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[Work in Progress] Intelligence is Overrated: The Influence of
Noncognitive and Affective Factors on Student Performance

Abstract

When students struggle in their engineering studies, they tend to seek out means to improve their
cognitive performance. Such assistance includes attending office hours for extra help, joining a
study group or seeking out tutoring. Universities similarly focus on helping students through
cognitive means, such as encouraging faculty to improve teaching methods, upgrading or
improving technology resources or developing tutoring for specific courses. What is often not
supported are students’ non-cognitive competencies, which have been shown in previous studies
to be related to academic performance. Such non-cognitive and affective (NCA) competencies
include, for example, mindset, motivation, self-control, study strategies and environment, and
stress management. Other NCA factors are less obvious than these and include meaning and
purpose in life, gratitude, mindfulness, engineering identity, sense of belonging and perceptions
of faculty caring. In this work-in-progress paper, we describe our ongoing work studying the
impacts of a large set of NCA factors on student performance and student thriving. Our past work
showed that most students can be grouped into one of four clusters, with each cluster having a
similar NCA profile or set of factor scores. These cluster assignments have a strong and lasting
influence on student performance as measured by the grade point average (GPA). This study
builds on the previous work through a longitudinal study of a subset of this sample and finds that
five NCA factors change significantly over time, with these changes occurring between the
students’ first and second years of study. Unfortunately, these factors all change in the direction
that prior studies have shown to lead to poorer academic performance. These adverse changes
notwithstanding, these students’ GPAs are still quite strong, indicating that, if universities can
help students improve their NCA competencies, students can begin to experience thriving rather
than surviving.

Motivation and Background

Studying engineering is hard. The subjects are difficult, the workload is heavy and the
competition is intense. Making this demanding environment even more so is perhaps an unkind
culture that includes a perceived “weed-out” system and expectations of lower GPAs than
students in other programs [1]. It’s even been described as a culture of “suffering and shared
hardship,” [2] where students are often expected to be struggling to overcome the workload and
stresses. Given this learning environment, it’s not surprising that engineering students find
success, which is usually defined as excellent grades and on-schedule graduation, elusive.

We argue, however, that success is not enough. The true measure of an excellent program is
having students and graduates that thrive, meaning that they are ‘doing well’ and ‘feeling good’
[3, p. 838]. Thriving students not only succeed academically, but they are also successful at
managing their interpersonal, intrapersonal and behavioral competencies. They take steps to
improve in the areas that bolster the ‘feeling good’ part of learning engineering and set
themselves up for future success by making these competencies — skills, behaviors and beliefs —
an integral part of who they are.

Not all academically successful students are thriving. As defined in psychological research,
thriving is a continuous process of change in which someone develops optimal functioning [4, 5].
For a college student, ‘doing well’ means you are in good academic standing and meeting your



expectations for grades. The ‘feeling good’ part is not often addressed as part of the college
experience but is clearly needed [6, 7, 8]. Feeling good means, for example, having the
knowledge and skills to manage stress and anxiety (an intrapersonal competency), having a sense
of belonging and engineering identity (an interpersonal competency), and having good study
strategies (a behavioral competency). Many such competencies — which impact both negative
(e.g., stress and anxiety) and positive (e.g., gratitude, motivation) functioning — can be learned
and are an integral part of thriving. There is also evidence that thriving competencies present
during the undergraduate years carry over to one’s post-graduation career [9].

Previous Findings

Since 2016 our team has collaborated on a study premised on the importance of NCA factors for
the success of engineering and computing students. The research team developed a survey
instrument with evidence for reliability and validity to measure 28 factors derived from 14
constructs. The constructs and the factors derived from them [10, 11] are shown in Table I. The
instrument, called the SUCCESS (Studying Underlying Characteristics of Computing and
Engineering Student Success) survey, has been given to 5,300 U.S. undergraduate engineering
and computing students at 20 institutions. The survey development is detailed in Ref [12].

Table I: SUCCESS survey constructs and factors.

Construct Factors No. of items in survey
Personality (Big 5) agreeableness 15
conscientiousness
extraversion
openness
neuroticism
Meaning & purpose meaning & purpose
Future time perspective perceptions of future 18
value
instrumentality
connectedness
expectancy
Growth/fixed mindset mindset 8
Grit persistence 8
Self-control impulsivity 9
Gratitude gratitude 4
Mindfulness mindfulness 4
Perceptions of faculty caring empathetic understanding 13
social support
Engineering identity interest 19
recognition
Sense of belonging belongingness 5
Test anxiety test anxiety 4
Time & study environment  time & study environment 8
Stress reactions 28
changes
conflict
frustrations

support for stress



The findings to date support our original hypothesis for the importance of a constellation of NCA factors
for students’ academic success. For example, we found that NCA factors can account for about 26% of
the variance in grade point average (GPA), which is substantial, while standardized test score (i.e., SAT or
ACT) can account for only less than 10%, like prior studies found [13]. Moreover, we found that a vast
majority of engineering students have an NCA profile (i.e., a collection of NCA factors scores) that falls
into one of four clusters [14], and that these clusters are strongly associated with academic success as
measured by the GPA [15]. In this preliminary study, we explore how NCA factors develop as students
progress through their college experience. The study is based on a sub-sample from the larger study for
which we had repeated measures of NCA profiles over three years beginning in 2017 when these students
were first-year engineering students.

Project Framework

Our project is aligned with the framework for noncognitive factors developed by the Consortium on
Chicago School Research (CCSR) [16]. The CCSR framework was developed through a detailed review
of the evidence of the role of noncognitive factors that contribute to successful secondary-school
performance and successful transition of high-school students to college. Although our project focuses on
college undergraduates instead of high schoolers, a majority of our study participants were in their first
year of studies. Furthermore, we see no logical reason why factors that are associated with college
learning or success would be different between the students’ year of collegiate study. Indeed, most of the
noncognitive factors that the CCSR framework discusses [16] are the same as what we found to have
evidence of association with academic success among college undergraduates [12, 13].

The CCSR framework consists of five categories of noncognitive factors that influence academic
performance: academic mindsets, academic perseverance, learning strategies, social skills, and academic
behaviors. Each of these is present in the SUCCESS survey instrument [12, 17]. Academic mindsets are
one’s beliefs in relation to learning and include such NCA constructs as growth or fixed mindsets and
motivation. Academic perseverance refers to a student’s ability to maintain focus and remain engaged
with learning despite setbacks or challenges. Associated constructs that we examined are grit and self-
control. Learning strategies refer to skills and behaviors that a student deploys to improve cognitive
performance, such as the elements we measure through time and study environment. Social skills include
most interpersonal skills that improve a student’s social and professional interactions, such as personality,
sense of belonging, engineering identity and perceptions of faulty caring. Finally, academic behaviors
describe those behaviors that are associated with being a “good student” such as regular class attendance,
submitting work on time and in good form, or class participation. Academic behaviors are outcomes
resulting from a student applying the competencies described by the NCA factors in the other four
categories in the CCSR framework.

Our study of NCA factors goes beyond the CCSR framework. We include such global constructs
as meaning and purpose in life, gratitude and mindfulness, each of which has evidence of
association with undergraduate academic performance [14]. In addition, we include factors
known to be detrimental to academic performance such as test anxiety and various stressors and
reaction to stress. Our original version of the SUCCESS instrument included other constructs
which were later eliminated through exploratory and confirmatory factor analyses to keep the
survey reasonably short [10, 11].

In addition to a framework for categorizing noncognitive factors that are associated with student
success, the CCSR framework also hypothesizes a model for how these factors bolster academic
performance (Fig. 1). The researchers suggest that academic mindsets not only directly impact
academic behaviors but also directly impact the other three categories of noncognitive factors
(social skills, academic perseverance and learning strategies), which in turn shape academic
behaviors. The resulting academic or “good student” behaviors then lead directly to high



academic performance while facilitated by learning strategies. An additional pathway in the
model posits that improved academic performance in turn feeds back to enhance a student’s
academic mindsets and in this way creates a loop for continuous improvement in academic

performance.

Academic Mindsets

Academic Perseverance Learning Strategies

Academic Behaviors
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Fig. 1: The CCSR framework and model of noncognitive factors.

Results and Significance

Our original project was focused on students’ academic success as measured by grades and progress
toward graduation. Toward the project’s end, and perhaps shaped by the myriad impacts of the pandemic,
the research team’s thinking evolved and we began to question whether students were thriving — i.e.,
doing well and feeling good. The answer we started to converge to was no. While the study participants
were on average academically successful despite clear differences between those with different NCA
profiles [14, 15], we were finding evidence that they were not “feeling good” during their development to
become engineers. The evidence came from studying a group of students from one institution to examine
the longitudinal changes in NCA profiles.

Forty-eight (48) survey respondents from one school, when they were all first-year engineering
undergraduates, took the survey for three consecutive years, allowing us a view of how noncognitive
factors evolve. To determine whether there was a difference in responses for each student for each
construct over the span of their first three years in school, a repeated measures analysis of variance
(ANOVA) was performed using the statistical software R. There was one test per factor measured,
resulting in 28 repeated measures ANOVA tests. Each ANOVA tested for differences in a student’s scores
for a given factor over a three-year period. To adjust for multiple tests, the Benjamini and Hochberg False
Discovery Rate (FDR) method [18] was used to identify as many significant comparisons as possible
while also controlling the false positive rate. With the FDR method, each resulting p-value was adjusted



and then compared to a significance level of 0.05. This means that the probability of making at least one
false discovery would be at most 5%. Of the 28 repeated measures ANOVA tests, five found significant
changes over time. For these five, pairwise comparisons were then conducted to identify which years
were different from one another. For each factor, a paired t-test using the same FDR adjustment was
conducted between each combination of years (i.e., 2018 vs. 2019, 2018 vs. 2020 and 2019 vs. 2020) to
test for differences.

This sample of respondents included 33.3% females and 66.7% males. The racial and ethnic distributions
are 50% White, 21% Asian or Asian-American, 6.3% Latino or Hispanic and 23% multi-race/ethnicity.
These values differ somewhat from the distributions within the engineering population at this school,
which is not surprising given the small sample size.

The five factors that changed significantly were: stress due to changes, reactions to stress, belongingness,
engineering identity (interest), and motivation by expectancy. All five factors changed in the direction that
prior research found to be negatively associated with academic success and, interestingly, all factors
changed between the first and second years of college. These findings were preliminary since the sample
size (n=48) was not large. To add confidence to the findings, the sample size was expanded to include
participants who took the survey twice out of the three consecutive years and adding their survey data to
the pool and repeating the pairwise comparisons. So, for example, participants who took the survey in
their first and third years of study had their data added for the paired t-tests for that time period. The
findings from the larger sample sizes (Table II) confirm the earlier findings that the five NCA factors did
indeed change significantly between the first and second years of study, while they did not change
between the second and third years.

Table II: Adjusted p-values from pairwise comparison of average NCA factor scores
between students during different years-of-study. Significant differences (p < 0.05) are
denoted with an asterisk.

adjusted p-value

2018 (Ist yrs) & 2019 (2nd yrs) & 2018 (Ist yrs) &

Years of survey data 2019 (2nd yrs) 2020 (3rd yrs) 2020 (3rd yrs)
Sample Size 73 70 106
Engineering identity (interest) 0.00123" 0.786 0.00244"
Motivation - expectancy 0.00123" 0.963 0.02369°
Stress due to changes 0.0187" 0.963 <0.001"
Reaction to stress 0.0323" 0.786 <0.001°
Belongingness 0.00611" 0.786 0.00920"

Conclusions

These results of a longitudinal study of students found that five of the 28 factors measured worsened
significantly over time and that these changes occurred some time between the students’ first and second
years of study. Furthermore, it should be noted that 23 of the 28 NCA factors, many of which are a part of
thriving, did not change over time during their formative experience of undergraduate studies. We
emphasize that the 48 students in the study are “succeeding” academically — their average cumulative
GPA was 3.38 out of 4.0. Clearly, there is a need for engineering education to not only consider students’
need for curricular support but to help them go beyond success and toward thriving.



References

1 Veenstra, C. P, Dey, E. L., & Herrin, G. D. (2009). A model for freshman engineering retention.
Advances in Engineering Education, 1(3), 1-23. https://advances.asee.org/wp-
content/uploads/vol01/issue03/papers/aee-vol01-issue03-p07.pdf

2 Godfrey, E., & Parker, L. (2010). Mapping the cultural landscape in engineering education. Journal of
Engineering Education, 99(1), 5-22. https://doi.org/10.1002/j.2168-9830.2010.tb01038.x

3 Huppert, F. A., & So, T. T. C. (2013). Flourishing across Europe: Application of a new conceptual
framework for defining well-being. Social Indicators Research, 110(3), 837-861.
https://doi.org/10.1007/s11205-011-9966-7

4  Schreiner, L. A. (2010). The “thriving quotient”: A new vision for student success. About Campus,
15(2), 2-10. https://doi.org/10.1002/abc.20016

5 Seligman, M. E. P., & Csikszentmihalyi, M. (2014). Positive psychology: An introduction. In M.
Csikszentmihalyi (Ed.), Flow and the foundations of positive psychology (279-298). Springer.
https://www.springer.com/gp/book/9789401790871

6 Lipson, S. K., Zhou, S., Wagner III, B., Beck, K., & Eisenberg, D. (2016). Major differences:
Variations in undergraduate and graduate student mental health and treatment utilization across
academic disciplines. Journal of College Student Psychotherapy, 30(1), 23-41.
https://doi.org/10.1080/87568225.2016.1105657

7 Danowitz, A., & Beddoes, K. (2018, April 29 - May 2), Characterizing mental health and wellness in
students across engineering disciplines [Paper Presentation]. 2018 Collaborative Network for
Engineering and Computing Diversity Conference, Crystal City, Virginia. https://peer.asee.org/29522

8 Jensen, K., & Cross, K. J. (2019, June 15-19). Student perceptions of engineering stress culture
[Paper Presentation]. 2019 ASEE Annual Conference & Exposition, Tampa, FL.
https://doi.org/10.18260/1-2--32418

9 The Gallup—Purdue Index Report Study Year 3. (2016). Great Jobs. Great Lives. Washington, DC:
Gallup, Inc. https://news.gallup.com/reports/199229/gallup-purdue-index-report-2016.aspx

10 Scheidt, M., Godwin, A., Senkpeil, R. R., Ge, J., Chen, J., Self, B. P,, ... Berger, E. (2018). Validity
evidence for the SUCCESS survey: Measuring non-cognitive and affective traits of engineering and
computing students. In Proceedings of the American Society for Engineering Education Annual
Conference & Exposition (pp. 1-28). Salt Lake City, UT.

11 Scheidt, M., Godwin, A., Chen, J., Ge, J., Self, B. P.,, Widmann, J. M., ... Berger, E. (2019). Board 98:
Validity evidence for the SUCCESS survey: Measuring noncognitive and affective traits of
engineering and computing students (Part II). In Proceedings of the American

12 Berger, E., Godwin, A., Scheidt, M., Chen, J., Senkpeil, R. R., Ge, J., ... Gates, A. (2018).
Collaborative survey construction for national data collection: Coordination, negotiation, and
delivery. In Proceedings of the Frontiers in Education Annual Conference (pp. 1-7). San Jose, CA.

13 Scheidt, M., Senkpeil, R., Chen, J., Godwin, A., & Berger, E. (2018). SAT does not spell SUCCESS:
How non-cognitive factors can explain variance in the GPA of undergraduate engineering and
computer science students. In Proceedings of the Frontiers in Education Annual Conference (pp. 1—
5). San Jose, CA.



14

15

16

17

18

Scheidt, M., Godwin, A., Berger, E., Chen, J., Self, B., Widmann, J., and Gates, A. (2021)
“Engineering Students’ Noncognitive and Affective Factors: Group Differences from Cluster
Analysis,” J. of Engineering Education, 110(2), pp. 343-370.

Chen, J., Gee, J., Melton, M., Seah, N., Widmann, J., Self, B., Berger, E., Gates, A., and Berger, E.
(2022) “Success Is Not Enough: Longitudinal Changes in Engineering Students’ Noncognitive and
Affective Factors and Their Impact on Academic Performance,” manuscript in preparation.

Farrington, C., M. Roderick, E. Allensworth, J. Nagaoka, T. Keyes D. Johnson, and N. Beechum.
2012. Teaching Adolescents to Become Learners. The Role of Noncognitive Factors in Shaping
School Performance: A Critical Literature Review. Chicago, IL: University of Chicago Consortium on
Chicago School Research.

Scheidt, M., Major, J. C., Ge, J., Godwin, A., Chen, J., Self, B. P, ... Berger, E. (2019). Exploring the
relationship between non-cognitive and affective (NCA) factors and first-year retention of
undergraduates in engineering. In Proceedings of the Frontiers in Education Annual Conference (pp.
1-5). Cincinnati, OH.

Benjamini, Y. and Hochberg, Y. (1995), Controlling the False Discovery Rate: A Practical and
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society: Series B
(Methodological), 57: 289-300. https://doi.org/10.1111/].2517-6161.1995.tb02031.x




