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included in the research record if the research mentor was involved with the student
participant on the day of the scheduled observation. Inclusion of data from this group
provided a deeper understanding of the differing perspectives of acculturation in an
academic laboratory setting.

Interviews. Research mentors were interviewed twice during the course of the
URE. Each research mentor was interviewed sometime after the student had completed
the second week, and again after the student had completed the internship. Questions
asked during the first interview were designed to stimulate commentary on the laboratory
organizational structure and social climate (Research Questions 1 and 2). In the final
interview research mentors shared their perspectives on the benefits and gains made by
the non-traditional student. Additionally, mentors were asked to contextually frame the
participant’s achievements within the research progress of the laboratory. The research
mentor interview questions can be found in Appendix N.

Artifacts. Documents collected from the research mentors included curriculum
vitae, recent publications and written or electronic personal communications. These were
used only with explicit permission. Due to the informative nature of these documents,
direct reproduction of them would have compromised the signed confidentiality
agreements of this study. Pivotal excerpts from these personal communications with all
personal identifiers removed are included in Chapters Four and Five.

Data Collected From Lab Colleagues

The documentation collected from the remaining participant group, the student-

lab colleague(s), included an interview (Appendix O) of a student representative from the

laboratory group and a survey (Appendix P) that was distributed to all members of the
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laboratory group. Field observations of the lab colleagues are included in the data record
only when collaborative work between the non-traditional student and the lab
colleague(s) was observed by the researcher.

Interviews. The design justification for the lab colleague interview was based on
a tentative assumption that novel perspectives might be revealed that would expand the
understanding of acculturation for non-traditional students by comparison to reports from
“traditional” college students. Needless to say, it seemed evident that interpretations of
this kind would not be possible if in-depth, semi-structured interviews were not included
for this potentially revelatory group of participants.

Lab colleague survey. Basic demographic information about the composition of
each research group was collected from a lab colleague survey distributed to all lab group
members. These data would be important in exploring the differences in interpersonal
dynamics between research triads. The lab colleague survey was distributed at the mid-
point of the student internship and collected prior to the completion of the internship.
These results have already been described in a previous section of this chapter and are
summarized in Table 3.3, page 60.

In total, the documentation described here was collected from each research group
and compared with the five other research triads/dyads. The data collection schedule
offered ample opportunities for each participant group to record, report and reflect on the

2008 UREs. A summary of the documentation for this study is represented in Table 3.5.
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Table 3.5

Documentation Collected From the Research Triads and Dyads

Category/Frequency

Schedule

Student Participant

Interviews:
3 occasions

After First Week of Internship
Mid-point of Internship
Completion of Internship

Field Observation:
1 occasion

Mid-point of Internship

Electronic Journal
Personal: Blog
Collective: Wikispace

Undefined

Research Mentor

Interviews:
2 occasions

After Second Week of Internship
Upon Completion of Internship

Field Observation:
1 occasion

Mid-point of Internship
(Not applicable for all triads)

Documents

Undefined

Lab Colleague(s)

Interviews: Mid-point of Internship
1 occasion

Field Observation: Mid-point of Internship
1 occasion

Survey Mid-point of Internship

Data Management and Analysis

Induction is paramount to the qualitative research genre. The analytical tasks that

were undertaken in this study after data collection had been completed, required

beginning at the beginning. In stark contrast to quantitative research, there were no

formulated hypotheses that stood to be proven or disproven. Drawn from the data

collected, subtle distinctions in the content and the context of the spoken words of the

participants directed the categorization, reorganization and reduction processes.
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Open Coding Strategies

Over fifty hours of recorded audiotapes from participant interview sessions were
transformed into electronic text. A qualitative data coding software program was selected
to assist with the initial steps of transcript analysis. Although several different programs
were considered, ®™NVivo 8, produced by QSR International was chosen. Each
participant transcript was individually coded using broad, open coding categories that
were created based on the interview questions asked of each participant group. At a more
fundamental level, the interview questions were formulated to solicit perspectives on the
three primary research questions of this study. The original open-coding categories
included participant dialogue quotations referencing academic and professional
aspirations, organizational structure of the laboratory and comments centered on
interpersonal relations in the research setting. From these three broad categories, more
specific coding categories were generated, based on similarities and dissimilarities
between topical references embedded in the categorical quotations. For example, the
coding category “Academic Aspirations for Student Participants,” underwent the
following analytical refinement sequence: Academic Aspirations—>Completion of
Associate’s Degree—> Completion of Bachelor’s Degree—>Completion of Graduate
Degree—> Master’s Degree—> Doctorate Degree and/or Professional degree. In turn, every
transcript from each source (participant) in each participant category (lab colleague and
research mentor) was analyzed using the same set of open-coding categories. Over one
hundred final open-coding categories were created. Invaluable to the analysis at this stage
are the computer-tabulated source and coding category frequencies. This numerical

information provides a sense of overall relevance for a particular coding category, as well
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as providing information on the relevance of the coding category for individual
participants. Computer screenshots of these open categories can be viewed in
Appendix S.
Axial Coding Strategies

In the next phase of data analysis, related open categories were clustered to form
an axial coding scheme (Patton, 2002). The relation established among categories was
based on principles of researcher-interpreted convergence and divergence. The first axial
cluster that emerged from the data was based on textual comments related to laboratory
structure; organizational emphasis, training emphasis and leadership emphasis. A second
axial cluster centered on negotiation priorities between participants within the laboratory
social network. Within this cluster were coding categories related to familiarity with the
learning milieu, acquisition of vocational habitus and status as a cognitive apprentice.
Constant comparisons were made between quotations assigned to the initial open coding
categories and their re-assignment to the emerging axial categories. Confidence in the
structural relationships constructed after this phase of analysis is strengthened by these
constant comparisons. A visual representation of the previously described data
categorization, reorganization and reduction methods is included for clarification

purposes.
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Broad, Open Coding Categories
Reflect Primary Research Questions

Expanded to

Specific, Open Coding Categories
Reflect Content and Contextual Realities

Condensed to
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Laboratory Laboratory
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Comparison Between Research Groups

Non-Traditional
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Acculturation
Outcomes

Student Perceptions
VS,
Mentor Perceptions

Figure 3.1
Data Analysis Strategy Using ®™NVivo 8
Cross-Case Analysis

In the final phase of analysis, frequency comparisons of content and contextual
references from the two axial coding categories were made among research groups.
Several thematic patterns emerged when student participant perspectives were contrasted
with those of their research mentors. Organizational structure and social network
assimilation did influence overall perceptions of the URE for non-traditional students.
Student perspectives and research mentor perspectives were not always congruent when
comparing perceived contributions to the research group and developmental gains. As

cross-case analyses concluded, categories of acculturation outcomes for each student
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participant emerged that are strikingly similar to acculturation outcomes described by
Berry (1990, 1997) for immigrant populations. These interpretations will be elaborated in

future chapters.

Trustworthiness

As described by Lee (1991) in Miles and Huberman (1994) the confirmability of
qualitative research can be evaluated at three different levels. Assessed at the first level,
trustworthiness relies on the accuracy of representation of the meanings and
interpretations of the participants. At the second level, confirmability considerations are
based on the degree of transparency included in describing the researcher’s analytical
reduction process. Lastly, the congruity between the research conclusions and the chosen
conceptual frameworks can be evaluated, allowing the reader to determine the
transferability of the findings. In essence, the trustworthiness of this study is substantiated
by its “demonstrated representativeness” (Miles & Huberman, 1994, p. 263).

Participant Representativeness

The representative capacity of the student participants can be demonstrated by the
diversity captured in this group. Maximum variation among the variables most likely to
be significant for non-traditional students is represented by the six members of the
student participant group. This diversity is reflected in the differences in their ages,
ethnicities, physical capabilities, high school completion and categorization as first-
generation college students. Their acculturation experiences could then be contrasted to
the second, more homogeneous student participant group, the lab colleagues. In this way,

acculturation was explored from multiple perspectives, and described by multiple voices.
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The trusting relationships developed between the researcher and the student participants,
over the course of six to twelve months prior to the beginning of the study lend credence
to the honesty and the openness of the viewpoints they shared during their interviews and
those they recorded in their electronic journals. To ensure accuracy and completeness in
the data record, all the interview sessions were tape-recorded and transcribed verbatim
from the recordings (Glesne, 2006). Each participant was e-mailed a copy of his/her
completed transcript, to verify the record and provide additional opportunity for the
participant to expand or clarify responses.
Triangulation of Data Sources and Participant Perspectives

Another determination of the methodological integrity of a study is the inclusion
of triangulation (Patton, 2002). Triangulation analysis utilizes multiple forms of
evidence and ensures that multiple perspectives from one or more participants will be
captured over the course of the research project (Glesne, 2006). In this study,
perspectives were collected from eighteen participants in multiple forms which included
interviews, field observations, surveys, documents, artifacts and electronic journaling.
The study continued for ten weeks; data were collected from all participants until
saturation was achieved. All documents and artifacts have been archived; all original tape
recordings and transcripts have been preserved. The original field observation notes and
contact summary forms from the field observations are now included in the permanent
records of this study.
Transparency of Data Reduction Strategies

An audit trail was compiled during the analysis phase of this study, so those

interested in understanding the data reduction strategies used could re-trace these data
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management decisions (Appendix Q). Notably, Miles and Huberman (1994) suggest that
data reduction decisions occur in all phases of the qualitative research process: the
preparatory design phase, the data collection phase, and the data analysis phase.
Therefore, a researcher reflexivity journal was kept during this study, from its inception
in September of 2007 to its completion in May, 2009. The entries in this journal provide
further insight into the decisions, strategies and bias of the researcher, and provide a
record of how those changed during the course of this study. Lastly, as the data analysis
phase of this study ended, an external auditor was conscripted to provide additional
comments on the strengths and weaknesses of the research conclusions. The auditor was

a professional qualitative researcher, proficient in educational research evaluation.

Researcher Positionality

Of fundamental importance in exemplary qualitative research design is the self-
reported position of the researcher (Wolcott, 2001). Researcher positionality assists the
reader in understanding the influence of researcher bias in the initial design choices made
and the data interpretive process that follows. The credence of the researcher’s
interpretations can only be strengthened by the inclusion of positionality statements
(Ponterotto & Grieger, 2007). Therefore, a brief account of the history of access for this
study is described below.

Account of Access: Student Participants

This study required an on-going commitment from all participants that ranged
from eight to ten weeks in duration. Student participants were displaced from their
personal and academic zones of familiarity to alien institutional environments and

unfamiliar living arrangements. The “intensiveness and extensiveness” of this research
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experience (Marshall & Rossman, 1999, p. 80), suggested it would necessitate a high
degree of negotiated trust between all participants, including the researcher. This
negotiated trust was established over a period of six to twelve months with the student
participants, some of whom (two out of the six participants) had previously been students
of the researcher. The four remaining participants had all been community college
students enrolled at institutions where the researcher worked or had worked as an adjunct
faculty. There can be no dispute that a power differential existed then, between the
student participants and the researcher. It should also be noted that none of the
participants would be students of the researcher in the future, either due to graduation,
transfer or completion of degree program prerequisite courses. Additionally, in an effort
to remain vigilant to the power disparity between the researcher and the student
participants, a researcher journal was kept, with entries focusing reflexively on this and
several other issues that emerged during the course of the study. Salient excerpts from
that journal are included in Appendix R.
Account of Access: Research Mentors

The characterization of the intensiveness and extensiveness of this research
experience for the research mentors is also included, to assist the reader in the further
assessment of the study’s veracity. Solicitation of research mentors for participation was
facilitated through electronic communications. The access was not pre-negotiated; each
mentor’s participation was stochastic. Their acquiescence was seemingly based on either
professional generosity or on an optimistic expectation of student productivity. The
second power differential that must be recognized then, is the one that existed between

the research mentors and the researcher. Each of the research mentors who participated in
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this study had attained the status of a full professor. Each has published extensively, and
most have more than ten years of experience in the academic mentoring of undergraduate
science students. As a doctoral candidate with vast undergraduate teaching experience,
but no experience mentoring students in an academic research setting, | found their
experience, authority, and position of influence to be serious considerations when
constructing meaning from their interviews and interpreting their interactions with the

student participants.

Limitations

Every research study has limitations, and responsible qualitative researchers
acknowledge those limitations (Glesne, 1999; Patton, 2002). Noticeably absent from this
study, in comparison with most qualitative research designs undertaken for the partial
fulfillment of the requirements of a doctoral program, is a pilot study. The significant
advantages of a pilot study for a qualitative researcher include the information acquired
concerning the cogency of the data collection instruments and the experience gained from
an initial attempt at qualitative data analysis (Wolcott, 2001). The implausibility of
conducting a pilot study prior to the beginning of this study was based on logistics and
resources. Considerable investments of time, energy, and financial resources were
necessary to coordinate the re-location of the six student participants. The optimal time
period for this re-location was the summer months, when none of the student participants
had conflicting academic or professional responsibilities. In lieu of the pilot study, the
interview instruments for this study were compiled from survey questions collected from

recent quantitative and qualitative research projects, investigating the efficacy of
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traditional undergraduate science research programs (Kardash, 2000; Seymour et al.,
2004; Bauer & Bennett, 2003).

The small sample size of the student participant population is another limitation to
this study. Depth of understanding is a key factor in qualitative research, and often can
be achieved only with small numbers of participants. In this study, however the low
initial response was coupled with the researcher’s reluctance to reject participant
candidates for any reason. This sample represents a sample of convenience, which is
often equated with “information-poor cases” (Patton, 2002, p.244). However, in this
study it was deemed more important to reward non-traditional student interest and
motivation, even if transferability to other populations might be sacrificed.
Serendipitously, the student participants in this study demonstrated a high degree of
representativeness along demographic dimensions of significance; age, gender, first
generation college student, financial independence, student/employee and recognized
physical disability.

A final limitation to this study is the absence of a crucial demographic category of
non-traditional students that is not represented in this study. There were no student
participants who belonged to the “female, head of household” demographic category. In
addition, single parenthood is one of seven risk factors that contribute to student attrition
at community colleges nation-wide (NCES, 2003). In fact, a twenty-six year-old single
mother was recruited for this study. Day care arrangements were made and temporary re-
location plans were negotiated with her significant other. None of the research mentors
contacted for participation in this study were interested in placing this student in his/her

laboratory for the summer experience.
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Summary of the Research Rationale, Design and Methodology

This chapter describes the design rationale for this study. The methods used to
collect and analyze the data from all participants are described, in what it is hoped is
sufficient detail for the reader to understand the basis for the researcher’s decisions made
before, during and after the study. In the summer of 2008, a total of eighteen participants
co-constructed with the researcher meanings and interpretations of a “lived”
undergraduate research experience in science for non-traditional students. The
information collected was mostly in the form of textual data from interviews, field
observation notes, pertinent documents and artifacts, and salient excerpts from the
electronic journals of the student participants. Analysis of the voluminous data was
facilitated by a textual analysis software program, frequently used by qualitative
researchers, ®™NVivo 8. However, the emergent patterns drawn from the textual
analysis were continually compared to the situated experiences of the participants.
Assessment of the credibility of the final interpretations of this study was confirmed both
by the participants and an external auditor.

The purpose of this study was to evaluate the efficacy of traditional UREs for a
non-traditional population — community college students. The questions that provided the
conceptual framework for this study focused on the influence of laboratory organizational
structure and social networks on the acculturation outcomes for non-traditional students.
Understanding how these outcomes influenced non-traditional students’ overall
perceptions of the URE and contributed to their resolve for future graduate study and

commitment to careers in science shaped the conceptual interpretations of this study.
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These interpretations should be informative to the administrators of federal science
funding agencies and to individuals interested in local science reform initiatives for
higher education. Increasingly, more and more non-traditional students will begin their
college experience at community colleges. Some will have aspirations to become
scientists. As has already been described in the previous chapter, more than 50% of
incoming freshmen who report they intend to major in the life sciences have changed
their major by the end of their sophomore year (Seymour & Hewitt, 1997). Greater
numbers of diverse students might be retained in these science majors if non-traditional
students were offered greater access to undergraduate science research experiences.
Inclusion of non-traditional students in traditional science UREs will require that

acculturation be more thoroughly understood.
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Chapter 4
FINDINGS RELATED TO ORGANIZATIONAL AND SOCIAL FACTORS
THAT INFLUENCE STUDENTS’ ACCULTURATION
“...[A]n individual life cycle cannot be adequately understood apart from the social

context in which it comes to fruition. Individual and society are intricately woven,
dynamically interrelated in continual exchange.” (Erikson, 1997, p. 114).

Introduction

This chapter is the first of two that presents findings from a 2008 study that traced
acculturation of six community college students in academic research laboratories located
throughout the state of Maine. The purpose of this study was to determine the efficacy of
the current undergraduate research model for a non-traditional student population. The
broad research question to be answered by this study is: In what ways does participation
in traditional UREs influence non-traditional students’ commitment to pursue advanced
studies in science and to seek careers as professional scientists? The research effort
undertaken to explore this fundamental question employed a qualitative design and used
explanatory case study methodology. The student participants were actively engaged in
biological research projects with established faculty and student lab colleagues at four
different institutions: a large university, a remote-access research center affiliated with
the larger university, a smaller university, and a small private college. Information was
collected from participants during scheduled interviews throughout the ten-week
experience. Collecting perspectives from all laboratory personnel provided a unique
opportunity to juxtapose evolving viewpoints of this authentic, lived experience. In this
way, multiple perspectives contributed to the resolution of the three specific research

questions of this study:
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1. In what ways does the organizational structure of an academic research
laboratory influence acculturation for non-traditional URE participants?

2. In what ways does the social climate structure of an academic research
laboratory influence acculturation for non-traditional URE participants?

3. In what ways does a traditional URE in science influence non-traditional
students’ attitudes and behaviors regarding academic goals and professional

aspirations?

Audiotapes from all interviews were transcribed verbatim. A qualitative data
analysis software program, ®™NVivo 8, was used to organize and categorize the content
of each transcript. Constant comparative analysis among data sources (the participants)
and across the participant population (among participants at different research sites)
culminated in patterns of frequent textual references. Coupled with contextual details,
these patterns coalesced into thematic interpretations which are recounted in this chapter.

This chapter begins with brief profiles of each of the six primary participants, the
community college students. The subsequent section presents a composite
characterization of the research mentor group and a single interview excerpt from a
mentor who had himself participated in a research program as an undergraduate. His
quotation is representative of this group’s collective perspective of the overall benefits
that can be achieved through UREs and the profound influence a positive mentor
relationship can have on students’ academic and professional choices. The last
participants to be described are the lab colleagues. Out of the six research groups, four
laboratories had staff/personnel who daily interacted with the student participants. Three

of these four lab colleagues had either attended or been employed by a community
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college. Representative excerpts from these interview transcripts captured their
impressions of community college laboratory facilities, academic rigor and student
capabilities. The implications of academic stigma and institutional stereotypes are
discussed later in this chapter.

Analytical interpretation proceeds with the introduction of a theoretical model that
delineates relationships between dissertation research questions, laboratory social status
and acculturation outcomes for non-traditional students. Next, detailed participant
commentary that referenced laboratory organizational structure and social climate is
related to the theoretical model. What follows is a presentation of three realized outcomes
of URE participation for non-traditional students. This chapter closes with a summary of

significant findings for the first two research questions posed in this study.

Student Participant Portraitures

The six student participants in this study demonstrate demographic diversity, not unlike
their classmates at community colleges nationwide. Because their different individual
characteristics, no doubt, influenced their interpersonal interactions with others in the
laboratory setting during their recent URE, salient demographic characteristics for
student participants are summarized in Table 4.1. However, to more clearly represent

each participant to the reader, an individual portraiture is also included.
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Table 4.1

Detailed Demographic Characteristics of Student Participants

Student Andrea Catherine  Tabitha  Bryan Joshua Samuel
Age (years) 23 45 20 28 29 32
Race/Ethnicity Caucasian  Caucasian Haitian Caucasian  Caucasian Caucasian
Previous GED High School High High Associate’s  High School
Academic completed  Graduate School School Degree in Graduate
Accomplishments  at age 20 Graduate Graduate Audio-
Engineering
Student Status Full-time Full-time Full-time  Full-time Full-time Full-time
Financially Self-  Yes Yes Yes No Yes Yes
Supporting
Employment Full-Time:  Full Time: Full Time:  Not Tuitionand  Full Time:
While Attending  Fall Independent  Retail Employed Expenses Independent
School Semester Small sales From Small
Business Savings Business
Federal Owner Owner
Financial (Catering (Photography
Aid Business) Studio)
Support:
Spring
Semester
Head of Yes Yes Yes Yes Yes Yes
Household
Number of None None None None None Three
Financial
Dependents
Documented None Numerous None Juvenile
Physical surgical Arthritis;
Disability procedures Crohn’s
on feet; Disease
unable to
stand for
long periods
Accumulated 30 55 30 60+ 60+ 60+
Community
College Credit
Hours (sem. hrs.)
Previous None None None Out-of- None Out-of-State
Academic- State Summer
Related Summer Experience
Internships Experience
Previous None None None None Weekend Digital
Relevant Volunteer: Video/Image
Life/Professional Hospital Editing
Experiences Medical
Laboratory
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The age of study participants ranged from twenty to forty-five years old. The
mean age of participants was 29.5 years, while the median age was 32.5 years. Tabitha,
the youngest, was the only participant who was not Caucasian. All participants had
received a high school diploma or a GED, but only Joshua had previously attended
college. His first Associate’s Degree, in Audio-Engineering, was awarded by an out-of-
state community college. All participants attended college full-time, all characterized
themselves as head of the household, and five out of six (83%) were financially self-
supporting. A majority of participants (66%) worked either full-time or part-time while
attending school full-time. Two participants were small business owners. Catherine
operated a catering business and Sam was the sole proprietor of an independent
photography studio. There were also two participants with documented physical
disabilities. Catherine had recently undergone a series of four different surgical
procedures to realign the bones in her feet. She was not able to stand for long periods of
time, but she was ambulatory. Bryan had been diagnosed with juvenile arthritis at the age
of twelve. In the year preceding his URE participation, he was also diagnosed with
Crohn’s disease, an autoimmune disorder associated with gastrointestinal disease.

All students had completed the equivalent of the first year of college coursework,
while four of the six participants had accumulated enough, or almost enough, college
credits to graduate from a community college. Bryan and Sam had both previously
participated in academic-related summer internships. However, only Joshua and Sam had

previous life or professional experiences that provided requisite laboratory skills specific
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to their assigned research setting. In the next section of this chapter, their life histories are
described in more detail, using their own words and with observational detail offered by
the researcher.
Andrea

Andrea was from an extremely large and close-knit family. She had seven
brothers and sisters as well as two step-siblings, acquired when her father remarried
several years ago. Her parents divorced when she was young; however both parents still
reside in the same small community in Maine. Andrea described her adolescence as
“troubled,” explaining that:

I've always been very much of a perfectionist, but I kind of lost that ‘cause |
moved out of my parents’ house when [ was fifteen. Due to problems at home
and, you know there were so many people there that | moved into an apartment
that’s right next door to my dad’s house. And then I had to support myself; I had
to pay rent, pay bills, so my devotion to school, well, | actually, emancipated
myself when | was sixteen.

She worked at a variety of food-service related jobs until she turned twenty-one
years old. At that time she enrolled in an adult education program and completed her
GED. She was an intelligent young woman, who is now extremely committed to her
educational goals. Her academic aspirations included completing an Associate’s Degree
in Nursing, followed by transfer to a prestigious liberal arts college in Maine where she
planned to complete an undergraduate degree. Her long-term educational goals included
medical school, with an interest in a surgical specialization. In this excerpt from the first
interview, Andrea described her thoughts when her research mentor provided her with

journal articles that he intended would provide background information for the work done

in his laboratory:
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I've read maybe two or three of them [articles]in the past, and he’s handing me

fifteen. 1 was just really overwhelmed by that. And after the first week which was

a four day week, | spent the three day weekend finishing the reading. | went into

the lab on Monday, and I was talking to him, and he was just, like, “Well you

know, I was planning on having you finish that reading this week, like, I can’t
believe you did it over the weekend.” Like so, apparently I was ahead of the
game. Which was good to hear...but that was, that was pretty much my main
concern, because he wanted to get me caught up to date on what he’s done. But
he’s done so much...that it’s like, how?? He’s been working with fruit flies since
before I was born, so... how can I really get caught up to date inside of a week or
ten days?

This excerpt illustrates Andrea’s eagerness to demonstrate her motivation and her
work ethic to her research mentor and lab colleagues. It also highlights Andrea’s
concerns for what only she perceives to be her educational inadequacies. In addition,
notable in this dialogical exchange between student participant and research mentor is a
lack of clearly communicated educational objectives and realistic completion schedules.
Andrea was left to make assumptions regarding the research mentor’s educational
intentions. Unclear and misinterpreted communications were a recurring theme in this
laboratory.

Catherine

Catherine was the oldest of the student participants at age forty-five. She was a
resident of a remote, rural, northern Maine community. She was single, had never been
married, and had no dependents. She was the owner-operator of a small catering business
that specialized in pastry and dessert items. She had recently undergone several
debilitating foot surgeries, which had required extensive bed rest. At the time of the URE
she was ambulatory, but unable to stand for long periods of time. Catherine had only one

more college course to complete to finish her Associate’s Degree in Science. Prior to

beginning her URE she had expressed an interest in pursuing an undergraduate degree in
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Food Science or Nutrition at one of the state universities. However, she also mentioned
the tenuousness of that decision and confided that one of her primary interests in the
summer URE was to clarify her academic goals. During the first interview session, which
took place after Catherine had completed one week of her internship, she commented:

A lot of science is very repetitive and very precise, exactly the same, all the time.

Which I have to say, is kind of similar to like working in restaurants, in a way.

You have to prepare the same meal exactly the same way, every single time. So in

that way, there isn’t a lot of difference between a scientist and a chef.

Catherine’s URE took place on the campus of a small state university. She was
one of two students in this study who participated in a research dyad. Although her
research mentor had previously administered an active research program in Drosophila
melanogaster (fruit fly) genetics, she was the only student researcher in his laboratory
last summer. Catherine was an animated and effusive conversationalist, which was
remarked upon by her research mentor during the final interview. Where a younger
student researcher might have been hesitant or uncomfortable engaging in conversation
throughout the workday, Catherine was not.

What I'm saying is that I actually found myself engaged in discussions with her

about stuff I was doing. If I'd be scratching my head about something, and | had

this little problem...and there’s a sort of a practical aspect to it where it wasn'’t
like totally, “You have to know all about this to discuss it,” I'd talk to her about
it, you know, and she would get interested in it. That was another thing I noticed
about her, she would get interested in what | thinking about, and actually make
some contributions.

Their collegial relationship had several significant nuances which contributed to the

development of the theoretical model of this study. The dynamic between Catherine and

Dr. Mosconi will be explored in greater depth, in a future section of this chapter.
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Tabitha
Tabitha was the youngest student in this study and the only participant who was
not Caucasian. Her mother was Haitian and her father was Caucasian. Her parents
divorced shortly after Tabitha was born. Her mother currently resides in another state,
and she is not in touch with her father. Her only sibling, an older sister, resides in Maine.
Tabitha received her diploma from a small, private, Christian high school and has
completed the equivalent of one year of college coursework. While attending school full-
time she also worked approximately thirty-five hours a week at a trendy retail boutique.
She was extremely personable and, of all the participants, she was the most socially and
culturally adept and adaptable. At the completion of the URE, Tabitha intended to
transfer to a second community college to complete an Associate’s Degree in Dental
Hygiene. Prior to beginning the URE her professional aspiration was to become a dental
hygienist, and she had only casually considered pursuing a graduate degree in dentistry.
Had | considered maybe pursuing dental school after | was done with dental
hygiene? Yes and No. It seemed that all the important people around me had been
telling me to go for it! They saw the potential in me...which at times I did not see.
| also felt like pursuing a graduate degree would be too much work and all along
I was looking only to just get a good job and make it. / definitely didn’t want to
pursue anything if the only drive | has was that I could potentially make more
money.
This excerpt, from her second interview, occurred at the midpoint of the
internship. It is suggestive of the gains in intellectual confidence she has made and

foreshadows the effect this may have in re-shaping her academic and career goals.

So far, it’s not what I thought it would be. ‘Cause I thought it would be, I don’t
know ...I thought, way more math and all that stuff involved. And it’s just like if
you learn it, and someone shows you once, then you kind of pretty much know
how to do it the next time. So I think in that area, it’s less intimidating than I
thought it would be. But we’ll have to see... You have to come ask me the last
week, and then I’ll tell you in the end.
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Bryan

Bryan was twenty-eight years old and a first generation college student. He lived
with his parents and depended on their financial support. He had two significant health
issues. He was diagnosed with juvenile arthritis at the age of twelve, and in the year
preceding his URE participation had been diagnosed with Crohn’s disease. He had
completed four semesters of community college coursework, which included two
semesters of chemistry. However, he had not taken any biology courses. This lack of
academic preparation proved to be a serious challenge for him during his URE. His
frustrations were highlighted in this quote from his second interview:

I really didn’t have a clue what they were doing in the lab. I wish I had done more
research into the technical aspects of what they were working on, ...I didn’t even
know what genetics was, let alone what it was like to work in a laboratory, so that
was all new and | had to start from scratch in my efforts to learn it. It was like
taking a crash course in biology in a week.

After his first year of college coursework, Bryan participated in a summer
internship program sponsored by Vassar College in New York. This on-going program
heavily recruits first generation community college students of lower socio-economic
status to explore transferring to VVassar. Numerous Maine community college students
have participated in this program, including Sam, who was also a participant in this
study.

Bryan had applied, and had been accepted to Vassar. He would start classes there
immediately following the completion of his URE. He hoped to attend a New England
medical school, specializing, perhaps, in psychiatry. He had also given some
consideration to a MD/PhD dual-degree program. Bryan’s lofty academic and

professional aspirations were not supported by clear and achievable intermediate goals.
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Most notable, compared to other participants, were his social immaturity and his inability
to match his efforts with his lab colleague’s expectations. This quote from his first
interview session illustrates both his disengagement and his ingenuousness regarding
laboratory responsibilities:

The first week wasn’t very exciting to me, but one of the things that stands out in
my mind was that I was in Professor SE’s lab wearing a lab coat and | had the
gloves and the goggles on and [ was walking around saying, “I’m a scientist, I'm
a scientist.”... That was kind of exciting.

Joshua

Joshua was twenty-nine years old. He was a first generation college student. He
was self-supporting, and financed his first year of community college expenses from
savings. He owned a home, which he attempted to sell during the summer of his URE
participation. He had completed two semesters of community college coursework
immediately prior to his URE participation, but he was the only participant with previous
college experience. He had pursued several other vocations before deciding to return to
school. During the first interview he explained:

And I realized that I wasn’t making enough money and there were always people
around that could replace me. And the employers could always use that against
me by paying me less or, demanding certain things. So I decided | needed to stop
doing this and go back to school. So, that’s well, when I decided to g0 back to
school. I looked at community colleges, only because the tuition was cheaper.

Joshua’s immediate educational goals included completing an Associate’s Degree
in Health Sciences or Applied Sciences. He was committed to completing an
undergraduate degree in science, but was uncertain about a specific field of study. He

sought academic and professional goal clarification during his participations in this study.
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During his URE he began to explore the possibility of graduate study. Joshua readily
admitted that he was socially awkward and lacked self-confidence.

No, when | talk to these people in the lab, and they 're going for their Master’s
degrees and they are younger than me. You know, we talk about the same things,
we have the same questions about, you know, genes, and things, and ...7 feel like
I’'m on the same level as them, they 've just had a little more experience. And |
don’t think that they think of me as you know someone who is, you know, less
smart.

As the internship progressed, his confidence in his technical skills and his
perceived positive contributions to the lab research efforts elevated his self-assurance. Of
all the participants, Joshua was the most prolific electronic author. He took full advantage
of the reflexivity and peer interactivity this medium offered. His gains in self-confidence
and social acumen may be partially attributed to his electronic introspection. However,
his need for peer recognition and validation did not diminish during the course of the

internship.

Samuel

Samuel (Sam) was thirty-two years old, married and the father of two children.
His daughter was fourteen and his son was eight years old. The semester preceding his
summer internship he had transferred from a community college to a large state
university. He had not declared a major at the time of the URE, but had sufficient
coursework to be considered either a physics major or an engineering student. When
asked during the first interview what advice he would offer to a community college
student preparing for a similar URE, he remarked:

If you, if you come, you know, you should have your own ideas about what the
research is about, and take a little piece of that, and make it your own. And not
just go in — because there's a lot of people at community colleges, especially
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where | went to — where it's very trade oriented, it's very "go to work"”. And this is
a little different, and I, I'd just want, I'd probably want to make sure that they
could make that distinction, and know that if they want to get out of it all that
they can, they should understand that it's about the research, it's not about just
doing the work.

While attending school full-time, Sam also owned and operated a successful
photography studio. His previous professional experience included computer-image
enhancement and video-editing for a regional newspaper. He is self-assured, self-reliant
and readily accepts responsibility. His comments from the first interview reflect how
significant these personal attributes were in defining his relationship with his research
mentor:

And, if you let him, he can throw you off your game, if you're not confident in
what you're doing, or confident in yourself. And even if you are, you still have to
recognize that he can throw you off your game, and that he doesn't mean to,
that's just his personality, and that's how he operates. So, somebody who's a little
newer than the rest of us... might... really get taken off track.

Research Mentors: A Composite

The six research mentors who participated in this study have collectively
published over one hundred peer-reviewed articles during the last nine years.
Cumulatively, their institutional experience totals over one hundred and thirty years.
Although all the research mentors maintained active research programs, three of the six
received federal and local funding to support their research endeavors. All the research
mentors had attained the status of full Professor. They received their doctorates from
prestigious institutions that included Harvard University, Johns Hopkins University, Penn
State University, State University of New York and New York University.

Demographically they were a homogeneous group. All mentor participants were
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Caucasian and all were fifty years old, or older. Two women and four men participated as
research mentors in this study.

Three of the six research mentors had themselves participated in some form of
research project/program as undergraduates. Overwhelmingly, they all reported positive
benefits from the experience and each described the influence it had had in their personal
educational and professional choices. An excerpt from Dr. Mosconi’s (Catherine’s
research mentor) interview is representative of the experiences reported by the two other

mentors. This is his response:

| think everybody feels that way, when they get to see, like see something done at
a professional level. To stand alongside somebody, and watch them do it or to sit
there and actually get a chance to do it themselves... |t doesn’t matter that it’s a
skill that you have to learn that you'll never use again. It’s just the doing of it,
when you 've never done anything quite like it before. For me I think, for me that
was the first, sensation, that first revelation of - this is what these dudes do. This
IS the kind of thing they do, and it’s what I would do in a real research project.
His words echo what Seymour, et al. (2003) described as two common benefits
expressed by the URE participants they interviewed — acquisition of technical skills and
personal identification with the professional scientist role. So it is interesting to note that
research mentors in this study would report the same benefits, even after more than
twenty years had passed. The influence of mentor relationships, reported by student
participants in previous studies, had a pivotal influence on perceived URE outcomes. The
positive influence of the mentor relationship for Dr. Mosconi is evident in his account of

his URE participation. The mentor-participant relationships that existed in this study are

explored in detail later in this chapter.
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Lab Colleagues: A Collection of Their Impressions

A total of thirteen lab colleagues co-participated with the community college
students in this study. They worked in three different laboratories on the campus of the
large research university and a single laboratory at the small private college. In each
setting, the number of lab colleagues ranged from two to five students. Of the thirteen
students, ten were Caucasian: eight were female and five male. The majority of the
student lab colleagues (60%) were twenty-three years old or more. Most of the students
(62%) had worked in their respective laboratories for more than a year. Only two students
participated as volunteers; the remaining lab colleagues received stipends for full-time or
part-time commitments. All student lab colleagues reported a GPA of 3.0 or higher, and
only one student was not an in-state resident. A single representative lab colleague from
each of the four laboratories was solicited for an interview. Interestingly, of the four who
volunteered to be interviewed, three had either attended a community college or had been
employed by a community college. Their perspectives of community college facilities
and academic rigor are based on actual, but limited, personal experience.

All the lab colleagues interviewed for this study described the community college
laboratory facilities as adequate, but below the standards of the facilities at their home
institutions. The laboratory equipment was characterized as “dated.” All the students
noted that the academic rigor of community college coursework was less challenging
than courses they had taken elsewhere. Lastly, all lab colleagues, during the course of the
interviews commented on the vocational focus of community colleges. Here is a short
excerpt from one of these interviews:

Derek, lab colleague of Joshua: I didn 't take the chemistry at my normal school
so I can’t really compare them directly. But, I did find it was pretty easy, I didn’t

95



have any trouble, and | had almost 100% in the class. And it was, compared to
the school that [ was going to, pretty..., I didn’t have to work very hard. But |
don’t know. I found that it was kind of similar for a lot of people in the class, as
well. It felt a lot like high school.

Tracey, lab colleague of Andrea: That in general, probably the courses don’t
require the community college students to think as much. Range, as far as the
range is concerned I don’t see a huge difference in the courses that they need
compared to the courses that traditional college students need. But yeah, in
general, | think probably the course loads are different and in what is expected of
the community college students, it’s probably less.

For the non-traditional students who participated in this study, negotiating peer

acceptance and garnering peer recognition were social tasks that were at least as

important as the acquisition of scientific knowledge or demonstrated proficiency in

science-related technical skills. The community college perspectives described by their

lab colleagues served to reinforce an implicit laboratory social structure that proved

difficult to access. Barriers to establishing a presence in the social network included

overcoming this stigma.

Significance of Participant Groups Diversity and Homogeneity

This study included three different groups of participants. Non-traditional

community college students were the population of primary interest. The heterogeneity of

their demographic and personal characteristics reflects the diversity found in the greater

community college population in Maine, and the U.S. However, it is the relative

demographic homogeneity of the two remaining participant groups that strengthens the

credence of the cross-case analyses that follow. In this study, the demographic similarity

amongst the research mentors results in demographic homogeneity in this participant

group. The research mentors are similar in age, race/ethnicity, institutional rank and years

of teaching and research experience. The third participant group, the lab colleagues also
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demonstrate surprising demographic similarity. Lab colleagues were similar in age,
race/ethnicity, in academic rank, in number of years of laboratory experience, in financial
support provided by the laboratory, and in their cumulative grade point averages.

The purpose of this study was to compare differences in organizational structures
and social climates in academic research laboratories and to determine to what extent
these differences influenced the perceived benefits of URE participation for non-
traditional students. Interpretations of these laboratory differences were rendered more
meaningful because demographic variability in laboratory personnel could be eliminated

as a consideration that might have influenced participants’ reported outcomes.

Theoretical Model of Non-Traditional Student URE Participation

Introduction

The theoretical models for this study were developed during the data analysis
phase. More than one hundred different, specific, open-coding categories were created
from interview transcripts and electronic journal entries (See Appendix S). Careful
examination of these coding categories yielded textual frequency patterns that, with
refinement, resulted in two axial coding categories: structural organization and social
organization (See Appendix Q). In this study, analysis of the collected textual data
resulted in 50% of all participant references assigned to open coding categories related to

organizational structure or social climate (Figure 4.1).
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Open Coding Categories by Responses

B Leadership
Emphasis

m Social Climate

B Training Emphasis

m Organizational
Structure

H Self-Confidence

mRQ#3

= Other

Figure 4.1
Frequency of Participant Responses Related to Laboratory Organizational Structure and
Social Climate

The open coding categories related to social organization are: leadership emphasis
(20%), social climate (11%), training emphasis (7%) and references to student self-
confidence (5%). Textual references in participants’ transcripts related to organizational
structure were 7% of all references coded. Half of all comments made in interview
sessions, electronic journals and from field observation notes were related to the first two
research questions of this study, while another 25% of the total participant discourse
referred to categories directly related to Research Question Three. These will be
thoroughly described in Chapter Five. Lastly, note that, the remainder of participants’
comments were placed in coding categories not directly related to any of this study’s
research questions. Examples of these open coding categories included: description of

participants’ housing situation, description of distractions in personal life that influenced

98



perceptions of URE and characterization of facilities and equipment of community
colleges.

The present research questions reflect the importance participants assigned to
structural organization and social networks for non-traditional student acculturation in
academic science laboratories.

1. In what ways does the organizational structure of an academic research

laboratory influence acculturation for non-traditional URE participants?

2. In what ways does the social climate structure of an academic research

laboratory influence acculturation for non-traditional URE participants?

Definitions

Before turning attention to the proposed theoretical model for this study, relevant
terminology is briefly reviewed.
Acculturation: a process that occurs for adults of a non-dominant culture who make
contact and participate with a new dominant culture.
Learning milieu: the total learning environment; includes people, places and things.
Vocational habitus: a set of behaviors and attitudes that accompanies a
professional/vocational identity.
Cognitive apprenticeship: expert-directed experiences that introduce the novice to
intellectual strategies for navigating the complexity and ambiguity of professional

responsibilities; mentor often shares his or her meta-cognitive processing with apprentice.
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Theoretical Model of URE Participation Acculturation Outcomes for Non-
Traditional Students

The theoretical model for this study is adapted from Berry’s model (1990, 1997)
of acculturation for refugee and immigrant populations. In his model, acculturation
outcome categories are determined by the extent that the non-dominant population
accepts or rejects cultural norms and values of the dominant culture while retaining or
abandoning the cultural norms and values of the culture of origin. Berry proposes a
simple 2 x 2 matrix that represents the acculturation outcomes of all possible interactions
between the dominant and non-dominant culture. A representation of this matrix is

presented in the table below.

Table 4.2

Berry’s Model of Acculturation Outcomes

Values and Norms Values and Norms of
of Dominant Dominant Culture:
Culture: Accepted Rejected

Values and Norms

of Culture of INTEGRATION SEPARATION

Origin:

Retained

Values and Norms

of Culture of ASSIMILATION MARGINALIZATION

Origin: Abandoned

For this study, the matrix is adapted to reflect the levels of social acceptance and
professional competence members of the non-established culture report they have
achieved, compared with levels of social acceptance and professional competence
reported by members of the established culture. The adapted matrix is presented in Table

4.3 below.
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Table 4.3

Model of URE Acculturation Outcomes for Non-Traditional Students

Laboratory Laboratory Members
Members Report Report Social

Social Acceptance  Alienation and/or
and/or Professional ~ Professional
Competence Inadequacy

Participant Reports

Social Acceptance  INTEGRATION SEPARATION
and/or Professional

Competence

Participant Reports

Social Alienation ASSIMILATION MARGINALIZATION
and/or Professional

Inadequacy

For all participants, members of the established and non-established community
alike, estimations of social acceptance and professional competence were based on
perceived changes in the laboratory social climate. In turn, the social climate was directly
influenced by the laboratory organizational structure and social structure. For non-
traditional students, then, the laboratory organizational structure and social structure
significantly influenced the perceived benefits of URE participation. Organizational and
social factors that contributed positively to the warming of the social climate increased
the likelihood of participant integration and laboratory productivity. Organizational and
social factors that cooled the social climate diminished the likelihood that participants
would report positive benefits, and resulted in diminished laboratory productivity. Inter-

relationships between these sets of situational factors are represented in Figure 4.2.
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Established Community
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*Productivity [ Social Climate
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Possible Outcomes
for Student
Participant:
*Integration

*Assimilation
*Separation
*Marginalization Newcomer

Student
Participant

Figure 4.2
Possible Outcomes of URE Participation for Non-traditional Students
Organizational Structure

Within the established community of the academic research laboratory, it is the
mentor who institutes the organizational structure. This organizational structure may be
maintained, or even modified by other laboratory personnel, but it is not possible for
student personnel to alter the laboratory organizational structure. The laboratory
organizational structure relies on an organizational model. In some laboratories the model
chosen is hierarchical; in others, an egalitarian model is utilized. The hierarchical model
places an emphasis on the individual. Individual merit and individual accomplishment are
recognized. In contrast, laboratories that operate under the auspices of an egalitarian

organizational model maintain a focus on group accomplishments. Collaboration among
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lab colleagues is emphasized and gains made by the group are recognized. The outcome
for students in laboratories employing the hierarchical model is dependence. The
reference here to dependence does not imply psychological or intellectual dependence,
but rather refers to scientific or experimental dependence. While the rewards for
individual success maybe great in the hierarchical model, the risks for individual failure
are even greater. Therefore, individuals working in this research setting often achieve
experimental or protocol improvement, but rarely advance to experimental or protocol
innovation without the intercession of the mentor. Students bound by the dependent
category operate within a model that yields reluctance for experimental innovation, which
retards their transition to cognitive apprentice.

Students working in laboratories with an emphasis on the group are able to
distribute the risk of failure that accompanies innovation. Although the rewards of
success are shared, individual researcher autonomy is more likely to result. Laboratory
personnel who experience shared success gain researcher confidence. These students
become more independent in their pursuit of innovation. Once student-researcher
independence has occurred in a laboratory setting where negative consequences for
experimental innovation are minimized, there is an accelerated transition to cognitive
apprentice.

Leadership

A second responsibility of the research mentor is to determine whether the
leadership emphasis will be unilateral, bilateral or multilateral. Unilateral leadership
emphasizes singularity in decision-making. In laboratory settings where the leadership is

unilateral, student life experiences are de-valued. Student self-esteem is either
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unchanged, or is diminished. In academic research settings with bilateral or multilateral
leadership, student(s) and research mentor share responsibility for decision-making.
Student life experiences are valued and student self-esteem is either unchanged or
increased. There is an increased likelihood that the transition from neophyte researcher to
cognitive apprentice will occur. When multilateral leadership is found in the academic
research laboratory, democratic decision-making predominates. Multilateral leadership
requires a higher level of trust between laboratory personnel, and therefore, achieves the
highest level of intra-group trust.
Training Emphasis

In this theoretical model, training emphasis in an academic research laboratory
may be formal/structured or informal/serendipitous. The research mentor may not be the
primary trainer of new laboratory personnel. In many research laboratories, training
responsibilities are delegated to experienced student researchers. Nonetheless, it is the
mentor who determines the model for training novice student researchers. Together, the
leadership emphasis and the training emphasis define the social climates of research
laboratories. Embedded within the boundaries of the social climate is the laboratory
social network, where newcomers interact with research mentors and lab colleagues.
Although the academic research laboratory social climate is established by the research
directors, this climate is maintained and often influenced by student lab colleagues. For
newcomers, negotiating status in the social network begins by gaining familiarity with
the learning milieu. As familiarity expands, students begin status negotiations of
intermediate priority and acquisition of vocational habitus. These two status negotiations

are not necessarily mutually exclusive, therefore gaining familiarity of the learning milieu
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may occur simultaneously with acquisition of vocational habitus. However, the final
negotiation priority, induction to cognitive apprenticeship, is not initiated unless some
level of demonstrated achievement of initial social network negotiations has been
accomplished. Lab colleagues may formulate stereotypes regarding community colleges
and community college students which become significant factors influencing the
perception of newcomer achievement in these social network negotiations.
Acculturation Outcomes

Student perceptions of success in these realms of social network negotiations are
either confirmed or refuted when compared to the perceptions of laboratory personnel.
When perceptions between newcomers and established community are confirmatory,
experiential congruence exists. When there is disparity in perceptions, experiential
dissonance has occurred. Newcomer integration has occurred if both the student
participant and the laboratory members are matched in their perceptions of positive gains
in social acceptance and professional competence. Their viewpoints demonstrate
experiential congruence. Students who report positive gains in social acceptance and
professional competence, not matched by the perceptions of other laboratory personnel
do not become integrated lab members and remain separate. In a situation where neither
the student nor other lab personnel report substantial gains in social acceptance or
professional competence, there is no gain in status in the social network. These students
experience marginalization during URE participation. Acculturation outcomes, as we will
see, significantly influence the reported benefits and academic aspirations of non-
traditional students. Re-evaluated academic choices re-direct professional interests and

career choices for these students.
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Findings Related to Research Question One

In what ways does the organizational structure of an academic research laboratory
influence acculturation for non-traditional URE participants?
Organizational Models

Hierarchical and Egalitarian Models. A hierarchical academic research
laboratory is characterized by well-defined roles for all laboratory personnel. These roles
are based on prestige, experience and academic ranking. The research director is the
faculty member responsible for directing the research efforts of the lab members. In some
academic laboratories, a post-doctoral fellow oversees the daily operations of the
laboratory and, in turn, has major responsibilities for the coordination of the daily
research efforts of laboratory personnel. In this study, only one of the academic
laboratories had a post-doctoral fellow. He was an international student, managing the lab
for Dr. Stardusky, on the campus of the large research university. Bryan was the non-
traditional student in this lab. In the other participating laboratories, anywhere from zero
to four graduate students were employed on projects during the summer of 2008. In
addition, three of the participating laboratories had at least one other undergraduate
student (besides the non-traditional student). The laboratories with no other
undergraduate students were: Dr. Stardusky’s lab (Bryan, community college
participant), Dr. Mosconi’s lab (Catherine, community college participant) and Dr.
Sherwood’s lab (Sam, community college participant). Five of the six research

laboratories were based on a hierarchical model of organizational structure.
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Table 4.4

Research Laboratories Utilizing Hierarchical Model

Lab Director Stardusky Mosconi Dugan Arquette
Post-Doctoral

Fellow/Lab 1 0 0 1
Coordinator

Doctoral

Students 0 0 1 0
Master’s Degree

Students 6 0 1 2
Undergraduates 0 0 1 2

Non-Traditional

Student Bryan Catherine Andrea Joshua

Viewed from the perspective of the established community, one of the advantages of

the hierarchical model is its efficiency.

Dugan: Obviously the amount of teaching warps everything. I don’t have much
time myself to do research during the school year. | rely on the undergrads and
the grad students, but so does everyone else here. So, come summer it’s the one
time | can get out in the lab which I can’t do the rest of the year. \We are just too
busy as faculty especially because | teach both semesters. | teach a 400 course. It
has its advantages. It’s a chance to recruit students to work in the lab. So many of
them have already made commitments for the summer, but I'm back up to what
1'd consider is an appropriate number of students working in the lab. | have one
doctoral student, one master’s degree student and one undergraduate who’s
doing her honors project over the summer. Graduate students require less of an
investment of time than undergraduates...but it does take a while to get a student
fully integrated into the lab.

Stardusky: Well this summer, is a little strange actually, | have more graduate
students working in the lab, than I do undergraduates. | usually have five or six
graduate students and four or five undergraduates, but this summer, the
community college student will be the only undergraduate. | had four
undergraduates in the spring working on their capstone projects, but they have all
finished and graduated. So this summer | have six graduate students and one
post-doc. | am not able to spend as much time in the lab any more, sadly, | spend
a great deal of my time now writing reports and writing papers. But I do try and
walk through the lab a couple of times each day to check on my students and to
answer any questions that they have. But everyone in the lab is so close, they help
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each other and the post-doc is very helpful in directing and helping students with
their individual projects.

Communications among laboratory members can be targeted to the most appropriate
individual(s), which minimizes the frequency and duration of information-sharing occasions
that are necessary to maintain coordination of laboratory activities. However, for non-
traditional students, these short and direct task communications were often viewed as terse
and alienating. Compare the perspectives of Joshua and Leslie, the lab coordinator for Dr.
Gillian Arquette.
Leslie: I usually make sure that the undergraduates are checking in with me every
day when they come into the lab to get instructions and updates on what is going
on in the projects they are involved with and what are the top priorities for that
day. I also have them check-in with me throughout the day, if they have any
questions about results or what they are doing. And | make sure that they report
to me before they leave about what they accomplished that day and what is left to
be done later, and any concerns that they may have.
Joshua: Leslie is complex...sort of. She doesn’t seem judgmental, but she might
have a slight ego about her knowledge level. She seems to occasionally not
explain the details about why we do things a certain way. | usually ask and she
tells me. She likes to let everyone know how busy she is, a lot. Most of the time she
delegates tasks to the undergrads or me and I guess that makes her busy. She
spends a lot of time on the internet.
The two laboratories characterized as egalitarian were coordinated by Dr. Angela Cook
and Dr. Robert Sherwood. An egalitarian model of organizational structure values
democratic principles. In Dr. Cook’s lab, members shared responsibilities, perhaps not
always equally, but certainly, equitably. Each laboratory member had loosely-defined
roles and each member was recognized as equally competent. For this lab, daily morning
meetings were required to coordinate the lab activities of the day, but afterwards, Dr.
Cook would often find it necessary to be elsewhere on campus or at various off-campus

locations. A single experimental procedure was undertaken by the group each day, with

each member responsible for some aspect(s) of the protocol. Throughout the day,
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students in this lab continuously communicated their progress to each other. There were
no clear experts or “specialists” in this lab. The three students by necessity had to share
information continuously in order for a procedure to move forward. As a group, they
developed more sophisticated communications, or as Tabitha remarked, “We had to
conversate with each other a lot.” These verbal exchanges provided opportunities for
memorable reinforcement of important lab procedures. In short, these students facilitated
their collective transition from pre-reflective learners to contextual learners. As has been
previously mentioned, there was striking demographic homogeneity in this group of
students. All three students were undergraduates, and each had just completed his or her
freshman year.

Although characterized as egalitarian in organizational structure, Dr. Sherwood’s
lab is better characterized by the social interactions that occurred in the research dyad.
This dyad consisted of the Sam, the student participant, and Sherwood. In this study the
second research dyad consisted of Catherine, the student participant, and Dr. Mosconi. In
these research dyads, there were no lab colleagues. The organizational structure was truly
defined by the relationship that existed between research director and non-traditional
student. Between the two research dyads, these relationships were very different.
Therefore, these differences will be discussed in the Findings section for Research
Question Two.

Organizational Emphasis

Focus on the Individual. In the four academic research laboratories where the

hierarchical model operated, the primary organizational emphasis remained focused on

individual effort. Students’ achievements were attained and recognized as individualistic
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efforts. Lack of success was also attributed to individual student researchers. If student
efforts were not recognized as group collaboration, they could not be rewarded on group
merit. Implicit pressure for individual success resulted in subtle and not-so-subtle
competition between lab colleagues in these research settings. For one non-traditional
student, pressure for success ultimately resulted in overwhelming loss of self-confidence
and self-destructive behavior near the end of the internship. For other non-traditional
participants, it sparked serious inventory of self-worth.

Andrea: | show up to the lab around seven am or so and that gives me at least an

hour to "make home," and also that way if | want to do research of my own, I can

use the equipment before the graduate and pre-med students arrive, so that | do
not feel that | am in anyone else's way.

Bryan: | feel like the, the lab research was already set up before I got there.

And... I was just kind of an extra person ...didn’t really feel comfortable asking

the professor if I could... do something specific. I kind of wanted to wait for him

to tell me to go ahead and do it. And it seemed like everybody had, that all of
their jobs were already outlined. You know what I mean? And I didn’t really
have a job that was outlined.

An organizational structure that is built on an egalitarian model results in more
frequent and sophisticated intra-group communications, recognition of collaborative
efforts and diminished performance pressure for non-traditional students. Although only
two research groups permanently adopted this model, the Stardusky lab sporadically
utilized the egalitarian model when soil samples had to be retrieved from remote field test
sites. For the URE participant in this lab, this organizational shift was unexpected and
disorienting. Established hierarchical roles were displaced on those days when the entire
lab re-located. For the graduate students in this lab, the field research was a welcome and

relaxing change from the research laboratory. Their hierarchical status was easily laid

aside on those days, but for Bryan, days in the field were another proving ground, another
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environment where his status had to be earned. While other students in the Stardusky lab
looked forward to fieldwork, Bryan came to dread it.
Outcomes for Non-Traditional URE Participants

Selection of an organizational model by research directors is not typically a
conscious decision. For most mentors, the structure of their laboratories is similar to the
structure of the laboratories they worked in as undergraduates and/or graduate students.
Dr. Cook is the single exception. During the final interview she confided that, “there was
no way [ was going to run my lab the same way my dissertation adviser had... I barely
survived that experience, and I certainly didn’t want to perpetuate it for the next
generation of scientists.” And so, laboratory structures evolve over time. What was
successful or necessary when mentoring a great number of students during the
supervision of an active research program at the beginning of a faculty career might not
be successful or required now. The hierarchical model is adapted by most, because it is
the model of academia. It is familiar.

In this study, the influence of organizational structure on acculturation outcomes
for URE participants fostered either student-researcher independence or student-
researcher reliance. Five of the six non-traditional students participated in labs with a
hierarchical structure. They faced a work environment that emphasized individual effort
and individual success, placing them in direct or indirect competition with their lab
colleagues. These very same people were often responsible for their training and their
performance evaluations. For all the participants, the lab colleagues were the only other
peers they knew at their ‘away’ institution. In the hierarchically-structured laboratories,

the emphasis on individual success inhibited their willingness to take risks. None of these
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students chose to undertake an individual research project for the internship. All preferred
to assist others in their projects or expressed interest in learning a variety of laboratory
techniques. For Andrea, especially, the perceived need to help others in her research
laboratory subverted her own research interests and ultimately became status threatening
for at least one of her lab colleagues.
Dugan: So she’s helped quite a bit with the other undergraduate’s project (honor
thesis). Andrea asked to be trained in a lot of different areas, that was really
important to her, she wanted to help other students in any way that she could.
Andrea: I've been practicing doing injections to bathe the heart in ionic solutions
so that I can be helpful to the other students in the lab. Having the space to myself
was nice because | didn't feel like my practicing was in the way of the real
research.
Tracey: | think she wanted - she was here a lot. You know, I think she wanted to
be here in case something was going on. So she just kind of busied herself doing
that. You know what | mean, waiting for something to happen, so she could be
involved, yeah. Also, she was here in the lab, much more than I was, so it was just

[lab colleague] and I that were, pretty much, the only grad students here
throughout the summer.

Andrea, Joshua and Bryan relied on their lab colleagues or their research mentor
to select, to teach and to evaluate the science processes practiced in their laboratories.
This reliance ensured their dependence. In a dependent relationship, one rarely gains self-
esteem or self-confidence. Certainly, Andrea and Bryan did not. Joshua, both on the
electronic discussion board and in his electronic journal referred to this reliance on others
for information. He called them “information keepers.”

There are people that withhold the extra information. You can ask a question
and they'll give you a straight answer, but will not give you the surrounding
information, so that you can have an understanding of the whole issue. It keeps

you from coming back to them for questions - which keeps them in a position of
power over you. And, ah it’s important to be aware of those people.
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During the course of the internship as Andrea and Joshua gained practice and experience
in the laboratory, as they negotiated the learning milieu, their reliance on others was
diminished. For these two participants, reliance on others in their laboratories for
training and technical direction resulted in losses of self-confidence. However, as the
internship progressed, some of these confidence losses were regained, as their technical
expertise increased and their experiences broadened.
Joshua: When I talk to these people in the lab, and they re going for their
Master’s degrees and they are younger than me, you know, we talk about the
same things, we have the same questions about, ah, you know, genes, and things,
and ...1 feel like I'm on the same level as them, they 've just had a little more
experience. And I don’t think that they think of me as you know someone who is,
you know, less smatrt.
Tabitha, like Andrea, Joshua and Bryan, was also a member of a research triad.
The organizational structure in her URE laboratory (Dr. Angela Cook) has previously
been described as egalitarian. The organizational emphasis in this laboratory was on the
group, and collaboration was promoted as a primary means of interpersonal interaction.
Tabitha and her lab colleagues developed novice researcher independence. After initial
mentor guidance, Tabitha and her lab mates designed, problem-solved and completed a
series of experiments investigating correlations between changes in murine bacterial
populations and mandibular bone resorption. In the last weeks of their internship, this lab
group created a poster depicting their experimental results and participated in a poster
presentation session at a regional conference of student scientists. Most remarkable about
Tabitha and her lab colleagues’ accomplishments, these three students had just completed
their first year of college coursework. Their autonomous success as a collective elevated

Tabitha’s confidence in her ability for experimental research design to the point where

she commented in the last interview:

113



I think I might like to collaborate on another research project. | like to be able to

learn from people and have them learn from me. And from this summer I think

that’s what works best... when more than one person is a specialist in that

particular research area. However, way in the future, | might like to design my

own project, something all by myself.
Summary

Five of the six research groups in this study employed a hierarchical
organizational model. Stratification was based primarily on academic rank, (freshman,
sophomore, etc.) which, in most cases, also equated with students’ success with
increasingly demanding coursework. Status in the hierarchical model of the academic
research laboratory is also determined by research experience and research
accomplishments. Neophyte researchers obviously have not had previous research
experience, but may have undertaken advanced coursework. The non-traditional students
participating in these UREs have had neither experience nor opportunities for advanced
coursework. Their status in the organizational hierarchy, then, was undefined until they
could demonstrate competency in the learning milieu — a daunting task, given the ten-
week time period. For student participants placed in hierarchical laboratories with lab
colleagues, (Andrea, Bryan and Joshua) the focus on individual effort and individual
accomplishments precipitated subtle competition and fostered subconscious mistrust
towards other laboratory personnel. In these same laboratory triads, the lab colleagues
interviewed all held negative stereotypes regarding community colleges and community
college students. For the three student participants in these hierarchical laboratories, the
implicit pressure to represent themselves and their institutions favorably was great. To

minimize the risk of failure, each of these students declined the opportunity to undertake

an independent research project. Two of the three students were able to master technical

114



skills in the laboratory, which raised their self-esteem and reduced some of the
performance pressures. However, they remained reliant on either the research director or
a lab colleague to direct their research efforts. They did not achieve autonomy in
experimental research.

Bryan: [ haven't really made many gains, as far as research skills, but ['ve

learned a lot about like different research protocols. I didn’t actually get a chance

to do any myself but...

Andrea: | would want to master more of the techniques that I learned in the lab. I

am sad that the graduate student working with the frogs was absent so much

because | really would have like to learn more about that. | also never got to do
any dissections on the Drosophila pupae or work with Tracey on her research that
had to do with the effects of receptors both inside and outside the Drosophila
heart.

Joshua: It is very important to me that | have daily instruction on the procedures

| am doing and I usually need help with a procedure at least twice before | can do

it on my own. If they were not helping me along | would get very frustrated. |
frequently ask [lab colleagues] how some of these procedures are working and
what reactions are taking place. I'll admit there are times when I don’t really
care what is going on in the tubes, but most of the time I am curious and | ask
questions.

Tabitha was the only student participant placed in a research laboratory that could
be characterized as having an egalitarian organizational structure. The autonomy outcome
of her URE experience is a stark contrast to those assigned to the hierarchical laboratory.
Along with her lab colleagues, she contributed to a project that produced novel
experimental results. These results were publically-shared with a larger research
community at the end of the summer URE. Being part of a peer collaborative elevated her
confidence in her own intellectual and technical skills. In this triad, all three students had
the same academic rank and similar levels of laboratory experience. The lab colleague

who was interviewed had no previous experience with, and limited knowledge of,

community colleges. It seems that any performance pressure Tabitha experienced was
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also shared by her two lab colleagues. Although she did not undertake an independent
research project, she and her lab colleagues did gain experimental autonomy during the
design and implementation of their culminating summer project.
Tabitha: We extracted more RNA from the sample on Thursday and still nothing
much happened. Our RNA did not show up as being very high when the
Bioanalyzer analyzed it lol. So then we figured that it might have given us great
results the first day we used it cause it was still very fresh. And the other sample
was frozen, but we didn 't know in what and so we decided to use a new sample
that Dr. Cook had in the -80 freezer since it was frozen in RNA later- definitely.
Come to find out-this Monday the other sample was only frozen in liquid nitrogen.
Friday we extracted RNA from the new sample and ran it on the Bioanalyzer. To
our dismay it was still reading low. Therefore, we were consistently getting low
readings although we had changed different variables. However, although they
were low such as 7 ng 11 ng the sample was diluted 1:10 so we were still getting
okay numbers well within the range.
In this excerpt, it is apparent that Tabitha and her lab colleagues learned to problem-solve
during the experimental process. She questioned one aspect of the experimental design,
so she and her lab colleagues attempted to reproduce their original results using a
different sample. In her final statement she concedes that their results are not optimal, but
are acceptable. She and her lab colleagues have learned to accept the ambiguity of

scientific results. And all of this they learned from each other.

Findings Related to Research Question Two

In what ways does the social climate of an academic research laboratory influence
acculturation for non-traditional URE participants?

In the second half of this chapter, characterization of the leadership and training
strategies utilized by the participating research communities, in this study, was
undertaken. Together, leadership and training emphases contributed to the social climate

of the laboratory. Potentially, there were numerous factors that also contributed to the
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social climate in these laboratories, they were not, however, the focus of this study. For
non-traditional participants the social climate influenced acculturation outcomes.
Community college students were marginalized, separated or integrated into the
established academic research community. For laboratory personnel, acculturation
outcomes of the newcomers influenced the overall research productivity during the
summer internships.
Leadership Emphasis

As previously mentioned, when the frequency patterns of the textual data open-
coding categories were analyzed, the category that was mentioned most often in the
greatest number of data sources was the “Characterization of Mentor Relationship.”
Over 155 references (20%) were made in 43 different data sources (10%). In this study,
the mentor-participant relationships can be categorized as having a unilateral, a bilateral,
or a multilateral emphasis. Relationships characterized as unilateral in their focus
demonstrate singularity in decision-making. The research director alone was responsible
for all decisions regarding the research effort and research productivity in the lab. Of the
six research groups that participated in this study, four were categorized as having an
emphasis on unilateral leadership. Of these four research laboratories, three were located
on the campus of the large research university. These were the laboratories of Dr.
Arquette, Dr. Stardusky and Dr. Dugan. The fourth laboratory, directed by Dr. Mosconi,
was located at the smaller research university. Dr. Sherwood’s laboratory had an
emphasis on bilateral leadership. His laboratory is located at the remote-access research
site affiliated with the large research institution. The only research group that placed an

emphasis on multilateral leadership was the laboratory group supervised by Dr. Angela
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Cook and located at the small, private liberal arts college. A summary of student
participants placed in each of these laboratories is included below.
Table 4.5

Summary of Laboratory Leadership Emphases

Research Director Student Research Site

Participant
Unilateral Leadership Emphasis
Dugan Andrea Large Research University
Stardusky Bryan Large Research University
Arquette Joshua Large Research University
Maosconi Catherine Smaller Research University
Bilateral Leadership Emphasis
Sherwood Sam Remote-Access Research Center
Multilateral Leadership Emphasis
Cook Tabitha Small Liberal Arts College

Unilateral Leadership Emphasis

In a research laboratory that functions under unilateral leadership, the research
mentor/research director makes all consequential decisions, and therefore accepts all
consequential responsibility. For the non-traditional students in this study, this leadership
approach had several significant effects on student motivation and students’
developmental gains. Students placed in laboratories guided by mentors committed to
unilateral leadership strategies had few opportunities to accept professional or scientific
responsibilities in the lab setting. They were not asked to contribute substantially to
record-keeping activities, inventory of laboratory supplies, equipment maintenance,
specimen preservation or warehousing of samples. All these responsibilities are routine
assignments in a working laboratory. Exclusion from these simple laboratory tasks
amplified participants’ feelings of transience and insignificance. Because non-traditional

students were not offered a stake in the decision-making processes in their laboratories,
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they were not as invested as their colleagues in lab productivity. In some labs this led to
perceptions of inequitability between participants and lab colleagues. Many of these non-
traditional students had life and professional experiences that might have proven
invaluable, had there been an opportunity for them to contribute. For student participants
without extensive life experiences, opportunities to gain experience managing personnel
and laboratory resources were lost. In the Mosconi lab, the restrictiveness of unilateral
leadership was associated with Catherine’s adherence to routine and her hesitancy for
innovation.
Mosconi (Mentor): When | first came here, there were some students who would
be a little bit foo self, too assertive. In other words, it has to be clear who'’s boss,
in your lab. It has to be very clear. But you shouldn’t have to make it clear. So
you know if somebody gets a little bit rowdy or rambunctious, or something, you
don’t want them knocking over the vials or plates, this is not a place for a party.
So there have been times when | have had bad interactions with people mind you.
| had to ah- sort of find a way to divest myself of them.
Catherine: But one of the big things he [mentor] has said is ‘You don’t just do
something, you ask me first... So that’s very different - even if it seems like the
smallest mundane thing, I guess with collecting scientific information, you don’t
Jjust pick something up and go...
However, as was previously suggested in the discussion of organizational models
- hierarchical organizational structures are chosen because they are efficient and because
they are familiar. Unilateral leadership is also efficient and familiar. In university
laboratory settings, singularity in decision-making is often necessary, to coordinate the
research efforts of numerous individuals with very different interests, talents and
commitment levels. In each of the university research settings, the mentor was deeply

respected by the student participant. Non-traditional students recognized the authority as

deserved and sought to gain the approval of the laboratory director.
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Andrea: The director and man in charge never acted as though he were truly our
superior even though | feel that we all believed he was whether or not he acted
like it. That was probably more a matter of respect for all of his knowledge,
accomplishments and devotion to his research for 0-so-many years.

Bilateral Leadership Emphasis

In this study, one research group was characterized by bilateral leadership.

Mutually-derived decisions occurred through dialogical exchanges between director and

participant. The research director, Dr. Sherwood, delegated consequential responsibility

to the student participant, Sam, based on his previous professional and life experiences.

At the time of the study, Sherwood’s research project required someone with technical

expertise in video-image editing, a skill set he himself did not have. Dr. Sherwood

recognized and capitalized on Sam’s expertise, which significantly improved the

productivity of his lab. In turn, Sherwood was able to provide Sam with insights into the

scientific research process and identification of fish species associated with marine reef

systems.

Sherwood: To get Sam up to speed, | explained the general situation and then
gave him “homework” to view website tutorials involving the coral reef crisis and
the science related to my study. Sam was very responsible. | gave him a lab, a
computer, video technology and suggested how he should move forward. He and |
shuttled data back and forth via the internet, so | was with him even as | was in
the field. He performed as well as any graduate student would have.

Sam: Functioning independently is an absolutely critical aspect of working with
him. ‘Cause he wants to micromanage you while he's here, but then he doesn't
want you to bother him with the details once he's gone. So, you have to, you have
to absorb all that you know, and kind of, not absorb it. He’s a very ... headstrong,
self-involved individual. And | say that in a nice way. Someone like me... | can
handle that, because I'm a very headstrong, self-involved individual. And so,
youd think we'd butt heads that way, but we knew each other's roles, and that,
and that's worked out fine.

Shared leadership responsibilities resulted in greater commitment to the project

for the student participant and were reciprocated by the research mentor, as he
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relinquished control over most technical aspects of the project. Assured of his status in
the dyad, Sam’s confidence allowed him to initiate a small, independent project related
to, but separate from, the reef-project. Their plans for continuing work on the reef system
project and for future collaborations highlights their established working relationship.
Their relationship, where leadership responsibilities were shared between them, was
seemingly more secure with greater potential for permanence, compared to the mentor-
participant relationships defined by unilateral leadership.
Multilateral Leadership Emphasis

The hallmark of multilateral leadership is democratic decision-making. In this
study, the laboratory located on the campus of the small private liberal arts college
operated under the auspices of multilateral leadership. Led by Dr. Angela Cook, this
research group included the student participant, Tabitha, and her two lab colleagues.
Recall that these three neophyte researchers had all just completed their first year of
college coursework. For most of the decisions made within this laboratory triad, the
mentor’s opinions had no more value than those of the other lab group members. Each
lab member was recognized as having had unique and valuable previous life experiences.
These provided unique perspectives and allowed for meaningful contributions to
discussions before decisions were rendered by the group. An emphasis on multilateral
leadership provided leadership opportunities for all laboratory members at different times
and in different situations, during the course of the internship. Besides recognizing
previous experience, multilateral leadership in this triad recognized developing expertise
and newly-acquired experience. For Tabitha, the single minority student in this study, an

emphasis on multilateral leadership reinforced positive peer interactions and encouraged
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collaboration. These were significant factors that influenced Tabitha’s perception of the
benefits of her URE experience.

Tabitha: | think that our daily mornings and sometimes afternoon/end-of-the-day
meetings are great and necessary. It is the time where we all discuss what has
happened in lab or what our course of action will be for the day and sometimes to
just chat about different topics. So | must say | am glad that she [mentor]has
made the time to talk with all of us on a daily basis; I think it has made all the
difference for me - and allowed me to really enjoy my summer experience.

Tabitha’s research mentor: Early on, we all agreed that we would all be learning
together this summer — including me. So, that’s what we did. I just enjoyed
spending time with them. Watching and listening to them really make big gains in
their understanding; that was so rewarding. And the fact that they did it together,
made it even better for me.
Training Emphasis
Training newcomers in any environment is an energy and time intensive
endeavor. This is especially true in academic research laboratories where, oftentimes, the
training of newcomers must occur within a very condensed time period — the summer
months. In academic research laboratories, the compressed training schedule is
complicated by the pressures for laboratory personnel who must accomplish most of the
actual data collection for on-going experimental projects during this same time period.
Dr. Dugan (Andrea’s research mentor): Just training someone in the lab is
initially a major investment in time. Not everybody does that and gets it more or
less right.....And for all of us still doing research in the summer with students,
time is worth more than money... the summer is really when most of the science
gets done. When we have undergraduates in the lab in general, it’s not like you
can drop everything and spend a week with them one-on-one, so it always goes
slower, I'm sure, than they would like, but especially when you know that they
may not be back the following semester, it’s a huge concern...the investment.
Frequency pattern analysis of the open-coding categories generated in this study

suggests that training newcomers in research skills is a significant priority for both

laboratory personnel and student participants. After “Characterization of Mentor
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Relationship” (20%), “Training of Research Skills” was the second most frequently
referenced category (14%) from all of the textual data collected.

In this study, training of student participants in research laboratories was
characterized as either formal/structured or informal/serendipitous. Formal or structured
training sessions are characterized by advanced planning including providing teaching
materials, observation and guided practice, and scheduling future training sessions.
Informal training or serendipitous training sessions lacked one or more of these elements.
Further analysis resulted in categorization of training episodes as either sequenced or
discrete. Sequenced training sessions demonstrated either a logical experimental/research
progression or a progression in technical skill difficulty. The number of different training
episodes that occurred during these internships varied for each student. Based on these
descriptors, training methodology was assigned for each student participant (Table 4. 6).
Table 4.6

Summary of Training Methodology Experienced by Student Participants

Formal/Structured Training with Formal/Structured Training with Discrete
Sequenced Episodes Episodes
e Tabitha (Numerous) e Joshua (Numerous)
e Catherine (Limited)
Informal/Serendipitous with Sequenced Informal/Serendipitous with Discrete
Episodes Episodes
e Sam (Limited) e Andrea (Numerous)

e Bryan (Limited)

Formal/Structured Training
Formal or structured training sessions are characterized by advanced planning.
Therefore, the need for the training session must be either anticipated by the trainer or

requested by the student. These sessions provided ample opportunity for both the trainer
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and the participant to prepare for the training activity. To that end, teaching materials
were collected and written materials were distributed to the participant either in advance
or during the training session. Sessions characterized as formal or structured were
designed to include observation and guided practice for the non-traditional student.
Participant questions were answered before the training session ended, and a follow-up
training session that focused on either additional practice or skill assessment was
scheduled. If these training sessions followed a logical progression leading to incremental
mastery of skills or protocols with increased levels of difficulty, students reported
positive intellectual gains and described increased researcher confidence. Tabitha, the
student participant in Angela Cook’s laboratory, received this type of training. Her
electronic journal entries elegantly described her mastery of current cellular and
molecular techniques, including microbial cell culture techniques, DNA and RNA
extraction, RT-PCR, utilization of microarray technology and diagnostic flow cytometry.

In their laboratories, Joshua and Catherine both experienced formal or structured
training sessions which were episodically discrete. For Joshua there were numerous,
discrete structured training sessions which occurred throughout the course of this
internship. For Catherine, these formal training sessions were very limited in the total
number that occurred in her research setting. Her total repertoire of newly-acquired
laboratory skills/techniques did not number more than five at the end of her internship.
The URE training outcome for both of these students was a sense of “experimental
myopia.” Neither student was confident in their overall understanding of the research
that was undertaken in their home laboratories. Here is an excerpt from Joshua’s

electronic journal:
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I have noticed in all of my past jobs/internships, and volunteer work that all of
this technical/computer/scientific work really doesn't require understanding,
other than from the higher level of bosses/Principal Investigators, etc. The work is
all done from procedures that have been setup long before you ever showed up or
from the box the chemical kits came out of. Once you know how to pipette, use a
centrifuge, and how to keep your work area clean, there really isn't much else you
need to know to do this work. Why Antarctic Yeast? | don't exactly know. The
people | work with don't exactly know either. I am sure [research mentor] knows,
but even then, I believe her testing is part of a greater collective of scientists that
only all together know what is truly going on.
Informal/Serendipitous Training
Informal or serendipitous training sessions are oftentimes characterized as
missing one or more of the same elements that are included in formal or structured
training sessions. For student participants in this study, the training sessions were seldom
planned in advance; they occurred serendipitously. Although students were appreciative
of the time invested by the trainer, the context or subtleties of the session often went
unnoticed. Because students had no time to prepare for the learning activity, and because
the contextual complexity was unrecognized, these sessions often resulted in numerous
repetitions of the same learning activity. From the trainers’ point of view, participants
were deemed inattentive or uninterested. From the participants’ point of view, training
sessions were inefficient and demoralizing. For both, the outcomes were the same;
frustration, feelings of inadequacy and tensions created among laboratory personnel.
Bryan: | was in different labs almost every day. One of them was in a
government laboratory. So that was a little different. Yeah, | got juggled around
alot. So it wasn'’t like I was in one lab every day. [ was mixing it up, plus going
out into the field. So I never really knew where | was going to be, or what | was
going to be doing, until [ was there. And then I'd just get sent somewhere...it was
really frustrating.

Andrea, Sam and Bryan participated in laboratories where training sessions were

informally structured. For Sam, training sessions in Dr. Sherwood’s laboratory were
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serendipitous because of his already considerable previous experience with video
technology and image-editing. His knowledge and training in this realm exceeded that of
his mentor, therefore training was unnecessary. An initial, focused, on-line series of
training tutorials acquainted Sam with coral reef fish species. Project-related training in
Sam’s dyad occurred only when he had specific questions concerning new/unrecognized
fish species that appeared in the videotapes, as he edited them. His training sessions were
considered sequenced due to the fact that for the entire internship, the scope of the
training remained entirely focused on identification of fish species.

Andrea and Bryan both participated in research settings where the training was
informal and episodically discrete. In these laboratories, training sessions were
spontaneous and often relatively isolated from other, routinely-practiced, laboratory
protocols. Advance preparation for these activities did not occur, and only rarely were
they followed by a de-briefing or review activity session. Student participants commented
that these types of training sessions were extremely stressful for them, because the
learning objectives were always extremely nebulous. Participants felt they should have
gained more from the activity somehow, which left them to question their intellect or
previous educational experiences. Research directors assumed their intended learning
objectives had been clear, but did not schedule time after the activity to confirm their
expectations or to clarify those expectations with the student participant. The usual result
for the research director or trainer was unspoken uncertainty.

Dugan: I actually asked Andrea, “Where do you feel like you're lacking in

preparation?” And she had said that she really didn’t know how to work her way

through a journal article. So I wanted to force the issue. Here's the end of the
dock, that’s deep water ... let’s see how you do, so I gave her a stack of papers at

the beginning of the week and she had finished them by the next week. I don’t
know what she has going on in the larger sense, but she seems to have gotten
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quite a bit from them...It’s like an empty field of tall grass, all you want them to

do is turn it into hay...sometimes you get hay, sometimes you get wood. I think she

made ‘hay.’
Training by Peers

Hierarchical Organizational Structure. All the research triads in this study
utilized peer training. The organizational structure of three of these laboratories has
previously been characterized as hierarchical. Hierarchical research triads that utilized
peer-training included Joshua’s, Andrea’s and Bryan’s triads. Peer-training, in this study
is defined as training directed by laboratory personnel of the research triad who are not
faculty. Numerous disadvantages for peer-training were reported by student participants.
Only a single advantage could be attributed to peer training in these research triads. It
was, however, an advantage afforded to peer trainers, not to non-traditional students.

In hierarchically-structured laboratories, peer-training amplifies stratification and
contributes to peer competition, unless a substantial investment has been made by the
research director to, “train the trainer.” Peer training, done well, is time-consuming for
student-trainers. Teaching in the laboratory setting diverts their time and their focus from
their own research projects. On an irregular basis, peer training responsibilities may be a
welcome interlude, but on a regular basis, they were viewed as intrusions by the lab
colleagues interviewed in this study. For the peer trainer, teaching responsibilities were
perceived as situations where potential inadequacies or ineptitude could be revealed. Peer
trainers were reluctant to accept teaching responsibilities in these circumstances. In turn,
student participants perceived colleague reluctance as either an unwillingness to share

information or as an unwillingness to forge friendships. The result was heightened

tension among lab colleagues.
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Tracey: [ think that Andrea was a little, she was ... she was very eager to learn.
In a way, almost too eager...she was a little over the top. But, ahm that didn’t
bother me, you know, and she, she wanted to be involved with the things that |
was doing. You know, when | was here that was not a problem for me. It was a
little bit awkward because some of the stuff I was doing | was just learning how to
do it myself, so it was difficult for me to teach her at the same time.
For non-traditional students, it was difficult to separate and then re-combine the roles of
peer colleague and peer trainer. Student participants, as newcomers at an away
institution, were remarkably limited in the number of social contacts available to them.
For most participants their lab colleagues were the only candidates for social interactions.
This limitation was more problematic, when lab colleague roles included teacher and
evaluator. From a posting on the electronic discussion board from Joshua:
Awkwardness:
My lab manager is 25 years old, which is very close to my age (29). | find it a
little awkward talking to her especially when there is a lot of eye contact. | am not
sure if it's that she is in my dating age range and | think she is fairly attractive. I
don't want to seem like |1 am staring deeply into her eyes or anything and | guess
that's what makes it awkward. | have no actual interest in dating her, it's just that
she falls into a date-able category, | guess.
In this study, the benefits of peer training in a hierarchically-structured research setting
are reserved for peer trainers. There is no refuting that peer teaching reinforces
conceptual understanding for the trainer. Teaching can often clarify gaps in
understanding for a peer-instructor. However, in a hierarchical model, there is no one to
whom neophyte researchers can bequeath their newly-acquired knowledge. In this study,
the benefits of peer-training did not outweigh the costs for non-traditional students.
Summary

Leadership in an academic research setting can be characterized as either

unilateral, bilateral or multilateral. Unilateral leadership emphasizes singularity in
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decision-making. In laboratory settings where the leadership is unilateral, student life
experiences are de-valued. Student self-esteem is either unchanged, or is diminished. In
academic research settings with bilateral or multilateral leadership, students and research
mentors share responsibility for decision-making. Student life experiences are valued and
student self-esteem is either unchanged or increased. When multilateral leadership is
found in the academic research laboratory, democratic decision-making predominates.
Students are full-participants as decision-makers and leaders. To lead others, students
have acquired new self-confidence. As student participants’ self-confidence increases so
does their self-esteem. For non-traditional students this is one of the most notable benefits
of a positive URE experience.

The training emphasis in an academic research laboratory may be
formal/structured or informal/serendipitous. If training sessions were sequenced in a
logical experimental progression, leading to mastery of new skills and techniques,
students reported positive intellectual gains and described increased researcher
confidence. Students who participated in laboratories where the training emphasis was
unstructured often concluded that ineffectiveness of the sessions was in some way their
responsibility. Lack of self-confidence and self-esteem led them to wrongly attribute
trainer ineptitude to their own perceived personal or educational inadequacies. Issues of
self-confidence for both student participants and lab colleagues were inflamed by peer
training sessions in hierarchically-structured laboratories. Peer-training in these research
settings resulted in amplified social stratification and contributed to competition among

peers.
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Return to the Theoretical Model

The organizational model applied in an academic research laboratory directs the
leadership emphasis and the training methodology. Together, the training emphasis and
the leadership emphasis determine the social climate of research laboratories. Influences
of laboratory organizational structure and laboratory social climate on URE outcomes for

non-traditional students are represented in Figure 4.3.
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Figure 4.3

Influence of Organizational Structure and Social Climate on Developmental Gains Made
by Non-Traditional Students during URE Participation

The organizational model that operates in the research setting may be hierarchical
or egalitarian. Hierarchical organizational models rely on unilateral leadership to promote
efficiency in research efforts and coordination of laboratory personnel. In this study, four
of the six research groups utilized organizational models that were philosophically based

on efficiency. Furthermore, the leadership emphasis and the training emphasis
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contributed to the social climate in these four research laboratories. With unilateral
leadership, the social climate was characterized as socially stratified, with subtle
competition among peers. Nonetheless, student participants in laboratories with unilateral
leadership that received formal or informal sequenced episodic training reported positive
benefits from URE participation. The three non-traditional students in these laboratories
(Joshua, Catherine and Andrea) made substantial gains in self-confidence, which
bolstered their self-esteem. However, in these hierarchically-structured laboratories, gains
made in neophyte-researcher autonomy were negligible. The student (Bryan) who
participated in a laboratory that operated under a hierarchical organizational model with
unilateral leadership and informal, discrete episodic training sessions did not report
positive benefits from URE participation.

Student participants Tabitha and Sam reported positive URE benefits. Assigned to
laboratory settings directed by mentors who employed bilateral or multilateral leadership
frameworks, participants gained independence and self-reliance. These non-traditional
students reported positive URE benefits in research settings where training
methodologies were structured and sequenced. Participants’ self-confidence increased in
these settings. Increased self-confidence led to increased self-esteem. As we shall see in
the next chapter, significant gains in autonomy and self-esteem elevated students’
academic aspirations and shifted professional goals towards research-based science.

In this study, five of the six students enthusiastically endorsed the positive
benefits of their URE. In fact, Bryan also reported positive benefits from his URE
experience, but these were overshadowed by the negative consequences he recounted of

his URE participation. However, to fully understand the complexity of participation
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outcomes, the perspectives of the established laboratory communities must be considered.
Three perspectives of non-traditional student participation in academic research settings
emerged from analysis and interpretation of transcripts of interviews with laboratory
personnel. The first was characterized by benefits to the organizational structure and
social climate. Organizational benefits included greater division in personnel workloads
and the contributions from participants’ previously acquired life and professional skills.
Benefits to the social climate were increased numbers of leadership candidates and
decision-makers. In addition to these positive benefits, laboratory personnel reported
greater overall lab productivity with URE student participation. A second possible
laboratory outcome derived from research personnel transcripts was interaction with a
URE student participant afforded no substantial benefit, but was not detrimental to
laboratory structure, social climate or overall productivity. And finally, for one
laboratory, participation in this study resulted in disruption of the laboratory structure,
with both the social climate and laboratory productivity negatively affected.

When student participant perspectives were compared to perspectives of the
established laboratory community, four possible acculturation outcomes emerged. These

outcomes were represented in Figure 4.2, and are reviewed again in the next section.
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Figure 4.4
Possible Outcomes of URE Participation
The student participants in this study who achieved Integration into the
established laboratory community were Tabitha and Sam. In turn, personnel in their
laboratories reported positive benefits to the organizational structure and social climate,
and claimed substantial increases in research productivity. Representative excerpts from
the Tabitha/Cook triad are included here. Transcripts from the Sam/Sherwood dyad
reflected similar sentiments.
Tabitha: As of now, with two weeks left of my URE, | would definitely say that it
has been very positive. And although the first week was a little hard because | was
the only one not from this college, and [lab colleagues] had already known each
other from the previous summer it only got better not worse. They have come to
accept me as another resource and help to them in the lab even if [ haven’t taken
all the physics and chemistry classes that they have-there are other things that |
bring to the “lab”. Such as my ability to be well organized, goal orientated and

focused...I think my age has also helped make this a positive experience.
Although I know I have some stresses in my life, I don’t have a household to run
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and kids to bring to school/daycare etc. all of my energy and attention is focused
on just research.

Dr. Cook: Tabitha has made substantial gains in her understanding of basic
techniques, but more than that she has made fundamental leaps in her
understanding of the process of science. She was never content to just follow
protocol directions and she really wanted to understand the how and why things
worked the way that they did. She definitely was a role model for the other two
students in the lab, she was definitely the strongest personality, and she was their
leader in most things.

Separation from the established laboratory community occurred for Joshua,
Andrea and Catherine. The students’ perspectives of their contributions to the laboratory
and their perceived individual developmental gains did not match those reported by
laboratory personnel. In comparison, students overestimated their gains and contributions
to the research efforts of their home institution. Laboratory personnel suggested that at
best, nothing was lost, but nothing was gained by the presence of the non-traditional
student.

Representative excerpts from the Andrea/Dugan triad are included here.
Transcripts from the other two research groups reflected similar sentiments.

Andrea: This summer | have gained skills in working in groups; communicating

with my fellow lab partners and asking as many questions as I could. Aside from

that I have gained dexterity— managing injections and EKG on Drosophila pupae

— and some knowledge aside from that on the heart structure of the Drosophila. 1

did not manage to learn to sex them efficiently but aside from that | "mastered"

most every other skill. I still have some of my data left to analyze but at least this

science geek has something to look forward to.

Dugan: When I look at the summer, are we in a different place because Andrea

was in our lab? You know, not really. 1 look at it as we just broke even. We

didn’t gain anything, but we didn’t really lose any ground either. She wasn’t
really like an extra pair of hands that | could count on as making a contribution.

Marginalization was the participation outcome for a single student in this study,

Bryan. His presence in the laboratory disrupted the hierarchical organizational structure.
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In this laboratory there were no other undergraduates, except for the student participant.
For these graduate students, who had all completed advanced coursework and had
substantial laboratory experience, Bryan’s inexperience was a nuisance and his simpler
questions were trivial. Prior to his arrival, in many ways, this laboratory functioned as
egalitarian, only because there existed a single stratum — graduate students. Bryan’s
presence re-introduced stratification. Peer trainers for Bryan were those graduate students
who now occupied the lowest graduate student stratum those with the least experience.
This led to (as previously described) heightened perceptions of inadequacy and
resentment for the peer trainer(s) and was demoralizing for Bryan. As his internship
progressed, Bryan became more reluctant to participate in daily lab activities, explaining
to his lab mentor that his absenteeism was related to his numerous diagnosed illnesses.
By the end of his internship, significant tension existed in the laboratory whenever he
was present. Laboratory productivity on those days was affected. A behavioral positive
feedback loop was initiated in this laboratory setting that once initiated, was not
interrupted. Representative excerpts from the Bryan/Stardusky triad are included here.
Bryan: | have other people that have been educating me along side [lab mentor]
as well and these people deserve some attention. Two PhD students, [lab
colleagues], have taught me lab protocols and genetic theory. Some of the lab
procedures | have been working with are PCR (Polymerase Chain Reactions),
laying and labeling plates, data entry, and electrophoresis. These lab techniques
are valuable tools. Consequently, these tools make me a valuable laboratory
technician and | am indebted to [lab colleagues] for sharing their knowledge. If |
could change one thing about my experience it would be the amount of time that |
am able to spend at the lab. | have not been putting the time that | would like into
the lab work that | want. | am juggling five doctors on top of everything. This
translates to a lot of study, communication time, and appointments. | wish | had
my medical condition under control before the research experience started.
Stardusky: Bryan, in a lot of ways, is very socially unwise. He is very abrupt with

the other individuals in the lab. 1 am sure he does not realize this himself; he just
seems not to have acquired these necessary social skills. It had been very
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unsettling, for the, ahm, this was very disconcerting for the graduate students to

have someone who was an undergrad who they saw only rarely, be so abrupt in

the way that he asked questions, or in the way that he interacted with them.
Summary of Findings from Research Questions One and Two

The organizational structure of an academic research laboratory is the framework
used to coordinate long-term and more immediate research activities. Two models,
hierarchical and egalitarian, are available to research directors for administrative
frameworks. In this study, the selection of an organizational model had two significant
consequences for non-traditional students. Indirectly, the adoption of either the
hierarchical model or egalitarian model directs further administrative choices regarding
leadership and training models. In combination, the training emphasis and leadership
emphasis contribute to the social context of the research laboratory. This contextual
framework is realized for non-traditional students as the laboratory social climate.
Directly, the laboratory organizational structure represents the boundaries of scientific
autonomy achievable for non-traditional students. Both non-traditional and traditional
students who participated in laboratories guided by an egalitarian framework made
greater gains as independent novice researchers than those in hierarchical research
settings. Both student participants and research mentors appreciated and valued these
developmental gains. For non-traditional students, gains in laboratory self-reliance
translated to gains in self confidence. Research mentors valued gains in laboratory
autonomy for its indirect benefits: minimizing supervisory responsibilities, while
increasing lab productivity.

Non-traditional students experienced the contextual framework of the research

laboratory through leadership and training activities. When student participants were
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