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Abstract—The paper describes the eXtreme Apprenticeship ability to solve the proposed task. Scaffolding progresigiv
methodology and its application inside a blended laboratory fades over time, as the students begin mastering themselves
on Operating Systems. Extreme Apprenticeship is based on the task. By now, the XA approach has been used at BSc

Cognitive Apprenticeship: apprentices learn a task by first - . - . .
observing the master performing it, and then practising under level inside Computer Science courses, dealing with variou

master guidance. The role of a Learning Management System Programming languages, and with data structures, and in
in scaffolding apprentices is underlined, and some preliminary Mathematics courses on Linear Algebra and Logic. The expe-

evaluation of the experience is presented. rience reported here has taken place in the Free Univerbity o
Keywords-Computer Science Education, eXtreme Apprentice- Bozen-Bolzano, during Fall 2011 semester, inside a counse o
ship, Blended Learning Operating Systems. While the principles of XA have been kept
as in Helsinki, in Bolzano-Bozen some of the practices have

. INTRODUCTION been modified. The most striking change was that of turning

havéhe XA feedback from in-presence guidance into a blended
type of scaffolding, as in other blended teaching expegenc

: ; : . Support given by a Learning management System (LMS

programming courses, called eXtreme Apprenticeship (X4 ] rcl>JvF;gin gSI\l/JCh s{:affoldinI \g/lvas crugcial for aysuccéssful)
[1]. A series of papers describes the improvement gain Pro 9 9

by XA over traditional lecture-based formats of teachinﬁfpe”ence' Thg paper descnpes the XA methodology and
[2], [3]. XA is not a tool; instead, it is a comprehensiv e local organization, that motivates the need for a bldénde

approach to organize education in formal context. It is das Adlr?r?lementatlton.fOrganlz?tlt(r)]nztil praCttI)C(ES f(r)]r_ blegdfe@i,x

on Cognitive Apprenticeship (CA) [4], a methodology wher&" € amount OF support that can be achieved from an

a task is learned by apprentices, looking at the master Whoefg'sting LMS, are then discussed. The paper concludes with a

performing it, and then repeating the task under his guiel“,:m@rehmmary assessment of the blended XA laboratory, fingus
Basic principles of CA are: on students self assessment.

1) The craft can only be mastered by actually practicing
it, as long as it is necessary. So, students must do a lot I
of programming exercises, which have been designed to

build both skills and knowledge Much emphasis is given by CA (and XA) on the role of

2) T_he !earnmg Process 1s effective by means of b’éxercises, and as remarked by Vihavainen et al [1] empirical
directional continuous feedback. Teachers must be aw

a support the claim that exercises are crucial in legrnin
of successes and challenges of learners, and must

vailable to give them r nil iol v to program. Exercises are conceived for “teaching the
avaraple to give them, as Irequently as possibie, eVelle material (as lectures) but in an exploratory fashi@h” [
small signals of encouragement.

_ i _ _This exploratory approach fosters intrinsic student nadidn,
Results achieved so far by adopting XA have been impresSiyghich in turn improves student performance. XA is aware
reducing drop-out rate and increasing exam grades. SYgh; difficulties in an assignment may result in killing the
achievements rely upon flexible arrangement, in the Spiffstivation of the average-to-weak students, resultinghémt
of Extreme Programming, of tutoring on-demand by a Sgtopping out. Another crucial factor to students achieweme
of teaching assistants. Guidance to students in XA a@witiis the level of comfort [8], which is based on self-esteem
is based on Vygotsky's [5] idea of scaffolding: students atg,y self-efficiency. These factors must be kept in mind when
given just enough hints to proceed, boosting in this Way”h%rganizing the scaffolding phase, by including in expert's
*: This is the pre-print version of a paper appeared at |IEEErirational feedback Som‘? mefans to .imPrOVG StUd‘?”tS’ perception of
Conference ICALT 2012(©IEEE 2012 DOI: 10.1109/ICALT.2012.63 self. Data provided in [2] highlights the difference betwee

Computer scientists at the University of Helsinki
recently developed a new educational approach in intraduct

. EXTREME APPRENTICESHIP



lecture-based courses and XA. In a 6-EGT8urse with 140 novices in accomplishing tasks, at the same time stimgatin
students, given with lecture-based approach, 252 exsrciseore experienced students to share their thoughts andimexpla
were evaluated and corrected (on the average, each studeeir working styles. Exercises were submitted on the uni-
received feedback less than 2 times). In an XA based 6-ECV¥&sity LMS (a Moodle instance, already familiar to them).
course with 192 students, 17420 exercises have been edjuathe teacher then graded all submitted exercises: if thdly sti
that is, each student got about 90 feedback. In the lab disduscontained mistakes, a feedback was given, allowing stsdent
in the following, within a 2-ECTS module, 3109 exercises)ne extra week to resubmit a corrected version. From the thir
submitted by 44 students, have been graded (on the averagegk, as experience and self-confidence from students grew,

each student received more than 38 feedback). scaffolding started to fade. Since fewer students camengluri
labs, and more students submitted exercises from their fiome
I1l. ORGANIZING XA IN BOLZANO-BOZEN grading sessions took place on each work day, and at least

The XA methodology has been applied inside the lab QNCe Per weekend. In_ the final (sixth_) week of the Igb, the
Operating Systems (OS) Fall 2011 course. OS is oﬁeré‘iﬁCh?r was out of of_flce, an_d she daily grad_ed submitted lab
at the third semester of the BSc programme; during pre#Xercises, without being available any more in presence. Th
ous semesters, students took two 12-week courses based’$HCiSes proposed for the last week were the most diffiéult o
Java programming. Lab activities are graded separatety fréh€ 1ab, dealing with regular expressions to filter inputadat
lecture-based contents, the latter being assessed witisedsl "€Sulting in more error-feedback-resubmission cycles tina
book written exam. OS lab is organized in two phases: a fifdfevious weeks. However no student failed the lab because of
phase is devoted to bash scripting, covering the contentsigufficient scaffolding in such a week. Without the support
the textbook [9], and is tutored by the course lecturer. NeffP™ @ LMS, a blended XA lab would have been impossible
teaching material and exercises were prepared, keepingldnarrange: we exploned Moodle feature.s, setting Su.'table
mind XA principles. Time to solve the weekly exercises walarameters and options for resources, assignment gradag a
estimated around 1 hour by an experienced shell programnfé@éndar. Materials and text of exercises (resources) were
Tutoring was available in lab overall 6 hours per week. IATanged as a wiki to allow both the lecturer and the teaching
the second phase of the lab, a complex take-home activgSistant to independently edit the text. During daily grad
consisting on modifying shell scripts to customize a Linox i N9 Sessions, the teacher was prompted by the presence of
stallation, was assigned to the same students; it was separv@ “Grade” button highlighting still to be graded exercises.
and assessed by a teaching assistant. We investigateaitstudaiudents greatly appreciated automatically generatedi| ema
previous knowledge about lab topics with a self-assessméHPrming them when new grades and feedback from teacher
questionnaire, shown in Fig.1, question “a”. More than haffas available. The LMS prevented each student from knowing

of respondents reported very limited (or no) experience g{ades of other students. It also gutoma?ically computed th
GNU/Linux commands and scripting, while only about 2508Verage per student and per exercise, while the teachesyrad
declared to be very good at them, or even experts. Stud¥fifh ‘0" missing exercises after the deadline. Statistidata
population is mostly made from daily commuters, who oftefollécted by the LMS, containing additional informatioroab
leave university premises in the afternoon, and work oedin ON-line activities of students, was not considered in assgs
the evening, from their homes. To cope with such a situatiofi€M- Since XA has quite a lot to do with being timely and
OS lab must support a blended version of XA. Presence $fStematic in exercises, the course calendar functignafit

students during morning lectures is high and constant, sd"¢ LMS was most useful. It was managed by the teacher and
“collective feedback” about lab activity was given once @&we showed lab schedules, and deadlines for exercises submissi

during lecture hours. It stimulated meta-cognitive refeeet @nd resubmission. Late submissions were prevented by the

about what was learned during labs, and contained a statisttMS-
report on class lab performance, so to keep level of comfort

and intrinsic motivation high for everyone. V. COURSEOUTCOMES AND CONCLUSIONS

IV. BLENDED EXTREME APPRENTICESHIP Quantitative comparison of course outcomes with previ-

c £ XA i ¢ . witi di OEUS cohorts is not immediate. Written exams have been
_urrent XA praclices Toresee in-presence tuition and in ubstantially equivalent across the last five academicsyear
vidual real time feedback. In an on-line setting,

C d ided b ¢ individual scahllitngj| However, in previous years, OS lab consisted in a take-home
Is Instead provided by means of individual, asynchrono §ogramming activity, for example developing in C a minimal

feedback messages. Our blend_ed approach provided at f¥aIl. The course was taken at BSc, second semester, after a
as much in presence scaffolding as each student nee & a programming course. As it is customary in Italy, studen

while later on, a gradual shift from in-presence lab to o hay take the exam during a number of exam calls during

line exercise_ submiss_ion took pIacg Whe_n studqnts bec_a{ﬂs year, and at the time of writing (March 2012), only the
autonomous in mastering new cognitive skills. During thetfirg, t call has been concluded. So guantitative comparison is

twohwetelfjs at” _stuciler:_ts car_r:re]z :ﬁ th_e rlﬁu‘b The tee:jcher he'?ggssible by considering only the first call of each cohort.
each student in starting wi € nght pace, and supportefyie | shows such guantitative data from previous cohorts.

1ECTS is the acronym for European Credit Transfer System, dD€SE (Due to a change in regulations, the OS cour.se was moved
credit corresponds to 25 hours of study from the student. to the third semester, and was not offered in 2010). The



a b c
Figure 1. Survey on students.
Cohort | All Passed| Not Passed| All / Passed | Professor|
2011 42 22 20 52% Dodero
Dodero /
2009 40 7 33 17% Wild
2008 39 15 24 38% Wwild
2007 22 11 11 50% Toman
Table |

RESULTS OF1ST ASSESSMENT OFOS COURSE IN DIFFERENT COHORTS
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combination of high enrollment in the first call, and high
percentage of passed students, in the January 2011 exam call

shows the increase in student interest and motivation eethie

by the XA methodology. This consideration is enforced bydat

collected by a satisfaction questionnaire that was disteith

both in presence and online, and filled in by about a half
of the enrolled students. Fig.1 details students’ answers t

guestions “Now | know how to write scripts (b)”, “Now |

have a better understanding on how operating systems work
(c)". The contrast between answers to question “a” and “b” is
striking: all students self assess as experts, by the enkeof t

lab, or at least knowledgeable about shell scripting. THey a

have a good perception on their understanding of OS func-

tionality. The experience has been discussed with theraigi

developers of the XA methodology, to ensure that the right

“spirit” was taken into account, under different practicesd
organization constraints. The scaffolding possibilitpypded
by the LMS, consisting in daily feedback to students, praeed
be adequate. Repeating the experience in future editiotieof

Operating Systems course is at present foreseen for theaxgomi
years. Better organization could be achieved should some
local constraint be removed, for example having lab session
attended by more than one teacher at a time. Managerial data
provided in [2] suggests that a measurable improvement in
the quality of learning outcomes does not necessarily imply

higher expenditures in staff salaries and other tuitiortscos
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