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Abstract

Thisstudy investigated the performance of faculty ininstruction, research, and
extenson and itsability to predict the performance of students. Therewere 73 regular
faculty membersfrom the College of Artsand Sciencesof the Bukidnon State University
whose performanceweretaken fromtheir Performance Eva uation System (PES) rating
during thefirst semester of school year 2013-2014. A total of 715 sample students
from a population of 3,285 were proportionately extracted from each faculty’s students
using Slovin’s formula. The academic performances of students were their grade point
average in thelr respective subjects from their corresponding teachers during the
semester. Ruggedness of the dataon the performance of faculty in instruction accounts
for 87% of the ruggedness of the dataon the academic performance of their students.
Likewise, 67% and 62% of the ruggedness of the data on the academic performance
of studentswere accounted for by the ruggedness of the data of the performance of
teachersin research and extension, respectively. Itisconcluded that differencesof the
performanceof thefaculty iningruction, research and extens onimpact onthedifferences
of the academic performance of the students.
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Introduction

Inthetertiary leve, teachersaremandated
to perform their four functions which are
ingtruction, research, extension and production.
Every semester, theseteachersarerated using
the Performance Evaluation System (PES).
They areevduated ininstruction by the dean,
the chairperson, students, peers and the
teachersthemsalves. Inresearch and extenson
teachers are evaluated by the same group
excluding the students and peers. Theresults
form thebasisof their performance.

Many teachers complain that teaching
competes with their other work such as

conducting research, doing extension, and
preparing instructional materials for their
production function. There are those who
indicate that they value their teaching
responsibilitieshighly. In 1998 for example,
72.8 percent of 33,785 faculty at 378 colleges
and universitiesinthe United Statesof America,
indicated that their interests were “very heavily
in” or “leaning toward” teaching, while only 27.1
percent indicated the same primary interestin
research (Sax, Agtin, Korn, & Gilmarin, 1999).

At Bukidnon State University, thefaculty
members are evaluated in their teaching
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performance according to: beginning the
lesson, clarity of presentation, pacing of
lesson, student participation, conclusion of
lesson, selection and use of instructional
materials, preparation and performance,
and routine management. In research,
extension and production, it isthe dean and
theteachersthemselveswho aretheraters.

Performance of studentsis acommon
gauge to measure the effectiveness of their
teachers. Althoughthere are several factors
that are contributory to the students’ learning,
their teachersget themost of it. Austero (2011)
found that there are student-related, parent-
related, school-related and teacher-related
factors. Likewise, Hattie (2003) found that
the major source of variance in students’
achievement arethe studentswho account for
50% of the variance of achievement, home
which accounts for about 5-10% of the
variance, school that a so accounts for about
5-10%, and theteacherswho account for 30%
of thevariance. It was suggested that focus
should be given to the greatest source of the
variance that can make a difference — the
teacher. Thereisaneed to ensure that this
greatest influence is optimized to achieve
positiveeffectson thelearner.

There are already many researches
conducted on the performance of teachersand
studentsin the secondary and the elementary
level, but none has been conducted at the
tertiary level. Also, inthesestudiesconducted,
researchersutilized mean comparisons and/or
relaionshipsonthedata. Thiskind of analysis
approximatesonly theinclusion of the scores
that are closer to each other and neglectsthe
extreme value scores. Thus, the present
researchers conceptualized this study using
fractd analyss.

Fractd andysisisan andysisthat assesses
thefracta characteristicsof data. It consists
of severd methodsto assgnafractal dimension
and other fractal characteristicsto adataset

applying nontraditiona mathematicsto patterns
that defy understanding with traditional

Euclidean concepts. It isan analysisusing
fractal statisticswhichisconcerned with data
irregularitiesrepeated at different scalesand
generalizing the concept of variances. It
measures complexity using the fractal

dimension.

Conceptual Framework

Performanceof teachersinther functions
on instruction, research, extension and
production could affect the academic
performance of their students. Measuring
teacher quality involvesteaching preparation
and confidence (Darling-Hammond, 2003),
experience and knowledge (Goe, 2007),
pedagogica skills, position, attitude, aswell as
organized and managed classroom skills
(Waxman, Goldhaber, & Brewer, 2003), and
by the impact of teachers on the academic
achievement of their students (Rice, 2003).

The competence of theteachersinthefour
functionsof ingtruction, reseerch, extensonand
productionintheeducative processisastrong
indication of their professional commitment
accordingtoAngeles (2010). He added that
a balanced performance of these inherent
functions could |ead to abetter performance
of thestudents.

Another concept to consider isthefractal
dimension. Nuhfer (2010) said that afractal
formiscomplex, but dthoughit hastheillusion
of being randomly irregular and seemingly
impossible to quantify at first sight, this
intimidating complexity hasan order within, that
provides ameans to understand theform in
surprisngways. Order of fracta formsconsists
of complex forms built from recursive
operationson asmall unit called agenerator.
Additionally, Leamson (1999) stated that
fractals provide important insights to
understanding much about education because
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learning occurs by increasing the strength of
synaptic connectionsusually through repeated
use. Growth of these connections, muchlike
growth of atree, producesimmensday complex
formsby recursivegrowth of asmplegenerator
into branching patterns.

Education is replete with fractal
characteristicsin both spaceand time, probably
because neural networks, likeblood vessels,
arefracta networks. Inaspace, physica brain
changesinclude growth of such networksin
theprocessof becoming educated. Any natural
temporal patterns in time are fractal.
Relationships between students’ performance
and measures of teachers’ performance in
ingtruction, research, extension and production
arecomplex. Theperformanceof studentsand
al other educationd endeavorsof teechersarise
from the brain’s branching neural networks.
Fractal thinking proves useful to many
educational endeavors(Leonard & Akersten,
2004).

Abrami and Rosenfield (2007) stressed
that affectivefedingslargely control responses
to rating items associated with the general
experiencewiththeclass. Theteacherissurely
a major contributor to such feelings.
Perception of a course experience depends
heavily onwhat individual studentsbring to
class within their neural networks as
expectations and levels of intellectual
sophistication. Incontrast, afractal thinker
anticipatesthat asummetive student eva uation
will beavery honest expression of satisfaction,
whichislargdy anaffectivetrait, but which has
someconnectionwiththecognitivedomain. He
added that fractd s provideadamning exposure
of the practice of employment of singleglobal
questionsasthe over dominating basisfor an
accurate evaluation. Because teachingisa
learned behavior, evaluation of teachingisan
evaluation of the neural networks afaculty
member has developed to deal with those
practices. This activity is aso true for the

achievement of students. Theneura network
isfractal, so our problem of the performance
of teachersand students can beframed asone
of understanding acomplex fractal form.

Satement of the Problem

Thisstudy investigated the performance of
thetertiary leve teechersintheir functionswhich
are instruction, research and extension in
relation to the academic performance of their
students measured intermsof their grade point
averagein Scienceand Mathematicsduring the
first semester of school year 2013-2014.
Specificaly, thisstudy answered the problem,
“Do the differences of the performance of
teachersiningtruction, research, and extension
impact on the differences of the academic
performance of their students?”

Definition of Terms

To provide agood understanding of the
study, thefollowingtermsaretheoretically or
operationaly defined:

Performance of Teachers. Performance of
teachersrefersto ameasureor rating obtained
from their Performance Evaluation System
(PES) rated by the dean, chairperson, the
teecher himsdf/hersdlf, fivepeers, and sudents.
It is composed of the following indicators:
instruction, research and extension.

Performance of Sudents. Performance of
students refers to the Grade Point Average
(GPA) of students handled by the teacher
during thefirst semester of school year 2013-
2014.

Fractal Analysis. Fractal analysisis an
analysis used for data that are self-similar,
heterogeneous or rugged with fractional
dimensions. Itisadatistica anaysisof fracta
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observationsbased on breaking down thedata
intofractional or smaller scales(Padua, 2014).

Fractal Satistics. Fracta statistics is a
statistics concerned with data irregularities
repeated at different scales, generalizing the
concept of variances. The quantitative model
for fracta satisticsisbased onthefollowing:

e A random observation x is said to behavein afractal distribution if it
obeys a power-law:

A
—) , 0 = minimum {x}, A>1

A-1
o) === (5
e Theexponent 4 is called the fractal dimension of the distribution:

The higher the A is, the more irregularities or fluctuation can be
observed.

Methodology

This study was conducted at the College
of Artsand Sciences(CAS) of Bukidnon State
University (BSU) during thefirst semester of
school year 2013-2014. The CAS has five
departments, namely the Mathematics
Department (Math), the Natural Sciences
Department (Nat Sci), the Information
Technology Department (IT), the Social
Sciences Department (SSD) and the Language
and LettersDepartment (L & L). Therewasa
total of 73 regular faculty membersduringthe
first semester of school year 2013-2014. Of
thisnumber, 15 werefrom the Mathematics
Department, 13 from the Natural Sciences
Depatment, 8from thelnformation Technology
Department, 12 from the Languageand L etters
Department and 25 from the Social Sciences
Department. Sixty-six (66) percent of these
faculty memberswerefemaeswhile 34%were
males. Thesefaculty membershave 21 units
of regular teaching load with anaverage of six
unitsoverload.

The faculty members’ performance was
taken from the teachers’ Performance
Evaluation System rating during the first
semester of school year 2013-2014. A total of
715 sample students from a population of
3,285 was proportionately extracted from each
faculty’s students using Slovin’s formula. Their
academic performanceswerethe r grade point
average(GPA) inther respectivesubjectsfrom
their corresponding teachers during the
semester.

The data were analyzed using fractal
andysis. It sarted with thecomputation of the
fractal dimension (1). The raw data were
arranged from lowest to highest to test if the
ath percentile of the distribution obeys
[;7 fF(x)dx = a. After which we solved

_j";::“-'f{x}dx = o that gives:
logll—a)
‘;{’rﬂ‘\' = 1 = —

log(2)

Solvingforthescaies T ﬁﬂ; weobtained:
2w =1 —log (1— a)S. Thisledustofind

thefracta spectrum. Thefractd spectrum (FS)

isavisual and graphical representation of the

charges in the fractal dimension (1) 1as a

functionof scdes(s). Thescdeis® = N
These computationswere done using Ex%el
where the values of the mean, the standard
deviation (sd), thefracta dimension (1), the
Coefficient of Variation (CV) and thefractal

correl ation were obtained.
Resultsand Discussions

Table 1 presentsthe values of thefractal
dimensions(4) of thedataon the performance
of teachersand students.
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Tablel
Values of A on the Performance of
Teachers and Sudents

Teachers Students A

Instruction Research Extension

IT 26.78841 3.88539 4.241535 5.98364

L&L 8.661405 1.989737 5.101877 5.021661

Math 7.43726 2.027574 3.330319 2.784807

NatSci 19.13179 6.071717 3.290719 4.085761

ss 10.42808 3.086301 1.658602 4.517186

Overall

7.099476 1.938601 1.544833 3.006083

CAS

AsshowninTablel, theoverdl vaue of
thefractd dimengon (1) ininstructionisgrester
thanitsdlowablelimit for thedataset consdered
asafractd. Therangeof thevaueof thefractd

dimension is 0.60 < x < 3.40 (Padua,
2014). Only the Mathematics Department
obtained afractal datainresearchand extenson
and the corresponding gradesof their students.
This meansthat the dataset can be analyzed
together withtheoverdl datafor the CASusing
fractal analysis. Thefractal dimension of the
dataset describesthevariability or roughness
of thedata.

Another consideration for the dataset
analyzed usingfractal atisticsisthevalueof
thecoefficient of variation (CV). Padua(2014)
stressed that whenthevarianceinthedataexids,
itislinearly rlated tothefractal dimension (A.).
This value can be used as a descriptor of
variability or roughness of the data. He added
thatif cv = 1, thenthefracta dimensionisa

better descriptor of variability or roughness.
Thevaluesof the CVsonthe performance of
tertiary teachersand their students of thefive
departmentsof the CASarepresentedin Table
2.

Table2

Values of the Coefficient of Variation (CV)
on the Performance of Teachers and
Sudents

TeachersCV Students CV

Instruction Research Extension

L&L 041 0.94 0.53 0.55

Math 0.48 0.88 0.71 0.53

NatSci 0.50 148 0.43 0.58

Overall
0.47 119 0.55 0.56

As shown in the table, only the
performance of teachersin research obtained
a CV that indicates that the appropriate
descriptor of variability or roughnessof datais
the fractal dimension (). Performances of
teachersininstruction and extension, aswell
asthe performance of studentsobtained aCV
of < 1. Thus, the researchers assessed the
ruggedness of the data at each scale (S) by
looking at A. Theseare presentedin Figure
1.

The four spectrain the figure show the
different scales that illustrate the different
groupingsof the performancesof thefaculty of
the CASinther functionsand the performance
of their students. Ascanbeseeninthefigure,
the spectrum of the performance of thestudents
got the same scales in the spectrum of the
performance of teachersin instruction. As
observed by the researchers, teachers with
higher ratingininstruction gave higher grades
totheir students. Conversely, teacherswith
lower ratinginingruction correspondingly gave
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Figure 1. Scatterplot of the spectraof the performances of teachersand their students.

The Bukidnon State University Research Journal




ZitaI. Dales and Sherie C. Celera

7

lower gradesto their students. Thesefigures
explain how the performances of studentsand
teachers induced ruggedness and
fragmentation.

Table 3 presentsthe correlation of fractal
dimensionsof the performanceof studentsand
the performance of teachers in instruction,
research and extension. The square of the
correlation coefficients or the coefficient of
determination was obtained for easy
interpretation of theresults.

Instruction, whichiscongdered asthemain
function of the teachers, got the highest
coefficient of determination r>thantheir other
functions, followed by research and extension.
Thismeansthat 87% of the variation in the
performance of the students can be accounted
for by the variation of the performance of
teachersininstruction. Thedatainthetable
further show that 67% of thevariationinthe
performance of studentscan be accounted for
by thevariation of the performanceof teachers
in research and 62 % of the variation of the
performance of studentscan be accounted for
by the variation of the performance of the
teachersinextenson.

Theresultsimply that the performance of
teachersininstruction hasthe highest impact
to the differences in the performance of
students. Ascan benoted, the contents of the
eva uation of teaching performanceinstrument
used by thestudentsincludethefollowingitems:
beginning thelesson, clarity of presentation,
pacing of lesson, student participation,
conclusion of lesson, selection and use of
instructional materials, preparation and

Table3
Correlation of Fractal Dimension

performance, and routinemanagement. These
indicatorsif doneby theteacherscould lead to
a better performance of students. Teachers
are aware of how they should carry out the
teaching-learning processasthisinstrument is
presented during theorientation of newly hired
teachers.

Performance of teachersinresearchwhich
accounts for 67% in the variation of the
performance of students indicates that its
ruggedness is brought about by the time
alotment of the teachers in the conduct of
research. At the same time not all of the
teachers’ researches are geared towards the
improvement of theteaching-learning process.
It then follows that the differences in the
performance of teachersin research hasless
impact on thedifferencesin the performance
of students.

Inlike manner, extenson whichisanother
inherent function of tertiary teachers, obtained
aperformance which accountsfor 62% inthe
variation of the performance of their students.
Thisindicatesthat the roughness of thedata
can beattributed to theactivitieswhich did not
complement the academic activities of the
students. Though studentswereasoinvolved
intheextension activity sothey can sharetheir
expertise to the community, most of the
extension programs have nothing to dowith
theacademic activitiesof thestudents.

Findingsand Conclusions

The ruggedness of the data on the
performanceof teachersininstruction accounts

Performance of Performance of Performance of
Teachersin Teachersin Teachersin
Instruction Research Extension
r? 0.87 0.67 0.62
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for 87% of the ruggedness of thedataon the
performanceof their sudents. Likewise, 67%
and 62% of the ruggedness of the dataon the
performance of studentswere accounted for
by the ruggedness of the data of the
performance of teachers in research and
extension, respectively.

Based on the findings of the study, it is
concluded that the differences in the
performances of teachers in instruction,
research and extension impact on the
differencesof the performance of students.

References

Abrami, PC., & Rosenfield, S. (2007). The
dimensionality of student ratings and
instruction: What we know and what we do
not. Thescholarship of teaching and learning
in higher education: An evidence-based
approach.

Angeles, J. (2010). Higher Education Institutions
commitment: Isthereabaancein performing
their four mandated functions? A lecture
series.

Augtero, E.A. (2011). Theacademic performance
of studentsin Regular High School and Open
High School Programs: Basis for
intervention. Unpublished master’s thesis.
Bukidnon State University, Malaybalay City.

Darling-Hammond, L. (2008). What is an
effectiveteacher? 21% century education: A
reference handbook. University of Arizona,
Tucson: Sage Publications, Inc.

Goe, L.,Bdl, C., & Little, O. (2008). Approaches
to evaluating teacher effectiveness: A
research synthesis. National Comprehensive
Center for Teacher Quality, Washington, D.
C.

Goe, L. (2007). Thelink between teacher quality
and student outcomes. Aresearch synthesis.
Technical Report. Washington, DC: National
Comprehensive Center for Teacher Quality.

Hattie, J. (2003). Teachers make a difference.
What is the research evidence? Center for
Educational Research and Evaluation.
Greensboro, North Carolina

Leamson, R.N. (1999). Thinking and teaching:
Devel oping habits of learning with first year
college and university students. Sterling, VA.
Stylus.

Leonard, L. & Akersten, S. (2004). Student
management teams. Fractals for students.
National Teaching and Learning Forum, 13,
7-11.

Nuhfer, E.B. (2005). Fractal views on good
testing practices: Educating in fractal
patterns. National Teaching and Learning
Forum.

Nuhfer, E.B. (2010). A fractal thinker looks at
student ratings. Retrieved September 15,
2014, from http://profcamp.tripod.com/
fractaleval s 07.pdf)

Padua, R. N., Palompon, D. R., & Ontoy, D.S.
(2012). Dataroughnessand fractal statistics.
Cebu Normal University Journal of Higher
Education, 6 (1).

Padua, R.N. (2014). Fractal statistics. A paper
presented during the seminar workshop at
Bukidnon State University, Malaybalay City,
Philippines.

Sax, L.J., Astin, A.W., Korn, W.S., & Gilmarin,
SK. (1999). The American collegeteacher:
National normsfor 1998-1999 HERI Faculty
Survey. Higher Education Research Ingtitute,
Graduate School of Education. University
of California, LosAngeles, U.S.A.

Waxman, S.G,, Goldhaber, D.D., & Brewer, D.J.
(2003). The American college teacher:
National normsfor 1998-1999 HERI Faculty
Survey. Higher Education Research Ingtitute,
Graduate School Education. University of
Cdlifornia, LosAngeles.

Wright, S.P, Horn, S.P, & Sanders, W.L. (1997).
Teacher and classroom content effects on
student achievement. Implications for
teacher evaluation. Journal of Personnel
Evaluation in Education.

The Bukidnon State University Research Journal



