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Abstract Undergraduate research is widely perceived as a “high-impact practice” that pro-
motes students’ learning, cognition, career planning, and educational attainment. With some
exceptions, the existing evidence largely provides support for these beliefs. However, these
studies typically examine research experiences that occur later in the undergraduate years,
whereas engaging in undergraduate research during the first year is becoming increasingly
common. First-year experiences may yield different outcomes than later experiences for a
variety of reasons; in addition, previous studies often do not account sufficiently for self-
selection into undergraduate research, which may be especially problematic for cross-sectional
studies that occur in the junior or senior year. Therefore, this study examines the potential
impact of first-year undergraduate research using propensity score analyses within a large,
multi-institutional, longitudinal dataset. Research participation is significantly and positively
related to first-year university satisfaction and fourth-year undergraduate GPA, but it is
unrelated to satisfaction and grades in other years as well as graduate degree intentions,
retention at the same institution, and 4-year graduation. Conditional analyses indicate that
these effects are largely consistent across student demographics, pre-university achievement,
and institutional selectivity.

Keywords Undergraduate research - Student success - Academic achievement - Student
retention - Postsecondary students

George Kuh (2008) designated participation in undergraduate research as a ‘“high-impact
practice” and argued that students engaging in such practices are more successful on campus.
Undergraduate research has been a pedagogical approach used for decades (Boyer
Commission 1998; Kilgo et al. 2014; Kuh 2008; Merkel 2003). In 1998, the Boyer Commis-
sion called for the reinvention of undergraduate education centered, in particular, on research-
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based learning. The report notes that “learning is based on discovery guided by mentoring
rather than the transmission of information™ (p. 24). Empirical research suggests that under-
graduate research participation is linked to a wide variety of outcomes, including cognitive
development, academic achievement, preparation for graduate school, professional self-effi-
cacy, and retention and persistence (see Kilgo et al. 2014; Kuh et al. 2008; Lopatto 2006, 2010;
Nagda et al. 1998).

Despite the growing body of literature on this topic, little research examines undergraduate
research during students’ first year in school. If undergraduate research allows students to
“sink their roots in the culture of the discipline” (Merkel 2003, p. 41) as well as to explore
potential career aspirations or graduate degree pursuits, then engaging in these experiences
early might be beneficial. As such, many colleges and universities have begun offering first-
year undergraduate research opportunities (Lopatto 2010). Moreover, as a methodological
consideration, students who engage in research during their junior or senior year may have
already decided to have attended graduate school (and have already persisted in postsecondary
enrollment for years), so studying first-year research engagement may provide more useful and
valid insights into some desired outcomes. This paper addresses the gaps in the current
literature base regarding undergraduate research by using a multi-institutional, longitudinal
dataset. Specifically, this study examines the following two questions:

1. What effect does first-year participation in undergraduate research have on student success
outcomes (i.e., undergraduate GPA, university satisfaction, intentions for graduate school,
retention, and 4-year graduation)?

2. Do these effects differ by student demographic characteristics (i.e., race/ethnicity, sex,
parental education, and standardized test scores) and institutional selectivity?

By accounting for self-selection with propensity score analyses that includes a variety of
pre-university and institutional characteristics, this study can draw stronger inferences about
the potential causal effects of research participation in during the first year. In addition, the
consideration of conditional effects provides important and novel insights into for whom this
engagement may be most beneficial.

Undergraduate research experiences and outcomes

The goal of many undergraduate research opportunities is “to involve students with actively
contested questions, empirical observation, cutting-edge technologies, and the sense of excite-
ment that comes from working to answer important questions” (Kuh 2008, p. 10). Kuh
attributes these changes to be a function of collaborative work with faculty. He suggests that
undergraduate research experiences provide students with an individual, deep connection with
a faculty member or graduate student. This connection allows for individualized, prompt, and
continuous feedback during the research collaboration. Additionally, this experience provides
exposure to challenges in research and ways in which one can overcome these difficulties.
Undergraduate research experience may provide benefits that warrant its label as a high-impact
practice, including by promoting student persistence and degree completion.

Proponents of undergraduate research initially argued that the effect of undergraduate
research participation would be most pronounced on students’ advanced degree intentions
(Boyer Commission 1998). In other words, as a pedagogical practice, undergraduate research
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helps students clarify educational objectives and plans, in particular their postgraduate degree
aspirations. Zydney et al. (2002) found that students participating in formal undergraduate
research programs self-reported significantly greater gains in academic degree goals than those
who did not participate in undergraduate research, and students involved with informal
research opportunities had significantly higher self-reported gains in academic career goals
than their peers who did not complete any research opportunity. Similarly, Kim and Sax (2009)
found greater postgraduate degree plans for students who participate in research experiences
with faculty than those who do not. A rigorous examination by Kilgo and Pascarella (2016)
also found that undergraduate research is associated with greater graduate degree intentions
even when controlling for a variety of pre-university and institutional attributes (albeit with no
significant effect on 4-year graduation). This relationship was across a variety of student
characteristics, including sex and race.

Additional studies provide nuance and insights into the nature of these degree and career
aspirations. Seymour et al. (2004) interviewed 76 students who participated in undergraduate
research three times (twice during university and again 20 months after graduation). They also
collected data on a comparison group of 63 students. The researchers’ findings suggest no
support for the assertion that “undergraduate research experiences had prompted rising seniors
to choose particular careers” (p. 530), but rather, they found that the experience “had clarified,
refined, or confirmed students’ pre-existing choice of career directions” (p. 530). The vast
majority of students described the experience of undergraduate research as “an educational and
personal-growth experience with many transferable benefits” (p. 530). In other words, the
positive career related benefits resulting from undergraduate research may come from in-
creased student self-efficacy and a stronger individual connection with a faculty member.
Adedokun et al. (2013) also argue that research self-efficacy largely explained the link between
undergraduate research participation and students’ advanced degree intentions.

Kuh (2008) asserts that undergraduate research (and other high-impact practices) are more
beneficial for underrepresented students than for majority students. As a pedagogical practice,
universities specifically have promoted undergraduate research opportunities to increase
underrepresented students’ participation and enculturation into STEM major fields. Kim and
Sax (2009) found that research-related student-faculty interactions were more strongly asso-
ciated with grades for African-American students than for Latino and Asian-American stu-
dents. Studies focusing on undergraduate research experiences suggest that the experience
conditionally affects retention; specifically, program participation was positively related to
retention only for African-American students, not for white or Latino/Hispanic students
(Gregerman et al. 1998). These findings also suggest that the program may be most beneficial
for African-American students who were below median academic achievement for their racial
group. This study also disaggregated the time students chose to engage in undergraduate
research, finding stronger relationships with retention for students who first participate in their
sophomore year (rather than other years). Hurtado et al. (2008) found similar gains in science
identities and self-efficacy for first-year, African-American students associated with structured
undergraduate research programs in science fields. It may be that these benefits occurred for
students of color because of a structured first-year opportunity to engage in research as well as
a strong peer network.

Prompted by this earlier research suggesting positive associations between undergraduate
research participation and retention for underrepresented students, Jones et al. (2010) longitu-
dinally explored the effect of undergraduate research participation among biology majors.
Participation in an undergraduate research experience, regardless of timing, leads to a greater
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likelihood of graduation, attaining a degree in biology, and receiving a cumulative GPA of 3.0
or higher. Their findings suggest that participation in undergraduate research experiences is
most valuable for underrepresented student populations, especially in terms of graduating with
any degree (although well over 90% of undergraduate researchers from any racial/ethnic group
received a degree). Similarly, Kim and Conrad (2006) observed that historically black colleges
and universities have higher rates of undergraduate research experience for African-American
students than do predominantly white institutions. Finally, Hathaway et al. (2002) found that
underrepresented students participating in a formal undergraduate research program were more
likely to pursue postgraduate degrees than their peers in non-structured programs or with no
research experience at all. For underrepresented students, participation in undergraduate
research programs may provide socialization into the discipline and dispel myths about
graduate school.

However, the literature has some noteworthy limitations. First, and perhaps most impor-
tantly, many of these studies confound research participation and retention, since students who
have dropped out of their college or university are no longer able to participate in undergrad-
uate research. Thus, the reverse causal direction may be quite likely: Postsecondary attrition
leads to a lack of engagement with research, instead of research experiences leading to
subsequent retention, graduation, and pursuit of a graduate degree. Seymour et al. (2004) also
illustrated this potential directionality problem even among students who persist, since re-
search experiences clarified and reinforced students’ pre-existing career and educational goals
rather than creating those goals and intentions in the first place. Second, in a related concern,
even studies that avoid this problem through careful design do not sufficiently account for
selection bias into these research opportunities. That is, students who decide to participate in
undergraduate research may differ considerably in important ways from those who do not
(e.g., Kilgo and Pascarella 2016), so properly adjusting for these differences is crucial for
drawing strong conclusions about the impact of this practice. Third, a majority of the studies
are often limited to small sample sizes or samples from single institutions, so generalizability
may be limited.

Theoretical framework

This paper draws upon two closely related and highly influential frameworks: Pace’s (1982)
quality of effort and Astin’s (1984) theory of involvement. Both theories are complimentary, in
that they assert that the more students put into their undergraduate experiences, the more they
will benefit from them. Pace (1982) argues that the quality of students’ effort largely dictates
their learning and success outcomes; moreover, high-quality effort should lead to greater
academic achievement, which in turn promotes satisfaction, retention, and graduation. Astin’s
theory of involvement expands Pace’s argument to include the quantity of engagement as well.
Together, these two frameworks suggest the importance of both the depth and the breadth of
experiences for shaping a variety of short-term and long-term outcomes.

Undergraduate research, particularly during students’ first year, is notable for the quality
and quantity of effort required. The actual amount of time that students spend depends upon a
variety of factors, but 6-10 hours per week is typical (e.g., Kuh et al. 2007; Zydney et al.
2002). Given that many students do not spend more than 10 hours per week doing academic
work outside of class (Arum and Roksa 2011), this quantity of engagement is notable.
Moreover, the intellectual demands for understanding and conducting research during the first
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year—before most students have had much exposure to research methodology or disciplinary
content coursework—are substantial. Thus, the quality of effort required is likely to bolster
students’ subsequent achievement, satisfaction, retention, and degree intentions.

Present study

The present study sought to overcome limitations in the previous literature. Specifically, we
used a multi-institutional, longitudinal dataset to explore the effect of first-year participation in
research experiences on undergraduate GPA, university satisfaction, intention to obtain a
graduate degree, retention, and 4-year graduation. This study also provides stronger claims
about potential causality through two methodological decisions. First, propensity score anal-
yses accounted for self-selection into undergraduate research. Within the analysis, the large
scale of this data collection and longitudinal design of this dataset allowed us to consider a
variety of potentially confounding variables that occurred before beginning postsecondary
studies and that extend well beyond usual demographics and pre-university achievement.
Specifically, these covariates also included intended undergraduate major, highest intended
degree, academic dispositions, various academic and social experiences in the previous year,
and institutional characteristics.

Second, this study focused on undergraduate research that occurs during the first year.
In the junior and senior year, students have already likely made decisions about their
future career goals, so undergraduate research might clarify—rather than increase—
decisions to attend graduate school (Seymour et al. 2004). Students who engage in this
experience late in their undergraduate careers are probably doing so because they are
high achieving and seeking to prepare for graduate school. As a result, the direction of
causality may be the opposite of what some studies—especially those with cross-
sectional designs—might suggest. Measuring experiences in the first year with a longi-
tudinal dataset also enables us to predict outcomes that occur years after the experience.
That said, first-year undergraduate research might simply have different effects than later
research participation, which occurs when students have taken more coursework within
their field of study.

Finally, this study investigated whether and how first-year undergraduate research varies
across several groups, including students’ race/ethnicity, sex, parental education, and stan-
dardized test scores as well as institutional selectivity. To date, very little is known about such
variations, in part because the size and multi-institutional nature of this dataset are uncommon
in research on this topic.

Method

Data source and participants

This study used data from the Wabash National Study of Liberal Arts Education. Colleges and
universities were selected to participate based on their strong commitment to liberal arts
education. The sample contained 46 4-year institutions, which included religiously affiliated,
single-sex, and minority-serving schools. Institutions exhibited a wide range of selectivity,

tuition costs, and geographic diversity. Given our interest in examining outcomes of
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undergraduate research up to several years after postsecondary entry, the three 2-year institu-
tions within this dataset were excluded from the analytic sample.

Students beginning their first year were invited to participate in a longitudinal study. Before
classes began or during their first 2-3 weeks on campus (time 1), 16,719 students at 4-year
institutions completed a registration form that included demographic information; a question-
naire of various high school experiences, interests, attitudes, and values; and a battery of
assessments. Approximately 2 weeks before the end of their first year (time 2), students who
took part in the initial assessment were invited to participate in a second round of data
collection. They completed the same battery of assessments, along with questionnaires that
asked about their university experiences, interests, attitudes, and values. A total of 8475
students participated in the second wave, yielding a retest response rate of 51%. A third wave
of surveys was administered at the end of students’ fourth year; the questionnaires and
assessments were essentially identical to those used in wave 2. Of students at 4-year institu-
tions who participated in the first two waves, 4211 also participated in the third wave, which
constitutes a retest response rate of 50%.

To provide some adjustment for potential non-response bias, a sample weighting algorithm
was developed and implemented to make the sample more representative of the incoming first-
year classes of those institutions in terms of sex, race, academic ability, and institutional type.
In many surveys of college students and other adults, women and whites tend to be somewhat
overrepresented within the sample (Groves et al. 2009); these groups are also more likely to
persist within college (Radford et al. 2010) and therefore persist within the longitudinal study.
The weighting strategy adjusted for differences between the target population (i.e., the
incoming cohort of undergraduates at these colleges and universities) and study participants
that resulted from unit non-response (see Biemer and Christ 2008). The weights were
normalized with a mean of 1.0 so that weighting did not affect the analytic sample size.
Overall, 56.6% of participants were female, 10.4% were black/African-American, 5.6% were
Asian-American/Pacific Islander, 4.8% were Latino/Hispanic, and 2.5% were from another
race/ethnicity. Moreover, 5.2% of participants engaged in undergraduate research during their
first year; this figure is similar to results from the National Survey of Student Engagement
(2016).

Measures

Dependent variables Undergraduate GPA was measured via student self-reports at the end
of the first year and the end of the fourth year on an eight-point scale (1 = C— or lower, to
8 = A). University satisfaction was computed as the index of two items that were assessed at
those same two timepoints: “How would you evaluate your entire educational experience at
this institution?” (1 = poor, to 4 = excellent) and “If you could start over again, would you go
to the same institution you are now attending?” (1 = definitely no to 4 = definitely yes;
Cronbach’s alpha = 0.70 in the first year and 0.71 in the fourth year). These academic
achievement and satisfaction measures were subsequently standardized with a mean of zero
and a standard deviation of one, allowing the results of the propensity score analyses to be
interpreted as Cohen’s ds (i.e., the standardized mean difference) between students who did
and did not participate in undergraduate research. Students’ intentions to receive a graduate
degree were indicated during the first and fourth years with a binary variable (0 = no, 1 = yes).
Three university retention variables indicated whether students were enrolled at their initial
institution in the Fall term of the second year, third year, and fourth year. On-time graduation
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was indicated by whether the student had graduated from that institution by the end of the
fourth year.

Independent variables The primary independent variable was participation in undergradu-
ate research during the first year (0 = no, 1 = yes). As discussed earlier, this first-year measure
was used to explore outcomes that might result from research participation later in students’
undergraduate years.

As recommended for this analytic technique, all variables included in the propensity score
were pre-university characteristics (i.e., before students participated in the treatment) that were
selected based on their expected impact on participation in the treatment and/or outcome
variables (see Austin 2011; Guo and Fraser 2015). Several different categories of predictors—
with multiple variables from each category—were used to create the propensity score; this
approach is often particularly effective in substantially reducing or eliminating bias (Steiner
et al. 2015). This study included three important categories of predictors that are essential for
predicting future behavior but are often not used as covariates in postsecondary research. First,
students’ pre-university dispositions and traits may predict both undergraduate research
participation and postsecondary success. Academic motivation reflects interest in engaging
with academic experiences and course material (8 items, a = 0.69). Need for cognition
indicates a preference to engage in cognitively challenging and thought-provoking activities
(18 items, a = 0.89; Cacioppo et al. 1996). Students also rated the personal importance of
various life goals, and three of these indices were used: professional success (5 items,
a = 0.76), contributing to science (2 items, o = 0.70), and political and social involvement
(11 items, o = 0.80).

Second, postsecondary intentions were assessed for highest intended degree (1 = vocation-
al/technical certificate or diploma to 6 = doctorate degree) and undergraduate major (dummy-
coded variables for allied health, business, education, engineering, humanities/fine arts,
mathematics/statistics, natural sciences, and others, with social sciences as the referent group).
Third, the analyses included various forms of academic and social engagement during the high
school (or secondary school) senior year, because these forms of participation likely predict
postsecondary academic involvement. The pre-university experiences were assessed using a
five-point scale (1 = never, to 5 = very often): studying alone, studying with friends, talking
with teachers, volunteering, and working for pay. Standardized test scores were indicated
through the ACT composite score or the converted SAT math plus verbal scores. High school
GPA was indicated with two dummy-coded variables for an average of B (B+ to B—) and an
average of C+ or lower, with A— to A+ as the referent group.

Demographics were used, since they frequently predict postsecondary student engage-
ment and success outcomes (e.g., Kinzie et al. 2007; Radford et al. 2010). These variables
included race/ethnicity (dummy-coded variables for Asian-American/Pacific Islander,
black/African-American, Latino/Hispanic/Chicano, and other race/ethnicity, with white/
Caucasian as the referent group), sex (0 = female, 1 = male), and parental education (the
average of mother’s and father’s level of education). Finally, given the multi-institutional
nature of this study, institutional characteristics were also included. Institutional type was
measured with dummy-coded variables for regional university and research university, with
liberal arts college as the referent group. Institutional selectivity was indicated with the
Barron’s index (1 = non-competitive to 6 = most competitive). Many of these measures
have been used in previous research and have strong evidence for their content, construct,
and predictive validity; detailed information is available from the Center of Inquiry at
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Wabash College (2016) and the Center for Research on Undergraduate Education at the
University of Towa (2008).

Analyses

Two key considerations guided the choice of the matching approach for these propensity score
analyses. First, because the current sample contained students nested within institutions, hierarchi-
cal linear modeling (HLM) analyses were used. This nesting violates a key assumption of ordinary
least squares (OLS) multiple regression, whereas HLM accounts for this issue by partitioning the
variance within institutions (at level 1) and between institutions (at level 2) and adjusting standard
errors accordingly (e.g., Heck and Thomas 2009; Raudenbush and Bryk 2002). According to the
intraclass correlation coefficients (ICCs), substantial between-institution variance was apparent for
all outcomes, including university satisfaction (ICC = 0.090 in the first year and 0.093 in the fourth
year), undergraduate GPA (ICC = 0.094 and 0.098, respectively), intent to receive a graduate
degree (ICC =0.094 and 0.067, respectively), retention (ICC = 0.126 to year 2, 0.146 to year 3, and
0.177 to year 4), and 4-year graduation (ICC = 0.361).

Second, only a small proportion of students participated in undergraduate research during
the first year, so a strategy that pairs each research participant with only one student who did
not participate would result in a substantial loss of statistical power. Therefore, given the
multilevel structure of the data and the desire to retain as many students within the sample as
possible, stratification was used to conduct matching (for examples of multilevel propensity
score stratification, see Bowman et al. 2016; Hong and Raudenbush 2006). Stratification is one
of several techniques that compare the outcomes of students in the treatment and control
conditions who are very similar in their predisposition to engage in the treatment (Austin 2011;
Guo and Fraser 2015). The current study used stratification to match students both within and
across institutions while also accounting for the multilevel structure of the data; such
approaches provide better results than ignoring the multilevel structure and/or attempting to
match solely within the same level 2 unit (Vaughan et al. 2014; Wang 2015). Power analyses
using Power Up! Software (Dong and Maynard 2013) found that this design has considerable
statistical power, since it would be able to detect an effect of d = 0.14 with power of 0.80; this
effect size is slightly below the value designated for “small” effects within social science
research generally (Cohen 1988) and postsecondary impact research specifically (Mayhew
et al. 2016). Therefore, this study has ample power to identify meaningful effects if they exist.

To help select variables for the propensity score, each pre-university variable was entered at
the appropriate level (student or institution) as the lone predictor of undergraduate research
participation in a multilevel analysis. Based on results from simulation studies (Brookhart et al.
2006; Patrick et al. 2011), some variables were retained for creating the propensity score if
they were related to the outcome but did not significantly predict undergraduate research
participation; these included demographics, high school grades, time spent studying, working
for pay, and institutional type. In contrast, a few variables that did not significantly predict
research participation—and for which the existing literature does not provide evidence for a
link with this study’s outcomes—were excluded from the propensity score (high school
extracurricular activities, high school socializing, importance of contributing to the arts, and
eudaimonic well-being).

The logit was used to compute a single, linear propensity score. Figure 1 provides the
distribution of this propensity score for students who did and did not participate in
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Fig. 1 Histogram of propensity scores for students who did and did not participate in first-year undergraduate
research

undergraduate research. As a first step, the linear propensity score variable was divided into
five equal strata with 20% of participants included per stratum to equate participants on the
propensity score within each stratum (Cochran 1968). This approach failed to yield sufficient
balancing, so greater numbers of strata were tested. The final solution employed 30 strata, and
it removed participants from the highest stratum, which was still unbalanced, from the analytic
sample. After doing so, a two-way analysis of variance predicting the linear propensity score
with strata and treatment condition (research vs. no research) as independent variables found
no significant main effect of treatment condition and no interaction between strata and
treatment. This large number of strata means that students in the treatment and control
conditions within the same stratum had very similar propensities to participate, and the large
sample size of this study permits the use of this many strata while still providing ample
statistical power.

Another test of the effectiveness of the propensity score balancing examines whether each
variable used to create the propensity score significantly predicts program participation when
including the propensity score adjustment. If the propensity score succeeds in removing self-
selection bias, then the pre-university variable should not significantly predict undergraduate
research participation when performing the adjustment. Table 1 provides a summary of these
multilevel tests; none of the independent variables significantly predicted research participa-
tion when the PSM adjustment occurred, which indicates that the propensity score successfully
removed bias associated with those variables.

The final analyses predicted each of the ten student success outcomes with undergraduate
research participation and the PSM strata entered as predictors. University satisfaction and GPA
were treated as continuous outcomes through HLM analyses. Hierarchical generalized linear
modeling (HGLM) analyses were used to predict the dichotomous outcomes of graduate degree
intentions, retention, and graduation. To explore whether the potential impact of undergraduate
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Table 1 Hierarchical generalized linear modeling analyses predicting first-year undergraduate research partic-
ipation before and after propensity score balancing

Predictor Before balancing After balancing
B SE p B SE P
Pre-university dispositions and traits
Academic motivation 0.389  0.129 0.003 0.020  0.133 .880
Need for cognition 0.355 0.091 <0.001 —0.051 0.101 610
Importance of professional success 0.384 0.083 <0.001 0.031 0.095 747
Importance of contributing to science 0.393 0.072 <0.001 0.053 0.068 434
Importance of social/political involvement 0.352 0.129 0.006 —0.040 0.077 .601
Physical health 0.262 0.095 0.006 0.070  0.104  .502
Postsecondary intentions
Intended allied health major - 0.349 0.170 0.040 0.051 0.190 788
Intended business major —0.094  0.108 0386  —0.042 0.101 679
Intended education major —0.281 0.199 0.159 —0.003 0.236 991
Intended engineering major 0.141 0.257 0.583 0.074 0.263 780
Intended humanities or fine arts major - 0421 0.197 0.033 - 0.039 0.226 .864
Intended mathematics or statistics major 0.115 0.436 0.792 =0.172 0.618 781
Intended natural sciences major 0.723 0.136  <0.001 0.061 0.212 774
Intended other major 0.077 0.140 0.582 —0.136 0.150 363
Highest intended degree 0.075 0.047 0.108 0.025 0.044 .568
High school engagement
High school teacher interactions 0.219 0.053 <0.001 - 0.062 0.065 335
High school studying with friends 0.125 0.068 0.069  —0.053 0.094 574
High school studying alone —0.003 0.082 0.968 0.013 0.067 .849
High school volunteering 0.145 0.053 0.006 —0.055 0.076 468
High school working for pay 0.076  0.070 0.273 - 0.005 0.067 .945
High school achievement
Standardized test scores —0.039 0.019 0.040  —0.005 0.024 .848
B HSGPA 0.017  0.126 0.893 0.038  0.141 187
C or lower HSGPA 0.198  0.226 0.380 0.170  0.331 .607
Demographics
Asian-American/Pacific Islander —0.141 0.398 0.723 —0.063 0.417 .881
Black/African-American 0.230  0.306 0.453 0.061 0.218 779
Latino/Hispanic/Chicano 0.202  0.288 0484  —-0.108 0378 774
Other race/ethnicity -0.254 0316 0.422 0.006 0320  .986
Male 0.128  0.128 0315 -0.014 0.119 .904
Parental education —0.029 0.033 0.384 —0.000 0.037 997
Institutional characteristics
Regional university 0.343  0.292 0.246 0.033  0.241 .891
Research university —0.196 0.388 0.616 —0.048 0.359 .895
Institutional selectivity —0.199  0.106 0.066 —0.012  0.097 901

Note. All variables used to create the propensity score were assessed upon entering university. Variables that did
not significantly predict the treatment were still used within the propensity score if previous literature showed that
they predicted the outcomes

research varies across groups, additional analyses included interaction terms between research
participation and several student-level variables (race/ethnicity, sex, parental education, and stan-
dardized test scores). To increase statistical power, students of color were combined into a single
group for this analysis and the corresponding interaction. Furthermore, a cross-level interaction
between institutional selectivity and undergraduate research was used. Variables for research
participation, the relevant moderator, and the interaction term were entered simultaneously into
the equation to model these interactions appropriately (Jaccard and Turrisi 2003). Separate analyses
examined each interaction to avoid problems with multicollinearity.
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Limitations

Some limitations should be noted. First, although quasi-experimental designs can yield results that
better estimate causal effects, these analyses only match participants on the variables used to create
the propensity score. Therefore, it is possible that this study has not completely eliminated selection
bias, since other relevant variables may not have been included (e.g., a direct measure of students’
interests in research). Second, this study measured participation in undergraduate research during
students’ first year, but this variable does not specify how long students participated or what types of
experiences they had. As a result, the findings cannot provide insight into implications for the length
and content of such initiatives. Third, the retention and graduation indicators only reflect outcomes at
students’ initial college or university. Undergraduate research participation may also influence
whether students persist or receive a degree from any institution; however, since retention and
graduation outcomes were specific to the original institutions, persistence and graduation from other
institutions could not be assessed.

Results

Table 2 displays the results for undergraduate research participation and student outcomes
before and after the propensity score adjustment. Although the coefficients differ somewhat
depending on whether these quasi-experimental analyses are employed, the pattern of signif-
icant results is identical. Specifically, undergraduate research is positively and significantly
related to fourth-year undergraduate GPA and first-year university satisfaction. However, the
results are non-significant in all other analyses, including GPA and satisfaction in the other
years, 4-year graduation, and retention and graduate degree intentions in any year. Among the
non-significant results, half of the coefficients were positive, and half were negative.

As shown in Table 3, additional analyses examined interactions between undergraduate research
and key predictors at the student and institutional levels. Undergraduate research participation is

Table 2 Results of hierarchical linear modeling analyses for first-year undergraduate research participation
predicting postsecondary student success outcomes

No PSM adjustment PSM adjustment

Outcome variable B SE B SE

Undergraduate GPA in the first year 0.012 0.094 0.022 0.101
Undergraduate GPA in the fourth year 0.172% 0.075 0.165%* 0.060
University satisfaction at end of first year 0.174%* 0.055 0.176%#%* 0.039
University satisfaction at end of fourth year 0.099 0.076 0.081 0.092
Intent to obtain graduate degree during the first year —0.040 0.172 —0.001 0.208
Intent to obtain graduate degree during the fourth year - 0.092 0.437 - 0.276 0.449
Retention to fall of second year - 0.287 0.237 - 0.087 0.213
Retention to fall of third year 0.006 0.165 0.008 0.182
Retention to fall of fourth year —0.152 0.147 - 0.135 0.203
Graduated within 4 years 0.059 0.131 0.099 0.152

Note. Undergraduate GPA and university satisfaction were standardized with a mean of zero and a standard
deviation of one. Degree intentions, retention, and graduation were modeled as binary outcomes using hierar-
chical generalized linear modeling analyses

p < 05 #p < 01; *#%5p < 001
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more positively related to first-year GPA among students who attended more selective institutions,
had stronger standardized test scores, and had greater parental education. Aside from these results,
the other conditional effects are often non-significant and are mixed across interaction terms and
outcomes. Undergraduate research is more positively related to graduate degree intentions during the
first year among students with higher test scores and among male students, but this link is more
positive for female students when predicting graduate degree intentions during the fourth year. In
addition, the impact of undergraduate research on GPA in the fourth year is more positive at selective
institutions, whereas the impact on retention to the fourth year is actually more negative at selective
schools. Finally, the relationship with retention to the second year is more positive among students
with high parental education.

Discussion and conclusion

Overall, first-year undergraduate research participation is positively related to fourth-year
undergraduate GPA as well as first-year university satisfaction. This study’s methodological
and analytic approach adds credence to the argument within the current educational attainment
literature suggesting positive benefits from participation in research experiences (e.g.,
Adedokun et al. 2013; Jones et al. 2010). Engaging in research experiences likely facilitates
more frequent student-faculty interaction and possible mentoring relationships, which may be
the reason that participating students are more satisfied. Interestingly, first-year participation in
this experience does not have a significant effect on students’ first-year GPA, but rather an
apparent delayed effect on fourth-year GPA. It is possible that cognitive skills learned during
research participation in the first year benefit students in more advanced coursework, which is
more cognitively demanding. Previous literature has shown gains in critical thinking, writing,
and communication skills as a result of research participation that are often related to higher-
level coursework (Adedokun et al. 2013; Lopatto 2006, 2010). These effects on grades and
satisfaction are considered small according to recommendations for higher education research
(Mayhew et al. 2016) and social science more generally (Cohen 1988). However, as Cohen
argues, a small effect size does not imply a lack of practical significance, because the treatment
may be implemented with varying degrees of effectiveness, and the key variables will contain
some degree of error. Most postsecondary experiences have a modest effect on student
outcomes (Mayhew et al. 2016), so these findings for undergraduate research are on par with
other forms of engagement.

In contrast, research participation was not significantly related to graduate degree inten-
tions, retention at the same institution, or 4-year graduation. As discussed earlier, this study had
sufficient statistical power to identify even small effect sizes (d = 0.14), so this study would
likely have identified any practically meaningful effects if they were present. The mix of
positive and negative coefficients for the non-significant results further supports the lack of
meaningful effects for most outcomes, whereas previous studies have generally shown positive
relationships associated with research experiences and similar outcomes (Kilgo and Pascarella
2016; Kim and Sax 2009; Zydney et al. 2002). At least one of two explanations could account
for this divergence. First, the first-year research experiences examined in this study may
simply have differential outcomes than later experiences (which were the focus of previous
inquiry). In later years, students could be more developmentally prepared for research, have
more relevant knowledge and skills, engage in more meaningful and autonomous activities,
and/or work more collaboratively with faculty (rather than with graduate assistants or by

@ Springer



30 High Educ (2018) 76:17-33

themselves). Any of these explanations could lead to better outcomes when undergraduate
research occurs later. Second, this study conducted a rigorous examination of causal effects by
using propensity score analyses, incorporating a rigorous set of covariates, examining a large
dataset of diverse students and institutions, conducting longitudinal analyses that ensured the
experience occurred before the outcomes, and assessing a later experience after students have
already made a decision to attend graduate school. Some previous studies may have
overestimated the effects of undergraduate research because of their sampling, variables,
analyses, or overall research design.

The conditional findings for first-year undergraduate research participation were mixed
across the various student success outcomes. Among groups that are more academically
prepared or privileged (i.e., students attending more selective institutions, students with higher
standardized test scores, and students with greater parental education), participation in under-
graduate research in the first year was associated with more positive results. The potential
effects on undergraduate GPA in the first and fourth years are more positive at selective
institutions, whereas the effect on fourth-year retention is more negative at selective institu-
tions. The one consistent pattern is that undergraduate research has a stronger effect on first-
year GPA among groups that are more academically prepared or whose parents have higher
levels of education. Perhaps surprisingly, these groups are not more likely to engage in first-
year research; in fact, students’ test scores are actually inversely related to participation (as
shown in Table 1). The reason for this pattern is unclear. Perhaps students with greater
academic preparation are better able to learn from and excel within their research experiences,
which have the potential to be particularly challenging for first-year students. Or perhaps, these
students are already intending on participating in these experiences, but at a later date, using
their first year as a transition period. These students from privileged backgrounds may also
have greater cultural capital that helps them know what to expect from working with faculty
and possibly also tailor these experiences to fit better with their own interests and skills.

The only significant finding by race/ethnicity is that the effect of undergraduate research is
greater for university satisfaction at the end of their fourth year among students of color than
among white students. The fact that this interaction is significant at the end of the fourth year,
but not the end of the first year, is interesting. It may be that the experience of first-year
research creates different paths for these students to have different experiences in the subse-
quent years that might increase their satisfaction, or this first-year experience increases a sense
of purpose or belonging among students of color that manifests later as satisfaction with their
collegiate experience. This study did not uncover any other significant findings by
race/ethnicity, contrary to other researchers’ findings regarding GPA and graduation (see
Jones et al. 2010; Kim and Conrad 2006; Kim and Sax 2009). The lack of additional
significant findings, contrary to prior research, could be attributable to the more robust and
rigorous research design.

When viewing the conditional effect of first-year participation in undergraduate research by sex,
intentions to receive a graduate degree are the only significant outcome. First-year research
participation is more positively related to graduate degree intentions among male students (than
among female students) when this outcome is assessed during the first year, but the exact opposite
is true when the outcome is assessed during the fourth year (i.e., the effect is significantly more
positive for female than for male students). Participation in the first year might help female students
develop research self-efficacy (Adedokun et al. 2013) that could later lead to decisions to pursue a
graduate degree. For female students, this experience might help develop or clarify a STEM
mindset in which female students make a decision in subsequent years to pursue advanced degrees.
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Further, for male students, the research experience in the first year could work in the opposite
direction, leading male students to make career choices that differ from original plans. Another
explanation might lie in the relatively large number of interactions tested. These divergent results
may be stem from one or more significant relationships that simply occurred by random chance.
For instance, the greater effect for male students in the first year is highly significant, whereas the
greater effect for female students in the fourth year is close to the cutoff of p < .05. Therefore, this
latter result may not be substantively meaningful, especially given that significance testing is
expected to yield an occasional type I error within a fairly large number of tests. Further studies
conditionally exploring first year undergraduate research experiences by sex could help clarify
these results.

In summary, this study finds that students participating in first-year undergraduate research
experiences have higher GPAs in their fourth year and are more satisfied with their postsecondary
experience in their first year. The results suggest that colleges and universities should consider
directing resources in encouraging this type of experience for first-year students, while weighing
the fact that this practice does not seem as effective at promoting student success as some may
believe. Further research is needed on the overall effects of first-year undergraduate research to
better understand these dynamics, along with how these interact with institutional selectivity and
student characteristics. In particular, are there certain forms of early research engagement that are
more effective at promoting student outcomes than others? Is research conducted with faculty
during intensive summer experiences more effective? And are these experiences more beneficial
for some groups than for others?
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