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ABSTRACT

INCREASING ADOLESCENT INTEREST IN COMPUTING THROUGH THE
USE OF SOCIAL COGNITIVE CAREER THEORY

by
Osama Eljabiri
While empirical research efforts are sufficientpimvide evidence of the role of most
constructs in the Social Cognitive Career Theor€(3), this dissertation shifts the
research focus and finds serious shortcomings fmidg the construct of computer
technology learning experiences design.

The purpose of this dissertation is teestigate whether, and to what extent, the
proposed SCCT-enhanced framework can increaseeffielicy and interest of pre-
college and college students in computer-basechtéafy through the newly proposed
“Learning Experiences” construct; in particular,etler it can reduce the gender gaps.

As a result of a comprehensive literatergew, the dissertation connects learning,
instructional design and career development theanie@ holistic fashion identifying and
synthesizing gaps with corresponding interventiongacerning learning experiences.
Subsequently, the study carries out an evolutiomargesign of SCCT in multiple
iterations with the incorporation of theoreticaldings until a revised SCCT framework is
proposed utilizing interventions used in best pest Accordingly, eight hypotheses are
formulated to answer all research questions.

A multi-phase experiment of four rounds is desigtedstudy the impact of the
revised “learning experiences” on self-efficacytomme expectations and technology

interest. The data collection process is cumulativaeature with numerous refinements



that leads to a scale which is confidently rep&dafor future research and theory
evolution with few refinements.

Next, an extensive statistical analysisconducted to test all hypotheses. All
hypothesized relationships between SCCT constractd technology interest are
substantiated, proving the effectiveness of theeeflearning model. It is concluded that
the redefined “learning experiences” construct ttase key dimensions with social
integration as the most powerful predictor. It isoainferred that, while the new
combined interventions appear to be more powertedliptors of pre-college and college
student interest in computer technology than véeglderived from SCCT traditional
sources, using the new model has a limited impacateducing the gender gap; it can be

attributed to a time-factor in experimental design.
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CHAPTER 1

INTRODUCTION

More than three decades of research positionedStwal Cognitive Career Theory
(SCCT) in the heart of career development liteatas one of the most influential
theories to explain how students make their cargdwvices Ali, McWhirter and
Chronister, 2005) The most dominant factor in this theory is sdffeacy (Stajkovia and
Luthans, 1998), which in turn depends on how efffebt we design our students
learning experiences (Lopez et al, 1997). While ieicg research efforts were sufficient
to provide evidence of the role of most construetthe SCCT theory (Diegelman and
Subich, 2001), they suffered from shortcomings@gard of effective design of students
learning experiences since such design was limdeslbert Bandura'’s identification of
four source of self-efficacy that remained almostouched for four decades Bandura
(1977, 1994).

First, not only there is an obvious disoect between the Social Cognitive Career
Theory and learning theories, instructional desigeories and career development
theories as it relate to learning experiences desltere is also a perception that such
theories are rather contradictory.

Second, the SCCT theory was frequentived as one-size- fits-all despite the
need to have more emphasis on variations that cbaldttributed to age (Amato-
Henderson et al, 2007), gender (Lopez et al. 199@hd area of study especially
computer technology- related subjects (Venkatesal, ,e2003; Smith, 2004). Third, there

is little incorporation of the results of studieBoat best practices or assessment of



existing practices of actual real world intervensoused to enhance the design of
students learning experiences. In fact, real wetédistics reveal deepened problems in
students learning environments usually charact@rizg knowledge fragmentation and

lack of relevance, personalization, and socialgragon.

An assessment of the literature demoestréhat there are serious gaps in
designing motivational learning experiences foranppiddle school, high school, and
early college studentsspecially as they relate to computer technologycattbn in
STEM areas. Such gaps become more severe witHefeadalescents as boosting
female students’ interest to computer technologyires significant efforts and is not
easily attainable.

Social cognitive career theory (SCCT)eagshers frequently associated four
external sources of self-efficacy to boosting sttgleinterest (i.e., accumulative
accomplishments, vicarious learning, social persnasd emotional arousaBd&ndura,
1977 & 1994)without consideration fosocial integration or personal relevanée
extensive literature review on teaching strategiesb self-efficacy showed that the issue
was studied primarily by examining experientiatti@g and teacher-owned factors that
contribute to student enrollment rates. In thisdwgtuthe focus was on learning
experiences dimensions that had more to do witbests-owned constructs than
external factors or demographics. Moreover, thidysshifted the research focus in the
Social Cognitive Career Theory (SCCT) to examimedibsign of “learning experiences
characteristics” to increase self-efficacy andregein computer technology among
adolescents as opposed to studying the impact libéfeacy on other constructs

assuming that the four traditional sources ofs#ifacy are sufficient.



This study was carried out in the context of aesssent for an existing learning
model (i.e., Real World Connections Program at NRWC)) that has created a unique
combination of intervention mechanisms to boostemdent’s self-efficacy and interest
in STEM-related computer technology education. @/hie study aimed at assessing the
effectiveness of the RWC model in the light of 8€CT theory, the model, on the other
hand, offered an enhanced approach to improve SGElfFefficacy sources.
Subsequently, the hypotheses were formulatedtttheeexchangeable impact of SCCT

and RWC on one another.

1.1Background of the Problem

STEM education for adolescents in the United Statdsy, especially among women
and minorities, faces major challenges due to gmegedented degree of student dropout
rates from coast to coast, lack of interest in STH®#ds (Science, Technology,
Engineering and Math), and the little impact thaiX education has had on preparing
students for post-high school careers. Retentitesrof early college students, especially
female students, pursuing degrees in science agdhesring primarily during the
freshman and sophomore years are considerablyeolgallg. As a result, the United
States does not enjoy a STEM-related leading jposin the world today, and it faces
significant economic challenges associated withr pporkforce preparation. Over the
last few years, it has become apparent that intengisearch efforts must be exerted to

identify the root causes of our ailing K-12 andeabllege education system.



The Four Traditional Sources of Self-Efficacy:Bandura (1977, 1994) explained four
major sources of information for expectations df-efficacy. One source is performance
accomplishments (mastery experiences) which bdfidaey through personal successes
especially after facing obstacles. A second soigcdcarious experience provided by
social models. The similarity of the social mod®lat particular situation and context is
positively correlated with the degree of persuas®gs of such a model. Another source
iIs verbal or social persuasion that results fronsisdosupport and encouragement.
However, it is more effective when efficacy builslatructure situations carefully in such
ways that bring positive results and avoid plagegple in situations prematurely where
they are likely to have negative results frequenilye last source is emotional arousal
such as mood, tension, stress reactions, fatigthegsaand pains, which affect people’s
judgments of their personal efficacy. Reducing sstreeaction and negative emotions

helps in modifying self-beliefs of efficacy.

Bandura (1982) also introduced anothepartant type of efficacy related to
groups, communities and organizations called “ctife efficacy.” Bandura’s findings
confirmed that collective or group efficacy is gnoled in personal perceived self-
efficacy and that it is a critical factor for sdc@hange. According to Bandura (1982),
collective efficacy is not only essential in enctarmg group problems and challenges,
but also in influencing group choices, determimatmf group collective efforts and
maintaining group overall sustainability. As a rdesegollective efficacy can also be
crucial to group learning motivation and broadenpegr influences in terms of social
learning and career interests. A low sense ofasoefficacy can create internal

challenges to preferred peer relationships (Bandl®84). Bandura and Locke (2003)



indicated that collective efficacy mediates positand negative feedback on group goals
and partially mediates the benefits of instructivedeling on group effectiveness.
Adolescents have Unique Learning CharacteristicsSottfredson (1981) emphasized in
the theory of Circumscription and Compromise thg waung people deal with the broad
array of career choices they encounter today. fbery is based on the observation that
many adolescents frequently delay their careercendecisions as a way to deal with the
anxiety resulting from such an overwhelming numbércareer choices. The theory
suggests four non-sequential processes of develtproegnitive growth, self-creation,
circumscription and compromise. According to theatty, there are four sequential
stages for circumscription: orientation to size g@adver (ages 3-5), orientation to sex-
roles (ages 6-8), orientation to social valuatiages 9-13) and orientation to internal and
unique self (ages 14 and up). During the four staghildren apply the process of
elimination excluding occupations that do not fieit size, power, gender and some
social perceptions. The last two stages are ofqodatt interest in this research as they

deal with middle and high school students moreniteely.

Ali, McWhirter, and Chronister (200%)ent, Hackett, et al. (2000); and Bright et al.
(2005) indicated parent, family, sibling, peer and teacher suppane been found to
predict adolescents’ career behavior indicatorschsas educational plans, career
aspirations, perceptions of structure of opportyrschool retention, self-efficacy, and

outcome expectations (through school outcomes).

Despite the fact that a large amount seéaech has been carried out examining the
role of occupational self- efficacy in adults ouyg adults, there has been little research

examining the development and importance of séi¢afy beliefs in middle school and



high school students’ career decisions (Amato-Hesuteet al. 2007). It was also found
that vicarious learning, including connections ebermodels in the field, and mastery
experiences have more effect on high school stateself-efficacy than social

persuasion (Amato-Henderson et al. 2007). Thes#niys were further confirmed for
college students concerning IT education by Snh04). Self-efficacy in high school

students has an extended impact even beyond regghaol activities as evidenced in
physical health studies involving variables of #oeial cognitive theory (Winters et al.

2002).

Ji et al. (2004) found that eighth gratiedents’ occupational sex-type perceptions
for particular jobs were correlated with their l&svef self-efficacy and interest based on
Holland’s types, which supports the hypothesizéatimnship between distal background
contextual affordances factors and person inputSQECT. This also implies that the
perceptions of the sex-type of an occupation dvarder for career decisions as early as
the eighth grade (Gottfredson, 1981). One intereantmechanism that may help
overcome this barrier would be providing young adoénts with role models who were
able to overcome difficult situations with a se$aesilience and coping efficacy (Ji et

al. 2004).

Ali, McWhirter and Chronister (2005) enagized thatpersonal, contextual
(environmental), and social cognitive factors drengegrated in the SCCT framework to
try to explain adolescents’ and young adults’ caneterests, goals and behaviors. In the
Lopez et al. (1997) study, outcome expectationshfgh school students in math were
empirically found to be explanatory for an increaseterest to the extent that it depends

on self-efficacy.



The Gender Gap: The low percentage of women in the information rtexdbgy field is
viewed as a reflection of career barriers for tinigup (Smith, 2004)According to the
Census Bureau (2008), women represent 46.3 peotehe total civilian workforce but
only 26.7 percent of the IT field in computing améthematical occupations (more than
a 3% decrease from 200@andura (1994) defines self-efficacy as “peopleddidis
about their capabilities to produce designated I¢evad performance that exercise
influence over events that affect their lives.” t,eBrown, and Hackett's (1994) social
cognitive career theory emphasized that women #mdeeminorities perceive more self-
efficacy barriers to their career goals than daeotroups. Despite the fact that many
studies investigated the role of occupational sefficacy in adults or youth, there has
been limited research examining the developmensedf-efficacy beliefs in middle
school, high school and early college student®e@adecisions (Amato-Henderson et al.

2007).

While empirical evidence supported séficacy predictability power for science
and math related interests (Lopez et al. 1997),hnmicre research is needed to examine
its influence on adolescents’, especially womeimtgrest in computer technology related
fields. Lindley’'s research found that there istergger relationship between coping
efficacy (belief in one’s ability in adapting to allenges) and self-efficacy in men than
women. Surprisingly, findings of Lindley’s (2005neirical research (that incorporated
Holland’s six career options in the social cogmticareer theory (SCCT) analysis)
included the information that women’s perceptioncafeer barriers as impacting their
career development was positively related to theicome expectations, and that women

who chose investigative or conventional careerséaalch higher perception of career



barriers as opposed to women who chose socialrsaree

An interesting conclusion in Lindley’'sO@5) work is that women who made
career choices in investigative or conventional upations as opposed to social
occupations had strong persistence in those fialdspite their perceptions of
considerable barriers to overcome. Smith (2004icatdd that structural changes in the
economy have created another contextual influemceterms of the employment
environment in IT fields especially for women andharities and found that women

perceived significantly greater barriers for theareer choices than did men.

Byars and Hackett (1998) studied the difiees among women of color (African
American, Latina, Asian American and American Imjian terms of the four sources of
self-efficacy in SCCT (i.e.: performance accompi&nts, vicarious learning, social
persuasion and emotional arousal ) and found sognif differences. He concluded that
special attention should be paid in research tar thecio-cultural factors including
historical and ongoing references as well as thaigue and shared experiences, and how
these factors impact their self-efficacy sourcepéeially performance accomplishments

and vicarious learning), which in turn influendeeitr career self-efficacy.

The Computer Technology Dimension:In the behaviorism era, technology-based
instructional design was task-based and developedlsis-response chains of behavior.
It was most useful for simple and straightforwamitent where the branching is
conditioned and student responses are either ¢arancorrect. Cognitivism’s impact
on instructional design technology was far mordentive of task complexity and
individual differences. Deek and McHugh (2003)slirated how systemic, cognitively-

based dialogs can provide an effective learningrenment for problem solving tasks



and how the overall architecture of the system iples/ an iterative strategy to master
software engineering processes. As Cooper (199@3nthis resulted in more hardware
sophistication, enforcement of an intuitive graphiaser interface, content-structured
design mechanisms, and the development of coghdreren computer-based learning
approaches such as intelligent tutoring, hyperteypermedia and expert systems. Sian
and Rao (2003) indicated that while behavioralrewy theory played an important role
in building educational games, especially when gigiperant conditioning to learn by
trial and error, cognitivism played a more crucide due to the incorporation of memory
processing models in game design. Yet, constrgotivproduced the most dramatic
paradigm shift in computer-based instructional giesas the desires and goals of the
learner and her ability to learn by discovery amnd became more influential in

designing software than the views of the instru¢@@woper, 1993) (Sian and Rao, 2003).

Instructional design strategies and modsere grounded in the three major
leaning theories: behaviorism, cognitivism and tatsivism. As Cooper (1993) pointed
out, this was strongly connected to paradigm shifis dependent educational
technologies. Ironically, it is also true that thaftware development paradigm mirrors
the evolution of the learning theories as well (G0 1993). This has become even more
obvious with the shift toward object-oriented desaf learning environments based on
context-independent learning objects as descrilyeBaruque and Melo (2003). This is
in spite of the serious concerns that technologgdus support instructional design has
littte or no impact on students’ learning outcomesthout incorporating other
instructional factors such as pedagogy, coursegdeand the quality of instructional

design (Johnson and Aragon, 2002).



This implies that the higher the percdigelf-efficacy in a certain discipline or a
subject of knowledge, the higher the likelihoodstdiscipline or subject will become a
career choice. This conclusion was confirmed bpianal findings of many researchers
during the last two decades, which was also thadation of the SCCT (Lent, Brown

and Hackett, 1994).

Based on empirical evidence and extenssearch and analysis, the final unified
model included four constructs that Venkatesh, let(2003) found to be the most
significant factors in predicting behavioral intemt and use behavior of IT. These
constructs are performance expectancy, effort d@apeg, social influence, and
facilitating conditions. It is quite surprisingahat least three of these four factors are

strongly correlated one way or another with thé-sticacy theory and SCCT.

While empirical evidence was in suppdrself-efficacy predictability power for
science- and math- related interests (Lopez dt9%l7), much more research is needed to
examine its influence on women'’s interest in |Tatetl fields.

Real World Connections Program (RWC):The RWC program started at New Jersey
Institute of Technology in 2005 with a small graefstudents interested in learning by
doing and in educational experiences that offdrweald challenges. The idea was to
take a project-based learning experience at therseollege level and make it available
to high school students after numerous refinemamisconfigurations. The program
evolved over the years to include additional ingianal design elements, which created
an entirely new model for teaching and learnindhwaithigh degree of sustainability in

terms of student recruitment and retention for ntbeg nine consecutive years.
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There are several elements in the desfghe learning environment in the Real
World Connections Program (RWC) for middle schaghhschool students. The first
element is using project-based learning in realldvoontexts. This element is based on
providing a real world problem-based learning (PBinvironment which enables
students to experience a high degree of authgnticsability, relevance and learning by
doing. This element mirrors key intervention mecgk@ars such as cognitive restructuring,
vocational exploration, attention to decreasingeearbarriers, attention to building
support, world of work information, and values tlaation mechanisms.

A second RWC design element is peer-&r-pEarning in conjunction with expert
mentorship. The program facilitates learning supfrom equivalent high school peers,
advanced high school peers, college students asaaslvcollege students as a joint team
and industry stakeholders, university faculty, péseas subject matter experts (SME’s),
and mentors. As a result, this element mirrors kd#grvention mechanisms such as
vicarious achievements, counselor support, indafided interpretations and feedback,
attention to building support, collaborative leagniand social persuasion intervention
mechanisms.

The third RWC design element is sociaklligence via activities that aim at
creating a community of learners and facilitatirgrial bonding using activities that
strongly encourage social interactions, positiverg@essure and collaborative learning.
This element serves as a source for anxiety remhctricarious achievements, and
counselor support intervention mechanisms.

The fourth design element is self-regdatearning within teams and between

teams which includes self-organization (i.e.: ragnihe class as a company of consulting

11



teams), real world simulations and shadowing, s&alirole playing, and evolutionary
prototyping with continuous feedback control lodqpsoject time-boxed sprints). This
mirrors well-known intervention mechanisms such @®rsonal performance
accomplishment and self-reporting. Frequent feedb@mtrol loops from judges in

particular also mirror decision making modeling arsfrategy, individualized

interpretations, goal negotiation, and personaloperance accomplishment intervention
mechanisms.

The fifth RWC design element is adaptmeltidisciplinary training that is based
on generic and specific project needs driven byateta of real world projects and the
industry job market. This element mirrors knownemention mechanisms such as
outside reading, modeling, and workbook and writdrercises.

The sixth element is integrating joy dad with learning experiences all the time
as part of the teaching pedagogy, using carefudlsighed and implemented activities,
games, ice breakers, simulations, tours, hands«pariences and movies. This element
reflects mechanisms such as anxiety reduction astd/ation-based interventions.

The seventh element is post-program siippad re-engagement of human
resources such as alumni and advanced studenssloRg-term support goes beyond the
class, beyond the class timeframe and beyond giiadyahich helps again as a decision
making model intervention mechanism.

Moreover, one of the very key elementsRWC is accommodating students’
personal interests, respecting their preferenceschoices, and customizing the entire

program to meet their passions and ambitions.
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Other intervention mechanisms used in RMt&lude computer-aided intervention
mechanisms using web-based social networking, camuation and collaboration tools,
and online technologies as key enablers. Furtherntbe RWC design incorporates a
complex recognition system that serves as perspadbrmance accomplishment and
motivation-based interventions.

This study suggests a revised socio-cocistist model for instructional design
that aims at integrating various claimed sourcesaetf-efficacy and providing support
elements of self-efficacy in women related to I'6é&é STEM fields within the social
cognitive career theory framework. It is statidticproven that improving self-efficacy
in students increases their interest in the sulgadtimpacted their career goal choices.
This revised model will be inspired by an existimgpdel in real-world instructional
design offered by the Real World Connections Pmog(RWC) for middle school and

high schools students.

1.2 Statement of the Problem
Why cannot current classrooms meet students’ readls? Why are our middle schools
and high schools struggling in motivating youtifSIREM areas — especially areas related
to technology and particularly with women?

For many decades, the focus of learnimg) teaching theories was on the extent
within which instructional interventions can actyalause an impact on human behavior.
The question was always whether an educationabappr(instructional design or design
of a learning environment) can predict the actiahs,future behavior, or the choices of

the learner. There have been several paradigns $tofh an external environmental view
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of learning (behavioral learning theory) to an intd view (cognitive theory) to a multi-
level personal developmental learning theory (raddstructivism, strong constructivism,
moderate constructivism, socio-constructivism arat@ss-oriented constructivism).

There were four major challenges thaseafrom traditional instructional design
that rely solely on behavioral and cognitive leaghtheoriesLai-Chong and Ka-Ming
(1995) referred to two of these challenges. Omblpm is the issue of “learning out of
context,” when learners fail to access relevanwkadge naturally while trying to solve a
unique problem. This can be attributed to theirito@b learning strategy of memorizing
information without understanding its relevance tepecific context.

The second challenge is the problem aiwadge fragmentation, which refers to
the lack of connections among different piecesmafidedge that may come from various
disciplines. This is usually caused by the lackliokages between the newly-taught
concepts with learners' preconceptions and relduamwledge in the topic concerned.

The third challenge is the problem of melating learning to personal needs,
interests, passions, emotions and backgrounds. Whmymes to women, the problem
becomes more intense since most educational pregrelasted to technology have paid
very little attention to women'’s needs in termsogial integration and emotions.

Finally, there is the problem of not telg learning to the social environment
surrounding the learner, including peers, familg @ommunity. This is a more serious
problem in regards to women since social relatigosshare critical in influencing
women'’s choices.

Those problems and others caused fregiadotes in the traditional design of

instruction, yet encouraged more student-centexaching pedagogies where knowledge
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is built by students via experience and exposure.

As a result, “constructivism” emerged,rkiag a new era of learning theories and
instructional design. Eighlgharacteristicsunique to constructivist learning environments
are providing multiple dimensions of reality, mnirg the complexity of the real world,
emphasizing the construction of knowledge rathantits reproduction, emphasizing
authentic tasks in a relevant context, providiegyhing environments such as real-world
configurations or case-based settings instead etlgtermined steps of instruction,
encouraging feedback on learning experiences, mgglmontext- content-dependent
knowledge building, and supporting collaborativestouction of knowledge “collective
intelligence” via social negotiation, not competitiamong students for the sole sake of
recognition.

There are two mainstream approacheseotdmstructivist school: One approach is
the cognitive constructivism from a personal pecfipe. According to Jean Piaget
(Piaget, 1972),the construction of human intellectual skills matirthrough an
adaptation to environment and an organization fufrination in a meaningful fashion.
He looked at mental development as the driver tegmate knowledge and action and
considered such an organized and complex integrasahe basis of the adult mind. The
other approach is the social-cultural construativiSrom a socio-constructivist
perspective. According to Lev Vygotsky (1978), domstivism is a social phenomenon
that can be attributed to language and thoughttlamdole of society in mediating them.
Vygotsky saw the impact of people, community, aotluce as the influential factors in
constructing knowledge rather than personal pelmeptof facts and real situations. He

also attributed collaborative action to the usesofial speech as it develops in early
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childhood.

However, the socio-constructivist leagnitmeories were also criticized by well-
known edication researcherBesearchers explored the differences between thacim
of adaptive or situated views (social approach) @ghitive views (individual approach)
on learning and found that the diversity in indivadl styles might impact the
effectiveness of the constructivist instructionagsign strategies. Moreover, the
breakdown of complex skills and the abstractioradearning situation are important
cognitive capabilities of the human mind that afeero overlooked by constructivist
approaches.

Furthermore, there is a major issue it links among the learning objectives
from an adaptive perspective. In other words, wedn® know which configurations of
learning will prepare students the most for thelower types of participation in social
activities and accelerate the development of stistdemaracters as learners. Another
critique was the limited scope of learning in tlemstructivist theory as an active process
that must take place only in the presence of thereal environment. The reality is that
there are many changes that happen to the leaimniehare not necessarily connected to
the outside environment.

Obviously, high school students’ - espkgiwomen and minorities - lack of
interest in technology related fields is an alagmimdicator for students’ lack of
motivation in STEM fields. Numerous studies haveveh that motivation plays a crucial
role in teaching effectiveness and learning; thuis ione of the biggest contributing
factors to student behavior during school and afgmaduation. Self-efficacy and

outcomes expectations havedm used for decadesitmlicate learning motivation. One
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of the most important theories that link self-edfiy to career development is the social
cognitive career theory (SCCT). One of the SCQOWman claims is that students’ self-
efficacy impacts their interests which in turn ughce their goals, and then their goals
are expected to predict their behavior includirgjrtbareer decisions.

The SCCT theory also places special esiphan the importance of contextual
supports and barriers where the design of an efeeand attractive learning environment
becomes an essential factor for the success oédhbeational process. It is crucial to
understand what prompts women to believe they daondo not want to continue in
STEM courses, majors, or careers. It is also siant to identify ingredients, barriers
and supports of learning experiences that may rdiffe various age groups and
educational levels within the Social Cognitive @ar&heory framework. Identifying and
understanding effective instructional design congms, environmental barriers and
supports may assist to predict the increase ofdsteof women in technology-driven
STEM career development and also help in the desdigmterventions that can facilitate
the increase of women'’s self-efficacy in STEM feld

The main problem with SCCT is that itdses more on the impact of self-efficacy
on students’ interests and goals while paying kssntion to the design of learning
experiences as the main foundation claiming touerite self-efficacy. While learning
experience sources such as vicarious learning, nadetive experiences, emotional
arousal, and social persuasion received heavytatteinom researchers, very few studies
reviewed these sources in the context of desigtotay learning experiences, nor was
much attention paid to women’ interest in technglogjated fields in middle and high

schools.
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This research aims at examining an egs8TEM-driven informal high school
educational program called MS/HS Real World Coninast (RWC) within the SCCT
framework with focus on women'’s interest in STEMIdis. The program, which started
in 2005, provides a career-oriented learning emvitent for middle school and high
school students in New Jersey, based on a realdwprbject-based learning
methodology.

The program emphasis is usually on teldgyerelated projects from software
development to biotechnology. The research will nex@ how the design of a
personalized and socially-empowered learning enw@nt in this program may help to
provide effective learning experience charactessincluding supports and overcoming

the contextual barriers in SCCT.

1.3 Purpose Statement

In this study, the focus was on learning experisrdinensions that had more to do with
students-owned constructs than external factoidearographics. Moreover, this study
shifted the research focus in the Social cognitaeeer theory (SCCT) to examine the
design of “learning experiences characteristics’btmst self-efficacy and interest in
computer technology among adolescents as opposetiuttying the impact of self-

efficacy on other constructs assuming that the faditional sources of self-efficacy are
sufficient. The study was carried out in the cahtef an assessment for an existing
learning model (i.e., Real World Connections Proged NJIT or RWC) that has created
a unique recipe to boost adolescent’s self-effiGany interest in STEM-related computer

technology education. While the study aimed atssssg the effectiveness of the RWC
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model in the light of the SCCT theory, the model tlee other hand, offered an enhanced
approach to improve SCCT self-efficacy sources.s8gbently, the hypotheses were

formulated to test the exchangeable impact of SGG@TRWC on one another.

1.4 Research Questions

. Does using the refined learning model have a pesithpact on students’ self-efficacy
and interest in computer-based subjects?

. Does re-designing the “learning experiences” caosin SCCT using the refined learning
model ingredients make a significant differenceitinimpact on students’ computer
technology self-efficacy?

. Does the refined learning model fit the SCCT fraom®

. Does using the refined learning model reduce timeleyegap between boys and girls in
their computer-based self-efficacy?

. Which ingredient of the refined “learning experiesicconstruct is the most influential?

. How does the impact of RWC model compare to tadili SCCT sources of self-
efficacy?

1.5 Definition of Terms

Social Cognitive Career Theory (SCCThis complex theory has become one of the
most influential theories in career development aondnseling. The social cognitive
career theory (SCCT) is an evolution of the soctgnitive theory (SCT) and the social
learning theoryAli, McWhirter and Chronister (2005) emphasized gparsonal, contextual
(environmental), and social cognitive factors drengegrated in the SCCT framework to
try to explain adolescents’ and young adults’ cameterests, goals and behaviors. In this

theory, both self-efficacy and outcome expectati@me considered predictors for
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significant incremental variance in interests antkentions (Diegelman and Subich,

2001).

Self-efficacyThis is the central variable of focus in the SCti@ory as well as in this
research effort. As one can conclude from liteef(luent, Brown and Hackett, 1994), the
key ingredients in defining self-efficacy are judgmh of people about themselves (belief-
centered ), people’s belief in their capabilitieadabilities-related), making change by
organizing and utilizing resources to make a d#ifiee in a certain situation
(transformation-bas@da course of action required in a certain task angarticular
context (task-context-specific) and people’s judgts that take place when they
compare what they believe they can do with the dsteth criteria used to evaluate

performance levels (criteria-driven).

Outcome expectatiorthese expectations are defined as personal beliefat probable
response outcomes. If self-efficacy implies “Catolthis™? outcome expectations imply

“If 1 do this, what will happen”? (Lent, Brown aridbckett, 1994).

1.6 Delimitations

The data collection process was evolutionary inimgatlt was conducted in two phases of
quantitative internal pilot studies, one phase wdldative study (Q-sort) and one final
dissertation study.

The first pilot study included 41 subjedtse second pilot had 60 subjects, the Q-
sort had five peer judges and the last round irerduB7 valid responses (out of 95
initially surveyed). The total number of valid resiges in all studies was 158 subjects.

The first pilot study had some weak validity resulthich triggered a full review of the
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guestionnaire design using quantitative and quaigamethods in addition to an
extended scale-based literature review of all eelabstruments. As a result, the survey
was redesigned iteratively and the new survey wasngto new groups of subjects in
three rounds. The validity results of the new survgere excellent. Therefore, the

resulting survey was adopted for to test the hygsdh of final dissertation model.

In the second round, a sample of 60 meiddiid high school students participating
in the Real World Connections program was usedieftale and 35 male students. Of
these students, 32 (46.3%) were between the adeésarid 18, 20 (28.9%) were between
the ages of 11 and 14, and 7 students were bettheeages of 19 and 2065.7% of
these students indicated very strong support fiaeir tamilies, and 48.6% indicated very
strong support from their friends if they decidedpursue a technology-related career.
88.6% of the sample indicated that they speak dmglish at home while 11.4%
indicated that they speak multiple languages atdidrhese 60 students were participants
in the Real world Connections experience at Newejeinstitute of Technology during

summer and fall of 2010.

A comprehensive sampling method was usdéde final study where all available
groups that met the criteria were chosen to padtel. The participants for this study
were recruited from multiple precollege and collegigdents groups across several high
schools and universities. Thirty students compldtes first experiment, twenty seven
completed the second set, and fourteen completethitd experiment. Only 57 students
completed all two sets of data. This final partaippool (N = 57) consisted of 24 men
and 33 women. There were 10.5% students betweemagbeof 13 and 14, 15.8%

between the age of 15 and 15, 21.1% between thefagéand 18 and 52.7% above the
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age of 18. Of the patrticipants, 35.7% were Caunasid@.9% were Asian, 8.9% were
African American, 8.9% were Hispanic, 10.7% werenirother ethnicities and 17.9%
from multiple ethnicities. 79% of these studenwicated very strong support from their
families and 66.6% indicated very strong suppartrirtheir friends if they decided to
pursue a technology-related career. Of the sampld% indicated that they speak only
English at home, 3.6% speak only Spanish at hon88p 1speak only Hindi at home,
5.4% speak other languages at home, while 42.8%atedl that they speak multiple

languages at home.

1.7 Limitations

There were several limitations within this studywias difficult to run the experiment
online since parents’ approval is required for IRfiproval which made the sample size
option logistically infeasible and limited partieifpon volume. The students’ age was
also a challenge in survey design and instrumentdwg since students may not be
familiar with some terminologies or concepts usedhe survey. However, only four
responses were rejected in the first pilot duentduding a large number of missing or

redundant values.

The students were asked to report thesngth of interest before and after their
RWC experience, which was actually a threat tovidality of responses since this was
asking them to use their long-term memory and tebair feelings prior to the RWC
experience after completing it. Clearly, a vasjanty of people have limited ability to
recall their previous feelings long after they hdoeen exposed to a new treatment. A

solution to this problem is to ask the subjectoofeefand after they participated in the
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Real World Connections experience.

The final study was able to overcome nudshe threats to internal and external
validity alike. Since one of the key challengesour pilot studies was subjects’ poor
ability in recalling their initial attitude aftehéy have been exposed to a treatment due to
history and maturation effects, the design of thalfexperiment provided a time boxed
treatment that concludes the entire experienceinvehmaximum of two hours versus
several months. This design did not only overconeenory effects but also increased the
size of participation as it has ensured participaviailability within a short duration and
excluded any external factors that could have inguhche effectiveness of the
experiment in less-controlled environment settings.

However, the side effect of such a highbntcolled experiment is that short

durations do not allow strong social bonding tarfoor senses of ownership and self
importance to mature which limits the anticipategbact of RWC interventions to levels
below what is usually seen in regular program i3gs$ti The influence of this side effect
was obvious in our test results in terms of lowtistigal significance of some RWC
interventions.
One problem with one-group pretest-pssttiesign was that while a pretest may

have familiarized the subjects with the topic imsiag attention, it may have been also a
factor in diminishing their sensitivity to the tapiesulting in reducing the effectiveness
of the treatment. This fact can explain why fewjeats did not score similar to their
peers in terms of self-efficacy after the treatmeas introduced.

Another problem is associated with the redédy high pre-test scores for a good

percentage of the participants due to the fact Weatwere drawing this sample from
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either a group with high appreciation to RWC prograr a group that is studying in a
STEM-based school with high emphasis on computdgmiglogy. As a result, statistical
regression could become a threat to the internaitysaof our experiment as the mean-
pretest scores are unusually high because it @setatincrease the scores of the subjects
on the posttest if the mean-pretest scomgnigsually low and vice versa.

Finally, since one-group posttest-only desig at its best in controlled settings
where the time interval between the pretest andtgxiss relatively short, the internal
validity of our experimental design can be upgcadg incorporating other pretest levels
such as a level with traditional sources of sdfiicaty alone. This proposed approach for

future work is the one-group double pretest-posttesign.

1.8 Study Design

The experiment has been redesigtedgimulate the RWC program interventions in a
shorter duration to enhance its feasibility andsuesbility alike. Participants were asked
to take part in two activities. One activity wousdnulate traditional learning where
participants receive no interventions (to serva asntrol group with no treatment) while
the other activity simulates RWC intervention mexi$ias in Real World Connections’
revised learning model (to serve as the group edtaiving treatment). The role of the
instructor in the traditional activity representea@gnitivist while the instructor ion the
second activity represents an RWC-style constiigttiv Activities were related to
computer skills such as database using MS Acceésgsneed spreadsheets using MS
Excel or advanced presentation techniques using®bl&erPoint. Accordingly the two

activities included the interventions illustrated Table 5.7followed by providing the
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same questionnaire to the same group after comgpletich activity. Full description of

these activities is included Appendix B.

1.9 Theoretical Framework

This study is an attempt to connect learning teepimstructional design strategies, and career
development theories in a holistic yet pragmasbi@an. Based on a multifaceted literature
review, instructional design was revisited to idignnajor current gaps in middle schools,
high school and early college education concetieggning motivation and self-efficacy with
emphasis on SCCT, STEM, gender and adolescent3. §&S were reviewed in the light of
the literature survey analysisTheories of learning, instructional design and eare
development, and the existing Real World Connestiondel provided the ingredients of
the theoretical framework for this study of youn@men in the technology-related

STEM fields.

The SCCT theory was the major source okeyl variables in this study and a large
taxonomy of many non-traditional factors provideourges for learning experience

characteristics in the context of the Real Worlchi@xtions models.

1.10 Overview of the Chapters

Following this introductory chapter, the specifiereents of the study are presented in
Chapters 2, 3, 4, and 5. Chapter 2 provides aatiteg review that is synthesized,
analyzed, critiqued in Chapter 3. Chapter 4 pravide overview of the Real World
Connections Program (RWC). Chapter 5 includes tlethoadology used in the

research work. Chapter 6 presents an analysie @ft#tistical SPSS results, and Chapter
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7 includes dissertation conclusions, discussionfatute work implications. References

and materials relevant to the data collection aradlyais are included in the Appendices.
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CHAPTER 2

LITERATURE REVIEW

The purpose of this study was to create a theoparder interests and development in
the context of the information technology fieldpast of the STEM, specifically targeted
to female students in middle schools, high schaold early college in the US. An
essential first step in the construction proceghisftheory was to carry out a literature
review central to the study theme. Within this esvi theories of learning, instructional
design pedagogies, models incorporating multigertas (Andrews and Goodson, 1980),
and theories of career development are discusskectadth and depth. Variables related
to learning motivation and career interests of worreinformation technology and

STEM are also investigated within the context af veorld project-based learning.

2.1 General Learning Theories
While they can always be subject to criticism arwtlification, theories in general aim
at explaining observations and predicting behavne of the main questions in
educational psychology research history has beew“#b students learn”? On the one
hand, traditional theories advocate that effectigarning is mainly a result of
transmitting material from instructor to studenin @e other hand, student-centered
theories claim that learning can best take placenwhis constructed by the students
themselves. Since learning theories help explagdigt and impact human behavior and
learning capabilities, it is obvious that they alselp us design better learning

environments with more effective intervention meatbias.
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2.1.1 Behaviorism Theory

Pioneered by Pavlov, Watson, Thorndike and SkimrfBehaviorism” is the first
known learning theory in modern educational psyabgl Behaviorism views human
behavior as a result of the impact of the exteem&ironment in terms of conditions and
actions or stimuli and responses. Mergel (1998gdhdhat behaviorism considers the
mind as a black box as if there were no thoughtgsses when a stimulus triggers a

response.

In behaviorism, there are two types ohditoning: classical and operant. In
classical conditioning, learning takes place byedéntiating between one stimulus that
causes a response and one that causes no resgonsgperant conditioning,
reinforcement (positive or negative) encouragestigpn of desired behavior while

punishment discourages the repetition of unaccéptahavior.

Defining the three key stages of behasmoras analysis, design and testing,
Cooper (1993) pointed out three assumptions on twtbehaviorism relies. One
assumption is that understanding human behavioerdip on how well we observe
external events (objectivism). A second assumpisothat human behavior is mostly
determined by the surrounding environment (envirentalism). Cooper concluded that
subsequent human behavior is a result of intriasit extrinsic realization of reinforces
as consequences of action and feedback controk Itigt either correct or motivate

behavior (reinforcement).

Behaviorism’s strength is in its focus emvironmental influences shaping human
behavior while trying to explain “how students ledr Baruque and Melo (2003)

indicated that behaviorism sees instructional dbjes as the desired behaviors expected
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from students as well as the metrics used to medsarning effectiveness. Yet once
behaviorism intervention mechanisms focus on teguired performance” as opposed to
peripheral knowledge acquisition (Cooper, 1993¢hsmechanisms fall short as they fail
to integrate cognitive, social and self—motivaiboomponents in learning processes.
One major criticism of behaviorism was that teclogatal developments were not well
integrated by behaviorists especially taking adagat of computers and interactive

media.

2.1.2 Cognitive Learning Theory

Despite differences, cognitive learning theory skawith behaviorism learning theory
the assumption that “knowledge” is mutually exchesirom the “knower” as Lai-Chong
and Ka-Ming (1995) emphasized. However, as DeekMecldugh (2003) and Baruque
and Melo (2003) have pointed out, in the cognitiygroach the behavioral perspective
has an internal focus, which means that the chgdler instructional designers is actually
to organize and link information and use variowhiteques to assist the mental processes

of the student.

These mental processes develop withireankr via an existing knowledge
structure that must be present to compare and gsooew information for learning
(McLeod, 2003). While this might be considered tmajor strength for cognitive
theories, it also presents a major weakness sistauctional designers will encounter a
new challenge every time they present a new lelvkhowledge that requires a previous
background, especially when dealing with new lean@nother point of strength in
“cognitivism” is its recognition of individual difrences, including learning styles,

described as the learner’s preferred way of pracgssformation, problem solving or
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thinking (Modritscher, 2006).

Siang and Rao (2003) described the commimblem-solving process and
insightful thinking involved in learning as stredday cognitive learning theorists. They
also indicated that viewing learning in terms ofcasting, retaining and retrieving
memories involves theories such as memory proagssid remembering and forgetting
models. This is aligned with Wildman and Burto(981) and Deek et al. (1999) views
that advocated the significance of the cognitivenéeng theory in instructional design
and saw learning as an information processing sygstehumans (Wildman and Burton,

1981).

As a result of viewing the human being as information processer, it was
concluded that one of the key challenges to thenileg process is information overload,
which can be overcome through limiting the amourntantent and activities, organizing
instruction around learning cycles, and providimgpdpic organizers or visual road maps

for courses (Johnson and Aragon, 2002).

As the cognitive learning theory has gedl over the years into more refined and
enhanced versions, Fox (1997) compared the traditicognitive theory (TCT) and the
situated learning theory (SLT) in several aspdéist, TCT sees learning as a process
that takes place in one’s mind, while SLT attemptencompass mind and lived-in-world
at both the personal and social levels. TCT semsiley as the responsibility of learners
while SLT holds the formal education system accalblet TCT limits learning to regular
schools while SLT extends learning beyond the otess and traditional environments.
Additionally, SLT is not necessarily concernednmproving formal educational systems

or teachers since it extends well beyond formallif@s and learning resources, TCT
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views the learner as a knowledge container, assggpto SLT which does not see the
mind as a container but rather as a mind-in-aghathe everyday world. Another aspect
is that SLT sees the learning process as a promlegmowledge creation from the

situated, contextual, social engagement with theenad lived-in-world.

According to Winn (1990), “cognitivist'simpact on instructional design is
different from “behaviorism” in terms of extensitask analysis that requires mental and
unobservable tasks to be analyzed. Objectives s#d as schematic representations of
the knowledge that the student should acquire gsosmgal to using objectives as
statements of what the student is to accomplislis Thsimilar to the way cognitive
theory pays special attention to the mental mothels students bring to class versus the
entry behaviors that they demonstrate, and instm&k design strategies or “cognitive
apprenticeships” depend on student's developmensuitble knowledge structures,

cognitive procedures and mental models.

Other extensions of the traditional cogeilearning theory include the theory of

cognitive development, Fodor's modularity of miadd the theory of ecological systems.

2.1.3 Constructivist Learning Theory

Lai-Chong and Ka-Ming (1995) referred to two majproblems that arise from
traditional instructional design that relies on &e@br and cognitive learning theories:
One is the problem of inert knowledge or “learnmg of context,” when learners fail to
access relevant knowledge naturally while tryingabve a unique problem. This can be
attributed to their habitual learning strategy ofemworizing information without
understanding its relevance to a specific cont@kte other problem is knowledge

compartmentalization or “knowledge fragmentationwhich refers to the lack of
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connections among scattered pieces of knowledgs.iStusually caused by the lack of
linkages between the newly taught concepts andchéesr preconception of relevant

knowledge in the topic concerned.

Constructivism Characteristics: Those problems and others caused frequent failares
the traditional design of instruction and encoudagrore student-centered learning
pedagogies where knowledge is built by studentexpeerience and exposure.

As a result, “constructivism” was theumalation of the new era of learning
theories and instructional design. According toassen (1994), eight characteristics are
unique to constructivist learning environments. Tirst characteristic is providing
multiple representations of reality. Constructivitarning also offers multiple
representations to avoid oversimplification andrespnt the complexity of the real
world. It emphasizes knowledge construction instebdknowledge reproduction, and
authentic tasks in a meaningful context rather thbstract instruction out of context.
Constructivist learning provides learning enviromtsesuch as real-world settings or
case-based learning instead of predetermined segsienf instruction. Moreover, it
encourages thoughtful reflection and feedback gmee&nce and enables context- and
content-dependent knowledge construction. One thstracteristic in constructivist
learning is supporting collaborative constructiori knowledge through social

negotiation, not competition, among learners fersble sake of recognition.

As Lai-Chong and Ka-Ming (1995) statedkspite the broad spectrum of
constructivist theoretical positions, they all cencharacterized by their relative stands in
four philosophical directions: existence of anealive reality, predominance of internal

processes, effects of instructional interventioasid legitimization of translating
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descriptive theory into prescriptive practice.

Cognitive Constructivism and Social-Cultural Constuctivism: There are two main

approaches of the constructivist school. The fistam is cognitive constructivism from
an individualistic perspective. In this approadie tlevelopment of human intellectual
capabilities evolves through adaptation and orgdium. Piaget (1972) identifies

knowledge with action; he considers that mentalettgment puts these schemes
together in more organized, complex and integrategs to create the adult mind.
According to Piaget, the young learner not onlyetalkknowledge in passively as an
information processer, but actively constructs nd antegrates it with his/her prior

knowledge and experiences. From an instructionaigdeperspective, the student’s
learning activities should be crafted to activaig dwn prior perceptions and associate
them to new streams of knowledge (Jarvela and Nigtaj 1999). The second stream is
social-cultural constructivism from a socio-constivst perspective. According to

Vygotsky (1978), constructivism is based on languagd thought theories and their
mediation by society. Vygotsky took an anti-reaipproach that the process of knowing
depends on the impact of other people and theanfla of community and culture. This
view sees collaborative action as shaped in chddhavhen speech and practical

activities merge and essential use of social spstcts.

Generally speaking, in the socio-cultumpproach, human activities are seen as
dependent on social factors and elements. Accdidigarning is integrated with a
social process of knowledge construction as opptseddividual efforts, as individual
knowledge is viewed as a product of internalizatwacesses of information from the

surrounding culture. This implies that when onelsti participates in a social system,
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his/her cognition is shaped by culture and commatioa tools, especially language, as

knowledge reflects the network of interactions ({74 and Lowyck, 2001).

2.1.4 Social Learning Theory

Bandura’s social learning theory is grounded indbecept of vicarious learning within
which people learn from each other by observingtaitimg, and modeling. The theory
bridges the gap between behaviorist learning arghitee learning theories since it
includes attention (behaviorism), memory (cogn#im), and motivation. Bandura’s
theory explains behavior as a result of ongoingprecal interaction among three
variables: personal (cognitive), behavioral, andimmmental impacts. This implies that
environment and human behavior, influenced by omdddity to process images and
language, impact each other; people can influeinee dwn environments and behaviors
by reciprocal determinism (Bandura, 1978). Sodtgarning was also the focus of

Vygotsky’'s Social Development Theory and Lave’su8iéd Learning Theory.

2.1.5 Social Cognitive Learning Theory (SCT)

As indicated by Stajkovia and Luthans (1998), theiad cognitive learning theory takes
the social learning theory to another level by bgsknowledge acquisition on two
dimensions; what individuals learn from being pafrta society (the social dimension)
and what individuals learn through their own thaughocesses, human motivation,

attitudes, action and other unique personal chamatts (the cognitive dimension).

According to Bandura (1989) and Stajkoarad Luthans (1998), there are five
basic human capabilities in SCT. One capabilitgymbolizing, in which symbols are

cognitive representations of human experiences,tlaeyl serve as vehicles of capturing
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and communicating thought. Another capability isetbought, where learners plan their
actions, anticipate the outcomes, and determinéetred of desired performance. A third
capability is observational (vicarious) learnindgpserving peers and supervisors and the
consequences of their actions. A fourth capabiktyself-regulatory learning, where
learners control their actions by setting intersi@ndards and comparing them to their
own performance so they can improve them. A fifipability is self-reflection, where
learners evaluate their actions and determine foéire success expectations within a

certain context.

SCT is the foundation of SCCT (social mtige career theory), one of the most
popular career development and counseling thedrieshe history of educational
psychology. This fact also indicates the strongneations among learning theories and

career development and counseling theories.

By contrast, Deci and Ryan (1990) argtined empirically based theories’ view of
self as a set of knowledge structures and cognitieehanisms and/or their view of
cognitive structures as reflections of social eaitins are not reflective of the true
motivational processes rooted in intrinsic motiati organismic integration or self-
determination. Deci and Ryan (1990) stated that‘slkef is not merely conditioned by
the social context” and that regulations and véleeome part of the self and a reflection
of its autonomy only if they are integrated throutjie activity of the agentic self.
According to Deci and Ryan (1990), this integratoam take place if the content of social
learning is reflective of one’s basic needs andsth@al context provides the environment

needed for integration.
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2.2 Instructional Design (ID) Strategies and Pedagpes

While it is too common to see teachers holdingstuelents responsible for their own
motivation as something that is difficult to pradsc control, it is also obvious that our
methods and sincerity in impacting students’ leggns also responsible for students’

level of enthusiasm and the effectiveness of teaining.

Keller (1987) saw the challenges in ringtonal design in answering two
guestions. One question is whether we can we tifiyan motivation theories into one
simple, meaningful and practical model. The seaumktion is about the possibility of

developing a systematic approach to design matiyatistruction.

Andrews and Goodson (1980) distinguisihetiveen individual success and
systematic success and emphasized the importanostfctional design modeling as
the basis for sustainable instructional designaAssult, Keller developed the ARCS
model of motivation that views instructional desagian iterative process that includes
four phases: defining motivational objectives, desig strategies, developing and
integrating motivational elements, and evaluatingfivational outcomes. The ARCS
model defines four major conditions for people ®cdime and remain motivated:
attention, relevance, confidence and satisfacti?dRCS phases are aligned with the

generic life cycle activities list described by §&i(Reiser, 2001).

In the last two decades, ideas such@dgihg the gap between theoretical formal
learning and real-life application of knowledgetie work environment” captured the
imagination of many thinkers and researchers. Asing®mn and Oliver (1995)
indicated, such ideas were translated into modéls six critical factors in common:

apprenticeship, collaboration, reflection, coachimiltiple practice, and articulation.
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However, the challenge with such learning theor@sained in implementing these
ideas in instructional settings. Herington andvé@li (1995) defined nine critical
characteristics of situated learning for instruzdilcdesign: authentic context that reflects
how knowledge will be used in real life, authenactivities, access to expert
performances and the modeling of the processegjphautoles and perspectives,
collaborative construction of knowledge, coachimgl ascaffolding at critical times,
promotion of reflections to enable abstractionbédormed, promotion of articulation
to enable tacit knowledge to be made explicit, extegrated assessment of learning

within the tasks.

Despite its importance as a critical redient in instructional design,
metacognition was often overlooked or less fregyantegrated into design models as
Osman and Hannafin (1992) emphasized. Metacogniefers to awareness of one’s
ability to understand, control and manipulate imndlinal cognitive processes. Components
of metacognition include meta-memory, meta-compmsio®, self-regulation, schema
training, and transfer. There are serious implocei of integrating metacognitive
components into instructional design, such as @mguhat metacognitive strategies do
not become counterproductive if too much efforteigpended to employ strategies
learners cannot effectively apply, using more eiplstrategies when dealing with
younger versus older and novice versus expert,gusietacognitive training in an
adaptable way to the situation, and using strasegoetable across content, emphasis on
connections within and beyond a given lesson, mtegn of new and existing
knowledge, construction of relationships, the int@oce of instructing learners on why

as well as when and how to use metacognitive giiege Additionally, one important

37



implication is the importance of specifying criteiand standards and providing external
prompts to assist students in tracking the depthhath they are processing instruction

and methods used to process lessons.

Reiser (2001) described the life cyclenstructional design in terms of six phases
that do not necessarily take place in a sequeiatsilion. Figure 2.1 shows these phases
and their relationships such as analysis, desigveldpment, implementation, evaluation,

and management.

AN Extended Vieww of the Instructional Design Praces

1D Mmanagement //// - ID design
1D Evaluation . ””””””””””””””””””””””””””””””””” —— ID development
ID implementation

Figure 2.1 An extended view of the instructional design (IDygess.

According to Reiser, instructional design theoregjinated after the Second
World War, and at that time they were related tovigling training materials for the
military services. There have been a number of meves and trends in instructional
design since then, including but not limited to gnegrammed instruction movement,
the criterion-referenced testing movement, Gaguemains of learning, events of
instruction and hierarchal analysis, indirect ldung of formative analysis, and
emergence of instructional design models. Such madelude 70’s models that were
influenced by the system approach, 80’'s models W&t influenced by cognitive
psychology and use of microcomputers, and 90’s tadtat were influenced by new

technology advancements (Deek et al., 1999), gaqaitbtyping, electronic performance
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support systems, distance learning, knowledge nesmagt and “constructivism.” The
last includes using real world problems, using tde®ed problem solving, integrating
multidisciplinary problem solving skills, facilitsig students’ learning process

ownership, and increasing role awareness in cartstgiknowledge by students.

Andrews and Goodson (1980) defined mooklastructional design in terms of
having descriptive, prescriptive, predictive andéaplanatory components at various
levels. They identified fourteen common tasks irstrirctional design model
development: goals and sub-goal formulation, pse-#md post- test development for
goals and sub- goals, goal and sub goal analysegjard to skills expected, goal and sub
goal sequencing, defining learners’ characteristicgtructional strategy formulation to
match requirements with curriculum, courseware ldgveent as an implementation of
instructional strategy, evaluating courseware eogdly using a feedback control loop,
constructing materials and procedures for contisunaintenance of the instructional
system, assessment of needs, problems, occupaimaigbis and training requirements,
examining alternative solutions to instruction,nfoitation of an instructional system

including environmental variables and constrairist estimation and budgeting.

As so many ID models were introduced m st three decades, Edmonds, Branch,
et al. (1994) advocated the importance of buildagsuitable meta-theory when
comparing among instruction design models rathem tavoring one model over another.
They also identified five additional factors infhmng instructional design theory and
practice: model purpose, model context, designperance, type of learning tasks, and
the adoption of the systems-theory. As a reshiése factors helped Edmonds, Branch, et

al. (1994) to produce new instructional design fitiacers’ framework based on type of
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model orientation (prescriptive or descriptive),pdy of knowledge the model is
supporting (procedural or declarative), requiresigiger’'s expertise (novice, intermediate

or expert) and theoretical origins (hard systenperSystems or intuition).

As stated earlier, instructional desi¢nategies and models were grounded in the
three major leaning theories: behaviorism, cogisitivand constructivism. As Cooper
(1993) pointed out, this was strongly connectedptradigm shifts in dependent
educational technologies. Ironically, it is alsaetrthat the software development
paradigm mirrors the evolution of the learning the® as well (Cooper, 1993). This has
become even more obvious with the shift toward abpeiented design of learning
environments based on context-independent leaobjerts as described by Baruque and
Melo (2003). This is in spite of the serious coneethat technology used to support
instructional design has little or no impact ondgtts’ learning outcomes without
incorporating other instructional factors such aedagogy, course design and the quality

of ID (Johnson and Aragon, 2002).

In the behaviorism era, technology-basstructional design was task-based and
developed stimulus-response chains of behaviowa$ most useful for simple and
straightforward content where the branching is @gmnmted and student responses are
either correct or incorrect. Cognitivism’s impact instructional design technology was
far more reflective of task complexity and indivadudifferences. As Cooper (1993)
noted, this resulted in more hardware sophistioatienforcement of an intuitive
graphical user interface, content-structured desigichanisms, and the development of
cognitively-driven computer-based learning appresaclsuch as intelligent tutoring,

hypertext, hypermedia and expert systems. SianRaml (2003) indicated that while
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behavioral learning theory played an important rwebuilding educational games,
especially when using operant conditioning to ldayrrial and error, cognitivism played
a more crucial rule due to the incorporation of mgmprocessing models in game
design. Yet, constructivism produced the most dtemaaradigm shift in computer-
based instructional design as the desires and gbdte learner and her ability to learn
by discovery and doing became more influential @signing software than the views of

the instructor (Cooper, 1993) (Sian and Rao, 2003).

Gla” ser-Zikuda et al. (2005) used an EEQ@pproach (emotional and cognitive
aspects of learning) that utilized a composite miénvention mechanisms in ID in an
attempt to enhance well-being, enjoyment, satigfactnterest and achievement while
reducing anxiety and boredom. These interventioohaeisms included student-centered
instruction, activation of students, differentiatioand transparency of demands,
individual feedback, cooperative activities, pléel activities, clearly structured
instruction, authentic tasks, and transfer to edayylife. The educational guidelines for
this approach were self-regulation, competenceilakatderaction, structure, and value.
While the empirical findings of the ECOLE confirméd effectiveness in improving
students’ performances, its general impact on asteintrinsic motivation, and emotions
was weak. Some of these unexpected results weiteugetd to limited development of a

variety of strategies, level of teachers’ acceptaanad students’ unfamiliarity.
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2.3 Career Development Theories

A career is an individual choice made by a persasetd on exposure, interest,
expectations, appreciation and other cultural,aoemotional and personal factors, and
thus it can be significantly impacted by the way design our instruction. Moreover,

due to the fact that a career also reflects thedotibnal impact between one and his or
her environmental circumstances, it can be condltidat “people are the products and

the producers of their environment” (Bandura, 1989)

2.3.1 Self-Efficacy Theory

The SCCT mentioned in the career theories tablgalsothe product of the self-efficacy
theory which is in turn the product of both the iabdearning theory and the social
cognitive theory mentioned earlier. So what is-séficacy and how is it linked to career

development?

Bandura (1994) defines self-efficacy pedple’s beliefs about their capabilities to
produce designated levels of performance that eseeinfluence over events that affect
their lives.” Bandura described the impact of sfffeacy on one’s behavior as the
driving force to overcome difficulties, face chalgees and create inside us a fighter who

approaches threatening situations with confidehaewe can exercise control over them.

This implies that the higher the percdigelf-efficacy in a certain discipline or a
subject of knowledge, the higher the likelihoodstdiscipline or subject will become a
career choice. This conclusion was confirmed bpianal findings of many researchers
during the last two decades, which was also thadation of the SCCT (Lent, Brown

and Hackett, 1994).
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Bandura (1977, 1994) explained four mamurces of information for expectations
of self-efficacy. One source is performance accwshpients (mastery experiences)
which build efficacy through personal successes@afly after facing obstacles. A
second source is vicarious experience provideddoiyakmodels. The similarity of the
social model to a particular situation and contextositively correlated with the degree
of persuasiveness of such a model. Another sosraeerbal or social persuasion that
results from social support and encouragement. Mekyat is more effective when
efficacy builders structure situations carefullysuch ways that bring positive results and
avoid placing people in situations prematurely wehtdrey are likely to have negative
results frequently. The last source is emotionausal such as mood, tension, stress
reactions, fatigue, aches and pains, which affedple’s judgments of their personal
efficacy. Reducing stress reaction and negativetienm helps in modifying self-beliefs

of efficacy.

Bandura (1982) also introduced anothepartant type of efficacy related to
groups, communities and organizations called “ctife efficacy.” Bandura’s findings
confirmed that collective or group efficacy is gnoled in personal perceived self-
efficacy and that it is a critical factor for sdc@hange. According to Bandura (1982),
collective efficacy is not only essential in enctarmg group problems and challenges,
but also in influencing group choices, determinmatmf group collective efforts and
maintaining group overall sustainability. As a rdéesegollective efficacy can also be
crucial to group learning motivation and broadenpagr influences in terms of social
learning and career interests. A low sense ofasoefficacy can create internal

challenges to preferred peer relationships (Bandil®84). Bandura and Locke (2003)
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indicated that collective efficacy mediates positand negative feedback on group goals

and partially mediates the benefits of instructivedeling on group effectiveness.

The impact of the self-efficacy theorynvbeyond providing a new framework for
learning motivation and career development to bec@mew criterion in evaluating
some existing models that tend to have large aaneptacross the board. For example,
the popular information system’s Technology Accapt&aModel (TAM) explained that
perceived ease of use, perceived usefulness amgl beéef in positive outcomes are the
key determinants of technology usage by users. déwew Igbaris and livari (1995)
found that TAM failed to provide sufficient explamam without acknowledging that
outcome expectations alone are insufficient untesabined with users’ belief in their
own capabilities to use technology, which is thparceived self- efficacy. Even after the
refinement of TAM into TAM2 by including the subjae norm factor (Venkatesh, et al.
2003), self-efficacy was still not part of the theoThese findings are substantial not
only in refining TAM with SCCT components but algo re-introducing an extended
version of the TAM model as a career developmentiehan IT-related fields. This is
especially important for this research with its éags on learning motivation in IT-

related STEM fields.

2.3.2 Unified Theory of Acceptance and Use of Techlogy (UTAUT)

Since choosing an IT-related STEM field as a caieenot a separate issue from user’s
interest in using technology, the UTAUT represeaatsimportant recent IS model after
the TAM. As Venkatesh, et al. (2003) concluded,digmificance of the UTAUT is in its
unique integration of the key elements in eighthe most influential IT usage, social

learning, motivation and career-oriented theoridee models they studied are theory of
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reasoned action (TRA), technology acceptance mdd@iéls1) and (TAM2), motivational
model (MM), theory of planned behavior (TPB), condd TAM and TPB (C-TAM-
TPB), model of PC utilization (MPCU), innovationffdision theory (IDT), and social

cognitive theory (SCT).

Based on empirical evidence and extenssearch and analysis, the final unified
model included four constructs that Venkatesh, let(2003) found to be the most
significant factors in predicting behavioral intemt and use behavior of IT. These
constructs are performance expectancy, effort d@apeg, social influence, and
facilitating conditions. It is quite surprisingahat least three of these four factors are

strongly correlated one way or another with thé-sticacy theory and SCCT.

2.3.3 Developmental Theory of Circumscription and @mpromise

Gottfredson (1981) emphasized in the theory of @mscription and Compromise the
way young people deal with the broad array of gackeices they encounter today. The
theory is based on the observation that many ackees frequently delay their career
choice decisions as a way to deal with the anxiesylting from such an overwhelming
number of career choices. The theory suggests fmn-sequential processes of
development: cognitive growth, self-creation, cmacription and compromise.

According to the theory, there are four sequersiiajes for circumscription: orientation
to size and power (ages 3-5), orientation to séasrdages 6-8), orientation to social

valuation (ages 9-13) and orientation to intermal anique self (ages 14 and up).

During the four stages, children applye throcess of elimination excluding
occupations that do not fit their size, power, ggrahd some social perceptions. The last

two stages are of particular interest in this regeas they deal with middle and high
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school students more intensively.

2.3.4 Social Cognitive Career Theory (SCCT)

This complex theory, SCCT, has become one of thst amfluential theories in career
development and counseling. This theory is an dmwluof the social cognitive theory
(SCT) and the social learning theoAli, McWhirter and Chronister (2005) emphasized
thatpersonal, contextual (environmental), and socighdove factors are all integrated in
the SCCT framework to try to explain adolescents] goung adults’ career interests,
goals and behaviors. In this theory, both selfeaffy and outcome expectations are
considered predictors for significant incrementaliance in interests and intentions

(Diegelman and Subich, 2001).

According to Lent, Brown and Hackett (499SCCT is rooted in key foundations
in SCT. The first foundation is the interactive/dymic triadic reciprocally between
personal attributes, external environmental factargl overt behavior, which also
provides a view of human self-regulation (Zimerma889). The second foundation is
the crucial role of self-efficacy beliefs, outcomepectations and goal representations as
social cognitive mechanisms relevant to career l[dpweent. The third foundation is the
effect of learning experiences and environmentakofs that are largely mediated
cognitively, but they also do not “reflect a langehechanistic, operant conditioning view
of human functioning.” according to Zimerman. Tloerth foundation takes a cognitive
constructivist approach to career development witiphasis on cognitive feed forward
mechanisms, active/interactive construction of nreganvith environmental influences,

and viewing people as “proactive shapers of tharenment” and not as reactive or
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“responders to external forces.”

Lent, Brown and Hackett (1994) also pethout that SCCT has compatibility with
other non-social learning models of career develmnsuch as the ones proposed by
Dawis & Lofquist, Holland and Super. Accordingltent, Brown and Hackett (1994),
the social cognitive career theory is in fact a oladzation of interest, choice and
performance into three loosely coupled yet tiglstihesive models. One of these models
is the model of interest development which linkid-eHficacy, outcome expectations and
interest. Another model is the model of career @hdhat links interest, choice and
action. A third is the model of performance thatk§ outcome expectations and

performance in a bidirectional fashion.

The SCCT theory also addresses additipeason, contextual and experiential
factors. Person factors include gender, race arduireu Contextual (environmental)
influences include supports, opportunities, oppatyustructure (background influences
and proximal influences) and barriers. Experientfattors include performance
accomplishments, vicarious learning, social pelisnasind emotional arousal (Lent,

Brown and Hackett, 1994).

2.4 Review of SCCT, Experiential, Contextual and Reon Factors

Since the main interest of this research is expiptihe way instructional design of
learning experiences shapes self-efficacy of fenamelescents in IT-related STEM
fields, it is important to elaborate on four typesfactors or variables in terms of their
definitions, dimensions, sources and relationshgogial cognitive career theory main

constructs, experiential factors, contextual fext@nd personal factors. It is also

47



important to note that these factors representatiea where new instructional design

strategies and interventions can be incorporated.

2.4.1 SCCT Individual or Psychological Variables

Self-Efficacy: Self-efficacy is the central variable of focus e tSCCT theory as well as
of this research effort. As one can conclude fraerdture (Lent, Brown and Hackett,
1994), there are several key ingredients in definself-efficacy. Among these
ingredients is that self-efficacy is belief-cente@nce it is a judgment of people about
themselves. Self-efficacy is also capabilitiestezlasince it is about people’s belief in
their capabilities. Self-efficacy is also transfation-based as it is about making change
by organizing and utilizing resources to make ded#nce in a certain situation.
Furthermore, it is task-context-specific as it lihe@a a course of action required in a
certain task and a particular context and critdrigen since people’s judgments take
place when they compare what they believe theydcawith the standard criteria used to

evaluate performance levels.

Self-efficacy is unique. It is quite difent from self-esteem as self-esteem
represents self- evaluation across a wide variethfferent situations while self-efficacy
Is task and context-specific. Self-efficacy alsa capidly change with new inputs and
experiences while self-esteem is relatively staBlelf-efficacy is also different from
locus of control and (E1, E2) dimensions in theemtancy motivation theory (Stajkovia

and Luthans, 1998).

Self-efficacy is of particular interestiso to researchers and practitioners
examining learning motivation and job performanee do its high predictive power

(Stajkovia and Luthans, 1998). When self-efficasyekamined to study its impact on
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performance, it is viewed in terms of three dimensi level of task difficulty a person
believes he or she is capable of performing, strenfjefficacy expectations, and degree

of generality across similar activity domains.

Self-efficacy is generally measured inme of magnitude (what is the maximum
level of difficulty of a certain task one believiee or she is capable of executing?) and
strength (what is the level of certainty one hasat@ his or her ability to execute a

certain task?) (Bandura, 1977; Stajkovia and Luth&aA98).

While empirical evidence was in suppdrself-efficacy predictability power for
science- and math- related interests (Lopez dt9%l7), much more research is needed to
examine its influence on women'’s interest in ITated fields. Lopez et al. (1997) also
found additional supportive evidence in that amdandura’s four sources of self-

efficacy, perception of prior performance and acglishments contributed the most.

Outcome Expectations: “Outcome expectations” is the second most important
mediating variable in the SCT and SCCT theoriesraself-efficacy. Both outcome
expectations and self-efficacy exchange influenoeeach other and are expected to
predict, explain or influence career interest, choiand performance. Outcome
expectations are defined as personal beliefs galtable response outcomes. If self-
efficacy implies “Can | do this”? “Outcome expeatas” implies “If | do this, what will

happen”? (Lent, Brown and Hackett, 1994).

Bandura classified outcome expectatiomgo i three categories: physical
expectations (such as increase in salary), sogpécatations (such as approval by the

community), and self — evaluation (such as seltadtion).
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While Bandura confirmed the importanceoafcome expectations in SCT, which
is also a crucial element in several past careeeldpment and counseling theories, he
argued that self-efficacy is more dominant sincepes may avoid a promising action if
they doubt their capabilities and this causal effecnot vice versa (Lent, Brown and
Hackett, 1994). It should be noted though thatoime occasions, high self-efficacy with

considerably low outcome expectations might rasudtvoidance as well.

Diegelman and Subich (2001) expected that combined effect of both self-
efficacy and outcome expectations will have a pasicorrelation with interest and
vocational behavior. They also predicted that e#fltacy will have a unidirectional
impact on outcome expectations. However, muchriessarch has been done to examine
the causal relationship between outcome expectatod vocational behavior in SCCT.
Diegelman and Subich’s (2001) empirical findinggevim support of the positive impact
of outcome expectations on vocational intent, betytfound little empirical support for
its impact on interest. Interestingly, they fouthéht self-efficacy failed to account for
significant variance in pursuit intentions if ouhce expectations were intervening

between both.

In the Lopez et al (1997) study, outcoemeectations for high school students in
math were empirically found to be explanatory fariacrease in interest to the extent

that it depends on self-efficacy.

Interest and Goals:Increasing career interest and thus influencingeragoals, choices
and performance is the ultimate goal of the camevelopment theories and the
foundation of SCCT. Many studies have been pasdrtylfocused on the triadic

directional and unidirectional relationship amoreif-efficacy, outcome expectations,
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and interest (Diegelman and Subich, 2001; Lopet, €1997).

This research considers “career interastthe main dependent variable of interest
in the social cognitive career theory. Intereshescornerstone of the dependent variables
chain in SCCT,; it is difficult to imagine that arear choice will be made without
increasing interest. According to Deci and Ryan9()9 interest is the foundation of
motivational processes as through interest peapieeact to emotions, needs and external
inputs to action, regulate intentional actions injogful fashion and create unity,
coherence, autonomy and self-determination. Envedtal. (1979) noted that there are
three forms of motivation: extrinsic, intrinsic eaiming from interest, and intrinsic
streaming from maintaining self-esteem. The sedond is of particular interest in this
research effort. Entwistle et al. (1979) found Hmeit study three categories that
distinguish students’ interests, approaches aniésstp learning. The first category is
intrinsic motivation that is autonomous and sylsifiee. Students who have this
orientation have one of two styles: deep approauh @mprehension learning. The
second is extrinsic motivation related to fearaifure, and it is characterized by anxiety
and syllabus-bound. Students who have this oriemétave one of two styles: operation
learning and surface approach. The third is stiiemierests in achieving high grades,
which is related to hope for success and charaegrby stability, self-confidence and

ruthlessness. Students who have this orientat@wo@anized and achievement-oriented.

Yet, what really increases interest amgther interest can be sometimes bypassed
is also an issue raised in several studies (Diegelamd Subich, 2001; Lopez et al, 1997).
While measuring interest is usually simple andightforward, it is important to note the

important connections among personal factors, eféfacy and interest in terms of
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Holland’s theory, Big Six areas of interest (Nagta&2004). Holland’s big six types of
career interests are realistic, investigative sacti social, enterprising and conventional.
These connections will be discussed later in thegual factors section. As indicated by
Gla" ser-Zikuda et al. (2005), interest is a typeemotion that has both a value-related
and a feeling-related valence. Interest-value tesubm an experience relevant to an
object of interest whereas interest-feeling resdiitsn positive emotions (such as
enjoyment) while participating in an interest-basetivity.

In SCCT, goals also play a crucial ratkebehavior self-regulation. Goals are
important for outcomes sustainability because thelp people move forward in the
absence of external reinforcement. A goal is defiae the determination to engage in
particular task or to influence a certain futurécome. Goal mechanisms include career

plans, decisions and aspirations (Lent, Brown aadkidtt, 1994).

2.4.1 Experiential Factors

According to Bandura (1977), the four sources dicafy information have common

mechanisms of operation as in Table 2.1.
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Table 2.1Mechanisms of Operation for the Four Sources at&tly

Source of self-efficacy

Mechanisms of operation

Performance accomplishments

Participant modeling
Performance desensitization
Performance exposure
Self- instructed performance

Vicarious experience

Live modeling
Symbolic modeling

Verbal persuasion

Suggestion
Exhortation
Self-instruction
Interpretive treatments

Emotional arousal

Attribution
Relaxation and biofeedback
Symbolic desensitization
Symbolic exposure

2.4.2 Contextual Factors

As indicated earlier, contextual or environmentatedminants include supports and
barriers. These determinants help shape the lepexiperiences and feed personal career
interests and choices and the opportunity structbe¢ acts as a platform for career
planning (Lent, Brown and Hackett, 1994). They altso crucial to the success of

instructional design, yet they are largely ignomeamany models (Tessmer and Richey,

1997).

An essential part of the supports isrdef an “opportunity structure,” which can

be divided into two categories as shown in Talle @espite the fact that these categories

include overlapping elements such as family andasouts.
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Table 2.20pportunity Structure Categories and Examples ddrfvtom Lent, Brown,
and Hacket (1994, 2000).

Opportunity Category Impact Examples

Background influences (distal) Help shape interests and | - Differential opportunities for task and role mbde
self-cognitions. exposure.

- Emotional and financial support for being part of
certain activities.

- Cultural and gender role
Socialization processes.

Proximal influences Their role is more - Personal career network contacts

significant at critical - Structural barriers such as hiring that discrinésat
milestones and events. | pased on gender or race.

Lindley’s (2005) research concluded teaen though contextual career barriers
may be similar to proximal process outcome expextsf they are different from distal
outcome expectations. Distal or background contdx@ffordances affect learning
experiences which are the source of career-baskedfseacy and outcome expectations
while proximal contextual influences are more intpot during active phases of
educational or career decision making. Person s;much as gender, race and
predispositions were also predicted to have a dxtimnal influence with background
contextual affordances, and SCCT prefers to lookham separately despite their
overlap, coupling and role interchangeability ofpawt on career decisions (Lent,

Hackett, et al., 2000).

As Lent, Brown and Hackett (1994, 200®inped out, the influence of
environmental factors on vocational behavior isdgdi by either objective features or
perceived aspects of the environment. The perceiasgects do not reduce the
importance of objective features but rather refl@atthe social cognitive theory as it

emphasizes person’s active role as the transldtendronmental factors via cognitive
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appraisal processes.

According to Lent, Brown and Hackett (499it is anticipated that people who
have higher perception of beneficial contextualuefces (presence of ample support
and few barriers) tend to have stronger intereat-gnd goal-action relations in SCCT as

opposed to people who perceive less favorable tondi

While this may imply that contextual udinces play only a moderating role, they
sometimes play a determinant role, but this doeshappen too often. However, and as
Ali, McWhirter and Chronister (2005)ent, Hackett, et al. (2000) and Bright et al. (200
indicated parent, family, sibling, peer and teacher suppaste been found to predict
adolescents’ career behavior indicators such asatidnal plans, career aspirations,
perceptions of structure of opportunity, schoolemibn, self-efficacy, and outcome

expectations (through school outcomes).

In non-SCCT- based research, career drarare usually defined as events or
conditions that make career progress difficult {i-¢tackett, et al. 2000). Lindley (2005)
pointed out two aspects of contextual barriers #rat particularly important for SCCT
studies — especially for women and minorities: gption of barriers and coping efficacy.
Coping efficacy mirrors individual’'s perceptions bfs or her ability to negotiate
particular situational elements that present emwvitental barriers or obstructions for

performance (Lent, Hackett, et al. 2000).

According to Lindley (2005), coping etiicy is a predictor of the likelihood that
individuals will attempt to and successfully overe perceived barriers to career
development, a predictability power that pointstiie possible complementary role of

coping efficacy to task-related self-efficacy inabhng performance and persistence
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(Lent, Hackett, et al. 2000). It should be notedutth that coping efficacy can be
significantly impacted by gender differences, esgbcif we take domestic violence

against women into consideration (Chronister & Mgckién, 2004).

Lent, Hackett, et al. (2000) developed eatended framework for SCCT where
they have posited that coping efficacy, past bamgeriences and vicarious barrier
information will influence proximal barriers (or guess expectations), and where
proximal barriers are expected to play a moderatotg in the interest-goal and goal-
action relations but have a direct negative immactcareer goals. Albert Bandura also
argued that there is both a direct and indiredti@rfce of supports and barriers on career

choices (Lent et al. 2003)

Lindley's research found that there issteonger relationship between coping
efficacy and Holland’s theme self-efficacy in méarn women. Surprisingly, findings of
Lindley’s (2005) empirical research — that incogied Holland’s six career options in
SCCT analysis — including women’s perception ofeearbarriers as impacting their
career development, was positively related to tbatcome expectations. Women who
chose investigative or conventional careers hadhmiigher perceptions of career

barriers as opposed to women who chose socialrsaree

An interesting conclusion in Lindley’'sO@5) work is that women who made
career choices in investigative or conventional upations as opposed to social
occupations had strong persistence in those foddpite the perceptions of considerable
barriers they have to overcome. Smith (2004) inditahat structural changes in the
economy have created another contextual influem¢erms of employment environment

in IT fields especially for women and minoritiesdafound that women perceived
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significantly greater barriers for their careerices than men did.

In spite of its importance, Albert andzizo (1999) noted that Weiner’s attribution
theory — of external and internal factors - wasemepplied to SCCT in the context of
understanding the roles that perceived careerdsarplay in career decision making.
Albert and Luzzo (1999) indicated that attributibgrriers to internal and controllable
causes has a positive impact on coping efficacy aod versa when barriers are

attributed to external and uncontrollable environtakforces.

2.4.4 Person Factors

Person factors in SCCT mainly include gender, ettyniand socio-economic status
(SES) Ali, McWhirter and Chronister, 2005)However, factors such as individual
differences, cognitive and learning styles, prionowledge, prior experience
predispositions, disabilities, parental and famifluence, and contextual affordances
could play a crucial role. It is obvious, howewbigt some of these factors might be at the
borderline between contextual and personal classifins, which is an ongoing argument
between SCCT researchers and other career devetbphe®rists (Lent, Hackett, et al.
2000). However, the emphasis of this review willfbeused on gender with different

ethnicities since this is the main theme of thseerch work.

Bussey and Bandura (1999) pointed to sévedimensions concerning gender
development. A key dimension is psychological é@fpsychic processes), biological and
socio-structural determinants. Another importameision is the nature of transmission
models in which Bussey and Bandura (1999) indicdted the SCT of gender-role
development and functioning integrates psycholdgca socio-structural determinants

within a unified framework. This framework viewsrgker conceptions and role behavior
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as the results of a large network of social impdtiat goes beyond a familial
transmission model to a multifaceted social trassmon model. A third dimension is the
temporal scope of theoretical analysis where th& &Cdistinguished by taking a life-
course perspective in contrast to other theorias Wwere either childhood or adulthood
focused.

In their extensive review of gender depehent literature, Bussey and Bandura
(1999) concluded that there is a significant impaifcstereotypic gender occupational
orientations in educational practices on the stmecbf self-efficacy of boys and girls,
which usually results in girls’ perceived occupatb efficacy centered on careers in
service, clerical, caretaking and teaching avenssreas boys’ perceived occupational
efficacy is centered on careers in science, tedgyplcomputer systems and active
pursuits. Busch and Trondelag (1996) confirmedaeirtstudy the low efficacy of female
students in computer studies and accompanied itidan§ with the impact of previous
computer experience, previous encouragement anes®do one’s own computer on
gender-based self-efficacy. Miura (1987) indicatteel relationship of math to computer
science; the impact of video games on male studeggiven boys some advantage over
girls in strengthening their performance accomptishts as a major source for their
computer science self-efficacy. Media has alsordauted to boys’ vicarious experiences
more than girls’ since boys are usually featuredh&schampions in computer-related
fields. Miura’s (1987) empirical study found thatrent and past enrollment in past and
current computer-based classes was positively leteck to self-efficacy. According to
Miura (1987), three factors were found to be thestmiofluential in predicting computer

self-efficacy in women: completion of a high schpobgramming course, college major,

58



and past enroliment in a computer science class.

Additionally, Bussey and Bandura (1998nhsidered among the most influential
factors in gender development and self-efficacyeptl impact, media representations
of gender roles and peer influence and affiliatidhey also suggested that collective

efficacy has had its impact on gender developmeet the years.

Patton, Bartrum, et al. (2004) studieel ithpact of optimism and self —esteem on
career decision-making and career goals in thet lIdhSCCT and CMR (cognitive-
motivational-relational) theories. They indicatetiatt the literature supports the
adaptational nature of the career development pso@nd the functional role that
optimism and pessimism play in the development igh hschool students’ career
maturity. They found that female students who ha®sitive outlook are more likely to
set career goals and explore their career optidresems optimism was not found to be of
significant impact on their career expectationsterestingly, their study also found that
females with high self-esteem were less likelyttakaute the outcomes that take place in

situations to their own hard work and efforts.

Byars and Hackett (1998) studied theedéhces among women of color (African
American, Latinas, Asian American and American &mdiin terms of the four sources of
self-efficacy in SCCT (i.e.. performance accomptigmts, vicarious learning, social
persuasion, and emotional arousal ) and found fsignt differences. They concluded
that special attention should be paid in rese&wdheir socio-cultural factors including
historical and ongoing references as well as th@igue and shared experiences, and how
this impacts their self-efficacy sources (espegi@érformance accomplishments and

vicarious learning), which in turn influence theareer self-efficacy.
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Brown et al. (2002) studied the impacgehder on self-efficacy in problem-based
learning (PBL) environments due to PBL importancesimulating real world contexts
and engaging students in collaborative knowledgdding. The study found no
significant difference between genders in reporigagns in self-efficacy items, which
was also confirmed by Chung (2002). Both studiesu®@, 2002; Brown et al. 2002),
however, found that that those with higher caretated self-efficacy tended to be more

committed to career decision-making activities, ahhs consistent with SCCT premises.

Personality Factors:As concluded by Nauta (2004), Holland’s big sixegmwf career
interests (realistic, investigative, artistic, sbcenterprising and conventional or
RIASEC) are strongly related to the five big dimens of personality (openness,
conscientiousness, extraversion, agreeablenesseamdticism). Nauta (2004) also
indicated that researchers found direct relatigggshmong personality, self-efficacy and
interests as well as some overlap. Nauta’s (200v)jrecal work revealed important
connections between certain personality variabhelssame of Holland’s six self-efficacy

and interest areas.

Gla® ser-Zikuda et al. (2005) studied thgortance of emotions in learning
achievement in terms of self-regulation, cognitivformation processing, task mastery,
attributions, and self-concepts and pointed toetraeeas where research is relevant in
studying positive influences of instruction on emns: well-being, anxiety and quality
of instruction. While the “emotions” topic mightsal belong to the instructional design
section or SCCT learning experience variables, (@motional arousal), it is important
not to overlook it while discussing personal fastolt is also valuable to note that

emotions are of significant importance when it cente designing career-driven
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instruction for women.

It is also worthwhile to incorporate imiual differences in personal factors
between people in regard of their cognitive styfagssburn and Ausburn (1978) defined
cognitive styles as the “psychological dimensiohat trepresent consistencies in an
individual’s manner of acquiring and processinginfation.” They also emphasized the
significance of cognitive styles in instructionasign in order to bridge the gap between

the learner and the task by helping with essept@tessing.

2.5 Women and Minority Adolescents and IT-Related BEM Fields

“Adolescents” in this study include students ag&d2@ in upper middle school, high
school and early college. Under-representation @hen and ethnic minorities in the IT
field may involve career barriers for such groupmith, 2004). According to the Census
Bureau (2008), women represent 46.3 percent oftdted civilian workforce but only

26.7 percent of the IT, computing and mathemat@matupations (more than a 3%
decrease from 2000). African Americans occupy only percent of IT professions,
while representing 10.9 percent of the U.S. poputatAlso, while 13.6 percent of the
American population is Hispanic American, they make only 5 percent of the IT

workforce (Census Bureau, 2008). Lent, Brown, aratkétt's (1994) social cognitive

career theory emphasized that women and ethnicrin@soperceive more self-efficacy

barriers to their career goals than do other groups

Despite the fact that a large amounteskarch has been carried out examining the
role of occupational self- efficacy in adults ouyg adults, there has been little research

examining the development and importance of séi¢afy beliefs in middle school and

61



high school students’ career decisions (Amato-Hesuteet al, 2007). It was also found
that vicarious learning, including connections ebermodels in the field, and mastery
experiences have more effect on high school stateself-efficacy than social

persuasion (Amato-Henderson et al, 2007). Thes#niys were further confirmed for
college students concerning IT education by Sn04). Self-efficacy in high school

students has an extended impact even beyond regghaol activities as evidenced in
physical health studies involving variables of #oeial cognitive theory (Winters et al.

2002).

It was noticeable in the Lent et al. (2DStudy that while supports and barriers had
a negative correlation with each other, supportwiged a much stronger path to self-
efficacy. This was attributed to one of three reasdhe mediation role of supports
between barriers and self-efficacy, the possiblpaich of barriers on supports, and the
possible impact of excluding barrier-coping effigas opposed to occupational task self-
efficacy. Lent et al. (2003) also noted that theulss may have been different if another
age group had participated.

Ji et al. (2004) found that eighth gratiedents’ occupational sex-type perceptions
for particular jobs were correlated with their l&svef self-efficacy and interest based on
Holland’s types, which supports the hypothesizéatimnship between distal background
contextual affordances factors and person inputSQECT. This also implies that the
perceptions of the sex-type of an occupation dvarder for career decisions as early as
the eighth grade (Gottfredson, 1981). One intemgantechanism to help overcome this
barrier would be providing young adolescents witlle rmodels who were able to

overcome difficult situations with a sense of riesite and coping efficacy.
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CHAPTER THREE

ANALYSIS, CRITIQUE OF EXISITING APPROACHES AND INTE RVENTIONS

3.1 Literature Review Analysis and Synthesis
This study is an attempt to connect learning teepimstructional design strategies, and career
development theories in a holistic yet pragmasbita. Based on this multifaceted literature
review, instructional design will be revisited demtify major current gaps in middle schools,
high school and early college education concetieggning motivation and self-efficacy with
emphasis on SCCT, STEM, gender and adolescentS. §&§S are reviewed in the light of

the literature survey analysis.

3.1.1 Linking Learning Theories

While behaviorists emphasize learning by conseggncognitive theorists emphasize
learning by effective processing of informationdasonstructivists emphasize learning
by doing, social learning emphasizes learning \aaeoving others’ behavior, attitudes,
and outcomes of those behaviors, or in other womisdeling.” An extended view of

reciprocal determinism in the light of the four wralearning theories is provided in Fig

3.1 partially based on Bandura (1987).
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Personal Factors

‘ An extended view of reciprocal determinism in the light of the four major learning theories ‘
Cognitive Learning Theory
Socio-Constructivist Learning Theory
Social Learning Theory

Environmental Factors - I gt Human Behavior

Behavioral Learning Theory

Figure 3.1 An extended view of reciprocal determinism in tiggt of the four major
learning theories.

Criticism of Socio-Constructivism: As the 60’s cognitive revolution in educational
psychology started to face two contrasting movementhe 90’s, situated learning and
constructivism, the debate never stopped abouthehétis better to transfer knowledge
from teachers to students in a structured way ofatdlitate authentic socially-active

environments where knowledge is constructed bythéents themselves.

Anderson et al. (1996) distinguished mstow “constructivism” and “situated
learning,” as the former is actually a philosophipasition while the latter has strong
empirical consequences within which the basic idethat much of what is learned is
specific to the situation in which it is learned @& certain degree, situated learning, just
like constructivism, emphasizes participation incigb practice as opposed to the
cognitive perspective that emphasizes individuavetment in the acquisition of

intellectual skills (Anderson et al. 1999).

The socio-constructivist (as well as &ital learning) theories were critiqued by
well-known education researchers in five key ardaslerson et al. (1999) explored the

differences between situative perspectives (saparoach) and cognitive perspectives



(individual approach) on learning and found thatthb@pproaches can actually

complement rather than contradict each other.

Since there is often a great value intrutsion that focuses on parts of a
competence or individual learning as opposed tatifign instruction to complex social
situations, it is not always effective to turn ttlassroom into a workplace (Anderson et

al. 1997).

Abstract instruction can be very effeetiand vocational settings are not always
the best way of teaching. The breakdown of complaiis and the decontextualization of
the learning situation as an important cognitivarelteristic of the human mind are
often overlooked by constructivist approaches. Addally, instruction can often

generalize from the classroom to “real world” sitoas (Anderson et al, 1997).

In the constructivist theory, learning shibe an active process. This always
assumes that activities are limited by interactrath an external environment. Since
learning requires a change in the learner in tesmghat the learners do and what they
attend to, the nature of activities they engagshauld include a broader spectrum of

options.

Cognitive psychology has demonstratediumerous applications, how a careful
understanding of the mental processes of learmdgapplying knowledge and skills can

generate enriched pedagogies and techniques diingeand learning alike.
A Survey of Constructivism-Driven Pedagogies

The constructivist learning theories dissed earlier have had a significant impact
on instructional design and technique since thiy &&'s. These pedagogies evolved into

a broad array such as participant-centered learsitvgted learning, active learning, case
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studies, role play exercises, team-group exercis@sagement games, simulations, and
problem-based learning (PBL) approaches such gegmimased learning, inquiry-based

learning, case-based learning, collaboration-b&ssting and research-based learning.

3.1.2 Linking Learning Theories to Instructional Design Strategies

Instructional design strategies and pedagogiea aedlection of the three key learning
theories and their extensions, expansions andrattegs. Each one of these theories has
implicit and explicit assumptions, elements and lmasms that contribute to learning
environment architectures. Indeed, learning theoslee meaningless if not translated
into working methods and techniques that would kedghers design effective learning
environments capable of boosting learning motivatiand increasing learning
effectiveness. Despite the high importance of tigkiearning theories to instructional
design and vice versa, it took a very long timefeegcientists and researchers started to
construct comprehensive frameworks that explain leamning theories and ID practices

are interconnected\(ildman and Burton, 1981)
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Table 3.1lmpact of Learning Theories

received.

- Goals should reflect learner
characteristics, needs and interests.

Learning Behaviorism Cognitivism Constructivism

Theory

ID Development of - Designers thoroughly analyze - Similar to Cognitivism in

Implications | instructional appropriate tasks needed for the learheccounting for learner’s prio
objectives. to effectively process information knowledge and interest.

- Open-ended expectations
opposed to an objective
approach.

- Heavy attention to context
of the learning situation.

AS

ID Strengths

Learner is focuses or
clear and specific
objectives.

Learning is relevant because it is bas
on person’s cognitive structure.

ed Content can be presented
from multiple perspectives
using projects and cases.

- Learners can create their
own individual versions of
information and articulate it.

- Active knowledge
construction as opposed to
passive transmission of
information.

ID
Weaknesses

Dependency on the
appropriate stimuli to
continue the intended
behavior.

Since pre-requisite knowledge must
exist first, instructors must design for
appropriateness for all levels of
experience. This could be costly and
time-consuming.

- Individual learner
interpretations are difficult to
evaluate.

- Teachers cannot respond t|
a broad array of students
interests due to lack of

resources and complexity.

@)

3.1.3 Linking Career Theories

Similar to what we have seen in the strong conmiestamong learning theories and

instructional design strategies and models, cateeelopment theories also mirror the

evolving learning experience of children all theywaward adulthood and formal

occupationsCareer theories can be categorized as eitherfacit, developmental, or

social cognitive Career theories go back to 1909 when Parsons hisdategorization

of people regarding their career decisivenessthsraiertain or uncertaifCurach and

Rickards, 2007)Table 3.2 tracks the evolution of career develogntleeories since

then.
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Table 3.2Evolution of Career Development Theories

Year Founder(s) Contributions Weakness(es)
1909 | Parsons Classifying people into decided and undecided. \ieriged theory
(Trait and Factor) that.V|ews career
choice as a non-
dynamic behavior.
1937 | Williamson and Classifying people into very certain, certain andartain. -Simplistic either-or
Darley approach.
(Trait and Factor) -Produced mixed ang
inconsistent results.
1951 | Ginzberg, People tend to experience a development procdbeeef No recognition of
Ginsburg, phases: fantasy, tentative and realistic whichuhes: race, gender or social
Axelrad and (exploration, crystallization and specification). class.
Herma
1953 | Super - Impact of “self-concept” on career choices, whesf- Omitted women,
concept” is shaped by personal experiences. people of color and
- Developmental theory of five stages: growth @hdod), the poor.
exploration (adolescence), establishment (earlittazhd),
maintenance (middle adulthood) and decline (lataithood).
1956 | Roe Occupational choice is multifaceted and can be eftkin
diverse ways.
1959 | Holland Introduced a hexagonal model that matches six types Gender bias since
& personalities with six types of modal environmemttuding women score better
1995 realistic, investigative, artistic, social, entésjmg and in three personality
conventional. types: artistic, social
and conventional.
1964 | Vroom Differentiated between preferred occupation arairegt
occupation. “People not only select occupatioresy tire
selected for occupations”
1981 | Hackett and Betz| Translation of self-efficacy theory to career depehent
1976, | Krumboltz and Social learning theory of career decision making rim&rily concerned
1990 | Mitchell with choice behavior
as opposed to
correlations between
interest, choice and
performance.
1987 | Lent, Brown and | Social cognitive career theory (SCCT) based on Biasl Limited

Hackett

SCT. This dynamic theory addresses issues of eulpander,
genetic endowment, social context and unexpedtedients.
SCCT is based on the correlations of self-efficacgcome
expectations, interests and personal goals ascfyesiio
individual’'s career choice.

implementation and
evaluation in some
fields.
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3.1.4 Linking Learning Theories to SCCT

After reviewing various learning theories, instiamél design strategies and career
development theories, the key ingredients of th€TS@eory were then comprehensively
investigated and several refinements and connecti@ne applied to the original SCCT
model. Figure 3.2 provides an extended view of S@@tess through contextual influences
in the light of three main learning theories andedded SCT based on (Lent, Hackett, et al. ,

2000; Lent et al. (2003); Byars & Hackett, 1998).

Cognitive Proximal
Learning Contextual
A

Person ™ self- Efficacy Career

Choices
A T

- - Learning
Experiences

Socio-
Constructivist

- Interest
Learning

A N

Background
Contextual
Affordances

v
Behavioral
Learning

Figure 3.2 An extended view of SCCT process through contexniliences in the light
of three main learning theories and embedded S@ialhyabased on (Lent, Hackett, et
al. 2000; Lent et al. (2003); Byars & Hackettog®

Outcome
Expectations

Lent et al. (2003) found empirically that the conattion of self-efficacy and outcome
expectations was able to provide a powerful exptandor the change in interest in high
school students using Holland types. In this eggbistudy, while social barriers and supports
related strongly to career choices through setfaef§ mediation, they had almost no direct
influence on career choice. It was concluded tigateal role of proximal social contexts and

barriers is probably to inform self-efficacy rathi®n to impact career decisions. Accordingly,
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a refined view of the earlier SCCT diagram (FigBr2) is provided in Figure 3.3. This
diagram moves the arrow from proximal contextuaidra and supports to career choices to

connect directly to self-efficacy.

Cognitive Proximal
Learning Contextual
>

Person
Inputs

> Self- Efficacy Career

Choices
A T

e - Learning
Experiences

Socio-
Constructivist

- Interest
Learning

A A

omiatuar Outcome
Affordances Expectations
=

Behavioral
Learning

Figure 3.3A refined view of SCCT process through contextafllences in the light of
three main learning theories and embedded SCTapigiiased on High School Students’
Data (Lent, Hackett, et al. 2000; Lent et al. (20@3ars & Hackett, 1998).

3.2 Critique of Existing Approaches

Comparing the outcomes of the surveyed literatumg @urrent instructional design of
typical or common learning environments in middihaols, high schools and early
college today and in the light of the SCCT theagie can pinpoint several serious
general and specific problems concerning instraaiiodesign (ID) impact on
adolescent’s, especially women’s, self-efficacylirrelated STEM fields, including but

not limited to:

» Lack of subject connectivity to other subjects.

 Lack of relevance.
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» Lack of utilization of positive peer influence.

» Lack of mature mentorship.

» Lack of self-regulated learning.

* Poor learning motivation.

» Lack of role modeling.

» Lack of excitement and joy.

* Poor chemistry in classroom environment.
* Poor sense of ownership.

* Poor adaptability to students’ individual differesc

3.2.1 Lack of Subject Connectivity
The first gap in current instructional design igklaof subject connectivity to other
subjects and poor multi-disciplinary or cross-daficiary design.

SCCT impactGirls who are trained to see disconnection ambegstx Holland’s types
of interests are less likely to pursue careertienthree non-women areas (investigative,
realistic and enterprising). Obviously, this ibarier unless otherwise adequate support

is provided.

3.2.2Lack of Relevance

The second gap in current instructional desigadk bf relevance in connecting theory to

practice and real world applications.

SCCT impact: Real world applications help form true and solig¢rfprmance
accomplishments that can become part of the pastiyexperiences when women are

in a position of making a career choice. Since éhegperiences are of an educational
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nature, they can build self-efficacy in Holland’'®mwomen areas gradually and
adaptively with the minimum level of anxiety, fe@remotional arousal accompanied by
the maximum level of excitement and fun. This soah line with the incorporation of

the attribution theory Albert and Luzzo (1999).

3.2.3Lack of Utilization of Positive Peer Influence

The third problem in current instructional designlack of utilization of positive peer

influence.

SCCT impactPeers are the most influential element in adoldskess, and they can

provide role models for success (vicarious learmiag well as a source of collective
efficacy that is also predicted to have positivuence on increasing self-efficacy
(Bandura, 1982, 1994; Bandura and Locke, 2003)sResn also provide social support

to overcome barriers.

3.2.4 Lack of Mature Mentorship

The forth problem in current instructional designlack of mature mentorship for

individuals and groups alike.

SCCT impactMature mentorship can provide role models of loaigrt successes and
life stories. It can also provide social suppord &elp shape learning experiences in one-
on-one or team-based formats. Additionally, mertigrean be substantial for enhancing

social persuasion.

3.2.5 Lack of Self-Regulated Learning

The fifth issue with current instructional designlack of self-regulated learning and

disconnection of instruction to self, interest, icleo self-actualization and passion.
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SCCT impact:Connecting to self and passion is part of the pelsinputs that are
expected to have high impact on learning expere@cel directly or indirectly on self-
efficacy. Strengthening person inputs especiallgnvih comes to gender-based strategies
is crucial due to the psychological, biological aswtio-cultural determinants (Bussey
and Bandura, 1999). It should be noted also thatgap was one of the critiques of the

SCT from motivational-centric researchers (Deci Rydn, 1990).

3.2.6 Poor Learning Motivation

The sixth challenge with current instructional desis poor learning motivation (beyond
fear of failing or interest in achieving good gragencluding lack of challenging

situations that establishes resilience overtima/&rcome barriers.

SCCT Impact:“Learning for grades” creates an obstacle for ssdalation and self-
reflection (Stajkovia & Luthans, 1998), which isbstantial in creating the proactive
personality that impacts the environment as oppdsegassive reaction. This also
impacts coping efficacy negatively as it decreas#snsic motivation to overcome

barriers (Entwistle et al, 1979).

3.2.7 Lack of Role Modeling

The seventh problem with current instructional gess lack of modeling, role modeling,

dramatization, media partnership and other sowtegarious learning.

SCCT ImpactModeling is central to Bandura’s value-chain ofdfings, analysis and
theories, and it is a strategic self-efficacy seutttat was evidenced to have the second
largest explanation power after performance accismplents (Amato-Henderson et al,

2007).
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3.2.8 Lack of Excitement and Joy
Another serious problem with current instructiodesign is lack of excitement and joy.

SCCT ImpactExcitement and joy are part of emotional stabi{ag opposed to anxiety
and panic) and are also essential to learning @b, Reducing anxiety is central as a
source of self-efficacy in SCCT as well as usingifiee “emotions” as an influential
personal input on learning experiences and salfafy (Gla™ ser-Zikuda et al., 2005).

The latter is particularly important when dealinghsmvomen’s learning motivation.

3.2.9 Poor Chemistry in Classroom Environment

Another challenge in current instructional design goor chemistry in classroom
environment as a result of weak social bonding,r goootional intelligence, emotional
supports and emotional arousal coping mechanismgetisas limited or non-existing

collective efficacy.

SCCT Impact:This is a clear connection to contextual socialpsuz as well as
emotional arousal. It also has an impact on sg@asuasion which is another source of
self-efficacy. While personal self-efficacy is experl to predict collective efficacy, we

are also examining the impact vice versa.

3.2.10 Students’ Poor Sense of Ownership

Another challenge in current instructional desigrstudents’ poor sense of ownership of

what they learn, what they join and what they poedu

SCCT Impact: Despite the fact that SCCT has an implicit intagratof the socio-
constructivist learning approach (Brown and Hagke¥94), the organismic integration

of learners in the social contexts and its impacttteeir intrinsic motivation might be
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guestionable (Deci and Ryan, 1990). Not enoughtaie in SCCT has been paid to

students’ sense of ownership or to their senselbbstualization.

3.2.11 Poor Adaptability to Students’ Individual Diferences

Another challenge in current instructional desigipaoor adaptability to students’ learning

curves, cognitive styles and individual differences

SCCT Impact:Individual differences are also part of person-isp@Ausburn and
Ausburn, 1978), which is one of the explanatory variables forméag experiences and
self-efficacy (see Figure 2.4). “Adaptive learnindges not ask the learner only to adapt

to ID but also enables ID and the curriculum topada the student in a dynamic fashion.

While this is in complete synchronicity with Bandigand SCCT'’s foundations, it is not

too clear in SCCT literature.

Other significant gaps include a lackcohnection to higher levels of learning,
disconnection to socio-cultural contexts, and disextion to other existing resources

(such as parents, community, etc.) as partnefginl¢sign for instruction.

These ID gaps are strongly aligned witineer development challenges for two
reasons: First, they play a crucial role in shaging forming the “Learning experiences”
variable (and other variables) posited by SCCThaskey predictor for self-efficacy and
outcome expectations, and thus they indirectlyusrfice career interest. Providing
effective ID strategies or mechanisms is predid¢te@nrich “learning experiences” as
main sources of self-efficacy. Second, they aresetqul to have significant impact on the
contextual variables in terms of career interedt@roice barriers. Clearly, bridging these

gaps or providing intervention mechanisms is edaivato providing contextual supports
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to help increase the coping efficacy, resilience alpility to overcome these barriers.

3.2.12 Synthesis of Gaps of the Social Cognitive l€ar Theory

While the SCCT theory in its latest versions sittha top of career development theories
as the most comprehensive, reflective and intagratieory around, the theory still has
some gaps that need to be addressed and bridged.

One gap is the lack of organismic intégraof learners in the social contexts; its
impact on their intrinsic motivation might be questable (Deci and Ryan, 1990).
Another gap is that SCCT is strongly aligned witle socio-constructivist philosophy
especially when it comes to learners’ proactiveesotoward their environments.
However, as SCCT is heavily grounded in the immdciearning experiences on self-
efficacy and outcome expectations, its framewoifleces only a few of the relevant
instructional intervention mechanisms proposeddnstructivist ID strategies.

Moreover little research has been done ome the significance of outcome
expectations in influencing interests and careeiogs in comparison to self-efficacy.
Also, there is not too much evidence on the direshnection between learning
experiences and outcome expectations without theiatneg role of self-efficacy.
Furthermore, more work needs to be done to exathmenutual exclusiveness of person
inputs from contextual supports and barriers asd & further test the direct impact of
person inputs on self-efficacy.

Additionally, a few more interesting ritaships need to be investigated. One of
these relationships is the impact of coping effiga@ocial efficacy and collective efficacy
on personal self-efficacy. Another relationshighie correlation direction between some

contextual barriers and self-efficacy based on geadd sex-type Holland interest areas.
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One major gap is that there are some motivaticazbfs strongly related to women that
are overlooked, including emotions. While emotioasdusal is strongly considered by
SCCT, it is often looked at as a barrier rathentagositive source of self-efficacy.
Finally, there is still much more thateals to be explored regarding the extent

within which SCCT is really a full reflection of lakssential variables, elements and
ingredients that may have potential impact on s#itacy, outcome expectation, interest
and career choices. There is a wealth of selfafficsources that are either overlooked or
considered.

These gaps identified the need for interventionhauigisms that need to be explored. A
new model will be proposed to build on some offitdings of this review within the main

focus regarding adolescent women'’s self-efficady+driven STEM fields

3.3 Intervention Mechanisms

In the next few pages, a few of the key interventieechanisms that are largely thought
and proven to be helpful and effective in bridgthg ID gaps above will be surveyed in
an effort to increase self-efficacy in adolescenimen in IT-related STEM fields and
thus potentially to increase their interests inlélad’'s areas perceived as gender-specific.

This will be aligned with the SCCT refined framewas shown in Fig 3.3.

While many of these mechanisms are drawom a socio-constructivist
perspective, the author of this research work be$iethat the relationship among the
three main learning theories, in addition to theiaolearning theory and SCT, despite
their differences, is likely to be a complementane and not necessarily contradictory.

This can also be inferred from the three refineaceptual framework provided in figures
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3.1, 3.2 and 3.3.

3.3.1 Common Intervention Mechanisms

According to Brown et al. (2003), some of the freqtlly used intervention mechanisms
include cognitive restructuring (Deek et al., 199900), vocational exploration, attention
to decreasing career barriers, attention to bugldinpport, world of work information,
values clarification, vicarious achievements, ce&lms support, individualized
interpretations and feedback, collaborative leayngocial persuasion, anxiety reduction,
self-regulated learning within teams and betweeamt personal performance
accomplishments, self-report inventories, outsidading, modeling, workbook and
written exercises, decision making model and gisatandividualized interpretations and

feedback and computer-aided interventions.

3.3.2Authentic Contexts and Real World Project-Based Leaning

Project-based learning is an important type oflprofbased learning (PBL) that also includes
case studies, inquiry based learning, collaborétmed learning and research-based learning.
While problem -based learning is considered by adugs as one of the most influential types
of learning, its use is fairly limitedlgnnasen, 1997). One of the key benefits of PBL is
combining learning and thinking skills alike in arperiential environment facilitated by

instruction designers (Hmelo-Silver, 2004).

Real world project-based leaning is pdrill-structured problem solving ID that
relies on an emerging theory of ill-structured peob solving as well as constructivist
and situated cognition approaches to learning. d»sj ill-structured problem solving

instruction requires designers to engage with SM{Ssbject matter experts) and
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experienced practitioners and follow the followisx steps: articulating the problem
context; introducing problem constraints; locatisglecting, and developing cases for
learners; supporting knowledgebase constructiopp@ting argument construction; and

assessing problem solutions.

Learners’ activities in ill-structuredgimlem solving learning environments include
articulating goals (relate problem goals to probledomain, clarify alternative
perspectives and generate problem solutions) andrndming validity, as well as

constructing arguments (implement, monitor and adalution)(Jonnasen, 1997).

Real world project based learning is atervention mechanism in instructional
design that provides an ill-structured problem s@venvironment within authentic
contexts. As indicated by Law (2007), this methash émprove learning motivation
among high school students. Liu and Hsiao (200dyided another evidence of the role
of real world IT- PBL in enhancing middle schoald@nts’ motivation when working as

designers of multimedia applications.

Real world PBL encompasses the six keyCBClements. One element is
significantly enhancing performance accomplishmemtsause these are real world
projects and their accomplishments are very auitethiey allow self-efficacy to build
over time via “learning by doing” (Carlson, 1998)ey spread from one task to another

and there is less anxiety in doing such projeatsutph educational settings.

Another element is that ill-structuretliations facilitate evolutionary and adaptive
construction of knowledge by the learners themseWlich helps the learners influence
their environments proactively rather than beingspaely impacted especially when

dealing with IT education (Waks and Sabag, 2004)s BRpproach is strongly aligned
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with SCT perception of the learner’s role in theipeocal determinism model and also
helpful to building coping efficacy and resilientoe regard to career barriers. A third
element is that SME’s project clients and otheustdy connections provide role models
of success stories which contribute to vicariousrrang effectiveness and are thus
posited to influence self-efficacy positively. Aurth element is that many real projects
are cross-disciplinary in nature which allows cartimgy STEM and non-STEM subjects
and builds familiarity across Holland’s types begmex-type areas. A fifth element is
supporting self-directed or self-regulated skillstaachers act as facilitators and not as
exclusive sources of knowledge (Hmelo-Silver, 200An additional element is
enhancing the sense of students’ ownership of Wigt learn and produce as they are
able to construct extensive and flexible knowlefldmelo-Silver, 2004; Waks & Sabag,

2004).

Simpson et al. (2003) defined studio-ddsarning as a special type of real world
project-based learning whekmowledge and skills are acquired in context rathen as
separate segments to be learned, which is anagliof social-constructivist theories. In
their version of studio-based learning in the d¢mdin,Simpson et al. (2003) characterized
their approach aslient-focused (where the clients are the studaetg)irements —sensitive,
mentorship-driven with students’ exposure to thecgss taking place in an evolutionary

fashion as their individual responsibilities irase over time.

Cameron et al. (2005) introduced a spdoranat of real world PBL using an IT
consulting model. Liu and Hsiao (2004) designedaatinentic IT learning environment
for middle school students as multimedia designéhey found that such experiences

facilitate the development of students’ cognitidells and engage them actively in
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constructing their knowledge in requirements ang)ygproject management and
multimedia applications creation needs. Howevess lengaging activities such as
planning and testing for extensive time createdethiom which required model

refinement.

3.3.3 Social Bonding and Peer Support

Gupta (2008) indicated that under certain cond#jopeer collaboration can increase
learning effectiveness even with elementary stugshidying math in a constructivist
learning environment. These conditions are rel&eithe teacher, the student, the nature
of the subject matter and the epistemological gtaMartinez et al. (2003) studied the
impact of classroom social interactions on studeathievements from a social
networking perspective and found that certain taltation patterns form and tend to be

effective.

Anderson and Betz (2001) defined socelf-afficacy as “confidence in one’s
ability to engage in the social interactional taslecessary to initiate and maintain
interpersonal relationships in social life and earactivities.” According to Anderson
and Betz (2001), it was found that adolescents tdub higher social bonding to peers
and capacity to experience close relationships tpeater levels of environmental

exploration and progress when it came to commitiingareer choices.

In studying the impact of social bondinga learning environment on collective,
personal, coping and social self-efficacy, it migjet helpful to explore the interaction
between emotion and cognition from a social cogaitheuroscience perspective,
especially when it concerns women’s interests ardiviational factors (Ochsner &

Lieberman, 2001).
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3.3.4 Community of Inquiry and Blended Learning

In part, community of inquiry is a view of instrigctal design as a communication challenge
within which such challenge can be overcome bytingean all-in-one collaborative learning
community of teachers, students and other releeantirces and using e-learning efficiently
to facilitate an effective higher-order learning/imnment. Creating such an educational
experience is the product of integrating three amapts: social presence, cognitive presence,
and teaching presence as the foundation of the oaitynof inquiry (COI) communication
system [ficKerlich and Anderson, 2007). Blended learningmsextension of a COI that
integrates e-learning with other means of commuioicato empower the educational

process.

3.3.5 Adaptive Learning

Adaptive learning is a proposed ID strategy (whethenual or intelligent) that can be used to
help design learning environments that interactadyaally with students in two ways:
providing students with learning experiences thattmtheir needs, interests, learning curves,
level of experience, and prior knowledge after saatkgrounds are carefully identified, and
continually changing to reflect changes in leaineeeds as new cohorts enroll, learning
experiences evolve, and new environmental inflleeangerge.

Adaptive learning can be integrated wehl world PBL through an evolutionary
prototyping approach where project-based learrsngairied out as evolving time-boxed
sprints that adapt to students’ capabilities amkkbblders’ requirements alike. You (1993)
introduced a new concept to ID, inspired by theoshtheory principles that reject the
traditional assumptions of linear relationships dndctional decomposition. The new

approach advocates the dynamic and adaptive whtine instructing and learning processes
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as well as the interconnectedness among variouparamts. According to You (1993),
instructional objectives and interventions canradelg predict human behavior in a pre-
determined way and thus perfect design is not sagedis findings were consistent with the
constructivist theory principles.

Tessmer and Richey (1997) compared tls¢ructional design process to the
software development process and suggested amatlter way to instructional design
through rapid prototyping. This is an adaptive wwayeflect users’ (students’) needs in
an evolutionary fashion that learns as it grows iara@ productive way that mirrors time
limitation. The latest uses of rapid prototypinggest an even stronger connection to the

chaos theory implications as concluded by You (3993

3.3.6Integral Multidisciplinary Instructional Design

As introduced to the world since the 50’s by Sighindo and his co-worker “The Mother,”
integral education is the philosophy and practi€einetruction that views the child
comprehensively as a whole: body, emotions, mmal, and spirit. Integral education is a
unique attempt to discover the complementary natdirgoartial truths of educational
philosophies and methods and encompasses approtchastructional design from
biological, neurological, societal, cultural, psyicgical, and spiritual perspectives. While
integral education takes into account individudl emilective aspects of teachers and students,
it considers the many developmental lines in a Ilnurbaing: cognitive, emaotional,

interpersonal, artistic, moral, spiritual, and athe
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3.3.7 Other Intervention Mechanisms

Other intervention mechanisms include a multi-teentorship system, self-regulated
learning within teams and between teams, simulbgaching, evolutionary prototyping
and CPI, joy-driven learning environments, paratgey learning pedagogies such as
case studies, role-play exercises and simulatideam-based activities, negotiation
exercises, management games, online simulationsypported environments, complex

recognition systems, and personal-oriental ped&gogi

84



CHAPTER 4

REAL WORLD CONNECTIONS PROGRAM (RWC)

4.1 Program Background

The RWC program started at New Jersey Institut€eamhnology in 2005 with a small

group of students interested in learning by doing ia educational experiences that offer
real world challenges. The idea was to take a prdjased learning experience at the
senior college level and make it available to lsghool students after refinements and
various configurations. The program evolved overybars to include more instructional
design elements, which created an entirely new hfodldeaching and learning with a

high degree of sustainability in terms of studexgruitment, retention and resources for

more than nine consecutive years.

4.1.1 Program History and Impact

Founded by Osama Eljabiri in 2005 as an extensiothé CCS Capstone Program at
New Jersey Institute of Technology, the award- wignReal World Real World
Connections (RWC) program built a unique crossigisary, cross- departmental and
cross-organizational partnership between the C@Steae program, university, industry,
high schools, parents, students and community. prbgram aims at offering the next
generation of authentic project-based learningrenments for college and high school
students alike. The program is offered year rounaduding a flagship summer program

free of charge for all students due to ongoing spoship by industry and community

supporters. Program website vavw.myrealworldconnections.conmgives examples of

what and how students learn in the RWC program.
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For more than nine years, the programbleesn engaging thousands of high school
students across the state of New Jersey and th&tale area through hundreds of real
world projects sponsored by industry partners datiated by college or high school
students entrepreneurs in addition to satellitatioos in few New Jersey towns such as
Orange, Newark, Freehold and Mount Olive. Duegaell-known impact on students’
lives and careers and the word of mouth, the progmceives many invitations from
high schools across New Jersey around the yeauiliw toew collaboration opportunities
and satellite locations. The program attracts noogepplications from students in top
notch schools in New Jersey which frequently exsgedgram capacity.

The program has a very high retentioa eatd many students who were part of the
program come back as college mentors or NJIT stad&tudents who graduate from the
program come back as mentors, advisors, coachesnamtbrs. The program adopts
NJIT’s policies in child protection, permissionsittaorizations and liability issues with a

strict code of conduct for staff members.

4.1.2 Program Recognition

The program was featured several times in NJITésiplent annual report, NJIT alumni
magazine, NJIT's newsroom, NJIT’s flyers to high®als for recruitment purposes,
College of Computing Sciences media, NJIT’s stuslenain newspaper “Vector”, the
Star Ledger of New Jersey, Daily record, Asburykgaress, News 12 New Jersey TV,
NJN TV in addition to numerous press releases. R&€lusive and joint events were
kicked-off and attended by NJIT Presidents, NJldvBsts, and NJIT Deans — including
the Dean of students, departments Chairs and mafhk fdculties. In 2007, one RWC

high school team presented their project to thecaion executives in NASA
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headquarters in Washington DC and received a rétoogrhetter from NASA’s national

director of education. The program was a main fafio a national award (New Jersey
Professor of the year in 2007) by Carnegie Fouadatt including a congressional
reception and permanent inclusion in the congressrds as well as NJIT's board of

overseers’ excellence in service award.

4.1.3 Program Partnerships

The program developed unique partnerships withGhg of Newark, Newark Public
School system, Newark city social services, Newgarkion-profit organizations,
foundations and government agencies. RWC joinegell high school teams contributed
to re-engineering a learning environment in a Néwagh school for at-risk students,
helped the research efforts of a Robotic SurgeoNawark Beth Medical Center and
founded a pipeline of value-added programs for Nkwtudents in multiple schools. The
program applied exclusively and jointly to sevdederal grants including NSF, NCIIA
and National health foundation and created valaedhrned the program great reputation
and significant funding from industry and commuratike.

Among the program’s key industry and camity partners were the CCS
Capstone Program at NJIT, Nicholson Foundatioméndity of Newark, Saint Barnabas
Health Care System, Johnson and Johnson, Entefpeisselopment Center at NJIT, IMS
Health, CBS News, Newark Beth Israel Medical Centlee Star Ledger, Essex county
family justice center, Newark public Schools, Newblow, Communities in schools in
NJ, BanDeMar Networks (NJ entrepreneur of the ye@BT partners (including CBS

anchor) and BCT Partners (winner of Donald Trunfpprentice).
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The program advisory board includes ddddataparents, industry partners,
community leaders, alumni, college and high schlsbadlents in addition to NJIT faculty
and staff. The program is popular for its extraoaty ability to recruit an army of
passionate volunteers including parents, alumodgesits, teachers, industry experts and

community supporters.

4.2 Program Design
The design of the Real World Connections Prograrorporates many ingredients that
act as intervention mechanisms in a transformaltigmacess that aim at boosting

confidence, motivation and interest and allow tluelents to unleash their potentials.

4.2.1 RWC Project-Based Learning

Real World Connections is an authentic Project-Bdssarning program that provides
middle and high school students with opportunitee$earn in small teams, by doing a
series of short multidisciplinary real-world teclhogy-driven projects over a multi-
semester period. Each project team is led by astyatoject manager (a middle or high
school student who received appropriate trainimring each project, each student
team receives ongoing coaching in project tasks gbyniversity graduate student,
advanced undergraduate senior and/or industry meatowell as the inputs of an SME

(provided by the project sponsor) on the techracal/or business aspects of the project.

4.2.2 RWC Instruction

Prior to and in parallel with each project, studergceive an introduction to project-

related IT concepts, methods, and tools. The audte includes hands-on training in
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project management, software economics, requiresvaardlysis, object-oriented design,
structured design, computer aided software engmgglCASE) tools, plug and play

programming, web design and development, PC buyldNetwork build, open source
programming, database fundamentals, Apps progragymlas training in team-building.

The learning process is interactive, based on ganessn challenges, videos, and
multimedia simulations (e.g., a pizza making projétat teaches students how to
construct Gantt charts or a scavenger hunt game tdech project management

principles).

4.2.3 RWC Projects

Real World Connections is a flexible program, desidto meet the needs of students
with a wide range of interests, capabilities andlgolt offers each student a broad range
of projects to choose from — to discover her/hiriests in IT and STEM (Science,
Technology, Engineering, and Mathematics) fieldsjévelop a solid overall foundation
in IT, and/or to pursue a specific interest throwdghing a sequence of projects in a
selected theme. In the advanced courses, projeetgrauped into thematic IT tracks,
such as, E- commerce, multimedia, game developneentjnal justice, Android Apps
Development, Film making, Business Analysis, Ardahechnology, Marketing and
STEM research. The projects come from businessgepeeneurial start-ups, community
organizations,and university research — as well as from studentatwes. Projects are
actual projectsfor advanced students asomulation-based on real-world situations for
beginners. The vast majority of the projects ineslthe broad use of technology in STEM

fields, and provides opportunities to learn STEMcepts.
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4.2.4 Other Educational Components in RWC

Real World Connections also provides students witkits to businesses and research
facilities, summer camp, which provides concenttdrge group project experiences,
summer internships, which provide actual IT worlperxence, (Industry partners sponsor
six-week summer mentored-internships for Real W@ishnections high school students.
Faculty from the NJIT IT Program, College of Scierand Liberal Arts, Electrical and
Computer Engineering Department, and Bio-Mecharttcaineering Department, sponsor
summer research internships for Real World Conaestimiddle and high school students)
workshops that provide information about IT and ST&ducation and career tracks, and

assist students with transitions from middle tdwlsghool and from high school to college.

4.2.5 Other RWC Program Features that SupportLearning

Other important RWC program features that suppearhing include:

. Cyber infragtructure: Involving technologies that allow learning to extdoeyond
the classroomMembers of student teams communicate using a yadgtelectronic
modes, including a Google Hangouts, Wiggio Group @ivate Facebook groups.

. Face-to-Face environments.

. Expert advisor/mentor: Real World Connectiongrovides each student
with an advisor/mentor who works with him/her and his/harepts for the duration

of the program to guideén selecting a sequence of projects and to help resolv
learning, personal, resource dogjstical issues that magrise.

. Virtual company (ssmulation): Real World Connections organizes students in
each semester as sparate virtual company — in the sense that students edect

“CEO” (for each semester) who keepmdk of and facilitates the entire set of
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projects undertaken by the RWC community in thatester. This way ofvorking
introduces students to typical roles and waysworking in an IT company or
in an IT department in a largdrrm in a simulated fashion.

. Parents as partners. Building on the successful RWC model, Real
World Connections involves parents as collaborat@rsevery phase of the
program: as presentation judges, advisors, ment@suiters, and (where
appropriate) as SME’s and project sponsors. A Rarekdvisory Board
participates in both formative and summative pragessessment as needed. In
addition, each student’s parents meet with hisduisor/mentor periodically.

. Social bonding: The learning environment creates a strongly bonded
community of learners, and boost peer-to-peer motivation andnsaivation —
through doing projectsn teams, critiquing each other’'s project presentaticand
participating in a social club thaiffers social, sports and numerous non-IT fun-

filled actuities.

4.2.6 Underlying Design Principles

Learning by doing complements traditional classrot@arning. For many students,
including those who do not learn effectively in typical sks learning by doing is
effective andenjoyable. Real World Connections built upon four layers of design

principles for project based learning:

* Provide projects that students can carry out to sumessful completion. People
learn simply by doing, especially when they camy an all aspects of activity from

planning to put a product into service to succéssipletion.
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* Provide projects that have realistic social contds.

Doing IT development in a realistic social coniaxplies that students solve real-world problem
with social dimensions and use technology as gathieosolution. For example, a new food
pantry needs to “position” itself. The solution htighclude architectural and interior design and
website development. Effective learning by doingumes a student to develop some
understanding of all the component activities, @ndo technical IT development in this larger
context.

Projects include all participants (thejgebteam, client and end users), as well as the
organizations to which the participants belongR@al World Connections “virtual company”
simulates an IT company or multiple departments.)

Real-world problem solving increases thierest of students in technology, especially
female students and others who prefer problemssaitial dimensions. Learning in a context
that includes IT professionals and managers, anétsnes STEM professionals, helps students
develop a professional network and get recommaemsaitiom professionals and executives.

* Provide supportive scaffolding for student projects
Scaffolding includes instruction, coaching and other inputs faailitate learning and
dangin projects, as well as a learning setting thatuigportive and information-rich for
students.
Real World Connections provides projedéted scaffolding workshops covering
project-related concepts, methods and tools, esepreapanager for each project (a Real
World Connections student), a coach and a SMEdoh @roject. Real World Connections

also provides each student with a supportive diediration-rich setting.
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* Provide an extended sequence of projects.

An extended sequence of projects — which a studelaicts with inputs from his/her
advisor— gives him/her opportunities to: do prageit several IT areas, as a way to
explore his/her interests, experience several progges, e.g., project manager, interface
designer, database designer, and developer/imptemers well as the “CEQ” role in a
“virtual company,” pursue a specific interest areelop specialized IT skills through

doing a sequence of progressively more challengropects in a selected theme.

4.3 What and How Students Will Learn
in the Real World Connections Program

4.3.1 Real World Connections Roles

The program staff is carefully selected from tomdyrates, college students, college
alumni and dedicated parents. The ratio of stafttalents usually ranges from 1:4 to
1:6. The students work in teams mentored and adidiseadvanced peers, parents as
subject matter experts, sponsoring companies’ eéxesuand employees and joint CCS
capstone teamfeal world connections roles that directly influerstudent learning are
illustrated in Table 4.1.

Table 4.1Real World Connections Roles That Directly Influei@tudent Learning

Role ‘ Activities of the role Who plays the role

Courseinstructor | Conducts hands-on workshops on project-related IT| Program Staff
concepts, methods and tools

Project coach Coaches each project team separately on project | Coaches (graduate students,
management and IT tasks and industry experts )
Project SME Coaches the project team doing his/her projechen|t Project sponsors

technologies and organizational setting of the guDj

Advisor/mentor Works with each student and his/her parents on IT and STEM professionals
selecting the most useful projects, and on resglvinfrom university faculty,
learning, personal, logistical, resource issuas, et | alumni and sponsors, etc.
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4.3.2 How Course Instructors and Others Are Seleate Taught and Supervised?

The Real World Connections Program has a staffiagn with experience in middle and high
school teaching. The Associate Director will workwadevelopers of instruction on the overall
instructional design, the desigof specific workshops and the design of instructional
materials, in terms of their suitabilifipr each of Grades 7-8, 9-10, ahdl-12, select, train,
and supervise course instructors (NJIT faculty anaduate students), observe, and
possibly teach, some workshops — and feedbackvabisees into theongang instructional
design process and formal evaluatjomcess.

In addition, the staff influence all ottdirect interactions witlstudents: select, train
and supervise project coaches (NJIT graduate dsidmrdseniors), advise SME’s on
their interactionsReal World Connectionstudents, and meet witthem periodically,

recruit advisors/mentors, advise them on their, Boéel meet with them periodically.

4.3.3 How Real World Connections Will Develop Sk#, Knowledge, and
Understanding Project-Related Skills

By doing real-world IT and STEM projects in teansudents will develop skills
including: multi-disciplinary problem solving and design, leadership, project
management, negotiation, team-work and closdlaboration, critical thought,

communication angresentatior/writing.

4.3.4 Roles and Ways of Working in Real-World IT ad STEM Contexts

By doing IT and STEM projects in working relatioimhwith project sponsors, students are
immersed in, and understand roles and ways of wgrkn, IT and STEM settings in
business and in universities, develop relationshifgs IT and STEM professionals and

communities of practice, develop an understandindgToand STEM career paths and
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education. This learning is augmented by visitdTtand STEM settings; as well as by
workshopson career paths and education, and by workshops osittcaas to jobs and to
higher education.

By doing projects with entrepreneurialrtistigp companies, students develop: an
understanding roles and ways of working in, stprteompanies, relationships with
entrepreneurs, and with IT and STEM profession&is work in entrepreneurial settings, an
understanding of career paths and education tlzdé ® entrepreneurial settings. Students
also have opportunities to develop their own entregurial projects. Coaches and SME's are

drawn from RWC entrepreneurial partners.

4.3.5 IT Concepts, Methods and Tools

From participating irReal World Connectionsrorkshops and doing IT projects thae
coached and have the inputs of SME’s, studenta l@aconcepts, methods and todl$is
learning continues in summer camp and in summarnships. By doing an extended
series of progressively more sophisticated projectta single ITthematic track, students
further develop their understanding of IT (as vealproject-relatedskill s). This learning

articulates with existing middle and high schoolclirfricula and standards.

4.3.6 STEM Concepts, Methods and Tools

By doing IT projects in STEM fields, students wilarn some of the concepts,
methods andods of the specific STEM fields involved. This leargirwill take
place primarily in the processf doing projects, and will be facilitated by extersiv
inputs from SME’s. These projectalongwith the SME’s, will be provided by NJIT

faculty and bybusnesses.
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4.4 Program Interventions

There are several elements in the design of thaitegaenvironment in the Real World

Connections Program (RWC) for middle school/highasdt students. The first element is
using project-based learning in real-world conteXtss element is based on providing a
real world problem-based learning (PBL) environmevhich enables students to
experience a high degree of authenticity, usabitgélevance and learning by doing. This
element mirrors key intervention mechanisms sucbogsitive restructuring, vocational

exploration, attention to decreasing career barigtention to building support, world of
work information, and values clarification mechanss

A second RWC design element is peer-&r-pEarning in conjunction with expert
mentorship. The program facilitates learning supfrom equivalent high school peers,
advanced high school peers, college students asaaslvcollege students as a joint team
and industry stakeholders, university faculty, péseas subject matter experts (SME’s),
and mentors. As a result, this element mirrors kd#grvention mechanisms such as
vicarious achievements, counselor support, indafided interpretations and feedback,
attention to building support, collaborative leagniand social persuasion intervention
mechanisms.

The third RWC design element is socidaklligence via activities that aim at
creating a community of learners and facilitatirgrial bonding using activities that
strongly encourage social interactions, positivergeessure and collaborative learning.
This element serves as a source for anxiety remhctricarious achievements, and

counselor support intervention mechanisms.
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The fourth design element is self-regedatearning within teams and between
teams which includes self-organization (i.e.: ragnihe class as a company of consulting
teams), real world simulations and shadowing, s&alirole playing, and evolutionary
prototyping with continuous feedback control lodqpsoject time-boxed sprints). This
mirrors well-known intervention mechanisms such @®rsonal performance
accomplishment and self-reporting. Frequent feedb@mtrol loops from judges in
particular also mirror decision making modeling arsfrategy, individualized
interpretations, goal negotiation, and personaloperance accomplishment intervention
mechanisms.

The fifth RWC design element is adaptiweltidisciplinary training that is based
on generic and specific project needs driven byateta of real world projects and the
industry job market. This element mirrors knownemention mechanisms such as
outside reading, modeling, and workbook and wridrercises.

The sixth element is integrating joy dad with learning experiences all the time
as part of the teaching pedagogy, using carefudlsighed and implemented activities,
games, ice breakers, simulations, tours, hands«pariences and movies. This element
reflects mechanisms such as anxiety reduction astd/ation-based interventions.

The seventh element is post-program sdppad re-engagement of human
resources such as alumni and advanced studenssloRg-term support goes beyond the
class, beyond the class timeframe and beyond giiadyahich helps again as a decision

making model intervention mechanism.
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Moreover, one of the very key elementsRWC is accommodating students’
personal interests, respecting their preferenceschoices, and customizing the entire
program to meet their passions and ambitions.

Other intervention mechanisms used in RM&lude computer-aided intervention
mechanisms using web-based social networking, camuation and collaboration tools,
and online technologies as key enablers. Furtherntbe RWC design incorporates a
complex recognition system that serves as perspadbrmance accomplishment and
motivation-based interventions.

This study suggests a revised sociotcoctsvist model for instructional design
that aims at integrating various claimed sourcesetf-efficacy and providing support
elements of self-efficacy in women related to I'6é&é STEM fields within the social
cognitive career theory framework. It is statidticproven that improving self-efficacy
in students increased their interest in the sulgjedtimpacted their career goal choices.
This revised model will be inspired by an existimpdel in real-world instructional
design offered by the Real World Connections Prog(RWC) for middle school and

high schools student$able 4.2 illustrates the intervention mechanisnfi@W/C.
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Table 4.2Intervention Mechanisms in Real world Connecteragram

Intervention mechanisms in Real world Connections

Real world context:

In this program, students learn by carrying out vezld projects for real clients or for their owtart-up
business.

Personal Relevance:

Students are surveyed in advance online and iropexsout their interests.

Students can choose projects they are interestedgropose other ideas if they can't find somegttimat
interest them.

Students are supported in whatever interest theg.ha

Students can choose projects and classes linkibgitopersonal goals and dream careers.

Students form their own teams based on commonreisttgr

Students choose their own tasks and roles in teams.

Students feel the sense of freedom and independenice program.

The program provides enough room for flexibilitydannovation in solving real world problems.

Students are not driven by fear of losing gradesomsequences from school and parents.

Students have personal and immediate access pdfessor, project client and mentors.

Program activities and atmosphere let students&aked and happy while in the program.

Students don't feel that this program has any skbioparent pressure.

Students are not forced to participate in actigitleey are not interested in.

Students feel program leaders strongly care alheirt personal needs and success.

Sense of ownership

Students vote to elect their team leaders and prodgaders.

Students vote to select program activities.

Students feel that they not only work to pleasent|ischool or parents, but that they own theicsss.

Students feel that they have real contributionthéosuccess of their projects (sense of accompéshim

Students feel that their suggestions and inputgceuraged and taken advantage of.

Students feel that they are allowed to take imponeal world roles and make serious decisions aisal
world situations.

Students are allowed to improve their projects iomusly in several iterations based on peer, tlien
mentor and professor ongoing feedback.

Emotional Relevance

Students work on exciting technology-related prigji¢hat keep them engaged.

Students are trained on how technology problemsieasolved in a way easy to understand and use.

Students feel the way technology is introduced $ifiem understand its relevance to solve real pnobl

Technology is introduced to students in a way lin&s it to other subjects they like.

Technology is introduced to students in a way thaglated to helping people.

The program has strong emphasis on solving probtbaigrovide services to community.

Social Integration

Students work with students who have similar baskgd who are doing well in technology projects.

Students’ friends in the program believe they camall in their project.

Students have strong support from industry sporigdige project.

Students have strong support from the universitygssor in the program.

Students have strong support from the universitiege students in the program.

Students in the program help and support each.other

Program activities enable students to make friémdise program all the time.

Students feel that the program helps make long faemdships and connections with its people.

Program online groups and communication enableestisdo enhance their social life.

The program recognizes personal accomplishmentarious ways.

99




CHAPTER S5

METHOD

This chapter discusses research questions, des¢hbequantitative research design
and lays out the procedures of data collectionaaradysis used to answer the research
guestions. Since this research is not only abowixaenining an existing theory but
rather about the emergence of a potential new frarie or at least dramatically
enhancing the foundation of SCCT at its core cbutimg factors, the best strategy
was to adopt an iterative approach using an ewolaty instrumentation prototype.
Such an approach required carrying out multipldisgiwith four major experimental
steps. While using taxonomy as an initial stephedged building theoretical umbrella
for the research model, the utilization of exploratfactor analysis (EFA) as a final
step provided substantial guidance in re-shapimg ftal version of the research
model. This approach can be illustrated as follows:

1

Use a taxonomical approach to develop a genemakfinaork that aims at revising the
“learning experiences characteristics” factor toanprehensive fashion.

2- Propose a revised research model based on theetiwabfindings in the taxonomy
strategy.

3- Formulate hypotheses based on the revised researdél.

4- Create a multi-step approach to build valid insteais that can be used to finalize the
model and test the hypotheses alike.

a. Step 1: First Pilot study and summary of resultdl (fetails in the appendix)

b. Step 2: Using Q-sort method as a qualitative apgréa refine the outcomes
in step 1.
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c. Step 3: Second Pilot study and summary of resuolltsftne the outcomes in
step 2 (full details in the appendix).

d. Step 4: Final study to refine the outcomes of S8tepd provide exploratory
factor analysis (EFA) to validate instruments, fadtlitional latent constructs
and finalize the research model (all detailsiactided in this chapter).

5- Propose a final research model based on the dapf@pach in terms of defining the
key factors (latent constructs).

This chapter builds on the literature review of finevious chapters to identify sources of
self-efficacy toward a constructing a meaningfgagtory of intervention mechanisms

as illustrated in the following diagram and expénn the following sections.

Common
Four Learning
Intervention
Theories

\ f @anlsms

Gaps in Traditional Intervention
Literature Survey ——Ildentify—>| Instructional Design Dri Mechanisms
Models Repository

Compare With

v
SCCT Sources of écual Cognlts

Self- Efficacy l«—— career Theory

(LEC) Qec‘r) /

Specific
Intervention
Mechanisms

SCCT-Based LEC Gaps <~———ldentify:

Figure 5.1 From literature survey to comprehensive intefgamhechanisms.
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ResearchQuestions

The purpose of this study is to investigate whetB&CT- enhanced intervention
mechanisms (Learning Experiences Characteristies]) un the Real World Connections
learning model (RWC) can increase the self-efficaog interest of pre-college and
college students in technology; in particular, Wkett can remove the gender barrier of
technology-related career self-efficacy of adoleso@omen after experiencing the

learning intervention mechanisms used in the RealdANConnections program at NJIT.

The following are the research questions for tigsattation:

1. Does using the refined learning model have a pesithpact on students’ self-
efficacy and interest in computer-based subjects?

2. Does re-designing the “learning experiences” caostn SCCT using the refined
learning model ingredients make a significant d#ffiee in its impact on students’
computer technology self-efficacy?

3. Does the refined learning model fit the SCCT framm®

4. Does using the refined learning model reduce timelgregap between boys and
girls in their computer-based self-efficacy?

5. Which ingredient of the refined “learning experiesit construct is the most
influential?

6. How does the impact of RWC model compare to tauhli SCCT sources of self-

efficacy?

5.1 Proposing a New Theoretical Framework
for Project-Based Learning in Career Development vih Emphasis on Adolescents
In order to have a holistic and practical appraadareer development that is well-grounded

in SCCT, several steps were to be followktk first step was to explore and build a holistic
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list of SCCT and non-SCCT key learning experief@gacteristics variables (or intervention
mechanisms). These variables are expected to hgpaets on self-efficacy and outcome
expectations, and accordingly they are expectddctease interest. This step was to be
followed by refining these variables to eliminate+added value variables that are redundant,
insignificant or irrelevant. The second step wagréup related variables and then construct
taxonomy of value-added variables. The third step t@ create a theoretical framework in an
effort to build a better SCCT from a “learning exgeces” prospective. The fourth step was
to refine the revised theoretical framework furtttevard proposing the dissertation model.

The fifth step was to formulate hypotheses arduagtoposed dissertation model.

Discovery
Collecting Intervention Mechanisms

2
Bottom-Up

Generalization
Identifying Key Parent-Classes
from key self-efficacy resources

Top Down —

Specialization

/ sccr ( sccr [\ [ won- ( Socio- q ictri i i i
| wisisLe | INVESIBLE | | sccr Constructivist | Distributing all interventions
/N NN SN N\ | across parent classes

Refinement

Il S | Bandura [ | [ & /Ag \ Eliminating redundant,

\ () K Postscer | K Retatea | | irrelevant and insignificant
interventions

Instrumentation
Breakdown
Creating sub- constructs of
parent variables

|

Redefined learning experiences in SCCT

Figure 5.2SCCT Learning Experiences Taxonomy Building Pces

5.1.1 Exploration: Building a Holistic Repositoryof Key “Learning Experiences”
Variables Involved: There are various groups of variables perceiveldass of self-
efficacy. Obviously, the first group of variablesased on the original SCCT theory
(including sources of self-efficacy and other S@&ETors): variables that are expected to

influence self-efficacy/ outcome expectations idiclg performance accomplishments,
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vicarious learning, social persuasion, emotiormlsal, person inputs, background contextual
supports and barriers, and proximal contextualstgppnd barriers.

The second group of variables is therinéd variables of SCCT that were frequently
reviewed in the literature and may have a direcindirect impact on self-efficacy and
outcome expectations. This group includes copificaey, collective efficacy, social efficacy

and self-reflection.

Collective & Social
Self-Efficacy

Coping Self-Efficacy ~ ‘

Figure 5.3New Self-efficacy Reciprocal Triangle.

The third group encompasses variables fotimer career development theories or
extended SCCT research such as Holland’'s big sself-determination, organismic
integration, personality attributes and big fivee.(i optimism, self-esteem, attribution,
emotions and self- actualization).

The fourth group of variables is generafeom socio-constructivism literature,
constructivist instructional design and relatednréntion mechanisms. This group includes
authentic learning via real-world project-basednieg Karagiorgi and Symeou, 2005),
multiple perspectiveskK@ragiorgi and Symeou, 20053ctive learning Karagiorgi and
Symeou, 2005)self-regulation (and human agency), collaborageening Karagiorgi and
Symeou, 2005)adaptive learning (i.e.: made-to-order curriclumtegral strategies (holistic
view of human being), social bonding to peers, tew@nt and joy, parental support,

conciseness (you are what you do), intentionalitject-orientedness, community, historical-
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cultural dimension, tool mediation and collaborafidonassen and Rohrer-Murphy, 1999)
self-discovery, autonomy and relatedness (Lebo88)18ense of accomplishment, and sense
of ownershipldarper and Hedberg, 1997).

The fifth group of variables is extracttdm non-constructivist learning theories
including social presence, teaching presence agmitive presence.

The sixth group of variables is basedlert Bandura’'s most recent presentations and
publications as the father of SCCT. This groupuimhes power of emotional bonding,
development of resilience of adversity, dramatzatpersonal relevance, aspirational linkage,
critical period barrier, self-unworthiness and miodgorototypic situations and approaches to
overcome them.

Finally, there are variables related ton@n, adolescents, or technology such as gender,
age and educational background. In SCCT, suctblesiare referred to as person inputs.
5.1.2 Refinement, Generalization and Specializatio@onstructing a Taxonomy of
Value-added Variables
The purpose of this analysis is to find the truearaes of self-efficacy at the most granular
level after eliminating irrelevant, redundant amgignificant variables. This is an essential step
toward building meaningful grouping of all sourcéself-efficacy in a more holistic fashion.
This in turn helps construct a better definitiontted “learning experiences characteristics”
main construct anticipated to have a significluence on self-efficacy.

The four formal sources of self-efficaryg related to four perceptions that can be simply
stated as:

Statement 1 Since | was able to do it befolecan doit again (personal performance

accomplishments).
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Statement 2 Since people similar to me can do @an doit too (vicarious learning).
Statement 3 Since people | trust believVean doit, | believe | car{social persuasion).
Statement 4 If | can overcome some obstaclesijll be able to do ifemotional arousal).
Statement limplies that self-efficacy is a reflection of selfulation, self-evaluation,
accumulation of achievements perceptions and afsativer time, across location and tasks.
This is also supported by our literature revieehapter 2.

Statement Enplies that self-efficacy is socially-driven, leative and contagious.

Statement 3mplies that people’s perception of other peopftaences their perception of
themselves regardless of how accurate these pensegte.

Statement 4dmplies that the power of coping and resiliencables people to overcome
obstacles of great significance.

These interpretations provide guideliteasard building self-efficacy taxonomy of
sources in a bottom-up approach and generalize pdtential groups. Since the summative
(versus reflective) ramifications of accumulativeperiences (learning by doing) and
emotional arousal (development of resilience ofeesily) variables impact one’s personal
feeling about a task, subject or career pathe thiagables can be grouped unpersonal
relevanceas a parent group (or class). Also, because dearaing (via role models) and
social persuasion (via community support) influenoe’s feeling about fitness into the
community that shares interest, these variablebeagrouped undeocial integrationas a
parent class. Both personal relevance (PR) andl sotgration (SE) contribute to self-
actualization (the ultimate psychological need oimaAn beings, according to Maslow's
hierarchy of needs), which clearly influence oreedf-confidence, a critical part of self-

efficacy.
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However, personal relevance is not lithite previous performances and resilience of
adversity (i.e., coping efficacy as a responsenational arousal). Similarly, social integration
is well beyond role models and social persuasiantiibuting factors such as PR and SE
include other variables studied in Chapter 2 anekgad earlier in this chapter as described
below.

Personal relevance source$ersonal relevance can be intrinsic or situatiantaljectual or
emotional, and it is related to a person's perdae®ievance of the object based on inherent
needs, values, capabilities and interests. Persglagance also relates to the sense of “who
you are”, the sense of who you are becoming and gedationships. Thus, personal
relationship to a task or area of interest dependgarious factors related to self-discovery,
learning by doing, emotions, and sense of ownership

One category of personal relevance t®@de&sing what you are already capable of doing
by default. This includes alinlocked potentials that are waiting to be revealedt is
personal to me because it is part of my poteritials.

Another category is discovering what yam do througtaccumulation of time of
experience and/or exposure (accumulative accomists, Bandura (1989))t is personal
to me because it is part of my memorable expesénce

A third category is self-constructing Wiedge, skills and performances proactively (by
intention) rather than reactively (by instructidhyough authentic challenges (triggering
resilience of adversity and coping efficacy) and self-regulated learning (triggering
adaptation to new challenges). This integratesopergputs and contextual supports and
barriers as drivers of this variabilit.is personal to me because | learned it by datrand by

self-finding resources to overcome real world erades.”
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A fourth category is building a strongseof ownership of the process, the product and
the learning environmeritt is personal to me because | was part of allisien making and
part of the innovation and because | can attrilpatet of the solution to my own work.”

A fifth category is connecting the subjéz human-related subjects, role models
(vicarious learning), values and emotiditds personal to me because it touches my fegling
matches my values and introduces examples thaimatar to me and my situation.”

A sixth and final category is connectihg subject to interests that have already been
developed and current ne€ltlisis personal to me because it relates to myviallial interests
and responds to my personal needs.”

Social integration sourcesFeeling that our abilities are valued, heard, stoed,
embraced, recognized and supported by importapigoas well as peers, and feeling that
others share the same interests, values and rigpi@ss Sources of social integration
include social persuasion (peer support and haghissendorsement), collective efficacy, and
social bonding (work and interest sharability).

These two generalized high level pardasses (personal relevance and social
integration) have two roles. The first is that tiejude and frame all four traditional learning
experience sources surveyed in SCCT literature (iaccumulative accomplishments,
vicarious learning and emotional arousal (as seuafepersonal relevance) and social
persuasion (as one source of social integratidhpy also include key variables surveyed
before eliminating redundancy, irrelevancy andgmécant variables. Those high level
essential variables are self-regulation and enatioelevance (as sources of personal

relevance) and social bonding (as a key souragciai ;ntegration).
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The two-step resulting taxonomy constoacts shown below in Figure 5.3. The first
step was to analyze the detailed sources of delaf while the second step was to refine

these sources and incorporate the refinementh@®CCT framework.

Holland's Big Six Self-Efficacy
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Figure 5.4: Constructing taxonomyf valued-added variables.
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5.1.3 Real World Connections Program Interventions

In chapter 4, Real World Connections program (RWAf@) interventions were introduced and
the key ingredients are being re-incorporatedédmgmen due to their significance.

Table 5.1 illustrates the revised intervention rmagms in RWC that would meet the
taxonomy variables in Figure 5.1.

Table 5.1Key Intervention Mechanisms in Real world ConmmastiProgram

Intervention mechanisms in Real world Connections

Real world context

In this program, students learn by carrying out waald projects for real clients or for their owgtart-up business.

Sense of Ownership and Personalization

Students are surveyed in advance online and iopetsout their interests.

Students can choose projects they are interestedgropose other ideas if they can't find interegprojects.

Students are supported in whatever interest theg.ha

Students can choose projects and classes linkibeitopersonal goals and dream careers.

Students form their own teams based on commonreister

Students choose their own tasks and roles in thams.

Students feel the sense of freedom and independetive program.

The program provides enough room for flexibilitydannovation in solving real world problems.

Students are not driven by fear of losing gradesosequences from school and parents.

Students have personal and immediate access pydfessor, project client and mentors.

Program activities and atmosphere let studentgémked and happy while in the program.

Students don't feel that this program has any slohioparent pressure.

Students are not forced to participate in actigitigey are not interested in.

Students feel program leaders strongly care alheirt personal needs and success.

Students vote to elect their team leaders and anodgaders.

Students vote to select program activities.

Students feel that they not only work to pleasentlischool or parents, but that they own theicess.

Students feel that they have real contributionthéosuccess of their projects (sense of accompésktim

Students feel that their suggestions and inputemceuraged and taken advantage of.

Students feel that they are allowed to take immdntaal world roles and make decisions about realdisituations.

Students are allowed to improve their projects ionwiusly in several iterations ongoing feedback.

Social Bonding and Integration

Students work on exciting technology-related prigjelat keep them engaged.

Students are trained on how technology problemseasolved in a way easy to understand and use.

Students feel the way technology is introducethémn helps them understand its relevance to solpirgplems.

Technology is introduced to students in a way lin&s it to other subjects they like.

Technology is introduced to students in a way ihatlated to helping people.

The program has strong emphasis on solving problbaigprovide services to community.

Students work with students who have similar baslgd who are doing well in technology related prtge

Students’ friends in the program believe they canvdll in their project.

Students have strong support from industry sporiadtee project.

Students have strong support from the universityegsor in the program.

Students have strong support from the universitiege students in the program.

Students in the program help and support each.other

Program activities enable students to make friémdise program all the time.

Students feel that the program helps make long feemdships and connections with its people.

Program online groups and communication enableestisdo enhance their social life.

The program recognizes personal accomplishmentariaus ways.
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Figure 5.5: Real World Connection Program (RWC) as a feedtadester.

5.1.4 Creating a Theoretical Framework: Re-BuildingSCCT

Taking a holistic approach in defining the mose@iie learning experience characteristics
for adolescent students, the following model (Fegbr2) is proposed to replace the four

traditional sources of self-efficacy by two pardmgers which are also considered the parents
of a much larger group of variables surveyedariitbrature. In this model, only the learning

experiences construct was altered from the ori§@6&T (in its latest version).
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Figure 5.6 Re-defining learning experiences in the origifdC3 model.

5.1.5 Proposing an Initial Dissertation Model
Since this study is focused on adolescent studéht@mphasis on the gender factor, person
inputs such as gender and non-contextual backgrateef primary importance. While
“contextual background affordances” is part ofdhginal SCCT, it also overlaps with some
ingredients of person inputs. In our study, pemspuats and personal relevance include many
of the contextually- relevant constructs. Thusntertual affordances” was not included in
this study as a separate variable. Studying thaahagb learning experiences on interest while
excluding such variables is not unprecedentecti®@CT literature (Lopez et al. 1997) .

This also applies to outcome expectatiola most SCCT versions, “outcome
expectations” intervenes between self-efficacyiatatest. In our study, we are studying the

impact of self-efficacy on interest regardlessiefimpact of outcome expectations.
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Figure 5.7: Refined Research Model

5.1.6 Formulating Hypotheses

Proposition 1: The positive relation between lemmexperiences and technology career
interest will be reduced but not eliminated whenitifluence of computer technology self —
efficacy is controlled.

Hypothesis 1 (H1): There will be a positive relation between refilegmining experiences
and computer technology self-efficacy.

Hypothesis 3 (H3): There will be a positive relation between comptéehnology self-
efficacy and computer technology career interest.

Proposition 2: The positive relation between legrexperiences and computer technology
career interest will be reduced but not eliminateen the influence of computer technology

outcome expectations is controlled.
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Hypothesis 2 (H2): There will be a positive relation between learnggperiences and
computer technology outcome expectations..

Hypothesis 4 (H4): There will be a positive relation between comptgehnology outcome
expectations and computer technology career itteres

Proposition 5. Computer technology self-efficacy influences tebbgy outcome
expectations directly.

Hypothesis 5 (H5): There will be a positive relation between compteéehnology self-
efficacy and computer technology outcome expentatio

Proposition 6.Learning experiences impact on computer techndelipefficacy will be
independent from gender.

Hypothesis 6 (H6):The positive relationship between learning expeas and computer
technology self-efficacy will not vary significaptbetween male and female students.
Proposition 7Which ingredient of refined ““learning experientisthe most influential?
Hypothesis 7 (H7):Ingredients of the refined learning experiences kifferences in their
impact on computer technology self-efficacy.

Proposition 8.How does the impact of the refined learning modedgare to traditional
SCCT sources of self-efficacy?

Hypothesis 8 (H8):Refined learning experiences have greater impacbmputer
technology self-efficacy than the four original SIC&durces.

Study Variables: The dependent variable in this study is Intereste Tndependent
variable is redefined learning experience charesties where personal relevance (or
personalization) and social integration are theadments of the design of the learning

experiences. The mediating variable is self-effjcalthe moderating variable is person
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inputs. Formal definitions of each variable in tresearch are provided below. For each

variable, a conceptual definition is provided felkd by an operational definition.

Several types of variables were defined to creatdetter understanding. Their

classifications follow:

A. Dependent Variables

Interest (Conceptual Definition): This research considers “career interest” as thi@ ma
dependent variable of interest in the social cogmitareer theory. As indicated by Gla”
ser-Zikuda et al. (2005), interest is a type of eamthat has both a value-related and a
feeling-related valence. Interest-value resultsnflan experience relevant to an object of
interest whereas interest-feeling results fromtpasemotions (such as enjoyment) while
participating in an interest-based activity. Aftegferring to interesting things as
something one likes and would like to find out mabout, Askell-Williams and Lawson
described the conception of interest as an actdlistate, featuring emotional
components such as happiness, effort, enthusiasjoyneent and desire (Askell-
Williams and Lawson, 2002). Askell-Williams and Lson also distinguished between
two categories of interest (situational interesto(s-term) and individual interest (long-
term)) as well the various levels of domain-basat#rest from very general to very
specific.

While measuring interest is usually sienphd straightforward, it is important to
note the strong connections among personal factelsefficacy and interest in terms of
Holland’s theory’s Big Six areas of interest (Nasit&004). Holland’s big six types of

career interests are: realistic, investigativasaet social, enterprising and conventional.
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Interest (Operational Definition): Even though the Strong Interest Inventory (Sdl) i
one popular option to measure interest, it is het $cale of choice. This measure has
three types of scales (i.e.: basic interest scaleseral occupational theme scales
(GOTs), and personal styles scales), so GOT’s wbeld the scale to use due to its
adequacy for both middle school and high schodllesits and it has strong roots in
Holland’s six career areas. However, other studréscized Holland’s theory - based
approach as quite difficult to quantify with a hitgvel of confidence. Therefore, the
researcher chose more reliable measures of irgetfest reflect the key components in
the conceptual definition. These scales are alppa@ted by educational psychology
literature. Such scales include positive feelingputba subject (in our study, it is
technology), magnitude of such a positive feeliagd comparison with feeling about

other subjects.

B. Independent Variables

Self-Efficacy (Conceptual Definition): Bandura (1994) defines self-efficacy as
“people’s beliefs about their capabilities to produlesignated levels of performance that
exercise influence over events that affect thegdi. Self-efficacy is generally measured
in terms of magnitude (what is the maximum levelddficulty of a certain task one
believes he or she is capable of executing?) aretgth (what is the level of certainty
one has toward his or her ability to execute aagetask?) (Bandura, 1977; Stajkovia and

Luthans, 1998).

Self-Efficacy (Operational Definition): After reviewing various scaling models

including the 30-item Computer self-efficacy (CSH€ple, it was realized that the scale

116



needs to be modified to indicate perceptions obdfed knowledge and skills in general
as opposed to computer skills alone. However, hdbthis scale quite focused on using

computers rather than using computer technologpltee real world problems.

Torkzadeh and others (Torkzadeh et aD320developed a better scale that
provides a breakdown of some basic computer-baseeélapment skills beyond just
simply using a computer. Earlier Torkzadeh et 200() provided a similar breakdown
for internet-based self-efficacy. The researcherihtegrated the strategy of these scales
with a generic self-efficacy scale reflecting thewwNGeneral Self-Efficacy scale (NGSE)
developed by Chen et al. (2001). This hybrid sealeised in this study to measure
technology-driven STEM self-efficacy which assessed —perception of technology

skills and knowledge in a 5-point Likert scale.

Outcome Expectations (Conceptual Definition)Outcome expectations are defined as
personal beliefs about probable response outcotheglf-efficacy implies “Can | do
this”?, outcome expectations implies “If | do thwghat will happen” ?(Lent, Brown and

Hackett, 1994).

Bandura classified outcome expectatiobs three categories. These categories are
physical expectations (such as increase in salaogjal expectations (such as approval

by the community), and self — evaluation (suchedissatisfaction).

While Bandura confirmed the importanceoonfcome expectations in SCT - which
is also a crucial element in several past careeeldpment and counseling theories, he
argued that self-efficacy is more dominant sincepes may avoid a promising action if
they doubt their capabilities and not the other vaagund (Lent, Brown and Hackett,

1994). It should be noted though that on some dmess high self-efficacy with
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considerably low outcome expectations might rasudtvoidance as well.

In a study by Lopez et al. (1997), outecexpectations for high school students in
math were empirically found to be explanatory foriacrease in interest to the extent it

depends on self-efficacy.

5.1.7 Redefined Learning Experiences Characteristc

Personal relevance and social integration are weparent characteristics of learning
experiences in the design of the redefined learrergeriences model that is also

mirrored in the Real World Connections program nhode

Personal Relevance (Conceptual Definition)According to Petrina (Petrina, 1992),
personal relevance curriculum design implies fiiegs. One aspect is participation
through consent, power sharing, negotiation andt ja@sponsibility by co -participants
with no authority. Another aspect is integratiora vinteraction and integration of
thinking, feeling, and action. A third aspect iex@nce, connecting the subject matter to
the basic needs and lives of the participants ayfging it to them, both emotionally
and intellectually. Additionally there is the aspetself that becomes a legitimate object
of learning. Finally, the aspect of a social objexis to develop the whole person within

a human society.

Personal Relevance (Operational definition)According to Thompson and Windschitl
(2002), there are three dimensions in measuringopat relevance: personal values and

beliefs, future goals and careers, and relatiosship

By combining these three dimensions whihfive PR conceptual elements and our

earlier extensive analysis in this chapter, keggmated constructs of personal relevance

118



are suggested in this research, particularly favlestent women. One of these key
dimensions is a sense of ownership, which incluselé-discovery of potential via
learning by doing, self-construction of new capébs, and resilience of adversity via
experiencing authentic challenges and participati@haring, voting and joint
responsibility. Another key dimension is self-regfidn, using adaptive learning via
evolutionary prototyping and feedback control loogggough real world project
experiences. A third dimension is role models (oarous learning), including peers and
experts. A fourth dimension is subject linkage tomlans, both emotionally and
intellectually in a holistic and cross-disciplinafgshion, personal needs, values and

interests, and career objectives.

Accordingly, a special scale was devetbpe personal relevance related to the
intervention mechanisms used in the Real World @otians program which reflects all

of the above.

Social Integration (Conceptual Definition): Social integration means different things to
different people. In our study, social integratisra combination of two concepts: social
persuasion (peer support and high status endorgsgmaed social bonding (team
chemistry and team collaboration). In other woitsnirrors the extent at which the
learning environment functions as a true commuaitg the level of social interaction
and harmony between each individual and this conmiydsased environment. This is
also related to our critique of SCCT in terms @klaf organismic integration of learners

in the social contexts and its impact on theirimsic motivation (Deci and Ryan, 1990).

Social Integration (Operational Definition): Measuring social integration is carried out

by measuring its two components: social persuasnohsocial bonding.
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Accordingly, a special scale was developed foriatomtegration related to the
intervention mechanisms used in the Real World @otians program which reflects all
of the above.

Person Inputs (Conceptual Definition):Person factors in SCCT mainly include gender,
ethnicity, and socio-economic status (SES) (Ali, Wtarter and Chronister, 2005).
However, factors such as individual differencesgrstive and learning styles, prior
knowledge, prior experience predispositions, digeds, parental and family influence,
and contextual affordances could play a cruciaé.r@ince this study focuses on the
impact of a new theory of instructional design aitolascent women, gender is the
primary person input of interest. Age will be catiied as all participants in this study
will be of adolescent age by default since all saty are middle and high school

students.

5.2 Data Collection

The data collection process was evolutionary inimatlt was conducted in two phases of
quantitative internal pilot studies, one phase wdldative study (Q-sort) and one final

dissertation study. The first pilot study includétl subjects, the second pilot had 60
subjects, the Q-sort had five peer judges andaserbund included 57 valid responses
(out of 95 initially surveyed). The total number\alid responses in all studies was 158
subjects. The first pilot study had some weakdigliresults which triggered a full

review of the questionnaire design using quantéaéind qualitative methods in addition
to an extended scale-based literature review ofeddited instruments. As a result, the

survey was redesigned iteratively and the new suwas given to new groups of
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subjects in three rounds. The validity resultshaf hew survey were excellent. Therefore,

the resulting survey was adopted for to test thmotheses of final dissertation model.

5.2.1 First Pilot Study

A. Sampling and Participants (N = 41)

A sample of 41 middle and high school studentsi@pdting in the Real World
Connections program was used, 20 female and 21 stadkents. Of these students, 26
(63.4%) were between the ages of 15 and 18, 9%21v@&re between the ages of 11 and
14, and four students were between the ages ohd2@. Twenty- four percent of the
participants were Caucasian, 43.9% were Asian,%4nere African American, 7.3%
were Hispanic and 4.9% were from other ethnicit&s% of these students indicated
very strong support from their families and 51.28dicated very strong support from
their friends if they decided to pursue a technploglated career. Only 17.1% of the
participants indicated they had previous knowledgeone or more of nine popular
computer-related knowledge areas. 53.7% of the amgdicated that they speak only
English at home while 39% indicated that they speaMtiple languages at home.
Students who spoke Spanish were only (2.4%), ttadialy (2.4%) and other languages
(2.4%).

These 41 students were participantssix-aveek summer Real World Connections

experience at New Jersey Institute of Technology.
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B. Reliability of Measures

Internal consistency measured by Cronbach’s al@saleen reported as .921 for the
entire interval scale, .873 for the learning exgaces characteristics scale and .897 for

technology self-efficacy scale.
C. Validity Analysis

A preliminary three-component factor analysis wesdpced using SPSS since the study

has three original variables (i.e.: LEC, SE and.ITlI

The results of the factor analysis were as follows:
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Table 5.2Preliminary Three-Component Factor Analysis
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When viewing the results in Table 5.1, the follogvitems had high factor loadings and

low cross-loadings:

« LEC2,3,4,5,6,8,15
« SE 1,2,3,4,7,8,9, 10, 11, 12, 13, 14, 15
e ITI1,2,3

C. Communalities and Variance Explanation

Communalities were generally low with only 13 vates above .6 and many items well
below .5. Accumulative total variance explainedswanly 53.24%. Clearly, this
indicates the importance of redesigning the questoe in his internal pilot study.

D. Convergent and Discernment Validity

When two items measuring the same variable coeéligihly (or load highly on one
component), this is an indication of high convetgeidity. On the other hand, when
measures related to different variables (compoheotselate highly (have high cross-
loadings), this is an indication of low discernmealidity.

Looking again at the 3-component analysigted component matrix confirms
that there is multiple cross-loading between comnepts2 and 3. However, looking at
the “component matrix” shows significant load witfinimal cross-loading.

0.4 was used as the standard cutoff but 0.7 wasechas the preferred cutoff number for
refinement decisions.

Accordingly, it is concluded that whenngsstandard 0.4 as a cutoff (eliminating
items with significant cross-loading), this willgaort more items in LEC
instrumentation using the component matrix only.(iLEC 6, 8, 4, 5, 2, 3 and 16). LEC
1,11, 12, 17 and 18 were eliminated because ofdading on component 2 and LEC 7,

10, 13 and 15 were also excluded because of significross-loading.
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E. Content Validity
Component 1 loadings yield some confusing resuiftsn the component matrix is used.
When the component matrix is used, some items measath ITI and SE with
significant loading on component 1 and low loadomgcomponent 3 (since component 2
is clearly linked to LEC). The heavy loading ommqmonent 1 by two different groups of
instruments could be a sign of inadequate wordiitg this particular age group, which
is a challenge to content validity that relies ateguately measuring the concept.
Ironically, both SE and ITI are expected to havedyface validity since many of the
items used to measure these variables were basedrired instrumentation designed
by experts. Yet, those items were not introducéal tine same context or age group.

When using the rotated component matvix,can get better results but with clear
cross-loadings. Therefore, it was imperative to another factor analysis test with SPSS
using LEC 6, 8, 4, 5, 2, 3 and 16 (eliminatingfailing items) and only ITlI and SE items
that loaded highly with minimum cross loadings.

According to the outcomes of the analydighe first three-component iteration,

the new factor analysis results were as follows:
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Table 5.Final-round Three-Component Factor Analysis

Rotated Component Matrix *
Component
1 2 3
SE1 .592 .603 -.020
SE2 .284 .785 -.150
SE3 .389 722 -.127
SE4 403 .655 .006
SE7 .608 .382 -.119
SES8 472 .563 -.099
SE9 .239 .664 .080
SE10 -.045 591 .351
SE11 .508 .610 .052
SE12 492 .335 -.035
SE13 757 .242 .091
SE14 .730 .092 .261
ITI1 .840 .078 .014
ITI2 .825 .299 .041
ITI3 .792 .391 .123
LEC2 -.142 .021 .654
LEC3 -.087 .319 .640
LEC4 -.083 .185 .756
LEC5 .400 -.426 .573
LEC6 .244 -.149 .853
LEC8 .257 -.107 .739
LEC16 .052 -.074 .539

When the component matrix is producediogs not show much difference from
the last step except for increasing the variangaasation dramatically to 60.326%.
However, the rotated component matrix provided mietier results in support of the
study’s three key variables. ITI 1, 2 and 3 hasllilghest loading on component 1 (more
than 0.8). SE 2, 3, 4, 9, 10 and 15 had the higbasging on component 2 (but with a
little bit above the average cross-loading in S&43. LEC 2, 3, 4, 5, 6, 8, 15 all had high

loading on component 3. Item LEC 4 has some crmadihg with component 2. This is
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the best result in this iterative process sincethinee variables’ instruments (LEC, SE,
ITl) loaded much better than before on the thremmmonents. On the basis of these

results, linear regression and correlation analyglde carried out in chapter 4.

The conditions and terms used in extgctfactor loadings on the three
components were:

* Principal component analysis (PCA) since the adtewe principal axis factoring

(PAF) yielded no results most of the time. PCA he tmost commonly used

method generally, especially as a starting point.

* Varimax rotation method. Direct Oblimin and Promiaethods were avoided
since we are not assuming that the factors areeceta each other.

» Coefficient display format was “sorted by size” kvguppressing absolute values
less than 0.1.

» Eigenvalues over 1 were used in the beginning dg s@ps. In later refinements,
results were based on a number of components emjtled number of variables in
the study.

* Maximum iterations for convergence were set todiault 25.

A four-component factor analysis was @taed since personal relevance and
social integration are key sources of LEC (learnegeriences characteristics) but are

not primary purpose of this internal pilot study.
F. Threats to Internal Validity

Threats to internal validity are usually relatedthe degree of influence caused by the
predictors and not by some additional extraneoc®fs. In our study, the students were
asked to report their strength of interest before after the RWC experience which was
actually a validity threat since this was askingnthto use their long-term memory to
recall after the RWC experience how they felt befine RWC. As we know, subjects are

very poor at recalling their initial attitude aftdrey have been exposed to a treatment.
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This can be attributed both to history and mataraéffects. A solution to this problem is
to ask the subjects before and after they parteipa the Real World Connections

experience.

Another threat to internal validity is motivating participation via a raffle which
was an important incentive for some subjectss known to pose a threat to certain types

of experiments. This threat is usually called gedachias.

As for the sample size, it was diffictdtrun the experiment online since parents’
approval is required for IRB approval which mades thption logistically infeasible and
limited participation volume. The students’ agesvedso a challenge in survey design
and instrument wording since students may not beamiliar with some terminologies
or concepts used in the survey. However, only éponses were rejected due to the
obvious lack of reliability in their responses unding a large number of missing or

redundant values.
G. Threats to External Validity

Threats to external validity are usually relatedtie degree of generalizability of the
findings of the experiment in other settings. Osmue with the Real World Connections
model is that it usually attracts gifted and tadehtstudents as opposed to average
students. Another issue is that this experiment sagaged out after an intensive summer
program. Such an experiment is not easy to havedaolar academic semesters. Also,
Real World Connections operates in the space ofnmdl instruction versus formal high

structured school environments.
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5.2.2 Second Pilot Study

A. Survey Design

The design process of the new survey included abweps. One step was revising
measurements and scales of all constructs intdgdiveugh literature and making sure

that the new survey synthesizes and mirrors alliffigs.

The second step was using both LEC and &S formative versus reflective
constructs. The third step was reverse enginedRW{C activities into interventions,
interventions into items, items into dimensionsd atimensions into the “learning
experience characteristics” construct to ensurepbet®m synchronization with theory and
practice throughout all chapters. The fourth steps wre-integrating “outcome
expectations” to mirror all key elements of SCCheTifth step was removing items that
did not load well on their constructs or loadedhwé high level of overlap in factor
analysis. The sixth step was maintaining items widlny good validity results after
revising and refining their wording and applicatidrhe seventh step was revising the
language of the survey to make it as simple, chear less ambiguous as possible while
maintaining face and content validity. The eightbpswas selecting and conducting a
qualitative method to refine the questionnaire (@)sinvolving experienced peers as

judges to represent the various clusters of thgeetgropulation.
B. Literature-Based Scale Revision

The first step in revising the questionnaire wasetgsit the measurements and scales of
all constructs intensively through literature andkmg sure that the new survey
synthesizes and mirrors all findings. The followitaiple (5.4) includes literature-only

scale items that match our preliminary scale, @plar reword items or add new items.
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The full resulting revised questionnaire is prodide Appendix B.

Table 5.4Revised-Scale Iltems Based on Intensive LiterdRaendew

Learning Experiences Characteristics

The program allows me to be part of a real worlgjgut for real clients.(Williams and Lawson.
2001)

The programs allows me to have many hands-on @iet\jwilliams and Lawson, 2001)

The program allows me to choose people in my teased on common interests.(Williams an
Lawson, 2001)

The program allows me to have a say in what | I€@filiams and Lawson, 2001)

The program allows me to work on my own space. |{@lvils and Lawson, 2001)

Challenges, presentations and feedback from juelgesurage me to put up work so others cz
see it. (Williams and Lawson, 2001)

My peer in the program told me | was good in onenore computer skills. (Anderson and Bet
2001)

My family encouraged me while in the program tgpbeud of my computer skills. (Anderson
and Betz, 2001)

My family encouraged me while in the program toelep my computer skills. (Anderson anc
Betz, 2001)

I have friends in the program in my age that hagkent computer skills. (Anderson and Bet:
2001)

The program allows me to evolve my computer skitesdually from scratch. (Anderson and
Betz, 2001)

Technology Self-Efficacy

| feel I understand computer work | am doing. (V&liths and Lawson, 2001)

| feel | can get better at computer skills. (Wittia and Lawson, 2001)

| feel am good at computer skills. It is easy fa. fWilliams and Lawson, 2001)

| feel confident making selections from an on soneenu. (Barbeite and Weiss, 2004)

| feel confident using the computer to write adebr essay. (Barbeite and Weiss, 2004)

| feel confident escaping or exiting from a progransoftware. (Barbeite and Weiss, 2004)

| feel confident calling up a data file to view artomputer screen. (Barbeite and Weiss, 200«
| feel confident finding most kind of informatiomahe internet. (loannoa et al., 2005)

| feel confident troubleshooting computer proble(Bzarbeite and Weiss, 2004)

| feel confident if | saw a new type of computeogmam | can figure it out. (loannoa et al., 20(
| feel confident understanding terms/words retatmcomputer hardware. (Barbeite and Wei:
2004)

| feel confident explaining why a program (softwangéll or will not run on a given computer.
(Barbeite and Weiss, 2004)

| feel confident that | can learn very difficultid& on a computer. (loannoa et al., 2005)

| feel confident | can learn lots of information &l do a lot of research on the computer.
(loannoa et al., 2005)

| feel confident writing simple programs for thengputer. (Barbeite and Weiss, 2004)

| feel confident to apply character (letter) effestich as bolding, italicizing, or subscriptingin
word processing document.(Downey and McMurtry, 2007

| feel confident to write a simple formula in a aped sheet to perform math calculations.
(Downey and McMurtry, 2007)

| feel confident to use a graphic presentation mog(e.g., power point) to convey informatior
others. (Downey and McMurtry, 2007)
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Table 5.4 continued...
| feel confident to create and work with databad®es in a database application. (Downey arj§
McMurtry, 2007)

| feel confident to reply to individual and multiptecipients of an email. (Downey and
McMurtry, 2007)

| feel confident to design a simple web page usiii$ylL. (Downey and McMurtry, 2007)
Outcome Expectations

I'll need computer technology for my future workngith, 2002)

| study computer technology because | know howulseis. (Smith, 2002)

Knowing computer technology will help me earn anlg: (Smith, 2002)

Computer technology is worthwhile and necessarjestiSmith, 2002)

I'll need a firm mastery of computer technology foture work. (Smith, 2002)

| will use computer technology in many ways as dulta (Smith, 2002)

Using computer technology effectively will make mere productive. (Niederhauser and
Perkmen, 2010)

Using computer technology effectively will make mprk more exciting. (Niederhauser and
Perkmen, 2010)

Using computer technology effectively will make mygrk more satisfying. (Niederhauser and
Perkmen, 2010)

Using computer technology effectively will increasg status among my peers. (Niederhause
and Perkmen, 2010)

Using computer technology effectively will increastbers respect of my capabilities.
(Niederhauser and Perkmen, 2010)

Technology Interest

In general, | find working on computer-related puig interesting. (Roeser et al, 1993)
Compared to most of my other activities, | likempicomputer-related activities. (Roeser et a
1993)

| like reading computer magazines and books. ( ldzaum et al, 2010)

| like to attend workshops or classes related tomger software or hardware often.(Wigfield
and Cambria, 2010)

| like to participate with teams concerned with guiter software or hardware often. (Wigfield
and Cambria, 2010)

| know a lot about computers. (Wigfield and Camp?i@10)

Computer technology is important to me. (WigfiefdlaCambria, 2010)

| am interested in spreadsheets programs suchcat éwigfield and Cambria, 2010)

| am interested in word processing programs. (Widfand Cambria, 2010)

| am interested in graphic programs such as PovietR@/igfield and Cambria, 2010)

| am interested in databases. (Wigfield and CamB0a0)

| am interested in computer hardware. (Wigfield &asnbria, 2010)

| am interested in computer programming. (Wigfiatdl Cambria, 2010)

| like to learn advanced skills in word, excel @awerPoint. (Wigfield and Cambria, 2010)

| like to learn how to design a website. (Wigfieldd Cambria, 2010)

| like to build or upgrade a computer. (Wigfieldda@ambria, 2010)

| like to learn new programming languages. (Wigfiahd Cambria, 2010)

If I heard a new computer term | would be interésteunderstanding its meaning and where
came from. (Wigfield and Cambria, 2010)

| think computer workshops are interesting. (Wilgfiand Cambria, 2010)

| like my computer instructor. (Wigfield and CandgrR010)

| think what we are learning about computer sofenend hardware is important (Wigfield an
Cambria, 2010)
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Table 5.4 continued...

Being involved with the subject matter of computaifects my mood positively. (Wigfield and
Cambria, 2010)

It is of great personal importance to me to be ablstudy computer software or hardware.

(Wigfield and Cambria, 2010)

| would like to become a computer specialist ockes. ( Nurulazam et al, 2010)
I would like to do more computer work at schodNurulazam et al, 2010)

I like watching computer programs on TV. ( Nurulawzet al, 2010)

Practical computer work is exciting. ( Nurulazanakt2010)

C. Using the Q-sorting Method

The table below is the “actual versus theoreticatr” of item placement and

calculation of item placement scores & hit ratios.

The Excel spreadsheet includes threetshebs): the initial data collected from
the five judges as described earlier, the init@ding of the collected data as described
earlier, and the main sheet “Integrated Data” theludes eight tables. These tables are:
data four-construct integration after merging twoadges’ generated sub-groups,
theoretical calculations, collective actual verdheoretical matrix (i.e.: the major
outcome of the entire process), five individualuattversus theoretical matrices (one per
judge), five full tables of all judges’ assessmeiitsis is in addition to the same tables
mentioned above filtered and sorted by constru¢h viull comparison with the four

theoretical constructs to examine matches.

As suggested by Moore and Benbasat (13XBmination of the diagonal of the
matrix shows that with a theoretical maximum of 38fet placements, a total of 337
hits were achieved for an overall hit ratio of .Reviewing row-based results indicate
various conclusions. One conclusion is that thdrtelogy self-efficacy had 82-item

placements within the target construct (86.6%). thao conclusion is that the learning
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experience characteristics variable had 142-iteacgrhents within the target construct
(97.6%). The third conclusion is that the technglogtcome expectations had 43-item
placements within the target construct (78.2%).sTweaker result can be attributed to
the third judge who had only three labeled groupstt;ng TOE completely, which
resulted with more overlap with other constructtsoA the same judge considered one
survey item as ambiguous. None of other judgesdacamy items to be ambiguous. A
fourth conclusion is that technology interest hd&ditéms within the target construct
(84.3%).

Despite the results above, the items dyidg most constructs’ placements did not
indicate they cannot be differentiated enough frit@ms created for other constructs
which is good.

Off-diagonal entries for columns of adteatries or just off-diagonal items are
indicators of ambiguity and factorial complicity aslicated by Moore and Benbasat
(1991). Our results indicate that LEC was the lodfstiagonal results (a total of 3) and
Tl as the highest (a total of 18). The worst casmnario for a single item was Tl (actual)
versus TOE (theoretical) which can be attributedirago the elimination of TOE

completely by the third judge.

The next step was to use these results to helmeetthe 78-item survey to 50 items.
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Table 5.5Summary of Q-Sort Results

Theory Actual Categories
Target Categories LEC TSE| TOE | Tl | TOTAL TGT %
LEC 142 9 7 6 164 86.6%
TSE 0 82 1 1 84 97.6%
TOE 0 1 43 |11 55 78.2%
TI 3 5 5 70 83 84.3%

D. The Survey of the Second Pilot Study (N= 60)

After redesigning the survey based on Q-sort arsmlgbove, a first round of the new
survey was conducted, but the response level waitetl to 23 subjects only due to a
number of  constraints regarding subjects’ reoraitt. One constraint was that the
program is not running all the time, and when ngut has to go through demanding
logistical requirements until the actual treatmetdrts (staff training, students’ and
sponsors’ recruitment, project open house, teanidibgi students’ training, efc
Another constraint was that the program needs fecgut amount of time to take effect
and integrate all of its personal and social irgations in the treatment (which is at least
4-6 working weeks in Fall and Spring (one 3-houretimey a week) and 2-3 working
weeks in summer (6-hours meeting a week)). Furtbeznthe majority of participants
are minors who need parents’ hardcopy-based siggsata participate. Parents in urban
areas in the program (i.e.. Newark and Orange)aedy available to participate, while
students from such areas have become a large igaybthe participants. Moreover, the
program ability to carry out activities and attrasttidents’ participation depends on

reservations, budget, availability of human & tdchh resources, and students’
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transportation. Additionally, the participation the survey can only be encouraged by
prizes since this is not a regular class and thesits’ participation in the program itself
is completely optional.

It is also noted that the students’ papah is a mixture of middle school and high
school students with few college peers. This ditseis subjects’ age impacts the level
of participation and the maturity of survey respemalike.

As a result of the logistical difficulsementioned above, new strategies and
solutions were adapted to increase N. One of th¥agegies was broadening the target
subjects’ community to include advanced peers fpsogram alumni and freshmen and
sophomore college students participating in themeexpansion of RWC at freshman
and sophomore college levels. Another strategy adasng new incentives to encourage
participation, which includes a gift to each pap#nt just for completing the survey as
well as maintaining larger cash prizes for rafflenwers. Other strategies included
creating a special event to include parents andestis so hard copy signatures could be
guaranteed, exploring a new technology that woaldlifate remote parent signatures
while still in full compliance with IRB expectatisnand assigning a dedicated person to
subjects’ recruitment to help in recruiting newdsnts to the program and encouraging

existing and new students to complete the survesnever applicable.

E. Post Summer and Fall 2010 Validity Analysis FoiThe New Survey Results

At the end of the first summer round with only Z3pondents, and after running many
factor analysis tests using various methods andti@ns of inputs and outputs, it has
become apparent that the sample size is not qufifieisnt to give concrete conclusions.

There were 51 items in the questionnaire but oBlg@bjects who responded in the first
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round. This was too small as a sample size to dtaar conclusions which limited the
value of using “factor analysis” in such a casepading to Costello and Osborne (2005).
Round 2 and 3 of data collection during Fall 20d6exd 37 more responses taking the
total sample to 60 subjects.

F. Sampling and Participants

A sample of 60 middle and high school studentsi@pdting in the Real World
Connections program was used, 25 female and 35 stadients. Of these students, 32
(46.3%) were between the ages of 15 and 18, 2Q@¥28were between the ages of 11
and 14, and seven students were between the ag®sanid 20.65.7% of these students
indicated very strong support from their familiem)d 48.6% indicated very strong
support from their friends if they decided to pwsutechnology-related care88.6% of
the sample indicated that they speak only Englishome while 11.4% indicated that
they speak multiple languages at home. These @l&stsl were participants in the Real
world Connections experience at New Jersey InstibditTechnology during summer and
fall of 2010.

G. Reliability of Measures

Internal consistency measured by Cronbach’s algisabeen reported as .9 for the entire
interval scale now with 60 subjects and 50 intequadstions.

H. Communalities and Variance Explanation

Communalities were exceptionally low with only 1@riables above .6, and many items
are below .5. Accumulative total variance expldiveas only 52.24%.Clearly, this
indicates that the 33% increase of the sample wiae not sufficient alone to make

dramatic improvement in the validity of the instremation.
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K. Content Validity

According to the rotated component matrix (tabke Below) for the redesigned survey
(cut off limit is .60), there are important concluss. For learning experience
characteristics, LEC 4, 5, 6, 7, 9, 10, 11, 12,163,17, 18, 19 and 20 items all loaded
high on the first component. However, LEC 2, 8 40 had lower loadings on the first
component than .60. Also, LEC 1, 14 and 15 had higbss loadings with other
components. This implies that at least 14 out®it@ms measuring learning experience
characteristics demonstrated very good validityltes

For outcome expectations, it was alsaecadtthat OE 3, 4, 5, 6 and 7 loaded high
on the second component while OE 1, 2 and 8 hadrldlaan .60 values. Similarly for
technology self-efficacy, SE 1, 4, 6, 9, 11 and H&l high loadings on the third
component while SE 2, 3, and 8 had low loadings5Sihd 7 had cross loadings with
other components. This implies that at least 5 @B & SE items had valid results
considering the high cutoff rate of .6 (versuss4he minimum acceptable limit).

On the other hand, and for technologgriedt, IT 1 and 2 were the only items that
had cross loadings with the- second component ewtems 3,4,5,7, 8, 9 and 10 all had
lower scores than .6 results. However, when andtwor analysis report was generated
with .4 as the minimum value, technology interéstnis IT 3, 4, 5, 7, 8, 9 and 10 scored
higher than .4 when loading on component 4. Yethwhe exception of IT5, all other
items had cross loadings. This implies that IT ® &were the most valid items in

measuring technology interest among the studerdarisample.
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Table 5.6Factor Analysis for the Second Pilot Study

LEC1

.685

LEC2

LEC3

.750

LEC4

.759

LECS

17

LEC6

.703

LECY7

LECS8

LEC9

LEC10

LEC11

719

LEC12

.650

LEC13

LEC14

LEC15

LEC16

644

LEC17

.626

LEC18

.652

LEC19

.654

LEC20

SE1

SE2

SE3

.705

SE4

.696

SES5

126

SE6

752

SE7

SES8

SE9

.709

SE10

778

SE11

.654

SE12

.690

SE13

OE1

OE2

.603

OES3

.629
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Table 5.6 Factor Analysis for the Second Pilot Study (coundah. ..)
OE4 752

OES5

OE6 634

OE7 616

OES8

Til

TI2 725

TI3 642

TI4

TI5 784

TI6 -.607
TI7 .630

TI8

TI9 758

TI10 773

L. Convergent and Discernment Validity

In the new questionnaire, it was clear that we &ddgh percentage of instruments that
correlated highly (or loaded highly on one compdjemhich is an indication of high
convergent validity. On the other hand, with theeption of technology interest, the
vast majority of the instruments related to différecomponents did not correlate highly

(or had high cross-loadings), which is an indmatf good discernment validity.

5.2.3 Final Round

A. Sampling and Participants

A comprehensive sampling method was used in tla $tudy where all available groups
that met the criteria were chosen to participatee Pparticipants for this study were
recruited from multiple precollege and college std groups across several high
schools and universities. Thirty students compldtes first experiment, twenty seven

completed the second set, and fourteen completethitd experiment. Only 57 students
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completed all two sets of data. This final partaippool (N = 57) consisted of 24 men
and 33 women. There were 10.5% students betweemagbeof 13 and 14, 15.8%
between the age of 15 and 15, 21.1% between thefagéand 18 and 52.7% above the
age of 18. Of the patrticipants, 35.7% were Caunasid@.9% were Asian, 8.9% were
African American, 8.9% were Hispanic, 10.7% werenirother ethnicities and 17.9%
from multiple ethnicities. 79% of these studenwdicated very strong support from their
families and 66.6% indicated very strong suppartrirtheir friends if they decided to
pursue a technology-related career. Of the sampld% indicated that they speak only
English at home, 3.6% speak only Spanish at hon&% kpeak only Hindi at home,
5.4% speak other languages at home, while 42.8%atedl that they speak multiple

languages at home.

B. The Redesigned Experiment

The experiment has been redesigteaimulate the RWC program interventions in a
shorter duration to enhance its feasibility andsuesbility alike. Participants were asked
to take part in two activities. One activity wousdnulate traditional learning where
participants receive no interventions (to serva asntrol group with no treatment) while
the other activity simulates RWC intervention mex$ias in Real World Connections’
revised learning model (to serve as the group edtagiving treatment). The role of the
instructor in the traditional activity representea@gnitivist while the instructor ion the
second activity represents an RWC-style constiigttiv Activities were related to
computer skills such as database using MS Accessneed spreadsheets using MS
Excel or advanced presentation techniques using®bl&erPoint. Accordingly the two

activities included the interventions illustrated Table 5.7followed by providing the
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same questionnaire to the same group after comgpletich activity. Full description of

these activities is included Appendix B.

Table 5.7Experiment Redesign lllustration for the Final Btu

Treatment Intervention Mechanisms

Traditional «  No Accumulative accomplishments = learning by lexgtyle

Learning ¢ No Social persuasion = No recognition by high-stgpeople such as
advanced peers, faculty and industry experts

(No treatment) ¢ No Vicarious learning = No use of similar role misdar dramatization

« Emotional arousal = No removal of stress and ayxXteaditional testing
is part of the process)

SCCT Learning «  Accumulative accomplishments = learning by doingsing PBL
with RWC » Social persuasion = recognition by high-status leespch as advanced
interventions peers, faculty and industry experts

«  Vicarious learning = using similar role models irdihg dramatization
« Emotional arousal = removing stress and anxietye@n, no class stress,
etc.)

e Plus (RWC-own groups of additional ingredients):

e Sense of Ownership Interventions:choice of project, election of
leaders, decision on activities, independency finidg problem &
product, freedom to express opinion and come up imitovation,
freedom in using time, independency in presentind elaiming
credit for product.

e Social Bonding Interventions: social bonding activity, U-shape
seating style, basing projects on teastsaring/exchanging ideas
with every one, facilitating friendships, creatiregy community
atmosphere, encouraging and rewarding collaboration

e Joyful learning Interventions: high degree of engagement,
educational gamegero stress, hands-on activities, challenges &
competitions, intellectual energizers, meeting mas and
psychological needs (food, breaks, etc.).

e Multidisciplinary linkage Interventions of technology with
socially-driven applications: connecting technitasks to human-
related tasksjsing technology to solve a social problem, corningct
technology skills to art skills, connecting tectogy to education and
medicine.
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Examples of computer-related skills suggestechore-designed experiment:

- Showing students how to use Word to create profesy styled posters and
other documents

- Using Excel to show students how to manipulate disitag the available functions
(Sum, Average, Min, Max, etc.) and create formatiedal displays (like Graphs,
Pie Charts, Bar Chatrts, etc.).

- Using PowerPoint presentation to teach the corafepeating visually attractive
and effective presentations using the technologl RowerPoint provides. After
about 15 minutes of teaching, the students withborg into teams and compete to
create the most aesthetically pleasing and efeegligsentation. The same method

applied to MS Access.

C. Data Collection and Processing

Students were solicited on a voluntary basis afterll explanation of informed consent
and confidentiality. Students were also askedigo & consent form, which further

explained the study. If the students were mingtitgjents were permitted to participate in
the survey upon receiving parents or guardian a@bré\ppendix B contains a copy of

the consent form. Questionnaires were kept irckeld file cabinet until data was ready
to be entered manually in SPSS. All data were ctte in a manner that insured
anonymity of participants and was treated confi@dity. The packets containing consent
forms, pencils, questionnaires, and instructionsrewband delivered immediately

following Institutional Review Board approval. Oncstudents completed the

questionnaires, they were picked up immediately.
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D. Reliability of Measures

Internal consistency measured by Cronbach’s al@saldeen reported as .944 for the
entire interval scale now with 57 subjects andr2drival questions.

E. Sample Size Analysis

After iterative refinements of 34 variables usedha newest questionnaire and based on
their loadings and cross-loadings in our Varimatated component matrix and factor
analysis, 25 items were concluded as most valichéasuring the five factors explored.
With 57 subjects, this gives an acceptable sulgegtriable ratio of 2.28:1 which
exceeds the bottom line of 2:1. However, it shcaddtaken into consideration that such
an evolutionary process in refining variables ahdirt validity has undergone two
previous pilot studies which brings the total Nttieantributed to the final outcomes
across all three studies to 158 subjects. It is mt®wn that sample size requirements in
humanities (including educational psychology) ao¢ @s demanding as experiments in
science and engineering fields.

Nevertheless and according to numerouslaidin studies, there are three critical
dimensions that are of significant importance ictda recovery and variables validation
regardless of the size of the sample (N) or sultgestriable ratio (STV) since the
minimum level of N is dependent of these aspectdesign (Sapnas KG and Zeller RA,
2002). These dimensions are size of loading, degrieeover determination and
communality of variables. Meeting any of these @lsions is sufficient to give
confidence in the validation of proposed instruraéan.

A. Communality of the Variables: The rule of thumb is that communalities

should all be greater than .6 or the mean leveloofimunality to be at least .7 to
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disregard the sample size in validating the insemit® according to MacCallum,
Widaman, Zhang, and Hong (1999). Our results hae¢ both metrics quite
successfully. As shown in the SPSS communalitesiet below, all 34
communalities original items used in the questimenaxceeded .6 and also their
average was .724 (i.e., > .7).

B. Size of Loading:The main principle is that if any component posssdour or
more variables with loadings above .60, the patteay be interpreted whatever
the sample size usd@uadagnoli & Velicer, 1988, p. 274). Thims beereasily
achieved in our data for the first three componeiiise same conclusion can also
be drawn with the combined effect of the third andh components considering
that both were two dimensions of the same hypatkdsipersonal relevance”
construct especially when adopting a “formative suer reflective indicator”
strategy which is the only applicable method irs ttesearch effort. The fourth
component had only three items but all these iterei®e above .6 while the fifth
component had one item below .6 and it was alsb gne degree below the
requirement level of four items per component. Nthedess, since all
communalities yielded what can be considered ba\gatisfactory results, this
can indicate that while validation is strongly ested regardless of the sample
size in our data, a larger sample size in futueiss should improve the size of
loading across all confirmed or explored components

C. Degree of Over Determination:The ground rule is that it is critical to have
variable-to-factor ratio not less than three (T. Mhderson and Rubin, 1956;

McDonald & Krane, 1977, 1979, Rindskopf, 1984, Yeli & Fava, 1998).
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This condition was met in most components exceptHe sixth which had only
two items with very high loading. Once again asdiraour “size of loadings”

interpretation, the formative (versus reflectivealysis of the collective impact of
all items leading considerably highly on compondhtee and six (as “personal
relevance” hypothesized dimensions) can providelid ground to resolve this
issue with such excellent communalities results. hilg/this can be further

supported with increasing the sample size in fusitglies, it can also indicate
that the two dimensions of “personal relevancetefipreted as “sense of
ownership” and “sense of importance” are looselypted (between sub-

constructs) and highly cohesive (within each substmict) alike.

Table 5.8Communalities Results of the Final Study

Communalities
Initial Extraction
Q1M 1.000 724
Q2M 1.000 .703
Q3M 1.000 701
Q4M 1.000 .662
Q5M 1.000 731
Q6M 1.000 .839
Q7M 1.000 767
Q8M 1.000 671
Q9M 1.000 .699
Q1o0M 1.000 720
Ql1iM 1.000 .661
Q12M 1.000 721
Q13M 1.000 .603
Ql14M 1.000 740
Q15M 1.000 674
Q16M 1.000 742
Q17M 1.000 .676
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Table 5.¢ Communalities Results of the Final Study (contthug

Q18M 1.000 .821
Q19M 1.000 757
Q20M 1.000 .739
Q21M 1.000 .870
Q22M 1.000 .658
Q23M 1.000 713
Q24M 1.000 727
Q25M 1.000 .669
Q26M 1.000 712
Q27M 1.000 732
Q28M 1.000 .820
Q29M 1.000 .832
Q30M 1.000 .660
Q31M 1.000 .660
Q32M 1.000 .817
Q33M 1.000 .691
Q34M 1.000 .706

Furthermore, considering that the pilaidsés were not distinct from the larger
study since the revised SCCT framework and itsrunséntation ingredients were
maintained across all pilot studies, the sampesspf pilot studies were not relatively
small and the multi-stage design were adopted pengnithe refinement of parameters
used in initial studies, this can mirror a intérpdoting strategy. Such a strategy may
potentially present several benefits in regardhef $ample size. One obvious benefit is
the accumulative impact of four samples (includ@gort sample) receiving the same
treatment on the validity of instruments due to euas iterations of refinement. A
second benefit for future studies is allowing therger of samples across various studies
to examine additional components of the RWC leagymiodel and their relationship with

other constructs in the main SCCT theory, whichusthdoe used cautiously. Another
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potential benefit is the possible reduction of iearkample size requirements after re-
calculation.
F. Validity Analysis
Confirmatory (CFA) and exploratory (EFA) factor analysis: Both confirmatory and
exploratory factor analysis were necessary in thal found. CFA was used to confirm
the SCCT theory within the new context of RWC-dnvantervention mechanisms
(Learning experiences characteristics). EFA wasl iis investigate the sub-constructs of
learning experiences characteristics further sinbe taxonomical grouping and
classification was theoretical in nature not to tren that Real World Connections
(RWC) is a brand new learning model with limitetetature. The integration of both
techniques has provided the optimal outcome desurdithe tune the research model and
formulate the final study hypotheses as the fouadatdf inferential statistics provided in
chapter 6.
G. Content Validity
According to the rotated component matrix tableotelor the final survey (cut off limit
is .55), there are important conclusions. Forneay experience characteristics (LEC)
items 2, 8,9, 11, 12, 15, 16 and 17 all loadedhllgign the first component at the .55 cut
off value. Items 8, 9, 11 and 12, however, hadhilgeest loadings. Since these items are
all related in a formative fashion to social impdatiey have been associated with the
hypothesized “social integration” construct.

For outcome expectations, it was alsocedtithat items 23, 24, 25, 26, 27 and
28 loaded highly on the second component givind'¢teanest” loading ever achieved in

this evolutionary studySimilarly for technology self-efficacy, SE 20, 2ada22 had high
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loadings on the fourth component. This implies diakeast five OE and three SE items
had valid results considering the high cutoff rafe.55 (versus .4 as the minimum
acceptable limit in most studies).

For the first time, and for technologyeirest, three items 32, 33 and 34 loaded
highly and cleanly on the fifth component. Thispiras that our instrumentation power
of validation has increased dramatically after sghviéerations and refinements especially
for the technology interest latent construct.

H. Convergent and Discernment Validity

In the final questionnaire, it was clear that wel tlae highest percentage of instruments
that correlated highly (or loaded highly on one poment) across all studies, which is a
strong indication of achieving a considerably hagimvergent validity in the final round
and this time technology interest is no exceptiorhis round, all of the instruments
related to different components did not correlatghly in any form at the .55 cut off
value - which is even lower than the .6 value usetthe second pilot study (or had high
cross-loadings). This is an indication of excellgisternment validity.

L. Cumulative Percentage of Variance and Eigenvalue 1 Rule

While in the humanities, the explained variancedaexmonly as low as 50-60%, in our
final study results below, Table Sd@monstrates a cumulative percentage of explained
variance of 74.939 % and a total of 6 componerastgfs) having an eigenvalue > 1.
This is an outstanding result given N used in thal fround.

Scree plot: The inspection of the Scree plot below and eigaresaproduced a departure

from the semi- linearity coinciding with a 6-fact@sult. Therefore and despite the
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semi-linearity and using the best researcher bidgiment, this Scree Test indicates that

the data should be analyzed (approximately) faoofrs.

Table 5.9:Variance Explanation, Scree Plot and Factor Anslgs the Final Study

Total Variance Explained
Component Rotation Sums of Squared Loadings
Total % of Variance Cumulative %
1 4.847 18.642 18.642
2 3.919 15.073 33.715
3 2.948 11.338 45.053
4 2.889 11.112 56.165
5 2.758 10.608 66.773
6 2.123 8.166 74.939
g_ -
Component
1 2 3 4 5 6
Q1M
Q2M 601
Q3M
Q4M
Q5M
Q6M .780
Q7™M 824
Q8M .620
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Table 5.9 Variance Explanation, Scree Plot and Factor Anglfigs the Final Study
(Continued...)

QoM 573

Q10M .800

Q11M .780

Qi12M .701

Q13M

Q14M

Q15M .615

Q16M .821

Q17M .665

Q18M .689

Q19M .660

Q20M 728

Q21M .886

Q22M .633

Q23M .766

Q24M 574

Q25M 728

Q26M .683

Q27M .555

Q28M .765

Q29M 656

Q30M 564

Q31M

Q32M .650

Q33M .555

Q34M .824

5.2.4 Conclusion

The final survey results indicate strong validat@mnmost instruments used to measure
the variables in the proposed theoretical model.cBgnparing the two internal pilot
studies with the final study in terms of communesitand accumulative explanation of
variance, we can obtain the results infibllowing table Obviously, these results mirror

the instruments validation power of the final studya product of numerous iterations of
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surveys, refinements, literature reviews, quarngsdnd qualitative analysis.

Table 5.10Three Studies Comparison in Key Validity Metrics

Percentage of items with Accumulative explanation of
communalities above .6 variance

First internal pilot study 36.11% 53.239%

Second internal pilot 23.53% 52.237%

study

Final study 100% 74.939%

“Learning experience characteristics” has a sigaiift validation of at least 75% of its

proposed instruments (25 out of the proposed 34siteat a considerably high cut-off

rate. None of the remaining items had low loadingthey were removed either for cross
loading, ambiguity or because they loaded a liittdess than the high- standards bottom
line of cut-off rate. Therefore, such few items ag considered in the final analysis.

Similarly, the majority of technology self-efficaand technology outcome expectations
instruments were valid with high correlations wetdich other.

Exploratory factor analysis (EFA) has revealed e¢hiey groups of the learning

experiences characteristics, two are associateld patsonal relevance (i.e.: sense of
ownership and sense of self-importance) and onecadsed with social integration as

illustrated in the Table 5.11.
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Table 5.11RWC New Sources of SCCT
(Formative indicators instead of reflective)

RWC source (Factor) of Self-efficacy

Related variables (Questionnaire items)

Social integration (8 items)

a- How much did the experiences connect
me to people?

b- How much did the experiences connect
me to tasks and activities?

2,8,9,11,12,15,16 ,17

Item 12: community impact
Items 8 and 9: social support
Item 2: sense of community
Item 11: social influence

Items 15, 16 and 17social engagement and
relevance

Outcome expectationg6 items)

23, 24, 25, 26, 27, 28

Sense of ownershig3 items)

10, 18, 19
IT self-efficacy (3 items) 20, 21, 22
IT interest (3 items) 32,33,34
Sense of importance 2 items) 6,7

Accordingly, EFA/ CFA analysis has played dual sol®n the one hand, it led to a

refinement of the final research model to incluéase of ownership, sense of self-

importance and social integration as illustratethie research model diagram below. On

the other hand, EFA/ CFA analysis has re-confirrtterl two sub-constructs identified

originally using the taxonomy build strategy earliethis chapter.
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Learning Experiences

Personal Relevance |
(Sense of
Ownership)

Personal Relevance Il
(Sense of
Importance )

Social Integration

Figure 5.8 Refinement of final research model to integralecanstructs.

Gender
&6\ Tech. \
4w Self- Efficacy |
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CHAPTER 6

RESULTS OF THE FINAL STUDY

The purpose of this study is to investigate whetB&CT- enhanced intervention

mechanisms (Learning Experiences Characteristies]) un the Real World Connections
learning model (RWC) can increase the self-efficaogl interest of pre-college and

college students in technology; in particular, Wkett can remove the gender barrier of
technology-related career self-efficacy of adoleso@omen after experiencing the

learning intervention mechanisms used in the RealdAConnections program at NJIT.

The following are the research questions for tigsattation:

1. Does using the refined learning model have a pesitpact on students’ self-efficacy

and interest in computer-based subjects?

2. Does re-designing the “learning experiences” caostin SCCT using the refined
learning model ingredients make a significant déifee in its impact on students’
computer technology self-efficacy?

3. Does the refined learning model fit the SCCT fram®

4. Does using the refined learning model reduce thdeyegap between boys and girls in
their computer-based self-efficacy?

5. Which ingredient of the refined “learning experiesit construct is the most
influential?

6. How does the impact of RWC model compare to tadili SCCT sources of self-
efficacy?
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6.1 Descriptive Statistics: Measures of Central Tatencies and Dispersion
Means, standard deviations and variance for feraate male students on the interval-
scaled independent and dependent constructs mdastgereported in Table 6.1. All
variables were tapped on a five-point scale. Ftbenresults, it may be seen that the
mean of learning experience characteristics (LE@€ghnology self-efficacy (SE),
outcome expectations (OE), and technology carderdast (ITl) variables are all well
above average with technology interest as the lbae®ng the four. The technology
career interest minimum of 1.0 indicates that tre@eesome students who have a lack of
interest in a career in technology, and the maxin@iB indicates that some are seriously
interested in technology as a career path.

The variance of the LEC is relatively 1¢W47) in Table 6.1b which indicates that
most respondents are very close to the mean dfitgpexperience characteristics as
opposed to the results in Table 6.1 after beingoseg to the RWC treatment. On the
other hand, the variance of ITI is relatively higkéich implies that a good percentage
of respondents were a little bit far from the meagarding the technology career interest.
The variance of outcome expectations was the highleide the variance of self-efficacy
wasclose to averageBoth have decreased significantly after usingRNéC treatment
as seen in Table 6.1.

In sum, all variables scored high with@.Bnd OE as the highest but ITI results

wererelatively the mostlispersed.
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Table 6.1Means, Standard Deviations and Variance on PrelBgeeriment

Descriptive Statistics
N Range Minimum Maximum Mean Std. Deviation Variance
Pre Post | Pre Post | Pre Post Pre Post Pre Post Pre | Post
Learning Experiences Characteristics 57 [4.00 3.38 [ 1.00 1.63 | 5.00 5.00 | 3.5614 3.8976 | .78672 .66856 | .619 | .447
Technology Self-Efficacy 57 [4.00 3.33 ] 1.00 1.67 | 5.00 5.00 | 3.2222 3.4795 | .99469 .79935 | .989 | .639
Technology Outcome Expectations 57 [3.00 2.50 | 2.00 2.50 | 5.00 5.00 | 3.6550 3.7368 | .74726 .64546 | .558 | .417
Technology Interest 57 |4.00 4.00 | 1.00 1.00 | 5.00 5.00 | 2.8363 3.0906 | .84544 .87405 | .715 | .764

6.2 Inferential Statistics

The Pearson Correlation Matrix obtained for ther fimtierval-scaled variables is shown
in Table 6.2 for the pre and post experiment resiétom the results in post-experiment
correlations, it can be observed that “learningegigmce characteristics” is positively
correlated with self-efficacy and outcome expeotatiin technology. It can also be seen
that self-efficacy is positively correlated withtenest. The correlation between self-
efficacy and interest is in line with the origirtabcial Cognitive Career Theory (SCCT).
These results provide good support to our hyposhdsis noticed also that the direct
correlation between LEC and ITI is among the lowsstelations, which mirrors SCCT
outcomes as well.

By comparing results in Table 6.2, it iscaclear that these correlations have
increased in the post-experiment outcomes as dt refsthe treatment. Similarly, the
correlation between self-efficacy and outcome etqigms had a relatively significant
increase considering the size of the final studiso by comparing Learning Experiences
Characteristics correlations with three other \@esa in Table 6.2 and their counterparts
in Table 6.3, it is apparent the Learning Experés Characteristics have almost

doubled most correlations in the final study over primary pilot study.
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Since the variance inflation factor (VIF) is iamportant measure of multicolinearity (or
mutual exclusiveness), it was calculated here ugirg(1/1-R?) formula where R is the
largest correlation coefficient in the post-treatineorrelation matrix. Calculated VIF
was 1.6 which is an excellent indication of theadleindependency and mutual
exclusiveness among the four key factors in thal study. It is important to note that no
correlation exceeded 0.667 in these results. etations were higher (for example .75),
we might need to question whether or not the catedl variables are too distinct from
each other and would have doubted the internadiizalof the instruments.

Table 6.2Pearson Correlation Matrix Pre/Post Experiment Gamson (Final Study)

LEC SEA OEA ITIA
Pre Post Pre Post Pre Post Pre Post

. 1 1

LEC Pearson Correlation
398" 468"

SEA Pearson Correlation 308 1 1
OEA Pearson Correlation 542 SOL 449 58011 1
ITIA Pearson Correlation AT 449 | 422 A4l | 652 61111 1

Table 6.3Pearson Correlation Matrix for LEC, SE, OE and (Filot Study N=60)

LEC POST SE POST OE POST TI POST
Pearson Correlation 1
LEC POST
Sig. (2-tailed)
Pearson Correlation 272" 1
SE POST
Sig. (2-tailed) .035
Pearson Correlation 292" 667" 1
OE POST
Sig. (2-tailed) .024 .000 .000
Pearson Correlation 062 653" 617" 1
TI POST
Sig. (2-tailed) .638 .000 .000
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6.3 Hypotheses Testing

Table 6.4A Road Map for Answering the Research Questions

Research Question Component Hypothesis  Hypothesisirrative Statistical Tests
Q1-A Does using the RWC learning model have a pase | (H1) There will be a positive relation | T-Test Paired Sample
impact on students’ self-efficacy in computer-basec between leaming experiences _
subjects? characteristics in RWC and Correlation Tests
(Pearson AND
technology self-efficacy.
Q2 Do re-designing “learning experiences” in SCCT sing Spearman)

the RWC model ingredients make a significant diffeence

o (H1) & (H8) Wilcoxon Signed
in its impact on students’ technology self-effica®/
Ranks Test
ANOVA
Q1-B Does using the RWC learning model have a pagit | (H2) There will be a positive relation | T-Test Paired Sample
impact on students’ interest in computer-based subgts? & between learning experience ANOVA
HD), characteristics and technology =g relation Tests
H3 outcome expectations. (Pearson AND Spearman)
H4) Wilcoxon Signed
Ranks Test
Q3 Does the RWC leaming model fit the SCCT| (H3) There will be a positive relation | Regression F- Test
framework? between technology self-efficacy
and technology career interest.
(H4) There will be a positive relation | Regression F -Test
between technology outcome
expectations and technology carg
interest
(H5) There will be a positive relation | Regression F- Test
between technology self-efficacy
and technology outcome
expectations.
Q4 Does using the RWC model reduce the gender g (H6) The posttive relationship betweer, Chi Square Test
between boys and gils in their computer-based seliI learning experiences and self- Independent Sample T-
efficacy? efficacy will not vary significantly | Test
between male and female stude Mann-Whiney Test
Q5 Which ingredient of RWC-based “leamning { (H7) Ingredient  of RWC-baset F-Test Regression
experiences” is the most influential? “leamning  experiences” hawv Step-wise
differences in their impact on sel Regression
efficacy.
Pearson Correlation
Q6 How does the impact of RWC model compare t¢ Hypothesis RWC ingredients have great Regression
traditional SCCT sources of seff-efficacy? (H8) impact on seff-efficacy thai Pearson Correlation
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A road map for research questions and their camnelspy hypothesis and statistical tests is

shown is Table 6.4. Since the sample size is rhare 30 subjects, we will assume normal

distribution. Therefore, parametric tests candeel to test the hypotheses of this study. This is
according to the large number theory where noristidldition can be approximated in case

the K-S hypothesis was not substantiated. Sireessimple size was smaller than 200

subjects, linear regression analysis is used ity car hypothesis testing rather than structured
equation modeling (SEM). It is known that SEM reggia minimum of 200 subjects to yield

reliable outcomes.
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Normal Distribution Test: First Method: Normality G raphs

Table 6.5Four Key Graphs to Test Normality for Four Key Gwacts

SPSS Output

Constructs

Learning
Experiences

Characteristics

Technology
Self-Efficacy

Technology
Outcome

Expectations

Technology

Interest

In most statistical analysis, it is assumed thatirmaous variables are normally distributed.
Once distributions are obviously not normal orexiely skewed they can be transformed

before further analysis using various methodsefretal, normality is assessed for continuous

Q-Q Plots

Detrended Histogram

Normal QQ Plot

variables. In our study and as shown in Table féus, key normality-testing graphs were

generated to determine if our four key continuausstucts (main variables) have normal
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distributions as follows:
 Histograms Test: The Y axis shows frequency of cases. The x-alises are the
midpoints of the value ranges (each bar coverageya Compared to the ideal normal
distribution curve, the histogram shape is almosttipely skewed for self-efficacy and
interest constructs and negatively skewed for ilegrexperiences. However, the
skewedness is not extreme and is usually accefablermal distribution.
 Boxplots Test: The median line is slightly de-centered in the flooxhe four constructs
and the whiskers are not of equal length with fathers are present. This reconfirms the
slight skewedness which is usually acceptabledional distribution.
* Scatterplots:
= Normal (QQ) Probability Plots: Since in the Normal Probability (QQ) Plot,
cases will follow a straight line along a diagahéhe distribution is normal, we
can conclude that all constructs except for legreirperiences are normally
distributed with no systematic departures fromdiagonal line. Despite slight
skewedness, “learning experiences” shows vesy Itk of normality.
= Detrended Normal QQ Probability Plots: Self-efficacy and Interest values are
scattered and do not appear to be aligning, but saiaes are far from the zero
line. Learning experiences and Outcome expectaiimbited a similar behavior
but with some slight potential aligning.

+» Second Method: Normality Statistics

Mean and Median Comparison
As a rule of thumb, mean and median are equalrmalalistributions. By reviewing the

values for the four main valuable in our study Welall means and medians highlighted in
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bold are nearly equal with the highest differenceeif-efficacy.

Table 6.6Normality Test Descriptives

Normality Test Descriptives

Statistic Std. Error

LEARNING EXPERIENCES POST Mean 3.8976 .08855
Median 4.0000

Skewness -.990 .316

Kurtosis 2.303 .623

SELF-EFFICACY POST Mean 3.4795 .10588
Median 3.6667

Skewness -.260 .316

Kurtosis -.038 .623

OUTCOME EXPECTATIONS POST Mean 3.7368 .08549
Median 3.8333

Skewness 477 .316

Kurtosis -.487 .623

TECHNOLOGY INTEREST POST Mean 3.0906 11577
Median 3.0000

Skewness .040 .316

Kurtosis -.215 .623

The Kolmogorov-Smirnov and Shapiro-\Witktistics mirror the QQ and Detrended
probability plots. If the significance level (.Sig)higher than .05 then the data is assumed
to fit the normal distribution. Shapiro-Wilk shoute calculated if the sample size is less
than 100 which is applicable to our final studyeh@®=57).

It is observed that the p-value for thepBbailk test for “Learning Experiences”
and “Self-efficacy” are 0.004 and 0.043 respedtifialthe last column under “Sig.”). This
implies that the data sets for these two constdaet$ meet normal criteria here because
the p-value was smaller than alpha=.05. It is@liserved that the p-value for the Shapiro-
Wilk test for outcome expectations and technolaodgrést are 0.204 and 0.459. This

implies that the data sets for these variables nuegtal criteria here because the p-value
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was larger than alpha=.05.

Combining our previous analysis of graphd statistics for normality, conclusion

can be drawn that although our four main studyalebes are not perfectly distributed, they

are not extremely skewed. Therefore, a transfoomati the data is not necessary. The

four variables have a near-normal distribution.

Shapiro-Wilk test

Table 6.7Shapiro-Wilk Tests of Normality

LEARNING EXPERIENCES

POST

SELF-EFFICACY POST

OUTCOME EXPECTATIONS

POST

TECHNOLOGY INTEREST

POST

Statistic

df

Tests of Normality

Kolmogorov-Smirnov®

Sig.
57 200"
57 012
57 200"
57 .039

Statistic

.934

.957

972

.980

Shapiro-Wilk
df

57

57

57

57

Sig.

.004

.043

.204

459

Several hypotheses were generated in the reseasthted earlier. Level of confidence is set

to 95% which is the accepted level in this studssuining that the data follows the normal

distribution, the regression test (F) was used.

Where the decision ruléccepting Ho if: F (calculated) < F (tabulated).

“Spearman Rank Correlation Coefficient Test” ioa-parametric test which does not depend

on the type of the probability distribution where tlecision rule is:

tabulated) = 2.576.

Accept Ho if; r (.005) tabulated < r (calculated) €995) tabulated taking into considerat

that N > 25, a = 0.01 and this test is a two-tail¢al.005 tabulated) = -2.576, and r (0.9
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Table 6.8aSpearman’s Non-Parametric Correlations Test (Nigdy )

LEC Post SE Post OE Post ITI Post
Correlation Coefficient 1.000
LEC Post
Sig. (2-tailed)
Correlation Coefficient 389" 1.000
SEA Post
Spearman’ Sig. (2-tailed) .003
srho Correlation Coefficient 581" 498" 1.000"
OE Post
Sig. (2-tailed) .000 .000
Correlation Coefficient 436" 337 541" 1.000°
ITI Post
Sig. (2-tailed) .001 .010 .000
Table 6.8bSpearman’s Non-Parametric Correlations Test (Riioky)
Correlations
LEC POST SE POST OE POST TI POST
LEC POST 1.000
SE POST 302" 1.000
Spearman's rho
OE POST 347" 617" 1.000
TIPOST 074 625" 589" 1.000
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
6.4 Studying Refined Learning Model Impact on SCCT Faabrs
6.4.1 The Parametric Approach: T-Test Paired Sampl&tatistics
Learning Experiences Characteristics
Table 6.9Paired Samples Statistics for Learning Experiences
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
LEC PRE 3.5614 57 78672 .10420
Pair 1
LEC POST 3.8976 57 .66856 .08855
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From the paired samples statistics table, thetgsisinean scores are higher than the pre-test
for “Learning Experiences CharacteristicSince this is just on face value, we still do not
know if this difference is statistically signifidarNext, the correlation between the two
variables is examined. Since the groups are painedsame and the correlation coefficient is
slightly above .4 but below .7 in the positive diken, we assume that there is a low moderate
correlation between the first and second measutertiethere was a stronger positive
correlation, this should imply that the same peagle did well on the pre-test also did well
on the post-test.

Table 6.10Paired Samples Correlations for Learning Expergence

Paired Samples Correlations

N Correlation Sig.

Pair 1 LEC PRE & LEC POST 57 .538 .000

Finally, the results of the Paired Samples T Testaamined. As this test is based on the
difference between the two variables, the deseggigtatistics for the difference between the
two variables is shown under "Paired Differenc&hce the significance value is .001 which
is significantly less than .05, it is concluded tha difference is of high statistical significanc
There is a very significant difference between anel post-test scores for technology learning
experiences characteristics (T = -3.590, DF istli#) can be attributed to the impact of the
intervention mechanisms in the design of the lagrexperiences model as opposed to the

traditional learning model.
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Table 6.11Paired Sample T-Tests for Learning Experiences

Paired Samples Test

Paired Differences

Mean Std. Deviation Std. Error Mean 95% Confidence

Interval of the

Difference
Lower
Pair 1 LEC-PRE - LEC-POST -.33615 .70694 .09364 -.52373
Table 6.12Paired Sample T-Tests for Learning Experiencesfi@rehces)
Paired Samples Test
Paired Differences t df Sig. (2-
95% Confidence Interval tailed)
of the Difference
Upper
Pair 1 LEC-PRE - LEC-POST -.14858 -3.590 56 .001
Technology Self- Efficacy
Table 6.13Paired Sample Test for Self-Efficacy
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
SE PRE 3.2222 57 .99469 13175
Pair 1
SE POST 3.4795 57 79935 .10588

The first research question was in part about examiwhether using the RWC learning
model will have a positive impact on students’-sffitacy in computer-based subjects.
From the paired samples statistics table, thetgsistnean scores are higher than the pre-test
for students’ self-efficacy in technology. Sinbis is just on face value, we still do not know

if this difference is statistically significant. Methe correlation between the two variables is
examined. Since the groups are paired / the sathéha correlation coefficient is slightly

above .4 but below .7 in the positive direction, assume that there is a low moderate
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correlation between the first and second measutertfethere was a stronger positive
correlation, this should imply that the same pewaie did well on the pre-test also did well
on the post-test.

Table 6.14Paired Sample Correlations for Self- Efficacy

Paired Samples Correlations

N Correlation Sig.

Pair 1 SE PRE & SE POST 57 .562 .000

The Paired Samples T Test results are then exanfisddis test is based on the difference
between the two variables, the descriptive statidtor the difference between the two
variables is shown under "Paired Differences".c&the significance value is .027 which is
less than .05, it is concluded that the differemoé statistical significance. There is a reldgive
large difference between pre- and post-test stmréschnology self-efficacy (T = -2.267, DF
is 56) that can be attributed to the interventiaecinanisms in the design of the learning
experiences characteristics.

Table 6.15 a & bPaired Samples T -Test for Self-efficacy

Paired Samples Test

Paired Differences

Mean Std. Deviation Std. Error Mean 95% Confidence

Interval of the

Difference
Lower
Pair 1 SE PRE - SE POST -25731 .85685 .11349 -.48466
Paired Samples Test
Paired Differences t df Sig. (2-tailed)
95% Confidence Interval
of the Difference
Upper
Pair 1 SEA PRE — SEA POST -.02996 -2.267 56 .027
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Technology Outcome Expectations

Table 6.16Paired Sample Test for Outcome Expectations

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
OE PRE 3.6550 57 74726 .09898
Pair 1
OE POST 3.7368 57 .64546 .08549

From the paired samples statistics table, thetgsisinean scores are higher than the pre-test
for technology outcome expectations. Since thisstson face value, we still do not know if
this difference is statistically significant. Nettte correlation between the two variables is
examined. Since the groups are paired / the saththa correlation coefficient is above .4
but below .7 in the positive direction, we assuna¢ there is a moderate correlation between
the first and second measurement. If there wagoagst positive correlation, this should
imply that the same people who did well on thetgsealso did well on the post-test.

Table 6.17Paired Sample Correlations for Outcome Expectation

Paired Samples Correlations

N Correlation Sig.

Pair 1 OE PRE & OEA POST 57 .689 .000

The Paired Samples T Test results are agmia examined. As this test is based on the
difference between the two variables, the deseeidiatistics for the difference between the
two variables is shown under "Paired Differenc&hce the significance value is .272 which
is more than .05, it is concluded that the diffeesis of no statistical significance. There is a
difference between pre- and post-test scoresdonddogy outcome expectations (T =-1.109,
DF is 56) that can be attributed to the interventieechanisms in the design of the learning

experiences characteristics.

168



Table 6.18 a & bPaired Samples T -Test for Outcome Expectations

Paired Samples Test

Paired Differences

Mean Std. Deviation Std. Error Mean 95% Confidence

Interval of the

Difference
Lower
Pair 1 OE PRE - OE POST -.08187 55735 .07382 -.22976
Paired Samples Test
Paired Differences t df Sig. (2-tailed)
95% Confidence Interval
of the Difference
Upper
Pair 1 OE PRE - OE POST .06601 -1.109 56 272

Technology Interest

Table 6.19Paired Sample Test for Technology Interest

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
ITI PRE 2.8363 57 .84544 111198
Pair 1
ITIPOST 3.0906 57 .87405 11577

The first research question was also about exaginimether using the RWC learning
model will have a positive impact on students’nese in computer-based subjects. From
the paired samples statistics table, the postrteah scores are higher than the pre-test for
students’ interest in technology. Since this & @n face value, we still do not know if this
difference is statistically significant. Next, tlwerrelation between the two variables is
examined. Since the groups are paired / the saththa correlation coefficient is above .4

but below .7 in the positive direction, we assuna¢ there is a moderate correlation between
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the first and second measurement. If there wamagst positive correlation, this should
imply that the same people who did well on thetgsealso did well on the post-test.

Table 6.20Paired Sample Correlations for Technology Interest

Paired Samples Correlations

N Correlation Sig.

Pair 1 ITIPRE & ITI POST 57 .653 .000

The Paired Samples T Test results are then exanfisddis test is based on the difference
between the two variables, the descriptive statidtor the difference between the two
variables is shown under "Paired Differences".cé&ihe significance value is .01 which is
less than .05, it is concluded that the differemoé statistical significance. There is a reldgive
large difference between pre- and post-test séaréschnology interest (T = -2.679, DF is
56) that can be attributed to the intervention raesims in the design of the learning
experiences characteristics.

Table 6.21 a & bPaired Samples T -Test for Technology Interest

Paired Samples Test

Paired Differences

Mean Std. Deviation Std. Error Mean 95% Confidence
Interval of the

Difference

Lower

Pair 1 ITI PRE - ITI POST -.25439 71693 .09496 -.44461

Paired Samples Test

Paired Differences t df Sig. (2-
95% Confidence Interval tailed)
of the Difference
Upper
Pair 1 ITI PRE - ITI POST -.06416 -2.679 56 .010
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6.4.2 The Non-Parametric ApproachWilcoxon Signed Ranks Test

A Wilcoxon Signed-Rank test was run to determirthafe were differences in technology
self-efficacy, outcome expectations and interestden the paired sample before and after
RWC interventions. There was a statistically sigaift increase in self-efficacy and interest as
a result of RWC interventions. For technology eé#itacy, positive ranks 26 versus 15
negative ranks z = -2.044,p < .05. For technology interespo§itive ranks 27 versus 14
negative ranks z = -2.383,p < .05. Outcome expectations results were nostitatly
significant sincgp>.05.

Table 6.22 a & bWilcoxon Signed-Rank Test Results

Ranks
N Mean Rank Sum of Ranks

Negative Ranks 13° 23.08 300.00

Positive Ranks 39" 27.64 1078.00
LEC POST - LEC PRE

Ties 5°

Total 57

Negative Ranks 15° 18.27 274.00

Positive Ranks 26° 22.58 587.00
SE POST - SEA PRE

Ties 16'

Total 57

Negative Ranks 16° 26.00 416.00

Positive Ranks 28" 20.50 574.00
OE POST - OE PRE

Ties 13

Total 57

Negative Ranks 14 17.75 248.50

Positive Ranks 27" 22.69 612.50
ITIPOST- ITI PRE

Ties 16'

Total 57
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Test Statistics

LEC POST — LEC PRE

SE POST — SEA PRE

OE POST - OE PRE

ITI POST- ITI PRE

Z

-3.552°

-2.044°

-.928"

-2.383"

Asymp. Sig. (2-tailed)

.000

.041

.354

.017

a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

6.5. Examining the Impact of RWC on Reducing GendeGap (H6)

6.5.1 Test of Normal Distribution for Gender versusSelf-Efficacy

Self-efficacy scores were normally distributed both males and females, as assessed by

Shapiro-Wilk's test > .05) and also by using visual inspection of Nalr@Q-Q Plots.

Table 6.23 Shapiro-Wilk and Q-Q Plot Self-efficdene-Test

Tests of Normality

GENDER Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
MALE .208 24 .009 .941 24 175
SE PRE
FEMALE .136 33 124 .946 33 .101

Normal Q-Q Plot of SEA-pre-VAL
for GENDER= MALE

Normal Q-Q Plot of SEA-pre-VAL
for GENDER= FEMALE

Expected Normal
Expected Normal

Observed Value
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Table 6.24Shapiro-Wilk and Q-Q Plot Self-efficacy Post-Test

Tests of Normality

GENDER Kolmogorov-Smirnov?® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
MALE .227 24 .003 .939 24 .158
SE POST
FEMALE .152 33 .052 .949 33 127

Normal Q-Q Plot of SEA-post:-VAL

6.5.2 The Chi Square Test Approach

cted Normal

Expe:

Normal Q-Q Plot of SEA-post-VAL

for GENDER= FEMALE

H H
Observed Value

Cross-tab Pre-Test/Post Test for Gender and Selffiefacy

To use the non-parametric Chi Square method, disstabulation calculation was conducted

where observed and expected frequencies for etaf oar 2 X 2 factorial design before

(pre-test) and after (post-testy RWC interventioa faund in the gender*self-efficacy

Crosstabulation table, as shown belGRi Square assumptions were verifiédl expected

cell frequencies were greater than five in bothstesid normal distribution was tested

for the potential association of our two dichotomoadriables by using both Shapiro-

Wilk and Q-Q plot tests in section 6.5.1.

A Chi-square test for association was cohed between gender and self-efficacy

at two levels (low and high). There was no statsly significant association between

gender and the two levels of self-efficacy for pest and post-test alikg’(1) = .788 and

.001 ,p =.375 and972 < .05espectively. This was also confirmed by Fisherie sided
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and two-sided exact tests singwas significantly > .05 as in the SPSS resultswelo

Phi ¢) and Cramer's V are both measures of the streafthssociation of a
nominal by nominal relationship where Phi is onlgequate when we have two
dichotomous variables. As expected, Phi and Cramewill provide the same answer
when for a 2 x 2 crosstabulation, although Phi ggeroften reported in such scenarios.
Sincep>.05 for the pre-test and post-test in this cdke, value of Phi and Cramer's V
are not statistically significant.

However, results demonstrate that whidecan’t reject the null hypothesis for an
independent association between gender and sel&eyf the values of Chi Square and
Phi were significantly higher in the post-test fesuersus the pre-test results. This may
be considered a good indicator of the impact of RWtervention mechanisms on
removing the dependency of self-efficacy on gender.

The first set of bar charts compared the@aan of RWC interventions on self-
efficacy as categorized by gender. From the cormepartable and charts, it is quite
obvious that RWC interventions has improved sdit:aty for both genders alike as
opposed to traditional models that tend to haveuambigger impact on male students
than female students. The second set of compadisarts addressed the low and high
self-efficacy default groups categorized by geratet the impact of RWC interventions
on each group. Clearly, female students with higiedf-efficacy improved more than
female students with lower self-efficacy while makeidents with lower self-efficacy

benefited more than male-students with higher sii¢acy.
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Table 6.25Chi Square Count Comparison between Pre and Pett Te

TECHNOLOGY SELF-EFFICACY

LOW HIGH
Pre Post Pre Post

Count 10 5 14 19
MALE Expected Count 8.4 5.1 15.6 18.9

% within GENDER 41.7% 20.8% 58.3% 79.2%

GENDER

Count 10 7 23 26
FEMALE Expected Count 11.6 6.9 21.4 26.1

% within GENDER 30.3% 21.2% 69.7% 78.8%

Table 6.26 a & bChi Square Correlation Comparison between PrePastl Test

Chi-Square Tests

Value df Asymp. Sig. (2-sided) | Exact Sig. (2-sided) | Exact Sig. (1-sided)
Pre Post Pre Post | Pre Post Pre Post Pre Post
Pearson Chi-Square | .788% .001% |1 1 972
Continuity Correction® | .368 .000 1 1 .544 1.000
Likelihood Ratio .784 .001 1 1 .376 972
Fisher's Exact Test 411 1.000 271 .619

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 8.42.

b. Computed only for a 2x2 table

Symmetric Measures

Value Approx. Sig.
Pre Post Pre Post
Phi 118 -.005 .375 972
Nominal by Nominal
Cramer's V. 118 .005 .375 972
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Grpah 6.2 Impact of RWC on Both Genders with Lowdigh Default Levels of Self-
efficacy

6.5.3 The Independent Sample T-Test Approach

Pre-Test

Inspection of Q-Q Plots revealed that pre-testedfitiacy was normally distributed for both
female and male students. There was no homogefaigriance, however, as assessed by
Levene's Test for Equality of Variances (correspané< .05). As a result, equal variances
were not assumed and the related independentwdsstun on the data as well as 95%

confidence intervals (CI) for the mean differeneecompare pre-test self-efficacy in male
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students and female students. There was no saptifiifference in the Self-efficacy for male
students (M=3.08, SD=.75) and female students (I8t $D=1.12); t (55) =- .86, p = .4.
Post-Test

On the other hand, inspection of Q-Q Plots for-fesgttself-efficacy, while has also revealed
normal distribution for both female and male stisleit was concluded that there was
homogeneity of variance as assessed by Levenets fdresEquality of Variances
(corresponding P > .05). As a result, equal vaesnaere assumed and the related
independent t-test was run on the data as web%sc@nfidence intervals (Cl) for the mean
difference to compare post-test self-efficacy inemsudents and female students. While
female students IT self-efficacy scores continuedbe higher than male students, the
difference was not statistically significant in tpest-test Self-efficacy for male students

(M=3.4, SD=.71) and female students (M= 3.60, SB}+t&55) =- .84, p = 4.

Table 6.27Independent Sample Mean Comparison between PRoahdlest

GENDER N Mean Std. Deviation

MALE 24 3.0972 74522
SEA PRE

FEMALE 33 3.3131 1.14546

MALE 24 3.3750 .71094
SEA POST

FEMALE 33 3.5556 .86066

Table 6.28Independent Sample T-Test Comparison between efécsh Test

Independent Samples Test

Levene's Test for t-test for Equality of
Equality of Variances Means
F Sig. T df Sig. (2-tailed) | Mean
Difference
. 4.143 .047 | -.807 55 423 -.21591

Equal variances assumed
SEA PRE

Equal variances not assumed -.861 54.434 .393 -.21591

Equal variances assumed 1.822 183 | -.840 55 405 -.18056
SEA POST

Equal variances not assumed -.866 54.036 .391 -.18056
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6.5.4 The Mann-Whitney Test Approach

The ranks table 6.29a provides information reggrthe output of the Mann-Whitney U test
and shows mean rank and sum of ranks for the wupgitested (‘male’ and ‘female’ treatment
groups). This table is very useful because it atd&which group can be considered as having
the higher self-efficacy, overall; namely, the growth the highest mean rank. In this case, the
female group had the highest self-efficacy in pgtdénd post-test alike.

Table 6.29b shows us the actual signiieavalue of the test, specifically, the test
statistic,U value, as well as the asymptotic significancea@d) p-value. From this data, it
can be concluded that self-efficacy in the treatrgesup was not statistically significantly
higher for female students than the pre-test gidup337 & 342p = .337 & .377).

Table 6.29 a & Blann-Whitney Test

Ranks

GENDER N Mean Rank Sum of Ranks
SEA-pre-VAL MALE 24 26.54 637.00
FEMALE 33 30.79 1016.00
SEA-post-VAL MALE 24 26.75 642.00
FEMALE 33 30.64 1011.00
SE PRE SE POST
Mann-Whitney U 337.000 342.000
Wilcoxon W 637.000 642.000
z -.960 -.884
Asymp. Sig. (2-tailed) .337 377
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6.6 Testing Other Hypothesis

Table 6.30Testing Other Hypothesis Road Map

Research Question Component Hypothesis#  Hypothesis Narrative

- |
Does using the RWC leaming model have a positv@pact Hypothesis (H1) There will be a positive relation between learning
on students’ self-efficacy in computer-based subje® experiences characteristics in RWC and technology

self-efficacy.

- |
Do re-designing “learning experiences” in SCCT usip the Hypothesis (H1)
RWC model ingredients make a significant differencén its &

impact on students’ technology self-efficacy? Hypothesis (H8)

Does using the RWC leaming model have a positv@pact Hypothesis (H2) There will be a positive relation between learming
on students’ interest in computer-based subjects? experience characteristics and technology outcome

expectations.

Does the RWC learning model fit the SCCT framework? Hypothesis (H3) There will be a positive relation between technplog

self-efficacy and technology career interest.

Does the RWC learning model fit the SCCT framework? Hypothesis (H4) There will be a positive relation between technplog

outcome expectations and technology career interest

Does the RWC learning model fit the SCCT framework? Hypothesis (H5) There will be a positive relation between technplog
self-efficacy and technology outcome expectations.

Which ingredient of RWC-based “leamning experienca”is  Hypothesis (H7) Ingredient of RWC-based “leaming experiences”
the most influential? have differences in their impact on self-efficacy.

How does the impact of RWC model compare to tradiinal  Hypothesis (H8) RWC ingredients have greater impact on self-
SCCT sources of self-efficacy? efficacy than the four original SCCT sources.
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6.6.1 Results Pertaining to Research Hypothesg4l, H2, H3, H4 and H5)

Examining Relationships between the Four Constructasing Regression Analysis:

ANOVA regression analysis was carried out to tastfive hypothese@l, H2, H3, H4
and H5)for all four variables involved: learning experees characteristics, self-efficacy,
outcome expectations and technology interest. Colbeadings in the regression table
include the variable entered, the multiple coriefeg (R), the coefficient of
determination (explanation power) (R2), the F vdhrehe variable entered (F), the level
of statistical significance for the variable entei@), Spearman correlation coefficient
(R) and its corresponding level of statistical figance for the variable entered.
Correlations for the measured constructsevseipportive to all our enhanced SCCT
hypotheses. Self-efficacy was positively and sigaiitly related to technology interests,
learning experiences characteristics and outcorpeatations; coefficients ranged from
441 p < .01), to .468 ¢ < .01), to .580 < .01), respectively. Outcome expectations
also related positively and significantly to leagi experiences characteristics and
interests;coefficients ranged from .59p « .01) to .611 f§ < .01), respectively. In all
cases, the largest correlations between any twengionstructs occurred between
outcome expectations and interest. The correlatiatrix is contained in Table 6.31.
Regressions were performed using learnixmge®ences characteristics to predict
self-efficacy and outcome expectatioft$l, H2). Learning experiences characteristics
accounted for a significant amount of variancealf-sfficacy (R2 = .219, F = 15.5, p <
.01) as well as variance in outcome expectatioris£{R349, F = 29.5, p < .01). Also,
regressions were performed using self-efficacy tedigt interest in technology and

outcome expectationfH3, H5). Self-efficacy accounted for a significant amounrft
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variance in interest in technology (R2 = .194, B3:6, p < .01) as well as variance in
outcome expectations (R2 = .336, F = 27.8, p <..@utcome expectations accounted
for a significant amount of variance in interesttéchnology (R2 = .373, F = 32.8, p <
.01) (H4). As shown in Table 6.31, F-test values for albdijeses were all statistically
significant p < .01 and were greater than the aaitvalue(dfl=1, df2=55, F critical
4.02).

The research questionwas: Does the RWC learning model fit the SCCT
framework? As a result of these tests, all fivedtgipseqH1, H2, H3, H4 and H5)vere
substantiated since the null hypotheses were egjdzased on R and F results. This is an

obvious positive answer to this research question.

Table 6.31Regression Testing to Examine Relationships arthenigour Constructs

LEC X SE (H1) 468 21921.9%) 155 <.001  .389 RejectNul
LEC X OE H2) 591 34934.9%) 295 <.001 581 Reject Null
SE XTI (H3) 441 19419.4%) 13.26 .001 337  Reject Null
OE XITI (H4) 611 37337.3%) 328 <.001 541 Reject Null
SE X OE (H5) 580 .33633.6%) 27.8 <.001 498 Reject Null

*For df1=1, df2=55, F critical =4.02
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6.6.2 Exploring which Ingredient of RWC-Based “Leaning Experiences” is Most
Influential (H7)

ANOVA regression analysis was performed to testrthdti-test hypothesigH7) for all
four variables involvedsocial integration, sense of ownership, sense léiraportance
and self-efficacy. Column headings in the regresda@ble 6.32 include the variable
entered, the multiple correlations (R), the co&fit of determination (explanation
power) (R2), the F value for the variable enter&d, @nd the level of statistical
significance for the variable entered (p).

Correlations for the measured constructs with si€acy were not statistically
significant except for social integration (p < .05glf-efficacy was positively but not
significantly related to social integration, semdeownership, sense of self-importance;
coefficients ranged from .120 (p > .05), to .134>(®05), to .268 (p < .05), respectively.
Social integration related positively and signifidg to sense of ownership and sense of
self-importancecoefficients ranged from .320 (p < .05) to .266<(©5), respectively. In
all cases, the largest correlations between anydiwen constructs occurred between
social integration and self-efficacy. The correatmatrix is contained in Table 6.33.

Regressions were performed using social integrasense of ownership, sense of
self-importance to predict self-efficacy (H7®ocial integration accounted for more
significant amount of variance in self-efficacy (R2072, F = 4.258, p < .05However,
regressions that used sense of ownership (R2 5 F0%£8L.00, p > .05) and sense of self-
importance (R2 = .014, F = .804, p > .05) to predalf-efficacy were not statistically
significant and did not account for a significamaunt of variance in self-efficacy. The
combined effect of social integration, sense of enship and sense of self-importance

accounted for significant amount of variance inf-sfficacy (R2 = .219 (21.9%), F =
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15.466) and it is not statistically significant €0.001). As shown in Table 6.32, only
social integration F-test value was statisticaliyngicant p < .05 and was greater than the
critical value(df1=1, df2=55, F critical 4.02).

Table 6.32Testing the Impact of RWC-Components on Self-atfjc

Social Integration X SE H7) .268 072 (7.2%)  4.258 044

Sense of Ownership X SE (H7) 134 .018(1.8%)  1.001 321

Sense of seff-importance X SE (H7) 120 014 (1.4%) .804 374
RWC Combined X SE (H7) 468 219(21.9%) 15466 <001

Stepwise multiple regression analyses were usetbtiermine the degree of variation in
self-efficacy among students’ accounted for bydbmbination of the social integration,
sense of ownership and sense of self-importanceblas and by each variable

individually as seen in Tables 6.32 and 6.33.
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Table 6.33Step-Wise Regression Analysis

Step-wise Regression : Excluded Variables

Model Beta In t Sig. Partial Correlation | Collinearity Statistics
Tolerance
Sense of Ownership -.102° -.742 461 -.100 .898
! Sense of Self-Importance -.047° -.343 .733 -.047 .929

Table 6.34Pearson Correlations of Ingredients of RWC-Bakedrhing Experiences”

Correlations

Social Sense of Ownership Sense of Self- SELF-
Integration Importance EFFICACY
POST
Pearson Correlation 1
Social Integration
Sig. (2-tailed)
Pearson Correlation 320" 1
Sense of Ownership
Sig. (2-tailed) .015
Pearson Correlation 266 .240 1
Sense of Self-importance
Sig. (2-tailed) .045 072
Pearson Correlation 268" -.006 .028 1
SELF-EFFICACY POST
Sig. (2-tailed) .044 .964 .836

6.6.3 How Does The Impact of RWC Model Compare toraditional SCCT Sources of
Self-Efficacy? (H8)

ANOVA regression analysis was performed to testhyygothesiqH8) for the combined
impact of the four sources of self-efficacy in SCQ@Iccumulative accomplishments,
vicarious learning, social persuasion and emotioaabusal) on self-efficacy. Column
headings in the regression table 6.35 include theables entered, the multiple
correlations (R), the coefficient of determinati@xplanation power) (R2), the F value
for the variable entered (F), and the level ofistigal significance for the variable

entered (p).
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Regressions were performed twice using traditiocB@ICT sources versus RWC
sources to predict self-efficacy (H8)taditional SCCT sources accounted for significant
amount of variance in self-efficacy (R2 = .11, F6798, p < .05). Yet, regression
analysis also resulted in even better outcomes RMAC sources which were more
statistically significant (R2 = .219, F = 15.466xp001).

In answering the research question pertainingptoparing the impact of RWC Model to

traditional SCCT Sources on self-Efficacy, we capect H8 null hypothesis and
conclude that RWC sources have outperformed toawitiSCCT sources in improving
technology self-efficacy for adolescents.

Table 6.35ANOVA Comparison between Traditional and RWC Sesiaf Self-Efficacy

Four Traditional Sources of (H8) 332 110 (11%) 6.798 012
Self-Efficacy
RWC Learning Experiences (H8) 468 219 (21.9%) 15.466 <.001

6.7 Summary of Research Questions and HypotheSessts

Based on the tests and statistical analysis in h&p most hypotheses are found to be
supported with statistical significance and mosteegch questions are found to be
significantly positive. Table 6.36 summarizes tHeafter 6 results of the hypotheses and

research questions tests.
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Table 6.36Research Questions and Hypotheses Tests Results

Research Question Component Hypothesis # Hypothesis Narrative Result
Q1-A Does using the RWC leaming model have { (H1) There will be a positive relation between Supported
positive impact on students’ self-efficacy in comgar- learning experiences characteristics in RWG
based subjects? and technology self-efficacy.
Q2 Do re-designing “learning experiences” in SCCT| (H1) & (H8) Narrative provided above and below. Supported
using the RWC model ingredients make a significan
difference in its impact on students’ technology #e
efficacy?
Q1-B Does using the RWC leaming model have { (H2)(H1) There will be a positive relation between Supported
positive impact on students’ interest in computer-ased | (H3)/(H4) learing experience characteristics and
subjects? technology outcome expectations.
Q3 Does the RWC leaming model fit the SCCT| (H3) There will be a positive relation between Supported
framework? technology self-efficacy and technology care
interest.
H4) There will be a positive relation between Supported
technology outcome expectations and
technology career interest
(H5) There will be a positive relation between Supported
technology self-efficacy and technology
outcome expectations.
Q4 Does using the RWC model reduce the gender g§ (H6) The posttive relationship between learing | Partially
between boys and girls in their computer-based se] experiences and self-efficacy will not vary supported
efficacy? significantly between male and female dueto
students statistical
significance
Q5 Which ingredient of RWC-based “leaming | (H7) Ingredient of RWC-based “leamin{ Supported
experiences” is the most influential? experiences” have differences in their imp| (Social
on self-efficacy. Integration
was the
factor with
mostimpact)
Q6 How does the impact of RWC model compare t¢ (H8) RWC ingredients have greater impact| Supported

traditional SCCT sources of self-efficacy?

self-efficacy than the four original SCC

sources.
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CHAPTER SEVEN

CONCLUSIONS, DISCUSSION AND FUTURE WORK

7.1 Overview of the Study
Chapter 7 starts with a brief overview of the studlizfe importance, objectives, and
intended contributions to STEM-based computer teldgy education are restated. Key
findings and conclusions derived as a result oftentitative analyses in Chapter 5 and
Chapter 6 are illustrated. The findings are dsedsas they relate to the social cognitive
career theory (SCCT) and related educational psyghdheories, future research, and
best practices. Chapter 7 ends with a summahysostudy.

An assessment of the literature demdssirghat there are serious gaps in
designing motivational learning experiences for anpmiddle school, high school,
freshmen and sophomore college studesgpecially as they relate to computer
technology education in STEM areas. Such gapsniegoore severe with female
adolescents as switching female students’ intevestimputer technology requires extra
efforts. Social cognitive career theory (SCCT) aedeers frequently associated four
external sources of self-efficacy to boosting stigleinterest (i.e.. accumulative
accomplishments, vicarious learning, social persnaand emotional arousal) without
consideration fosocial integration or personal relevanga.extensive literature review
on teaching strategies and self-efficacy showetttiegaissue was studied primarily by
examining experiential learning and teacher-owrssdofs that contribute to student
enrolliment rates. In this study, the focus wadeaming experiences dimensions that

had more to do with students-owned constructselernal factors or demographics.
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Moreover, this study shifted the research focuS@CT to examine the design of
“learning experiences characteristics” to boostefétacy and interest in computer
technology among adolescents as opposed to stuthgngnpact of self-efficacy on
other constructs assuming that the four traditisoatces of self-efficacy are sufficient.
The study was carried out in the context of ansassent for an existing learning model
(i.e., Real World Connections Program at NJIT or®What has created a unique recipe
to boost adolescent’s self-efficacy and interesBTieM-related computer technology
education. While the study aimed at assessingfindieeness of the RWC model in the
light of the SCCT theory, the model, on the othard) offered an enhanced approach to
improve SCCT self-efficacy sources. Subsequerttey hlypotheses were formulated to

test the exchangeable impact of SCCT and RWC oamotber.

7.2 Major Findings and Conclusions

In Chapter 6 of this study, numerous statisticadihgs were reported after investigating
relationships among the study variables. The cemmhs drawn from the statistical

analyses and considered most important for subsegiseussion are presented below.

7.2.1 First Major Finding

The quality of the instruments developed throughr founds of refinements for this

study was verified by the outcomes from the sampk despite sample size limitations
as these instruments were proven to be both validreliable. These instruments were
originally validated explicitly in Chapter 5 usimgultiple methods. Then they were
further substantiated implicitly through the cotesiey of the results of our statistical

tests throughout Chapter 6 which also supported nfdbe hypotheses of our study.
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Conclusions:

1-

The study instruments can be confidently replicébeduture research and theory
evolution, once few refinements are applied. Tetdmo self-efficacy,
technology outcome expectations and technologyre@steconstructs measures
need little or no refinement while learning expedes characteristics construct
needs extra refinement.

Learning experiences characteristics has at |d#asie dimensions. These
dimensions are social integration, sense of owmereind sense of self-
importance. However, social integration was theetision with highest degree of
validity and power of explanation.

7.2.2 Second Major Finding

The hypothesized relationships between the independariableglearning experiences

characteristics, technology self-efficacy, and tesbgy outcome expectationgnd

technology interest were substantiated.

Conclusions:

1-

2-

Using RWC learning model has a positive impact wdents’ self-efficacy in
computer technology- based subjects.

Re-designing “learning experiences” in SCCT bygi&kiVC model ingredients make
a significant difference in its impact on studeatshputer technology self-efficacy.

Using the RWC learning model has a positive imgactstudents’ interest in
computer-based subjects.

RWC learning model matches the expectations cB@ET framework. On the one
hand, it enhances self-efficacy sources which asereself-efficacy and outcome
expectations alike. On the other hand, it maintdiesimpact of self-efficacy and
outcome expectations on interest. This ensureaadirect positive correlation of the
RWC model with technology interest.
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7.2.3 Third Major Finding

There are limited differences among student gralgssified by gender, on the measures
of the self-efficacy variable included in the study

Conclusions:

Using the RWC model has a limited impact on redgidime gender gap between boys

and girls in their computer-based self-efficacy

7.2.4 Fourth Major Finding

The RWC variables utilized in the study appear eéontore powerful predictors of high
school and early college student’s interest in ast@pbased technology than variables
derived from SCCT traditional sources of self-efty.

Conclusions:

1. Variables included in SCCT traditional model goedict and explain students’
interest in computer-based technology are not senppredictors as some of the RWC-
based variables used in this study.

2. Future studies of adolescents interest in coerghdased technology associated
with STEM areas should consider the use of RWCawes to explain or predict
student interest in computer-based technology.

7.2.5 Fifth Major Finding

Social integration was the most powerful prediovbrhigh school and early college
student’s self-efficacy in computer-based technglag opposed to the limited power of

explanation posited by other RWC interventions saglsense of ownership and sense of

self-importance.
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7.3 Discussion of “Real World Connections (RWC)” Pogram Evaluation Results
As stated earlier, the main purpose of this studg W evaluate an existing learning
model (RWC) within the context of the Social Cogmt Career Theory (SCCT) and
explore the potentials of this model to enhancéefétacy sources as the collective
impact of these sources is the key generator oftilhen of effects across the entire SCCT
framework toward boosting and directing interestigntions and career choices.

In our study, RWC model was plugged irte SCCT framework as alternative
recipe for traditional self-efficacy sources. THipproach allowed us to explore the
effectiveness of RWC sources on self-efficacy amticame expectations alike and
subsequently their indirect influence on interestomputer technology areas related to
STEM. Additionally, this approach facilitated anaexination of how SCCT framework
itself will be impacted after incorporating RWC sces of self-efficacy into its learning

experiences construct.

7.3.1 A Zoom-In into Results
Generally speaking, this study produced resultciwvborroborate the findings of a great
deal of the previous work in this field. Both deptive and inferential results in chapter 6
show that post-test student’ scores for technotmdfyefficacy, outcome expectations and
interest were significantly higher than correspogdire-test scores for the same group as
a result of using Real World Connections prograrterirentions versus traditional
teaching methods.

Correlation results in Table 6.2 haveveh that outcome expectations correlated
higher than other constructs with RWC learning egpees characteristics. This can be

attributed partially to students’ perception of RWi@del potential outcomes as they
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relate to students’ expected academic and profesisicareers. Additionally, RWC
program is offered under a university roof and éawily engages university faculty,
industry professionals and advanced university pedrich gives the impression that its
interventions are driven by resources that supgtodents’ career choices and interests.
The group was also composed of three sub-groupsaiee not homogeneous in their
demographics, age groups or prior experience with RWC model. This could be
another influential factor as the high school growpile it was the youngest, was the
most exposed to similar prior interventions.

One unanticipated finding was that outcoex@ectations also correlated higher
than self-efficacy with technology interest. Thisding, however, can be explained by an
almost identical correlation between self-efficacgnd outcome expectations.
Consequently, outcome expectations power of expamaf variance in interest can be
understood by realizing the collective impact afrieng experiences and self-efficacy
on interest.

The current study found that RWC sourcéssedf-efficacy had more positive
impact on self-efficacy than SCCT four traditionsburces alone. However, some
traditional sources measures lack sufficiency imgeof valid measures. Moreover, the
two-hour experiment was relatively very short apaged to a full scale multiple- month
RWC program. The time factor may have had a sicguifi impact on the effectiveness of
some RWC intervention mechanisms that require @afft amount of time to produce
tangible results such as sense of ownership, sefhsself-importance, emotional

relevance and social bonding.
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On the question of influential RWC ingrewlis, this study found that social
integration has explained much more variance thamses of ownership and self-
importance individually or combined as in table%.8.33 and 6.34. While it was highly
predicted that the social factors are dominant\Wi(Rinterventions breakdown, sense of
ownership was expected to score much higher. Tas e largely attributed to the
limited number of validated questionnaire itemg thaasure sense of ownership and also
to the short experimental duration which makes saahzations not as obvious.

It is somewhat surprising that this stddynd much higher correlation between
social integration and both sense of ownership sertke of self-importance than self-
efficacy. However, the ANOVA showed that these Hsswere not statistically
significant. It is important to note that the group of “Learning experiences
characteristics” variables into three sub-conssrugbs a result of exploratory factor
analysis which did not match the presumed dimessadithis construct.

Another important finding was that therrelation between the learning
experiences characteristics construct and selfaaffi was much better in the final study
as opposed to pilot studies as seen in Tables®lBa8. This indicates that the refined
instruments developed for the final study mirror&®WC interventions more
representatively.

On the question of examining the impadhef RWC model on reducing the gender
gap, the study found that RWC interventions hav@rawed self-efficacy for both
genders alike as opposed to traditional modelstémat to have a much bigger impact on
male students than female students. The most stilegefinding was that female students

with higher self-efficacy improved more than fematedents with lower self-efficacy
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while male students with lower self-efficacy betedi more than male students with
higher self-efficacy.

Contrary to expectations, this study dat find a significant difference between
male and female students in self-efficacy. Theaedsr this is not too clear but it may
have something to do with high degree of self-affic among a good percentage of
female students in pre-test scores. There are agvessible explanations for this result.
The possible interference of other demographicattaristics or person inputs cannot be
ruled out. A possible explanation for some of cesults may be the lack of adequate
time due to the shortened duration of the expee@m¢he experimental design which can
significantly impact RWC social interventions thate most influential in regard to

female students.

7.3.2 Experiment Challenges
The final study was able to overcome most of thedts to internal and external validity
alike. Since one of the key challenges in our psinidies was subjects’ poor ability in
recalling their initial attitude after they haveelbeexposed to a treatment due to history
and maturation effects, the design of the final ezxpent provided a time boxed
treatment that concludes the entire experienceinvehmaximum of two hours versus
several months. This design did not only overcoreenory effects but also increased the
size of participation as it has ensured participaviailability within a short duration and
excluded any external factors that could have ingmhche effectiveness of the
experiment in less-controlled environment settings.

However, the side effect of such a highbntcolled experiment is that short

durations do not allow strong social bonding tarfoor senses of ownership and self-
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importance to mature which limits the anticipategbact of RWC interventions to levels
below what is usually seen in regular program i3gs$ti The influence of this side effect
was obvious in our test results in terms of lowtistigal significance of some RWC

interventions.

7.3.3 Issues with Experimental Design

The first step of our experimental design was entdy the independent, dependent, and
nuisance variables and determine the way ihiclwthe statistical aspects of our

experiment are to be carried out. The pringrgl was to test the applicability of the

Social Cognitive Career Theory framework by estdtiig a causal connection between
learning experiences characteristics and eachIbéffieacy and outcome expectations

directly and between learning experiences charatiter and technology interest via self-

efficacy and outcome expectations. The secondwaslto extract the maximum amount
of information with the minimum cost of resources.

Through random assignment, a diverse saofpgbarticipants across three different
groups that are within the same age group andrhet computer technology exposure
in the targeted areas but different in backgrowas used, demographics and affiliations
where at the time of assignment they were prolsiaiilly similar on the average. This
was ensured in part by selecting the highly divérggn school summer group where
students come from all geographical areas in the stf New Jersey and also by inviting
non-computer science freshmen students acrosspiheutlisciplines. The weakness in
this sample was the fact that some of the summedests had prior exposure to the RWC

model nut not in the treatment areas that weredest
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In this experiment the one-group prepesittest design with one treatment level
was used. The dependent variables (self-efficasicome expectations and technology
interest) were measured before and after the RVE&trtrent level is presented. The
design enabled us to compute means differencesichwhe pretest and posttest means
are measured with the same precision. Each bloteinlesign contained one participant
who is observed two times provided that the coeston which participants are matched
is correlated with the dependent variable.

One problem with our one-group pretest{4gsstdesign was that while a pretest may
have familiarized the subjects with the topic isiag attention, it may have been also a
factor in diminishing their sensitivity to the tapiesulting in reducing the effectiveness
of the treatment. This fact can explain why fewjsats did not score similar to their
peers in terms of self-efficacy after the treatmeas introduced.

Another problem is associated with the redédy high pre-test scores for a good
percentage of the participants due to the fact Weatwere drawing this sample from
either a group with high appreciation to RWC prograr a group that is studying in a
STEM-based school with high emphasis on computdgmiglogy. As a result, statistical
regression could become a threat to the internaitysaof our experiment as the mean-
pretest scores are unusually high because it gsetatincrease the scores of the subjects
on the posttest if the mean-pretest scomgnigsually low and vice versa.

Finally, since one-group posttest-only desig at its best in controlled settings
where the time interval between the pretest andtgxiss relatively short, the internal
validity of our experimental design can be upgdhlg incorporating other pretest levels

such as a level with traditional sources of sdfiicaty alone. This proposed approach for
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future work is the one-group double pretest-posttesign.

7.4 Implications for Future Work

7.4.1 Implications for Theory

This study produced results which corroborate theirfigs of a great deal of the previous
work in the fields of constructivism, social cogwdt learning and career development
theories. The findings of the current study arescsient with those of Hackett, Lent and
Brown (1987, 1994) who found that the role of ®dfffeacy and outcome expectations is
crucial in influencing interest and career choiaed emphasized on the triadic reciprocal
correlations between personal attributes, extdatbrs and overt behavior as illustrated
in Chapter 2 of this study.

The importance of this study to theory isltrfold. On the one hand, this study
contributes to the existing Social Cognitive Cardéeory (SCCT) in regard of the
constructs of self-efficacy, outcome expectatioms iaterest by investigating the role the
redefined “learning experiences characteristicsiabde plays with each construct based
on incorporating Real World Connections Programerwgntions versus traditional
sources of self-efficacy proposed by Bandura (19994) two decades ago.

On the other hand, because computer téofpdbased self-efficacy, outcome
expectations and interest in adolescents’ STEMedladucation is relatively a new
research area in the literature, this researchribotes to a basic understanding of
technology-based/ STEM-driven Social Cognitive @ar&éheory. The study has also
developed highly validated instruments that canmdused in future theoretical research

for pre-college and college settings alike.
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Additionally, the combination of findinggovides some support for the conceptual
premise and best practices observations that Satggration and personal relevance will
reduce the gender gap in technology self-efficagyarding STEM education. Finally,
study findings have important implications for deygng new theoretical models for the
sources of self-efficacy, rather than continuinglitait research efforts to the four
traditional sources(i.e., Accumulative accomplishments, vicarious néesy, social
persuasion and emotional arousal).

It is also implied that bridging SCCT gagr providing intervention mechanisms is
equivalent to providing contextual supports to hielgrease coping efficacy, resilience
and ability to overcome barriers. While the SCCe&atty in its latest versions sits at the
top of career development theories as the most cemepsive, reflective and integrative
theory around, the theory still has some gaps tiead to be addressed and bridged.
Future studies on the current topic are therefecemmended.

Implications for the RWC model on various learniaugd career development theories
reviewed in Chapter 2 are discussed in the follgvaactions.

The Connections of this Research to Information Sysms Theory

Information systems integrate information techngleglutions and business processes to
match the information needs of businesses and etherprises. This study presents a
multidisciplinary research that links informatiopstems theory to other disciplines. The
purpose of this research was to evaluate and ewhd@istic instructional system where
high motivation in knowledge development and infation processing is a key metric in
designing effective instruction and successfuldewy environment. This system is a type

of instructional systems design (ISD) which is defl as the “practice of creating
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instructional experiences which make the acquisited knowledge and skills more
efficient, effective and appealing”.

This instructional system acts as a legrorganization in the education domain by
using an adaptive collaboration system with highrele of social intelligence. In this
system, there is high synergy between the learmrganizations and information
technology.

The newly proposed enhanced SCCT framevgoak integration of key ingredients
of several information systems theories includiggtam theory, TAM, “Unified Theory
of Acceptance and Use of Technology” and “connésitiv as reviewed in Chapter 2 of
this study and Table 7.1.

On the other hand, a revised Real Worar@ctions Program’s (RWC) learning
system will be proposed as a practical implicatbthis dissertation. This system will use
a computer-based information system in educatiaralironments to enable peer
mentorship, boost social bonding, and facilitatelsnt, learning, data and communication
management. The new instructional system will regmé a social entrepreneurship
organization where the social value representsréii@n on investment in time and
resources. This organization will build a teclogyt-driven pipeline from middle school
to industry.

Additionally, the emphasis in this resbamvas on improving self-efficacy in
technology-driven STEM fields which is part of hum@sources management in the field

of management information systems.
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Table 7.1Study Connections to and Overlap with Informatgystems Theory

Study Area Information Systems Theory
Instructional Design System Development Life Cycle (SDLC)
Process (ARCS

model)

Self-Efficacy Technology Acceptance Model (TAM)

Social Cognitive Technology Acceptance Model (TAM 2)
Career Theory

(SCCT)

Social Cognitive Unified Theory of Acceptance and Use of
Career Theory Technology (UTAUT)

(SccT)

Designing Learning Design of Interactive Systems
Environments
(Instructional

Design)

Social Learning Cooperative learning

Theory

Motivational Human Resources Management and Project
Theories, Self- Management in an Information System

efficacy, Outcome

Expectations and

Interest constructs

Redefining the Business Process Re-engineering
Social Cognitive

Career Theory

(sccT)

7.4.2 Implications for Future Research

Link betwstrdy and IS research

Development phases similarity (analysis,
design, development, implementation,
evaluation, and management). See Reiser
(2001) and Figure 2.2.

Perceived ease of use, perceived usefulness
and users’ belief in positive outcomes are not
sufficient as determinants of technology
usage by users without incorporating users’
belief in their own capabilities to use
technology (Igbaris and livari, 1995).

Re-introducing an extended version of the
TAM model as a career development model
in IT-related fields (Section 2.3.1).

Performance expectancy, effort expectancy,
social influence, and facilitating conditions
are UTAUT constructs where at least three
of these four factors are strongly correlated
one way or another with the self-efficacy
theory and SCCT (Section 2.3.2)..

From a global petspgedJsers in these
systems are students who are receiving the
interactive instruction.

Studying the impact of coofgdearning
and team work in the Information Systems
teaching environment including cultural
bidirectional influences on IS teaching.
Organizational effectiveness through human
resources empowerment and effective HR
management.

Re-defining thesrof the “learning
experiences” process to produce better self-
efficacy, outcome expectations and interest.

The study findings emphasize the significance ofsieg traditional sources of self-

efficacy especially as it relates to instructiorgdsign of environments involving

computer technology education for adolescents, ceslhe female students. Previous

research on learning experiences design indicdtas it is a strong predictor of

subsequent self-efficacy and outcome expectatidmshwin turn predict the degree of

student’s interest in a subject (Bandura, 1977419@nt, Hackett, et al., 2000; Lent et
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al. (2003); Byars & Hackett, 1998). While empalievidence was in support of the
predictability power of self-efficacy for sciencard math- related interests (Lopez et al,
1997), much more research is needed to examinefitence on women’s interest in
technology related fields.

By studying learning experiences characteristicss¢urces of self-efficacy) more
thoroughly, researchers can gain information alstudent’s interest that might be used
to guide instructional design of new effective tealogy-focused learning environments.
By studying the uniqueness of adolescent womeregand to technology education,
educators will have a chance to make an impacthoreasing women participation in
technology related fields.

Also, by realizing that the differences learning theories, instructional design
theories and career development theories are imib&t part complementary to each
other rather than contradictory, researchers will@e new ways to build more holistic
approaches to embrace the integration of all thesaries in a unified framework.

It is interesting to note that the ReabWf Connections program (RWC) usually
attracts a good percentage of talented studenktsstriong parental support. These types
of students are anticipated to have already buwithes degree of confidence, coping
efficacy, barriers perception and resilience iroptearning experiences. Future research
should focus on a broader population of studemnssaadiverse demographics to enhance
the degree of replication of the study.

Another important finding was that the RVM@erventions have improved self-
efficacy for both genders alike as opposed to tiatal models that tend to have a much

bigger impact on male students than female studdriese results provide further
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support for the hypothesis that using the revisadces of self-efficacy will reduce the
gender gap. One of the issues that emerge frore tirelings is that female students with
higher self-efficacy improved more than female stud with lower self-efficacy while
male students with lower self-efficacy benefitedrenthan male-students with higher
self-efficacy. Further studies, which take thesmadgraphics and person-factors (such as
“contextual affordances”) into account, will needae undertaken.

While our main goal in this study wasstady the impact of an RWC-empowered
learning experiences design on technology intekeat self-efficacy and outcome
expectations, further research should be done teestigate the impact of the
incorporation of all other SCCT constructs sucladdgitional person inputs, background
contextual affordances, intentions and career geEsas well. This may provide a more
accurate picture of the intervening and moderaitifigences in the study and probably

offer additional explanation for some of our unectpd results.

7.4.3 Implications for the Education Practice

Beyond the need to conduct future studies with sexvi “Learning Experiences”

instruments, increase the sample size and imprawvesampling strategies, there is

abundant room for further progress in improving therent intervention mechanisms in
the Real World Connections model in the light of fimdings as follows:

* Findings from this study highlight the importanced®signing more innovative
learning experiences for female adolescents in coenptechnology areas.
Statistical results related to gender’'s impact eh-efficacy suggest that such
interventions should also address individual déferes between female students

including parental support, prior experiences,walt backgrounds and contextual
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affordances.
Since the program interventions had a higher caticel with outcome
expectations than self-efficacy for both gendeesjetbping strategies to increase
technology self-efficacy become imperative. Our eesive literature review
suggests that we should study the impact of pesdebarriers, supports, coping
efficacy and barrier attribution on self-efficagplbert and Luzzo, 1999; Lindley,
2005; Smith, 2004). Such variables must also berpurated in additional
research questions to be asked in future studiesshduld also utilize the fact that
not only women who chose investigative or converdgicareers had much higher
perceptions of career barriers as opposed to wommenchose social careers but
also they have strong persistence in those fieldspite the perceptions of
considerable barriers they have to overcome (Lind805; Smith, 2004).
Several questions remain unanswered at presenidingl the low correlation of
sense of ownership and sense of self-importancé waéf-efficacy while they
correlated higher with social integration. Sincesth particular constructs usually
exist at high levels in the RWC program, this swfgethat the design of the
experiment should allow more time for such inteti@rs to be realized. However,
the significance of social integration should aksoutilized as the most capable factor
in explaining variance in self-efficacy for male dafemale students alike. The
utilization of social integration implies the folling actions that need to be taken:

0 Maintain social persuasion and vicarious learnirgy sagnificant social

elements among traditional self-efficacy sourcekisTimplies the highly

encouraged involvement of industry, university aswmmunity people as
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mentors and endorsers of students work. It alsdi@émghe significance of
role modeling in students’ lives from peers to chbams in real world
organizations as well as using the dramatizati@hrtgue through stories,
movies, theater and other creative means of ilitisin to incorporate strong
emotions toward values with our intervention mec$ras.

o Put more emphasis on team work and cross-functmoab-discipline
collaboration work across Real World teams, progrtask-forces and
program community of participants.

o Enhance social bonding activities since the abtbtymake friends and build
value-added social connections in the program Hasya played an
instrumental role in RWC students’ satisfactiontenéion, motivation and
dramatic shifts in career choices.

Since RWC has been proven statistically to be dacefe learning model in
increasing students’ interest in technology-relditelds, there are numerous practical
implications with broader impact for education whifocus on practices related to

instructors, school system administrations and camiy.

One implication is that designing l@ag environments should be socially-
driven where students can achieve self-efficacpugh collective efficacy, social
bonding, social support and learning by doing apdvatching inspiring examples.
For instance, doing technology development in &steasocial contextmeans that
students will solve real-world problem within sdatmensions and use technology
as part of the solution. For example, a food pafdontextual learningheeds to

distribute donated meals fairl{social motivation). The solution might include
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database design and website development. Effetéamning by doing requires a
team of students to work collaborative(gollective efficacy)and independently
(sense of ownership and self-important®)develop some understanding of all the
component activitiegknowledge defragmentationgnd to do computer software
development in this larger context while being sarpgd by mentors from university,
industry and communit{social persuasion and vicarious learning¥ojects include
all participants (the project team, client and esdrs), as well as the organizations to
which the participants belong. (A Real World Cortiets “virtual company”
simulates a computer technology company or depatdn&eal-world problem
solving increases the interest students in teclgyplespecially female students and
others who prefer problems with social dimensiobsarning in a context that
includes technology professionals and managerssametimes STEM professionals,
helps students develop a professional network aed rgcommendations from

professionals and managers.

Another broader implication from the success of R®/C model is the
importance of providing supportive scaffolding fstudent project-based learning
environments. Scaffolding includes instruction, coaching and eothnputs that
facilitate learning andloingin projects, as well as a learning setting thauigportive
and information-rich forstudents. Real World Connectiongrovides project-related
scafolding:

o Workshops covering project-related concepts, mettauitods,
0 A project manager for each projectRaal World Connectionstudent),

o0 A coach and a SME for eagitgect
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Table 7.2 provides some practical implicationshid study for multiple stakeholders.

Table 7.2Practical Implications Categorized by Stakeholder

Stakeholder

Technology Instructors

School Administrators

Industry Executives

Education Researchers

Finding

Social integration was the most

Practical Implication

When delivering technology

powerful predictor of high school and courses to increase participation
early college student’s self-efficacy in of women, courses should

computer-based technology.

The hypothesized relationships
between the independent variables

incorporate emotional relevance,
social bonding and
multidisciplinary aspects that link
technology to people.

Schools should incorporate RWC
interventions into regular

(learning experiences characteristics, classroom with STEM and

technology self-efficacy, and

Technology focus, create after-

technology outcome expectations) andchool programs or start new
technology interest were substantiatedchools that utilize such

Social integration was the most

interventions .

The role of industry role modeling

powerful predictor of high school and and industry support is crucial. On
early college student’s self-efficacy inthe one hand, it provides

computer-based technology.

The quality of the instruments
developed through four rounds of
refinements for this study was
validated and verified.

Re-designing “learning experiences”

in SCCT by using RWC model
ingredients make a significant
difference in its impact on students’
computer technology self-efficacy.

There are limited differences among
student groups classified by gender,

on the measures of the self-efficacy
variable included in the study.
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opportunity to students. On the
other hand, it brings needed HR
that match industry needs.

Utilize this study measures for
technology self-efficacy,
technology outcome expectations
and technology interest with
confidence in future studies.

Explore SCCT implications in the
light of revised sources of self-
efficacy beliefs including but not
limited to the four sources
identified in 1977.

-In future research to test RWC-
like models, more time should be
allowed to let time-driven
interventions mature.

-In future research, women with
prior interest in technology should
not be part of the pre-test group.



7.5 Limitations of the Study
There were several limitations within this studywias difficult to run the experiment
online since parents’ approval is required for IRfproval which made the sample size
option logistically infeasible and limited partieifpon volume. The students’ age was
also a challenge in survey design and instrumentdwg since students may not be
familiar with some terminologies or concepts usethe survey.

In the first two pilot studies, studemtsre asked to report their strength of interest
before and after their RWC program experience, Wwhias a threat to the validity of
their responses since had to deal with their l@mgxtmemory and recall their feelings
prior to the program experience after completing Dbviously, a vast majority of
students have limited ability to recall their pi@vs feelings or perceptions long after
they have been exposed to a new treatment or exyeri A solution to this problem was
to create a short term experience that minimizesirtipacts of history, maturation and
mortality factors on internal validity.

The final study was able to overcome mahyhe earlier threats to internal and
external validity alike. Since one of the key chalies in our pilot studies was subjects’
poor ability in recalling their initial attitude t&f they have been exposed to a treatment
due to history and maturation effects, the desigth® final experiment provided a time
boxed treatment that concludes the entire expegiavithin a maximum of two hours
versus several months. This design did not onlyramreae memory effects but also
increased the size of participation as it has extsparticipants availability within a short
duration and excluded any external factors thatdchave impacted the effectiveness of

the experiment in less-controlled environment 8g#i
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Other strengths of the final experimetasign include: a matching design to the
targeted age group which eliminates the impactr@iavant populations beyond the
scope of this dissertation; inviting multiple digergroups of students that meet the
broad characteristics of the same population déréifit times which increases cluster-
based randomization and supports the generaligabilithe study in terms of external
validity; using a different sub-topic with each gpwhile maintaining the computing
scope and the similarity of the computing applmatiwhich rules out that the
intervention impact was due to the level of comipeor difficulty of the topic
introduced; teaching a different skill within th@nse scope in the post-test intervention to
reduce the interaction effect with the pre-testhradf using different people at similar
training levels to administer the experiment wimaintaining the overall supervision to
balance between eliminating experimenter biasesstartlardization to ensure the most
consistent measurement of perceived attitudes.

However, there are several side effectswfh a highly controlled experiment
including short durations which do not allow strasugial bonding to form, or senses of
ownership and self-importance to mature which Bnihle anticipated impact of RWC
interventions to levels below what is usually seenregular program settings. The
influence of this side effect was obvious in oustteesults in terms of low statistical
significance of some RWC interventions.

A notable limitation is the absence aoatrol group within the study which is the
case with any pretest-posttest experimental dedigis. limitation impacts the ability of
this study be generalized to the population of rege which is a threat to external

validity. On the other hand, it makes it diffictiit determine if improvements were based
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solely on the new treatment which is a threat termal validity. In other words, A pre-

test/ post-test design with one group is not ascéffe in predicting causal effects as a
pre-test, post-test design that based on both &atawoup and an experimental group
and. Basing the treatment on only one group, maygest that other confounding

variables have interacted between the pre-testttamngbost-test that influenced post-test
outcomes.

Another problem with our one-group préetassttest design was that while a pre-
test may have familiarized the subjects with th@idoncreasing attention, it may have
been also a factor in diminishing their sensitivitythe topic resulting in reducing the
effectiveness of the treatment. For example, stisderposed to alternate forms of the
test may perceive things better than those expts#te test for the first time especially
students who had long-term experience in the laggde RWC programand they may
also discuss the test/instrument between pre astltpoes which may be reflected in
their responses from a social perspective.

Also, a problem is associated with the redédy high pre-test scores for a good
percentage of the participants due to the fact Weatwere drawing this sample from
either a group with high appreciation to RWC prograr a group that is studying in a
STEM-based school with high emphasis on computdgmiglogy. As a result, statistical
regression could become a threat to the internaitysaof our experiment as the mean-
pretest scores are unusually high because it @setatincrease the scores of the subjects
on the posttest if the mean-pretest scomgnigsually low and vice versa.

Particular characteristics of a certgioup such as the high school or freshmen

college group may generate an interaction of seleand treatment which may affect
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reaction to the treatment versus other group®erceptions reported on the posttest
survey may be different as a result of the fact tha participants know that they are
being studied due to reactive arrangements. Tleisnfey explain why few subjects did
not score similar to their peers in terms of séitacy after the treatment was
introduced.

Since one-group pre-test/posttest desi@ its best in controlled settings where the
time interval between the pretest and posttestlaively short, the internal validity of
our experimental design can be enhanced by incatipg other pretest levels such as a
level with traditional sources of self-efficacy aé This proposed approach for future
work is the one-group double pretest-posttest desig

It is also suggested that future redearay carry out a follow-up experiment with
a larger sample size which will enable us to breakdthe group into multiple groups,
including a control group that receives both prefmurveys but does not participate in
the treatment X. This takes this experiment to & level of true design called Pretest-
Posttest Control Group Design.

Another suggestion would be conductingres of pretest/posttest experiments at
regular intervals which will allow repeated measumll these suggestions can improve
subject assignment randomization in experimentaligtle to properly minimize the
influence of confounding variables. Through incagiimg multiple rounds of pretests
and posttests, many of the problems present ioieegroup pretest-posttest design can
be avoided since one-group pretest-posttest désigonly one pretest and one posttest.

Additionally, there was very limited reseh available in identifying sources of

self-efficacy beyond the four sources identifiedBandura more for more than quarter a
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century. Moreover, there has been limited reseaxamining the development of self-

efficacy beliefs in middle school and high schotnldents’ career decisions. Another

limitation is that the Real World Connection Pragras relatively a very new model.

7.6 Summary of Contributions

This study has proposed and tested an enhancee\Vitank for the Social Cognitive

Career Theory (SCCT) with emphasis on factors itifatence self-efficacy in computer

technology education for adolescents, especiathafe students. The study achieved the

following accomplishments:

A comprehensive literature review was carried ogtuding analysis, synthesis and
integration of numerous learning theories, instamal design theories and career
development theories. This review linked theserikeedo each other and the multiple
dimensions of the Social Cognitive Career Theo®(3) using originally developed

tables, visual models and frameworks.

An evolutionary re-design and representation of Sloeial Cognitive Career Theory
(SCCT) in multiple iterations with the incorporaticof theoretical and empirical

findings of research and experimentation untihalfframework was proposed.

A thorough investigation and identification of tls®cial Cognitive Career Theory
(SCCT) sources of self-efficacy gaps as a resuérnoéxtensive literature review, an
object-oriented methodology leading to a holisiganomy of all potential relevant

variables and best practices extracted from thetiagi Real World Connections

Program (RWC) learning model. This contributiorclided providing extensive

analysis of numerous learning experience charatiteyi(self-efficacy sources) that
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were overlooked by SCCT researchers over two decadd incorporating them as
part of a revised RWC-based treatment.

Adopting an iterative approach using an evolutignasstrumentation prototype to
carry out multiple studies with four major experimed steps. Including using a
taxonomical approach to develop a general framewbdt aims at revising the
“learning experiences characteristics” factor inoaprehensive fashion, proposing a
revised research model based on the theoreticdinfis in the taxonomy strategy,
formulating hypotheses based on the revised ras@aoclel and creating a multi-step
approach to build valid instruments that can belusdinalize the model and test the
hypotheses alike. This was followed up by proposirfgnal research model based on
the four-step approach in terms of defining the feeyors (latent constructs).

A multi-phase experiment with extensive statistenalysis was designed to study the
impact of the revised “learning experiences charatics” on self-efficacy, outcome
expectations and technology interest based onrasbgpotheses and questions. The
data collection process was evolutionary in natlirwas conducted in two phases of
guantitative internal pilot studies, one phaseu#ligative study (Q-sort) and one final
dissertation study.

A theoretical foundation, new directions and gurkd for future research in the
Social Cognitive Career Theory (SCCT), instructlodasign strategies and career
development in general were provided based on ¢hieal and empirical findings

throughout this dissertation.
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7.7 Chapter Summary

Chapter 7 presented an overview of the dissertatiendissertation’s major findings,
conclusions and discussion. The discussion encaa@afuture implications for

theory, research, and education practice.
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APPENDIX A
IRB APPROVED CONSENT FORM

This section includes the IRB-approved consent ftlnat was required to review and

sign by all participants in the survey.
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HEW JERSEY IMSTITUTE OF TECHMNOLOGY
323 MARTIM LUTHER KING BLVD.
HEWARK. MNJ 07102

COMEENT TC PARTICIPATE IM A RESEARCH STUDY

TITLE OF 3TUDY:

Imcreasing Participation Of Women In Computing And Technology: Reconcephealzng
Jocial Cognitive Career Theory For Pre-C ollege and College Learning Environments

RESEARCH STUDY:

1 hawe been asked to participofe in o
research study under the direction of Senior university lecturer Csarma Bjakin. Other
professional persons who work with them as study staff may assist to act for them.

PURPOEE:

The pwpose of this study B fo create a theory of women's coreer inferest and
developrment in the context of the information technology field as part of the STEM,
specifically targeted to fermale students in pre-college ond college-level schools in the
U5,

DLIRATIOM:
My participation in this study will last for about one hour for answerng a guestionnare.

PROCEDURES:
You will be asked to complete a questionnore to provide feediback on your Real World

Connections expefences.

PARTHCIPANTE:
| will e one of alkout 200 poeticipants in this study.

EXCLUSHCME:
| will imfoem the researcher if | am not a middle school, high school or college student who
has peen in real world connecfions programs in the past four years.

RISKS /DIECOMEORTS:

There may be risks and discomforts that are not yet known.

I fully recognize that there are nsks that | may be exposed to by volunteenng in this shedy
which are inherent in participoting in any study; | understand that | am not covered by
HJAT s insurance policy for any injury or loss | might sustain in the course of participating in
the shudy.

COMFIDENTLALITY :

1 understand confidential s not the same as anonymous. Confidential means that my
name wil not be disclosed if there exists a documented inkage bebweean my identity
and my responses as recorded in the research records. Every effort will be made fo
muaintain the confidentialty of my study records. i the findings from the study are
published, | will rot be identified by name. My identity will remain confidential unless
disclosure i required by low.

PAYMBENT FOR PARTICIPATION:
| have been fold that my name will be entered in a raffle for a $50 cash prize as o result
of my paricipation in this study. The raffie will take place within one week after survey

- [

Appraved by the BT IRE on 9/24/12
Modificaticns may hot be made bo this corent bomm wihout MIT IRE opproval.
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APPENDIX 2
INSTRUMENTATION

This section describes the instruments used to unedise study constructs. The first part
is the literature-based survey scale. The secondipthe Q-sorting method. The third

part is the actual questionnaire used in the fetatly after several refinements of the

scale.
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Literature- Driven Instruments
Learning Experiences Characteristics

* The program allows me to be part of a real worlgjgmt for real clients.(Williams
and Lawson, 2001)

* The programs allows me to have many hands-on aesyWilliams and Lawson,
2001)

» | feel the program was interested in supportingpassonal interest.

e The program allows me to choose or propose projeetsare interested in.

e The program allows me to choose people in my teased on common
interests.(Williams and Lawson, 2001)

* The program allows me to choose project tasks aled t am interested in.

» | feel that students are not forced to participatactivities they are not interested
in.

« The program let me feel the sense of freedom ashebiendency.

* The program allows me to have a say in what | I€@éfitliams and Lawson,
2001)

* The program gives me room to suggest new ideaslvmg real world problems.

* My interest in the program does not depend ondé&rsing grades or other
consequences from school or parents.

* | don't feel that this program has any school aepapressure.

* Program atmosphere let me feel relaxed and hapgg Wam in it.

* | enjoy learning while | am part of this program.

* The program allows me to work on my own space. I{gviis and Lawson, 2001)

* The program allows students to vote to elect teadpsogram leaders.

* The program allows students to vote to select pnogactivities.

« | feel that the success of my project is part ofpaysonal success and vice versa.

« | feel that | have real contributions to the swscef a real world project.

« The program gave me personal and easy acces®tesgur, project client and
mentors.

» | feel program leaders strongly care about my pekpneeds and success.

* Inthe program, | feel that | am allowed to takeaortant real world roles.

* In the program, | feel that | can make seriousslens about real world
situations.

* Inthe program, | feel | can do big things in thregram that | can’t do anywhere
else.

* Inthe program, | am allowed to improve my projeahtinuously in several
iterations based on peer, client, mentor and psofesngoing feedback.

* | work on exciting projects that keep me engaged.

» Challenges, presentations and feedback from jueigesurages me to put up
work so others can see it. (Williams and Lawsoi®130

» Despite the differences between projects, | fet tomputer technology is
always used in projects.
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* The way computer technology is taught in the prognaakes it easier to
understand.

» The way computer technology is taught in the progmakes it a lot of fun.

* Industry guest speakers helped me have a bettiangeabout computer
technology.

* Tours and visits to industry sites helped me halbetter feeling about computer
technology.

» | feel the way computer technology is used in tregmam helps me understand its
relevance to solving real world problems.

« Computer technology is introduced in the prograra imay that links it to other
subjects | like.

* | like that computer technology is introduced iway strongly related to humans.

e The program has strong emphasis on solving probtelated to community and
people needs.

* My peer in the program told me | was good in onenore computer skills.
(Anderson and Betz, 2001)

e | had strong endorsement from my industry sponsiomfy computer skills.
* | had strong endorsement from program college psafiefor my computer skills.

* | had strong endorsement from program college sitstdeentors for my
computer skills.

« My family encouraged me while in the program tgobeud of my computer
skills. (Anderson and Betz, 2001)

* My family encouraged me while in the program toelep my computer skills.
(Anderson and Betz, 2001)

* | feel that the program gives tremendous recognifite personal
accomplishments.

* The program has role models in computer skills kthabk up to.

* | have friends in the program in my age that hexeellent computer skills.
(Anderson and Betz, 2001)

» | feel that students in the program help and supgach other.

* The program allows me to share thoughts with thestcl

» | feel that the program is highly social.

* | am motivated by the high energy | see in the paog

* Program activities help me make many friends.

» | feel that the program helps make long lastingrfdships and connections.

* Program online groups and communication enableoneahiance my social life.

e The program allows me to evolve my computer skjtldually from scratch.
(Anderson and Betz, 2001)

Technology Self-Efficacy

* | feel I understand computer work | am doing. (Veiths and Lawson, 2001)
» | feel I can get better at computer skills. (Witia and Lawson, 2001)
- | feel am good at computer skills. It is easy fa. fWilliams and Lawson, 2001)
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| feel confident making selections from an on sereenu. (Barbeite and Weiss,
2004)
| feel confident using the computer to write ddebr essay. (Barbeite and Weiss,
2004)
| feel confident escaping or exiting from a progransoftware. (Barbeite and
Weiss, 2004)
| feel confident calling up a data file to view arcomputer screen. (Barbeite and
Weiss, 2004)
| feel confident finding most kind of informatiomdhe internet. (loannoa et al.,
2005)
| feel confident troubleshooting computer proble(@arbeite and Weiss, 2004)
| feel confident if | saw a new type of computeogram | can figure it out.
(loannoa et al., 2005)

| feel confident understanding terms/words retatimcomputer hardware.
(Barbeite and Weiss, 2004)
| feel confident explaining why a program (softwanell or will not run on a
given computer. (Barbeite and Weiss, 2004)
| feel confident that | can learn very difficultid& on a computer. (loannoa et al.,
2005)
| feel confident | can learn lots of information &l do a lot of research on the
computer. (loannoa et al., 2005)
| feel confident writing simple programs for thengputer. (Barbeite and Weiss,
2004)
| feel confident to apply character (letter) efeestich as bolding, italicizing, or
subscripting in a word processing document.(Dowarey McMurtry, 2007)
| feel confident to write a simple formula in a aped sheet to perform math
calculations. (Downey and McMurtry, 2007)
| feel confident to use a graphic presentation @og(e.g., power point) to
convey information to others. (Downey and McMur@907)
| feel confident to create and work with databad®es in a database application.
(Downey and McMurtry, 2007)
| feel confident to reply to individual and multgtecipients of an email.
(Downey and McMurtry, 2007)
| feel confident to design a simple web page usin$IL. (Downey and
McMurtry, 2007)
| feel confident to use a router to connect multippbmputers.

| feel confident to use a photo editor to makenges in a digital photo.

Outcome expectations

I'll need computer technology for my future workngith, 2002)

| study computer technology because | know howulseis. (Smith, 2002)
Knowing computer technology will help me earn ang: (Smith, 2002)
Computer technology is worthwhile and necessaryestib(Smith, 2002)

I'll need a firm mastery of computer technology foture work. (Smith, 2002)
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| will use computer technology in many ways as @ulta (Smith, 2002)
Using computer technology effectively will make mere productive.
(Niederhauser and Perkmen, 2010)

Using computer technology effectively will make mrgrk more exciting.
(Niederhauser and Perkmen, 2010)

Using computer technology effectively will make mgrk more satisfying.
(Niederhauser and Perkmen, 2010)

Using computer technology effectively will increasg status among my peers.
(Niederhauser and Perkmen, 2010)

Using computer technology effectively will increastbers respect of my
capabilities. (Niederhauser and Perkmen, 2010)

Technology Interest

In general, | find working on computer-related g interesting. (Roeser et al,
1993)

Compared to most of my other activities, | likeripcomputer-related activities.
(Roeser et al, 1993)

| use my computer often to help me in assignmemdispaojects.

| like reading computer magazines and books. ( Maam et al, 2010)

| like to attend workshops or classes related topater software or hardware
often.(Wigfield and Cambria, 2010)

| like to participate with teams concerned with garer software or hardware
often. (Wigfield and Cambria, 2010)

I know a lot about computers. (Wigfield and Camp2@10)

Computer technology is important to me. (WigfietdlaCambria, 2010)

| am interested in spreadsheets programs suchcat éWigfield and Cambria,
2010)

| am interested in word processing programs. (Wldfand Cambria, 2010)

| am interested in graphic programs such as PowetrR@Vigfield and Cambria,
2010)

| am interested in databases. (Wigfield and CamBa0)

| am interested in computer hardware. (Wigfield &ainbria, 2010)

| am interested in computer programming. (Wigfiafdl Cambria, 2010)

I like to learn advanced skills in word, excel awerPoint. (Wigfield and
Cambria, 2010)

I like to learn how to design a website. (Wigfieldd Cambria, 2010)

I like to build or upgrade a computer. (Wigfieldda@ambria, 2010)

| like to learn new programming languages. (Wigfiahd Cambria, 2010)

If I heard a new computer term | would be interdsteunderstanding its meaning
and where it came from. (Wigfield and Cambria, 2010

| think computer workshops are interesting. (Wilgfiand Cambria, 2010)

I like my computer instructor. (Wigfield and Candar2010)

| think what we are learning about computer sofenamnd hardware is important
(Wigfield and Cambria, 2010)
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Being involved with the subject matter of computaifects my mood positively.
(Wigfield and Cambria, 2010)

It is of great personal importance to me to be ablstudy computer software or
hardware. (Wigfield and Cambria, 2010)

I would like to become a computer specialist ockea. ( Nurulazam et al, 2010)
I would like to do more computer work at schod\Nyrulazam et al, 2010)

| like watching computer programs on TV. ( Nurulazet al, 2010)

Practical computer work is exciting. ( Nurulazanakt2010)

221



0Q-SORT Method Date

LEC Tl TOE TSE TOTAL THEORETICAL
Chris J1 27 15 13 23 78 No of Judges |LEC TSE TOE Tl TOTAL|
Georgenna |J2 33 14 14 17 78 5 33 17 11 17 390|
Sam J3 33 24 0 21 78 SUB-TOTALS 165 85 55 85
Abdel J4 21 21 15 21 78
Stephanie  [J5 25 18 4 31 78
ACTUAL CATEGORIES
TARGET CAT |LEC TSE TOE Tl TOTAL _|TGT %
LEC 142 9 7 6 164 86.6|%
TSE 0 82 1 1 84 97.6(%
TOE 0 1 43 11 55 78.2(%
Tl 3 5 5 70 83 84.3|%
[TOTAL ITEM PLACEMENT 386 HITS 337 Over all Hit Ratio  87.31%
ACTUAL ONLY
LEC TSE TOE Tl
Chris J1 26 5 2 O|LEC theory
J2 0 17 0 0|TSE theory
J3 0 1 10, 0|TOE theory
J4 1 0 1 15|TI theory
TOTAL
ACTUAL ONLY
LEC TSE TOE Tl
GEORGENNA J1 32 0 1 O|LEC theory
J2 0 17 0 0|TSE theory
J3 0 0 11 0|TOE theory
J4 1 0 2 14[TI theory
TOTAL
ACTUAL ONLY
LEC TSE TOE Tl
SAM J1 31 0 0 1{LEC theory
12 0 15 0 1{TSE theory
J3 0 0 0 11{TOE theory
J4 1 4 0 11|TI theory
TOTAL
ACTUAL ONLY
LEC TSE TOE Tl
ABDEL J1 21 4 5] 5|LEC theory
12 0 16 1 O|TSE theory
13 0 0 11 0|TOE theory
J4 0 0 0 16Tl theory
TOTAL
ACTUAL ONLY
LEC TSE TOE Tl
STEPHANIE J1 32 0 1 0|LEC theory
12 0 17 0 O|TSE theory
13 0 0 11 0|TOE theory
J4 0 1 2 14[TI theory
TOTAL
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INSTRUCTIONS TO SUBJECTS AND INSTRUMENTATION
(Microsoft Excel Session)

INSTRUCTIONS: As part of an ongoing study of precollege and galstudents’
interest in technology careers, we would be gratefou could devote 15-30 minutes
to completing this survey.

*|am: (Please check one.)

oMale

oFemale

* My age is in the following range: (Please check one.)

0l1-12 0l13-14 0l15-16 o0l7-18 019-20

* The languages spoken in my home are: (Blebsck all that apply.)
oEnglish  oSpanish oHindi  oltalian  oChinese oOther

* My ethnicity is: (Please check all that apply.)
oAfrican Americen oAsian  oCaucasian  oHispanic  oNative American oOther

* | have done the following: (Please check all taply.)

o Used Microsoft Office o Programmed in Java

o Programmed in C++ o Programmed in Visual Basic
o Done Database Design o Done Web development

o Written HTML o Written Java Script

o Used Photoshop o Used AutoCAD

* The level of support that | can expect from mgily if | decide to pursue a career in
science or technology — on a scale of 1 to 10, evheneans no support and 10 means
a great deal of support is: (Please circle oné®fiumbers.)

1 2 3 4 5 6 7 89 10

* The level of support that | can expect from migrfids if | decide to pursue a career
in science or technology — on a scale of 1 to 1@er& 1 means no support and 10
means a great deal of support is: (Please ciraeobthe numbers.)

1 2 3 4 5 6 7 89 10

Please answer the following questions by circlindhe answer: | strongly disagree,
| disagree, I'm neutral | agree, or | strongly agree — that most closely represents
your opinion on the relevant subject.(Please circle one)
1. The Microsoft Excel Session gave studentdrdeiom to choose what they
want to learn.
| strongly disagree | disagree I'm malt | agree | strongly agree
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2. The Microsoft Excel Session allowed studentwdrk independently from
instructors.
| strongly disagree | disagree I'm naltr | agree | strongly agree

3. The Microsoft Excel Session allowed studentsxpress their innovative ideas.
| strongly disagree | disagree I'm malt | agree | strongly agree

4. The Microsoft Excel Session allowed studeotat their own class.
| strongly disagree | disagree I'm malt | agree | strongly agree

5. Ifeel the Microsoft Excel Session alloweddgtuts to take on big challenges
and claim credit for the outcomes.
| strongly disagree | disagree I'm malt | agree | strongly agree

6. | feel the Microsoft Excel Session leader@es about our success.
| strongly disagree | disagree I'm naltr | agree | strongly agree

7. In the Microsoft Excel Session, | feel thaivensity faculty is interested in our
accomplishments.
| strongly disagree | disagree I'm malt | agree | strongly agree

8. Ifeel that students in the Microsoft ExcesSlen helped and supported each
other.
| strongly disagree | disagree I'm malit | agree | strongly agree

9. The Microsoft Excel Session allowed me to slitaoughts with the class.
| strongly disagree | disagree I'm malt | agree | strongly agree

10. | feel the Microsoft Excel Session helped mé&erfaiends.
| strongly disagree | disagree I'm malt | agree | strongly agree

11. After the Microsoft Excel Session, | feel cortgaskills are related to other
subjects not related to computers.
| strongly disagree | disagree I'm malt | agree | strongly agree

12. After the Microsoft Excel Session, | feel cortgaskills can be used to solve
community problems.
| strongly disagree | disagree I'm malt | agree | strongly agree

13. | felt that participating in the Microsoft Exc®ession was stressful.
| strongly disagree | disagree I'm malt | agree | strongly agree

14. | felt the Microsoft Excel Session was fun.
| strongly disagree | disagree I'm malt | agree | strongly agree
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15. | felt the Microsoft Excel Session was engaging
| strongly disagree | disagree I'm malt | agree | strongly agree

16. | felt the Microsoft Excel Session encouragadds-on participation.
| strongly disagree | disagree I'm malt | agree | strongly agree

17. In the Microsoft Excel Session, | felt | leadngew things by doing them.
| strongly disagree | disagree I'm malt | agree | strongly agree

18. | felt the success stories presented in theddaft Excel Session were powerful.
| strongly disagree | disagree I'm malt | agree | strongly agree

19. I felt inspired by watching some peers in therbsoft Excel Session
completing the same activity successfully.
| strongly disagree | disagree I'm malt | agree | strongly agree

Please answer the following questions by circlingne answer — that most closely
represents your opinion on the relevant subject(Please circle one)

20. After the Microsoft Excel Session, | am aldeise an excel spread sheet to
manipulate data and create a formatted visualayspl
| strongly disagree | disagree I'm malt | agree | strongly agree

21. After the Microsoft Excel Session, | feel ca&int | can use advanced features in
Microsoft Excel.
| strongly disagree | disagree I'm malt | agree | strongly agree

22. After the Microsoft Excel Session, | feel moomfident about my computer
skills.
| strongly disagree | disagree I'm malt | agree | strongly agree

23. After the Microsoft Excel Session, | feel | wiked computer technology in my
future work.
| strongly disagree | disagree I'm malt | agree | strongly agree

24. After the Microsoft Excel Session, | will comtie to study computer
technology because | know how useful it is.
| strongly disagree | disagree I'm malt | agree | strongly agree

25. After the Microsoft Excel Session, | feel tkabwing computer technology will
help me earn a living.
| strongly disagree | disagree I'm malt | agree | strongly agree

26. After the Microsoft Excel Session, | feel thiaing computer technology

effectively will make me more productive.
| strongly disagree | disagree I'm naltr | agree | strongly agree
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27. After the Microsoft Excel Session, | feel thiatng computer technology
effectively will make my work more exciting.
| strongly disagree | disagree I'm malt | agree | strongly agree

28. After the Microsoft Excel Session, | feel thatng computer technology
effectively will make my work more satisfying.
| strongly disagree | disagree I'm malt | agree | strongly agree

29. After the Microsoft Excel Session, | feel thiaing computer technology
effectively will increase my status among my peers.
| strongly disagree | disagree I'm malt | agree | strongly agree

30. After the Microsoft Excel Session, | find wangion computer projects
interesting.
| strongly disagree | disagree I'm malt | agree | strongly agree

31. After the Microsoft Excel Session, comparedhtust of my other activities, |
like doing computer-related activities.
| strongly disagree | disagree I'm malt | agree | strongly agree

32. After the Microsoft Excel Session, | like tdesitd workshops or classes related
to computer software or hardware.
| strongly disagree | disagree I'm malt | agree | strongly agree

33. After the Microsoft Excel Session, | am intéeesin learning more about
advanced features of Microsoft Excel.
| strongly disagree | disagree I'm malt | agree | strongly agree

34. After the Microsoft Excel Session, | would liteebecome a computer teacher or

professional.
| strongly disagree | disagree I'm malt | agree | strongly agree
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