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ABSTRACT

This paper evaluates the efficacy of using freshman student scores
from one non-technical assignment to predict academic success
as measured by cumulative grade point average after completion
of the first two semesters enrolled at the Mercer University
School of Engineering. The predictor assignment is keeping a
dialectic course notebook and corresponds to the student’s
attitude, persistence, and organizational skills rather than math
and science preparedness. Statistical analysis, at the 99 percent
confidence level, indicated that there was a strong relationship
between the student notebook scores and grade point average.
Although there was scatter in the data, this one variable does
provide insight into student success in the Mercer University
Engineering program.

I. INTRODUCTION

Numerous papers have been written on the topic of student re-
tention in higher education and a variety of multi-variable models
have been developed to predict student success. To gain admittance
into an engineering school, students must meet or exceed a model
or criteria established by their prospective college or university. The
admittance criteria attempt to establish the baseline skill level nec-
essary for success in the engineering curriculum. Admittance guide-
lines are based on accepted academic success predictors such as
standardized tests scores, high school grade point average, and par-
ticipation in extracurricular activities. But regardless of this selective
admission criterion, all students are not successful in engineering
programs.
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Predicting the success of students engaged in higher education is
important. Many models have been developed to predict student suc-
cess and retention in chosen fields of study as well as at the chosen
college or university. Frequently, retention models incorporate scores
from standard achievement tests and the high school grade point av-
erage (GPA) with additional predictive variables. In this study, pro-
fessors had noted a correlation between performance on a dialectic
notebook assignment and the student’s performance in the Profes-
sional Practices class where the assignment was a requirement. Closer
examination revealed a relationship between success in the dialectic
notebook assignment and success during the freshman year.

The dialectic notebook (also sometimes called a critical thinking
notebook) employs a technique of having students reflect upon
their learning throughout the semester’s course. Dividing notebook
pages with a vertical line, students take notes on one side and write
questions, comments, or speculations about what they are reading
or learning on the other side. Students in the Professional Practices
course are required to complete the readings and to complete note-
book entries about them—thus assuring a level of engagement
beyond casual skimming of the texts. Additionally, students are en-
couraged to interact with the ideas they are reading—questioning,
relating, noticing applications, and so forth. The notebooks thus
become a strong indicator of the student’s degree of engagement in
the readings and activities.

Notebooks are not “graded” in terms of extensive comments;
rather, the teacher simply skims the entries and makes a global
qualitative assessment of how well the student completed the as-
signment. The following variables were used to quantify the note-
book grade: completeness (student has read and responds to the
meaning of the material), presentation (including neatness, read-
ability, organization), quality of reflection (student does more than
repeat the content of readings), and application (student makes an
effort to link ideas or concepts, or to apply something they have
read to something in their own experience). Faculty noticed that
those students who created good notebooks seemed to be pertorm-
ing better and sought to challenge this hypothesis.

II. LITERATURE REVIEW AND BACKGROUND
INFORMATION

Success in engineering programs has been linked to a variety of
intellectual and non-cognitive skills. Researchers have historically
used scores from the mathematics portion of the SAT to distin-
guish persisters from those who either drop out of the engineering
curriculum and enter into an alternate field of study and those
who no longer pursue any type of secondary education [7, 9, 17].
Additional intellectual success factors include the high school
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GPA and university math and chemistry placement scores [8, 16,
17]. Levin and Wycokoff [16, 17] also incorporated a variety of
non-intellective factors such as attitude toward high school mathe-
matics and physics into a model used to predict success. Additional
non-academic factors such as personality, motivation, student
background and their attitude towards themselves, level of
parental education, attitudes toward studying, and prior knowl-
edge of the engineering major have all been shown to be useful as
predictive retention and success variables [6, 9, 10, 17].

The retention of students based on gender and minority differ-
ences has also been evaluated. Felder et al. [10] reported that al-
though women begin their pursuit of an undergraduate engineering
degree with equal or better credentials than their male peers, by the
end of their sophomore year they were twice as likely to drop out as
compared to male students.

For admittance to Mercer University School of Engineering
(MUSE), potential freshman are required to meet the following
three minimum criteria:

1. SAT score = 1000;

2. SAT score on math portion (SAT-M) of the exam (=550; and

3. High School Academic GPA = 3.0 (continuous scale from 0

to4).

The academic GPA includes only grades from core academic
classes such as mathematics, science, and English. Grades from
courses such as physical education and band are not included. If
students fail to meet one of the above criteria, students may still be
admitted if their MUSE defined academic preparedness index
(API) score is = 85, where the API is defined as follows:

SAT-M
API = 10 X Academic GPA +

Engineering education pedagogy began to reform in the mid
1980's as the importance of writing across the curriculum (WAC) was
recognized for technical (non-English) courses [15]. The importance
of writing in science, engineering, and technology coursework was
benchmarked by the work of J.A. McLellan and John Dewey [21]
and has been successfully applied by a variety of researchers [6, 25, 26]
and integrated into numerous colleges and universities [22]. In brief,
the WAC system encourages instructors to minimize traditional class-
room lecture activities and permit students to learn by writing [20, 22].
The purpose of this type of active learning (journals, in-class writing,
etc.) is to engage students in critical thinking and problem solving
within their specific discipline. WAC has been shown to improve stu-
dent learning by embracing all four learning styles as described by
Kolb [14] and by enabling students to achieve higher levels of compre-
hension as described by Bloom’s taxonomy [4].

II1. THE PROFESSIONAL PRACTICES COURSE DESIGN

MUSE faculty has adopted the WAC concept and it is initially
introduced to the students during their freshman year in a Profes-
sional Practices course (EGR 108). Student-based outcomes for
EGR 108 are listed below:

(1) to demonstrate the ability to read critically for content, impli-

cations, and communication strategies by keeping a critical
notebook and writing short essays;
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(2)to develop an understanding of the history of engineering
and its impact upon society by writing several short essays
and a comprehensive research paper;

(3)to develop and apply methods for solving moral and ethical
engineering problems by analyzing and presenting several
case studies; and

(4) to communicate successfully by delivering formal and infor-
mal presentations, either individually or in a group.

The EGR 108 course content is divided into two distinct mod-
ules. Module 1 introduces students to the engineering innovations
that have caused paradigm shifts in society. Three books are read:
Five Equations that Changed the World {13], Beyond Engineering
[19], and Science and Technology Today [18], which document the
social, political, and global forces that shape engineering and scien-
tific developments. Students also select a specific engineering inno-
vation, research its development, assess its impact on society, and
present their findings in writing and orally. This module is de-
signed to foster critical reading, thinking, writing, and speaking
skills. Students are introduced to a variety of active reading strate-
gies and to a variety of rhetorical devices for both written and oral
communication. Module 2 introduces the student to personal and
professional ethics that govern the actions of engineers. Using a
multimedia case study of the Challenger disaster [24], as well as
case studies from the book Engineering Ethics [11], students identi-
fy ethical problems/issues and develop a means for solving them.
Engineering codes of ethics serve as a framework for discussing is-
sues of professional conduct. Students focus on what it means to be
a responsible engineer and how the actions of engineers can affect
the well being of others. Working in small groups, students develop
and resolve an ethical case study to present to the class.

Throughout EGR 108, students are required to take critical notes
on all reading assignments. Furthermore, class time is often devoted
to thoughtful free write activities associated with assigned readings
(free writes are in-class, unstructured, timed responses, sometimes on
an assigned topic and sometimes student selected). These and all
other assignments are kept by the student and organized in a three-
ring binder (notebook) as instructed by the professor. The student
grade from this three-ring binder is the non-intellective, independent
variable used in this study to predict success and persistence of
MUSE freshmen engineering students.

This research relied on the premise that all students meeting the
MUSE admittance criteria were academically prepared and capable
of succeeding in the engineering curriculum. Unfortunately, on a
national scale, a large percentage (attrition of 55-60%) of entering
engineering students do not complete the degree requirements [2, 3,
23]. This paper details the effectiveness of using one non-technical
assignment given during the freshman year to predict success, as
measured by GPA, of freshmen engineering students. Furthermore,
by combining this non-intellective variable with more traditional in-
tellectual preparedness indicators such as the SAT score, a model
was developed to predict the engineering student GPA after com-
pletion of the first two semesters of study.

IV.METHODS
A. Participants
All Mercer engineering students are required to take the engi-

neering professional practices course that is focused on technical
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writing, history, and ethics. Students enrolled in the course were
primarily freshman and were unaware of the study. The partici-
pants, a total of 109 students of which 21 percent were female, were
from 6 different EGR 108 sections over a three-year period. All
study participants met previously defined admittance requirements
and were MUSE students. It was therefore assumed that all stu-
dents participating in the study were well prepared academically
and were properly equipped from their K-12 experience to succeed
in the engineering curriculum.

B. Procedure

As an EGR 108 requirement, students keep all course work or-
ganized in a three-ring binder that is graded at the end of the se-
mester. Both in writing and through oral instruction, students were
advised to organize their notebooks in three separate sections that
included class notes and quizzes, both in and out of class writing as-
signments, and critical notes associated with reading assignments.
As previously described, notebook grades were dependent on four
non-technical issues including notebook completeness, presenta-
tion, quality of reflection and application. A complete notebook
contained all writing assignments, quizzes, exams, critical notes as-
sociated with reading assignments and class notes. All tests, quizzes,
and writing assignments had been previously graded, and therefore
minimal effort was required by the instructor to review the quality
of class notes and critical notes taken during the semester. The total
grading time per notebook was less than five minutes. Possible
scores were integers within the range from zero to four with four
being the highest possible grade. The same individual graded all
notebooks. For a notebook to receive a grade of four, all assign-
ments must have been thoughtfully completed and placed logically
in the notebook. A notebook assigned a score of three might be
missing relatively few assignments or lack some depth of reasoning
in critical notes, yet still be organized as instructed. A notebook
would also receive a grade of three if all required elements were pre-
sent but they were not organized in the manner instructed. A grade
of two was assigned if more than half of the assignments were miss-
ing or poorly completed and the material was not organized as in-
structed. A notebook received a score of one if the student turned in
a notebook containing minimal course content. A zero was only as-

signed when no notebook was submitted for a grade. A description
of all model variables is included in Table 1.

C. Analysis

A primary interest of this study was to determine if there was a
correlation between individual student notebook scores and the cu-
mulative grade point average (GPA; 0 — 4) calculated after com-
pleting the first two semesters at MUSE. To this end, least squares
linear regression was performed and the confidence intervals for the
fitted line as well as the predicted intervals were obtained with the
statistical package Statistix7. Furthermore, stepwise regression was
utilized to develop a model to predict student grade point average as
a function of both intellective and non-intellective variables.

V. RESULTS AND DISCUSSION

A strict admittance criterion is used to select students that have an
aptitude toward mathematics and science such that they will succeed
in the rigorous engineering curriculum. As a result of this criterion, it
is assurmed that each student admitted has the ability to succeed. But,
attrition rates in engineering schools approximate 50 percent.

The SAT score is reported to be a good predictor of academic
success [12]. A relationship between the SAT score and the MUSE
GPA (cumulative GPA earned after two semesters, i.e., completion
of the freshmen year, at MUSE) was identified. As expected, a
trend was noticed showing that as the SAT score increased, the
MUSE GPA increased. The R? adjusted value equaled only 0.006
indicating a very weak relationship between the variables. With ap-
preciable scatter in the data the p-value was equal to 0.22 indicating
only 78 percent confidence that a real relationship exits. Similar
results were observed when the SAT-M scores were analyzed with
respect to the MUSE GPA. A weak relationship was noted be-
tween the variables having an R? value equal to 0.07. Table 2 sum-
marizes results from single-variable linear regression models where
the MUSE GPA was the dependent variable. A much better corre-
lation was obtained when the notebook score was used as the pre-
dictor. The relationship between MUSE GPA and the notebook
score is graphically shown in Figure 1. The adjusted R? value
equaled 0.33, indicating a moderately strong relationship between
the variables. Although there was scatter in the data, the p-value
was less than 0.01 indicating a statistically significant relationship
between notebook score and GPA at the 99 percent confidence
level. Of the students that scored a zero or one on their notebook,

Variable Name Description (possible score) [
Student grade point average after first two
Dependent Variable - MUSE GPA semesterst atter'ldin g Mercer _Univcrsity
School of Engineering (continuous from 0
to 4)
Predictor Variables
SAT Scholastic Aptitude Test (continuous from
; 400 to 1600)
SAT-M Scholastic Aptitude Test — Mathematics
(continuous from 200 to 800)
= Scholastic Aptitude Test - Verbal
DY (continuous from 200 — 800)
HS GPA High .schm)l academic grade point average
(continuous from 0 to 4)
Nitoboat EGR 108 Notcbook grade (integers within
the range from 0 to 4)
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Table 1. Description of variables affecting engineering student grade point averages.
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67 percent were either placed on academic warning, suspension, or
were placed on academic probation at the end of their freshmen
year. However, of the students that scored two or better, only seven
percent were struggling academically after two terms at MUSE.
Predictive, multi-variable models were developed using stepwise
regression. The dependent variable for the regression models was
MUSE GPA and included the following independent variables:
SAT-M, SAT-V, HS GPA, and notebook score. Variables listed
in the summary tables are listed in the order of their contribution to
the model. An analysis of variance for a model predicting the
MUSE GPA for all study participants, incorporating three signifi-
cant independent variables is shown in Table 3. Table 4 shows that
the notebook score is the most important variable (R* = 0.33) in
that it accounts for 33 percent of the variation in the MUSE GPA.
When the next most significant term is added to the model, HS
GPA, the adjusted R? value increased by 0.166 yielding a total ad-
justed R? of 0.501. The table shows that adding the SAT-M vari-
able had a smaller yet statistically significant effect. The analysis
showed that the addition of the SAT-V variable was not statistically
significant at the 90 percent confidence level. This observation is
consistent with other researchers [9, 16] that have shown that the

R* Adjusted

Predictor Variable | p-value

SAT 0.2185 0.0058
SAT-M 0.0058 0.0710
SAT-V 0.1591 0.0110

HS GPA 2.99x10% 03205 |
Index 0.0001 0.1584
Notebook 9.15x10™ 0.3343

Table 2. Single variable model using linear regression analyss
for dependent variable.

SAT verbal score has no predictive value for academic success in
science and engincering programs. Figure 2 compares the MUSE
GPAs predicted by the three-variable model with the observed
values.

Similarly, a separate stepwise regression was conducted for both
male and female students to observe the effects of the independent
variables on the MUSE GPA of both student populations. Table 5
summarizes the results for the male engineering students. Notice
that the notebook score was again observed to be most strongly cor-
related with the MUSE GPA. Table 5 shows that the model with
just the notebook variable has an adjusted R? value of 0.360. With
the addition of the next most significant term, HS GPA, the R?
adjusted value increased by 0.168 to 0.528. The SAT-M score
also had a statistically significant effect on model predictions with a
p-value of 8.944x10 .

Table 6 summarizes the result from stepwise regression consid-
ering only the female students. For the female students, the HS
GPA made the most significant contribution to the predictive
model. Table 6 shows that the model with just the HS GPA vari-
able has an R2 adjusted value of 0.573. With the addition of the only
additional significant variable, notebook score, the R? adjusted
value increased by 0.059 to 0.632. Obviously, the notebook score, or
student attitude, was not as significant for predicting the success of
female students as measured by GPA when compared to their male
peers. These results indicate that academic preparedness for female
students is more critical to their academic success than to their
male counterparts. Furthermore, these results correlate well with
the finding of Felder et al., 1995 that suggest that women, com-
pared to their male peers, have a better attitude toward learning and
are more highly motivated to study (staying up-to-date with assign-
ments). If it is concluded that women across the board are more re-

| sponsible academically than their male peers, it would reasonably
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Source S8 S8 % MS F F Signif df
Regression |  31.00 61 10.33 4458 | 2.46x10" 3
Residual 19.47 39 0.232 84
Total 50.47 100 ey 87
Table 3. Analysis of variance for the model incorporates the three significant terms.
T AT
Effect Coefficient | p-Value R Ad.!usted B {\‘djusled
Improvement Total
Intercept -3.258 1.151x10” |
Notebook 0.326 1.958x 107" 0.3343 0.3343 g
HS GPA 0.832 1.463x10° 0.1662 0.5005 |
SAT-M 0.00271 9.540x10°* 0.1000 0.6005
SAT-V 0.00108 0.219 0.0025 0.6030
Table 4. Stepwise regression for dependent variable MUSE GPA.
4.0 AEdS
- .
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Figure 2. The results (Predicted GPA) from the multivariable stepwise regression model correlate well with study participants actual GPA.

Z . Z .
Effect Coefficient | p-Value IR EGLSE Haujictid
mprovement Total
Intercept -3.542 5.051x107
Notebook 0.371 9.956x10"" 0.360 0.360
HS GPA 0.841 [.121x107 0.168 0.528
SAT-M 0.00405 | 8.944x107 0.100 0.628

Table 5. Sfﬁ}bwiie rsgressfan ﬁ)r dep.mdmf variable MUSE GPA fa?‘ male students.

23 F ) =
Effect Coefficient | p-Value = Ad‘l_usted R adyusted
Improvement Total
Intercept -2.454 0.0328
HS GPA 1251 0.0009 0.573 0.573
Notebook 0.214 0.0498 0.059 0:6328 s

Table 6. Sz‘gﬂwise ?‘egrejjz'on  for dfabendent variable MUSE Gsz for ﬁma[e students.
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follow that the HS GPA variable would more strongly correlate to
academic success as compared to the notebook score.

Table 7 summarizes the relationship between SAT and notebook
scores. Notice that when all students study participants were includ-
ed in the analysis, there was no correlation noted between SAT and
notebook score as indicated by the very weak correlation coefficient,
R = 0.12 and the p-value of 0.26. Similar results were observed with
an analysis of the female participants. Again, no relationship was
observed as the correlation coefficient was essentially zero and the p-
value was 0.99. But, for the male students, there appears to be a rela-
tionship between SAT score and notebook score as shown in Table 7.
Figure 3 highlights the relationship between the SAT and notebook
score for the male students. Note that although statistically a slope of
zero could be possible, there is a trend that indicates that as SAT
scores increase the predicted notebook score decreases. The correla-
tion coefficient is relatively weak, |R| = 0.24 and the p-value is equal
to 0.057. It is anticipated that male students with superior academic
preparedness recognize they can skimp on the notebook activity (i.e.,
everyday readiness) and still obtain the grade desired.

V1. SUMMARY AND CONCLUSIONS

Although SAT scores indicate a student’s “academic readiness”
or ability to successfully complete the engineering curriculum, we

| Participants | Correlation Coefficient, R | p-value

[ Al 0.12 0.26
Female only 0.00 0.99
Male only -0.24 0.057

Table 7. Correlation between notebook score and SAT Score.

suggest the notebook grade measures student engagement, attitude,
initiative, time management skills, study habits, and willingness to
persevere. Furthermore, we believe the notebook score represents
the willingness of the student to invest time in learning. And as the
notebooks cannot be recreated at the last minute, a good grade rep-
resents persistence and planning skills. These attributes associated
with obtaining a good notebook grade do not focus on mathematic
or scientific principles (i.e., intellectual attributes), but rather on a
student’s consistent attention to course material. Data indicate that
once admitted to MUSE (i.e., admittance criteria are met, GPA
and SAT scores), the score obtained on the notebook kept during
the EGR 108 course is a good predictor of academic success, as
measured by GPA, for freshmen engineering students.

Stepwise regression was effectively used to predict engineering
student GPAs at the conclusion of the freshmen year. By combining
intellective variables such as the HS GPA and the SAT-M score
with the non-intellective, or effort based variable notebook score, a
model to predict academic success was developed. For male students,
the notebook score was the variable that contributed most to the ad-
justed R? value. But, for female students, the HS GPA was most
strongly correlated to their GPA.

The following conclusions can be stated.

1. A student’s total SAT or SAT-M score is not a reliable

predictor of success during the freshmen year in the MUSE
engineering curriculum.
As male engineering student SAT scores increase, their ef-
forts associated with maintaining the EGR 108 notebook
may slightly diminish. It is postulated that exceptionally pre-
pared male students surmise that a high notebook grade,
which carries a low point value in the overall course grade, is
not essential for them to acquire the desired EGR 108 course
grade.
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3. The EGR 108 notebook score is a reasonably reliable predic-
tor of freshmen student success in the MUSE engineering
curriculum.

4. The EGR 108 notebook score represents student attitude
and willingness to learn.

5. Multivariable models containing variables representing both
ability and interest best predict student success with respect
to GPA in agreement with Levin and Wycokeff, 1991.
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