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ABSTRACT

In a university setting, academic timetabling has been an open op-
portunity for developers and system designers. It is usually focused
on generating schedules, managing conflicts, accommodating con-
straints and even allocating respective logistical needs. There are
several off-the-shelf and customized systems that have been devel-
oped to accommodate the varying needs of different universities
and organizations. The usage and the underlying human factors
when using these systems is another consideration that we can
tackle with these enrollment systems. In this paper, we attempt to
discover, design, implement an academic course scheduling system
that considers user collaboration with other humans and with the
computer itself. We iterated on developing a prototype for course
scheduling, assigning of faculty and other pre-enrollment tasks.
We observed stakeholders such as Department Chair, Academic
Officers and other key personnel and inquired into their pains and
struggles in academic course loading systems. To help them in this
process, we present ASSYSTX: An online platform that supports
collaboration between key personnel involved in enrollment sys-
tems. We also identified key collaboration points towards providing
affordances that cater to the needs of these personnel.
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1 INTRODUCTION

Off-the-shelf Enrollment Systems are used by bigger universities
in the Philippines while universities with smaller populations usu-
ally develop their own systems in-house. What is common with
these systems is that their continued usage introduces a different
set of problems for users coming from different backgrounds and
technical proficiency. In general, most enrollment systems both
off-the-shelf and developed in-house would be made to address
common problems encountered in enrollment. Such issues would
revolve around managing different block schedules, accommodat-
ing irregular students, allocating logistics such as classrooms, com-
puter laboratories and field rooms, and assigning faculty. These
tasks are usually pre-enrollment activities that are done in prepara-
tion for actual enrollment. Aside from this, there are other systems
and modules that cater to the other stages of the Enrollment and
Post-Enrollment Process. Regardless of the stage of enrollment
concerned, human collaboration is an important aspect that is sel-
dom considered when designing and developing key systems and
features. As a matter of fact, even systems that have partial automa-
tion still require the human element especially when involved with
key major decisions and time-pressed concerns. In Pre-enrollment
activities alone, constant collaboration, communication and clarifi-
cation is essentials towards the successful planning of enrollment
in a given university. Users from varying levels and organization
scope, who are involved in these stages are key decision makers
who can implement changes in enrollment that will definitely affect
the academic load of both faculty and students.

In comparison, these systems are not entirely interactive and
collaborative in nature. For key officials who are newly-placed
into their posts, an additional learning curve prolongs the process.
Most especially for off-the-shelf systems, they provided limited
user feedback and do not give an avenue for collaboration between
other key personnel involved. As such, these systems may generally
hinder collaboration. To some organizations and universities, the
collaborative aspects in the process of enrollment are relied from
the usage of third-party tools such as Viber, Messenger, and other
messaging platforms. These systems do not also give its current
users insights on which portion of the work or process are being
worked on by other key staff and personnel. As a result, either
a feature may be locked to a certain user for a given moment or
two users might be inputting conflicting information that could
have been avoided if these users are aware of what they are both
editing. The visual interface of these systems must be accompanied
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by design elements that guide all of its users towards understand-
ing the process and the impacts of the changes they apply in the
enrollment system. Our work makes an inquiry into the underlying
design factors that affect the collaborative behaviors in enrollment
and timetabling systems, specifically in the pre-enrollment process.
We sought to understand the human factors involving key users
and administrative personnel when operating an in-house designed
software prototype with key collaborative features in supporting
pre-enrollment. We did a formative study composed of interviews,
observations, user tests with participants. We developed a proto-
type based on these findings which we iteratively tested as well.
In this paper we: (1) Observe and understand how key personnel
from a specific university, collaborate in pre-enrollment. We also
(2) derive and formulate guidelines towards a collaborative online
platform that these key personnel can use in planning their pre-
enrollment deliverables such as course schedule, faculty schedule
and block schedules. Additionally, we (3) discuss design implica-
tions for supporting these collaborative activities. Lastly, we (4)
reflect on how we can design better enrollment systems that foster
collaboration between key staff, and towards pushing it in different
stages of the enrollment process.

2 RELATED WORK
2.1 Academic Timetabling Systems

There are several academic timetabling systems that been designed
and developed to address various problems in an academic set-
ting. One example is ASSYST. The Automated Scheduling System
(ASSYST) [6] was developed to automate the course scheduling pro-
cess. It had two modules for each user type: the College Academic
Assistant (CAA) module and the Chair/Vice-Chair module. [6] gen-
erates an initial course schedule and improves it through Genetic
Algorithms. ASSYST ver. 2 [2] extended features of its predeces-
sor to include faculty scheduling. The faculty schedules were also
generated using Genetic Algorithms. A web-version of the system
was developed after several years, named e-ASSYST [4]. Unlike its
predecessors, it used Tabu Search to create faculty schedules. The
work in [1] developed a timetabling system that utilizes Constraint-
Satisfaction techniques to automate their timetabling process. The
system was able to quickly generate lectures schedules that satis-
fied both soft and hard constraints given to it, and was successfully
tested using the System Usability Scale method. [14] is another web-
based system that aimed to expedite creating course schedules for
their departments following the specified constraints of the user. It
boasted the ability to generate a timetabling schedule in the case an
incomplete solution is found. [16] developed a timetabling system
that operates through Multi-Agent Systems. The agents negotiate
with one another in the case of conflicts, and help each other to
form an optimal or sub-optimal timetabling schedule. The work in
[10], meanwhile, addressed the decentralization of resources from
university parent and satellite campuses. The system aids users as-
signed to create faculty and course schedules. The system was only
designed to help evenly distribute the resources between university
campuses through a centralized database system that stores univer-
sity resources to guide its users in creating schedules. Another work
in [19] is a commercial timetabling system that hosts multiple use-
ful features such as: timetable creation, editing timetables, schedule
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conflict prevention, and room allocation. The same work in [19]
also allows multiple ways to create the class schedules, offering
centralized, distributed and hybrid approaches. It provides options
for the users to customize the schedule, satisfying hard constraints
imposed on the course scheduling process by departmental rules.
The focus of [1, 2, 4, 6, 10, 14, 16, 19] have been towards automating
the creation of course schedules and improving these generated
schedules with optimization algorithms. However, most of these
systems omit the human collaboration component that is essential
in the enrollment process. For instance, [6] and [2] have modules
for each user type but it does not support collaboration between
them. [3], meanwhile, takes a more humanist approach and tack-
led the usability of academic timetabling systems. The course and
faculty scheduling features remain but it does not rely on an opti-
mization algorithm to create and improve these schedules. Their
system focused, instead, on improving its user interface design by
following a set of heuristics by [17]. It was also verified iteratively
through Keystroke-Level Modeling. Despite the change of focus, [3]
also did not address human interaction and collaboration in their
design and testing phases. Thus, collaboration within timetabling
systems remains unexplored. This can put a damper towards de-
ploying these systems to the involved personnel as collaboration is
important when executing these processes. [3], though, is in the
right direction; its humanist approach lends itself to focusing on
enhancing the user’s interactions with the system. Nevertheless,
collaboration is still lacking and therefore a factor to be considered.

2.2 All-Purpose Collaboration Systems

There are many systems outside the academic setting that have con-
tributed to empowering collaboration within organizations. Google
Docs [12] is a proprietary online word processing application that
allows users to write, edit, and collaborate on documents. The ap-
plication boasts several collaborative features such as: document
sharing, concurrent editing, online chat, and comments. It allows
both asynchronous and synchronous collaboration between users
in a single document. Asynchronous because user do not have to
be working at the same time frame to write the document, and
synchronous because it allows real time functions such as concur-
rent editing, and the chat features. Another example and from the
similar suite, Google Sheets [13] is a proprietary online spreadsheet
application which allows users to create, edit, and collaborate on
spreadsheets. The application also boasts the same collaborative
features as [12] and can also accommodate both asynchronous and
synchronous collaboration. The two applications are for general
use; it can be used for timetabling processes. However, timetabling
requires a tailored application to fully capture its needs and intrica-
cies, for example a feature for scheduling wherein the application
can check for redundancies and errors. Thus, [12] and [13] cannot
fully function as a timetabling application. The collaborative fea-
tures of concurrent editing and messaging were used as inspiration
for ASSYSTX’s implementation especially on the communication
aspects of collaboration.

3 METHODOLOGY

The methodology follows the Design Research approach as seen
in the works of [5, 7, 8]. It follows a human-centric methodology
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where user needs are extracted and transformed into features that
are intended for the use-case concerned. These were derived from
formative studies that were later processed into needfinding arte-
facts that are used in the Prototype phases. This phase allows the
development of a prototype that is iterated and tested by the in-
tended users before actual deployment. More details are seen as
described in Fig 1.
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Figure 1: The research methodology for ASSYSTX. The first
phase (P1) dealt with understanding the stakeholders’ needs
and issues in the course scheduling and faculty load assign-
ment processes. The second phase (P2) used the data to be
gathered from the first to design and develop the existing
system. The third phase (P3) involved repeatedly testing and
validating the newly developed system with the stakehold-
ers.

3.1 Needfinding and User Research

As aformative study, Stakeholder interviews and timetabling demon-
stration comprise the first phase, as it follows the Interaction Design
process described in [9]. The purpose is to gain a better understand-
ing of the timetabling processes. The stakeholders involved are
the Academic Programming Officer (APO), who is in charge of
course scheduling, and the Department Chairs and Vice-Chairs, in
charge of faculty scheduling. Informed consent was secured before
conducting the interviews and demonstration. The interview was
done to extract insights and understand the pains and struggles
that hinder these key personnel from doing actual collaborative
work. Below are some of the following questions that were asked
during the interviews:

(1) How is course scheduling done? What are its difficulties?

(2) How is faculty load assignment done? What are its difficul-

ties?
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(3) How do you prioritize who should input data first when
collaborating?

(4) How do you communicate with the other stakeholders, i.e.
Chairs, Vice Chairs, APO, etc.?

(5) What are some features you would like to see in a timetabling
application?

Follow-up questions were also asked depending on the stakeholder’s
answers and roles. This is followed by a demonstration of the
timetabling process is performed by the involved stakeholder. While
in action, additional questions were also asked for clarity. Data col-
lated - interview answers and observations — were processed into
possible solutions to define the needs and issues of the stakeholders.
These were then proposed to the stakeholders with the goal of
garnering comments and suggestions. These were processed into
artefacts such as Personas, affinity diagrams, empathy maps and
scenario maps. This process was iterated until both stakeholders
and researchers were satisfied with the insights and initial designs
that will later on be used to develop the prototype.

3.2 Iterative Prototyping

We designed an initial prototype that follows the seven principles
summarizing the user-centered design process [15]. We came up
with different prototype mockups as possible solutions to present
to the stakeholders. The stakeholders also explored the previous
Arrowsmith system to provide suggestions for improvements in
line with the prototypes. Once we had finalized and agreed upon
the interface design, we proceeded to development. Getting the user
interface to be understandable and easy to use was a priority at this
phase. As such, we followed the interface and visual design princi-
ples of [11, 18, 20]. For interface validation, we used the heuristics
set by [17]. We developed a high-fidelity prototype that allowed the
stakeholders to interact with the system and perform timetabling
processes. The iterations were used to help in garnering feedback
about the prototype, if it was a usable, full-fledged application. We
had a total of at least three (3) iterations of development.

3.3 Iterative Usability Testing

We performed usability tests to determine the effectiveness of the
prototype; whether it is a usable and collaborative timetabling ap-
plication based on the usage of the key personnel involved. These
were conducted in an environment wherein audio and visual distur-
bances were at a minimum. The participants were the stakeholders,
the Academic Programming Officer (APO) and a Department Vice-
Chair. Consent forms were provided before the respective tests. Af-
ter they have given their consent, we oriented them with our goals
and their tasks for the tests. They were also encouraged to follow a
think-aloud protocol. This was done to allow the team to capture
their thought process throughout the course pre-enrolment process.
The stakeholders performed tasks depending on their actual roles
namely: course scheduling for the APO and faculty loading for
the Vice-Chair. The were asked to do these roles using the latest
ASSYSTX prototype. A total of three iterative testings were done
spanning multiple versions of the prototype.

The first iteration prototype focused on the gathering of feed-
back about the interface itself. This allowed the team to understand
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Table 1: Iteration 1 Tasks

No. | Task

T1 Find the place in the website where all the offerings
are listed

T2 Modify a course offering

T3 Add a new course offering

T4 Know where to find how to send concerns and

where to find received concerns

Table 2: Iteration 2 Tasks

No. Task

T1 Modify course offering and check if changes made
by another role are saved.

T2 Deload a Faculty

T3 Raise concerns and receive concerns from another
role

T4 Track the changes made through revision history

Table 3: Post-Test Survey Scoring Scheme

Score Definition
4 Strongly Agree
3 Agree
2 Disagree
1 Strongly Disagree
Table 4: Iteration 3 Tasks
No. | Task
T1 Successfully create and modify a course across all
users
T2 Check if changes made by a user reflects to the other
user
T3 Raise concerns to the concerned user

T4 Track changes made by all users

the visual preferences and the arrangement of elements in the pro-
totype depending on the specific needs of the key personnel. This
UT was tested using the task completion test. The first prototype
was primarily designed to check if the system follows usability
heuristics for good user interfaces. This iteration also inquired on
how to improve the interaction design of the system. Some of the
completed tasks are represented through a scoring system of 1 -
3: Accomplished being the highest score (3), Accomplished but
with diculty (2) representing the middle score, and Failed (1) as the
lowest score. The tasks can be found in Table 1.

The second iteration of usability testing gave emphasis to the
functionality of the timetabling features of the system. The testing
done was not only to confirm if the system improved compared

redacted

Table 5: Iteration 3 Test Scoring Scheme

Score Definition

4 Accomplished Easily

3 Accomplished but with Confusion
2 Accomplished but Assisted

1 Accomplished by Mistake

0 Did not accomplish

Table 6: Criteria Used for Evaluating Collaboration

No. ‘ Task ‘ No. ‘ Task
Q1 ITam able to sharemy | Q12 | I am able to track
work with a person which person made
from a different role what changes quickly
Q2 I am able to see the | Q13 | I am able to raise
work of a person from concerns to a person
a different role from a different role
quickly
Q3 I am able to track | Q14 | I am able to receive
which person made concerns from a per-
what changes son from a different
role quickly
Q4 I am able to raise | Q15 | I can collaborate
concerns to a person with the other role
from a different role through the system
quickly
Q5 I am able to receive | Q16 | Iam able to share my
concerns from a per- work with a person
son from a different from a different role
role easily
Q6 I can collaborate with | Q17 | I am able to see the
the other role through work of a person
the system from a different role
easily
Q7 I can easily see the | Q18 | I am able to track
contents of the sys- which person made
tem what changes easily
Q8 Ican easily find what | Q19 | I am able to raise
I'm looking for in the concerns to a person
system from a different role
easily
Q9 Everything I need to | Q20 | I am able to receive
do my tasks are avail- concerns from a per-
able son from a different
role easily
Q10 | Iam abletosharemy | Q21 | I can collaborate
work with a person with the other role
from a different role through the system
quickly easily
Q11 | I am able to see the
work of a person
from a different role
quickly
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to the previous iteration, but also to validate its effectiveness with
the intent of further improving the over-all interaction design. In
this round of testing, the completion time it took to finish a task
was recorded. The metric followed the same scoring convention
as with the previous iteration. The tasks included in this round of
testing contained more use-cases than the previous iteration. These
are listed in Table 2. In order for us to further understand these
results, we administered a post-test mixed-method interview with
the key personnel who participated in the said testing. This allowed
us to further understand what the participant had experienced in
using the system features. We can see in Table 3, the results from
the evaluation with answers ranging from the scale of 1 - 4, with 1
(Strongly Disagree) being the lowest, and 4 (Strongly Agree) being
the highest. The questions for the survey can be found in Table 6.

The third iteration of testing focused on the discovering and mea-
suring collaboration between the different users and key personnel.
Both stakeholders were present in the same room and simultane-
ously used the latest version of the prototype. However, verbal
communication was discouraged. The test was designed to validate
if multiple users can accomplish their tasks successfully and collab-
oratively while being able to communicate within the messaging
feature of the system. The tasks of the participants for this iteration
are listed in Table 4. For this specic test, a 0 - 4 scoring scheme was
used. The corresponding denition of each score can be found in
Table 5. Similar to the previous iteration, a post-test survey was
also administered. The questions are similar to the previous testing,
as seen in Table 6, so that we can see if there are changes in the
answers of the participants.

Feedback gathered were both qualitative and quantitative data
in form. Insights came from interviews and audio-video record-
ings. The video recordings used includes a face camera to observe
the facial expressions of the testers and the screen-capture of the
system-interactions made by the testers during the test. Figure 2
shows a screenshot of the face camera of the Vice Chair tester along
with the screen-capture. Quantitative data was collected from the
Task Completion Test Scores and Post-Test Surveys that the users
were asked to answer after an iteration task test.

4 RESULTS AND FINDINGS

4.1 System Design

There are a total of six modules that were designed for ASSYSTX.
The Shared Work Space Module enables multiple users to use and
share the system with a graphical user interface. The module is
also responsible in creating the shared work space for the users to
collaborate with when performing their respective tasks such as
Faculty and Course Scheduling. The Offerings Management Module
handles all features relating to the maintaining the different course
offerings. The module handles creating a course offering; changing
its status; assigning a time slot, room, and faculty; and dissolving an
offering. Conflict resolution and rule violation checking when as-
signing a room or faculty are also implemented within this module.
Similar to the Offerings Management Module, the Profiles Manage-
ment Module handles all features for course and faculty profiles.
These profiles are used for creating a course offering. Thus, this
module is responsible for the creation and management of courses
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Table 7: Summarized Post-Test Survey Cluster Scores from
Iteration 2 - 3

Cluster 12 I3 u I13-12
Collaborative Features | 3.00 | 3.75 | 3.40 | 0.75
Accessibility 2.67 | 3.00 | 2.80 | 0.33
Speed 3.00 | 3.58 | 3.30 | 0.58
Ease of Use 3.00 | 3.67 | 3.30 | 0.67
Average 0.58

and faculty. Faculty deloading is also performed under this mod-
ule. The Concerns Management Module, meanwhile, is responsible
for raising and receiving concerns. This module ensures that the
concerns reach the target receiver. Users will be notified within
the system when they receive a concern. The Work Space History
Module is in-charge of auditing the changes made in the course
offerings list of the system. These logs are then relayed to the User
Interface Module for display in the work space. Lastly, the User Ac-
tivity Module tracks the user actions within the system. The module
records the course offering currently being modified, the user’s last
seen concern and change log. These are used for notifications and
help in inciting collaboration within the work space.

4.2 Usability Tests

During every iteration, we did a mixed method evaluation of the
system. Quantitative scores were collected and collated into a sum-
mary of scores, arranged per cluster. These can be found at Table
7. It can be observed from the table that the average rating per
cluster improves as the iterations go on. This can imply that there
are improvements in the user experience of the system. The Collab-
orative Features cluster improved the most, followed by the Speed
cluster, Ease of Use, and Accessibility. The increase in the Collabora-
tive Features cluster may be attributed to the improvements on the
collaborative features, especially the Concerns Management Module,
which had been made more easy to use since the last iteration. Im-
provements in the Work Space History Module can also be credited
for the increase.

In order to validate whether the rise in scores were significant
enough for each cluster, We performed hypothesis testing between
the two iterations’ scores. We computed the mean scores and stan-
dard deviations of the clusters for the second and third iterations.
The mean was taken to indicate what the average score of that
cluster was and the standard deviation was used to determine if the
distribution of the scores were consistent.

The following null and alternative hypotheses are:

e Hy - There is no significant difference between the mean
scores of Iteration 2 and 3 per cluster.

e H, - There is a significant difference between the mean
scores of Iteration 2 and 3 per cluster.

The sample size was identified through t-statistic, or total number
of questions, are less than 30. Lastly, the significance value will be
5% or 0.05. If the computed p-value is less than 0.05, then the null
hypothesis can be confidently rejected and accept the alternative
hypothesis. Three clusters, Collaborative Features, Speed, and Ease
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