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ABSTRACT
An in depth survey was conducted to understand the drivers for academic success in university students. Over 400
undergraduate students, mostly majoring in business, participated in an online survey at the beginning of the fall 2010
semester. The survey questionnaire consisted of both closed-ended (structured) and open-ended (unstructured)
questions. The combining of both structured and unstructured data gave a better understanding of the factors which
impact academic performance. This paper demonstrates the application of both the data mining and text mining
techniques that were used.

INTRODUCTION
How is academic success measured in university students? Grades are usually the primary indicator of academic
performance. The overall grade point average (CGPA) is the method most universities use to measure a student’s
academic performance. As such, the CGPA variable is used as the measure for academic success in this paper.
In the fall 2010 semester, the author taught a quantitative methods course to 650 students in 3 separate classes at a
public research university in Canada. To understand the drivers for academic success in these students, an online
survey was administered. The other purpose for this survey was to provide students with actual data to analyze. The
survey was anonymous and participation was voluntary. The survey took place between September 8 and 16, 2010
using the university’s web survey tool. There was a 68% response rate. Of the 441 students who participated in the
survey, over 57% were from the Business faculty and 36% were from the Arts and Social Sciences faculty. The
survey questionnaire consisted of both structured (closed-ended) and unstructured (open-ended) questions. The
survey data consisted of 90 variables - both quantitative and qualitative, providing a rich data source.

METHODOLOGY
For structured data, statistical techniques such as contingency and correlation were used to understand the drivers of
academic success and text mining was used to analyze the open-ended questions. For unstructured data, using
SAS® Text Miner tool, the text clustering mining technique was applied to group the textual data. The text mined data
was further analyzed with structured data to profile the clusters.
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RESULTS
The following sections will review analysis and various statistical outputs, and shows the relationship of various
numerical variables that have an impact on overall Grade Point Average (CGPA).

I.

VARIABLES THAT HAVE A NEGATIVE IMPACT ON CGPA
Figure 1: Variables with a negative impact on CGPA
Correlation Coefficient*
Going to the movies

-0.154

Giving more importance to eating
convenience foods

-0.113

Giving more importance to earning lots
of money

-0.099

Giving more importance to using social
media for social interaction

-0.096

Employment hours

-0.095

*Correlation is statistically significant at an alpha level of 0.05
Using correlation analysis, five statistically significant numerical variables are identified that have a negative impact
on overall Grade Point Average as shown in Figure 1. In the following section, using cross-tabs, these variables were
analyzed individually.


GOING TO THE MOVIES
Figure 2: Impact of Going to the Movies on CGPA
Hours per week spent watching movies
0

Base

1–2
(1 movie)

3–4
(2 movies)

5+
(3+ movies)

A

B

C

D

139

199

62

41

2.910
2.864
2.819
Overall Grade Point
3.040
Average
D
Pairwise statistical significance comparisons at an alpha level of 0.05
Figure 2 above shows that students who spend 5 or more hours per week on movies have a significantly lower CGPA
than those who do not watch movies. This does not mean watching movies has an altogether negative effect on
CGPA, as statistically there is no significant difference between those who watch 1 or 2 movies a week and those
who watch no movies at all.
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EATING CONVENIENCE FOODS
Figure 3: Impact of giving more importance to eating convenience foods on CGPA
Importance Rating
1–4
(Low Importance)
A

5–6
(Neutral)
B

7 – 10
(High Importance)
C

136

156

149

Base

3.026
2.918
C
Pairwise statistical significance comparisons at an alpha level of 0.05

2.873

Overall Grade Point Average

Here the 10-point importance scale is used, where 1 is “Not at all important” and 10 is “Very important”. To simplify
interpretation, the scale is further divided into three categories: Lower importance (1-4), Neutral (5-6) and Higher
importance (7-10). Students who give a higher importance rating (7-10), have a significantly lower CGPA than those
who give a lower importance rating (1-4).


EARNING LOTS OF MONEY
Figure 4: Impact of giving more importance to earning lots of money on CGPA
Importance Rating

Base

1–4
(Low Importance)

5–8
(Moderate Importance)

9 – 10
(Higher Importance)

A

B

C

17

246

178

2.989
C
Pairwise statistical significance comparisons at an alpha level of 0.05

Overall Grade Point Average

2.982

2.859

Who wouldn’t want “more” money? For students, placing higher importance on earning lots of money shows a
negative impact on their CGPA. Figure 4 above shows that students who give a higher importance rating to earning
lots of money (9-10), have a significantly lower CGPA than those who give a moderate importance (5-8) to earning
lots of money.


EMPLOYMENT HOURS
Figure 5: Impact of employment hours on CGPA
Hours per Week

Base
Overall Grade Point Average

0

0 up to 10

10 up to 20

More than 20

A

B

C

D

250

66

84

41

2.944

3.061

2.861

2.844

Over half of the students (56.7%) surveyed do not work. Figure 5 above shows that as the hours of employment
increases, the CGPA drops. There is no statistical significant difference between the four groups. Students who are
working up to 10 hours a week have higher CGPAs compared to other groups.
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USING SOCIAL MEDIA FOR SOCIAL INTERACTION
Figure 6: Impact of giving more importance to using social media on CGPA
Importance Rating
1–4

5–6

7–8

9 – 10

A

B

C

D

33

99

208

101

2.946

3.012

2.928

2.876

Base
Overall Grade Point Average

The 10-point importance scale is used, where 1 is “Not at all important” and 10 is “Very important” to rate the
statement “Using social media for social interaction”. Figure 6 shows that students who give a neutral importance
rating (5-6), tend to have a slightly higher CGPA than those who give either a lower (1-4) or higher (9-10) rating.
Students who give a higher importance (9-10) rating to “Using social media for social interaction” do not necessarily
spend more time on the Internet as a leisure activity than those who gave a lower rating (1-4). Figure 7 below shows
the relationship between being on the Internet as a leisure activity and CGPA score.
Figure 7: Impact of time spent on the Internet on CGPA
Hours per Week
Up to 10
(Light users)
Base
Overall Grade Point Average

10 up to 20
(Moderate users)

More than 20
(Heavy users)

A

B

C

164

138

208

2.963

2.911

2.929

The question was asked “How many hours per week do you spend on the Internet as a leisure activity?”. Based on
responses, the responses were categorized into three groups: Light users (up to 10 hrs.), Moderate users (10 up to
20 hrs.) and Heavy users (More than 20 hrs.) There is no relationship found between time spent on the Internet and
student CGPA scores as shown in Figure 7 above. The correlation coefficient between these two variables is weak (0.056) and statistically insignificant. Figure 8 below shows the time spent on internet by gender.
Figure 8: Time spent on Internet by Gender
Up to 10 hrs

10 up to 20 hrs

More than 20 hrs

100%
80%
60%

30%

34%

30%

33%

40%
20%

40%

34%

Female

Male

0%
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On average, female students tend to spend slightly less time on the Internet than male students (19.31 vs. 21.44
hrs./wk.), but the difference is not statistically significant.

II.

VARIABLES THAT HAVE A POSITIVE IMPACT ON CGPA

Using correlation analysis, five statistically significant numerical variables are identified which have a positive impact
on student overall Grade Point Average (CGPA) as shown in the table below.
Figure 9: Variables that have a positive impact on CGPA
Correlation Coefficient*
Number of credit course hours

0.205

Time spent on school work

0.146

Satisfaction with co-op program

0.134

Importance of knowledge of historical events

0.117

Satisfaction with extracurricular activities

0.106

*Correlation is statistically significant at an alpha level of 0.05
In the following section, using cross-tabs, these numerical variables were analyzed individually.


NUMBER OF CREDIT COURSE HOURS (PER SEMESTER)
Figure 10: Impact of number of credit course hours on CGPA
Number of Course Hours
Less than 9
(part-time)

More than 12

A

B

C

61

169

211

2.78

2.87

3.04
A,B

Base
Overall Grade Point Average

9 – 12

Pairwise statistical significance comparisons at an alpha level of 0.05
The question was asked “How many credit course hours are you taking this semester?” Student responses were
divided into three categories: “Less than 9”, which is generally part-time students, “9 to 12”, and “More than12”.
Figure 10 shows that the full-time students (9+ credit hours) CGPA is higher than part-time students. Students with
more than 12 credit hours have a significantly higher CGPA.


TIME SPENT ON SCHOOL WORK
Figure 11: Impact of time spent on school work on CGPA
Hours per Week

Base
Overall Grade Point Average

Up to 5

5 up to 15

More than 15

A

B

C

125

211
2.965
A

105
3.032
A

2.807

Pairwise statistical significance comparisons at an alpha level of 0.05
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The question was asked “What is the average number is of hours you spend doing school work per week?”. For
simplicity, the responses were divided into three categories: “Up to 5 hours”, “5 < 15 hours”, and “More than 15
hours”. Figure 11 shows that students who are spending 5 or less hours per week on doing school work have a
significantly lower CGPA. However, more hours put into school work does not necessarily lead to a much higher
CGPA, as there is no statistical difference between students spending “5<15” and “More than 15” hours on
school work.


CO-OP PROGRAM
Figure 12: Impact of satisfaction with co-op program on CGPA
Satisfaction Rating
1–4
Base
Overall Grade Point Average

5–6

7–8

9 – 10

A

B

C

D

49

153

179

60

2.818

2.921

2.915

3.133
ABC

Pairwise statistical significance comparisons at an alpha level of 0.05
Students were asked to rate their satisfaction with the co-op program at the university, on a scale of 1 to 10, where 1
is "Very dissatisfied" and 10 is “Very satisfied”. Satisfaction is higher for those students who are involved in the co-op
program, and students with higher satisfaction with the co-op program tend to have a higher CGPA as shown in
Figure 12.


KNOWLEDGE OF HISTORICAL EVENTS
Figure 13: Impact of importance of knowledge of historical events on CGPA
Importance Rating

Base
Overall Grade Point Average

1–4

5–6

7–8

9 – 10

A

B

C

D

79

157

162

43

2.892

2.906

2.929

3.153
ABC

Pairwise statistical significance comparisons at an alpha level of 0.05
Students were asked to rate the “Importance of knowledge of historical events” on a scale of 1 to 10, where 1 is “Not
at all important” and 10 is “Very important”. Figure 13 shows that as the importance ratings go up, so does the CGPA.
Students who gave higher importance ratings (9-10) to knowledge of historical events have significantly higher
CGPAs.


EXTRACURRICULAR ACTIVITIES
Figure 14: Impact of student satisfaction with extracurricular activities on CGPA
Satisfaction Rating
1–4
Base
Overall Grade Point Average

5–6

7–8

9 – 10

A

B

C

D

65

171

173

32

2.902

2.923

2.921

3.158
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Students were asked to rate their satisfaction with extracurricular activities at the university, on a scale of 1 to 10,
where 1 is "Very Dissatisfied" and 10 is “Very Satisfied”. The correlation coefficient (0.106) suggests that there is a
positive relationship between satisfaction with extracurricular activities and CGPA (see Figure 9). Figure 14 show
that, although not statistically significant, students who gave a 9-10 satisfaction rating have slightly higher CGPAs.

III.

STUDENT SATISFACTION WITH UNIVERSITY ATTRIBUTES
Students were asked to rate their satisfaction with the attributes directly related to university on a scale of 1 to 10,
where 1 is "Very dissatisfied" and 10 is “Very satisfied”. Figure 15 lists the four attributes which stood out as
significant when correlated with CGPA.
Figure 15: University attributes that have a positive impact on CGPA
Correlation Coefficient*
Professors/Instructors

0.116

Lecture difficulty

0.112

TAs

0.110

University reputation

0.100

*Correlation is statistically significant at an alpha level of 0.05


Instructors: There is a positive correlation (0.116) between student satisfaction with their instructors and their
overall Grade Point Average. Figure 16 below shows that students with higher satisfaction with their instructors
tend to have a higher CGPA than those who are less satisfied with their instructors.
Figure 16: Impact of student satisfaction with Instructors on CGPA
Satisfaction Rating

Base
Overall Grade Point Average


1–4

5–6

7–8

9 – 10

A

B

C

D

21

92

267

61

2.771

2.894

2.939

3.045

Lecture difficulty: There is a positive correlation (0.112) between student satisfaction with lecture difficulty and
their CGPA. Figure 17 below shows that students who gave a higher satisfaction rating to lecture difficulty have a
higher CGPA than those who are less satisfied.
Figure 17: Impact of student satisfaction with Lecture Difficulty on CGPA
Satisfaction Rating

Base
Overall Grade Point Average

1–4

5–6

7–8

9 – 10

A

B

C

D

29

165

227

20

2.783

2.915

2.959

3.073
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Course TAs: The correlation coefficient (0.110) suggests that there is a positive relationship between student
satisfaction with course TAs and CGPA scores. Figure 18 below shows that as student satisfaction with TAs
goes up, so does the CGPA scores.
Figure 18: Impact of student satisfaction with Course TAs on CGPA
Satisfaction Rating

Base
Overall Grade Point Average


1–4

5–6

7–8

9 – 10

A

B

C

D

45

142

219

35

2.849

2.881

2.974

3.034

University reputation: The correlation coefficient (0.100) suggests that there is a positive relationship between
student satisfaction with the university reputation and CGPA score. Figure 19 below shows that students who
gave higher satisfaction ratings (7-10) have slightly higher CGPAs than those who gave lower satisfaction ratings
(1-6).
Figure 19: Impact of student satisfaction with University Reputation on CGPA
Satisfaction Rating

Base
Overall Grade Point Average

1–4

5–6

7–8

9 – 10

A

B

C

D

34

103

243

61

2.827

2.869

2.973

2.963
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IMPACT OF CATEGORICAL VARIABLES ON CGPA
In the previous sections, numerical response variables in the survey that had impacts on the overall Grade Point
Average (CGPA) were analyzed. In this section, categorical response variables such as “yes” or “no” are analyzed.
Figure 20: Impact of categorical variables on CGPA
No

Yes

A

B

Own a bicycle

2.897

3.080
A

Co-op education

2.917

3.065
A

Eat breakfast regularly

2.868

2.986
A

Have a specific career goal in mind

2.844

2.978
A

Case competitions

2.929

3.078

Volunteering

2.907

2.999

Student club(s)

2.916

2.970

Study abroad

2.929

2.975

Athletic team

2.935

2.948

Pairwise statistical significance comparisons at an alpha level of 0.05
o 22% of students own a bicycle. On average, the CGPA of these bicycle owners is higher than those who do not
own a bicycle. These bicycle owners tend to be full-time students and spend more than 5 hours per week on
school work. Both of these attributes have a positive impact on the CGPA.
o 13% of the students surveyed are involved in the co-op program. In the survey sample, more business students
are in the co-op program than non-business students. Figure 20 shows that students who are involved in the coop program have a significantly higher CGPA than those who are not involved in the program. Students in the
co-op program tend to be more satisfied with their academic pursuits than those who are not involved in the coop program.
o 57% of students eat breakfast regularly. Figure 20 above shows that students who eat their breakfast regularly
have a higher CGPA than those who do not eat breakfast regularly.
o 68% of students have a specific career goal in mind while they are pursuing their studies at the university. Figure
20 shows that students with specific career goals in mind have a higher CGPA than those without a specific
career goal. Students who have a specific career goal in mind are also more likely to be involved in activities
such as student clubs, co-op programs, and volunteering. These students tend to be more satisfied with their
educational experience and academic pursuits.
o 32% of students indicated that they are involved in some sort of volunteer activity. Analyzing the CGPA by
volunteer activities, Figure 20 shows that those who are involved in volunteering tend to have slightly higher
CGPAs.
o Students who are involved in case competitions (5%), student clubs (37%), study abroad (16%) and athletic
teams (6%) have higher CGPAs than those who are not involved in any of these activities as shown in Figure 20.
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USING SAS ENTERPRISE MINER FOR TEXT MINING


CLUSTER ANALYSIS

Using SAS Enterprise Miner’s text mining tool, open-ended questions are analyzed.
Figure 21: Process flow diagram of SAS Enterprise Miner for Text Mining

Figure 21 above illustrates the process flow chart using SAS Enterprise Miner’s Text Miner tool. The open-ended
question responses are reduced into manageable and identifiable categories (i.e. cluster) to understand the common
theme of the open texts.
Prior to using SAS Enterprise Miner for text mining, all text data was converted into a SAS data file. The data
preprocessing for creating a SAS data file was conducted in SAS 9.1.
Figure 22: Text Variables

There are 7 open-ended questions in the survey. Figure 22, shows the list of 7 text variables for text mining. When
the data file was prepared for text mining, a primary id was ensured (Observation #) which could connect back the
mined text data into the original data file which contained all closed end-ended questions.
In the next few figures, the SAS Text Miner outputs for mining the open-ended question “My university life would be
great, if only_____” are shown.
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TERM EXTRACTION
Figure 23: Terms and Weights

Figure 23 above shows the Text Miner output of key terms in the documents. The Term column, in the above figure
represents the distinct word mentioned in the question. The plus sign (+) in the beginning of the term means that they
are “Rollup Terms”. The Freq column represents the frequency of term occurrence. The # of Document column
represents the number of documents the term occurred in. The Weight column is the weight of the term; the higher
the weight, the more distinguished the term is between the documents.
Figure 24: Clusters with Relative Frequency and Descriptive Terms

Numerous cluster solutions are produced, but the 4-cluster solution is selected, as the clusters are relatively large
and distinct. Figure 24 above shows the output of clusters. The clusters are characterized by descriptive terms. The
largest cluster is 3 (38%) and the smallest cluster is 1 (16%). The clusters are named using the descriptive terms and
reviewing the statements the students wrote by cluster. This way each cluster is uniquely characterized by a single
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term. The following are the names given to each cluster for classification: Cluster 1: Had better grades, Cluster 2:
Had more friends, Cluster 3: Had more money and Cluster 4: Had lower tuition fees. Figure 25 below shows the
frequency distribution of the 4 clusters.
Figure 25: My university life would be great if only I had…
More money

38%

More friends

28%

Lower tuition fees

19%

Better grades

16%
0%

10%

20%

30%

40%

Similarly, the open-ended question “If there is ONE thing you want to see happen in your lifetime, what would be?” is
analyzed. Figure 26 below shows the name and size of the clusters.
Figure 26: If there is ONE thing you want to see happen in your lifetime, what would that be?

Successful and happy

43%

World peace

20%

Winning the lottery

20%

Science fiction

17%
0%

10%

20%

30%

40%

50%

After the open-ended data is clustered, it is combined with the rest of the structured data for profiling using the
Segment Profile tool in SAS Enterprise Miner, as shown in Figure 27. To illustrate the Segment Profile tool, the openended question “If there is ONE thing you want to see happen in your lifetime, what would that be?” is profiled by
gender.
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PROFILING SEGMENTS

Figure 27: Segment Profile

Figure 28 below is the SAS Enterprise Miner output of the Segment Profile, showing the proportion of gender by
cluster. A significantly higher number of males fall into Cluster 1 “Winning the lottery” and more females are in Cluster
3 “Successful and happy”.
Figure 28: Gender, showing % within Cluster

Successful & happy

Winning the lottery
Female,
63%

Female,
44%

Male,
37%

Male,
56%

World peace

Science fiction
Female,
63%

Female,
53%

Male,
37%

Male,
47%
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DISCUSSION AND CONCLUSION
NEGATIVE IMPACT VARIABLES


Going to the movies: The survey shows that going to the movies has a negative impact on the student
CGPA. Watching movies in moderation does not impact the CGPA. However, as the movie going hours go
up, the CGPA scores come down.



Convenience foods: In the survey, students were not asked how often they ate convenience foods or what
type of foods they ate. It can only be assumed that a higher importance rating may be somewhat related to
frequent consumptions of convenience foods. A study has shown that frequent consumption of fast food
has a negative impact on GPAs (Costa, 2003).



Giving higher importance on earning lots of money: The survey shows that giving higher importance on
earning lots of money has a negative impact on student CGPA, whereas students who place moderate
importance on earning lots of money have a higher CGPA.
The survey shows that more male students (45.5%) gave a higher importance rating (9-10) to earning lots of
money compared to female students (36.6%). In the open-ended question of “what is the one thing you want
to see happen in your lifetime?”, compared to other clusters, 56% of those who said “Winning the Lottery”
gave a higher importance to earning lots of money.



Employment hours: The survey shows that limited employment (up to 10 hours a week) has a positive
impact on student CGPA, but as the hours of employment increase, the CGPA drops.



Social media: The survey shows that giving more importance to using social media for social interaction
has a negative impact on student CGPA, but statistically there is no significant difference between the
various importance rating groups (1-4, 5-6, 7-8 and 9-10). The survey also shows that there is no
relationship between time spent on the Internet as a leisure activity and student CGPA scores.

POSITIVE IMPACT VARIABLES


Full-time studies: Students are considered full-time when they are registered for 9 credit hours or more,
and part-time students are registered for less than 9 credit hours. The survey shows that the CGPA for fulltime students is higher than part-time students. The survey also found that part-time students tend to have
full-time jobs.



Time spent doing school work: Doing homework does pay off with a better CGPA. The survey found that
students who spend more than 5 hours per week doing school work have a higher CGPA than those who
spend 5 hours or less per week.



Knowledge of historical events: The survey shows that students who give higher importance to
knowledge of historical events have higher CGPAs. Though students were not asked questions to measure
their level of historical knowledge, it can only be assumed that students who gave a higher importance rating
to knowledge of historical events may have a higher level of knowledge of historical events. Brayfield et al.
(1990) found that a higher level of historical and geographical knowledge help students achieve higher
course grades.



Involvement in extracurricular activities: The survey shows that extracurricular activities have a positive
impact on CGPA. Students who are involved in extracurricular activities have higher CGPAs than those who
are not involved in such activities. Wang & Shiveley (2009) studied the impact of extracurricular activity on
student academic performance and found that extracurricular activities have a positive impact on the
academic performance of students.



Engaging in co-operative education: The survey shows that students who are involved in co-op programs
have higher CGPAs than those that are not involved in such programs. Stern et al. (1992) found evidence
that cooperative education improves further employment quality and opportunities for students.



Eating breakfast: The survey shows that students who eat their breakfast regularly tend to have higher
CGPAs than those who do not eat their breakfast regularly. Scragg et al. (2007) study showed that eating
breakfast improved student academic performance.
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Having career goals: The survey shows that students with specific career goals in mind have a higher
CGPA than those without a specific career goal in mind. Nemko (2008) study showed that students with a
career goal in mind are highly motivated to put the effort to achieve that goal and are more likely to graduate
from school.

The above listed variables have both negative and positive impacts on student academic performance. To some
extent, students have control over these variables and can improve their academic performance.


University Specific Attributes: Four attributes stood out as significant, namely: Professors/Instructors;
Lecture difficulty; TAs; and University reputation. Though students may not have direct control over these
attributes, these variables show to have positive impacts on student academic performance.

OPEN-ENDED QUESTIONS


The responses for the open-ended question “My university life would be great if only I had…” are classified
into four clusters: More money (38%), More friends (28%), Lower tuition fees (19%) and Better grades
(16%). Comparing the average CGPA across these four clusters, the “Had Better Grades” cluster CGPA
was the lowest, but there is no significant difference with the other clusters.



The open-ended question “If there is ONE thing you want to see happen in your lifetime, what would that
be?” was classified into four distinct clusters: Successful and happy (43%), World peace (20%), Winning the
lottery (20%), and Science fiction (17%). Comparing the average CGPA across these four clusters, the
cluster “World Peace” has the highest average CGPA. Except for the “Successful and Happy” cluster, there
is no significant difference with the other clusters.

RESEARCH LIMITATIONS
The survey is based on a selected group of students. As such, the findings cannot be generalized for the
entire student body.
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