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In 1991, the Texas A&M University System was one of the first six Louis Stokes Alliance
for Minority Participation (LSAMP) awardees. In the three decades of programming,
several high impact practices (HIP) have been emphasized. One of them, undergraduate
research (UR), is discussed. All members of the Alliance are part of the Texas A&M
University System and undergraduate research was supported through a variety of
initiatives on the Alliance campuses. Data presented chronicle student perspectives.
Topics addressed are the impact of involvement in undergraduate research on academic
outcomes, interest in further engagement with research, interest in graduate school, and
career goals as well as the patterns of research engagement participants experienced
and the forms of learning that resulted. These materials are presented regarding an
audience that was overwhelmingly underrepresented minority students all of whom
were pursuing science, technology, engineering, or mathematics (STEM) degrees.
Students reported UR influenced their academic outcomes, further engagement with
research, interest in graduate school, and career goals while facilitating learning
and skill development. These findings, for URM students from institutions with three
different Carnegie classifications that are a predominantly white institution, two Hispanic-
serving institutions (HSIs), and a historically Black college or university (HBCU), parallel
outcomes reported in the literature for investigations focused on general student
populations suggesting that UR benefits are generalizable regardless of institution type
and ethnicity/race of the participant. Findings also suggest that these patterns apply
regardless of the student’s year in school. Material presented details the research

Frontiers in Education | www.frontiersin.org

1 May 2022 | Volume 7 | Article 674761



Preuss et al.

Undergraduate Research: TAMUS LSAMP

elements commonly included in TAMUS LSAMP UR experiences and in which areas
students reported the most learning. Thus, this document touches on topics important
in addressing development of an adequate, well-trained, and diverse STEM workforce.
It also confirms the efficacy of a highly replicable approach to facilitating a HIP,
undergraduate research, with students from underrepresented groups.

Keywords: LSAMP, high impact practice, undergraduate research, underrepresented minority students, STEM

INTRODUCTION

The overall goal of the National Science Foundation (NSF)
LSAMP program “is to assist universities and colleges in
diversifying the nation’s science, technology, engineering and
mathematics (STEM) workforce by increasing the number
of STEM baccalaureate and graduate degrees awarded to
populations historically underrepresented in these disciplines:
African Americans, Hispanic Americans, American Indians,
Alaska Natives, Native Hawaiians, and Native Pacific Islanders”
(National Science Foundation, n.d.). “The Texas A&M
University System (TAMUS) Louis Stokes Alliance for Minority
Participation (LSAMP) program...(focuses on) encouraging
and supporting. . .underrepresented minority (URM) STEM
majors at. .. Alliance member” (Merriweather et al., 2017, p. 1)
institutions. “Formally called TX LSAMP, the Alliance was
one of the first six LSAMPs funded by NSF” (Merriweather
et al,, 2017, p. 1). Since 1991, TAMUS LSAMP has supported
over 11,500 “undergraduates for one or more semesters of
their undergraduate studies” (Merriweather et al., 2017, p. 1)
and Alliance institutions have awarded over 22,000 STEM
degrees to URMs.

“Using a carefully conceived suite of opportunities specially
designed for URM undergraduate (UG) students. . .the Alliance
has” (Merriweather et al, 2017, p. 1) sought improvement of
academic success for underrepresented students. Programming
and the number of member institutions have varied in the
Alliance’s 30 years of operation, but the emphasis on academic
success and advancement has remained constant. The current
member institutions of TAMUS LSAMP are Texas A&M
University at College Station (TAMU), a Very High Research
Activity institution in the Carnegie Classification System
(Indiana University Center for Postsecondary Research, n.d.),
Prairie View A&M University (PVAMU), an Historically Black
College and University (HBCU) (U.S. Department of Education,
2020), Texas A&M University-Corpus Christi (TAMUCC),
an Hispanic-Serving Institution (HSI) (National Center for
Education Statistics, 2018), and Texas A&M International
University (TAMIU), an HSI (National Center for Education
Statistics, 2018). TAMUCC’s Carnegie classification is Doctoral
Universities: High Research Activity. Both PVAMU and TAMIU
are in the Master’s Colleges and Universities Larger Program
category (Indiana University Center for Postsecondary Research,
n.d.). TAMUCC and TAMIU were among the first institutions
designated as HSIs as they appear on the Excelencia in
Education map of 1994-1995 HSIs, with 35.4 and 93.1% Hispanic
student enrollment, respectively (Excelencia in Education, n.d.).
Both campuses have continued to have more than 25% of

their student population identifying as Hispanic/Latino in each
subsequent year [TAMUCC 52% in fall 2020, TAMIU 95% in fall
2020 (National Center for Education Statistics [NCES], 2020a,b)].

Undergraduate research (UR) has been a component through
the entire history of TAMUS LSAMP and became a primary
emphasis in 2007. UR has a broad base of support in
the literature including compendia of practice, process, and
outcomes specific to the sciences (Laursen et al., 2010).
It is also recognized as a high impact practice in higher
education (American Association of Colleges and Universities,
n.d.; Kuh and O’Donnell, 2013). Evidence indicates that having
conducted research strengthens students’ confidence and their
understanding of research (Laursen et al, 2010), ability to
visualize themselves as an engineer and researcher (Bowman and
Stage, 2002; Watson and Froyd, 2007), and that undergraduate
research experiences provide the impetus for continuation to
graduate school (Schmidt, 2003; Preuss et al., 2020). However,
many URM students participating in research at predominantly
White institutions like TAMU may find themselves the only
URM in their lab, contributing to feelings of isolation (Perez
et al, 2018). These circumstances motivated the TAMUS
LSAMP to focus on undergraduate research experience as a
modality of student support while gathering data to assess
its efficacy for students from underrepresented groups on the
Alliance campuses.

Contributions made to the literature by this article include
confirmation and extension of ideas as well as new information.
Opverall, the material extends the knowledge base regarding the
impacts of UR on URM students by confirming that findings
from other studies apply to URM audiences and providing
consideration of new material in respect to UR for URM students.
The unique contributions of this consideration are establishing
that general support of a variety of UR experiences was efficacious
for URM students, that the same practices were effective at four
institutions in different Carnegie classifications two of which are
HSIs and one of which is an HBCU, and inclusion of student
reports about the patterns of instruction and training included
in their UR experiences.

PEDAGOGICAL FRAMEWORK

As a grant-funded project focused on improving outcomes for
URM STEM students, the instructional framework of TAMUS
LSAMP has shifted across the 30 years of continuous operation.
Practices emphasized in the earlier cycles became established
and institutionalized and new endeavors were added. Examples

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 674761



Preuss et al.

Undergraduate Research: TAMUS LSAMP

of early emphases that have been institutionalized are learning
communities, community college transfer programming, and
summer bridge programming (Merriweather et al, 2017).
Undergraduate research has been a particular emphasis with
site-specific and Alliance-wide workshops about UR offered and
student engagement in UR encouraged and financially supported.

While UR has been emphasized, the possible forms of
involvement in it have not been restricted. The spectrum of
UR opportunities for STEM students is broad and, due to the
established efficacy of undergraduate research, TAMUS LSAMP
leaders chose not to limit the possible forms of involvement.
In an Alliance comprised of four state universities, one in the
Very High Research Activity category, one in the High Research
Activity category, and two classified as Master’s Colleges and
Universities Larger Program (Indiana University Center for
Postsecondary Research, n.d.), most forms of UR have been
available to TAMUS LSAMP participants including international
research experiences (Garcia et al., 2017; Preuss et al., 2020,
2021). The project personnel and their partners at each member
institution recruited participants independently in this and all
other areas. Thus, a specific framework and pedagogical context
in which the UR experiences of the students occurred cannot be
detailed. They extend from traditional approaches like inclusion
as a student worker in a lab-based investigation to definition
of individual projects by students, with the assistance of faculty
advisors, that were then executed in international settings. All,
though, involved participation in active STEM investigations.
Taking this approach, a generalized pattern of facilitation as
promotional and informational workshops plus fiscal support,
made verification that the impacts of UR noted in the literature
would occur for students necessary as activity was not limited to
a closely defined context. The information regarding outcomes
presented below was gathered to ascertain whether the facilitation
pattern was in fact efficacious and whether variation in outcomes
existed between institutions or subsets in the pool of participants.

LEARNING ENVIRONMENT

The learning environment was not restricted. Students
were allowed to complete research as part of study abroad
programming, were supported as participants in institutionally-
based international research efforts, worked on project teams at
Alliance institutions (grant-funded and otherwise), and pursued
individual projects guided by faculty.

These experiences took place in a wide variety of contexts.
They included universities in Europe, South America, and
Mexico, American universities within and outside the Alliance,
a research center in Belize, national labs, and community-
based undertakings. Students participated in a great many of
the traditional aspects of a research project (see Figure 2
and Table 2). All these processes were completed under the
supervision of faculty from the four institutions or at a university
to which the student traveled. The unifying characteristic was
participation in an active investigation in a STEM field under
the supervision of a university faculty member. In addition to
mentoring by faculty, each institution provided use of equipment

and supplies as well as, when applicable, support for students to
present their work at a research conference.

METHODOLOGY

Much of the material discussed in this paper was gathered for
project evaluation as a means of supporting the development
of distinct patterns of programming and assessing their impact.
The primary emphasis was on obtaining information about
and understanding the impact of each intervention. These data
when considered across a period of years facilitated broad
analysis of impact.

Method: Data Sources

Many of the applicable data sources were identified by reviewing
the 150 evaluation reports generated for the TAMUS LSAMP
project between the 2007-2008 and 2019-2020 school years.
This included quantitative data like participant counts and
responses to survey questions, and qualitative data in the
form of short answers to open-ended survey questions and
interview and focus group transcripts. Journal articles published
regarding the TAMUS LSAMP project were also consulted as
sources of information (Graham et al., 2001; Garcia et al.,
2017; Merriweather et al.,, 2017; Preuss et al., 2020) as were
programmatic and institutional data.

To arrive at aggregated sets summarizing findings over a
period of years, elements of related data sets were combined.
This was a simple process when the same questions were used
for several years. Interruptions to patterns occurred when the
project felt a construct under investigation had received sufficient
consideration, when the program shifted emphases or began
support of new patterns of programming, or when questions
were determined to be ineffective for producing the intended
result. Most shifts in emphasis occurred in conjunction with
the 5-year project funding cycle. Brief descriptions of how data
were combined and when changes in data patterns occurred will
precede discussion of findings from each of the data sets.

Much of these data came in the form of student self-
reports and addressed experience, self-assessment, and
personal opinions. Given the intention of evaluating LSAMP
programming using student self-assessment and feedback
regarding personal experience, control groups were not
included. Thus, the majority of information considered
herein is descriptive.

Two streams of data regarding undergraduate research will
be presented and discussed. The first is survey responses
from LSAMP-supported students at three of the four Alliance
institutions who participated in UR from the 2007-2008 school
year through 2015-2016 (TAMIU became an Alliance member
in 2019). The second is findings from surveys of Alliance
students who completed presentations about their research at the
annual TAMUS LSAMP research symposium. The information
from students who presented their research, while gathered in
2019, provides insight regarding the responses gathered from
2007 through 2016. They have been employed in this way as
the students, while not the same parties, participated in the

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 674761



Preuss et al.

Undergraduate Research: TAMUS LSAMP

same processes by which UR was facilitated at and through the
same institutions.

Method: Ethics Statement

Project implementation and assessment was completed in
alignment with applicable federal and state regulations and
guidelines for grant funded endeavors. All evaluation and project
data gathering were completed in accordance with Institutional
Review Board (IRB) approved protocols. A project IRB protocol
was maintained at Texas A&M University in College Station,
where the TAMUS LSAMP offices are located, and a separate
evaluation IRB protocol was maintained at West Texas A&M
University where the evaluation unit was housed.

Method: Data Analysis

Data analysis had both historic and current patterns. The
original data or detailed summaries of participant responses were
processed for project evaluation and later accessed to determine
whether and how the material overlapped and could be combined
for this article. Since this process varied slightly for each source,
a brief account of what transpired will precede discussion of each
form of data. Once identified, data sources were combined as
applicable. Quantitative analysis completed was descriptive and
tabular. Applicable qualitative data were aggregated from original
sources and underwent an open coding process (Kolb, 2012).
Four volunteers from the TAMUS LSAMP implementation team
were provided de-identified sets of aggregated comments. A brief
written set of instructions was provided to each coder and a Zoom
call was held to allow them to ask questions of the evaluator who
set up and participated in this process. The four independently
developed codebooks were reconciled by the evaluator and the
reconciled codebook was sent out for comment and approval
by the coding team. Suggestions made regarding the reconciled
codebook were addressed and resolved as a group.

RESULTS

Survey Responses 2007-2016

From the 2007-2008 through the 2015-2016 school years,
TAMUS LSAMP participants were asked a series of questions
about their undergraduate research experience. The topics were
based on the project goals and impacts of UR documented in the
literature, some with broad support and others that have received
less consideration.

The influence participating in UR has on interest in graduate
school is a frequently investigated topic (Craney et al’s., 2011;
Eagan et al, 2013; Conrad et al., 2015; Chang et al.,, 2016;
Frederick et al., 2021). Impact on academic outcomes (Hunter
et al., 2006; Lopatto, 2007; Linn et al., 2015), understanding of
course content (Jonides et al., 1992; Kardash, 2000; Flaherty et al.,
2017), performance in courses (Jonides et al., 1992; Lopatto, 2007;
Sell et al., 2018), and career choice (Russell et al., 2007; Chang
et al., 2016; Kilgo and Pascarella, 2016; Powers et al., 2018) have
also received significant attention. Other topics are UR impact
on the student’s interest in continued involvement with research
(Seymour et al., 2004), interest in courses (Seymour et al., 2004),

and confidence in choice of major (Seymour et al.,, 2004). The
TAMUS LSAMP data include responses from 358 students, the
vast majority of whom were URM students (90.4% of participants
identified as URMs from the 2013-2014 through 2019-2020
school years). It considers all the topics listed above providing the
potential to confirm efficacy of general support of UR for URM
students at institutions of different types. The relative lack of
diversity in STEM fields makes this a critical point as Carpi et al’s.
(2017) suggest undergraduate research “serves as a powerful
equalizer. . .to address the longstanding under-representation of
minorities in the sciences” (p. 169).

The data summarized in Table 1 were gathered with surveys
and for the first 3 years, the queries remained unchanged. All
the queries addressed impact participation in UR had on the
informant. In the 2010-2011 school year, two questions were
eliminated and another was added and the response pattern
was shifted from a four-point Likert scale (strongly disagree,
disagree, agree, strongly agree) to a five-point Likert scale
(strongly disagree, disagree, neither agree or disagree, agree,
strongly agree). While these changes presented challenges to
consideration of the nine years of data as one unit, the differences
facilitate comparison of responses from two similar groups in
respect to the same questions and elucidation of the earlier group
of responses as the addition of a neutral response increased
precision. Both groups were large, 175 students and 183 students,
respectively, and the response rates were high, ranging from 71.4
to 100%. Even at the lowest levels, 71.4 and 84.2% response
rates, the results meet a 95% confidence level with a 4.7 and
3.15 confidence interval, respectively (calculated at 50%), and
at the highest level they include responses from every party
asked to participate. Thus, even at its weakest points, these data
are significant.

The responses can be rank ordered by level of agreement
(combining responses of Agree and Strongly Agree).

- Interest in continuing with research (89.4%).

- Effect on academic life (83.2%).

- Increased interest in classes (82.2%).

- Increased understanding of course content (81.3%).
- Helped with career choice (75.4%).

- Improved performance in classes (61.8%).

- Increased interest in graduate school (61.2%).

- Increased confidence in choice of major (44.2%).

These outcomes align with findings from prior investigations
(see details below), although most of the results other
researchers published were for general student populations rather
than URM students.

Russell et al. (2007) reported that UR “helped clarify students’
interest in research” (p. 548) and 89.4% of the TAMUS LSAMP
informants noted interest in continuing with research. Jonides
et al. (1992) reported UR participants completed more credit
hours than same aged peers while Bowman and Holmes (2018)
and Sell et al. (2018) reported association with higher GPAs,
findings that align with the LSAMP survey’s general category,
effect on academic life, which 83.2% of informants affirmed.
Seymour et al. (2004) found “shifts in attitudes to learning” (p.
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TABLE 1 | Survey responses 2007-2016.

Participation in LSAMP-supported research. .. Period Response Rate SD D NAD A SA
...had no effect on my academic life. 1st 3 years 89.1% 36.8% | 46.4% N/A 12.0% 4.8%
...Increased my interest level in classes in my major field. 1st 3 years 98.3% 2.3% 11.6% N/A 51.7% | 34.3%
Next 6 years 100% 2.2% 4.4% 18.7% | 448% | 35.0%
Cmbnd 99.2% 2.2% 7.9% * 48.2% | 34.6%
..increased my understanding of the content in classes in my major field. 1st 3 years 98.3% 2.3% 13.4% N/A 55.2% | 29.1%
Next 6 years 84.2% 0.0% 0.6% 4.5% 63.0% | 31.8%
Cmbnd 91.1% 1.2% 7.4% * 58.9% | 30.4%
..improved my performance in classes in my major field. 1st 3 years 98.3% 2.3% 27.3% N/A 51.7% | 18.6%
Next 6 years 100% 2.7% 2.7% 39.9% | 36.6% | 18.0%
Cmbnd 99.2% 2.5% 14.6% * 43.6% | 18.2%
..made me want to continue my involvement in research. 1st 3 years 98.3% 0.6% 6.4% N/A 41.3% | 51.7%
Next 6 years 100% 1.1% 1.6% 9.8% 39.9% | 47.5%
Cmbnd 99.2% 0.8% 3.9% * 40.2% | 49.2%
..increased my confidence in my choice of major. 1st 3 years 98.3% 0.6% 9.3% N/A 40.7% | 49.4%
Next 6 years 100% 1.6% 1.6% 10.4% | 43.2% | 43.2%
Cmbnd 99.2% 1.1% 5.3% * 42.0% | 46.2%
..helped me in my career choice. 1st 3 years 97.7% 1.8% 19.3% N/A 49.7% | 29.2%
Next 6 years 100% 1.6% 4.9% 19.7% | 37.2% | 36.6%
Cmbnd 98.9% 1.7% 11.7% * 42.7% | 32.7%
..increased interested in pursuing a graduate degree. 1st 3 years 71.4% 1.6% 12.8% N/A 31.2% | 54.4%
Period Response Rate NAA AL sSwW A Lot AGD
...contributed to interest in going to graduate school. 1st 3 years 99.5% 4.3% 5.3% 26.4% | 26.0% | 38.0%

n for the first 3 years = 175, next 6 years = 183, combined = 358. SD, strongly disagree; D, disagree; NAD, neither agree or disagree; A, agree; and SA, strongly agree;
NAA, not at all; AL, a little, SW, somewhat; A lot, a lot; AGD, a great deal. * = value cannot be calculated as NAD was not included as a possible response during

the first 3 years.

493) associated with UR participation and Flaherty et al. (2017)
reported “increased...confidence in...perceived knowledge of
science” (p. 701), both of which align with the impact on
academic life just noted, the 82.2% of LSAMP informants who
reported increased interest in classes, the 81.3% who reported
increased understanding of course content, and the 61.8% stating
their performance increased in classes. Increased confidence in
choice of major had the lowest affirmation level among TAMUS
LSAMP informants, 44.2%, but is related to career choice and
interest in graduate school which have strong support in the
literature and moderate to high affirmation rates for TAMUS
LSAMP, 75.4 and 61.2% respectively.

Craney et al’s. (2011) state that UR had a “key specific
outcome. . .clarification and reinforcement of a graduate school
career path” (p. 107) while also being associated with “more
favorable attitudes toward research as a career option” (p. 107).
Flaherty et al. (2017) found contribution toward “clarification
of career goals” (p. 701) which parallels earlier results from
Seymour et al. (2004) and Thiry et al. (2011). Important for
this consideration, Carpi et al’s. (2017) noted that UR “increases
career ambitions for underrepresented students in STEM” (p.
169) and “is seen to have a transformative effect for many
students at MSIs” (p. 169). The TAMUS LSAMP informant
responses align with the impacts noted by Seymour et al. (2004),
Craney et al’s. (2011), Thiry et al. (2011), Carpi et al’s. (2017), and
Flaherty et al. (2017).

A related construct, UR impact on interest in graduate
school, also has strong support in the literature. Lopatto (2007),

Eagan et al. (2013), and Chang et al. (2016) all note impact
with Eagan et al. stating “participation. . .significantly improved
students’ probability of indicating plans to enroll in a STEM
graduate program” (p. 683). Borrego et al. (2018) associated
this with increased self-efficacy; “for every one-unit increase in
students” scores on the Self-efficacy scale, they were over eight
times more likely to plan to enroll in a master’s program relative
to not attending graduate school, and they were 13 times more
likely to enroll in a Ph.D. program relative to not attending
graduate school” (p. 154). The query listed at the bottom of
Table 1 provides insight into the extent to which UR contributed
to interest in graduate school for TAMUS LSAMP respondents.
A total of 63.6% of informants indicated it contributed “A
lot” or “A great deal.” Only 4.3% of respondents indicated it
did not contribute.

That all of the above occurred for TAMUS LSAMP students
who participated in UR is notable. That all the impacts applied
to a population that was over 90% URM students, is highly
encouraging and supports Carpi et al’s. (2017) assertion that
UR can be “a powerful equalizer. . .to address the longstanding
under-representation of minorities in the sciences” (p. 169).

Survey Responses 2019

The TAMUS LSAMP project sponsors an educational,
networking, and research presentation symposium on an
annual basis. The 2018-2019 symposium was held in the spring
of 2019 and the 2019-2020 symposium was held in conjunction
with the TAMUS Annual Pathways Student Research Symposium
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FIGURE 1 | Number of female and male students and percentage of underrepresented minorities (URMs) by campus for 2019 survey.

in the late fall of 2019. All students who had been supported by
LSAMP to complete UR and who presented about their project at
one of the two symposia were surveyed. There were 67 students
representing all four Alliance institutions. A total of 49 submitted
survey responses. This meets a 95% confidence level with a 7.31
confidence interval when calculated at 50%. Figure 1 provides
a breakdown of gender and percentage of URM participants by
campus for 2019 survey respondents.

Demographics gathered about these students confirmed that
the sample had nearly the same distribution of females and males
as the total population. All Alliance institutions were represented
although students from TAMU, the largest group, were the least
likely to respond (33% participation), with TAMIU at 65%,
PVAMU 80%, and TAMUCC 100% participation. The counts of
respondents per institution ranged from seven (TAMU) to 16
(PVAMU). There were 23 male and 26 female informants (males
were undersampled; 46.9% of sample and 58.8% of population).
There were 28 students who identified as Hispanic/Latino and 21
who did not. Five of the Hispanic students identified with more
than one racial group and the remaining students’ racial identities
were African American (n = 13), Asian (n = 4), Hispanic/Latino
(n = 21), Native Hawaiian/Pacific Islander (n = 1), and White
(n = 4) with one informant selecting “I do not care to answer.”
The only ethnic or racial category that was not balanced across the
institutions was African American as 12 of 13 students describing
themselves this way attended PVAMU. Most of the informants
were upper-level undergraduates. Four were sophomores, seven
were juniors, and 38 were seniors. Thus, 81.6% of informants
identified as URM students with the sample distributed across all
four institutions.

The questions asked on the survey address topics about which
there is limited evidence in the literature, especially in respect to
URM populations. These are length and continuity of experience
in research, number of investigations the students contributed
to, the level of independence experienced in research settings,

whether the UR experience had a perceivable training pattern,
and the tasks in which the student was engaged. There is also
evidence regarding impact on future plans with the potential to
shed additional light on the topics in the 2007-2016 data.

Length and Continuity of Experience in Research
Respondents were asked to select all that apply from a list
of options about when their experience with research began.
Their options started with a statement that they had research
experience prior to coming to college and included each year of
undergraduate study.

- Three (3) noted experience prior to attending college.
- Four (4) stated they had research experience as freshmen.

- Seventeen (17) indicated research
experience as sophomores.
- Seventeen (17) noted research experience in

their junior year.

- Twenty-two (22) had research experience
their senior year.

- Approximately 20% (n = 10) of the students reported
involvement with research in two or more years of
undergraduate study.

during

The three students who reported having research experience
prior to entering college may have misunderstood the question
as they did not report continuing experience following that by
selecting additional responses to the question. It is possible that
they understood the question to be asking when their experience
in research began.

Number of Investigations to Which Students
Contributed as Undergraduates

The LSAMP Symposium presenters were asked about the number
of research investigations to which they had contributed during
their undergraduate career. This was a multiple-choice question
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for which one answer could be selected. The answers ranged
from one study to four or more. Responses occurred in each
category with 17 indicating experience with one research project,
16 two projects, 10 three projects, and six reporting work on four
or more projects.

The three students who reported research involvement before
college but not during college also indicated they contributed
to two, three, and four or more studies. While the number of
studies may be a function of the lab or faculty mentor rather
than the student, this pattern appears to support the idea that
the students misunderstood the earlier question about when they
were involved with research thinking they were being asked for
a “start date” rather than periods of involvement. The response
pattern also suggests that URM students who engage in UR
become motivated to continue in UR as 65.3% of respondents
contributed to two or more studies. Thiry et al. (2012) note
the significance of the LSAMP student reports regarding length,
continuity, and number of investigations students worked on
during UR when they stated their “findings suggest that students
benefit from multi-year UR experiences” (p. 260).

Relative Level of Independence in Research
Respondents were asked to respond to a multiple-choice question
about the level of independence they had experienced in research.
To the best of the authors’ knowledge, this query is unique
to the TAMUS LSAMP data set. Students were permitted to
select all that applied to their circumstances from a list of
descriptive statements. The choices presented are listed below
with the number of responses in parentheses. Two students did
not respond to this question.

- As a student worker completing basic tasks (21 students).

- Asastudent who was provided guidance to autonomously
complete tasks (19 students).

- As a student member of a research team in which I could
contribute ideas (20 students).

- As an independent researcher operating with assistance
from a faculty member (18 students).

- As a completely autonomous researcher defining and
completing my own projects (four students).

The four students noting autonomous research were from
three different institutions. Many of the students who reported
earlier involvement with research also reported multiple levels
of responsibility/independence (n = 22). Students reporting
multiple forms of responsibility were upper-level undergraduates,
with one exception (one sophomore, two juniors, 19 seniors).
These patterns suggest that faculty supervisors facilitate
increased levels of independence in processes as students gain
experience in research.

Relationship of Research Experience to a Training
Pattern

Informants were asked about the relationship of their research
experience to a set of education goals or a training pattern,
specifically whether they perceived that a deliberate training
pattern had been enacted. There were three possible responses
and students could select more than one to allow for expanded

responsibility or involvement in several projects. The prompts,
with associated counts of responses, follow. One student chose
not to respond to this question.

- Been primarily at one level of responsibility (11 students).

- Involved learning different tasks and having several areas
of responsibility for a project but these were assigned
based on project needs rather than my educational
goals (30 students).

- Involved a sequence of steps and variety of activity that
was deliberately planned as training pattern (13 students).

Five students selected more than one response. Two indicated
primarily one level of responsibility and involvement in different
tasks as assigned. Two others noted different tasks being assigned
without reference to personal goals and a deliberately planned
sequence. One selected all three options. These persons were
all upper-level students with involvement in two or more
studies. While material presented above suggests increases in
independence in research as student experience increases, this
set of responses indicates approximately 75% of the students
did not perceive a deliberate training pattern as the basis
of their experience. Craney et al’s. (2011) reported “research
advisor[s] “provided needed instruction/direction” for 79% of
the participants” (p. 103). Craney et als’s (2011) prompt is
superior to that used in the TAMUS LSAMP survey as it
measures provision of needed assistance rather than perception
of a structured training program. The TAMUS survey results,
while informative regarding student perceptions and suggesting
that faculty could provide more or more explicit explanation of
the purposes and process in training the students undertaking
certain responsibilities, does not address the more important
issue, provision of appropriate guidance/assistance.

Practical Experience Achieved in Research Settings
Respondents were also asked to select all responses that applied
to their experience from a list of 21 types of engagement in
research projects. The 20th was “None of the above” and the
21st was “Other” followed by the opportunity to provide an
alternate response in a text entry box. Figure 2 lists all the fixed-
answer responses for which submissions were received and the
number of responses in each category. No student selected “none
of the above” and only one selected “Other” and submitted the
explanation “prototyping.”

Table 2 lists the responses of the students in groups formed
based on the natural breaks in the response counts. There were
four places at which there were differences of three or more points
creating a five-tier pattern. Statements for which there was the
same number of responses are listed in the order in which they
occurred on the survey.

Several generalizations are possible based on the material
presented in Figure 2 and Table 2. First, it appears the
students were involved, as undergraduates, in many important
aspects of research projects. Second and as an extension of
the first, they were receiving a broad introduction to research.
Third, the students were more likely to report involvement in
commonly understood major elements of research like designing
the question, completing statistical analysis, and summarizing
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FIGURE 2 | Response counts for elements of research experienced in undergraduate research.

TABLE 2 | Grouping of research experiences by response rate.

Reported by 26 or more students — Drawing conclusions based on results from data analysis.

— Crafting presentation materials summarizing research outcomes (posters, PPT slides, graphics).
— Designing a methodology for the investigation.

— Completing an investigation of relevant material in journals and other publications.

— Summarizing results from data analysis verbally or in writing.

— Traveling to present at a conference sponsored by a professional organization.

— |dentifying a research topic to pursue.

— Refining the research question.

— Running digital modeling, synthesis, tests, etc.

— Completing statistical analysis of quantitative data (e.g., counts and ratings).

Reported by 21-24 students — Writing material summarizing research outcomes for publication.

— Gathering and processing physical samples.

— Comparing results from different data sets for one project (i.e., triangulation) to reach or support conclusions.
— Recordkeeping.

— Planning the acquisition of necessary supplies and materials.

Reported by 16-17 students — Completing analysis of qualitative data (e.g., things people said or wrote).

— Coordinating the activity of a group of people.

Reported by 9-12 students — Planning the project budget.

— Gathering and processing information provided by people on surveys, in interviews, in focus groups, on video, etc.

Reported by 1 student — Other: prototyping.

research findings than in the detailed and skill dependent
activities like collecting physical samples and conducting
interviews or focus groups (although the latter may have been
impacted by the students being STEM majors). The synopsis
of qualitative findings confirms these patterns. They chronicle
and parallel learning in 12 of 13 areas reported in response to a
quantitative query (Figure 3).

Comparing the areas in which students reported the most
learning (Figure 3), those with 25 or more responses of “Learned
alot)” to the most frequently reported research elements included
in the student experiences (Figure 2), those with 26 or more
responses, results in a thumbnail sketch of a UR experience in
TAMUS LSAMP. It also suggests that the pattern is effective as
most students reported they “Learned a lot” or “Gained some

experience” in the processes noted. The thumbnail sketch of a
TAMUS LSAMP UR experience includes the following elements:
(1) identifying a topic, (2) refining the research question, (3)
designing an investigative method, (4) completing literature
review, (5) digital modeling, (6) performing quantitative analysis,
(7) summarizing findings from analysis, (8) drawing conclusions,
(9) preparing presentation materials, and (10) traveling to
present findings.

Research Experience Impact on Student Plans

A prompt “My involvement with research has impacted my
thinking about” was followed by four possible responses.
Informants could select all that applied. The categories with
counts of responses submitted are listed below.
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FIGURE 3 | Learning reported regarding research processes.

College course selection (selected by 19 students).
Identifying a mentor or person from whom I can solicit
advice (selected by 29 students).

My career goals (selected by 39 students).

My intentions regarding graduate school (selected by 32
students).

The relative academic level of the students in the sample, 45
of the 49 were juniors or seniors, may have impacted the course
selection responses. Students at higher academic levels are more
likely to have reached a more degree-specific and less flexible set
of course options.

The ability to identify a mentor who can provide advice
is beneficial to students (Craney et als, 2011). Frederick
et al. (2021) assert “the benefits conferred through mentoring
relationships with faculty are among the most important
advantages undergraduate students gain through co-curricular
research” (p. 2). At the opposite end of the spectrum, Powers
et al. (2018) point out that “negative experiences (such as. . .poor
mentors) caused some students to change career or education
plans” (p. 3). That 59.2% of informants felt they had found,
through involvement with UR, a person who could and would
provide them advice is, therefore, a positive outcome. Response
patterns for the other items, career goals and graduate school
intentions, parallel findings from the 2007 to 2016 data described
above and align with impacts noted there from the work of other
researchers (career goals: Seymour et al., 2004; Craney et al’s.,
2011; Thiry et al., 2011; Carpi et al’s., 2017; Flaherty et al., 2017;
graduate school: Lopatto, 2007; Eagan et al., 2013; Chang et al.,
2016; Borrego et al., 2018).

Learning Experienced Through Research
Participation

The survey respondents were also asked to rate 13 statements as:
(1) an area in which you learned a lot, (2) an area in which you
gained some knowledge or experience, or (3) an area in which

you did not learn much or gained little to no experience. Figure 3
shows the response pattern for this question.

The counts in Figure 3 do not total 49 as some students
did not rate all the prompts and several completed the
question incorrectly.

The responses from TAMUS LSAMP participants to this
question reflect patterns in the literature. Craney et al’s. (2011)
noted development in three skill areas, communication, problem-
solving, and forming a research question. Lopatto (2007) reported
advancements in understanding the literature, data analysis,
communication skills. Especially relevant, Frederick et al. (2021)
found UR “strengthened. . .research skills” (p. 5) in a study
focused on Hispanic/Latinx students. TAMUS LSAMP findings
proved similar to these and Kardash’s (2000) findings in which
“the extent to which14 research skills were enhanced” (p. 191) was
addressed with some advancing to a greater extent than others.

Most Valuable About Research Participation

One of the final questions asked of the Symposium presenters
was what had been most valuable about their experience in
undergraduate research. The responses were coded by a group of
four TAMUS LSAMP personnel. Summaries of the respondents’
statements based on codings are listed below. These parallel
and support the findings described above and confirm that the
impacts of UR described in the literature, also noted above, were
replicable with a predominantly URM student population at four
distinct universities.

- URincreased interest in research and graduate school.

- UR increased confidence and self-efficacy particularly in
research settings and in respect to being a worthy graduate
school candidate.

- UR provided opportunities to apply classroom learning
through active involvement in real world settings, to be
mentored, to have role models, to network with faculty
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and student peers, to participate in related workshops, and
to present research findings.

- UR facilitated development and honing of personal
and professional skills: (1) being responsible, (2) being
organized, (3) collaborating, (4) planning, discussing, and
executing research activity, (5) technical writing, and (6)
planning and completing research presentations.

To summarize, participants saw the value of participating in
UR as expanded perspectives, improved motivation, receiving a
preview of “what grad school is like,” receiving insight into ways
to fund graduate school, and learning about a variety of STEM
career paths. Of the 67 Symposium undergraduate attendees, at
least 61 (91.0%) have graduated with bachelor degrees. Atleast 19
of these 61 graduates (31.1%) have enrolled in graduate school.

SUMMARY DISCUSSION

Findings suggest that UR sponsored through TAMUS LSAMP
achieved its “potential as a powerful programmatic and
pedagogical tool” (Kilgo and Pascarella, 2016, p. 575). This
is especially the case as only four of the studies cited
herein specifically targeted understanding UR impacts for
URM students, yet the relevant findings from all studies were
replicable in an LSAMP setting and at four different universities
indicating potential to generalize UR outcomes in the literature
to URM audiences.

Some researchers of UR have reported different outcomes by
gender (Kardash, 2000) while others have not (Lopatto, 2007;
Bowman and Holmes, 2018), the 2019 data set which included
demographic information, showed no significant differences in
effect by gender, ethnicity, or race. All the benefits of UR
were uniformly realizable for all students in the 2019 sample
highlighting UR’s potent to serve “as a powerful equalizer. . .to
address the longstanding under-representation of minorities in
the sciences” (Carpi et al’s., 2017, p. 169) as well as that of females.

Seven of the eight perceived benefits of UR assessed in
the 2007 to 2016 data were reported by over 60% of the
respondents. Six of these benefits, (1) increased interest in
continuing engagement with research, (2) increased interest in
classes, (3) increased understanding of classes, (4) increased
performance in classes, (5) increased interest in graduate school,
and (6) better informed career choices, were also present in the
quantitative and qualitative data sets from 2019. These findings
affirm that the general pattern of facilitation of UR was effective
in producing the benefits noted in the literature and for students
at a variety of institution types who were predominantly URMs.
These perceived benefits were also reported by sophomores,
juniors, and seniors, so the age of the student does not appear
to limit potential for impact (Preuss et al., 2021). This is valuable
information as the simple pattern enacted can be replicated at any
institution of higher education.

Most of the informants began involvement in undergraduate
research as juniors and seniors, but this could be a function
of the LSAMP recruiting patterns. For example, TAMUCC
focuses their efforts on students in their junior and senior

years. Even with engagement beginning in the last 2 years
of undergraduate study for most informants, UR involvement
extended across more than 1 year for many. Their experiences
were distributed across four different types of engagement, from
performing basic research tasks to being fully autonomous,
although autonomous activity was limited to 8% of respondents.
Most frequently, the students learned tasks as needed for a
project but approximately one quarter reported perceiving a
“deliberately planned sequence of steps and variety of activity”
as a training pattern. That, however, is not the same as
there not having been a deliberate training pattern and use
of Craney et al’s. (2011) prompt, or something similar, about
receiving needed assistance and guidance would have been a
preferable query.

The elements of student engagement with research during
their UR experience are reported in Figure 2 and Table 2.
Linn et al. (2015) state that “the ideas that students learn (in
UR) are often isolated or fragmented rather than integrated
and coherent. . .(and) Rigorous research is needed to identify
the ways to design research experiences so they promote
integrated understanding” (p. 628). They suggest that “powerful
and generalizable assessments that can document student
progress, help distinguish effective and ineffective aspects of
the experiences, and illustrate how students interpret the
research experiences they encounter” (p. 628) are needed.
While TAMUS LSAMP did not attempt to create generalizable
assessments, the outcomes reported by students do provide
evidence regarding student progress, where the greatest learning
took place indicating in which areas general facilitation of
UR was effective, and the self-reported data provide insight
into how the students interpreted their experience. Beyond
having between 61 and 95% of respondents reporting learning
in 12 of 13 areas (Figure 3), students: (1) were involved, as
undergraduates, in many important aspects of research projects,
(2) received a broad introduction to research, and (3) were more
likely to report involvement in commonly understood major
elements of research. They saw the value of participating in
UR as expanded perspectives, improved motivation, receiving
a preview of “what grad school is like,” receiving insight into
ways to fund graduate school, and learning about a variety of
STEM career paths.

Comparison of the areas in which students reported the most
learning (Figure 3), those with 25 or more responses of “Learned
alot;” to the most frequently reported research elements included
in the student experiences (Figure 2), those with 26 or more
responses, results in a thumbnail sketch of a UR experience in
TAMUS LSAMP. It also suggests that the pattern is effective as
most students reported they “Learned a lot” or “Gained some
experience” in the processes noted. These could be the basis of
further investigation at an increased level of rigor as suggested by
Linn et al. (2015). The thumbnail sketch of a TAMUS LSAMP
UR experience includes the following elements: (1) identifying
a topic, (2) refining the research question, (3) designing an
investigative method, (4) completing literature review, (5) digital
modeling, (6) performing quantitative analysis, (7) summarizing
findings from analysis, (8) drawing conclusions, (9) preparing
presentation materials, and (10) traveling to present findings.
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This pattern, and the reported gains in learning/skill, align with
results reported in the literature (Kardash, 2000; Lopatto, 2007;
Craney et al’s,, 2011; Frederick et al., 2021), but demonstrate
potential to generalize them to UR completed by URM students
and conducted at Minority-Serving Institutions.

The ability to identify a mentor is another commonly cited
outcome from involvement with UR (Craney et al’s., 2011; Linn
et al., 2015; Powers et al., 2018). Frederick et al. (2021) asserted
“the benefits conferred through mentoring relationships with
faculty are among the most important advantages undergraduate
students gain through co-curricular research” (p. 2). This benefit
was realized for many of the LSAMP participants as 59.2% of
informants felt they had found, through involvement with UR,
a person who could and would provide them advice.

PRACTICAL IMPLICATIONS

TAMUS LSAMP seeks to serve underrepresented students at
four Alliance institutions. These fit in three different Carnegie
classifications. The Very High Research category institution,
TAMU, is a predominantly White institution. The other
partnering institutions are an HBCU and two HSIs. The
outcomes described above existed for students of each institution
type. It is notable that there were no differences in outcome
by institution type, gender, ethnicity, or race. This confirms
assertions made in Laursen et al’s (2010) and other sources
(American Association of Colleges and Universities, n.d.; Kuh
and O’Donnell, 2013) about the efficacy of undergraduate
research in general and for students from underrepresented
groups. It also suggests that the general facilitation pattern
enacted by TAMUS LSAMP would be effective at many other
institutions given uniform effects over a 13-year span at several
universities with differing Carnegie classifications and student
populations. Given the need to expand the STEM workforce
in the United States and the limited diversity in the existing
STEM workforce (Bayer Corporation, 2012; Linley and George-
Jackson, 2013; Collins, 2018; National Science Foundation, 2018),
the ability, demonstrated by TAMUS LSAMP data, of UR to act
“as a powerful equalizer...to address the longstanding under-
representation of minorities in the sciences” (Carpi et al’s., 2017,
p- 169) as well as that of females is of critical importance.

LIMITATIONS

The data discussed were student self-reports and control group
data were not gathered thus the degree to which the outcomes
vary from those for students not participating in the LSAMP
programming is unknown. Demographic information included
in the 2007-2016 data set could not be reintegrated with the
survey responses eliminating the potential to disaggregate by
gender, ethnicity, race, home institution, etc. Thus, while the
informant group in 2007-2016 was representative of the pool
of participants based on high response rates, comparison of

reported impact between demographic subsets for these data
was not possible.
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