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Metacognition: Helping Students Plan, Monitor, & Evaluate Study Skills & Strategies 

 

Abstract: In STEM education, numerous studies have explored how instructors, pedagogy, and 

curriculum affect student learning, with less attention paid to the impact of student characteristics 

on academic performance. Yet students' own beliefs, choices, practices, and behaviors can and 

do affect their academic outcomes. Applying research on learning from the fields of education 

and the social and behavioral sciences is only now impacting research in undergraduate 

engineering education, one of five major shifts in this field during the past 100 years. Still, 

engineering education research has not drawn widely on the existing research on 

metacognition— monitoring, understanding, and controlling thoughts that may lead to more 

productive behavior and practices. In 2016, a multi-disciplinary team of researchers at a Hispanic 

Serving Land Grant University in the Southwest embarked on a study of how the introduction of 

metacognition and strategies on “learning how to learn” to engineering students could impact 

their performance in class. Our preliminary data indicates that 75% of freshmen, 50% of 

sophomores, and 35% of juniors do not routinely adopt effective study strategies. Our NSF-

funded research project focuses on freshman students enrolled in Engineering 100, Introduction 

to Engineering, which is part of the innovative First-year “Engineering Experience” program. 

Along with improving instruments to assess metacognitive thinking, we are developing 

minimally-intrusive interventions including a workshop, handouts, and reflective writing 

designed to improve students’ metacognitive awareness (their ability to monitor and control their 

own learning) and knowledge of effective study strategies. This paper presents preliminary 

findings on this intervention. Pre-post results are discussed for students who received the 

metacognitive awareness and study strategy intervention versus those who did not.       

 

Introduction  

 

Retention and graduation are prominent concerns in engineering education. In 2007, the average 

retention rate at U.S. engineering schools was just 56% [1]. Using 2016 data from 150 

engineering schools, Veenstra et al. [2] states that the 5-year graduation rates vary widely among 

colleges of engineering and is related to the first year retention rate. The research implies that 

colleges with a 90% first year retention rate have a 72% 5-year graduation rate and colleges with 

a 66% first year retention rate only have a 33% 5-year graduation rate. In the College of 

Engineering (CoE) at our university, the two-year retention rate is only 47% and the graduation 

rates are 16% and 29.3% over 4 and 6 years, respectively. These statistics prompted the CoE at 

this university to launch a first-year engineering learning-community program in Fall 2014, 

adding a new course: ENGR 100: Introduction to Engineering. This course helps launch a 

holistic student-centered environment, as advocated by American Society for Engineering 

Education (ASEE) [3-4] and others [5-7]. 
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While examining 50 attrition studies spanning 6 decades from engineering programs, Geisinger 

et al. [8] identified five factors that contribute to poor retention rates in engineering nationwide. 

These factors include classroom and academic climate; grades and conceptual understanding; 

self-efficacy and self-confidence; interest and career goals; and race and gender. Of primary 

concern are both discipline-specific skills and knowledge (e.g., mathematics), as well as more 

general, non-discipline-specific self-efficacy and metacognitive knowledge and skills. 

Metacognition, often defined as “thinking about thinking,” is primarily about knowing, 

understanding, monitoring, and controlling one’s cognitive processes, leading to altered and 

ideally more productive behaviors [9] – [13]. The study of metacognition is not new, having 

gained traction in the late 1980s; however, attention to it is sparse in engineering education.   

  

Further, students are often deficient in understanding and implementing metacognition skills 

[14], [12], [13], and how to utilize available resources for improved learning [15]. In fact, 

preliminary data from our earlier research indicated that 75% of freshmen, 50% of sophomores, 

and 35% of juniors do not routinely use effective study strategies, with a letter-grade difference 

between those who do versus who do not [16] - [17]. Fortunately, students' levels of self-efficacy 

and their ability to monitor their own learning are factors that can be changed and improved 

through appropriate interventions [18], [19]. Metacognitive awareness can strengthen their 

ability to recognize the limits of their current learning practices, and then take steps to remedy 

the situation; such awareness is valuable for learners at all ages [20]. Further, metacognitive 

strategies and practices can enhance learning and impact student achievement [21] – [26]. 

  

Motivation 

  

Although recent studies [12] - [15], [21] - [27] indicate the effectiveness of metacognition in 

promoting student success in college science learning, in the STEM literature, much attention 

has been paid to the roles of instructors, pedagogy, and curriculum, with comparatively less 

attention on how student characteristics and habits impact student learning. Yet research in other 

disciplines shows that students' own beliefs, choices, practices, and behaviors does impact 

student academic outcomes [28]. Self-efficacious students have been found to persist, engage 

more, and set and achieve higher goals in academic tasks [18] – [19], [29] – [32]. 

  

Following a workshop on metacognitive awareness and study skills by McGuire [33] in Fall 

2013, we developed a self-evaluation survey, now called the “Self-Evaluation Study Strategy 

Instrument” (SESSI) to identify student study practices. Since Fall 2013, this survey has been 

administered to students in electrical engineering classes and iteratively improved. Details of this 

survey and the interventions used in this course can be found in [16], [17]. The SESSI allows 

classification of students into one of two groups, namely Type 1 (Poor study habits) and Type 2 

(Good study habits). Averaged over eight semesters for one junior-level electrical engineering 
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class, the students whose responses placed them in study practices Type 2 (Good) had an average 

exam 1 score of 78% as compared to Type 1 (Poor) students, with an average score of 66%. This 

data highlighted concerns mentioned above that many students are not aware of how to optimize 

their own learning. From Fall 13 through Fall 17, these SESSI results were shared with the 

classes along with a 50-min workshop on metacognition and related strategies for learning [33]. 

Students were also provided with one-page study strategy handout and were asked to implement 

at least two strategies from this handout as they prepared for their next exam. After the third 

exam, the SESSI was re-administered, resulting in almost all students indicating efforts to move 

to Type 2 (Good). The result was that most of the students were able to improve their 

performance on the subsequent tests and in the course. After observing these promising findings, 

the research team embarked on a multi-year study at NMSU to try to improve the metacognitive 

knowledge and skills of the students enrolled at the very beginning of their engineering 

education, in ENGR100, in order to improve their grades, ideally improving retention and 

graduation rates. 

  

Although our study takes up several different aims, in this paper, we are interested in whether 

students in a Fall 2017 experimental group (attending a workshop about metacognition and 

taking part in reflective assignments) relative to a control group showed improvement in their 

metacognitive awareness or self-reported study strategies from the beginning of the semester 

(pre-test survey) to the end of the semester (post-test survey).  In addition, we were interested in 

whether or not the results on these survey instruments were related to overall student 

performance. 

  

Methods 

  

A.     Participants 

  

The participants in the study reported here were all Fall 2017 freshmen enrolled in ENGR 100, 

Introduction to Engineering. The course is designed to acquaint students with various 

engineering majors; introduce them to the engineering-relevant aspects of various systems and 

devices; highlight relationships among engineering, mathematics, science, and society; and help 

students develop skills that will be needed later in the major and in the field.  

  

There were 12 sections of ENGR 100 during the Fall 2017 semester (8 experimental and 4 

control), with approximately 30 students per section.  Due to the fact that some instructors taught 

more than one section per semester and were involved in the project in prior semesters, it was not 

possible to randomly assign sections to the experimental and control conditions. Data were 

collected from all students, but only students who completed both a pre-test survey and a post-

test survey were included in the study, a total of 252 students, 79 in control and 173 in 

experimental groups.  
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B.     Data Collection 

  

In the Fall of 2016 and the Spring of 2017, the research team administered the Metacognition 

Awareness Inventory (MAI) and the Self Evaluation Study Skills Instrument (SESSI) to all 

ENGR 100 sections. The MAI is a 52-item self-report inventory developed to measure 

metacognitive awareness in adults [34]. Cited at least 215 times since its publication in 1994, this 

inventory was developed to measure major components of metacognition identified in the 

literature: cognitive knowledge and cognitive regulation. It is a reliable and valid way to identify 

metacognitively-aware versus metacognitively-unaware learners. SESSI as reported in [16-17] is 

an instrument developed at NMSU and refined over 8 semesters (since Fall 2013) with students 

in an electrical engineering course. SESSI has shown promise in the preliminary studies [16-17] 

and is a much shorter version (compared to the MAI or LASSI [35]) with strong potential to be 

adopted in the future by engineering faculty.  

 

After these two semesters (Fall 2016, Spring 2017) of data collection, we first focused on 

identifying which, if any, of the MAI questions showed a relationship with student achievement 

and which did not. After conducting an item analysis of the MAI survey data, and comparing the 

results of the survey to test scores, it became apparent that the MAI had some problems: 1) there 

were too many survey items for students to remain focused until completion, and 2) some survey 

items were ambiguous. This resulted in our creation of a modified Metacognitive Awareness 

Inventory (MMAI) consisting of 20 prompts. These 20 items were also reworded to make them 

more clear. Similarly, one survey item (#9) in the SESSI was reworded. During the Fall 2017 

semester, the MMAI and the revised SESSI instrument were administered to all students in 

ENGR 100 during time-point 1, one week after Exam 1 and during time-point 2, one week 

before the Exam 4, final exam. 

  

C.     Interventions 

  

In addition to evaluating the survey instrument itself, we set out to compare survey results 

between the treatment and control conditions. The students in the experimental group engaged in 

a workshop, received an informational handout on metacognitive strategies, and were asked to 

answer periodic online reflective writing prompts related to metacognition and their study 

practices; the students in the control group received none of these.  

  

Intervention 1: 50-min Lecture and Materials on Metacognition, Self-efficacy, and Bloom’s 

Taxonomy: Shortly after the pre-test survey had been administered, one class period was devoted 

to our workshop intervention. This workshop included literature about effective learning 

strategies and our longitudinal data on connections study strategies and grades. Bloom’s 

Taxonomy, metacognition, and self-efficacy were also discussed, emphasizing how and why 
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strategies that were effective in high school are not necessarily adequate to succeed in college. A 

copy of recommended strategies was given to participants, who were asked to complete brief 

assignments inviting them to apply metacognitive awareness to plan future approaches to 

studying. They were advised to target 2-3 strategies as they prepared for subsequent exams. 

 

Intervention 2: Journaling/Reflective Writing: Reflective journals are powerful tools that 

encourage students to think about their study behaviors and the outcomes of those behaviors. 

These prompts were administered online via the online learning management system at four 

points in the semester, calling on students to reflect on their learning strategies and outcomes, 

with such prompts as the following: “To what extent were the learning/studying practices you 

used to prepare for Exam 1 typical of how you study for classes?” “Which of the study strategies 

provided in the workshop have you used in the past?” “Which look like useful options for you to 

adopt as you prepare for future exams?” 

  

D. Data Analysis 

  

The revised instruments, MMAI and SESSI, were used during the Fall 2017 semester, in 8 

experimental sections and 4 control sections. Students’ scores from the four ENGR 100 exams 

were also collected.  

  

This study uses multilevel modeling, common in the social sciences for naturally nested data 

[36]. Here, Model 1, the student-level model, assesses the growth or change in student exam and 

MMAI scores over time. Model 2, the teacher- or intervention-level model, assesses the effects 

unique to the assigned treatment conditions and the MMAI scores. 

 

Instead of two treatment conditions (control and experimental), the data are grouped into three 

treatment conditions, namely, control, experimental, and modified. The modified condition was 

so characterized when we realized that two of our experimental sections had also been 

administered additional Self-Efficacy instruction by other researchers also studying student 

learning. Thus, our experimental group consisted of 6 sections (n=6), our control group consisted 

of 4 sections (n=4), and our modified group consisted of 2 sections (n=2). Further, only 

preliminary results related to MMAI are reported in Section IV below. 

 

Preliminary Findings and Discussion 

 

A. Student Performance on Exams by Treatment Condition 

 

The four exams in ENGR 100 varied in content and difficulty, and student performance on one 

exam therefore did not necessarily predict performance on other exams. In considering what 

instructors might want to see as “growth” in performance, we (not surprisingly) found that exam 
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performance overall did not rise in a linear manner as shown in Fig. 1, below. We set out to track 

exam performance by condition (Experimental, Control, and Modified).  (We must note that we 

are still gathering information about the self-efficacy interventions that we discovered took place 

in the two Modified sections, conducted by researchers of whom we were not aware at the time 

of our study. It is therefore difficult for us to explain the performance of those in the Modified 

condition, who had originally been assigned to our Experimental condition.) 

 

Figure 1: ENGR100 Mean Exams Scores by Condition, Exp = experimental, Ctl = control, Mod 

= modified.  

To test whether students in the three conditions were similar at the onset, we explored mean 

scores on the first exam, which took place before any intervention. Analyses indicate that on this 

first exam, mean scores for students in the two conditions (experimental and control) did not 

vary significantly (80% vs. 78%), as depicted above in Figure 1, which shows pretreatment 

equivalence between these two groups. However, the Exam 1 score for the modified group is 

74%, relatively lower than that for the other two groups. 

 

On Exam 2, students in the experimental group performed significantly better than did their 

control group counterparts (84% vs. 78%, p = 0.0097). Between Exam 1 and Exam 2, the 

experimental group received the first part of our intervention. Specifically, these students took 

part in a workshop that included a lecture and assignments asking students to review, discuss, 

and apply new metacognitive and study skills knowledge. These students (in the experimental 

group) had also completed two of four journal prompts asking them to reflect on their own 

learning and study practices.   

 

There was no significant difference in scores between the experimental and control groups (87% 

vs. 88%, respectively) on Exam 3. One possible explanation is that the control students worked 

72
74
76
78
80
82
84
86
88
90

Exam1 Exam2 Exam3 Exam4

Experimental Control Modified
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to gain momentum in the course after not performing as well as they had wanted on Exams 1 and 

2. That said, it is the case that the experimental students were showing a linear growth in exam 

score performance up until the final exam (Exam 4).  

 

When it came to the final exam (Exam 4), however, students in the experimental condition once 

again performed better than did those in the control condition, although the difference was not 

quite statistically significant (p = 0.0537). In future analyses, we will explore the qualitative data 

that were captured in experimental students’ reflections at four points during the semester, 

typically before each exam. These four prompts, eliciting reflective writing from the 

experimental students, were structured to reinforce the information (lecture, handouts, 

assignments) introduced in the workshop. We hope these reflective responses will help explain 

the better exam score performance of students in the experimental group than the control group 

on two of the three exams following the initial Exam 1. 

 

We note that it is clear in Figure 1 that students in the modified condition tended to differ on 

exam performance from students in the experimental and control conditions after Exam 1. For 

instance, although there was a moderate advantage for those in the experimental as opposed to 

the modified group on Exam 2 (84% vs. 78%, p = 0.098), experimental group performance 

showed an advantage over modified group performance for both Exams 3 and 4 (87% vs. 72%, p 

= 0.0001, and 80% vs. 72%, p = 0.048, for Exam 3 and 4 respectively).  We also noted a 

difference in average scores between the modified and the control groups for Exam 3 (72% vs. 

88%, p = 0.0001). We wonder whether the two modified sections (i.e., students who were 

unintentionally included in two separate but somewhat related studies) added confusion, over-

stimulation, or overload of information, interfering with learning the course material itself in 

those two sections. Due to the “noise” in these two modified groups, we do not want to dwell 

further on the exam results from the two modified sections at this point.  

 

B. Effects of Metacognitive Teaching Strategies on Students’ Metacognitive Thinking 

 

The second analysis was carried out to investigate the effect of our interventions on students’ 

metacognitive thinking, as measured by MMAI scores, pre and post. As with the first exam 

scores, students’ initial MMAI scores did not vary by condition. In other words, regardless of 

condition, students began the semester with similar MMAI scores.  

 

Given our interventions emphasizing metacognitive thinking, we anticipated students’ MMAI 

scores to change more in a positive direction in the experimental than in the control sections. 

There was, however, no significant difference between the experimental and control groups in 

scores on the post-MMAI survey. 
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Although we had assumed we would do so, we did not find an association between an increase in 

grades and an increase from the pre-MMAI scores to the post-MMAI scores; students who had 

improved grades on exams did not correspondingly improve in MMAI scores. This was 

somewhat surprising given that we had initially seen that pre-survey MMAI scores significantly 

interacted from Exam 1 to Exam 2 (p = 0.0412). In other words, we could predict students’ Exam 

2 score direction based on their MMAI scores. We learned from a model assessing variability 

that a student’s initial MMAI score, although predictive of Exam 2 score, is not a good predictor 

of how students perform overall in a course. The model shows that growth in student scores 

between Exam 1 and Exam 2 can be explained by initial MMAI scores, and that scores on Exams 

3 and 4 were more reliant on which condition students were in (e.g., experimental, modified, or 

control).  

 

Still, we looked further into possible connections between grades and MMAI scores by 

establishing a definition of “good” students as those who either increased by 10 points or more 

between Exam 1 and Exam 3 or maintained a “B” or above across the semester. This category of 

“good” students accounted for about 39% of the total population in Fall 2017 (98 of the 252 total 

in Fall 2017). Within this 39% of “good” students, three-quarters were more likely than were 

students not categorized as “good” to maintain their MMAI scores throughout the course, with 

an average variation of just one unit (out of 60) increase or decrease between pre- and post-

surveys. This suggests that “good” students might come in with an established awareness of 

metacognitive practices for learning.  

 

As we move forward, we will continue to examine our results more deeply, assessing results 

from the reflective journals on self-reported study practices and attempting to use these to better 

understand the exam scores, particularly among those students in the experimental group. We 

will also connect our Fall 2017 data to data collected in our initial semesters of this project. For 

now, we are satisfied that the interventions are showing some promise. Moreover, to date, we 

have achieved our aim to keep the interventions as minimal as possible with an eye to offering 

ready materials - and instruments to assess the materials - to the broader field.  

 

Conclusions and Future Work 

 

The initial focus of our effort reported on here was to develop and evaluate our streamlined 

MMAI survey, and to deliver what we prepared as an informative workshop on effective study 

habits and learning strategies, encouraging students to improve their metacognitive awareness 

and, in turn, study strategies. This paper presents some preliminary findings from the Fall 2017 

data. 

  

Compared to those in the control group, students receiving our interventions performed 

significantly better on two of the four exams: Exam 2, which occurred just after the 
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metacognitive and study skills workshop, and the final, Exam 4. They carried the momentum 

until Exam 3, falling slightly at Exam 4 (the final exam).  

 

Moreover, MMAI scores significantly predicted test score changes between Exam 1 and Exam 2. 

Although overall exam score averages did not differ between the conditions as much as we had 

anticipated, students in the experimental condition had higher exam score averages (83%) than 

did students in both the control (80%) and the modified (74%) sections. The effect of the 

metacognition intervention on students’ self-reported metacognitive strategies was modest and 

the relationship between students’ MMAI scores and exam scores overall was weak. 

  

We have learned a number of lessons through this research. Particularly, we see that despite our 

aim to intervene minimally in an engineering class, a single 50-min metacognition workshop 

may not be enough to produce a sustained change in student behavior across the entire semester. 

At the same time, our future analysis of written reflections may reveal that students were taking 

in lessons that they can build from in future semesters, even though the immediate effect was not 

great. Thus, we intend to increase the frequency of journal prompts to try to keep students 

reflecting on their behaviors and how these relate to their performance, along with reporting our 

findings on students’ own take on their learning and performances. Future analyses will also 

allow us to connect results from the SESSI survey to those from the MMAI reported here. 

Ultimately, we will be offering not just data-informed interventions to improve students’ 

metacognitive awareness and study strategies but also streamlined instruments to measure 

students’ growth in these areas as well as potentials for growth in learning, performing, and 

procuring degrees in engineering. After completing our fuller analyses, we will report our 

findings to make further contributions to the field in these areas.  
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