further with programming, either in
Scratch or another programming language (see Table III).

The key indicators of perception of CS courses and percep-
tions of the CS profession both changed significantly and in a
positive way, and participants left with a more favorable and
more realistic impression of both CS courses and the CS pro-
fession. This was the main goal of the workshops.

These positive findings are supported by the qualitative data
provided in the questionnaires. Post-workshop responses to a
question about their perception of programming and computing
included such positive statements as:

— It’s more interesting than I expected;
— It’s a lot more fun and interesting;

Authorized licensed use limited to: TRINITY COLLEGE LIBRARY DUBLIN. Downloaded on November 5, 2009 at 07:20 from IEEE Xplore.  Restrictions apply. 



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

6 IEEE TRANSACTIONS ON EDUCATION

TABLE III
PROGRAMMING

TABLE IV
PREWORKSHOP EFFICACY

TABLE V
POST-WORKSHOP EFFICACY

— More fun & interesting than I expected;
— I didn’t know much about it before—now I do and I find it

more interesting;
— I didn’t know what computer programming was like but

now I do and I really like it;
— The achievements of making a game made me more confi-

dent;
— I thought it may have been too difficult but maybe this is

not the case;
— The atmosphere is relaxed so I would work better.
Regarding choosing specific courses in the preworkshop

questionnaire, when asked if they intended to pursue a course
in CS as their first choice of study, six responded “yes,” 26
were “Undecided,” and six said “No.” The corresponding post
workshop breakdown was 8–29-2. Furthermore, when asked to
list up top five subject areas they wished to study at third-level,
CS was featured in the lists of 14 out of 38 respondents before

the workshop and in the lists of 20 out of 38 post-workshop.
While these figures do not represent a massive switch, it does
represent a move in the desired direction, but a longitudinal
study is required to determine if this change is durable.

While significant change in self-efficacy regarding computers
was not measured, the responses to two items in the self-efficacy
scale are worth noting, as both contributed lower mean scores in
the post-workshop questionnaire than in the prequestionnaire.
The mean response to the statement “I often have difficulties
when trying to learn how to use a new computer package” went
down from 3.95 to 3.61, while the response to the statement “I
usually find it easy to learn how to use a new software package”
went down from 3.66 to 3.46. As the Scratch environment was
the first exposure to programming for most of the participants,
it is not surprising that this caused them to reassess their level
of self-confidence in being able to master “new packages.” Pro-
gramming is a much more complex task than most of the partic-
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TABLE VI
PREWORKSHOP CS IMPRESSIONS

TABLE VII
POST-WORKSHOP CS IMPRESSIONS

TABLE VIII
PREWORKSHOP CS PROFESSION

TABLE IX
POST-WORKSHOP CS PROFESSION

ipants have engaged with on a computer before. and it is an in-
dicator of the overall success of the learning experience that the
participants still have such a high level of self-efficacy. Further-
more, there is a new level of maturity in this self-assessment, as
it is done after engaging in a very challenging task that all too
often at the undergraduate level results in students becoming
somewhat disillusioned with programming.

It should be noted that the emphasis on using a visual pro-
gramming language and developing the type of 2D gaming and
animation applications for which Scratch is particularly suitable
tends to downplay the importance of mathematics within CS;
this should be addressed in specifying the problems and tasks
in further rollouts of the workshop. It should also be noted that
Scratch, in the context of these workshops, serves as an intro-
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ductory model for first-time programmers and does not neces-
sarily give an indication of students’ ability to apply their newly
acquired skill set to a particular programming language.

In conclusion, the authors argue that the workshop model,
with its emphasis on collaborative project work, creativity,
problem solving, and programming using a visual program-
ming language, is a potentially powerful way in which to
introduce students to the reality of CS. While the layout of the
physical space in which the workshop was held adds to the
overall experience, the workshop is certainly reproducible in
a variety of physical settings, such as within a standard “com-
puter lab.” It is known from the other, more general workshops
run in the B2C that the full-time three-and-a-half-day model
during school hours works well and has observable impact
on students’ participation in class. Programming workshops
can nevertheless be run in other ways—for example, as an
after-school activity over a short number of weeks as done by
Maloney et al. [5].

As mentioned earlier, this outreach activity and those like
it would benefit from a longitudinal study to determine what
lasting effects participation has upon students’ course choices.
Nevertheless the authors argue that there is sufficient evidence
of this model having a positive impact on participants’ percep-
tion of CS to merit rolling it (or modified versions thereof) out
to larger audiences.
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