SAT Does Not Spell Success: How Non-Cognitive
Factors Can Explain Variance in the GPA of
Undergraduate Engineering and Computer Science
Students

Matthew Scheidt Ryan Senkpeil John Chen Allison Godwin Edward Berger
School of Engineering School of Engineering Dept. of Mechanical School of Engineering School of Engineering
Education Education Engineering Education Education
Purdue University Purdue University Cal Poly Purdue University Purdue University
Lafayette, IN Lafayette, IN San Luis Obispo, CA Lafayette, IN Lafayette, IN
mscheidt@purdue.edu rsenkpei@purdue.edu jchen24@calpoly.edu godwina@purdue.edu bergere@purdue.edu

Abstract—This  work-in-progress research paper uses
multiple regression of both cognitive and non-cognitive factors to
model current GPA of engineering and computer science
students. High school GPA and ACT/SAT scores are among the
most common scores used as admission criteria, which result in a
relatively homogeneous engineering population. Prior research,
however, shows that these scores do not account for the variance
in GPA once these students start undergraduate studies. In this
work, we explore how students' cognitive (e.g., study skills, test
performance, regulatory behaviors, etc.) and non-cognitive
factors (e.g., identity, motivation, personality, etc.) predict
student success in their engineering pathways. The data for this
initial study comes from a pilot survey, deployed in the summer
of 2017, of 490 engineering and computing students from two
large, public institutions, one on the West Coast, the other in the
Midwest. We used multiple linear regression to control for
demographic variables while examining the predictive value of
particular cognitive and non-cognitive factors for student
academic achievement (i.e., GPA) in university. Our analysis
shows, not surprisingly, that standardized test scores only explain
a small portion of the variance of undergraduate GPA. Including
non-cognitive and affective factors into a regression model
produced a marked increase in the explained variance. Qur work
is novel in examining a constellation of possible factors that
predict undergraduate student GPA, by combining both
cognitive and non-cognitive factors as predictors. This analysis
begins to unpack particular factors that have potential to predict
GPA of engineering and computer science students.
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I. INTRODUCTION

This work in progress is a continuation of other work
exploring non-cognitive and affective factors as predictors of
first year engineering student GPA [1]. In that work, we used
multiple regression to explore the relationship of personality
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(from a variation of the Big Five Survey), grit (determined
from the Short Grit survey), and test anxiety and time and
study environment (determined from portions of the Motivated
Strategies for Learning Questionnaire), with first year college
GPA. In this paper, we expand on this work by regressing
college GPA on a plethora of non-cognitive factors from the
SUCCESS survey. A very brief explanation of the items in the
SUCCESS survey is included below. A more detailed
explanation of the items, including all of the questions used for
each construct and why these constructs were chosen over
others, along with the exploratory factor analysis conducted on
all of the constructs used in this analysis is included in another
work [2]. The goal of the SUCCESS project is to map the wide
array of latent diversity among engineering and computing
students and to identify areas where interventions can be made
to help students succeed. This analysis uses pilot data collected
as part of this project for survey development to begin to
explore the many latent non-cognitive and affective factors that
can contribute to student success beyond that of SAT scores.

In this paper, we address the question: can non-cognitive
and affective factors better predict the GPA of engineering and
computing students beyond that of some of the cognitive
measures that are currently used as admission criteria? This
project begins to answer the call from the National Academy of
Sciences to “address gaps..to address how intra- and
interpersonal competencies may be related to students’ success
in 2- and 4-year science, technology, engineering, and

mathematics programs and majors” [3]. Inter- and
intrapersonal competencies that they identified include
conscientiousness, belonging, mindset, motivation, and
identity. We examine these inter- and intrapersonal

competencies as well as other factors such as test anxiety and
time management in order to begin to explore more robust
predictors of student success.

We hypothesize that the additional non-cognitive measures
will account for significant additional variance in college GPA
above and beyond that of cognitive and previously tested non-
cognitive measures, controlling for institution, sex, race, and
year of study.



II. METHODS

We collected pilot data electronically via Qualtrics® in the
summer of 2017 from students at one West Coast and one
Midwest university (n = 490). We used this data for
exploratory factor analysis of the many different constructs in
the survey and found acceptable validity evidence for the items
used [2]. We measured: Big 5 personality [4]-[6], Community
[7], Grit [8], [9], Thriving [10], Identity [11], Mindset [12],
Motivation [13], [14], Time and Study Environment [15], Test
Anxiety [15], Perception of Faculty Caring [16], Self-Control
[17], Stress [18], Gratitude [19], Belongingness [20], and
Mindfulness [21], [22]. All the items that make up each factor
were asked on an anchored numeric scale between one and
seven, with one generally representing anchors of “strongly
disagree” or “least like me,” and seven representing anchors of
“strongly agree” or “most like me.” We combined items that
loaded into factors through arithmetic means which became the
factors used within this analysis. In this survey we also
collected demographic information (race, gender, academic-
level) as well as self-reported GPA.

We also collected registrar information. From the registrar,
we obtained admissions information such as SAT/ACT scores,
demographic information, and transcript data including all of
the classes taken by the participant and the grades that they
received for those classes. We then combined the results from
the survey with the registrar data for analysis. After listwise
deletion, (removing all cases that were not complete for all data
points), we had a total of 403 participants.

We coded the demographic variables in a way that is useful
for this preliminary analysis. Although our survey includes a
broad spectrum of gender identities, we use the binary sex
identity available from the registrar data with 0 representing
male (n = 252) and 1 representing female (n = 151). Our
survey allowed for students to identify as multiple
races/ethnicities ("American Indian or Alaska Native" [n = 6],
"Asian" [n = 112], “Black or African American" [n = 2],
"Hispanic, Latino, or Spanish origin", [z = 28], "Middle
Eastern or North African" [n = 6], "Native Hawaiian or Other
Pacific Islander" [n = 6], "White" [n = 302]), resulting in
counts greater than our overall sample size. For students who
did not provide race/ethnicity information on the survey, we
used the registrar data equivalent in its place. Overall, we were
able to obtain race/ethnicity for all but three students. Because
of the small number of participants in some of the
race/ethnicity categories, we combined those traditionally
underrepresented in engineering together in one group,
maintaining the Asian and White groups separately. To account
for students’ multiple potential answers, each race/ethnicity
was coded dichotomously with 1 representing identifying as
that race and 0 representing not identifying of that race. We
also asked our participants what year (academic level) they
were in school, with this variable being considered categorical
with 1 (n = 99), 2 (n = 152), 3 (n = 58), and 4+ (n = 94)
representing different years in college.

We checked to ensure that our predictor variables were
suitable for multiple regression. With the exception of the
demographic variables, all of the predictor variables were
relatively normal (|skewness| < 2 and kurtosis < 7).

Multicollinearity was also checked using variance inflation
factor (VIF) calculations, with all VIF scores for each predictor
variable less than 3.6. As a result, no variables were removed
due to multicollinearity. VIF of 10 or more indicates serious
multicollinearity [23].

We conducted several multiple regression analyses,
regressing self-reported GPA onto composite SAT/ACT and
non-cognitive and affective factors, while controlling for
demographics. To understand the unique variance accounted
for by demographics, we regressed GPA onto the institution,
year, sex, and race variables. We then hierarchically added
composite SAT/ACT score, to determine the unique variance
accounted for by this cognitive measure. This model with
demographics and SAT/ACT scores became the base model for
to assess the additional variance accounted for by non-
cognitive and affective factors. R statistical software Version
3.4.4 was used for this analysis [24].

III. RESULTS AND DISCUSSION

A. Demographics as Predictor Variables

In this analysis, we first looked at the unique variance
explained by the demographic variables. Initially, we regressed
self-reported GPA from the survey onto sex, race, institution,
and year in school individually, and then as a set. We found
that when GPA was regressed onto sex alone, there was no
significant difference by sex. We also found institution to be a
non-significant predictor of GPA. Using students in the first
year as the reference group, years 2, 3, 4+ had statistically
significantly lower GPAs than year 1, (f = -0.14, -0.19, and -
0.14 respectively, p < 0.05). We found no statistical differences
between years 2, 3, and 4+. Students who identified as “White”
had statistically significant (f = 0.16, p < 0.05) higher GPAs
than their peers. In the overall model regressing GPA onto sex,
year, and race, only year in school was a significant predictor.

From the above analysis, as students in our sample
advanced throughout college, their GPAs were lower, with
students in their third year having the lowest average GPA. The
literature about STEM GPA over time is inconsistent, with
GPA going up [25] and down [26], after freshman year.
Overall, the demographic variables were only able to account
for 5.05% (p < 0.01) of the overall variance in GPA.

B. Composite SAT/ACT as a Predictor Variable

Regressing self-reported GPA onto the composite
SAT/ACT score alone generated a significant (§ = 0.25, p <
0.0001) model and predicted 6.44% of the variance in GPA.
Adding the composite SAT/ACT score to the model with
demographics serving as predictors of GPA is also significant
(p < .001) explaining 10.26% of the variance. The details of
this model are shown in Table I. This model which includes
sex, race, and year in school along with SAT/ACT composite
score as predictors of self-reported GPA will serve as the
baseline by which to compare non-cognitive factors as
predictors of college GPA. The only significant predictors were
composite SAT/ACT (f = 0.24, p < .0001) and year 3 (f = -
0.18, p < 0.01). Composite SAT/ACT score alone explained
6.44% of the variance in GPA, and when added into the model



TABLE I. Summary for hierarchical regression analysis for variables predicting self-reported GPA (n= 401), with regression
coefficients (B), standardized coefficients (f), and standard errors of the regression coefficients (SE B).

Baseline Model Baseline with Non-Cognitive Factors
Variable B p* SE B B pe SE B
Intercept 3.32 QF*** 0.111 3.35 QF*** 0.010
Sex 0.05 0.06 0.042 0.09 0.11* 0.039
Year 2 -0.10 -0.12 0.054 -0.05 -0.05 0.046
Year 3 -0.21 -0.18%* 0.069 -0.08 -0.07 0.060
Year 4 -0.10 -0.10 0.062 -0.06 -0.06 0.053
Institution 0.00 0.00 0.053 -0.01 -0.01 0.047
Under-Represented Minorities -0.02 -0.02 0.070 -0.01 -0.01 0.060
Asian 0.03 0.03 0.067 0.01 0.01 0.058
White 0.12 0.12 0.070 0.02 0.02 0.063
Composite SAT/ACT 0.04 0.24*** 0.008 0.03 (.23 **** 0.007
Stress (Frustrations) -0.01 -0.03 0.015
Self-Control (Acting) 0.00 0.01 0.017
Self-Control (Restraint) 0.02 0.05 0.025
Perception of Faculty Support 0.03 0.08 0.015
Test Anxiety -0.04 -0.17%%* 0.013
Time and Study Environment 0.06 0.14** 0.022
Motivation (Expectancy) 0.12 0.3 5% %% 0.022
Big 5 (Conscientiousness) 0.02 0.06 0.014
Grit Perseverance of Effort 0.04 0.09 0.020
Eng. Identity (Perf. Competence) -0.06 -0.15%* 0.027

& p<0,05, **p<0.01, **¥p<0.001, ****p<0.0001

with demographics, explained 5.21% additional variance above
that of demographics alone. This suggests that there is some
shared variance across composite SAT/ACT score and
demographics.

C. Non-Cognitive Factors as Predictors

For this portion of the analysis, each construct was initially
added individually to the base model, consisting of the
demographics and the composite SAT/ACT score, to identify
which non-cognitive factors were individually significant
predictors, beyond the baseline model. Each of the significant
predictors was evaluated to determine the unique variance that
was explained by that predictor above the SAT/ACT composite
score after controlling for demographics. Proceeding in this
manner, a case of suppression (where one variable hides the
relationship with another, possibly eliminating irrelevant
variance [23]) was observed among latent variables. With
mindset, when both increment (growth) and entity (fixed)
mindset were in the model, entity mindset significantly
contributed negatively to GPA. When increment mindset was
removed from the model because it did not contribute
significantly, entity mindset became non-significant. For
consistency throughout this analysis, because they did not hold
significance independently, they were both excluded from the
modeling shown in Tables I and II.

All of the factors shown in Table II contributed from 3.05%
to 17.82% of the variance in self-reported GPA beyond that of
the demographics and the composite SAT/ACT score. We
found similar results to previous studies that have used some of
these factors to predict GPA. Grit (persistence of effort) was

positively related to GPA (r=0.27, p <0.001) with our sample
compared with Duckworth, Peterson, Matthews, and Kelly’s
overall grittiness score correlation [8]. Additionally, Big 5
(conscientiousness) has a positive relationship with GPA (f =
0.17, p <0.001) which is similar to our previous work [1]. Test
anxiety was negatively associated with GPA (f = -0.30, p <
0.0001) and time and study environment was positively
associated with GPA (f = 0.34, p < 0.0001), which is also
consistent with our previous work [1]. What was unexpected,
was finding that when test anxiety was added to the base
model, gender became statistically significant (f = 0.13, p <
0.01), also indicating suppression.

The resulting semi-partial change in variance (unique total
variance explained by adding a predictor or set of predictors to
a model [23]) with the addition of each individual factor is
shown in Table II. While the base model is able to only
account for 10.26% of the variance, the non-cognitive and
affective factors account for considerably more variance above
that of the baseline model. Combining all of the non-cognitive
and affective factors shown in Table II into one linear
regression model accounts for 36.63% of the total variance in
GPA. This model is shown in Table I alongside the baseline
model.

D. Non-Cognitive Factors in Explaining Student Success

This study is unique because we have access to different
non-cognitive factors that have not been combined for this type
of analysis before. We describe the effects for each of these
constructs here. Although a growth mindset has been shown to
predict student success through GPA [27], we did not observe a



TABLE II. Unique variance accounted for by base model
and each factor added to base model individually.

Variables R*[%] | s¥ [%]°
Base Model 10.26

Big 5 (Conscientiousness) 3.05
Grit Perseverance of Effort 7.24
Eng. Identity (Perf. Competence) 7.14
Motivation (Expectancy) 17.82
Test Anxiety 7.54
Time and Study Environment 11.09
Perception of Faculty Support 7.38
Self-Control (Acting) 4.13
Self-Control (Restraint) 5.98
Stress (Frustrations) 4.46
All of above in model 26.37

b. All p-values for changes in model <0.001 as calculated through ANOVA

statistically ~significant relationship. Engineering identity
(performance competence) was positively related to GPA (f =
0.28, p < 0.0001). Motivation (expectancy) and motivation
(instrumentality) both had significant relationships with GPA
(p =0.51, p <0.0001 and g = -0.16, p < 0.01, respectively)
when in the model together. However, when GPA is regressed
on these two motivation factors separately, controlling for
demographics and composite SAT/ACT, these relationships
change, (f=0.44, p < 0.0001 and g = 0.05, non-significant, for
expectancy and instrumentality, respectively), also suggesting
suppression of the effect of instrumentality. We also found that
when motivation (expectancy) was added to the base model,
gender became statistically significant (f = 0.12, p < 0.01),
indicating suppression of the effect of gender as well.
Perception of faculty support was positively related to GPA (f
= 0.28, p < 0.0001). Self-control (acting) and self-control
(restraint) were also related to GPA (f = -0.15, p < 0.05 and S
= 0.20, p < 0.0001, respectively) when added to the baseline
model together and also individually (5 =-0.21, p <0.0001 and
£ =0.25, p <0.0001, respectively). The increase in effect size
and statistical significance indicates shared variance across the
self-control factors. Finally, stress (frustration) was negatively
associated with GPA (f=-0.22, p <0.0001).

When we regressed self-reported GPA on all of the factors
shown in Table II, we were able to explain an additional
26.37% (p < 0.0001) of the variance beyond that of the
baseline model. This result, shown alongside the baseline
model in Table I, confirms our hypothesis that non-cognitive
measures account for significant additional variance in college
GPA above and beyond that of cognitive and previously tested
non-cognitive measures, controlling for institution, sex, race,
and year of study. These relationships illustrate the complex
relationships between different non-cognitive and affective
factors as predictors of student success.

IV. LIMITATIONS

There are several limitations within this work in progress,
some of which will be addressed as part of our future study
into predicting student success. The first is that in this paper we
use GPA as a measure of success. While this is not unfounded
from prior literature, there are many other conceptualizations
of student success that we did not consider. Some of those
include persistence to graduation or post-college achievement.
Another limitation of this work is that we do not include high
school GPA as an independent variable. Other work looking at
non-cognitive factors as predictors of GPA showed that high
school GPA was a significant predictor of first year
engineering college GPA [1]; however, we could not access
this variable across all of the institutions in the dataset.
Additionally, more than ACT/SAT scores and high school
GPA are used for entrance into engineering programs. For
example, one study named “subject matter expectations...high
school class rank...strength of HS curriculum...[and] personal
background and experience” [7, p. 279] among others as
factors that are considered when admitting students. We also
recognize that our categorization of students’ gender (binary)
and race/ethnicity (one group for traditionally underrepresented
students) is not as reflective of the overall population included
in the sample and does not currently reflect the full richness of
gender and racial identification within our dataset. A larger
sample in the future may be able to address this issue. In spite
of these limitations, this analysis shows potential for using
non-cognitive and affective factors as predictors for student
success beyond that of SAT/ACT.

V. CONCLUSION

This regression analysis reveals many new insights into
potential predictors of student success, above and beyond that
of composite SAT/ACT, when controlling for institution, year
in school, sex, and race. Motivation (expectancy) and the time
and study environment, taken individually, explained over two
times variance above our baseline model, suggesting that these
two non-cognitive measures serve as better predictors of GPA
than SAT/ACT scores. Additionally, when combined with
other non-cognitive factors, the model predicted over three
times the variance in GPA than SAT/ACT scores and controls
for demographics alone. While this study is only preliminary, it
begins to present a different and improved way of determining
student success. Finally, these results may also have
implications for policy such as admittance decisions or
allocation of university resources.

Our future work includes also using high school GPA as a
predictor of college GPA. Also, as we continue this research,
and look across more institutions, we will further probe the
finding of decreasing GPA from the first year to see if it is
engineering specific, institution specific, or just within this
sample of students. We plan to use these findings to explore
more relations, such as interaction effects, as well as more
accurately represent our participants’ identities within the data.
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