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Work in Progress: First–year engineering students’ study strategies and their 
academic performance 

 
Abstract 
  
Utilizing effective study strategies is one of the key predictors of students’ academic 
performance (e.g., [1]). However, in engineering education, there are a few studies that explored 
this relationship in real classroom settings throughout an academic semester. This work in 
progress paper investigates the relationship of engineering students' study strategies and their 
academic performance in a required first-year engineering course. For this study, data was 
collected from 161 engineering students at a large Midwestern university. We collected data by 
asking students to reflect on their study strategies that they used for the preparation of course 
exams. This course had three exams for student evaluation over the semester. We used these 
exam scores as a measure of their academic performance, which were graded by the instructional 
team. From this data, we addressed two research questions: 1) To what degree do students’ 
selection of study strategies vary while preparing for exams? 2) How do students’ study 
strategies relate to their academic performance in exams? To answer the first question, we 
conducted one-way ANOVA to test the variability in the students' selection of study strategies 
over the exams. And for the second question, we performed a bivariate linear regression to 
analyze the relationship between students' study strategies and students’ academic performance. 
Our preliminary results revealed that there was a significant change in the frequency of the 
selection of student study strategies over the exams, and the most significant variation existed 
between the first and third exam. However, the results of the regression analyses showed no 
significant relationship between the frequency of the students’ study strategies and their 
academic performance in all exams. While this paper is work in progress paper, we in our future 
studies aim to explore it further by looking at different aspects of study strategies, and by seeing 
the difference between low and high achieving students. 
  
Keywords: study strategies, first-year engineering, academic achievement, learning strategies 
  
Introduction 
 
High-quality engineering education is vital for the civic, economic, social, and technological 
progress of the country. Well established engineering disciplines prepare a skilled labor force 
that can develop products and processes for different aspects of the society, such as medical care, 
defense, and resource management. Rosenberg and Nelson [2] stated that one of the reasons 
behind the U.S. economic dominance was the initiatives to develop and institutionalize the 
engineering disciplines. However, the current situation of U.S. engineering education is not as 
bright as it used to be on the global stage. For instance, according to the National Academy of 
Engineering [3], there is a low percentage of students graduating with engineering degrees in the 
U.S. compared to the rest of the world. This creates a shortage of skilled engineers required to 
keep pace with the rest of the world in terms of technological and industrial development. 
Therefore, there is a significant emphasis on improving engineering education in the United 
States. For instance, in a report by the U.S. National Academy of Engineering titled “Educating 
the engineer of 2020” [4], it was recommended that engineering education be reinvented. The 
same report discussed the importance of understanding the students’ learning challenges and 



 

 

devising better pedagogical approaches to improve engineering education. Along the same lines, 
one of the grand challenges [5] in the engineering outlined by the U.S. National Academy of 
Engineering is to improve the personalized learning experience and develop a self-directed 
attitude among the engineers. 
  
In order to counter the presently faced challenges, it is important to understand the root cause 
behind the declining number of graduating engineers. A large body of literature shows that 40% 
of the students who failed in their first year of engineering courses ultimately dropped-out of the 
engineering discipline [6]–[8]. For this purpose, it is crucial to understand students’ acquisition 
of fundamental engineering concepts and skills. Therefore, it is important to explore students’ 
study strategies employed to learn a particular concept or topic. By understanding these 
strategies, the pedagogies can be altered to incorporate these strategies that could facilitate the 
learning process and develop a self-directed attitude to learn about concepts or skills. 
  
In this work in progress, our overarching goal is to understand the relationship between first-year 
engineering students’ study strategies and their academic performance. For this purpose, we 
analyzed a course offered to first-year engineering students at a large midwestern university. 
First-year engineering students were involved in reflective thinking practice. In this reflective 
practice, they were asked about their study strategies to prepare for the exams (three exams) 
before each exam. This study is vital because there are limited studies within the engineering 
domain studying the study strategies of the engineering students. Also, this study will contribute 
to the understanding of the study strategies applied by students to keep up with engineering 
courses, especially demanding courses like computer programming. More specifically, this paper 
has explored these two research questions: 1) To what degree does the frequency of students’ 
selection of study strategies vary while preparing for exams? 2) How does the frequency of 
students’ study strategies relate to their academic performance in exams? 
  
Literature Review 
  
A large body of literature has discussed the concept of the students’ study strategies. However, 
there is still a lack of consensus on the concept of the study strategies [7] or even the term “study 
strategies.” Some educational psychology studies argued that the study strategies comprise of the 
students’ behaviors related to learning, such as the ability to organize information, planning, 
motivation, and so on [9], [10]. Also, Graham & Robin [11] considered study strategies as the 
specific processes taken by the students to learn a specific topic. 
  
Prior studies have researched the relationship between study strategies with students’ academic 
achievement. For instance, Sangiry and colleagues [12] have studied the different factors 
responsible for the academic achievement of pharmacy students. They found that time 
management (prioritizing the content for the exam preparation) and study strategies (while 
studying, ability to guess the important questions for the exam, summarization of the course 
material in their own words) are the two key predictors for the students’ academic achievement. 
Another study [13] examined the relationship between study strategies and academic 
achievement among undergraduate students at a Spanish university. They found a strong 
relationship between students’ study strategies and their academic achievement. Within the 



 

 

context of first-year students, prior studies have established that poor study strategies are the key 
predictors of failure among the first-year college students [14]–[16]. 
  
The surveyed literature revealed that limited research had been focused on the study strategies in 
the engineering education domain. For instance, one study [17] explored the learning strategies 
preferences among engineering students. They found different learning strategy profiles among 
the engineering students, i.e., 33.3% are navigators (students who plan their learning), 39.5% are 
problem solvers (students who like to explore alternative ways for achieving a particular learning 
goal), and 27.2% are engagers (students who enjoy learning those topics which they find fun). 
Another study [18] explored the relationship between first-year engineering students’ learning 
strategies with their self-esteem, intellectual functioning, and academic achievement. A 
significant correlation was found between learning strategies and other factors. However, there is 
a further need for research to investigate the study strategies employed by engineering students, 
especially first-year engineering students, so that the root cause behind the increasing failure can 
be understood and subsequently addressed. Hence, this study will contribute to the existing 
literature by answering the fundamental questions posed on the different types of study strategies 
and their relationship with students’ academic achievement. 
  
Research Methods 
 
Site 
  
The data was collected from two sections of required first-year engineering course at a large 
midwestern university. The topics covered in this course were data visualization and analysis, 
engineering design, ethics, programming concepts by using MATLAB software, and the 
development of mathematical models to solve the engineering problems collaboratively. The 
research team didn’t impact the site selections. 
  
Participants 
  
There was a total of 161 student participants in this study. We collected students’ reflection 
responses about the employed study strategies before each exam (three exams). Also, we have 
respective grades of students for each exam. Table 1 provide the ethnicity and gender 
distribution of the students’ data: 
 
Table 1. Gender and ethnicity information of 161 engineering students 

  No of Students 

Gender  

 Male 102 

 Female 53 

 Didn’t answer 6 

Ethnicity  



 

 

 White 116 

 Asian 18 

   *Underrepresented Minority 7 

 International (of any ethnicity) 9 

 Didn’t answer 11 

* The Underrepresented Minority category in this institution includes any indication of 
American Indian or Alaska Native, Black or African American, Hispanic or Latino, or 
Native Hawaiian/Other Pacific Islander. 
 

Data collection 
  
In the course, the instructor designed a graded activity for the students before each exam to 
understand their study strategies for the preparation of exams. Before each exam, students were 
asked the following question: 
While preparing for Exam, what actions did you take to help you attain proficiency with the 
Learning Outcomes? Check all that apply. 
  

• Referred to Learning Objectives (LOs) that lists each LO with its evidence of proficiency. 
• Watched and took notes on the online modules 
• Used the "help" function in MATLAB 
• Googled for help 
• Asked questions of my classmates or study group 
• Tried the practice exam problems 
• Reviewed my performance on the Learning Objectives (LOs) for one or more problem 

sets 
• Reviewed the formula sheet 

  
The student could choose multiple options from the study strategies’ options. We also collected 
students’ exam scores for each exam. The study strategies were determined by the instruction 
team aligned with the course contents. Hence, they were questions related to MATLAB. The 
instructional team evaluated the exams, and the maximum score for each exam was 120. The 
study was conducted in accordance with the IRB protocols stated by university. 
 

Data Analyses 
Hypothesis 
For the first research question, the null hypothesis (H0) states that there is no difference between 
the frequency of the study strategies used by the student while studying in their exams: 
 

H0: µ1 = µ2 = µ3 

 
Where µ is the population mean. The alternative hypothesis (H1) states that there is a certain 
variation in the frequency of study strategies used by the students to study for their exams. 



 

 

However, in terms of population mean, our alternate hypothesis states that the related population 
means are not equal: 

H1: Not all means are equal 
  
For the second research question, linear regression was conducted between exam scores and the 
frequency of study strategies chosen by students. However, for this analysis, the null hypothesis 
(H0) states that there is no relation between the frequency of the study strategies and exam 
scores, and the alternative hypothesis (H1) states that there is a relationship between the 
frequency of the study strategies and exam scores. 
  
For our first research question, a Repeated Measure ANOVA was conducted. In this analysis, the 
dependent variable is the frequency of the study strategies chosen by the students, and the 
independent variable is exam times. Here, the frequency of study strategies means the number of 
strategies selected by any student on average to prepare for the study. For conducting Repeated 
Measure ANOVA, our data must satisfy the following assumptions [19]: normality, 
independence within a group, homogeneity of variance, and homogeneity of covariance. Hence, 
we conducted a descriptive analysis for the frequency of study strategies, as shown in Table 2: 
 
Table 2. Descriptive statistics of the frequency of the study strategies for each exam 

 Exam 1 Exam 2 Exam 3 
Mean 5.5839 5.2422 4.5776 
Std. Deviation 1.78031 1.94864 2.14953 
Skewness -.597 -.274 -.184 
Kurtosis -.349 -.846 -.927 

 
Table 3. Mauchly's test of sphericity 

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx
. Chi-
Square df Sig. 

Epsilonb 

Greenhou
se-Geisser 

Huynh
-Feldt 

Exams .990 1.554 2 .46 .990 1.000 

  
For normality, from the skewness and kurtosis values of the descriptive statistics in table 2, we 
can say that our data is normally distributed. The second assumption is also satisfied because we 
observed the same participants between the groups and different within-groups. Hence, we can 
assume that this assumption holds for our data. Together, homogeneity of variance and 
covariance are also known as the sphericity assumption. To test the sphericity assumption, we 
ran Mauchly's test of sphericity. The rest result was insignificant as shown in table 3. Therefore, 
we used the adjusted degree of freedom for our repeated measure analysis. 
  
For our second research question, we conducted a simple linear regression between exam scores 
and the frequency of the selected study strategies for each exam. In this analysis, the criterion 



 

 

variable is the students’ respective exam score, and the frequency of strategies chosen by the 
students in each exam will be the predictor variable. Descriptive statistics for the exam scores are 
shown in table 4. 
  
Table 4. Descriptive statistics of each exam score 

  Mean Std. Deviation 

Exam 1 103.0621 10.68677 

Exam 2 105.8749 8.23540 

Exam 3 104.8944 11.55238 

  
Results 
  
To find if there is any difference in the frequency of the students’ choosing study strategies while 
studying for their exams, we ran repeated measure ANOVA. In the previous section, we have 
discussed the variables and assumptions of the test. For this analysis, we used 0.05 as the level of 
significance. We can see from table 5 that repeated measures ANOVA with a Greenhouse-
Geisser correction determined the frequency of students’ selection of study strategies for the 
three exams varied significantly between exams and has medium-sized effect, F (1.981, 316.918) 
= 25.658, p < .05 (ηp2 = 0.1382). 
  
Table 5. Tests of within-subjects effects 

Source Type III Sum of 
Squares 

df Mean Square F Sig. 

Exam 84.302 1.981 42.561 25.658 .000 

Error (Exam) 525.698 316.918 1.659     

 
To further understand the frequency variability of the students’ study strategy selection between 
the exams, we ran a post hoc test using the Bonferroni correction, as shown in table 6. The 
analysis revealed that the frequency of the students’ selection of study strategies for the 
preparation of exams significantly varied between each exam (p< .05), as shown in table 6. 
 
Table 6. Bonferroni post-hoc test (Pairwise comparisons) 

(I) Exam (J) Exam Mean Difference (I-J) Std. Error Sig.b 

1 2 .342* .137 .041 

1 3 1.006* .142 .000 

2 3 .665* .149 .000 



 

 

For the next subsequent research question, ‘do the frequency of students’ study strategies relate 
to the students’ academic performance in exams?’. We did a simple linear regression for each 
exam (three exams) with the frequency of students’ selected strategy. For this analysis, we used 
0.05 as the level of significance. 
 
Table 7. ANOVA results 

Exam 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regression 2.604 1 2.604 .023 .881b 

Residual 18270.525 159 114.909     

Total 18273.129 160       

2 Regression 215.372 1 215.372 3.220 .075b 

Residual 10636.131 159 66.894     

Total 10851.503 160       

3 Regression 55.293 1 55.293 .413 .521b 

Residual 21297.912 159 133.949     

Total 21353.205 160       
  
The analysis of regression showed that the frequency of study strategies cannot significantly 
predict any of the exam scores as shown in the table 7. The results, for exam1, F(1,159) = .023, 
p< .05, R2 = .00 using the following equation Exam1 = -.072(frequency of study strategies) + 
103.462, for exam 2, F (1,159) = 3.220 p< .05, R2 = .020 using the following equation Exam2 = -
.595 (frequency of study strategies) + 108.996 and for exam 3, F(1,159) =. .413, p < .05, R2 = 
.003 using the following equation Exam3 = -.072(frequency of study strategies) + 1106.146. 
 
Discussion and Conclusion  
 
For this study, a reflective activity was employed to collect the preferences of first-year 
engineering students. Our analysis revealed that even though there was a change in the frequency 
of the selection of study strategies over three exams by students, there was no significant 
relationship between academic performance and the frequency of the students’ study strategies. 
The primary aim of this study was to investigate the relationship between first-year engineering 
students’ study strategies and their academic performance. To answer our primary research 
question, this study also examined the changes in the frequency of the selection strategies over 
the three exams. To this end, analysis revealed that there was a change in the frequency of the 
selection of study strategies. Also, from table 7, it is quite evident that the largest change 
occurred in the employed study strategies from exam 1 to exam 3.  This change can be attributed 
to the increasing difficulty of the contents in the exams. Hence, the students were trying to 



 

 

employ more study strategies to prepare themselves for the exams. Therefore, this analysis 
encouraged us to conduct our second analysis to investigate the relationship of the frequency of 
study strategies and their exam scores. 
 
In our second analysis, the study found no significant relationship between academic 
performance and the frequency of study strategies. Our result was contrary to the literature found 
outside the engineering education domain [20]-[22] that establishes a relationship between the 
study strategies and student academic performance. The following two factors could have 
impacted our results. One, the students may have selected strategies because of the graded nature 
of the data collection activity. Second, it might be possible that rather than a number of selected 
strategies, the effectiveness of certain selected strategies impacts the students’ performance. 
Therefore, future analysis will explore the relationship between the effectiveness of different 
study strategies and students’ academic performance.  
  
Limitations 
  
Like any other experiment, this study comes with its limitations, One, this was an exploratory 
research study, the statistical significance of the analysis has limitations compared to an 
explanatory research study. Second, this study collected data only for a limited set of students. 
The result would have been enriched, if the study had included other similar courses. Finally, a 
more advanced analysis could have informed us about the effectiveness of certain study 
strategies. 
  
Future directions 
  
Based on this study which is a work in progress, a few future directions could be suggested. 
First, future studies can be conducted to find out the effective study strategies and establish their 
relationship with academic performance. Second, longitudinal studies to identify the relationship 
and impact of employed study strategies on the students' academic performance over the course 
of their engineering degree should be conducted. Finally, the researchers may include 
motivational factors to discuss the relationship between the students' study strategies and their 
academic performance. 
 
Acknowledgment  
 
The authors would like to thank Dr. Heidi Diefes-Dux and Dr. Morgan Hynes for access to 
student data. 
 
 
 
 
 
 
 
 
 



 

 

 
References 
  
[1]  M. C. W. Yip, “Learning strategies and self-efficacy as predictors of academic performance: 

a preliminary study,” Qual. High. Educ., vol. 18, no. 1, pp. 23–34, 2012, doi: 
10.1080/13538322.2012.667263. 

[2]  N. Rosenberg and R. R. Nelson, “American universities and technical advance in industry,” 
Res. Policy, vol. 23, no. 3, pp. 323–348, 1994, doi: 10.1016/0048-7333(94)90042-6. 

[3]  National Academy of Engineering, The Importance of Engineering Talent to the Prosperity 
and Security of the Nation: Summary of a Forum. Washington, DC: The National 
Academies Press, 2014. 

[4]  National Academy of Engineering, Educating the Engineer of 2020: Adapting Engineering 
Education to the New Century. Washington, DC: The National Academies Press, 2005. 

[5]  National Academy of Engineering, Grand Challenges for Engineering. Washington, DC: 
National Academy of Science, 2008. 

[6]  N. Henderson, M. S. Fadali, and J. Johnson, “An investigation of first-year engineering 
students’ attitude toward peer-tutoring,” 32nd Annu. Front. Educ., vol. 2, pp. F3B-F3B, 
2002. 

[7]  M. C. W. Yip, “Differences between high and low academic achieving university students in 
learning and study strategies: a further investigation,” Educ. Res. Eval., vol. 15, no. 6, pp. 
561–570, 2009, doi: 10.1080/13803610903354718. 

[8]  R. Gurung, “How Do Students Really Study (and Does It Matter)?,” Teaching of 
Psychology, vol. 32, no. 4, pp. 239–241, 2005. 

[9]  R. Cannon and D. Newble, A Handbook for Teachers in Universities and Colleges: A Guide 
to Improving Teaching Methods. 2000. 

[10]  M. Y. Ghiasvand, “Relationship between learning strategies and academic achievement; 
based on information processing approach,” WCPCG 2010, vol. 5, pp. 1033–1036, Jan. 
2010, doi: 10.1016/j.sbspro.2010.07.231. 

[11]  K. G. Graham and H. A. Robinson, Study skills handbook: A guide for all teacher. 
Newark,Delaware: International Reading Association, 1987. 

[12]  S. Sansgiry, A. Kawatkar, A. Dutta, and M. Bhosle, “Predictors of academic performance 
at two universities: the effects of academic progression,” Am. J. Pharm. Educ., vol. 68, p. 
103, Sep. 2004, doi: 10.5688/aj6804103. 

[13]  E. Navarro Asencio and Á. Muelas, “Learning strategies and academic achievement,” 
Procedia - Soc. Behav. Sci., vol. 165, pp. 217–221, Jan. 2015, doi: 
10.1016/j.sbspro.2014.12.625. 

[14]  A. Tella, “The Impact of motivation on student’s academic achievement and learning 
outcomes in mathematics among secondary school students in nigeria,” Eurasia J. Math. 
Sci. Technol. Educ., vol. 3, May 2007, doi: 10.12973/ejmste/75390. 

[15]  M. Skuy and M. Skuy, “Contribution of intelligence and cognitive-affective variables to 
university grades among African, Indian, and white engineering students in south africa,” J. 
Cogn. Educ. Psychol., vol. 5, pp. 25–46, Jan. 2005, doi: 10.1891/194589505787382568. 

[16]  C. W. Kern, N. S. Fagley, and P. M. Miller, “Correlates of college retention and GPA: 
learning and study Strategies, testwiseness, attitudes, and ACT,” J. Coll. Couns., vol. 1, no. 
1, pp. 26–34, Mar. 1998, doi: 10.1002/j.2161-1882.1998.tb00121.x. 



 

 

[17]  C. E. Baukal, L. J. Ausburn, J. E. Matsson, and G. L. Price, “Engineering students’ learning 
strategy preferences,” presented at the ASEE Midwest Section Conference, Kansas State 
University (Salina, KS), Sep. 2013. 

[18]  J. Seabi, “Relating learning strategies, self-esteem, intellectual functioning with academic 
achievement among first-year engineering students,” South Afr. J. Psychol., vol. 41, no. 2, 
pp. 239–249, Jun. 2011, doi: 10.1177/008124631104100212. 

[19]  G. J. Privitera, “Statistics for the behavioral sciences, 2nd ed.,” Stat. Behav. Sci. 2nd Ed, pp. 
xl, 724–xl, 724, 2015. 

[20]  M. C. W. Yip and O. L. L. Chung, “Relation of study strategies to the academic 
performance of hong kong university students,” Psychol. Rep., vol. 90, no. 1, pp. 338–340, 
Feb. 2002, doi: 10.2466/pr0.2002.90.1.338. 

[21]  Å. DISETH and Ø. MARTINSEN, “Approaches to learning, cognitive style, and motives 
as predictors of academic achievement,” Educ. Psychol., vol. 23, no. 2, pp. 195–207, Mar. 
2003, doi: 10.1080/01443410303225. 

[22]  B. M. Gadzella and J. D. Williamson, “Study skills, self-concept, and academic 
achievement,” Psychol. Rep., vol. 54, no. 3, pp. 923–929, Jun. 1984, doi: 
10.2466/pr0.1984.54.3.923. 

  
  

  
 
 


