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Background Information 

 Involvement in research is a positive predictor for retention and success in 

undergraduate STEM degrees, with significant positive effects on four-year graduation rates, 

aspirations to continue to graduate school, GPA, satisfaction with the university experience, 

research self-efficacy, and plans to pursue a future career in research (Adedokun et al., 2013; 

Bowman & Holmes, 2018; Kilgo & Pascarella, 2016). While many students do not pursue 

research experiences until their junior or senior year, several studies indicate that earlier 

development of research skills produces stronger positive effects, particularly in terms of 

science identity development and higher order thinking skills (Adedokun et al., 2014; Thiry et al., 

2012). Students that are traditionally underrepresented in higher education, particularly first-

generation and low-income students, can benefit the most from research experiences, with 

participation in undergraduate research programs mitigating the low academic engagement, 

performance, and retention often associated with these populations (Harackiewicz et al., 2014; 

Soria & Stebleton, 2012).  

Despite the evidence for the benefits of early exposure to research, very few studies 

investigate research experiences prior to enrollment in an undergraduate degree and the 

differences in involvement across underrepresented groups. Developing research experience 

prior to entering college may help students become involved with research earlier in their 

undergraduate degree and provide students with skills that can reduce the achievement gap 

experienced by first-generation and low-income students. At the University of New Mexico in 
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particular, as an R1 institution serving a high percentage of first-generation and low-income 

students, understanding how these factors impact the research skills of incoming students is 

critical to supporting student success in STEM coursework.  

The purpose of this study is to investigate the impact of first-generation and low-income 

student status on research experience prior to first-time enrollment in an undergraduate degree. 

Two research questions were developed to address this goal: 

RQ1: Are there differences in research experience prior to college across first-generation and 

continuing-generation students, controlling for sex and race/ethnicity? 

RQ2: What is the impact of family income on research experience prior to college, and does that 

impact differ between first-generation and continuing-generation students? 

Methodology 

The dataset used in this analysis is survey data collected by the University of New 

Mexico (UNM) Undergraduate Research, Arts, and Design Network (URAD) in the Fall 2020 

semester. Incoming first-time freshmen enrolled in URAD-affiliated courses completed the pre-

survey during the first two weeks of the semester, sharing information about their involvement in 

research experiences prior to college. UNM ID numbers from the survey were matched to 

students in UNM’s Banner system to provide demographic and other background information. 

Of the 122 initial respondents, one was removed for incomplete data on the prior research 

experience questions, resulting in a dataset of 121 respondents. 

Predictor Variables: Demographic information gathered from the survey and from UNM records 

are used as predictor variables in this study, namely sex, race/ethnicity, first-generation student 

status, and family income, as determined by Pell Grant eligibility. Distribution of respondents 

across these variables are reported in Table 1. 
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Outcome Variable: The outcome variable is a continuous score determined by answers to eight 

items on the URAD survey score measuring experience with research prior to entering college. 

Descriptive statistics across demographic categories are reported in Table 1.  

 

Data Analysis 

Three ANOVA models were developed to investigate the research questions. To 

address the first research question, a covariate only model was created with the variables sex 

(B1, dummy coded with male as the reference group) and race/ethnicity (B2 and B3, effect coded 

with White as the reference group). First-generation student status was then added (B4, dummy 

coded with continuing-generation students as the reference group). A 1df F-test was used to 

determine differences in prior research scores across first-generation and continuing-generation 

students.  

 To answer the second question, family income was added to the model, as measured 

by Pell Grant eligibility (B5, dummy coded with non-Pell Grant eligibility as the reference group), 

as well as an interaction term (B6) between Pell Grant eligibility and first-generation student 

Table 1. Prior research score statistics by demographic

n Mean SD SE

All respondents 121 20.07 20.92 1.90
Sex
    Female 57 22.74 21.10 2.79
    Male 64 17.69 20.63 2.58
Race / ethnicity
    Hispanic 65 22.34 20.43 2.53
    White 37 15.19 21.02 3.46
    Other 19 21.79 21.86 5.01
Student Status
    First-Generation 60 21.65 20.79 2.68
    Continuing Generation 61 18.51 21.10 2.70
Family Income
    Low Income 35 22.34 19.62 3.32
    Not Low Income 86 19.14 21.47 2.31
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status. A 1df F-test was used to determine the effect of family income on prior research 

experience and a second 1df F-test was run to determine if the effect differs between first-

generation and continuing-generation students. All analyses were performed using R Studio. 

PriorRes = 𝐵0 + 𝐵1 ∗ 𝐹𝑒𝑚𝑎𝑙𝑒 + 𝐵2 ∗ 𝐻𝑖𝑠𝑝𝑎𝑛𝑖𝑐 + 𝐵3 ∗ 𝑂𝑡ℎ𝑒𝑟 + 𝐵4 ∗ 𝐹𝑖𝑟𝑠𝑡𝐺𝑒𝑛 + 𝐵5 ∗ 𝑃𝑒𝑙𝑙 + 𝐵6 ∗

𝐹𝑖𝑟𝑠𝑡𝐺𝑒𝑛 ∗ 𝑃𝑒𝑙𝑙  

Results 

Covariate only model. The covariate only model did not indicate significant effects of sex or 

race/ethnicity on prior research experience scores (F(3, 117) = 1.81, p > 0.05). 

RQ1: Are there differences in research experience prior to college across first-generation and 

continuing-generation students, controlling for sex and race/ethnicity? This question was 

addressed by adding first-generation student status to the covariate-only model (Table 2). 

Analysis did not show significant differences in prior research experience between first-

generation and continuing-generation students when controlling for sex and race/ethnicity (F(1, 

116) = 1.39, p > 0.05). A comparison between this model and the covariate-only model did not 

indicate a significant difference between the two (p > 0.05). 

RQ2: What is the impact of family income on research experience prior to college, and does that 

impact differ between first-generation and continuing-generation students? The second 

research question was answered by adding Pell Grant eligibility and the interaction between Pell 

Grant eligibility and first-generation student status to the previous model (Table 2). Results did 

not show a significant main effect of family income on prior research experience (F(1, 115) = 

1.12, p > 0.05, nor was there a significant interaction between family income and first-

generation student status, meaning that the effects of being low income did not differ across 

student status (F(1, 114) = 1.01, p > 0.05). Model comparisons did not reveal significant 
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differences between these two models (p > 0.05), or between the family income main effect 

model and the RQ1 model (p > 0.05).  

Post-Hoc Power Analysis: While a literature search did not find an appropriate meta-analysis for 

the effect of first-generation student status on research experience prior to college, a study by 

Harackiewicz et al. (2014) reported an effect size of 0.39 for first-generation student status on 

academic achievement for undergraduate freshmen. A post-hoc power analysis for first-

generation student status using this effect size and parameter estimates from Model 4 resulted 

in a value of 0.41. This result indicates that the sample used in this study had only a 41% 

probability of finding an effect size of 0.39 or greater.   

 

Table 2. Impact of first-generation student status on research experience prior to college

Predictor B SE df p < .05 ES
Model 1: Covariates
F(3, 117) = 1.81
Intercept 11.78 4.04 1 *
Female 6.00 3.82 1 0.29
Hispanic 7.78 4.28 1 0.38
Other 8.11 5.92 1 0.40
Model 2: Covariates and first-generation student status 
F(1, 116) = 1.39
FirstGen 1.52 3.85 1 0.07
Model 3: Effects of first-generation status across income level
F(1, 115) = 1.12
Pell 1.20 4.50 1 0.06
Model 4: Effects of first-generation status across income level
F(1, 114) = 1.01
FirstGen * Pell -6.5 8.90 1 -0.32
Notes: * indicates p < .05; ES reported using Cohen's d, using sd 
of model residuals as denominator.
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Figure 1: Bar graph of group means with 1 standard error bar 

 

 

Figure 2: Line graph of adjusted group means with confidence intervals 
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Discussion and Conclusion 

 The analyses in this study did not find significant main effects of first-generation student 

status, family income, race/ethnicity, or sex on research experience prior to high school, nor 

was a significant interaction found between first-generation status and family income. Because 

47% of students in the studied sample did not have prior research experience and because 

research experience is a predictor for success in undergraduate STEM degrees, understanding 

why students do not engage in research is a worthwhile goal. While not available in this dataset, 

existing research suggests that high school factors, such as the overall quality of the school and 

the academic rigor of the curriculum, parenting practices, cultural expectations and norms, and 

student beliefs, such as sense of belonging in a college environment, are significant 

contributions to differences in student performance between social classes, including low 

income and first-generation students (Harackiewicz et al., 2014). Though these factors are not 

explicitly related to research experience prior to high school, further investigation into these 

factors may reveal a relationship.   

Additionally, a post-hoc power analysis suggests that the study was underpowered to 

find significant effects, although the analysis was based on one study, which is not best practice 

for determining a suitable effect size goal. Future research should pursue ways to increase the 

power for analysis, possibly by increasing the sample size and finding (or generating through 

meta-analysis) more accurate effect size estimates.  

Model Assumptions 

Normal distribution of error terms:  

A histogram of the residuals for Model 4 was generated with two curves added for 

interpretation (Figure 3). The green line follows the model residuals, and the blue line follows a 

normal distribution. From this graph, it appears that the residuals for this model follow a non-
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normal distribution. To investigate the possibility that the high percentage of outcomes scores of 

zero (n = 59 or 49%) were responsible for the distribution, a second histogram was generated 

from a model (Model 5) using only prior research scores greater than zero (Figure 4). While this 

distribution is much closer to normal, omission of zero scores reduces the ability to answer the 

research questions for this study, so the original dataset was used for all analyses, unless 

otherwise noted. By using this dataset, it is possible that standard errors will be overestimated, 

resulting in larger confidence intervals and more conservative results. 

 

Figure 3: Histogram of Model 4 residuals 
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Figure 4: Histogram of Model 5 residuals 

 

Homoscedasticity:  

 

Figure 5: Scatterplot of Model 4 residuals with standard deviation lines 
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A scatterplot of residuals for Model 4 was generated, with a +1 and a -1 standard deviation line 

added around the mean (Figure 5). The residuals appeared to generally fall into a band with no 

discernible pattern indicating heteroscedasticity. 

Independence of residuals:  

 A scatterplot of Model 4 residuals exhibits clustering of data points near the bottom of 

the graph (Figure 6). Similar to the assumption of normality graph above, a second scatterplot 

was generated from Model 5, in which outcome scores of zero were removed from the dataset 

(Figure 7). The clusters are no longer apparent, indicating that there is a clustering effect due to 

the zero scores. While the original dataset including the zero scores is used for all analyses in 

this study, further investigation into the characteristics of students with zero prior research 

scores would be useful in determining specific characteristics of this group that would suggest 

different effects for them than what was found in the main analysis. 

 

Figure 6: Scatterplot of Model 4 residuals 



9225 Final Project, p. 11 

 

Figure 7: Scatterplot of Model 5 residuals 

 

Linearity: All predictor variables are categorical; therefore, the model must be linear. 

Accurate measurement of variables: Low frequencies of ethnicities/races other than White and 

Hispanic resulted in the use of an “Other” category to include identities such as Black/African-

American, Asian, and Multi-racial. As these groups are not homogenous, results for the “Other” 

category should not be applied to members of the groups included in this variable. A larger 

sample size with a higher percentage of these races/ethnicities would allow for more accurate 

measurement of groups other than White and Hispanic. The “sex” variable may also be 

inaccurately measured, as the data source, the UNM admission application, only includes 

“male” and “female” as choices. Recent research reports that nearly 5% of adults under 30 in 

the United States identify as non-binary or transgender (Brown, 2022), indicating the likelihood 

of respondents who do not identify as “male” or “female” answering inaccurately.  

Cronbach’s Alpha was calculated for the eight items in the prior research score scale. 

The calculated α was 0.86, which is considered a “good” score for internal reliability.  

Relevant variables included: This assumption is addressed in the Discussion section above. 
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R Studio Code:  
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R Studio Output: 
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