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APPLYING MENTAL MODELS TO MAKING CONTROLLED CRITICALLY SAFE
DECISIONS IN IT PROJECT MANAGEMENT

Over the past decades, numerous researchers and practitioners have focused on the use case modeling for
information technology project management. However, few studies have examined ways to improve the discovery phase of an
information technology project through modifying use case diagrams. In this work, a mental model approach is suggested to
integrate a visualization stage into the discovery phase by creating a conceptual mental model before constructing the use
case diagram. It has been established that designing a mental model by visualizing the end user’s needs improves the ability
of junior analysts to capture, analyze, and determine the user and functional requirements of information systems. Moreover,
junior business analysts can extrapolate from the workflow presented in the conceptual mental model to determine the
system’s actions to benefit the associated actor, which must appear in the use case diagram. The paper describes the design of
user precedents through a conceptual mental model. Altogether, the proposed approach’s effectiveness in capturing,
analyzing, and determining the requirements of information systems is measured in terms of accuracy, completeness, and
simplicity.

Keywords: information technology project, project management, discovery phase, use case diagram, mental model,
controlled critically safe decisions, business analysis

II.M. PAJIOK, T.K. CKPUITHUK, A.T. KAPJIEUVK

XMenbHUIBKUI HalliOHAILHUI YHIBEPCUTET

3ACTOCYBAHHS MEHTAJIbHUX MOJIEJIEM 10 IPUMHATTS KOHTPOJIbOBAHUX KPUTUYHO-
BE3INNEKOBUX PIIIEHb B YITIPABJIIHHI IT TIPOEKTAMMA

Ynpodoesx ocmanHix decamuaimb 6azamo 0ocaiOHUKIE ma npakmukie 30cepedicylomb c8010 y8azy HA MOOen8aHHI
npeyedeHmia 045 ynpasaiHHsi iHopMayiliHuMu mexHosoziamu. Bmim mano docaidxceHb po3easioaroms WASIXU 800CKOHA/EHHs Basu
8UsI8/IeHHSI NPOEKMY HpopmayiliHux mexHo102ill 3a donomozor diazpam npeyedenmis. Y yill po6omi nponoHyemuvcsl nidxid Ha ocHosi
MeHmaabHux modesell do ¢asu eusieneHHs] 8UMO2Z, WO NOsA2d€ 8 IHMezpysaHHi emany eisyanisayii 0451 noGydosu KopucmyeaybKux
diazpam. Cmpykmypy8aHHs MeHMaabHoi Modei 3 nozasidy Kopucmysauie nokpauwjye 3damuicme 6i3Hec-aHA/AIMuKig-noyamkieyie 04s
30XON/IeHHs, aHAAI3y ma BU3HA4eHHS (HYHKYIOHANbHUX euMoz IHpopmayilHux cucmem. Kpim mozo, aHanimuku Moscymbs
ekcmpanoireamu 3 po604020 npoyecy, no0aHo20 8 KOHYenmyaabHili MeHmaavHill mModeni, wob susHayumu 0Jii, iki Heo6Xi0HO euKOHamMu
cucmemor, wob ckopucmamucsi acoyitiosaHuM akmopom, I ye nosuHHo 3’sseumucsi 6 diazpami kKopnycy kKopucmysada. Y pobomi
062080pHOEMBCST 2inome3a cMpyKkmypy8aHHs: MeHmanavHoi modeai y euzas0i KoHyenmyaabHoi meHmaavbHoi modesi do 8U3HAYEHHS
PyHKYIoHAbHUX 8UMO2 3a JONOMO2010 Kopucmysaybkux diazpam. 3anponoHosaHull nioxio Ha 0cHO8I MeHManbHUX Modeell I'PyHMYeEMbCs
HA He3a/1eXCHUX Ma 3a/4eXCHUX 3MIHHUX. He3a/1excHo 3MIHHOW € Ki/IbKICMb 3aM08/1eHb 8i0 KJAIEHMI8; 600HOUAC 3AAeHCHUMU 3MIHHUMU €
3a2a/15HA AKICMb cUCMeMHUX PYHKYIOHANbHUX 8UMO2, IKICMb KOJXCHO20 8UNAJKY 8BUKOPUCMAHHS 8 MepMIiHAX npasuasHocmi ma nogHomu,
AKICMb nocuiaub i3 nozasdy npasuabHOCmi ma NnosHOMU, HAOAUWKOSI 38°A3KU a60 GUKOpUCMAHHS eunadkie. 3acmocyeaHHs
KOHYenmya/bHuUX MeHmMa/abHux modeiell Moice sukAukamu nesHi Hedoiku. Hanpukaad, HekopekmHe 8npo8adsiceHHss MEHMAabHOI Modeni
nid yac ¢asu eusieseHHs Moxce npusgecmu 00 npobaemu 8anidy8aHHs 3I6paHUX (PYHKYIOHANbHUX 8UMO2. 3az2aa0M, Ys npobaema
nooiAsiemuvCs Ha Yomupu 2pynu: 8UCHOB0K, 6HyMpIulHs nepegipka, du3aiiH ma 308HiWHS nepesipka.

Knatwouoei caoea: npoekm iHgopmayiliHux mexHo/02ill, ynpasaiHHs npoekmamu, asa eusieneHHs, diazpama npeyedeHmis,
MeHMaAbHAa Modenb, KOHMPOAbO8AHe KPUMUKO-6e3neKoee piuleHHsl, 6i3HeC-aHai3.

Problem statement

Within most information technology (IT) projects, discovering requirements for developing information
systems (IS) often rely on controlled critically safe decisions made by different stakeholders. As so, practitioners
utilize the Use Case Diagrams (UCDs) [1] to define functional system requirements to perform the robust discovery
phase. A sample of a UCD is presented in fig. 1.

The UCD has been considered a valuable and easy-to-use tool for representing and specifying various
project requirements within the business analysis (BA) community. In general, UCD comprises two components: 1)
a graphical diagram to model and represent customer requirements, and 2) use case descriptions to elaborate and
specify these requirements in detail.

The presented study aims to facilitate the discovery phase performed by junior BA practitioners. We
propose a novel approach based on mental models to improve UC diagrams while identifying, capturing, and
specifying functional system requirements.
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Fig. 1. A use case diagram for an IT project
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Analysis of recent research

Over the last decades, numerous studies have aimed to improve the quality of UC model outcomes through
comparison-based experiments. For instance, in [2], the authors enhanced UC descriptions by proposing advanced
guidelines to write good use cases, while [3] were focused on improving UC descriptions inspection checklists with
screen mockups. Another work [4] showed that using predefined templates allows designing a UCD easier to
comprehend and read comparing to guidelines without specific details.

Throughout its history, the IT domain has challenged the issue of interpreting and explaining computational
results. And to tackle this issue, mental models might be a feasible solution. The term “mental model” originates from the
fields of cognitive psychology and human-computer interaction (HCI) [5, 6]. In [7], authors argued that “a mental model
represents a person’s thought process for how something works, i.e., a person’s understanding of the surrounding world.”
For practical use, mental models require some physical representation, commonly verbal or spatial [8, 9]. For example, an
IS can be viewed as a conceptual mental model (CMM) — a diagram expressing the structure of an IS from the user’s
perspective. The model, in this case, is created in a controlled process according to the preset guidelines.

Another recent study [9] discussed the cognitive significance of visualization for software engineers for
whom an IT project perceives as a combination of various tasks; visualization allows covering all business
requirements as a whole. Thus, a CMM is a graphical representation of the user’s mental activity and behavior
within an IS. An example of a CMM is illustrated in fig. 2.
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Fig. 2. Definition of user’s work processes through a conceptual mental model. Bold rectangles in the scheme
depict the user interface, while ordinary rectangles define a screen or a function. User actions in the
information system are specified by arrows
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Based on the mental model approach, it is proposed to apply the user demands’ visualization at the
beginning of the discovery phase, which implies formalizing a CMM before designing a UCD. It should be noted
that both a CMM and UCD refer to similar components of an IS, such as actors, relations, functionality, etc.
Formalizing a mental model in terms of user needs can improve the ability of junior professionals to collect,
analyze, and define system requirements for information systems. In particular, junior business analysts can
extrapolate from the IS workflow presented in the CMM to determine system’s actions to benefit the associated
actor, which must appear in the further UCD. Finally, the visualization of user demands through a CMM provides
improvement in the accuracy, completeness and simplicity of the system requirements definition by inexperienced
practitioners.

Conceptual mental model

According to the literature review and practical observations, those junior professionals responsible for
collecting system requirements for the product who “imagine” the future IS’s functionality and its workflow in
terms of user demands during the discovery phase perform analysis and identification of actors and relationships
between them more effectively and better model these relationships under appropriate elements of UCD. Motivated
by this insight, an integrative approach is suggested to benefit the discovery phase while providing UC modeling.
The proposed approach is aimed to enhance the discovery phase by structuring the “imaginary” process to a formal
stage of visualization, which must be performed before creating a UC diagram. Therefore, team members within an
IT project must formalize a CMM based on external data collected from key stakeholders before the analysis and
definition of IS for a UCD. Fig. 3 depicts a scheme of the proposed approach implemented to an IT project.
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Fig. 3. A scheme of a discovery stage with a conceptual mental model before creating a use case diagram.

Our mental model approach also suggests quality criteria to evaluate the possible outcome of an examined
discovery phase. Based on a quality evaluation framework [11], three quality indicators were chosen: accuracy,
completeness, and simplicity. The accuracy indicator determines whether the model corresponds to the data
modeling methodology and is measured by the number of errors in the created model. Completeness is determined
by the number of user system requirements that are not present in the model. Simplicity determines the number of
subjects and relationships in the model, i.e., shows how simplified the model is.

The independent and dependent variables of the proposed approach are summarized below:

1. Independent variables: request to perform a task within an IT project.

2. Dependent variables:

a) the estimated quality of the defined user and functional requirements, scored from 0 to 60;

b) the estimated quality of each use case by accuracy and completeness: 0 — absent, 2 — incorrect, 4 —
correct;

c) the estimated quality of the defined connections between actors and use cases by accuracy and
completeness: 1 point is deducted from the final score if the connection is redundant, 2 points are subtracted from
the final score if the use case is redundant.

This section discusses the possible disadvantages of the proposed mental model approach. Incorrect results
of the cognitive model’s implementation to the discovery phase may manifest due to the validation of the collected
requirements. This problem can be divided into four components: conclusion, internal validation, design, and
external validation. Conclusion concerns the credibility of the inferences reached within the discovery phase.
Internal validation refers to factors that might affect the dependent variables. Construction refers to how mental
models are reflected in actual measures. Finally, external validation concerns the generalization of results, both to
the study of the population and to other settings.

Conclusion

The present study proposes a mental model approach which implies including a visualization stage before the
discovery phase for project assessment in the information technology domain. This approach aims to increase the
efficiency of junior business analysts and project managers in collecting, analyzing, and defining custom and functional
requirements for information system development. Applying mental models to the discovery stage will enhance the
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construction of user case diagrams by accuracy, completeness, and simplicity. Furthermore, future research needs to
examine more closely how to transform a set of conceptual mental model elements into a set of use case diagram
constructs.
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