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Abstract
Millennial students (those born after 1982),
particularly African Americans and women, have

demonstrated a propensity toward collaborative ti#s.
We conducted a collective case study at North @zaol
State University and North Carolina A&T to ascentdhe
role of collaboration and social interaction in edtting
and retaining students in information technology.
Responses from semi-structured
representative African American students in thdasses
were coded and analyzed.
minority students were used to evolve a sociakaut@on
model. The conjectures generated from the modgjesi
that pair programming and agile software methodasg
effectively create a collaborative environment that
desirable to Millennial students, male and femalad,
with the new evidence, minority and majority.
Additionally, the African American Millennial studts
enjoy learning from their peers and believe that a
collaborative environment better prepares them ftioe
“real world.”

1. Introduction

The Millennials gravitate toward group activity . ..
gravitate toward activities that promote and reirtfe
social interaction . . . where students help eattten [27]

Research has suggested that African American,
Hispanic, Asian and women students prefer and [enef
from collaborative work environments that provider f
social interactions [23, 24, 34]. Additionally, Iinnial
students (those born after 1982have demonstrated a
propensity toward collaborative activities [27-29)et,
these students often have the perception thatnaton
technology (IT) careers overwhelmingly involve sty

! Other names for the Millennial generation incluGeneration Y, Net
Generation, and Echo Boomers.

The responses from thesgareers.

activities.  Educators reinforce this perception ewh
insisting that students work on programming assigms
alone, particularly in comparison with the “lab gpd

model common in many science courses.Now, IT

educators must create a collaborative, sociallyagigg

environment that appeals to the current generatafn
students and that paints a more realistic pictufette

collaborative nature of professional IT careers.

Between 2003 and present, we have conducted a

interviews with 11longitudinal, collective case study to ascertaia #ffects

of a collaborative pedagogy on student perceptafni§
The study has been conducted with #mdi
fourth year software engineering courses at Nogtoltha
State University (NCSU); North Carolina A&T (NCAT3,
historically black college/university; and Meredith
College, a women's college. These students ara at
critical juncture in deciding whether or not to wadty
pursue an IT career upon their impending graduation

In this paper we present the latest phase of our
longitudinal study. Previous phases of our study3b]
have focused primarily on women and non-ethnic
minority? students. In this paper, we switch our focus and
discuss the important social factors created byr pai
programming and collaboration as gathered from
interviews with 11 African-American Millennial stadts
at NCAT. The emergent themes among the African
American Millennials are similar to those found éar
prior phases of our study but also provide add#ion
important insight into the support structures crdaby a
collaborative development environment.

We present our findings in the context of the Socia
Interaction Model of Pair Programming (SIMPP v3), a
conceptual framework for characterizing the driving
forces through which pair programming and collabiora
can help attract and retain students in IT. Pre&vio
versions of the SIMPP model were developed from
interviews with seven ethnic majority and two ethni
minority students. We expand and further validéte

21n our studies, we consider ethnic minorities @mputer science to be
African American, Hispanic, and American-Indiandsnts.



SIMPP model by adding and integrating the respon$es dramatically improved by shifting the learning piigan
the 11 African American Millennial students. Weetth  from individual study to one that capitalizes oroup
use the SIMPP conceptual framework to make conjestu processes, such as student work groups and student-
about the impact of the social interaction realizgten student tutoring [26]. Treisman [34] performed an
students pair program. experiment with African American and Hispanic célisu
The remainder of the paper is organized as follows: students. He found that about 60% of minority stid
Section 2 contains background and related workti&e8 who had completed calculus at UC-Berkeley in the
describes our research methodology; Section 4 itbescr preceding decade received grades of D or F. Bdoial
the original SIMPP conceptual framework; Section 5 norms had taught these minority students that tre=gded
discusses emergent themes among African Americanto study alone because working with others was tafgea
Millennial students; Section 6 presents the evolStdPP In contrast the most successful Asian students ddrm
model based on responses from the 11 African Araeric “study-squads” to get through calculus, groups imcw
Millennial students in our study; and Section 7sgrgs social status was increased by one's ability tp btHers.

our conjectures. Finally, we provide discussiou aur Treisman told his students they were required to do
conclusion in Section 8. peer checking of each other’s work. Students aigiked

in collaborative groups during class. Only aboi 4f
2. Background the minority students completing Treisman's "wod{sh

calculus made a D or F, versus the 60% earlier. [14]
In this section, we provide background and related
work on the sociological preferences of the Millein  2.3. Preferences of women
generation, underrepresented ethnic minorities, and
women. We also provide related information on eagil Geeks are taken to mean young men, working solo for
methodologies and pair programming. long hours with just a terminal to communicate with.
this image does not appeal to women [35].
2.1. Preferences of the Millennial generation
Prior studies, including those of [1, 13, 23], tate
Both men and women thought the [IT] industry bormgl that female students are concerned about the hityutd
not very appealing . . . could be due to the géelage of  working alone for long periods of time, as theyqegéve to
the industry and the direct conflict between thiueaand  be the case with computer science and IT careers.
desired lifestyles of the Millennials and the pgtaens of  Additionally, women believe that a career in conmpgitor
the IT industry [35]. software involves a lifestyle that is not well ralen or
conducive to family life [13]. Margolis and Figheite
Millennials’ learning preferences tend toward instances where undergraduate women’s confidence in
teamwork and experiential learning, and their gjties their abilities to succeed in computer science ideslas
include a collaborative style of working [27, 28]They they feel they are spending long hours on assigtsrthat
are accustomed to working in teams with people with fellow students appeared to finish in comparativiétie
whom they “click,” thereby fostering the social asfs of time [24]. In theory, pair programming can helpokb
work [29]. Millennials work best in office spacetsup women’s confidence in two ways: (1) when pairing,
physically to share ideas. They learn better thhou women become familiar with how long their fellow
discovery than by being told, and they prefer leayn  students actually work and how much they actuatigvk
through participation rather than by learning bingetold (or do not know); and (2) together, the pair tetalsnore
what to do [28]. Results and actions are constienere easily figure out an assignment and to finish étda [24,
important than the accumulation of facts [27, 28]. 37, 38].
Educators are challenged to employ pedagogical
techniques that appeal to the values and learigssof 2.4. Agile software development and pair
Millennial students and, in the process, to create programming — a pedagogical intervention
educational environment that is more representative

industry’s collaborative environment. Agile software development methodologies are a
S subset of iterative and evolutionary methods [18], dnd
2.2. Preferences of underrepresented minorities are based on iterative enhancement [2] and opgstiin

development processes [11]. Agile methods are high

Research has shown that the success rate oOtollaborative in nature and thus may be an avewune f
underrepresented minorities in science courses BN meeting the learning needs of Millenials. The Mesto

for Agile Software Development and the Principles

3 Based upon a survey of 181 university businesdests (56% men, ~ Behind the Agile Manifesto [4, 12] document theosty
44% women).




emphasis on interpersonal communication and cotipera area of the software development process. These

within agile methodologies. For example, the Mesiib assignments were completed using an object-oriented

states that individuals and interactions are mongortant development model in C++. Optionally, the XP

than processes and tools; and that customer cotiibo methodology was utilized for the team project.

is more important than contract negotiation. Socia

interaction is also emphasized in agile methodelmgi 3.2. Research design

Software developers sit in close proximity to their

teammates, collaborate on all tasks, and make imgrs To examine multiple students’ perspectives, we used

face-to-face rather than through signed-off docusgs]. a collective case study approach, looking for emetg
Pair programming is a practice of the Extreme themes in perceptions of computer science studedvfth

Programming (XP) [3] methodology. Much of the collective case studies, several cases are studibih the

research on pair programming in an academic Same project to inquire into a particular phenomef32].

environment has concentrated on establishing theaef Collective case studies are based on the analfsiveral

of the practice for educating students. Studiewlooted  individuals within a specific domain and the dynasiihat

at NCSU [5, 6, 20, 22, 25, 31] have shown that pair €merge from that domain [10]. We define our donesn

programming creates an environment conducive toemor “social interaction” and analyze the dynamics resgl

advanced, active learning and social interactieading to ~ from instructional and programming approaches used

students being less frustrated, more confident, mande ~ the students. These dynamics were examined fr@m th

interested in IT. Further, a study of undergraduat point of view of the SIMPP (explained in Section 4)

students at Pace University found a positive cafimh  developed during our longitudinal study [5].

between out-of-class collaboration and student ) )

achievement based on student projects and exaonnati 3.3. Method of inquiry

grades [15]. _ .
The primary sources of data were semi-structured

3 Methodology interviews that were audio recorded and transcribed
) Semi-structured interviews are conducted with attemi
In this section, we discuss the details of thevearfe protocol, but allow the interviewer to ask furthprestions

engineering course at NCAT and the student pastitip ~ Dased on the interviewees’ responses [30]. Edefview
The research design and method of inquiry are alsolasted approximately 30 minutes. The transcritioere

addressed. independently coded by three researchers; the ithdil
codings were then combined and compared by thd thir
3.1. Course description author. Coding is the process that categorize$itatire

data into different themes via three steps: opetingp

Two sections of a junior- and senior- level softevar axial coding, and selective coding [31, 33]. Opeding
engineering course at NCAT contributed data to phiase is the process of identifying the categories indhata and
of the stud§. The courses took place in the Spring 2005 the properties of the different categories. Axiading is
and Spring 2006 semesters. There were approxiyn2@el used to connect the categories and find their
students enrolled in the course each semesterde®si  interrelationships. In the last step, selective ingd
attended three 50-minute lectures each week. Mostidentifies one or two central categories and forens
weeks, one of the 50-minute lectures was replaged b conceptual framework, in our case the SIMPP, framctv
laboratory session. The laboratory for this cowsms set o generate conjectures.
up for pair programming. The tables, arranged ning, o
have enough space for the computer equipment and3.4. Participants

accommodate the seating arrangements of the ]
programming pair. Previously, the SIMPP had been developed and

Students completed three solo assignments (twoevolved through analysis of the input of nine Milkal
programming); seven pair assignments (including an Students (seven majority/two mmonty) from N.CSUQan
analysis and design assignment); and one six-week t NCAT. Table 1 shows the progression o_f subjecthen
project in teams of three to four. Each solo assignt is  creation of the SIMPP models. For this phase @f th
completed in one week. The duration for paired study, we Wl_shed to c_zletermlne if the SIMPP _model
assignments ranged from one week to 10 days. The2Pplied to African American students as well. uithg
shorter assignments involved the development ofllsma the students in this phase of the study, the SINM&®

projects where each assignment focusing on a difter integrated _intervi_ew responses fro_m 20 represeetati
students, including 11 women/nine men, and 13

“ Information on the courses and students involvediilding previous mlno_rlty(seven majority .StUd.emS' The focus 9f our
versions of the SIMPP model may be found in [5][3 longitudinal research project is the success atehtien




of women and minorities in IT. Therefore, our agate
sample of twenty students is approximately half d&m
and half minority, which is not representative die t
population distribution at large.

Table 1. SIMPP models and participants
SIMPP |# men | #women| # majority # minority
v.1l 0 3 1 2
v.2-v.3 4 2 6 0
v.3-R 5 6 0 11
Total 9 11 7 13

In this paper, we focus on the analysis of fifteen
interviews with 11 African American students (six
women/five men) from NCAT who were enrolled in the
Spring 2005 and Spring 2006 software engineering
courses.
randomly by the course instructor from all of thedents
enrolled in the courses. The choice of interviewsd in
our analysis was based on theoretical sampling. [10]
Theoretical sampling is used in case studies whases
are chosen based on their likeliness to extenémoduce
an emergent theory. In our study, we are evolimg
SIMPP.  Theoretical sampling is first done with a
homogenous group to develop a theory or model, twhic
was done in the initial phase of study. Then #maing
is applied to a heterogeneous group to confirm or
disconfirm the conditions of the previously-deveddp
model.

The six female and five male participants from NCAT
were interviewed about their experiences in thersmu
concerning social interaction and group work. ©Oé t
female participants, Vanessa, Kayla, and Crystdl (a
names are pseudonyms) were interviewed twice, ance
the beginning of the semester and then again atnteof
the semester in Spring 2005. Teresa, Marie, amdir&a
were interviewed once at the end of Spring 2006lyO
one male participant, Shelton, was interviewed ewiic
Spring 2005. Two other participants, Nathan anevar,
were both interviewed at the end of the semest8pitng
2005. Greg and Ryan were both interviewed at titead
Spring 2006.

4. Social Interaction Model of Pair
Programming (SIMPP)

The conceptual framework for our study is based on

situated cognition [5, 19], where students learn in
collaborative apprenticeships that reflect real Idor
practice; and on social constructivism discourselies
[36], where students’ dialogues within themselvesl a
with their peers contribute to their learning exeeces.
We examine their perceptions of their learning eqmnee

as students move beyond these initial

peripheral .

apprenticeships toward more responsibilities of I&n
worker.

The initial version of the SIMPP [5] was initially
developed from a case study of three interviewsh wit
female students who took the software engineeringse
at NCSU in the Fall 2003 semester. The categories
evolved from the initial version of the SIMPP modé&
the second version [31] as input from more students
became available. The current version of the model
SIMPP v3, is similar to the second version withyonl
nomenclature differences.

The SIMPP v3, shown in Figure 1, describes five
interrelated components of social interaction inir pa
programming that emerged from past student intersie
Each component has a bi-directional relationshith wil
other components, that is, a change in one fadtr (

The students in this study were solicited better or for worse) will perpetuate a change mdthers.

Yet, there is no ordering among the componentse# th
relationship is circular. For example, studentgelve that
project quality and confidence are intimately tiefls the
quality of their project improves through collabioa, so
does their confidence. Yet, because of the confiden
their solutions, they produce better future prgect

| B N

Interest in IT Sense of

Accomplish.
Confidence

Quality

Time Spent

Positive
Collaborative
Experiences

e

Figure 1. Social Interaction Model of Pair
Programming v3 (SIMPP v3)

Students observed that errors in programming and
rationale were corrected more quickly while workinih
others. Also, partners often had a solution toagsing
problem. Both of these aids reduced tivae spent
According to the students, the positive influenteacial
interaction on the time factor yielded a greaense of
accomplishmentand also ahigher quality product.
Creating higher quality products in less time iased the
students’confidencein their abilities. We propose that
these four factors fostered or retained these stade
interest in IT careers. By producing a higher quality
product in less time, a student's confidence should
increase, which in turn, should foster more inteneshat
particular activity, a concept supported by [1,.24]

In the remainder of this paper, we will examine the
interviews of the 11 African American Millennialustents



in our study to see if their responses supportamtrast
with the components of the SIMPP model. We widirth

| like it better than working by myself...Becauseighth
understand it one way, and then the way I'm loolangt

expand and revise the model to incorporate this newis the longer way to get the final answer, but tlieay

information.

5. Emergent themes among African American
Millennials

In this section, we explore four themes that enmarge
in interviews of the eleven African American Milleal
students at NCAT. These themes were consistehttigét
previously-reported interviews, further validatinthe
SIMPP model itself. Furthermore, these new intamd
revealed additional important characteristics ofe th
collaborative factors in the SIMPP.

5.1. Time and quality

Our previous findings suggest that time is an
important factor in students’ experiences with abci
interaction. Some students believe working togethlees
more time, but results in a better product, whitbeos
believe collaborating saves time over working aldmye
catching errors. The African American Millenniatsour
current study share similar ideas about time. @ndne
hand, collaborating with others saves time. Shettays
that working with others saves time on large prigjec

... I guess it’s best to work with another personabse it
might cut down the time that you really have tokvorbut
when it comes to a major project you'll probablyede
some definite help. If 'm by myself I'll be intesnt that
one track until | get deeper into it and then itsong.
Having someone else they're not necessarily stanoer
your shoulder but on the same page as you're om,cam
share those ideas and perhaps have a better product

Nathan's experience of working with his group
together in the lab illustrates the importanceeafnmwork
in solving problems quickly and efficiently:

...we can just kind of talk to each other while we're
programming it, that way, eliminate some of thehpems
that we could have by each of us going out on aun o
and trying to make something up. | think that wagré's
more teamwork... | think working together in the s
allowed us to catch our mistakes before we've distua
thought we were done with something... | thoughtireet
efficient, catching errors before we got too far.

For Shelton, saving time on large projects implies
getting help which could result in a higher quaptpduct.
Marie would rather work with a partner on assigntaen
because it saves her time:

have a shorter way, which is the easier way...it Save
time...a lot less time.

On the other hand, collaboration can take more time
than working alone. Coordinating schedules andsds a
concern for Nathan:

| think one advantage of working individually isttsince
you have no one to disagree with, you'll probabét g
done a little bit quicker, but since you have torctnate
your schedule and coordinate ideas and make suae th
you agree on certain topics, certain issues, thirk it is
more time consuming. But it's worth it in the erat&use
you will have a better product from all the braiovger
going into it.

Vanessa feels that collaborating in the workplaca i
time-saving practice where problems are solvecefast

I: How do you think that working in groups or with
partner - do you think that has a place in the Iorkv
place?

V: Of course. Two heads are better than one. | méan
you're having a problem if you have more than oaespn
working on it, more brains focused on this one peob
it's going to get solved quicker.

As in our previous studies, we find that the
relationships between time spent, higher efficigrayd
higher quality are important factors to considerewh
examining students’ perceptions of social intemacti
Whether working together takes more time or lesgefi
students feel that they end up with a better produerall
and avoid more errors.

5.2. Peer learning

Our previous studies [5, 22] reveal the multifadete
category of higher quality resulting from collabiiva
experiences.  Relating higher efficiency and higher
quality, students in this and previous studies meert
fewer errors, more ways of solving problems, inoigd
more elegant methods, and filling in gaps and mgssi
pieces of ideas. Learning is again an importapimih
contributing to students’ perceptions of higherligya

Eliminating and avoiding problems  while
collaborating with their peers contribute to Afnica
American Millennial students’ sense of accomplishine
Furthermore, being more efficient contributed tce th
learning experiences of these students. Vanesserpte
work in a group over working solo:



...yes I'd rather work in a group. You get more dand affect the grade. But, you have someone sayintl, we
you get to see how other people see things. Mkegra maybe we should look at this differently. So yawmeh
some new things at the same time. somebody else who can make you think outside tke bo

than what you’re already thinking in.
Similarly, Kayla feels that she learns more effitig

by working with others: Similarly, Kayla likes the quality of learning from
communication with her peers instead of seekingtbet
You can share each other’s knowledge like sometitises  teacher for help:
better to learn from your peers than from the instor
because they might know how to relay it better.w8en I'd say | prefer to work in a group just becauseuylo
you’re working in groups you're also learning. always have help if it's needed. If you're notacl®n
something, usually somebody in your group wouldltde
Teresa also comments on her learning from her peers to help you out with it without always running toet
o . ) ) teacher. It's more peer-to-peer relationships goingfou
Something in particular, | guess one thing I'm kiola  can share each others knowledge like sometimes it
little bit having trouble on, which | know will ben the better to learn from your peers than from the instor

final, is like state chart diagrams...I've been usimy because they might know how to relay it better.w&en
peers to find out exactly how to do it and makeedim you're working in groups you're also learning.

doing it the correct way.

o ) Ryan appreciates the importance of communication in
Shelton connects this idea of learning from othters  \yorking with others:

his vision of the workplace:

o ) ] ...the main thing in groups, just in general is haw t
Yes, | think it should be used in the workplace .febght listen...Working in groups, you listen and then yearn
ideas. One person might have one opinion and thenyat way. Like me, personally, like | said, 'm argon
somebody else will have one. And then | guessuifpyt who's an eye, ear and see kind of guy. So, if hnai
it together there might be something new that osrsgn group and somebody says, well, why don’t we diket |
couldn’t have done all by themselves. this, and then they can back it up by showing picture
or something, that's my ears and my eyes alreadingat
and then hands-on, if you can make it, that's sbhingtl
like to see. So, working in groups — the main thirtgink
about working in groups is communication. If youcan
communicate right, you pretty much can do any job.

Learning from the different ability levels of higgrs
led Shelton to comment:

Everyone looks at something a little differentlyddn’t
know too many people that truly write programs saene
unless they're copying each other. So everyonkslad
the problem or the approach to solving a problem
differently and that can bring in different ideasogl or
bad and you get a learning experience.

In other words, learning from others contributes to
higher overall sense of accomplishment and confiddyy
helping these students to see more efficient walys o
approaching a problem.

Crystal appreciates the social aspect of learniom f

others with different ability levels: 5.3. Real Practice

Students in this study felt they were learning abci
and communication skills that would help them oty
enter the workforce. That is, these students vdhee

Well nobody wants to do their work by themselves th
entire time so | think the company of everyonehigags
nice... You know, see what you can learn from other . o o .
) > practical applications of social interaction.
people. That's definitely helpful. Because youkisome
, Crystal comments on the development of

of my weaknesses can be someone else’s strengih. S o I

o A communication skills:
they’ll kind of coincide and balance each other.out

JAnd also like even if you knew a lot, if you were
knowledgeable on it, it helps you as far as the
communication to get it across. Like this is whas.i So |
guess it's more of a helpful thing... | definitelynthit's
helpful because if you're not used to working wither
people to get a project done then once you gooofidrk
and you have to work with a lot of people that domless
you up in terms of how you're used to working. uesg

Sandra comments on the importance of having others
perspectives:

...when you have pairs programming, you might thiisk i
right, but you might have somebody else who's gayih,
this isn’'t right, or maybe we need to take another
approach. So, you have another set of eyes anthano
brain that could either help, you, or it could padiy



that's the big plus within the course. That it ddeach
you that you do have to work within a group to geetff
done.

Kayla also comments on learning communication
skills and their importance in real practice. Wrssked
what she had learned from collaborating in the sewhe
commented:

| guess communication skills. They talk about libtdike
when you get in the corporate world, group worklso a
necessity so that was just so you will know howdtk in
a group. Experience in working with groups.

Nathan took this idea further by adding that he
learned social skills as well:

| guess I've been learning a lot from the two peoile
been working with. Not just from a computer
programming aspect, but also just social skills gust
relating with people. So I'm learning things abdii® as
well.

Students noticed that the closeness of the setting
their apprenticeship to workplace environmentseaased
their competence, which in turn led to their incesh
interest in the IT field.

More group effort. A bunch of group work. It's rgiing
to be like any individual work. | guess it gave anehance
to work with more people. Because | know that'’s littsv
going to be in the real world when | go get a job.

Vanessa also values the relationship of her course
experiences with her vision of the workplace:

| like the idea that we got to work in groups anel got to
learn more about the software development life ecycl
And we learned more things that we would actually b
applying once we get a job. And that's what I dilebout
the course... Like how we get to work...like if we viere
go out and actually get a job, most likely we’llwerking
on a software development team. And getting tdwor
groups and learning the life cycle and all thosendis |
think it helped prepare us more for a real work
experience.

Likewise, Ryan appreciates the relationship between
his idea of the workplace and the Computer Science
major:

I'd definitely say | like groups the most. Becausest of
the time when you get out now, in the real womrdailot
of organizations, you're going to work with groupgou
definitely have to be able to do groups. As of nwith

Nathan notes that interviewers ask him about his this kind of major, you don’t do much by yourse¥ou

collaborative abilities:

Yeah, from the way I've been doing interviews anif,s
over the course of the semester, it seems like af liheir

think, but you implement with others.

These students valued their increased competence in
social and communication skills. They see the ned

focus has been on group work, how you feel aboutlearn beyond basic technology skills and are centidhat

working in a group, or working in teams, have yaere
worked in teams, what would you do if you don'tesgr
with someone, stuff like that. So it seems likenthe step
in the industry will be working in a team in somaywor
some sort.

their newly learned skills are practical.

6. Expanding the model

The additional data provided by the 11 interviews
reported in this study supported the categoriesthef

He continues with how his collaborative experiences SiMPP and did not surface inconsistencies betwheset

in the software engineering course are helpinggriepare
for a career:

So | really feel that they've been beneficial tq agefar as
getting a feel of how things will be done in thdustry,
because you won’'t be working by yourself on a paldr
assignment, you'll have other people working wibtu yo
accomplish the goal, as far as interacting with sihe
people to accomplish this goal and being able & ta
other people and bring in different viewpoints ider to
accomplish the task.

Shelton, on the other hand, explains how the cours
fits his vision of the workplace:

e

minority students and the prior majority student$he
additional data, however, highlighted complexitigihin

the categories of the SIMPP and allowed us to dgvel
further relationships between categories. Thusexpand
our model to the new SIMPP v3-R (see Figure 2) wher
the R indicates that relationships are now shown.
Relationships are denoted as ovals.

The issue of pedearning relates to the categories of
higher productivity, higher quality and increased
confidence. Students believed they learned mdieieaft
ways of approaching problems, had fewer errors,vegre
able to fill gaps in their own knowledge when thvegrked
with other students.



Time Spent

Productivity
Interest in IT
Real
Practice
Confidence Quality

Figure 2. SIMPP v3-R

Furthermore, our new results implied that the stigle
felt more confident and empowered to learn whery the
were able to ask their peers questions. The cendi
also increased through the closeness between atassr
practices and workplace practices, that is, throcigiss
practice being close t@al practice Students valued the

connection of these collaborative practices to the mailing list.

workplace. This connection, as well as growth e t
quality of their work and in the productivity, ireased
their interest in working in the IT field.

7. Conjectures on attracting and retaining
African American Millennial Students in IT

Based upon our findings, we propose three
conjectures about how social interaction can héae
and retain African American Millenial students if. |
The type of qualitative inquiry reported in thispea does
not produce generalizable results as can be dotte wi
some quantitative analyses. However, qualitatdégzarch

As stated in Section 2, women [1, 13, 23] and
Millennials [35] generally perceive IT to be a dime
involving a great deal of solitary activity. Often
instructors of early courses in a computer science
curriculum insist that students work alone. Thestfi
author conducted an informal email sureéthe SIGCSE
Based upon 50 responses, the mgjait
educators felt that students needed to primarilykvemlo
on their programming assignments in the first twarg of
study so they can learn the fundamentals of progriagn
and develop their own skills. As such, the solorkwo
requirement affirms the student view of “solitargnk” in
IT, potentially contributing to the retention prebis of
the computer science discipline. Conversely, &esuof
359 practitionersindicates that software engineers spend
almost 40% of their day working with others; thditaoy
work perception is not accurate.

Our interview data indicate that by the end of the
software engineering course, the students change th
perception. The students consistently verbalied thiew

that the collaborative work done in the class is

can draw implications, propose theories, or promote representative of what they will do in industrydicating

conjectures. Larger quantitative studies can tlen
designed to evaluate the generalizability of the
conjectures. Initial quantitative validation ofetiSIMPP
v2 model has been conducted [22, 31].

Conjecture 1. Through social interaction in course
activities, African American Millennial students acfye
their perspective of IT as a solitary activity td bs a
collaborative activity.

a new perspective on IT as a collaborative activity

Conjecture 2:  Social interaction improves African
American Millennial students’ interest in IT becaui

5 Surveys conducted in preparation for keynote dpeec
“Debunking the Geek Stereotype” presented at CSRHI5
http://www.site.uottawa.ca/cseet2005/KeynotesP DiiedVilli
amsKeynoteCSEET2005.pdf

5 ACM Special Interest Group on Computer Sciencecatian;
http://www.sigcse.org/



helps them to learn both technical and interperdahdls,
which in turn makes them feel more confident arttebe
prepared for the “real world.”

of 11 African American students. We use these #¥to
further develop the SIMPP into a more generalizedieh
that reflects the views of men, women, ethnic mitres,

and ethnic majorities. We further make conjectunés

When students work in groups, they are continuously how pair programming and agile development-style

brainstorming and discussing alternatives. Theotself-
explanation has been found to help organize thaughd
be beneficial in that it causes the speaker toebett
understand the subject at hand or to improve (@nd:ct)
his or her own imperfect mental model [7]. As such
learning occurs to both the speaker and the listenthe
discussion. Students prefer to learn from eackrodher
learning from a teacher [27, 28]. In the procekthese
discussions, students are learning more
communicating in the context of a software develepm
team. From these increased technical and comntiorica
skills, students can be more confident that thely e
more successful in the “real world.”

Conjecture 3:  Social interaction improves African
American Millennial students’ interest in IT becadsis a
preferred work style when compared with workingsol

Our data supports prior findings that Millennial

collaboration impacts student views of IT. Ourdfimgs
suggest that pair programming and agile software
methodologies effectively create the collaborative
environment  desirable to  Millennial  students.
Additionally, the students enjoy learning from thpeers
and feel a collaborative environment better prepénem

for the “real world.” Future research will evaleaand
evolve these conjectures with additional studenis v

aboutadditional qualitative and quantitative studies.
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