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Introduction

The academic success of undergraduate students in introduc-
tory science courses can be influenced by numerous variables, 
such as external factors, personal abilities, luck, (van Etten, et 
al., 1998) or motivation to learn the material.  Quantitative re-
search has shown that with academic motivation, two types of 
goals - learning goals (becoming more competent) and perfor-
mance goals (doing better than others) have received more at-
tention than others.  Of the two, it is believed that learning goals 
are more effective in motivating students to excel academically 
(van Etten, et al., 1998). Therefore it is expected that motivated 
students will find academic activities both relevant and worth-
while and will to try to derive the intended benefits from them 
(Brophy, 2004).  Students demonstrate their levels of motivation 
to learn in many ways, including their class attendance, class 
participation, the amount of time spent studying, completion of 
assignments, asking questions, and seeking help or advice. In 
studying motivation to learn science, Glynn et al, (2009) exam-
ined how intensively students strive to learn science, and what 
beliefs, feelings, and emotions characterize them in this process.  

The introductory science course is the first opportunity wherein 
students experience the academic rigor of college science (Dae-
mpfle, 2002) and according to the National Science Founda-
tion the sciences have the highest attrition rates of any major 
(National Science Foundation, 1996).  As college educators, our 
main teaching goals are to increase student learning and im-
prove student retention for our science majors.  Surveys of enter-
ing underrepresented freshman note that the intentions to major 
in and continue on to a STEM career are similar to the intentions 
of majority students, however once enrolled, underrepresented 
students are less likely to actually major in and complete a STEM 
major (Fleming, 2012).  Equally important to science students is 
the goal of obtaining a grade that will advance their academic 
and professional careers (Soto and Anand, 2009).  

A high percentage (85%) of our science majors aspire to 
become medical doctors, dentists, pharmacists, and other pro-
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Abstract

As college educators, our main teaching goals are to increase 
student learning and improve student retention.  This study 
describes how 54 science majors at a public, minority serv-
ing institution reflected on their study time, study activities, 
and overall grade motivation in a core-curriculum introduc-
tory biology course.  Since 2005, less than 50% of students 
enrolled in this course at our university earned a final grade 
of “C” or better.  In the Fall semester of 2009, we adminis-
tered a pre and post assessment using the Science Motivation 
Questionnaire (SMQ) a 30-item Likert-type instrument devel-
oped by Glynn and Koballa (2006) to better understand and 
address the student attrition from the introductory biology 
course.  All 30 items from the SMQ were analyzed, but only 
5 items relevant to grade motivation are presented in this 
paper.  We also designed and implemented a weekly study 
log assessment tool for students to document their study time 
and study activities, wherein students submitted their study 
logs on a weekly basis during the course of this research 
study.  Based on the number of study logs submitted and 
study time by each student, students were classified into ei-
ther a high-metacognition or low-metacognition group.  For 
our purposes, we defined metacognition as the awareness 
of one’s own thinking process (Merriam-Webster, 2012).  The 
high-metacognition group submitted 75% of their study logs 
and earned a grade in the top 25% of the class.   The low-
metacognition group submitted only 25% of their study logs 
and earned a grade in the bottom 25% of the class.   Thus 
both groups formed reasonable expectations for their overall 
class performance.  

Keywords: Biology; metacognition; student achievement; study 
log.

Abbreviations: Science Motivation Questionnaire (SMQ) 



fessions that require an advanced degree in a science field.  
However, since the fall semester of 2005, less than 50% of the 
science majors completing the introductory biology course at 
our university received a final course grade of “C” or better.  
Approximately 90% of the students enrolled in our institution 
are first generation college students, and the student body is 
predominately African-American.  While our institution has in-
creased the admission standards and reorganized the academic 
structure to improve  retention and graduation  rates over the 
past 3 years, during the course of this study the average SAT 
score for the combined Math and Critical Reading Sections was 
852 (Math = 428 and Critical Reading = 424).  This is com-
pared to the national average combined Math and Critical 
Reading Sections of 1013 (Math = 515 and Critical Reading 
= 498).  Given these facts, there is a great interest in having 
students successfully complete courses and retain what they have 
learned.

One approach we have used is the use of learning logs.  
Learning logs, henceforth referred to as study logs, were de-
signed to emphasize the connection between student study 
habits and their academic outcomes.  The notion of having our 
students write down their daily study activities for this course, 
detailing how they approached studying provided them with the 
opportunity to reflect on their own ‘cognitive aspects of learning’ 
(Commander and Smith, 1996).  These metacognitive aspects of 
learning can play a critical role in successful learning and help 
instructors in introductory science classes determine the optimal 
frequency and type of studying among students.     In this paper, 
we discuss the level of importance students placed on earning 
a high grade in this introductory biology course as an indicator 
of type of motivation.  We also assessed how often students re-
ported studying to learn the content covered in the course, and 
if the amount of study time correlated with their overall perfor-
mance in the course as measured by final grade. 

  
Materials and Methods

Participants 

Students who participated in this pilot study were enrolled 
in the traditional face-to-face sections of the introductory biol-
ogy course taught at our institution.  Of the 54 students who 
chose to participate in this study (41 females and 13 males) 
there were 48 African Americans, 2 Asians, 2 Caucasian, and 
2 reporting other race/ethnic affiliations.  These students were 
evenly distributed between the two instructors.  At the time of 
participation, 47 students were enrolled in their first semester of 
college, with 0 accumulated credits; 4 students reported hav-
ing 1 to 15 credits; and 3 students reported having 16 credits 
or more.  Participation in this study was not required for course 
credit, and students who participated in this course did not re-
ceive any preferential treatment or extra credit while enrolled 
in this course.  Overall, ninety percent of the students elected 
to participate throughout the semester, but only complete cases 
were analyzed for this pilot study.  Students were made aware 
that the data collected would not be analyzed until after their fi-
nal grades were submitted in an effort to motivate students to be 
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honest in their responses.  This research study (IRB # 1200892) 
was approved for implementation by our University’s Institutional 
Review Board for the Protection of Human Subjects in Research. 

 
Course Overview

This study took place at a public, minority serving institution 
located in the southeastern part of the US with an enrollment of 
6,400 undergraduate students.  Two professors with equivalent 
years of teaching experience have taught this course for the 
past seven years in similar classroom settings with the same text-
book and common lecture and laboratory exams. The introduc-
tory biology course at our institution is the first core course for 
science majors and for those students who will be taking upper-
level courses in biology.  

This course is offered every semester with an average of 5 
sections with 24 students per section. Only those sections taught 
by 2 of the authors were included in this study.  This 4-credit hour 
course meets for 3 lecture hours and 2 laboratory hours each 
week over the course of a 15-week semester.  The content of this 
course includes an introduction to the scientific method, a brief 
survey of the history of biology, an introduction to the physical 
and chemical properties of biological molecules, a survey of 
cellular structure and function, and an introduction to the ba-
sic principles of genetics.  Traditional laboratory exercises that 
reinforce lecture content are included in this course. Graduate 
Teaching Assistants (TAs) are utilized for laboratory assistance 
only as determined by the Departmental Chairperson each se-
mester.  This course is assessed by the following: four lecture ex-
ams; quizzes and assignments; weekly laboratory participation; 
two laboratory exams; and a comprehensive final exam. 

Science Motivation Questionnaire (SMQ)

The Science Motivation Questionnaire (SMQ) is a 30 item, 
Likert-type instrument developed by Glynn and Koballa (2006).  
The SMQ which was used to measure students’ thoughts and ex-
pectations of their overall performance in science courses as well 
as their beliefs in the relevance of science to their anticipated 
careers.  This survey was selected because it contained the most 
items of authors’ interest as it pertained to the students.  In ad-
dition, this survey had been found to be reliable and related 
to criterion-validity measures (Glynn et al., 2009).  The moti-
vational constructs measured by this survey include intrinsic and 
extrinsic motivation, goal orientation, self-determination, self-ef-
ficacy, and anxiety (Glynn et al., 2009).  We administered this 
survey to our students at the end of a regularly scheduled class 
period and the students were asked to write their University is-
sued student identification number on the survey and answer all 
30 items.  Once students completed the survey, they were asked 
to place the completed survey in a designated box at the back 
of the classroom.  All questionnaire items were analyzed, but 
5 were specifically chosen for this paper because they were 
relevant to our study and grade motivation.  The 5 items chosen 
were as follows: 

• I like to do better than other students on the science testsA
tla

s 
Jo

ur
na

l o
f 

Sc
ie

nc
e 

Ed
uc

at
io

n 
- 

IS
SN

 2
15

8-
92

24
. P

ub
lis

he
d 

By
 A

tla
s 

Pu
bl

ish
in

g,
 L

P 
(w

w
w

.a
tla

s-
pu

bl
ish

in
g.

or
g)

A
tla

s 
Jo

ur
na

l o
f 

Sc
ie

nc
e 

Ed
uc

at
io

n 
- 

IS
SN

 2
15

8-
92

24
. P

ub
lis

he
d 

By
 A

tla
s 

Pu
bl

ish
in

g,
 L

P 
(w

w
w

.a
tla

s-
pu

bl
ish

in
g.

or
g)



86

• Earning a good science grade is important to me
• I expect to do as well as or better than other students in 

the science course
• I think about how my science grade will affect my overall 

grade point average
• It is my fault if I do not understand the science 

Study Log Instrument 

This study log instrument, which was created by the course in-
structors, included the students’ name, section number and blocks 
for each day of the week, description of study activity, and 
amount of time spent studying (Figure 1).  A copy of the study 
log was placed in the Blackboard® course shell for each section 
of the introductory biology course, and students completed these 
study logs on their own timeframe throughout the week.  Every 
Monday, during the regularly scheduled class period, students 
placed their completed study logs in a designated box at the 
front of the classroom, prior to the start of lecture.   For each 
week of the 15-week semester, students were asked to record 
their study time and provide a description of their study activi-
ties.  At the end of the week, students would calculate and re-
cord their total time spent studying for this course in minutes on a 
study log.   Submission of study logs was voluntary with the intent 
that students would be honest about their study habits and their 
study behavior would not be influenced. 

The study log completion and submission was voluntary for 
all of the students and the data was not analyzed until all final 
grades were submitted and the due date for grade appeals 
had ended.

 
Final Grades

Grades for this course were calculated based on lecture exams 
(40%), quizzes & assignments (10%), lab participation (15%), 
lab exams (20%), and a comprehensive final exam (15%).  Fi-
nal grades for all students enrolled in the introductory biology 
course were obtained from our University Course Enrollment Sys-
tem for all semesters, including summers from Fall 2005 to Fall 
2009.

Results

Science Motivation Questionnaire

A total of 54 students completed the survey both at the be-
ginning and end of the 15-week semester.  To determine wheth-
er or not our students were motivated to study science in this 
introductory biology course, we analyzed the responses of the 5 
selected items that were referenced for grade motivation.  From 
the beginning of the semester to the end of the semester, there 
was a 9.3% decrease for students liking to do better than other 
students on the science tests and a 7.4% decrease for students 
who expected to do as well as or better than other students in 
the science course.  However, there was a 3.7% increase for 
students who thought about how their science grade would af-
fect their overall grade point average and an 18.5% increase 
in students’ admittance to it being their fault if they did not un-
derstand the science.  Figure 2 shows similar trends of pre- and 
post- responses for all students of the top quartile for the 5 SMQ 
items used to measure grade motivation.

Study Logs

In addition to the SMQ survey data, we also collected student 
study logs each week during the course of this study to determine 
the amount of time and types of study activities of each student 
as they self-reported the amount of time they spent studying for 
this course.  Based on the study log responses, the students were 
clustered based on two variables: i) average number of minutes 
they reported studying the content and ii) number of study logs 
they submitted for analysis.  The first cluster grouped students 
into quartiles based on the average number of minutes they re-
ported studying over the entire semester.  The second cluster 
grouped students based on the number of study logs submitted 
over the course of the semester.  

Based on the top quartile ratings in both time studied as 
recorded on the student study logs and number of study logs 
submitted, these students were placed in the high-metacognition 
category.  Similarly, based on the bottom quartile ratings in both 
time studied as recorded on the student study logs and num-
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Student ID # ______________________________
Course/Section ____________________________

Study Log for the Week of __________________________________
Date
mm/dd/yy

Block(s) of time 
(e.g. 9:15-9:25 am)

Activity - please give details (ex: study group, 
notecards, learning objectives, read textbook, 
etc.)

Time spent
(e.g. 10 minutes)

Total time in minutes:

Figure 1. Study Log Instrument For Students To Record Time Spent and Type of Study Activity.
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ber of study logs submitted, these students were placed in the 
low-metacognition category.  All students irrespective of meta-
cognition category when asked on the SMQ if earning a good 
grade was always important indicated no difference between 
pre- and post- ratings (Table 1).  

In the high-metacognition category, there was a 7% down-
ward trend in pre-and post- responses as to whether or not they 
like to do better than other students on science tests and on 

whether or not they expected to do as well as or better than 
other students in the science course.  There was also a 7% up-
ward trend in how often students thought about how their science 
grade will affect their overall grade point average.  Surpris-
ingly, there was a 33% upward trend in students’ admittance to 
it usually or always being their fault if they do not perform well 
in their science courses (Table 1; Figure 2).

In the low-metacognition category, there was an 8% down-
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Figure 2. Pre and Post Survey Responses of the Top Quartile for the Five Student Motivation Question-
naire Items Used to Measure Grade Motivation.
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Figure 3. Pre and Post Survey Responses of the Bottom Quartile for the Five Student Motivation Question-
naire Items Used to Measure Grade Motivation.
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ward trend in pre-and post- responses as to whether or not they 
like to do better than other students on science tests.  There was 
a 15% downward trend on whether or not they expected to do 
as well as or better than other students in the science course and 
how often the students thought about how their science grade 
will affect their overall grade point average.  Similar to the 
high metacognition group, there was a 23% upward trend in 
students’ admittance to it usually or always being their fault if 
they do not perform well in their science courses (Table 1; Fig-
ure 3).  These results suggest that over time the high metacog-
nition group shifted to a more of an intrinsic motivation state.  
While this paper represents data from 1 semester, a detailed 
examination correlating study time and study activities to course 
performance over 3 semesters is forthcoming in a subsequent 
manuscript.

When analyzing the study log data for the average number 
of minutes studied over the entire semester, there were similar 

trends in pre- and post- responses on the SMQ for all students, 
regardless of quartile categorization.  Comparing the number 
of study logs submitted, the data for all students when asked 
if earning a good grade was always important revealed that 
there was no difference between pre-post ratings, irrespective 
of quartile.  There was, however, a 25% upward trend of the 
post- response for all students of the bottom quartile for the 
SMQ item when asked if it were usually or always their fault if 
they did not understand the science (Figure 3). 

Examples of  Study Log Entries 

After analyzing the study log entries, it was determined that 
it was not the amount of time spent studying, but perhaps the 
type of study activity that may have played a role in the stu-
dents’ overall class performance. Table 2 shows a reflection of 
study log entries and weekly study time in each of the final 

High Metacognition Category Low Metacognition Category

Upward trend in:
- how often students frequently think about how their 

science grade will affect their overall grade point 
average (6.6% upward trend)

- admittance to it frequently being their fault if they 
do not understand the science (33.4% upward 
trend) 

Downward trend in:
- admittance to whether or not they like to do better 

than others students on science tests (6.6% 
downward trend)

- the expectation to do as well as or better than 
other students in the science course (6.7% 
downward trend)

Upward trend in:
- admittance to it usually or always being their 

fault if they do not perform well in their science 
courses (23% upward trend)

Downward trend in:
- admittance to whether or not they like to do 

better than others students on science tests (7.7% 
downward trend)

- the expectation to do as well as or better than 
other students in the science course (15.4% 
downward trend)

- thinking about how their science grade will affect 
their overall grade point average (15.4% 
downward trend)

Likert-scale options “4-Usually” and “5-Always” were combined to define what we refer to as “Frequent”.

Table 1. Summary Metacognition Table for the Top Quartile and Lowest Quartile Responses to the SMQ Grade Motivation Ques-
tionnaire Items.

Student Recorded Study Activity – Week 7 Study Time (minutes) Final Grade
Prepared for lab exam  (memorized statistics/metric conversion, cell 
structure/functions, pH, biologically important molecules, and 
microscope/cell lab); lab exam preparation (read labs again); 
completed How to Study Homework

210 A

Looked over parts of the cell and unit conversion labs; studied lab 
quizzes; studied the acid and bases lab; read the study of science; 
completed exercises 3 and 6 in the How to Study Science book for 
Homework

231 B

Completed homework study group, and reviewed notes and labs 305 C
Studied for the lab exam and completed homework 240 D
* * F

* = Student did not submit a Study Log for this week.

Table 2. Examples of Actual Student Study Log Entries in Each of the Final Grade Categories.
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grade categories from a randomly chosen week in the semester.  
The “A” student typically described the types of study activities 
completed on a weekly basis.  In the example provided, the “A” 
student studied the assigned material, and then reviewed the 
work.  The “B” student, whose study habits appeared to be simi-
lar to the “A” student, was very specific about what was studied 
but it is unclear whether or not these students were previewing 
or reviewing the information.  The referenced ‘How To Study 
Science’ for the A and B students was a supplemental textbook 
packaged with required course material from McGraw Hill pub-
lishers.  The “C” student indicated that they met with study group, 
but offered no details about what material was actually being 
studied.  Whereas, the “D” student recorded that they complet-
ed homework and looked over the course material.  This particu-
lar week, the “F” student did not submit a study log, but typical 
entries from students who earned an F in the course, offered 
no detail about specific chapters or PowerPoint slides that had 
been read or these students would submit a blank study log (i.e., 
no reported study activities with “0” recorded minutes).  These 
differences by grade indicate that these students with higher 
grades study and process material more elaborately than stu-
dents with lower grades.

Table 3 shows the correlations between the final letter grade, 
total number of study logs completed, and average weekly 
study time.  The Pearson correlation indicated that there was a 
statistically significant positive correlation between the final let-
ter grade and the total number of study logs completed (Pear-
son correlation = 0.433).  These results suggest that completing 
a higher number of study logs encouraged more metacognition, 
which, in turn, positively influenced the students’ final grades. 

Discussion

The degree and quality of self-regulatory processes that stu-
dents can exercise during academic studying depends on sev-
eral key psychological dimensions of functioning, such as motiva-
tion, method, and time (Zimmerman, 1998).  In higher education, 

students have different goals with respect to academic learning.  
For example, students who are deep processors vigorously en-
gage in the content and relate new ideas to their prior knowl-
edge.  Students who are strategic processors focus on obtaining 
the highest grade possible and organize their time and efforts 
to maximize grades.  Whereas students who are surface proces-
sors seek to only complete their assignments and tend to memo-
rize the information (van Etten, et al., 1998).  

In this study, students reflected on their study time, study ac-
tivities, and were surveyed about their overall grade motivation 
in an introductory biology class.  Of the 5 selected SMQ survey 
items related to grade motivation, the importance of earning 
a good grade in science both at the beginning and at the end 
of the semester had the highest number of positive responses, 
thus indicating that earning a good science grade was indeed 
a strong motivating factor for our students.  This finding is con-
sistent with an earlier report on freshmen beliefs about their 
academic motivation (van Etten, et al., 1998).  These findings 
indicate that students in the highest quartile for metacognition 
showed an increase in learning metacognition.  At the end of 
the semester, these students indicated a greater understanding 
of the connection between science class performance and GPA.  
They also indicated a greater responsibility for their own learn-
ing.

The study log data revelaed that although the students that 
earned a final course grade of an “A” in this course spent less 
time studying than the student who earned a final course grade 
of a “B”, the student that earned the “A” had more comprehen-
sive study techniques that likely led to a deeper understanding 
of the scientific content.  Zimmerman suggests that as students’ 
studying becomes more routine they can mentally organize the 
information without needing to create a formal outline (1998).  
Deep processors relate new ideas to their prior knowledge and 
everyday experiences. They link evidence and conclusions as 
they examine the logic of arguments (van Etten, et al., 1998).  
The type of study activity, the time spent on the activity, and the 
ability for the students to understand what they do not under-
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Final Letter 
Grade

Total # of Study 
Logs Completed

Average Weekly 
Study Time

Final Letter Grade Pearson 
Correlation

1 .433** .102

Sig. (2-tailed) .000 .344
N 91 91 88

Total Number of Study Logs 
Completed

Pearson 
Correlation

.433** 1 .080

Sig. (2-tailed) .000 .460
N 91 91 88

Average Weekly Study 
Time

Pearson 
Correlation

.102 .080 1

Sig. (2-tailed) .344 .460
N 88 88 88

**. Correlation is significant at the 0.01 level (2-tailed).

Table 3. Pearson Correlations between Final Letter Grade, Total Number of Study Log Completed, and Average 
Weekly Study Time.



A
tla

s 
Jo

ur
na

l o
f 

Sc
ie

nc
e 

Ed
uc

at
io

n 
- 

IS
SN

 2
15

8-
92

24
. P

ub
lis

he
d 

By
 A

tla
s 

Pu
bl

ish
in

g,
 L

P 
(w

w
w

.a
tla

s-
pu

bl
ish

in
g.

or
g)

stand suggests that knowledge learned in primary school, and 
the ability to synthesize and utilize knowledge at the college 
level is usually at a much higher pace or level than students 
have previously experienced (Nordell 2009, Tanner 2012). 
Therefore, it can be very challenging for new college students to 
understand and be successful using this different model of higher 
education learning (Nordell 2009, Tanner 2012).  

To gain further insight about study habits, our students were 
required to submit weekly study logs for the fall 2009 semester 
indicating the amount of study time dedicated to this course.  
Our students studied an average of 4 hours and 30 minutes 
each week for this 4-credit hour introductory biology course.  It is 
the instructors’ belief that this is not nearly enough time to ade-
quately review the material presented from the previous lecture 
and complete the assigned readings for the upcoming lectures.   
Although this may not be surprising to college or university edu-
cators, the results of our study show that students and instructors 
have different perceptions as to how much effort is needed to 
learn the course material. 

In our study, there was a statistically significant positive corre-
lation between the numeric grade and the total number of study 
logs completed (Pearson correlation = 0.433).  Completing a 
higher number of study logs seems to encourage more meta-
cognition, which in turn positively influenced the students’ final 
grades.  In addition, Soto and Anand (2009) reported that their 
students expressed a change in attitude regarding expected 
and performed study habits in a lower division Cell Biology core 
course.  They suggested that although most students expected 
to spend a large amount of time studying, their commitments to 
other courses, outside work, or other personal matters prevented 
them from doing so.  Similar distractions may have prevented 
our students that earned a final course grade of a “D” and/or 
an “F” from dedicating more study time to this introductory Biol-
ogy course.  When comparing the percentages of final grade 
distribution from the fall semester of 2009 versus the cumula-
tive semesters from fall 2005 through summer 2009, there was 
a 14% increase in the number of students completing General 
Biology I that received a final course grade of “C” or better.  
Although the study log data revealed consistent study patterns 
prior to an exam, very few students had consistent weekly study 
patterns throughout the semester.  Examples of study strategies 
for students who performed well in the course included reading 
the assigned material prior to class, reviewing lecture notes af-
ter class, and identifying answers to the learning objectives.  Stu-
dents were placed in one of two categories: high-metacognition 
or low-metacognition.  Students in the high-metacognition cat-
egory submitted 75% of their study logs and earned a grade 
in the top 25% of the class.   Students in the low-metacognition 
category submitted only 25% of their study logs and earned a 
grade in the lowest 25% of the class.  Since this was the first time 
our students had been asked to record their daily study time 
and study activities in an introductory science course, this record 
keeping allowed the students to see and think about how they 
were learning science.  Since our students are often unaware of 
how they learn, and to a lesser degree what they have learned, 
we believe the use of study logs promoted their metacognitive 
abilities and perhaps fostered academic success. The results 

from this work show that metacognition is important to academic 
performance and students with deeper levels of metacognition 
showed greater motivation for learning.  Moreover, students with 
more elaborative study methods performed better when com-
pared to students that studied with the non-elaborative methods.  
Future work will continue to look at what information needs to 
be logged for metacognition studies to address student science 
achievement.  We will also look at the other SMQ items for this 
group and continue to use the SMQ on a larger scale.
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