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Abstract

Incorporating students to participate as teaching assistants in our CS1
as early as during their second semester has started a snowball effect, in
which more and more students want to be a part of the experience. We
allow students to contribute and take responsibility in a context they see
as meaningful for teaching. The students-as-teachers approach means that
they are mentored by senior teachers in the actual teaching context, which
guarantees enough peer and faculty support for students undertaking the
task. A significant percentage of our students (ca. 20%) participate as
teachers. This has brought us several benefits: (1) new students are
welcomed to the learning community by other students as representatives
of the institution, not just student organizations, (2) students understand
and undertake the responsibility of being a teacher early, and (3) a massive
number of eager TAs.

Category[K.3.2]: Computers and Education Computer and
Information Science Education
Terms: Design, Experimentation, Human Factors
Keywords: teaching assistants, scaffolding, cognitive apprenticeship,
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1 Introduction

In order to break the cycle of being taught to – that often starts already be-
fore primary education – our early computer science (CS) courses are organized
to emphasize doing over passive activities, such as being lectured to. Learn-
ing opportunities are made possible through working in labs under the guid-
ance of faculty and teaching assistants. A significant segment of our students
(ca. 20%) act as student teaching assistants (TAs) in introductory programming
courses (CS1) at a very early stage of their studies, often as early as their second
semester.

Working as a TA gives the student valuable experience on technical as well
as inter- and intra-personal aspects of programming, e.g. communicating with
people with different CS knowledge levels and experiencing the significance of
best programming practices, all of which are important skills for a CS student.
As a bonus, new students are engaged by peers, which has been shown to help
increase the retention rate [14] and create a more enjoyable learning context [6].

As being a TA, regardless of the subject, is essentially about working with
people, it requires educational structures that take into consideration the learn-
ing environment as a whole. TAs need to work in an environment where their
work is being recognized as important, but at the same time, successful perfor-
mance has to be made possible through sufficient support.

Our approach for organizing teaching opportunities for students links with
the Extreme apprenticeship method (XA) that we use to organize our program-
ming courses [16]. XA emphasizes communication between teachers and stu-
dents during the students’ problem solving process, which makes the experience
of being a member of the teaching community both beneficial and meaningful
for participants. TAs constantly perceive how others solve problems, and are
able to hone their own problem-solving skills on the side.

We include acting as a TA in CS1 as a formal part of our degree under
the course label “CS1 Coaching”, as it has clear similarities with agile software
coaching (for details see [18]). CS1 Coaching is not a typical course in the tradi-
tional sense as there are no teaching-related lectures or workshops, no division
into specific groups, and no summative assessment of the students undertak-
ing the duties of a teaching assistant. The only structure is the way that we
organize our programming courses; the pedagogy we use emphasizes heavy in-
teraction between every participant, benefits from the use of team-teaching, and
embraces TAs. Students undertaking the task work as TAs from day one in a
real environment, and learn from and reflect on their own experiences. Enough
support is guaranteed by the senior TAs and faculty members, who help the
newcomers in an authentic working setting.

In the rest of the paper we first describe the pedagogical motivation behind
our approach and its connections to student teaching opportunities. We con-
tinue by describing the enrollment process and practises required from a student
wishing to be a TA, after which we analyze students’ expectations and experi-
ences. Finally, we conclude with a discussion on the results and implications of
the use of TAs in our context.
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2 Pedagogical background

The introductory computer programming education at the University of Helsinki
is based on an apprenticeship-based learning framework [1, 3, 4]. This situative
perspective on learning is also present in the way we organize learning opportuni-
ties for our TAs. According to the situative perspective “knowing is understood
as successful situated participation” [4]. In our context it means that knowing
how to be a good TA means successful participation in the teaching community
of academic teaching personnel within our institution. For our junior TAs, this
is realized through the legitimate peripheral participation in the community of
practice of our CS1 teaching team.

2.1 Students as Teaching Assistants

There is a long tradition of using students and undergraduate students as
TAs [10, 5, 6, 12]. In the literature, undergraduate students as TAs in early
CS courses typically enroll in a separate teaching course, that seeks to teach
aspects of teaching such as “Grading”, “Teaching Styles”, “How to Present
Material” [11].

In our CS programme, undergraduate and graduate TAs have been used
as course assistants from the 1970s (the Department of Computer Science was
founded in 1969). Like in several other universities, our TAs have been mainly
working as appointed course assistants; they have led exercise groups and study
groups, corrected exams, and aided lecturers in other course-related tasks, and
have received a salary for their work. TAs have been selected based on their
grades, attitude, and content knowledge, with the hope that they are good at
teaching as well.

In our XA-specific CS1 context, the TAs have no pre-appointed groups to
lead, and no responsibility for a specific student group. The whole teaching team
of CS1, e.g. faculty, senior and junior TAs, work in XA labs mentoring students.
This is motivated by the situative view of learning stressed by apprenticeship-
based learning, which emphasizes that learning activities should take place in
the same context as they are practiced [1, 8, 4].

2.2 Legitimate peripheral participation

Lave and Wenger proposed legitimate peripheral participation as an activity
that leads to learning by integrating newcomers into a community of practice [8,
20]. Legitimacy indicates that the newcomers are recognized as participants in
the community by other members and peripherality that they are not expected
to fully contribute to the succesful activities of the community.

An individual student is a peripheral or full member of many communities
of practice. Participation in these communities leads to learning, and therefore
learning occurs all the time and is not confined within participation in formal
education. Attention is put on what the communities of practice are that we
wish our students to become members in, and what kind of legitimate peripheral
participation should be encouraged.
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One of the most influential communities of practice, or rather a constellation
of communities of practice [20], inwhich the first year students become mem-
bers, is the community of CS students at the department. Their participation in
this community is legitimated institutionally through their acceptance into the
university but also through social activities e.g. in student organizations. Legit-
imate peripheral participation in the community of students teaches newcomers
vital skills for coping with their studies and social skills through contacts with
peers. Even if this community can prove central in their success in their studies,
it does not necessarily contribute to their professional development. Through
this participation students can also learn undesirable skills, such as “how to get
easy credits” and “how to bend the university’s rules for benefit”.

There are factors that hinder students’ participation in professional aca-
demic communities of practice in higher education institutions. Being subjected
to tons of mass lectures for instance, can hardly be seen as an engagement in
the practices of professional software engineers, as their practice involves mostly
activities such as problem-solving, exploration for new information and discus-
sions with colleagues. Breaking the barrier, and letting students truly become
members in the teaching community of our department, is the main educational
measure taken in our CS1 Coaching course.

2.3 Extreme Apprenticeship

We use a version of apprenticeship-based education called the Extreme Appren-
ticeship method (XA) in the programming courses offered at our university [16].
XA is based on contemporary interpretations of apprenticeship education in
which the emphasis is on teaching crafts that require abstract thinking [1, 3, 4].

XA relies on two key principles: (1) A craft can only be mastered by prac-
ticing it, as long as is necessary; and, (2) bi-directional continuous feedback
between the learner and the instructor [7]. The second principle is crucial for
the existence of XA; feedback enables continuous improvement of the courses.

As a craft needs to be learned by also practising it, programming starts on
the very first day of the CS1 course. The first goal of an XA-based course is to
have everyone succeed in getting started with programming. It is realized by
providing sufficient support in the labs and in the materials. TAs supporting
students must restrain themselves from giving full answers to the exercises. If
a student asks for help, the task of a TA is to provide just enough hints so that
the student is able to discover the answer to the question herself.

As is typical for apprenticeship-based education, XA emphasizes both mod-
eling and scaffolding in the learning process. In the modeling phase, a student
is provided with a conceptual model of the programming process in the form
of course material, screen casts and lectures with worked examples [2]. During
the scaffolding phase, the students work on programming tasks (i.e. exercises)
under scaffolding performed by faculty and students taking the CS1 Coaching
course.
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2.4 Instructional scaffolding

Providing scaffolding for freshmen computer scientists’ learning is the main
teaching activity in our XA-based CS1. Scaffolding is a metaphor originally used
in developmental psychology to describe how a child learns with the assistance
of a parent [21]. It means providing well-timed support to the learner’s learning
process, so that she can achieve learning objectives that she could not reach on
her own. Scaffolding is interlinked with Vygotsky’s concept of zone of proximal
development, in which these competencies are obtained through support of more
knowledgeable others [19].

Meyer and Tuner describe scaffolding as an “instructional process in which a
teacher supports students cognitively, motivationally, and emotionally in learn-
ing while helping them to further develop autonomy” [9]. The task that the
learner was previously not capable of doing or the knowledge she was not able
to grasp, transforms to something she can understand or do on her own [3].

This implies that scaffolding is a process that dynamically changes all the
time and is dependent of the learners previous knowledge and progress. As
a results, a crucial aspect of scaffolding is its temporary nature. The support
given should be immediately dismantled after it is no longer needed, as prolonged
unnecessary support can have negative effects on learning [21].

In our context, a significant part of the scaffolding is performed by TAs, who
help students in the computer labs. Scaffolding is also embedded into the learn-
ing material, especially the exercises, which guide the students to discover the
content knowledge embedded in the learning objectives of the course. Disman-
tling of the support is implemented into the exercises by progressing into larger
and more open-ended assignments, after new topics have first been introduced
with smaller exercises.

Providing effective scaffolding requires making difficult pedagogical decisions
at a rapid pace. Our TAs learn to scaffold students’ learning by actually pro-
viding scaffolding. In doing this, their learning is scaffolded by senior members
in the teaching team. TAs’ teaching activities are monitored and a senior mem-
ber has the capability to intervene in the scaffolding process, but only if the
situation requires it.

3 Implementation

Most of the work in an XA-based course is performed in a computer lab, where
students working on the exercises are scaffolded by TAs. Each week brings a
new set of exercises and knowledge areas to be mastered, while further honing
the skills acquired during the previous weeks.

The pyramid of stakeholders in our CS1 is essential for the effectiveness of
the labs. There are (1) teachers responsible for the course (tenured teachers also
participating in the labs) that are at the top of the pyramid, crafting material
and exercises, coordinating and controlling the operation; (2) senior TAs (TAs
on a payroll) who help in labs and contribute to exercises and the material; (3)
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sr. TAs jr. TAs students hours
2010 fall 14 0 192 658

2011 spring 4 4 85 622
2011 summer 3 18 67 484
2011 fall 16 4 197 886

2012 spring 4 15 93 868
2012 summer 3 13 98 487
2012 fall 8 26 189 793

2013 spring 3 15 - -

Table 1: Number of TAs in our CS1 courses since fall 2010, and the number of
hands-on scaffolding hours provided in the XA labs

junior TAs, who are learning to instruct novice programmers and improving
their own programming skills by assisting students in the XA labs; and finally,
(4) students of the CS1 course, who provide constant feedback on how well the
course material and organization works.

As XA emphasizes the individual effort of a student with continuous inter-
action between all parties, embedding junior TAs in the environment is only
natural. The students who participate in the labs give and receive feedback
based on their progress, which helps the teachers and learners to reflect and
evolve.

Although there is a distinction between TAs, the terms “junior” and “senior”
should not be associated with age but with experience. Junior TAs have limited
teaching experience, and are typically in a very early stage of their studies, e.g.
in their second semester. Becoming a senior TA can happen during a single
semester after a student has shown that she possesses the required content-
specific skills and is able to scaffold both junior TAs and course participants.

3.1 Origin of the Approach

When we started applying XA in our CS1 courses in early 2010, TAs were
selected for the course by our teaching administration. The TAs were both un-
dergraduate and graduate students with sufficient background in programming.

The initial idea for giving the students an early teaching opportunity came
from the students themselves; a student who had just finished our XA-based
CS1 approached the teacher in charge of the course, and demanded to be allowed
to help in the next CS1 course implementation. After realizing the benefits for
the students, especially ones within the software engineering subtrack [18], the
faculty welcomed the new student helpers.

Initially, CS1 Coaching was not marketed nor included in the official study
plan; we simply accepted students who wanted to participate in teaching CS1.
The first iterations with early student TAs had only a few participating junior
TAs, see Table 1. However, after a while when students started to realize that
they could be a part of the teaching experience, more and more students started
to sign up.
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After the initial experiment, the number of willing students has steadily
increased: during the fall 2012 semester we had 26 students as junior TAs and
6 students as senior TAs, helping our 189 CS1 students. Currently, as we have
more students willing to participate, we have to perform pre-selection in order
to make sure that there are enough students to be scaffolded.

3.2 Enrollment

In order to limit the number of students in the CS1 Coaching course, and make
the recruitment process more transparent, the students willing to participate
as TAs are required to fill an online application form. The form includes basic
questions such as grades and the length of studies, as well as open questions
“Why should I be a TA?” and “What do I expect from the teaching experience?”

Currently, when the applicant passes the initial filtering (grades are relatively
high and studies progressing rapidly), and she is not beforehand known to the
course staff, she is invited to an interview. As most of the students are already
known by the permanent course faculty from the time they spent in XA labs
learning to program, there is seldom a need to interview the students aspiring
to be TAs.

Senior TAs are recruited among the more experienced students from the
department who have both good grades and study progress, and have skills in
teaching either through performing well as a junior TA, performing well as a
“normal” TA in other duties at the department, or through work- or hobby-
related experience. Selected senior TAs become employees of the department,
and are therefore subject to normal regulations of employment. As we organize
CS1 three times each academic year, it has been possible to allocate all of the
junior TA applicants; if not right away, then in the next cycle.

3.3 Practice

Students that have enrolled to be a part of the teaching experience are motivated
and have shown willingness to improve both as programmers and teachers of
novice programmers. Their main task is the scaffolding that makes XA-based
programming education possible, i.e. helping students to learn programming
better than they would simply on their own. This means that students help
novice programmers to make working software, improve their design, and nudge
them towards necessary information[18]. An important aspect is that the ideas
of the students are to be embraced; TAs are forbidden to impose the their own
solutions on the students.

As the lab can be crowded, the scaffolders wear bright safety vests in order
to stand out in the lab. This also serves as a legitimation of the presence
of novice TAs, as this is a sign to CS1 students that the institution authorizes
their involvement as instructors. Further legitimization is provided by giving the
TAs genuine possibilities to participate in the teaching team by giving feedback
on the progress of the course. Each week the staff responsible for the material
reviews feedback that has been received during the week, makes adjustments and
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introduces new parts and exercises to the material. In order to make the release
of new material as successful as possible, TAs are encouraged to work through
the exercises and material, pointing out possible mistakes for correction. As
TAs complete the programming tasks before they are released to the students,
they are well-prepared with the material for the challenges in the coming week.

Each CS1 course starts with a meeting of faculty members and the TAs.
During the meeting, the team visits the necessary administrative issues as well as
the most important pedagogical practices for teaching CS1. Crucial information
has been gathered in a so-called “CS1 TA’s manifesto” that everyone (TAs
and faculty) sign. The two-page document includes the responsibilities and
guidelines, of which the most important ones are:

You will advise everyone in trouble but only give so much help as is necessary
for the students to conclude the solution by themselves. Each member of the
teaching team has to circulate in the lab monitoring the students’ solutions and
progress while giving constructive and positive feedback. Comments are given
even if the students do not ask any questions. Important things:

1. Style of the code. The students are gradually being instructed to write
code according to Clean Code principles. Good style incorporates the
following

(a) wrongly indented code is not accepted

(b) undescriptive names of variables, methods and classes are not ac-
cepted

(c) encourage to split long methods into separate methods; the guideline
length of a method is approximately 10 rows

2. A working solution is not always enough. A properly working solu-
tion should be refactored towards a clearer and more maintainable solution.
The person sitting in the next seat should also understand the solution

3. Do not sit and mind your own business even if it is quiet in the
lab

4. Do not touch the keyboard of the student’s computer

It should be pointed out that the TAs do not have the responsibility of
grading the students in CS1. The final validation on whether an exercise is
correct or not is performed using an automated assessment system [17], which
diminishes the potential peer-pressure in grading. The grades in CS1 are based
on the number of successfully completed exercises and a written exam.

3.4 Supporting Junior TAs

While interviewing the applicants for the course, we have noticed that most, if
not all, have a good sense of how an instructor is supposed to scaffold students
in the CS1 course. This is not surprising since students applying to become TAs
have participated in the XA-based CS1 course themselves.

Despite existing first-hand knowledge on the organization and teaching in
our CS1, the students participating as TAs receive feedback on their actions
both from the students and the faculty members. While the feedback from the
students is constant in the XA labs, the guidance from faculty members is more
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subtle. Faculty members as teachers responsible for the course are naturally
also present in the XA labs, performing scaffolding to both the students in CS1,
and the TAs. As with the CS1, the TAs are not directly told what to do, but
just nudged to reflect on their actions from different perspectives. Students as
TAs also perform implicit self-reflection with other TAs while instructing, as
well as participate in discussions in an active online chat channel.

During the course the teachers responsible for the course organize biweekly
face-to-face meetings where all participants of the coaching community are
present. Meetings are typically organized as retrospectives. In the meetings,
the responsible teachers inspect and reflect on what has been done during the
past two weeks, and bring up good and bad experiences and practices to the
awareness of the whole team. The team identifies top good practices and marks
them as to-be-kept, i.e. they should work also during the following weeks. Top
bad practices are marked as to-be-improved that deserve special focus during
the next few weeks. The goal is to have a few of the to-be-improved pile turned
into good practices for the future.

The junior TAs are recognized members of the teaching team. In a way,
this is also their first opportunity to participate as teachers in the academic
community. Formal recognition from the institution in the form of credits and
support and the role as “almost teachers” actually makes them participants in
the community of teaching staff. The experience is also a valuable merit (albeit
not required) when TAs are being recruited for traditionally organized courses
at the department.

4 Evaluation and Results

Between fall 2010 and spring 2013 (inluding the currently ongoing course) we
have had a total of 116 participants scaffolding in the XA labs. There have
been 93 junior TAs (some served in more than one CS1), and 55 senior TAs,
many serving as both. During the seven course instances, we have been able
to provide 4798 hours of hands-on scaffolding to a total of 921 students. The
retention rates of our CS1 have remained on the same level during the junior TA
experience, when compared to the retention rates of our XA courses with only
senior TAs, in spite of the fact that we have been able to constantly increase
the demand level of our CS1.

4.1 Junior TAs’ Expectations

In order to gain insight on the students’ expectations from the teaching experi-
ence, we analyzed 37 free-form applications from fall 2012. We focused on the
question “What do I expect from the teaching experience?”, and found three
recurring themes:

• 76 % expected learning opportunities; honing of programming skills,
learning about teaching, gaining deeper understanding on different learn-
ing perspectives
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..[I expect] that helping others in courses that I already have
passed will deepen my knowledge on the topic, and gives me
confidence in my ability to come up with required knowledge
when needed....

• 43 % expected teaching; helping, guiding, mentoring, coaching, explain-
ing things in words of one syllable

..[I expect] solving problems together with students. Interesting
and surprising questions, that force the teacher to look at a
problem from a new perspective..

• 38 % expected social aspects; working together, meeting new people,
being a part of something

..[I expect] meeting new people, the joy of teaching and learning,
challenges and opportunities for improving my knowledge, and
new experiences in good company..

Most of the students (76% of the correspondents) were expecting new learn-
ing opportunities and improving their own skills. The skill set that the students
were hoping to improve varied a lot; most of the students indicated that they
would like to become better programmers. A clearly recurring sub-theme was
also learning to work better with people.

Although we labeled the second theme teaching, the students that expected
teaching (43%) did not expect teaching as a traditional “talking head”. Almost
all of the students further explained that they want to help students figure out
the solutions themselves, or that they want to work on problems together with
the students. This is to be expected as the students themselves have taken our
CS1 course where the focus is actual doing, and they have already seen the TAs
in action.

The third theme was about social aspects. Some of the students were eager to
join to the community of teachers and meet other students that were interested
in teaching. The good mood in the XA labs shone through in some of the
applications; as the students had received good experiences in the lab as students
in CS1, they wanted to continue and bring the same feelings to new students.

4.2 Junior TAs’ Experiences

In addition, we posted a questionnaire to students that have been participating
as junior TAs in an XA-based CS1. A total of 46 replies was received. The
questionnaire contained Likert scale questions that measured the students’ ex-
periences on the scale 1=’not at all’ to 5=’a lot’ and “cannot say” which is not
considered in calculating the mean µ and variance σ2.

Interpersonal skills scored relatively high:

• I have become more proficient as a member of team of teachers: µ =
3.00, σ2 = 1.04

• I have become more proficient in understanding problems posed by others:
µ = 3.72, σ2 = 1.03
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• I have become more proficient as an instructor and mentor: µ = 3.64, σ2 =
0.66

• I have become more proficient at recognizing learning styles of others:
µ = 3.11, σ2 = 1.29

TAs were also asked for open comments regarding their experience. The com-
ments revealed that the experience was highly valued. Many of the students
stated that they now “understand my own learning process better” , and that
often “simply listening and being present helps students to find the solution”.
Other, more targeted open comments included “learning to cope with chaos”
and “learning to be more patient”, as well as references to “learning to switch
fast between mental tasks”. The comment that seems to summarize the whole
process was that “teaching is hard but wonderful”.

4.3 CS1 Students’ Feedback

Of course, the use of novice TAs can only be justified if it does not have a
negative impact on the learning of the students they teach. We have witnessed
an overall decrease in drop-out rates and increase in students’ persistence due to
our measures taken in CS1. There are many factors contributing to the success
of students and a more thorough investigation on the subject can be found in
[15].

In order to measure the CS1 participant satisfaction with regards to scaf-
folding in the XA labs, we have gathered anonymous feedback from the course
participants using an online form. Although giving of feedback is not mandatory
for the students, we received 189 anonymous feedback answers during 2012.

Overall, the teaching organization and course content is seen as extremely
successful, and the course constantly receives top scores in anonymous feedbacks.

Out of the 189 comments, 30 included comments about the labs, and were
all positive. Both the junior and senior TAs (as well as faculty) received tons of
praise, while 6 comments contained negative remarks. The negative comments
concerned with a TA not having prepared for the lab (1), the junior TAs not
always being able to help (3) (the comments noted that the senior TAs and
faculty did help out though), and the availability of help during busy times (2).
The availability and activity of support also received praise, and the satisfaction
towards the course is also visible in the number of students that want to become
a TA.

5 Conclusions

We started using XA in our CS1 in 2010, and the first junior TAs enrolled to
the course in fall 2010. Since fall 2010, we have been able to offer a significant
amount of hands-on support for the students striving to be better in the craft
of programming.

Involving students in the teaching community as early as possible has been
beneficial and fruitful for all parties. The freshmen CS students benefit from a
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well-organized teaching structure, while the TAs hone their own skills in teaching
and programming-related skills. Participating as a junior TA can be seen as a
signal of interest towards academic life, and many of the TAs have been selected
as senior TAs as well as into research groups.

When considering the expectations of the students, it is clear that the stu-
dents have learned and participated in teaching. The most important benefit
for the students participating as TAs is the experience that can be used for re-
flection on upcoming courses as well as in the job market. Students learn much
about interpersonal and social aspects that are often otherwise neglected in CS
studies.

It is well known that “faculty have been drawn away from undergraduate
instruction in order to teach graduate courses and fulfill increasing research
demands [...] a great deal of responsibility for undergraduate instruction has
been handed over to graduate teaching assistants” [13]. We do not use students
in CS1 to save or reallocate resources to “more important” courses. We consider
CS1 the most important course of our BSc degree; that is exactly why we want
to make it as good an experience as possible.

Deploying “rookie” students as TAs has not deteriorated the learning results
when switching from traditional lecture-based CS1 to XA [15]. In fact, the
number of TAs has allowed us to significantly increase the amount of support and
lab times available for our students. We claim that enough support structures
(hierarchy and heavy interaction between all participants) ensures the quality
of scaffolding for the actual students of CS1.
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