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Assumptions concerning a software supporting the primary intramural teaching subsidy distribution at
a Wroclaw University of Science and Technology faculty compatible with a distribution algorithm are de-
scribed. Strategic goal, main problems, roles and operational tasks of this support are identified. Selected
business processes and system use cases are analyzed. Concepts as well as introductory system architecture
accommodating the necessity of the subsidy distribution algorithm updating are elaborated. Proposals im-
portant from the point of view of the dean’s financial assistant preparing analytical data concerning subsidy
distribution for the faculty provisional as well as final budged version are formulated.
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1. Introduction

At the beginning of 2017 significant changes in the rules for financing, basic units
of universities in Poland came into force. There has been a deep reorientation of the
basic distribution of the primary teaching subsidy (PTS). The algorithm positively as-
sesses the limitation of the scale of didactic activity (up to 13 students per full-time
teacher) and prefers the staff effectively raising funds for research and highly rated in
the categorization process. Changes were introduced “from day to day”, although PTS
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— remaining the main source of faculty’s revenues (compare [5, p. 80]) — in more than
90% is rigidly allocated for financing wages!

Rectors and deans of the faculties, for the first time for almost forty years, are forced
to analyse the real threats of exemptions for excess employees, generated by the rules
of earlier algorithms. When preparing different management scenarios, they should un-
derstand (identify and analyse) existing algorithms and use them in budget decisions.
This increases the complexity of the system of distribution of the primary intramural
teaching subsidy at the university faculty (PTSDS). A well-functioning computerized
system is a helpful tool in this situation.

According to historical practice, the Ministry’s authorities left the universities to
themselves in solving the problem of supporting the budgeting process of faculties with
the IT system. Naturally, apart from reporting supported by the POL-on ministerial sys-
tem. This is partly understandable due to the complexity of such an undertaking and the
need to analyze, among others, the following problems:

o the university and faculty subsidizing systems have the structure of a complex, heter-
ogeneous hierarchy; various algorithms can be applied within the university and its faculties,

e changes in algorithms at various levels of management are frequent’, extensive
and deep, and not always resulting from applicable law; it discourages rationalization
and automation of support processes, although the need to implement a flexible software
model that ensures the effectiveness of change is evident,

o the implementation by of unjustified or too frequent organizational restructuring
results in changes in the organizational structure that are not conducive to the necessary
standardization of management business processes of universities and departments
through IT.

The above considerations justify the purpose of this work which is to formulate the
assumptions of an effective IT system supporting the distribution of PTS in a faculty of
Wroctaw University of Science and Technology. This is an important undertaking, since
the division of this category of university revenues into individual unit’s budgets invar-
iably determines the effectiveness of their functioning in the basic process areas, such
as: didactics, research and organization, and management of a university [1].

2. The PTS distribution system at the Faculty

Wroctaw University of Science and Technology (WUoS&T) is one of the largest
universities in Poland, with almost 1800 scientific and didactic employees with at least
PhD degree, more than thirty thousand students studying at 16 faculties. In addition to

>The ministerial algorithm in the last 10 years has been changing on average every two years, and in
the period 2013-2017 was updated three times (cf. [2, 11]).



Software supporting the primary intramural teaching subsidy distribution 91

didactic activity on the market of academic universities, the chain of added value created
by it includes activities in the field of scientific research and organization and manage-
ment of the university. Particularly in the latter field, WUoS&T set the directions of
development, and introduces its own solutions. An example are IT systems supporting
university management, historical WASC and ASOS [3] and the currently implemented
EdukacjaCL and JSOS 2.0 [5]. These solutions did not include IT support for the PTS
allocation, both at the university level and at its faculties.

Regardless of the methodology used to design the system, it is a good practice to
perform a business analysis before making assumptions and specifying the needs of its
users (e.g., [8, 12]). The results of business analysis are such elements of business mo-
tivation (BMM) as: goals, roles, important processes, problems related to their imple-
mentation, and critical success factors.

Elements of business motivation for PTSDS at the WUoS&T Faculty. Since 2016,
the Faculty of Computer Science and Management at WUoS&T (FEWUS&T) has been
contributing to the achievement of 12 strategic goals® following the University’s mis-
sion. In connection with the subject of this work, the most important of them is the
objective No. 12. Increasing the University’s revenues from the Key Performance Indi-
cator (KPI) defined as the value of received subsidies [10]. It is achieved from a com-
plex process: Preparation, development and preparation of revenue sources for the de-
partment’s budget. PTS is the highest-value subsidy that determines the survival of
F8WUSKT. It is the only stable source of its revenues. In the years 20162017 with
large revenues for research activities, its share in the total revenues of FSWUS&T was
over 72%. The weight of its division is the main reason for the complexity of its service
system. Among other reasons one can indicate: the two-level nature of budgeting, the
extent of processes, the public availability of procedures and tasks, and the large number
of roles that supports them.

The following roles appear in PTSDS (Table 1): Dean of Faculty (DoF), Dean’s As-
sistant on Budgets (DAoB), Head of Department (HoD), Faculty Committee on Budgets
(FCoB), Faculty Council (FC), Chancellor’s Assistant on Budget (CAoB), Chancellor
(Ch), Senate Budget Committee (SBC), Senate (US), POL-on reporting system (POL-on)
and TETA budgeting system (TETA-B).

31. Increasing the level of correlation of the university activity with the needs of the market. 2. Improving
the quality of education through didactic interdisciplinarity. 3. Internationalization of the university. 4. Increas-
ing the level of entrepreneurship and involvement of students and doctoral students in research processes. 5.
Extending supplementary education offer. 6. Developing laboratories in the field of competency (priority)
specializations, advanced technologies with a recommendation for their accreditation. 7. Increasing academic
activity and raising the prestige of the university in the country and in the world. 8. Increasing the level of
commercialization and application of research. 9. Focusing on cooperation with the region. 10. Building prin-
ciples of cooperation based on partnership and mutual trust. 11. Improving the adaptability level of the organ-
ization and competence model. 12. Increasing the university revenues [10].
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Table 1. Significant business processes and roles that support them in the PTSDS system

PS Process Roles

01 Acquiring elementary budgetary data* in organizational units DAoB
about the state of resources included in the PTS distribution

02 | Analysis, verification and acceptance of acquired elementary data for PTS distribution D]?o (;B

03 | Records of accepted data in reporting systems DAoB

04 Formal verification of the results of aggregation procedures DAoB
for elementary reporting data for the distribution of PTS at a faculty level

05 Verification of results of aggregation procedures for elementary reporting data DAoB
for the distribution of PTS at a faculty level FCoB
Development of a budget provisional draft based on reporting data

06 . . DAoB
and budget implementation
Analysis of the provisional draft for the Faculty Council,

07 | . . L FCoB
its possible update and acceptance/rejection

08 Analysis of the provisional opinion of the FCoB by the Faculty Council, FC
its possible update and acceptance/rejection

09 Preparation and transmission of input data and parameters Ch
(including subsidy level) for the distribution of PTS for the faculty

10 Simulation analysis and preparation of the preliminary draft DAoB
of the distribution of the PTS reviewed to the Faculty Council

1 Developing, reviewing and agreeing data and parameters ];):(1):]’3
(including the subsidy level) for the distribution of PTS for the faculty units HoD
Analysis of the draft of the distribution of the PTS reviewed

12 o o FCoB
for the Faculty Council, its update and acceptance rejection

13 Analysis, update and acceptance/rejection of the Faculty Council’s FC
resolution on the faculty budget project (including the distribution of PTS)

14 Analysis and acceptance/rejection of the faculty budgetary resolution SBC
(including the distribution of the PTS)

15 Preparation, analysis, update and acceptance/rejection of the draft budget resolution SBC
(including the distribution of the PTS) into the University Senate

16 Analysis and acceptance/rejection of the draft budget resolution Us
(including the distribution of PTS) by the University Senate

17 | Records of budget data in reporting systems POL-on

18 | Migration of budget data to the operational accounting system TETA-B

Those roles support interconnected business processes dependent on data. Data is
created, analysed, controlled and accepted in various university organizational units. The
structure of these processes is hierarchical with cycles and can be mapped using a depend-
ency network. Table 1 lists the important processes identified in the PTSDS. Three main

“For instance, data on employment, student numbers, income and expenses, etc.
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knowledge processing phases can be identified in PTSDS: Report creation and record keep-
ing (processes 01-05), preparation of a provisional budget (processes 06—08), and carrying
out the distribution of PTS in the budgeting of faculties and universities (processes 09—18).

The main problems in the context of the functioning of the system. The main problem
is the lack of professional software supporting PTSDS when creating the faculty budget
and the University budget. At each level of PTSDS, processes are supported by home-
made autonomous solutions that use MS Excel spreadsheets. Elimination of this prob-
lem is a critical factor in increasing the efficiency of PTS distribution.

Due to the lack of professional IT support for the functioning of PTSDS, labour
intensity and time of execution increase, and, as a consequence, the necessary services
are omitted in the course of the processes described in Table 1. This is illustrated by the
following categories of problems:

o Difficulty or failure to perform the necessary control and integration procedures
(compare processes: 02, 04, 05, 12, 15, 17 and 18 in Table 1).

o Difficulty or failure to perform necessary analyses (processes 10 and 12 in Table 1).

e High costs of necessary analyses of what-if class in the context of the impact of
PTS division on fixed expenditure of units (especially remuneration, compare [2]).
Reku¢ and Szczurowski proposed a set of analyses in this scope [9]. This could be the
study of the dependence of the increase/decrease in PTS subsidies on the increase/de-
crease of the following factors: student and doctoral student cardinality, participation in
classes at ‘foreign’ faculties, cost of study programs, the number of employees and the
size of research grants and categorization evaluation of the unit.

e Lack of possibility to use data warehouse (OLAP analysis).

Another category of problems is generated by the restructuring of WUoS&T since
2014. Its effect is the increased complexity of PTSDS. The transition from the slender
institute structure to the flattened chair structure has contributed to the increase in the
number of roles involved in business processes. At every level of management, there
has been a significant deepening of the natural conflict of interests in the subsidy allo-
cation game between FSWUS&T units and between WUo0S&T faculties. The changes
in the PTS distribution algorithm have become important elements of this game. The
rules of this game can be simpler if the algorithm is the same at both levels of the uni-
versity management. And ideally in line with the ministry’s proposal.

3. Algorithm of the primary teaching subsidy distribution

The history of application in WUoS&T for a two-tier parametric subsidy model in
the faculties management system using algorithms of PTS distribution dates back to the
1980s. In this model, the first distribution takes place at the university level using the
UA (PTS) algorithm. Distributed funds augment to the budgets of the faculties. The
second distribution is carried out using the FA (PTS) algorithm, which divides the PTS
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subsidy between the faculty’s units. The discussion of the form of algorithms in the
period 2007-2017 includes, for example, works: [7, 2, 11].

By 2007, the formal forms of the UA (PTS) and FA (PTS) algorithms were almost
convergent and in line with the ministerial algorithm. After 2007, this compatibility
ceased to be the rule. Probably the university legislature did not keep up with the five-
-fold changes that took place at the level of the ministry between 2007-2017. Since
2014, the idea and formal formula of FA (PTS) has been completely different from the
UA formula (PTS)’. In connection with the topic of this paper, it is logical to adopt three
important conceptual assumptions. Firstly, the recent changes in the algorithm are so
deep that there will be a quick return to the use of the ministerial form of the algorithm
at both management levels of WUoS&T. As a consequence, the assumptions for the
PTSDS software with currently valid formulas for FA (PTS) are not derived. Secondly,
the analysis is based on the UA (PTS) algorithm, which is almost in line with the min-
isterial algorithm. It is therefore assumed that FA(PTS) = UA(PTS). In order to simplify
the analysis, after the work [11], a generalized form of this algorithm is assumed and on
its basis the assumptions for the software will be formulated. Thirdly, the most im-
portant is the assumption about the interchangeability of the form of the algorithm in
the proposed PTSDS software. The assumptions will be the result of analysis and gen-
eralization of the concept in earlier forms of the algorithm and will be presented graph-
ically as concepts of software domain ontology. Thanks to this approach, a software
architecture model will be created that increases the chance for effective updating of the
IT system, forced by changes to the PTS division algorithm.

Generalized form of the algorithm. In order to generalize the FA (PTS) algorithm
form, the results of the work [11], as well as the internal document [4], were used. Ac-
cording to the rules there, the PTS subsidy with the value of D; is divided for organiza-
tional units in accordance with the following formulas®
(1-¢)d

i,t-1

ford, , <(1-¢)d

i, t-1

L
=1

d; o
Dt[CtD_+(1_Ct)2(WjUZj’i’t)] (1)

t-1 J
for (1 - et)di, 1 S di,t <(1+e), di, -1
(1+e)d, ., ford, ,>(1+e)d

i, t=1

SDetailed characteristics are included elsewhere [9, 11].

The value of the subsidy to divide D; is reduced by the budget reserve. At the level of the ministry,
the budget reserve rate recorded in the act is 2%. At the university, there are no regulations, only custom
and calculation of indirect costs. Both at the level of the management board of WUoS&T and FSWUS&T,
the usual budget reserve rate is almost 30%.
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where,

D, — the subsidy to be actually distributed among the faculty units,

i — the number of the academic organizational unit (JO),

t — the year of the subsidy’s allocation, d;; — the subsidy granted to the i-th JO,

e; — tolerance of deviation d;; from d;;_1; (e201s = 0.03 in WU0S&T),

C; — constant transfer of subsidy from the previous year (in WUoS&T C»153 = 0.50),

UZ;;; — the share of i-ths JO in year ¢ according to j-th criterion (component), re-
spectively: the student-doctoral component (j = 1), the staff component (j = 2), the re-
search component (j = 3) and the internationalization component (j = 4),

w; — the weight of the j-th criterion of the unit's utility, L — the number of criteria for
JO (L =4), LJ — the number of JOs participating in the PTS distribution, K; — a collection
of courses offered by i-th JO, K; = {K\;, K2, ..., Kii},

[; — the number of courses offered by i-th JO,

Spi — a correction of the number of conversion students for i-th JO,

Ai;; — the number of conversion students for i-th JO for teaching in j-th JO in year ¢,

wi,;; — the number of students from j-th JO participating in the Kj; course (without
repetition of the course) in the year ¢,

gii — semester course size Kj; (h),

ksi; — cost-efficiency ratio of the course Kj;,

pi — conversion parameter for inter-faculty settlements (p; = 0,9).

In 2018, in line with Eq. 1, the subsidy di2o1si-th JO in 50% depends on subsidies
from the previous year, and in 50% on the value of its four-factor utility UZ;;201s. The
value of 50% of the C; parameter, as well as the other four parameters values in the
algorithm formulas (e;, wi, p; and k) are taken from the ministry and the university
regulations. Naturally, decision-makers may retreat from this assumption and adopt
their own parameter values, which, for example, would better divide the subsidy due to
the significant strategic goals of the university. An analysis (theoretical validation) and
estimation of the parameter values would be necessary. For example, simulation meth-
ods, ceteris paribus, can be used, including testing the sensitivity of a target variable
(d;,;) to one or more parameters. The use of classical empirical methods is unlikely here.
There is no reliable historical data, because of the high variability of the algorithm. In
the years 2013-2018, it changed many times, also as to the number and form of factors’
utility formulas (UZ;;;). It is also necessary to analyze the sensitivity of parameters de-
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scribing these factors. In addition, the analysis may cover more than 20 constants, oc-
curring in detailed calculation formulas UZ;;; used by the ministry. The decision-maker
at the university can, after all, consider these constants as parameters for the relationship
between the algorithm and the objectives of the university search. An example of the
“what-if” analysis results of the significant impact of the reference number of students
and doctoral students per academic teacher (M; = 13) on the value of the staff factor
(UZ,;;) includes the work [11].

The lack and the variability of empirical data significantly limits the possibility of
measuring four-factor utility from the point of view of the decision-maker distributing
the subsidy. However, thanks to the software structure proposed in this work with an
exchangeable subsidy distribution algorithm module, one can create data warehouses
(data marts) dedicated to the measurement and the usability analysis due to the im-
portant university strategic goals, operationalized by the KPI. Warehouse dimensions
will be historically occurring factors (concepts) — not just ministerial ones. On the other
hand, their attributes will be the describing variables contained in formulas. The flexi-
bility of storing the values of these variables will partly determine the usability capabil-
ity. The flexibility of storing the values of these variables will partly determine the us-
ability measurement possibility.

Equations (2) and (3) supplement the student-doctoral criterion of the ministerial
algorithm, for settlements between units for mutual teaching services. At WUoS&T,
they are called inter-faculty settlements. The usability components will be used to iden-
tify components in the proprietary PTSDS software architecture. Their domain scopes
will be defined in the form of concepts.

4. Concepts and preliminary proposals for PTSDS software

The basic assumptions for the PTSDS software architecture at WUoS&T will be
described in the PTSDS using case model and a set of concepts describing the subject
domain of the system software. The models (Fig. 1Fig. 4) are based on the generalized
structure of the algorithm which determines the natural boundaries of the components
of the proposed system architecture. After analyzing the processes, the components of
the list presented in Table 1, general assumptions about the environment of the system
supporting the distribution of subsidies and its functions can be formulated. This model
is shown in Fig. 1.

For this purpose, the case model was used, assuming that the system’s environment
are actors — the performers of certain processes from this table, and cases determining
the system functions necessary for actors to fulfil their roles in the processes of Table 1.
Eight main actors of the system and several other actors, who can use it directly or
indirectly are identified. In order to determine the cases of the system, the actor’s par-
ticipation in the process and the task the actor performs in the process was determined.
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As a consequence, 13 use cases are proposed. These cases are determined by the general
name. Their precise characterization would require identification of the domain — con-
ceptions, and the structure of the actor’s interaction with the system. Bearing in mind
the purpose of this work — formulating the assumptions of the flexible system for the
division of teaching subsidies - the concepts and structure of interaction should be for-
mulated in such a way that the mechanism of the system update can be clearly defined
when the subsidy division algorithm changes. The algorithm has undergone and can
undergo further change. However, there are usability components that are characteristic
of universities, which will always be a key part of this algorithm.

Primary Intramural Teaching Subsidy Distribution System
Accept
faculty input data Get, analyze and verify
~——1—_( and parameters necessary elementary budget data
for PTS distribution
Chancellor planning
Verify
results of the elementary
% Analyze and correct data aggregation on the faculty
L\ 2 faculty PTS distribution level
_— plan
Send
Senate accepted budget data to
Budget Analyze and correct the reporting systems
Committee a PTS distribution plan
/ Dean's
assistant on
e - Check budget
| . formally results of the
T~ Analyze a provisional elementary data aggregation
Faculty budget plan on the faculty level
Committee
on Budget
Analyze
and elaborate
a preliminary PTS
] Get budget data dll?stributio;y plan
POL-on
System Elaborate
Get budge{ data a provisional faculty Dean on
for booking budget Finance
/ Elaborate
faculty units data —
and parameters necessary ||
TETA-B for PTS distribution
System Head of
adepartment

Fig. 1. A preliminary case model of the PTS distribution support system
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In this context, based on the work [11], in Fig. 2a the basic classification of compo-
nents occurring in the 2016 algorithm is presented. An analysis of this classification
indicates that in each new version of the PTS distribution algorithm three key permanent
components will be mapped: Student-doctoral component, Staff component, and Re-
search component. That is why their main concepts are identified. A general, conceptual
model of the proposed three components is shown in Fig. 2b.

a
) Usefulness component
determining
the high school participation
in the primary subsidy

I

I |

Student: Staff sldf‘r ) Research Df.gnjt. Foreign
-doctoral availability confer rights exchange
component component
component component component component

b I =
) Faculty '—' B:it:‘vdcry |

Field Faculty
of study provides unit provides
teaching reseach
T staff’ LI staff
Student PhD Academic Re:jz;x;cih
student teacher proj
| IS |
supervises

Fig. 2. Conceptual components of the algorithm: a) from 2016 year,
b) general, chosen for the subsequent consideration

Figures 3 and 4 show the extension of the model from Fig. 2b to detailed concepts.
It was supplemented with three concepts: Faculty, Faculty unit, and Budgetary reserve
because they represent concepts that are particularly important for the algorithm under
consideration.

Fig. 3 shows the concept structure for the student and doctoral components. This
component has been extended with the notion related to the criterion of interdependence
of the unit and inter-faculty settlements (Eqgs. (2) and (3)). The concept of academic
teacher is related to the faculty concept through courses that are taught at various facul-
ties by various academic teachers.

Fig. 4 shows models for the components: Staff component and Research compo-
nent. One can consider the composition of these components because there is a close
relationship between the concept of academic teachers and research projects. Histori-
cally, however, both concepts were separated.
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Degree
of study

Faculty ‘
unit
Field of study
Programme
Field of;z‘; Academic PhD
of study Y run teacher super- student
course ises
? classes vises
Intramural - i
Student i e Intramural
nang PhDstudent
. N participant
student
Prepargl{)ry Non-scholar Scholar Bl
studies intramural intramural Ph d
participant PhDstudent || PhDstudent (D

Fig. 3. Conceptual model of the student-doctoral component algorithm

a)
Faculty
Faculty Faculty
unit
Academic ? ?
degree Faculty Research
Academic unit provides project
teacher reseach
Scientific staff
position ZF
[ | | Academic Domestic || International
Foreign academic External academic Own academic e rese?rch resegrch
teacher teacher teacher project project

Fig. 4. Conceptual model of the algorithm’s staff component (a) and research component (b)

University Budgeting

System

Faculty Research
System

Primary intramural teaching
subsidy distribution faculty
system

(—

il

Primary intramural
teaching subsidy
distribution algorithm

University HR
System

University Student
and Studies System

Faculty Doctoral |
System
Ministerial Reporting |
System

University Accounting
System

Fig. 5. The context of data exchange with other systems
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The models depicted in Figs. 1-4 include invariant components of the subsidy dis-
tribution algorithm, because they represent those variables that should always be taken
into account when making decisions on the distribution of subsidies between faculty
units.

The last important issue, merely signalled in this work, is the identification of the
layer of cooperating information systems. The PTSDS software, along with the PTS
division algorithm module, will exchange data with many faculty, university and min-
isterial systems (Fig. 5). The necessary services for this will be extracted in accordance
with the SOA paradigm (compare, for example [1]) with the scope of databases, gener-
ally defined in concepts for which necessary interfaces will be constructed.

5. Conclusion

The results of the performed analyses, despite their basic character, may have prac-
tical significance in modelling the software of the primary teaching subsidy distribution
system at a faculty of Wroctaw University of Science and Technology.

Within the scope of analyses and formulated models, the following important re-
search results can be highlighted:

e Generalization of the formula of the primary teaching subsidy distribution was
done.

e [t was justified that the interchangeability of algorithm (as a module in the soft-
ware) is crucial in the IT system; this is why the importance of the generalization of the
algorithm and the suggestion of its invariant elements were emphasized.

¢ From the algorithm, utility components characteristic of the University, which will
always be a key part of its formula, were extracted.

o Inter-faculty settlements concerning each university were accounted for in the sys-
tem software components.

e Merger of inter-faculty settlements with the student-doctoral component concept
was made.

While implementing the system, there may still be many problems that have not
been discussed in this paper, or have been described at a too basic level, e.g.:

o the problem of interaction with systems in the environment (university and min-
isterial),

¢ recognition of more detailed descriptions on the class attributes level,

o decide how the SOA mechanisms should be taken into account when designing
the system.

Summing up the performed research, it should be stated that the design and imple-
mentation of the system under consideration will not be part of simple ventures. The



Software supporting the primary intramural teaching subsidy distribution 101

main obstacle to overcome will be providing an easy system upgrade with the changing
algorithm of teaching subsidy distribution.
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