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ABSTRACT

Timetabling of class-faculty schedules is complex and lengthy wherein
universities assign significant workforce and material resources each semester.
Manual scheduling produces conflict schedules of class-faculty and room
utilizations that in many instances are determined only when classes have already
started. Timetabling problems in CTU are concerned with many students but
limited organic faculty members. The objectives of this study were to automate:
1) consolidation of the tabulated schedules from the different departments and
colleges; 2) detection of conflict faculty schedules; and 3) pictographic plotting
of class-faculty schedules and room utilizations according to the formats adopted
by the university with calculated number of contact hours and preparations. The
method adapts Visual Basic for Applications programming in Microsoft Excel.
From the data of block schedules provided by different departments or colleges,
conflict schedules are detected and modified by users. Once harmonized, plotting
pictographically class-faculty schedules into program by teacher, program
by section, and room utilization are automated. SPADay leads to immediate
detection of conflict schedules of faculty members, checking of inconsistent
information were implemented, speedy printing of outputs into different
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formats, and generation of class-faculty schedules database that can be adopted
with minor revisions and fine-tuning of such schedules for proceeding semesters.

Keywords — Information technology, Excel-VBA computer programming,
class-faculty or course timetabling, Microsoft Excel, applied research, Cebu City,
Philippines

INTRODUCTION

It is common and a fact that building or programming class schedules is
complicated and time consuming in which universities allocate a number of
staff, faculty and material resources every semester (Valdes, Crespo, & Tamarit,
2002; Miranda, Rey, & Robles, 2012; Kronos Inc., 2003 ). Scheduling problems
in Cebu Technological University (CTU) are concerned with a lot of students
with a limited organic faculty. In consequence, students who can only afford to
study in a state university like CTU are offered with evening programs just to
accommodate them. Likewise, the school has to hire a lot of part-time faculty
members to teach day and evening programs. To speed up scheduling of classes
and assigning faculty members to classes, the school needs a computer aided
class-faculty assignment application software.

Majority of scheduling problems are classified as “combinatorial problems”,
such as communications, industrial control, operational research and production
planning (Shiau, 2011). Several methods have been applied to course scheduling
problems, like heuristic algorithm (Shiau, 2011; Valdes et al., 2002; Pongcharoen,
Promtet, Yenradee & Hicks, 2008), integer programming (Kristiansen, SQrensen,
Stidsen, 2015; Birbas, Daskalaki, Housos, 2009); and simulated annealing
(Avella, D’Auria, Salerno, Vasil’Ev, 2007). Shiau (2011) and Pongcharoen, et al.
(2008) proposed for meta-heuristic algorithms having a capability of allowing
instructors or lecturers to do lecture based on preferences. Likewise, Lewis (2006)
recommends the consideration of “many different sorts of constraints, problem
instances, user-requirements and political factors”.

Schedule Programming Assistant has both day and evening versions since
CTU caters both day and evening classes. The author presents here the SPADay
version 1.0. The importance of this computer-aided class-faculty or course
scheduling process are mainly on speeding up or establish on-time preparation of
course schedules for every semester, immediate detection of conflicts by creating
database of class-faculty schedules, and implementing automated pictographic
plotting of schedules by teacher, by section, and by room utilization.
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OBJECTIVE OF THE STUDY

The study was focused on automating, without any constraints being
considered, the manual process of the adopted university timetabling to improve
productivity. Its objectives were to automate: 1) consolidation of the tabulated
schedules from the different departments and colleges; 2) detection of conflict
faculty schedules; and 3) pictographic plotting of class-faculty schedules and
room utilizations according to the formats adopted by the university with
calculated number of contact hours and preparations.

MATERIALS AND METHODS

A personal computer (PC), Microsoft Excel software, and class-faculty
schedules were mainly the needed materials. Faculty profile such as undergraduate
to graduate programs taken, administrative designation, and other recent
activities; research, extension, and production were incorporated in the program
by teacher (Figure 1a) other than his or her class schedules. The course timetabling
proposed in the study is focused on automating the manual process by developing
VBA codes in Microsoft Excel that automate detection of conflict schedules,
calculation of number of contact hours and preparations, consolidation of the
tabulated schedules from the different departments or colleges, pictographic
plotting of schedules by teacher, by section and by room utilization according to
the formats adopted by the university.

Course Scheduling Process

The primary step applied in SPADay consists of a series of pictographic
plotting of block schedules by course-major, year, and section from all academic
departments. The first stage focuses on gathering all the information needed in
creating class-faculty schedule database. Such database also contains information
of courses or subjects, classrooms, number of students, and contact time. Once
all of this information is collected and consolidated in one file, then, comes the
second stage.

The second stage processes further the database. This stage determines conflict
schedules (Figure 1b) given to faculty; accounts the total number of block sections,
courses, faculty, and rooms prepared and assigned by schedule planners from all
academic departments; and plots pictographically the tabulated schedules into
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program by teacher, program by section (Figure 3), and room utilization (Figure
4). At this point, the details of conflict schedules are identified. The planners
(Department Heads) from each department and the coordinators (College
Directors) meet more frequently to harmonize all schedules by eliminating
conflict bookings or timetable conflicts particularly in assigning faculty loads
and usage of rooms, and getting rid of overloading faculty assignments in terms
of the number of preparations and contact hours per week both in lecture and
in laboratory.

As soon as harmonization of all schedules is done, the objective of the third
stage is to save outputs of program by teacher, program by section, and room
utilization in PDF format before printing all outputs.

RESULTS AND DISCUSSION

Consolidation of Class-Faculty Schedules

Course timetabling or scheduling in CTU is done by department and
colleges where consolidation of schedules can be automated in SPA produced in
tabular form. For ease of evaluation, consolidated database are having the fields

of course-year-section, number of students, subject code, faculty, room, time and
day (Figure 1b).

Detection of Conflict Faculty Schedules

As SPADay version 1.0 automates consolidation of all schedules, it can then
evaluate the database in terms of conflict schedules given to any faculty member.
It can detect either completely or partly overlapping (conflict) schedules. As the
code is implemented, the user is notified with the key words “OK” (conflict-free)
or “CONFLICT”. Detected conflict schedules are conditionally highlighted
with pink color for ease of recognition (Figure 1b & Figure 2).

Pictographic Plotting of Class/Faculty/Room Schedules

Achieving a pictorial representation or pictograph layout aids class schedulers
in having a clear picture of the subjects, the day-time when they will be done,
the teacher who will perform the task, and the location where to conduct the
instruction. As the schedule is pictographically plotted, the number of contact
hours and preparations are also calculated (Figure 2 to Figure 5).
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Description of SPADay

Hence, the development of SPADay is focused on automating the manual
process adopted by the university. Unlike SchedulExpert (Hinkin & Thompson,
2002), udpSkeduler (Miranda, Rey, & Robles, 2012); and those developed
by Avella, D’Auria, Salerno, & Vasil'Ev (2007), Birbas, Daskalaki, & Housos
(2009), Pongcharoen, P, Promtet, W., Yenradee, P, & Hicks, C. (2008), and
Shiau (2011) all of which incorporated constraints or faculty preferences in
their algorithm. SPADay does not employ optimization process for constraints
or faculty preferences. It has similarity to SlotManager (Foulds & Johnson,
2000) where the computer codes (macros) are written in Microsoft Windows
environment. However, like SchedulExpert and udpSkeduler, SPADay make
use of an intuitive graphical interface. Very much similar to SPAEve version 2
(Mondejar, 2013), SPADay adopts a practical pictographic heuristic interface
of plotting schedules by section. From the pictograph by section, pictograph
schedules by teacher, room utilization and subject can be generated. SPADay is
a spreadsheet-based decision support system (Power & Sharda, 2007) developed
in Microsoft Excel.

SPADay is a class-faculty scheduling assistant that has VBA codes and
procedures using macros in Microsoft Excel to automate the generation of
program by teacher, program by section, room utilization, and subject. It can
determine conflict schedules where such schedules can be modified easily. Fused
schedules are also detected and plotted in schedule forms. Instructional forms
of programs by faculty, section, and room utilization can be readily printed as
outputs of the application. SPADay also looks into another workload of a faculty
other than instruction like research, extension, and production activities. Faculty
profile such as undergraduate to graduate programs (Bachelor to Doctoral
degrees), and special skills or trainings taken is likewise considered. Tabular
schedules by section can also be generated.

76



(q) wIog re[NQEI B 0IUL SI[NPIYDS
oryderdoiord sty swirojsuen 1ey s9pod g A paudisse ue sey dol a1 1 (1B[NqE] -9y /2IB[NQER] ) [0IIUOD
wrI0j ayJ "[29X5] JosomIA ut panoyd 1eak (N7 VS JO (8) anpayps spojq orydeidorord y -1 a3y

International Peer Reviewed Journal

senwr MO[2G UOOBULIOJUI D10 4y pre

o M 00:vT-00'€T YOZN 1 “Iefopuopy 1883 11 z3vs

P[] UL 00:ZT-00'6 YOZN [ “Jefopuopy 1883 11 z3vss

0 1 00:ZT-00'6 YOTIN [ “Jefapuony 188u3 11 zavsy

Mo W 00:£T-00:9T TOZWN S ‘oulyod eIITS3 1T z3vse

o UL 00:9T-00:€T TOZW S ‘oulyod eIIrsy 1T z3vse

o 4 00:TT-006 TOZIN S ‘oulyod eITISI  TT zavsy

(@) Yo W 00:ZT-00:TT YOZN M ‘ofauiy epzes3 11 z3vse

o M 00:6-00:8 YOZN M ‘ofoury epzesy 11 z3vse

o] W 00:6-00:8 POZN M ‘Ofsury epzes3 11 z3vse

1O14NOD M YOZ [ ‘uefapuoiy oyeN 1T z3vse

114N W YOZN - [ ‘4efapuoiy oyeN 1T z3vse

o uL 2011 [ ‘sesod vid 1T z3vse

o L 2011 f ‘sesod v3id 1T z3vse

Mo 4 €0ZW [ 8nyeqed ezshyd 1T z3vse

%o L €0CW [ ‘8nyeqed egshyd 1T z3vse

0 M YOCW [ ‘8nyeqed JezsAyd - TT zavsy

o 4 €01 0L O‘aseg  p PSS IT z3vse

o uL €0T 0L o‘aueg  p PSS T z3vse

o 1 €0T 0L 0‘a1e8 PSS TT zavsg

e} El (P12y) ¥ ‘@uesnp TPSWY £ T3vse

Mo 0TV Y ‘uennd TRSWY L T3vse

o 0TV Y ‘@uennd TRSUY L T3vse

o z0z oL A9IM ezwey) T3vse

Mo z0z oL A93M  BTWRY) £ T3Vs8

%o z0z 0L A‘9M  fezweyd T3vse

o €021 [ ‘sa1014 zidu3 ¢ T3vse

%o €021 r‘saioly [4LT: R T3vse

Mo 10771 g 'sajezuon e L T3vse

o 10771 g ‘sajezuon i L T3vse
1O14NOD YOZW  f Jefopuoiy Twew ¢ Tavss e R

114N YOZN [ ‘4efapuoiy Tyen L T3vse 0 " e e

o 1UN02 PaI2A0Y O ‘UldeLIRq|Y TSN ¢ T3vse 9 yew 183803
o 011 W nyd zid L T3vse g 600" 00°6-00°g| 00'6-008
ple} : 2011 Wy 73d L T3vse oy e en
%0 UL 0EWT-00:E €021 o2y L T3vse YL 028
¥ 195 905 ByZE S3 ¥ 1S 205

o L OEYT-00ET €021 lezy L T3vse

Yo UL 00:9T-0EHT zor oL €0S20S £ T3Vs8

o 18 1 00:9T-0ET 0T 0L €PS205 L T3vs8

$3|NPaYdS PIPuU0D quepmg  NOWI3S
ooy Ajjenty Av INIL wooy Aainoed 2podafans o T /4VIA

/354N00 sle|nqeL-ay/aeIngeL

77



JPAIR Multidisciplinary Research

X
DN
Do

X0
DN
Do
DN
Do

SNLYLS

“sppam 12d simoy [e101 oy pue suoneredaid Jo Taquinu oy Yum A[[esnewoine

P21y31y3ry a1e (jyurd) s1o1Juod pue (MO[[a£) 2w 108IU0D AINIRJ-SSB[D [BNIOE dIaYM (1YSLI) UOMRZI[IIN

wooy pue ‘(3[pprur) uonsag £q urerdoi <(3joy) 1oyoeay £q weidoi jo ndino orgderdoiorg -z amsiy

00210097 ODLT003]  0BLT009]
I S I s 00£1:003 00£1:0091
110339 110339 59
16u0)) Tdun|  ems
ODLTOES| O0LT 8
10 107
0091005 o 00910057 0091:005T
O0LT-009T | OEST004T|  OC-LT-00WT|  OEST-004T 00:LT-009T|  OEST-004T 00:L1-00:4T|
S I It 0010041 00510041 " cran
11038|  &1IHSE, TWAQ) TGS &1150)
L R ) e e e
ODST-ODEE | 00ST00€T| O0LIO0EE| 00¥1-00€1] 00L00E! O0STO0EL|  OGYT00ET| 00ST-0DEl O0YTO0ET|  00VTOET| 00VT-00ET
ndy| s ‘outyod idyl ‘e )| R Eudll Al SO [ bt o 0L vorol T
sy zavse LS8 GINHSE  ALLIS ofauy] M ofeu glisn|  zavse| &S
sl  emrsy  aewall  1duo 20 a2 pall ) 188 e
0010078 00E1-0070 00€1-0070
00THO0TE| 00200
W w
007001 oeseg] WTET 00210070
% Tun
00T 060 0DTTOE0] %0
IR o) wnwer|  ° 00TE0000 0010007
V1SS! WSS 0
1 dwo); T dwo)| 0
00T0005|  0£0F0E6 %0 007006 00TE 0 00TTOE S| 0071006|  00Z1006| 0071006 0008
s‘ouyod| ‘N S 0 00| Eudll EICH [JR—— 0TI fudll fudll | ——
TavsE  vIWHSg WSS %0 2'onje) 0 ofowy] M ofou] T awse| v zavse
L] T0wo)| gze 1B |pul 1 dwo)) x0 1 dwo); ey ar pay 18803 9 e 18503 9pen
00%:008] 0021003 00TT003] %0 0071008 OE6008]  00ThOD8| 066008
J'one| ey done)| %0 una) pasann) 10z ol €0 §
1158 v- 1| W68 % 9 ‘upeeqy| 0 oauy w08 06008
52E wal 1.duo) % zdis Ll %0
0 Y
%0 %0 §
008004 o WEOL | e 008:00L
0 Do
0 %0
» 0 %0 "
001009 o0 ooy | 00L:009
%0 DING)

[Tepuns | Repmies | Tepuj | Aepsimyl | Aepsaupam | Aepsanl | Aepuom | 3L Yo [ Tepuns Tepns | Nepsmul | Repsaupam | Aepsanl | Repuod | WL | LOMNG)| Fepuns | Aepmes | Repuj | Aepumil | Aepsaupom | Aepsan | Repuom | 3WIL
6 L | Ys4ey/uny | TOZIN  sms T 0T ysauay/uny ﬁ g-11Sg| = LI ¥ ysouay/uny - [ ‘Jefapuoiy
yaam/ suoy. yoam/ suog. Yoam/ suoy
sinoy  -eredalg sinoy  -esedalg sinoy  -eledalg

78



Republic of the Philippines
CEBU TECHNOLOGICAL UNIVERSITY

International Peer Reviewed Journal

BARILI CAMPUS
Barili, Cebu
PROGRAM BY TEACHER
DAY PROGRAM INS Farm 5A
2nd Semester, AY 2012-2013 October 2012
Revision: 1
NAME: j
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No. of SUMMARY OF SUBJECTS
Student Subject code Descriptive Title Course/Yr/Sec
11 Enggl Surveying BSAE 2
7 Math2 Plane Trigonometry BSAE 1
30  Math3a Basic Statistics CASII-B
11 Mathe Analytic Geometry and Calculus Il BSAE 2
No.ofPreparations: 4 Administrative Designation:  Chairman - Dept. of Agr'l Eng'g & Technology
No. of Hours/Week: 17 Production:  SPAPRODN
Extension: SPAEX
Research: SPA

Figure 3. Pictographic output of Program by Teacher where actual class-faculty

contact time outlined and all the necessary details of courses/subjects assigned

including profile of the teacher are generated automatically
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Republic of the Philippines

CEBU TECHNOLOGICAL UNIVERSITY
BARILI CAMPUS

Barili, Cebu
PROGRAMBY SECTION
DAY PROGRAM INS Form 58
2nd Semester, AY 2012-2013 October 2012 ®
BSIT 18 Revision: 1 =
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12:00 |L202 M103 M103 8 35 5
11:00-12:00 | 11:00- 12:00 11:00- 12:00 5 ; =
S o a
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w
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I3
2
3]
5:00-
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B
6:00- &
7:00 £
No. of SUMMARY OF SUBJECTS
Student sybject code Descriptive Title
Comp 1 Basic Computer Operation
Draw 122 Technical Sketching, Instrument Drawing and Blueprinting w/ CAD
Engl 2 Writing in the Disciplines
Fil 2 Pagbasa at Pagsulat Tungo sa Pananaliksik
41 Mumi Art Appreciation
Math 2 Plane Trigonometry
NSTP 2 CWTS/ ROTC/ LTS 2
PE2 Advanced Swimming
Soc Sci 2 Basic Economics (w/ Taxation & Land Reform)
Tech 122 AC/DC Circuit and Electrical Instrument

Figure 4. Pictographic output of Program by Section where actual class-faculty
contact time outlined and all the necessary details of courses/subjects assigned
including profile of the teacher are generated automatically

80



Republic of the Philippines

CEBU TECHNOLOGICAL UNIVERSITY
BARILI CAMPUS

ROOM UTILIZATION

Barili, Cebu

DAY PROGRAM

International Peer Reviewed Journal

INS Form 5C
2nd Semester, AY 2012-2013 October 2012
Revision: 1
Room Assignment: M 201
TIME Monday Tuesday Wednesday Thursday Friday Saturday Sunday
7:00-
8:00
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8:00- [BSITI-A BSIT I BSITI BSITII
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9:00- BSHMELA BSITH BSHMELA BSAE 2
10:00 Calvo, C Calvo, C Calvo,C Pohino, $
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1:00- |BSITV BSHMEB BSITI BSAE 2 BSITI
2:00 |Calvo,C Calvo,C Aguilar, J Pohino, S Aguilar, J
13:00- 17:00 13:00- 14:00 13:00- 17:00 13:00- 16:00 13:00- 16:00
Comp 1 Comp 1 Comp 1 Comp 1
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5:00-
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Prepared by
Chair-DAET
Reviewed & Certified True & Correct: Certified Proper &in Order:
ALFREDO C. NERI. MEd -
Director- CATM Campus Director
Recommending Approval Approved
VICTOR D. VILLAGANAS, L.L.B.. Ed.D
University Vice-Presidentfor Academic Affairs University President

Figure 5. Pictographic output of Room Utilization where actual class-faculty

contact time outlined and all the necessary details of courses/subjects assigned

including profile of the teacher are generated automatically
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Pictographic scheduling

SPADay consists of several worksheets with three (3) main groups. The first
group is the main data group of block schedules, where 24 block schedules (4
blocks per worksheet) can be plotted and the database. This group stores the
schedule related information that is necessary in generating the three (3) main
outputs such as program by teacher, program by section, and room utilization.
The pictographically plotted block schedules (Figure 1) comprises mainly of time
and 7-day columns for the corresponding days of the week. The pictograph has
several four (4)-row enclosed cells for the four (4) necessary details of subject
code, teacher, room and contact time as the needed information for every
course to be taken by a particular program for a corresponding semester. This
pictographic approach facilitate the planner in having visual picture of the block
schedule, where same approach is applied in the output of program by teacher,
program by section, and room utilization. The pictographic data of the block
schedules sheets serve as source of data for which are tabulated and sent to the
“Database” sheet (Figure 1). In the “Database” sheet, conflicts and inconsistent
data can be determined.

The second group is the pictographic outputs of program by teacher, program
by section, and room utilization (Figure 2). This group process the database
where schedules for a particular faculty, section, and room usage are plotted
pictographically. Here, conflict schedules for a particular faculty, section, and
room are seen and identified. This is where schedule planners (Department
Heads) and the coordinators (College Directors) decide on harmonizing
schedules by eliminating conflicts particularly in assigning faculty loads and
usage of rooms. Getting rid of overloading faculty assignments in terms of the
number of preparations and class-faculty contact hours per week are also seen.

The third group is the final outputs, which are intended for the production of
hard copies of the final and executable class-faculty schedules and room utilization
(Figure 3 to Figure 5). This group automates the generations of program by
teacher, program by section, and room utilization for distribution to faculty and
posting of class schedules during enrolment period. This process saves a lot of
time in the generation of outputs due to successful automation.

Based on the initial tests of SPADay version 1.0, some other aspects have to
be included in the system for better capabilities and results. Among them are to
determine immediately in one worksheet in terms or overloaded and underloaded
faculty, number of preparations and student contact hours per week, and conflicts
not only on faculty loads but also usage of rooms. The author intends to simplify
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the standard forms of the program by teacher, program by section, and room
utilization; improve pictographic plotting such that the pass 30 minutes of the
hour should be plotted exactly and modify codes and procedures to speed-up
processing time.

CONCLUSIONS

The study in developing a VBA codes and procedures in Microsoft Excel has
generated satisfactory pictographic plotted class-faculty schedules and classroom
utilizations. Class-faculty schedules were done without considering constraints
like time availability of instructors. However, such consideration can be applied
only by the schedule planner, but not as an input constraint in SPADay.
Nevertheless, the results show significant improvement compared to the manual
approach.

Using SPADay in course scheduling has led to better productivity. First, the
working time required in plotting separately and manually three needed outputs
of program by teacher, program by section, and room utilization has significantly
reduced to a single plotting of program by section and the rest were successfully
automated. Second, early and immediate detection of conflict schedules and
inconsistent information were implemented. Third, the time required for the
harmonization of class-faculty schedules and room utilization had also reduced.
Fourth, printing of outputs for the distribution of hard copies for program
by teacher, program by section, and room utilization using the corresponding
required formats has been automated and accelerated. Finally, the database that
is generated in SPADay can be adopted with minor revision and fine-tuning of
schedules for proceeding same semesters. Hence, SPADay has bridge and reduced
the gap between manual and automated class-faculty scheduling.

TRANSLATIONAL RESEARCH

The results of the study have been translated as a tool to speed up course
timetabling in Cebu Technological University. The intent of this application
software has translated assistance to class-faculty planners in creating class-faculty
schedules with no or minimal conflicts in a significantly reduced time compared
to the pure manual process. This initial research, likewise, translates awareness
that course timetabling application software can be developed in spreadsheets
(particularly in Microsoft Excel). Such discovery of the versatility of Microsoft
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Excel provides an idea that spreadsheets are an effective medium as a decision
support system for university course timetabling.
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