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Validating Scales to Measure Undergraduate Students’ Interest and Career
Aspirations in Geoscience and Sedimentology

Abstract

This full paper in the empirical research paper category presents the validity of scales to
measure students’ interest and career aspirations in geoscience and sedimentology (GS). High
attrition rates are an ongoing concern in STEM (Science, Technology, Engineering, and
Mathematics) disciplines. Previous research shows that less than 50% of the students enrolled
in STEM programs graduate with a degree in their field. Given the crucial role of students’
interest in determining their academic and career choices, learning experiences in STEM
fields must be designed to create and sustain students’ interest in the field. This paper
presents the design and validation of scales to assess students’ interest and career aspirations
in GS. We adapted items from pre-existing instruments on STEM situational interest and
career aspirations for use in the context of GS. This study is part of a larger project that
comprises the development and evaluation of an educational tool to facilitate teaching
sedimentology concepts. The following research question guided the study: How do the
observed measures of GS interest and GS career aspirations relate to their respective
underlying constructs? We surveyed two undergraduate geology courses at Texas A&M
University, an R1, Hispanic-serving institution (HSI) in the southwestern United States. We
administered the survey at the beginning (pre-survey) and end of the semester (post-survey)
for Spring and Fall semesters of 2024 (N=151). To validate the instrument, as supported by
logic and theory, confirmatory factor analysis was conducted. The GS interest model
demonstrated good fit, confirming the underlying factor structure. However, the GS career
aspirations model showed an inadequate fit and was respecified to include a covariance
between two items reflecting content applicability and impact on goals. The respecified
model showed a good fit for the data. The findings offer empirical support for the validity of
the scales within the context of undergraduate geoscience courses. This study establishes a
foundation for extending the instrument’s use and refinement in diverse geoscience contexts,
ultimately supporting the development of learning experiences that foster and sustain student
interest in geoscience.

Introduction

There has been a growing emphasis on improving students’ interest in Science, Technology,
Engineering, and Mathematics (STEM) disciplines to counter the low recruitment and high
attrition rates [1-3]. Particularly, the field of geology presents a unique challenge in fostering
student interest since the concepts are difficult to visualize and there are limited opportunities
for hands-on learning [4, 5]. Notably, most STEM graduates enter the workforce without
firsthand experience in handling real-world problems [1, 6, 7]. Prior research has found that
students show increased interest and knowledge about possible career paths by participating
in active learning activities [8, 9]. Therefore, instructional approaches that emphasize active
learning and hands-on experience are essential for helping students sustain interest and

ultimately pursue long-term careers in STEM fields, including geoscience and sedimentology
(GS) [10, 11].

To provide an accessible resource for teaching GS concepts, we designed and developed a
software tool, SedimentSketch. In alignment with active learning approaches,
SedimentSketch introduces students to authentic scenarios that simulate real-world problems
[12]. To evaluate the effectiveness of SedimentSketch in terms of developing GS interest and



career aspirations, we tailored existing instruments measuring STEM interest and STEM
career aspirations to form a survey for undergraduate geoscience courses. However, as the
instruments were not designed for use in undergraduate geoscience classes, this paper focuses
on examining the validity of the survey in geoscience courses.

In this article, we discuss the survey adaptation process and its validation in the context of
undergraduate geoscience courses. Specifically, the study addresses the research question,
“How do the observed measures of GS interest and GS career aspirations relate to their
respective underlying constructs?”’

Related Work
SedimentSketch as an Active Learning Tool

Increasing students' interest and career aspirations in GS is critical to addressing the
challenges of recruitment and retention in the field [13, 14]. Previous research shows one of
the primary reasons students leave STEM fields is the perceived lack of engagement or
connection to real-world applications [15]. Several sedimentology concepts, such as sediment
transport, facies, and depositional environments, can be difficult to grasp without a visual or
physical representation [16]. While traditional teaching strategies such as lectures and
problem sets are valuable for instruction [17], active learning experiences can enhance
students’ interest in the material and promote long-term career aspirations in GS. Moreover,
active learning interventions can play a key role in ensuring equitable academic outcomes.
Intervention programs designed for personalized experiences that provide structured
academic and social support can reduce gaps in achievement and retention by providing
feedback and social support [18]. This demonstrated impact of personalized support suggests
that SedimentSketch may be an effective approach to fostering accessibility, engagement, and
hands-on learning opportunities. To assess the effectiveness of SedimentSketch in terms of
enhancing students’ interest and career aspirations in GS, we reviewed existing instruments
designed to measure these constructs within STEM domains.

STEM Situational Interest

Situational interest is created as a response to elements in one’s environment, as opposed to
personal characteristics [19, 20]. The situational interest scale [21] measures situational
interest in academic contexts. The authors provided evidence for the validity of the scale at
the undergraduate and K-12 levels. Analysis of the scale’s psychometric properties suggested
that situational interest was composed of two main factors, namely, triggered situational
interest and maintained situational interest. These can be conceptualized as students’ feelings
regarding the class activities and their perceptions regarding the class content and its
usability, respectively. Furthermore, maintained situational interest is divided into two
distinct dimensions: feeling and value. Based on the factor structure revised over three
studies, the scale proposed by Linnenbrink-Garcia and colleagues [21] consisted of 12 items,
with four items each for triggered situational interest, maintained situational interest—feeling,
and maintained situational interest—value. For the current study, we only considered
maintained situational interest as it represents students’ interest in the content rather than the
instruction. Table 1 shows sample items from the original scale [21] next to the items we
adapted for the GS interest scale.



Table 1: Interest scale — sample original and adapted items

Original Adapted

I find the math we do in class this year interesting Things that I learn in geoscience classes interest me.
What we are studying in math class is useful I find it useful to learn about topics in

for me to know sedimentology.

STEM Career Aspirations

Career aspirations can be defined as an individual’s goals or preferences related to their
career [22]. By extension, STEM career aspirations are an individual’s goals regarding a
career in STEM. Career aspirations are distinct from interest; while career aspirations refer to
career-related goals, career interest refers to an individual’s “emotional disposition” towards
a career [22]. When consistent over time, career aspirations are a strong predictor of
educational and career choices [23].

Although career aspirations have been researched extensively, a standardized instrument for
their measurement has not been established yet. Single-item measures are the most widely
used measure of career aspirations [22]. Several studies have used similar single-item metrics
to measure STEM career aspirations among young individuals [24-26]. With single-item
measures, though, it is hard to establish construct validity because they only measure one
aspect of a construct. Consequently, single-item measures are also vulnerable to measurement
errors.

Noteworthy efforts to develop scales to measure career aspirations in STEM include the
creation of the “scientific possible selves” instrument, which assessed middle and high school
students’ expectations, fears, hopes, and plans for a career in science [12, 27]. Another
questionnaire was developed to measure science career aspirations among elementary school
students [28, 29]. A recent scale [30] extended the questionnaire by DeWitt and colleagues
[28] to create an instrument with separate career aspiration scales, each consisting of four
items, for five disciplines: science, technology, mathematics, engineering, and education.
Similarly, for this study, we adapted items from the scale proposed by DeWitt and colleagues
[28] to measure GS career aspirations. We selected this scale because it most closely aligned
with our research purpose. It is unidimensional and shows strong reliability [29]. Table 2
shows sample items from the survey [29] adapted for the GS career aspirations scale.

Table 2: Career aspirations scale - original and adapted items

Original Adapted

I would like to work in science I am interested in pursuing a career in geosciences.

I would like to have a job that uses science I would choose a research project or job that requires me to
work with sedimentology (e.g., core description, sedimentary
rocks analysis) in the future.

We also included items in the GS career aspirations scale to assess students’ awareness of the
applicability of sedimentology skills and the tasks that sedimentologists perform. Prior
literature indicates that knowledge of STEM fields is directly correlated with STEM career
aspirations [31-35]. This link is also supported by theories of career choice. Social Cognitive
Career Theory posits that learning experiences, including exposure to STEM careers,
influence outcome expectations, which in turn impact career interests and goals [36].
Similarly, based on the Expectancy Value theory, knowledge of STEM fields helps students
form expectations for a profession and associate task values, which directly impact their
career choices [37].




Methods
Context

The software tool, SedimentSketch, was created to aid students in learning sedimentology
concepts through interactive educational videos, games, and quiz-like activities [11].
SedimentSketch has been introduced at a Hispanic Serving Institution (HSI), where about
25% of the student population is Hispanic/Latinx [38]. There are documented gaps in GPA
and attrition rates among different student populations in the geoscience and sedimentology
(GS) fields [3, 5]. Within this setting, SedimentSketch offers students all-time access to a
virtual lab that can facilitate learning of GS concepts, improving achievement outcomes for
all students [11]. Combined with an active learning approach, we believe working through
the real-world scenarios provided by SedimentSketch has the potential to enhance students’
interest and career aspirations in GS [24, 31].

Survey Design

The survey instrument was adapted and validated using a modified version of a survey
development process established in the literature [39, 40]. Figure 1 demonstrates this process.

1. Item
adaptation

4. Confirmatory 5. Model

2. Expert Review 3. Implementation Factor Analysis Respecification

Figure 1: Survey Instrument Development Process

In step 1, we adapted the items for the predefined constructs from existing instruments,
ensuring alignment with prior literature and theory. In step 2, a team of experts reviewed the
items generated in step 1 to ensure they were theoretically aligned and accurately represented
the constructs being measured. The experts reviewed each item independently and described
its meaning. Later, the experts discussed each item in a focus group. In the discussion,
experts focused on their respective interpretations and identified the agreement on the
wording and meaning of each item. After thoughtful discussion on each item and approval of
each item by experts, in step 3, the survey was conducted in undergraduate geoscience
courses. In step 4, the validity of the survey in the context of geoscience courses was
evaluated using a Confirmatory Factor Analysis (CFA). Lastly, in step 5, the model fit was
assessed, and the model was respecified accordingly.

The design of the survey was also aligned with the assessment triangle proposed by
Pellegrino and colleagues [41]. The assessment triangle is a framework for designing
assessments based on cognition, observation, and interpretation. The creation of the items
was informed by how STEM interest and career aspirations are developed, as evidenced in
theory and literature (cognition). Secondly, we used the survey as an opportunity for students
to demonstrate their interest and career aspirations in GS (observation). To ensure that the
measures were valid and reliable, we evaluated the survey data for validity and reliability in
the context of undergraduate geoscience courses (interpretation). Being mindful of the
alignment between cognition, observation, and interpretation helps ensure the design of
effective assessments [41].



Scales

The GS interest scale consisted of five items adapted from the STEM situational interest scale
[21]. The items were modified for use in the context of undergraduate geoscience courses. All
item responses were based on a five-point Likert scale, where 1 represented “strongly
disagree” and 5 represented “strongly agree”. Table 3 presents the scale items and their
abbreviations.

Table 3: GS interest scale

Abbreviation Item

Geo topic interest I am interested in learning more topics in geosciences.

Geo enjoy lab I am enjoying doing labs in geoscience.

Geo class interest Things that I learn in geoscience classes interest me.

Sed enjoy class I really enjoy the content taught in the sedimentology class.
Sed utility I find it useful to learn about topics in sedimentology.

The items for the GS career aspirations scale were adapted from a preexisting instrument
designed to measure students’ science career aspirations [28, 29], and prior literature. Table 4
shows the scale items and their abbreviations. All items followed a five-point Likert format
from 1 to 5, denoting a scale from “strongly disagree” to “strongly agree”.

Table 4: GS career aspirations scale

Abbreviation Item

Sed impact goals I feel that learning sedimentology would make an impact on my future goals.

Sed applicability I know that sedimentology skills can be applied to professional and daily life.

Geo career interest I am interested in pursuing a career in geosciences.

Sed career choice I would choose a research project or job that requires me to work with
sedimentology (e.g., core description, sedimentary rocks analysis) in the future.

Sed job knowledge I know what sedimentologists do for their jobs.

Data Collection

The study was conducted at a large public research university in the southwestern region of
the U.S.A. We surveyed students in two undergraduate Geoscience courses. Both courses
covered similar concepts in sedimentology and geoscience, though the depth of coverage
varied. One course provided students with an in-depth understanding of petroleum geology,
catering to those interested in careers in the oil industry, with less emphasis on
sedimentology. The other course was dedicated entirely to sedimentology for geology majors,
preparing students for careers in geology, including energy, environmental consulting, and
resource management. Data were collected at the beginning and end of the semester for two
semesters (Spring and Fall 2024). Both pre-survey and post-survey data were included in the
analysis.

Procedure and Analysis

The data were prepared and analyzed using the statistical software Stata, V.18.0 [42]. We
found no evidence of outliers in the data. The data were assessed for missing values, and only
complete sets were included in the analysis (151 observations). Descriptive statistics were
examined to analyze trends in the data. We conducted pairwise Pearson correlations among
the variables. Using the maximum likelihood method, we conducted a Confirmatory Factor
Analysis (CFA) of the scales. A conceptual model was hypothesized and estimated for each
construct. The model fit was ascertained using a combination of global fit indices, including



the chi-square statistic, the root-mean-square error of approximation (RMSEA), the
standardized root mean residual (SRMR), the Tucker-Lewis index, and the comparative fit
index (CFI). We used the following metrics for assessing the global fit indices: RMSEA
below .10 (90% confidence interval contains .06), TLI and CFI greater than .95, and SRMR
less than or equal to .08 [43]. We also used AIC for model comparisons. Figure 2 shows the
hypothesized models for each scale.
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Figure 2: Hypothesized models (a) GS Interest scale (b) GS Career Aspirations Scale

The models were estimated and respecified according to the global model fit and local
modification indices. Lastly, we assessed the scale and item reliability with Cronbach’s alpha
and McDonald’s omega, using the Stata module OMEGACOEF [44]. Values above .70 are

considered acceptable, and values above .90 indicate excellent reliability [45].
Findings
GS Interest Model

The results of the CFA for GS interest showed that all the indicator variables statistically
significantly predicted GS interest. Table 5 lists the estimates for all indicators.

Table 5: Estimates for GS interest scale

Factor Indicator Estimate SE p R? Overall
RZ
Geo topic interest | constrained <.001 71
GS Geo enjoy lab 9 .07 <.001 .67
Interest Geo class interest .96 .06 <.001 .87 .93
Sed enjoy class .84 .07 <.001 .66
Sed utility .65 .07 <.001 .50

The latent variable, GS interest, explained about 93% of the variance in the indicator
variables. The global fit indices suggested that the model was a good fit. The chi-square test
was not statistically significant, indicating no evidence of misfit (° (5, 146) = 7.68, p = .17).
The value of RMSEA (.06) also indicated a good fit. The values of CFI (.99), TLI (.98), and
SRMR (.02) also indicate a good fit. Figure 3 shows the estimated model for GS interest and
the standardized factor loadings. The GS interest scale demonstrated excellent reliability
based on the alpha (oo =.91) and omega (® = .91) statistics.



Figure 3: Estimated GS interest scale (standardized)
GS Career Aspirations Model

The hypothesized model for GS career aspirations was not an adequate fit for the data.
Although all the factor loadings were statistically significant, indicating high correlations
between the indicators and the latent variable, the goodness of fit indices suggested the model
was mis-specified. The chi-square test was statistically significant, indicating an ill-fitting
model (¥ (5, 146) = 82.7, p <.001). Table 6 summarizes the fit indices of the model. The
values of RMSEA, SRMR, CFI, and TLI did not meet the acceptability criteria.

Table 6: Model Comparison

Model . df | Model Ay? A | RMSEA SRMR | CFI | TLI | AIC
Comparison df | (90% CI)
1. 82.7* | 5 (.26,.39) 13 J5 | .51 | 192791
Hypothesized
2. Respecified | 1.27 |4 | 1vs2 81.43* |1 | (0,.06) .02 1 1 1848.47
p<.001*

Next, we analyzed the standardized covariance residuals and the modification indices to
identify potential misspecification issues. Standardized covariance residuals approaching the
value of three indicate possible issues of misfit. Based on the agreement between the
standardized covariance residuals and modification indices, the lack of a covariance path
between the error terms for items “Sed impact goals™ and “Sed applicability” contributed to
the misfit. The missing link also had sound theoretical support; perceptions of value and
outcome expectations are known to impact career goals [36]. Therefore, we added a
covariance between the error terms for items “Sed impact goals” and “Sed applicability”.
Figure 4 shows the respecified model with standardized estimates. The model characteristics
are summarized in Table 7.

Table 7: Estimates for respecified GS career aspirations scale

Factor Indicator Estimate SE p R? Overall
R2
Sed impact goals 1 constrained 27
GS Sed applicability 1.01 A1 <.001 27
Career Geo career interest 2.45 40 <.001 .64 .85
Aspirations | Sed career choice 2.37 .39 <.001 .76
Sed job knowledge 1.24 25 <.001 .29
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Figure 4: Respecified model of GS career aspirations (standardized)

GS Career Aspirations
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The model fit indices showed significant improvement from model 1, as shown in Table 6.
The chi-square statistic for the respecified model was not statistically significant, indicating a
good fit. Values of RMSEA, SRMR, CFI, and AIC point to a near-ideal fit, as shown in Table
6. By adding a new path in the respecified model, we compromised on the parsimony of the
model. Generally, parsimonious models are preferred over more complex models. However,
the significance of the change in chi-square statistic shows that the hypothesized model is a
significantly worse fit for the data. Therefore, the decrease in parsimony was essential to
achieve a good model fit. For this reason, we prefer the respecified model over the
hypothesized model for the GS career aspirations scale. Lastly, the alpha and omega values
(o= .81, ® = .80) of the GS career aspirations scale showed it had good internal consistency.

Discussion

In this study, we assessed the validity of scales to measure GS (Geoscience and
Sedimentology) interest and career aspirations in the context of undergraduate geoscience
courses. The survey items were based on preexisting instruments and modified to fit the
context of the study. There were two scales in the study, consisting of five items each. The
results of two separate confirmatory factor analyses provided evidence for the validity of the
survey in undergraduate geoscience courses. For the GS interest scale, the goodness of fit
statistics showed that the hypothesized model was a good fit for the data. Overall, GS interest
explained about 93% of the variability in the generated items. For the GS career aspirations
scale, we found that the hypothesized model did not demonstrate an adequate fit. Based on
standardized covariance residuals and modification indices, we respecified the model and
added a covariance between the items “Sed impact goals” and “Sed applicability”. Although
there was a significant correlation between the two items, it did not indicate issues with the
uniqueness of the items. The respecified model demonstrated a near-ideal fit for the data,
indicating that the scale was appropriate for use in geoscience courses. Both scales also
showed good values for internal reliability, indicating the results were not threatened by
measurement errors of the scale.

The findings of the study confirm prior knowledge regarding the components of STEM
interest and STEM career aspirations. Notably, students’ affective response to content is
predictive of their interest in STEM fields [20]. This relationship was found to be valid
among geoscience students, highlighting the importance of positive learning experiences in
inspiring and retaining student interest. Similarly, student perceptions of the utility of
learning material were significantly correlated to their GS interest, as seen in Table 5. This is



consistent with prior studies on interest [19] and theories of academic interest and choice [36,
37]. The career aspirations scale also aligned with prior findings. The items used as direct
measures of career aspirations were significantly correlated with GS career aspirations,
aligning with prior instruments [28, 30]. The significance and predictive value of the items
related to career awareness resonate with Social Cognitive Career Theory [36, 46].

The findings of the study should be interpreted with some limitations. First, the validity of
scales was evaluated for two undergraduate geoscience courses. The findings may not be
replicated among other courses that differ in terms of students’ majors and year of study,
class size, or institutional context (e.g., community colleges vs. research universities). Future
studies can focus on other contexts and courses. Secondly, the time limitations of the study
prevented us from conducting further iterations of the validation process to strengthen the
findings. Future studies can focus on examining the validity over the years or invariance
examination based on varying contexts. Third, the current study did not conduct an
exploratory factor analysis to assess the underlying factor structure of the scales. Although
the items were derived from preexisting scales with well-defined factor structures,
exploration in a new context might reveal different insights. Lastly, the goal of this study was
to establish the construct validity of both scales independently. Future studies can focus on
conducting relationship studies using regression and structural equation modeling, and
establish the criterion validity of the scales.

Conclusion

This study provided validity evidence for a survey assessing GS interest and GS career
aspirations among students in undergraduate geoscience courses. Overall, the scale was found
to be reliable and valid in the context of geoscience courses. Moreover, the findings indicated
that the scale is valid for use in the context of a Hispanic Serving Institution (HSI). Given the
low recruitment and retention rates within geoscience [13], it is essential to have a reliable
and valid measure to assess students’ GS interest and career aspirations to create and evaluate
effective interventions. The current study paves the way for future research to implement and
evaluate the scale in multiple settings and refine the instrument, with the end goal of creating
a dedicated and diverse workforce in STEM.

Acknowledgements

This material is based upon work supported by the National Science Foundation under Grant
No. 2448851, titled “HSI Implementation and Evaluation Project: SedimentSketch, teaching
tool in and beyond the sedimentology classroom to provide equitable and inclusive learning
for Hispanic students”. Any opinions, findings, and conclusions or recommendations
expressed in this material are those of the authors and do not necessarily reflect the views of
the National Science Foundation.



(1]
(2]

(3]

(4]
(5]

(6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]
[15]

[16]

[17]

[18]

[19]
(20]

(21]

References

D. Ghazzawi, D. Patiison, and C. Horn, "Persistence of Underrepresented Minorities in STEM Fields:
Are Summer Bridge Programs Sufficient?," Front. Educ., 2021, doi: 10.3389/feduc.2021.630529.

A. J. Kezar and E. M. Holcombe, "Challenges of implementing integrated programs for
underrepresented students in STEM: A study of the CSU STEM collaboratives," Educ. Pol., vol. 34,
no. 6, pp. 864-893, 2020, doi: 10.1177/0895904818802091.

Executive Office of the President, "Report to the president: Engage to excel: Producing one million
additional college graduates with degrees in science, technology, engineering, and mathematics,"
Executive Office of the President, Washington, D.C., 2012.

H. King, "Student difficulties in learning geoscience," Planet, vol. 25, no. 1, pp. 40-47,2012/03/01
2012, doi: 10.11120/plan.2012.00250040.

K. M. Whitcomb and C. Singh, "Underrepresented minority students receive lower grades and have
higher rates of attrition across STEM disciplines: A sign of inequity? " Int. J. Sci. Educ., vol. 43, no. 7,
pp. 1054-1089, 2021/05/03 2021, doi: 10.1080/09500693.2021.1900623.

A. G. Institute (2024). Vision and Change in the Geosciences Shaping the Future of Graduate
Geoscience Education [Online]. Available: https://graduate.americangeosciences.org/report/section-4/
P. R. Hernandez et al., "Student integration into STEM careers and culture: A longitudinal examination
of summer faculty mentors and project ownership," CBE—Life Sciences Education, vol. 17, no. 3, p.
ar50, 2018, doi: 10.1187/cbe.18-02-0022.

G. Galvez, D. W. Killilea, S. Berry, V. Narayanaswami, and E. B. Fung, "Increasing STEM skills,
knowledge and interest among diverse students: Results from an intensive summer research program at
the University of California, San Francisco," Innov. High. Educ., vol. 49, no. 4, pp. 645-664,
2024/08/01 2024, doi: 10.1007/s10755-024-09701-z.

S. Freeman ef al., "Active learning increases student performance in science, engineering, and
mathematics," Proc. Natl. Acad. Sci., vol. 111, no. 23, pp. 8410-8415, 2014, doi:
10.1073/pnas.1319030111.

R. Teasdale, K. Viskupic, J.K. Bartley, D. McConnell, C. Manduca, M. Bruckner, D. Farthing, and E.
Iverson, "A multidimensional assessment of reformed teaching practice in geoscience classrooms,"
Geosphere, vol. 13, no. 2, pp. 608-627, 2017, doi: 10.1130/ges01479.1.

A. Stepanova, S. Anwar, J. C. Laya, C. A. A. Zarikian, N. E. Martinez, and T. A. Hammond, "Board
379: SedimentSketch, Teaching Tool for Undergraduate Sedimentology to Provide Equitable and
Inclusive Learning for Hispanic Students," presented at the 2024 ASEE Annu. Conf. Expo., Portland,
Oregon, 2024.

M. E. Beier, M. H. Kim, A. Saterbak, V. Leautaud, S. Bishnoi, and J. M. Gilberto, "The effect of
authentic project-based learning on attitudes and career aspirations in STEM," J. Res. Sci. Teach., vol.
56, no. 1, pp. 3-23, 2019, doi: 10.1002/tea.21465.

D. Boatright, S. Davies-Vollum, and C. King, "Earth science education: The current state of play,"
Geoscientist, vol. 29, no. 8, pp. 16-19, 2019, doi: 10.1144/geosci2019-045.

L. E. Davis, "Another geoscience department 'bites the dust'," The Compass: Earth Science Journal of
Sigma Gamma Epsilon, vol. 84, no. 2, 2012, doi: 10.62879/¢59253772.

A. G. Institute (2024). "Best Practices for Instruction of Geoscience Undergraduates." [Online.]
Available: https://www.americangeosciences.org/change/sections/instructional best practices/

E. Argyilan, K. Huysken, and R. Votaw, "Deconstructing a geology field trip to reconstruct around a
pedagogical framework: A case study on the integration of cognitive learning theories and learning
progressions.," J. Scholarsh. Teach. Learn., vol. 24, no. 1, 2024, doi: 10.14434/josotl.v24i1.35170.

R. H. Macdonald, C. A. Manduca, D. W. Mogk, and B. J. Tewksbury, "Teaching methods in
undergraduate geoscience courses: Results of the 2004 on the cutting-edge survey of U.S. faculty,"
Journal of Geoscience Education, vol. 53, no. 3, pp. 237-252, 2005/05/01 2005, doi: 10.5408/1089-
9995-53.3.237.

M. J. Hansen, M. J. Palakal, and L. J. White, "The importance of STEM sense of belonging and
academic hope in enhancing persistence for low-income, underrepresented STEM students," J. STEM
Educ. Res., vol. 7,no. 2, pp. 155-180, 2024, doi: 10.1007/s41979-023-00096-8.

S. Hidi and W. Baird, "Interestingness—A neglected variable in discourse processing," Cogn. Sci., vol.
10, no. 2, pp. 179-194, 1986/04/01/ 1986, doi: 10.1016/S0364-0213(86)80003-9.

K. A. Renninger, S. Hidi, A. Krapp, and A. Renninger, The Role of Interest in Learning and
Development. Taylor & Francis, 2014.

L. Linnenbrink-Garcia et al., "Measuring situational interest in academic domains," Educ. Psychol.
Meas., vol. 70, no. 4, pp. 647-671, 2010, doi: 10.1177/0013164409355699.



[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]
[40]
[41]

[42]
[43]

J. W. Rojewski, "Occupational aspirations: Constructs, meanings, and application," in Career
Development and Counseling: Putting Theory and Research to Work. Hoboken, NJ, US: John Wiley &
Sons, Inc., 2005, pp. 131-154.

W.-C. Mau and L. H. Bikos, "Educational and vocational aspirations of minority and female students:
A longitudinal study," J. Couns. Dev., vol. 78, no. 2, pp. 186-194, 2000, doi: 10.1002/j.1556-
6676.2000.tb02577 .x.

W. Ahmed and R. R. Mudrey, "The role of motivational factors in predicting STEM career
aspirations," Int. J. Sch. Educ. Psych., vol. 7, no. 3, pp. 201-214, 2019/07/03 2019, doi:
10.1080/21683603.2017.1401499.

F. A. Herrera and S. Hurtado, "Maintaining initial interests: Developing science, technology,
engineering, and mathematics (STEM) career aspirations among underrepresented racial minority
students," in Assoc. Educ. Res. Annu. Meeting, New Orleans, LA, 2011.

W.-C. Mau, S.-J. Chen, J. Li, and E. Johnson, "Gender difference in STEM career aspiration and
social-cognitive factors in collectivist and individualist cultures," Adm. Issues J., vol. 10, no. 1, p. 4,
2020. Available: https://dc.swosu.edu/aij/vol10/iss1/4

M. E. Beier, L. M. Miller, and S. Wang, "Science games and the development of scientific possible
selves," Cult Stud. Sci. Educ., vol. 7, no. 4, pp. 963-978, 2012/12/01 2012, doi: 10.1007/s11422-012-
9408-0.

J. DeWitt, L. Archer, J. Osborne, J. Dillon, B. Willis, and B. Wong, "High aspirations but low
progression: The science aspirations—careers paradox amongst minority ethnic students," Int. J. Sci.
Math. Educ., vol. 9, no. 2, pp. 243-271, 2011/04/01 2011, doi: 10.1007/s10763-010-9245-0.

J. DeWitt, J. Osborne, L. Archer, J. Dillon, B. Willis, and B. Wong, "Young Children's Aspirations in
Science: The unequivocal, the uncertain and the unthinkable," Int. J. Sci. Educ., vol. 35, no. 6, pp.
1037-1063, 2013/04/01 2013, doi: 10.1080/09500693.2011.608197.

M. Fitzgerald, S. Salimpour, D. McKinnon, R. Freed, and D. Reichart, "Measuring career aspirations in
science, technology, engineering, mathematics, and education," J. STEM Educ. Res., 2024/10/14 2024,
doi: 10.1007/s41979-024-00134-z.

K. A. Blotnicky, T. Franz-Odendaal, F. French, and P. Joy, "A study of the correlation between STEM
career knowledge, mathematics self-efficacy, career interests, and career activities on the likelihood of
pursuing a STEM career among middle school students," Int J STEM Educ, vol. 5, no. 1, p. 22, 2018,
doi: 10.1186/s40594-018-0118-3.

N. Nariman and J. N. Davis, "Correlation of STEM interest and career intent in high-school students,"
in The IAFOR Int. Conf. Educ. — Hawaii 2021 Official Conf. Proc., 2021, pp. 163-181, doi:
10.22492/issn.2189-1036.2021.12.

A. L. Abdi, A. O. Mahdi, A. M. Omar, C. Asiimwe, and M. A. Osman, "Influence of career awareness
on STEM career interests among foundation-year students in Mogadishu, Somalia,", Front. Educ. Res.
vol. 9, 2024, doi: 10.3389/feduc.2024.1484761.

Y. Chen, W. W. M. So, J. Zhuy, and S. W. K. Chiu, "STEM leaming opportunities and career
aspirations: The interactive effect of students’ self-concept and perceptions of STEM professionals,"
Int. J. STEM Educ., vol. 11, no. 1, p. 1,2024/01/17 2024, doi: 10.1186/s40594-024-00466-7.

C. Lu et al., "School students’ aspirations for STEM careers: the influence of self-concept, parental
expectations, career outcome expectations, and perceptions of STEM professionals," Asia Pac. J.
Educ., pp. 1-18, 2024, doi: 10.1080/02188791.2024.2394506.

R. W. Lent, S. D. Brown, and G. Hackett, "Toward a unifying social cognitive theory of career and
academic interest, choice, and performance," J. Vocat. Behav., vol. 45, no. 1, pp. 79-122, 1994, doi:
10.1006/jvbe.1994.1027.

A. Wigfield and J. S. Eccles, "Expectancy—value theory of achievement motivation," Contemp. Educ.
Psychol., vol. 25, no. 1, pp. 68-81, 2000/01/01/ 2000, doi: 10.1006/ceps.1999.1015.

T. A. M. University (2024). Student Demographics. [Online.] Available:
http://accountability.tamu.edu/All-Metrics/Mixed-Metrics/Student-Demographics

M. DeMonbrun et al., "Creating an instrument to measure student response to instructional practices,"
J. Eng. Educ., vol. 106, no. 2, pp. 273-298, 2017, doi: 10.1002/jee.20162.

T. R. Hinkin, "A brief tutorial on the development of measures for use in survey questionnaires,"
Organ. Res. Methods, vol. 1, no. 1, pp. 104-121, 1998, doi: 10.1177/109442819800100106.

J. W. Pellegrino, N. Chudowsky, and R. Glaser, "The nature of assessment and reasoning from
evidence," in Knowing what students know: The science and design of educational assessment.
Washington, D.C.: National Academy Press, 2001.

Stata Statistical Software: Release 18.(2023). StataCorp LLC, College Station, TX.

T. A. Brown, Confirmatory Factor Analysis for Applied Research. Guilford publications, 2015.



[44] B. Shaw, OMEGACOEF: Stata module to calculate the omega reliability coefficient, Statistical
Software Components S458861, Boston College Department of Economics, 2021.

[45] K. S. Taber, "The use of Cronbach’s alpha when developing and reporting research instruments in
science education," Res. Sci. Educ., vol. 48, no. 6, pp. 1273-1296, 2018/12/01 2018, doi:
10.1007/s11165-016-9602-2.

[46] R. W. Lent and S. D. Brown, "Social cognitive career theory at 25: Empirical status of the interest,

choice, and performance models," J. Vocat. Behav., vol. 115, p. 103316, 2019/12/01/ 2019, doi:
10.1016/j.jvb.2019.06.004.



