M.~
‘a

:
s

f

it

‘00._'{_- ; a-"
. ,L Sy -
LA j;j.

eas

- —— ®

o

ABSTRACT

Big data analytics in learning environments is gaining popularity due to
the enormous amounts of data being generated by universities and other
learning institutions through the use of web-based learning management
systems such as Emodo, Moodle, and Blackboard. Virtual learning
environments are being embraced by educational institutions at a rapid
rate, pushing previously untracked classroom activity to timestamped and
monitored systems capable of monitoring all student, course, and
Instructor activity. The rise of web-based virtual learning environments
creates a new opportunity for data miners and analysts to observe trends
and apply information to develop the most effective instructional
techniques for the new virtual classroom environment.

One technique PLAIT researchers are analyzing is the spacing effect in
the learning process. The spacing effect is the phenomenon where
repetitive learning over long periods of time is believed to be more

effective in the human learning experience than short-term rapid iteration.

Many studies have shown that when new material is introduced to
students, they exhibit increased retrieval and retention when the new
material Is spaced out over time, compared to an intensive massed
practice of the material. However, the empirical data supporting the
validity of the spacing effect globally in college level courses is
Insufficient. Research that can produce empirical data to determine the
effectiveness of spaced learning is important to the learning sciences to
assist In the creation of curriculums that optimize the human learning
experience (for instance, by interleaving various topics at increasing
levels of complexity, instead of discussing the topics one by one as in the
traditional curriculum development). The PLAIT laboratory team is
testing the effectiveness of spaced learning by comparing various aspects
of spaced learning courses against traditionally structured ones.

Preliminary testing with R, Rstudio, and Excel is being performed on a
dataset composed of 507 students, enrolled in 15 sections of the same
course (IT214 Database Fundamentals), held between January 20 —
December 19, 2015, at George Mason University. Statistical
computations were performed on graded class components which
Include—Dbut not limited to—exams, assignments, and labs to determine

If significant findings in support of the spacing effect theory were present.

These findings will contribute to see If the spacing theory Is the most
effective means of instruction for learning institutions.
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MATERIALS AND METHODS

The analysis represented in this poster focuses on one area of interest: that when utilized, spaced learning is the most effective teaching technique

- The sample size consisted of 507 students, in 15 classes, during the Spring and Fall 2015 semesters. All students were enrolled in a course that was
= structured under one of three functional methodologies: Active Learning (ALT), Distance Learning, or Traditional in-person lectures.

-9 currently in practice at George Mason University. Preliminary data analysis was conducted using scores for the first exam given to all IT 214 students.

Exam Averages Between Teaching Methods

Course Overview Analysis

Anova: Single Factor, Comparing ALT. Distance. and Traditional Courses Over the Spring & Fall 2015 Semesters
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SURMARY

Groups Count Sumn Average “ariance
ALT 138 9508 6889955072 244602772 Distance ’
Distance 52 3698 711638462 316.966819

Traditional v 2299 72337535943 200800264
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One-way ANOVA hypothesis test was performed to examine the difference in the mean of exam scores for students enrolled in the
e same course (IT 214), taught under three different methodologies: active learning, distance, and traditional in-person lecture courses.
-3 First, hypothesis testing was conducted to compare each course type against each other to determine if there was any noticeable
difference between them.

Course Type Analysis Experimental Analysis Instructor Analysis
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Anova: Single Factar: Comparing ALT Spring 2015 to ALT Fall 2015 Anova: Single Factor Comparing ALT Spring 20105 to ALT Fall 2015 - msnes s Arova: Single Factor Comparing ALT Spring 2015 to ALT Fall 20015 - s snefias
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Groups Count Surm Average W ariance Groups Count Sum Ayverage Wariance Groups Count Sum Awerage Wariance
Active Learning Spring 2015 B 4469 B7. 71212121 320.6389277 Active Learning Spring 2015 %] 4453 F0.93650734 103.7378392 Active Learning Spring 2015 B3 4465 7093650734 1037378332
| | Active Learning Fall 2015 EG 4600 £9.6963597 187.9375291 Active Learning Fall 2015 [3] 4800 T0.7E923077 113.8062885 Active Learning Fall 2015 5 4600 70.76923077 113.8052885

.y AN A ANOWA AN A

- Source of Yariation 55 df = F Povalue F crit Source of Yariation 55 df rS F P-walue F crit Source of Yariation 55 df S F P-rvalue F crit
Between Groups 130.0075758 1 130.0075758 0.5112E0F92 047587575 2.91392903 Between Groups 0895194216 1 0895194216 0.008223938 0.327385335 3916324644 Between Groups 0.895134276 1 0.895134276 0.005223338 0.927885835 3916324644
Within Groups 33057.4697 120 254 20072784 Within Groups 13715.28449 126 1088514642 Within Groups 13715.28449 126 1088514642

Tatal 33187 4772T 17 Taotal 13716.17369 127 Total 13716.17363 127

SUkArAARY SUkARARY SUkARARY
Groups Caunt Sumn Average Wariance Groups Count Sum Average Wariance Groups Count Surm Average Warianoe
Diztance Spring 2015 s} 1783 7132 34106 Diztance Spring 2015 24 1783 74 29166667 1265199275 Distance Spring 2015 24 1783 74 29166667 1265199275
Distance Fall 2015 27 1915 7092592593 068404555 Distance Fall 2015 26 1915 73E5384675 101553846 Distance Fall 2015 26 1315 73 E5384E15 TI0.1553346

[' r Arova: Sinale Facter Comparing Distance Spring 2015 to Distance Fall 2015 Anova: Single Factor Comparing Distance Spring 2015 to Distance Fall 2015 - o mvdiias’ Anova: Single Factor Comparing Distance Spring 2015 to Distance Fall 2015 - msqewr svsfias
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—- Source of Yariation 55 df 1S F Povalue F crit Source of Wariation 55 df kS F P-value F crit Source of Wariation 55 of S F P-walue F crit

| Between Groups 2 (15540456 1 2 015840456 0.0062358E 09373737 403430971 Bebween Groups R.O77051282 1 5077051282 004320249 0836223956 4042652129 Between Groups B.077051282 1 5077051282 0.04320249 0836223056 4042652123
‘ Within Groups 16163.29185 50 373 2RRA37 Within Groups 5E40.842343 43 117 5175614 Within Groups SE40.842949 48 T17.5175614

Total 16165, 20760 51 Tatal 9645.92 43 Tatal BE45.92 43

anova: Single Factor Comparing Traditional Spring 2015 to Traditional Fall 2015 #nova: Single Factor Comparing Traditional Spring 2015 to Traditional Fall 2015 - sares svafiad Anava: Single Factor Comparing Traditional Spring 2015 to Traditional Fall 2015 - s aliad!

SUMMARY SUMMARY SUMMARY
Groups Count Surn Average W ari ance Groups Covrt Surm Auwerage Wariance Groups Court Surn Average Yariance
Traditional Spring 2015 144 10596 7358333333 270.7202797 Traditional Spring 2016 1 10596 75 4833617 158, 0276596 Traditional Spring 2015 Ll 10536 7514833677 1980276536

Traditional Fall 2015 173 12335 7130057803 1414555392 Traditional Fall 2075 73 12335 71 30057803 1414556352 Traditional Fall 2015 173 12335 7130057803 14556392

ey AMOVA ANDY A, ANDY A,
Souree of Variation 55 o MS F P-value  Foerit Source of Variation 55 df MS F P-value F erit SRR L 55 o M3 F Prvalue Ferit

. T Between Groups 4095133395 1 409 5133396 204668093 (15358201 3.87114855 Between Groups 1150, 439756 1 1150499756 7727085963 | 0005770035 | 3.8vudnare Betwesn Groups 1150.433756 ! 10433756 7727085363 | 0005770036 ) 387435577
— R 5 B Within Groups JE— - DY — Within Groups 45454.24228 3 1488918022

Total 47E04.74204 313

Total 53452.88323 316 Total 47E04.74204 313

Anova: Single Factor Comparing Traditional Spring 2015 to Traditional Fall 2015 - s sl
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VISION

The analysis presented in this poster is the beginning of a larger project
which will help educators to better understand their students.

Researchers at the Personalized Learning in Applied Information
Technology Laboratory (PLAIT) are working together to develop an
educational ecosystem capable of analyzing all facets of the learning
experience by examining all components and techniques in the learning
environment. This will allow educators to improve instructional
techniques by providing students with a personalized learning experience
based on their habits, ability, and aptitude.

The goal of the PLAIT research laboratory is to incorporate and analyze
the vast amount of Big Data generated from the virtual learning
environment at George Mason University that is currently ignored. This
growing data set will be utilized to examine student habits and
Instructional techniques in order to improve the effectiveness of the
learning experience at George Mason University. The end result will be
greater student academic achievement through the faculty’s use of the
most effective instructional techniques.
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Test Averages Between Teaching
Methods

[ ]
Test Averages Between Teaching |
Groups Court Sum Awerage Yariance
Traditional Spring 2018 111 105496 514893617 188.027EE3R
M e t h o d S Traditional Fall 2015 173 12335 7130057303 1414856392

L] L]
(zeros nullified)
AROW A
Source of Variation 55 df mS F P-value F crit

Between Groups T150.433756 1 T150.433756 7727085363 0.005770036 3.871435377

Traditional Fall 2015 } Within Groups 46454 24278 2z 148 2918022

Traditional Fall 2015 }

Distance Fall 2015

Total 4760474204 313

Distance Fall 2015 }

Comparison of Instructors

T

Instructor 1 Instructor 2 Instructor 3 Instructor

ALT Fall 2015
ALT Fall 2015

Traditional Spring 2015

Traditional Spring 2015 }
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Distance Spring 2015 }

Distance Spring 2015 }

ALT Spring 2015 } ALT Spring 2015 }

64 66 68 70 72 74 76
EXAM SCORES

68 69 70 71 72 73 74 75 76

EXAM SCORES Spring 2015 ® Fall 2015

No significant findings were found from the previous testing, so ANOVA testing was performed for the three course types in which
Spring and Fall semesters were compared against each other. During analysis an inconsistency between the course types was observed
due to a varying number of students who did not take the exam—resulting in a score of zero. Since this exam was the measure of
performance in the class, only the test scores of the students who completed the exam were used and the zeros—from students who
did not take the test—were converted to null values, and the test was conducted again. These results showed significant differences
between the average exam scores of Spring and Fall traditional courses. The Spring 2015 average score was significantly higher, and
a P-value of 0.00577 was produced. Due to the significant difference in the test scores between the Spring and Fall traditional

courses, ANOVA tests were conducted again on traditional course instructors comparing their Spring classes to their Fall classes. This
was performed to determine if there was a correlation between any particular instructor and the data anomaly of their students’ exam
Scores.
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CONCLUSIONS

| Our current data set indicates that traditional in-person lectures produce .
- Dbetter exam scores than the distance courses, and that the alternative learning
1 environment Is the least effective teaching method. Further, the data indicates
=4 an adverse effect on student exam scores when spacing technigues are _<

Implemented into the curriculum. i

Tests on the data showed anomalies in the Spring 2015 exam scores for two |
traditional course instructors, which may have affected our initial testing
results. The cause of these anomalies Is not evident at this time and will =
require further analysis on a variety of other variables to determine if the "
findings are an accurate representation of the effects of space testing. =

-~ Additional research is required to determine the impact of the spacing effect, | .
- and it will be conducted using IT 214 course data over the past 10 years—
-8 providing an additional one million data points. Additional variables will also |
-3 be analyzed to determine their impact on the learning experience in each of |-«
. the aforementioned learning environments. S
The inclusion of a much larger data set will allow PLAIT researchers to D o

perform more meaningful analysis and afford us the opportunity to compare |~
other aspects of the complex educational system in order to provide faculty | .
and students with the best learning tools and methods available. Our current |} == -
study utilized a data set which produced interesting results, but was too small |-+ -
3| and limited to provide us with an accurate overview of the impact of the ;
1 methods and techniques currently in practice. Hopefully with the inclusion of
these additional data sets (and more Big Data), our study will have enough

Information to produce significant and unwavering results.
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