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Abstract

Onboarding in software teams requires the simultaneous acquisition of technical, domain, 
and organisational knowledge, while the progress of new employees is often monitored 
through informal and “difficult-to-compare” assessments. This paper presents an integrated, 
metric-based model for recording and reviewing indicators specified in an onboarding plan 
and preliminarily examines its functional and computational feasibility using a software 
prototype. The research was conducted using the Design Science Research (DSR) approach, 
with the integrated model serving as the central research artefact incorporating selected 
planning and evaluation concepts from the previously developed OnMod model. The model 
integrates a conceptual domain model, a functional and structural specification based on 
the Unified Modeling Language (UML), and an operational model for measurement and 
score calculation. The prototype supports versioned onboarding plans, a hierarchical met-
ric tree, four measurement specifications, two additional recording methods, periodicity, 
normalisation, and fixed-weight aggregation. The contribution lies in defining the links 
between the plan version, measurement specifications, period-specific records, and hierar-
chically calculated results. Demonstration and preliminary evaluation were conducted in a 
controlled, simulated scenario with one expert participant in a small software company. The 
scenario simulated two weeks of onboarding. An additional sensitivity analysis examined 
the effects of changes in weights and selected inputs on the same metric tree. The analytical 
root node score is 0.829375. For the examined endpoint combinations of local weights 
modified by ±20%, with the weights of the children of each node renormalised to sum to 
1, the score ranges from 0.805012 to 0.857072. The preliminary evaluation shows that the 
specified measurement, recording, and score aggregation procedures can be executed in 
the prototype within a controlled scenario.

Keywords: software engineering; design science research; onboarding; software measurement; 
metric hierarchy

1. Introduction
1.1. Research Background

In organisational research, onboarding can generally be treated as a gradual process in 
which a new employee learns how to perform his or her role and becomes part of the social 
and organisational environment [1]. A meta-analysis of 70 independent samples identifies 
role clarity, self-efficacy, and social acceptance as key indicators of new employee adjustment 
and links them to job satisfaction, organisational commitment, work performance, and 
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intention to stay [1]. A bibliometric analysis of 452 publications shows that the research field 
is fragmented and that, in addition to traditional organisational socialisation, digital, virtual, 
and software engineering aspects of onboarding are increasingly being distinguished [2]. 
Onboarding, therefore, is not just an administrative orientation or a one-time training 
session, but a process that takes place over a period of time and includes learning, task 
performance, and integration into the work environment.

In software teams, onboarding has a pronounced sociotechnical character: the new 
employee simultaneously learns about the code base and architecture, development tools, 
product domain, workflow, and ways of collaborating within the company. The findings 
of Ju et al.’s research indicate that initial development tasks have a broader role than 
just contributing to software development, as they allow the new employee to gradually 
acquire knowledge, develop confidence in their own work, and integrate into the team 
environment [3]. Support for new employees is also associated with more successful 
onboarding, job satisfaction, and intention to stay in the organisation [4].

The way an employee is integrated also depends on the team structure and working 
conditions. In agile teams, a new employee is involved through formal and informal 
practices, interactions, and gradual participation in the project [5], while globally distributed 
and legacy projects introduce additional difficulties and steps due to scattered knowledge, 
domain specificity, and the complexity of existing systems [6]. In remote work conditions, 
the onboarding process additionally depends on the availability of communication channels, 
support from more experienced team members, and opportunities to establish professional 
and social connections, as shown in a survey of 267 developers [7]. Understanding existing 
software also depends on how information about the program is conveyed and related to 
the specific tasks of the new member [8].

Existing software support covers different parts of the process. Adaptive onboarding 
paths support the selection and reuse of content according to the experience, technical 
domain, and needs of the team [9], while visualisation of architecture, structure, and 
code evolution can facilitate the understanding of complex systems [10]. The results of a 
systematic review of 32 primary studies indicate that existing solutions most often support 
individual process aspects of onboarding, with recommender and web-based systems being 
among the most common approaches [11]. At the same time, some of the problems that new 
members encounter are still not covered by available software solutions [11]. Studies of small 
software companies further emphasise the importance of structured activities, mentoring 
support, knowledge sharing, and adaptation to the organisational context [12,13].

1.2. Research Gap
Existing research considers individual aspects of onboarding planning, new employee 

adaptation, software support, and measurement [9,11,14]. Collecting measures, deriving 
indicators, and using results for feedback are already covered by previous solutions [14]. 
The OnMod model integrates participants, resources, learning objectives, methods, tasks, an 
onboarding plan, evaluation, and feedback [15] as interconnected elements of the onboard-
ing process. These concepts and the plan adaptation cycle are inherited from OnMod. The 
problem addressed here is to define their application in a measurement system precisely: 
which plan version applies to a process, which inputs are admissible, which period a record 
belongs to, and which rules are used to derive its score.

The proposed artefact connects these elements through explicit domain relationships 
and processing constraints. Its contribution includes linking a process to a specific plan 
version, measurement configurations to records for individual periods, and those records 
to verifiable hierarchical results. The model operationalises selected OnMod concepts 
and represents the central research artefact, forming the conceptual basis of the software 

https://doi.org/10.3390/electronics15214979

https://doi.org/10.3390/electronics15214979


Electronics 2026, 15, 4979 3 of 39

prototype used for demonstration and preliminary evaluation. Planning, feedback, metric 
hierarchies, UML, normalisation, and weighted sums are established concepts and methods. 
The contribution is their integration into explicit rules for recording and reviewing indicators 
within an assigned onboarding plan. In this paper, progress refers to the results of those 
configured indicators and is interpreted within the objectives and assessment conditions of 
that plan. The model is intended to support structured onboarding progress monitoring in 
real organisational settings in the software industry.

Operationalising progress also requires a clear definition of the meaning and limitations 
of the results obtained. In the psychometric approach, the measurement of knowledge or 
competence is based on the development and validation of measurement instruments [16]. 
In the field of software measurement, the obtained values should be interpreted in relation 
to the specific property being measured and predefined rules of interpretation [17]. The 
Goal Question Metric (GQM) further emphasises that the choice of measures should be 
derived from clearly defined measurement objectives [18]. For this reason, progress in this 
paper is treated as a set of operational indicators that are defined in the context of a specific 
onboarding plan.

1.3. Aim, Contributions and Research Questions
The paper aims to develop and preliminarily evaluate an integrated DSR model for 

structured, metric-based monitoring within a versioned onboarding plan and to implement 
it in a software prototype. Its preliminary evaluation examines the execution of specified 
functional flows, agreement between prototype and manual calculations, and the initial 
understandability of the configuration and displayed results through a controlled simulated 
scenario with one expert participant.

The contributions of this paper include: (1) a conceptual domain model that links 
selected OnMod concepts to plan versions, metric nodes, measurement configurations, 
records, and calculated results; (2) a UML functional specification with execution rules and 
constraints for these relationships; (3) an operational model that includes four measurement 
specifications, two additional recording methods, measurement periodicity, normalisation, 
and fixed-weight aggregation; (4) an executable prototype that connects a specific ver-
sion of the onboarding plan, measurement records, and current calculated results; and 
(5) a preliminary evaluation of functional execution, computational agreement, and initial 
understandability in a controlled simulated scenario with one expert participant from a 
small software company. In addition, a reproducible sensitivity analysis of aggregation was 
conducted, metric-quality requirements were discussed, and a non-compensatory condition 
for critical metrics was defined.

The development and evaluation of the artefact were organised according to the prin-
ciples of the DSR approach and the Design Science Research Methodology (DSRM) pro-
cess [19,20]. The artefact was demonstrated and preliminarily evaluated in a controlled 
scenario that simulated a two-week onboarding period. The demonstration involved one 
software professional. A separate numerical analysis examines the same metric tree without 
running the prototype. These procedures provide evidence about the calculations and 
functional flows examined, together with initial expert feedback. The evaluation addresses 
these properties of the model and prototype, while the use of the resulting indicators to 
monitor actual employee progress requires assessment in real onboarding processes.

The following research questions (RQs) guide the study:
(RQ1): What domain concepts, relations, and constraints are needed to represent ver-

sioned onboarding plans and support metric-based progress tracking during the onboarding 
process in software teams?
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(RQ2): What functions and business rules are needed for the system to support the 
management of onboarding plans and their versions, definition of metric hierarchies, the 
recording of measurements, and the calculation and display of results?

(RQ3): How can heterogeneous and repeated measurements be normalised and hier-
archically aggregated into traceable onboarding progress results?

(RQ4): To what extent do the results generated by the software prototype correspond 
to the researcher’s separate manual calculation for the given input values?

(RQ5): To what extent does the software prototype implement the functional flows 
specified in the controlled simulated onboarding scenario?

(RQ6): How does an Onboarding Lead assess the initial practical understandability of 
the software prototype in a controlled and simulated onboarding scenario?

1.4. Paper Outline
The rest of the paper is organised as follows. Section 2 presents relevant research 

on onboarding in software teams, knowledge management, competency assessment, and 
software support for the onboarding process. The comparison in Section 2 distinguishes 
the existing functions of prior solutions from the contribution of this artefact. Section 3 
describes the research design, theoretical basis, and scope of the artefact, the iterative 
process of its design and development, and the design of the demonstration and prelim-
inary evaluation. Section 3 also specifies the relationship to OnMod. Section 4 presents 
the layers and integrated view of the conceptual domain model. Section 5 presents the 
functional specification of the system. Section 6 formalises the measurement specifications, 
recording methods, normalisation, periodicity, current record selection, and hierarchical 
aggregation of results. Sections 6.6–6.8 supplement these rules with the interpretation of 
aggregation, metric quality requirements, and a non-compensatory condition for critical 
metrics. Section 7 describes the prototype demonstration and the results of the preliminary 
evaluation. Section 7.8 presents numerical experiments using synthetic data. Section 8 
discusses the obtained results, contributions, practical implications, and limitations of the 
research, and Section 9 presents conclusions and directions for future research.

2. Related Work
Onboarding in software teams involves acquiring technical and domain knowledge, 

becoming familiar with work practices, and gradually integrating a new member into an 
existing team. Initial development tasks play a broader role than just assessing productivity, 
as they allow the new employee to gain knowledge through practical work, develop confi-
dence in their own abilities, and establish relationships with other team members. A study 
conducted at Microsoft shows that initial tasks can be assigned in different ways and that 
the choice of the appropriate strategy depends on the characteristics of the task, the work 
environment, and the needs of the new member [3]. Research on the evolution of project 
leader onboarding over a decade further indicates the importance of mentoring and guid-
ance in connecting formal training, independent learning, and experience gained through 
work [21]. Classification of task types according to team member roles can also serve as 
support for more systematic analysis and planning of work in software projects [22].

The need for adaptation is particularly pronounced in hybrid and distributed soft-
ware teams. Research on distributed software projects suggests that the integration of 
new members requires organisational support to help them become familiar with existing 
work practices and ways of working. In this process, the mentor plays an important role 
in guiding the new member, selecting appropriate tasks, and monitoring their integration 
into the team [23]. In a hybrid work environment, the social component of onboarding 
is of additional importance, that is, the way in which new software professionals estab-

https://doi.org/10.3390/electronics15214979

https://doi.org/10.3390/electronics15214979


Electronics 2026, 15, 4979 5 of 39

lish connections with colleagues and develop a sense of belonging to the team and the 
organisation [24].

The diverse backgrounds and needs of new hires have prompted the development 
of structured and adaptable onboarding paths. Azanza et al. propose an approach that 
allows existing onboarding content to be reused and adapted to different employee profiles, 
technical areas, and team needs [9]. Their solution organises available resources and 
categories into a hierarchical structure from which, by applying variability mechanisms, 
different onboarding paths can be formed. However, the focus of this approach is on the 
configuration and reuse of content, rather than on quantitatively determining the degree of 
achievement of goals and calculating overall progress. Another type of support is considered 
by Padoan et al., who analyse the use of visualisation of software architecture, structure, 
and code evolution as a tool that can facilitate the understanding of the existing system by 
new members [10].

The acquisition of knowledge during onboarding is also closely related to broader 
knowledge management practices in software organisations. In agile development, knowl-
edge is not transferred exclusively through formal documentation, but also through con-
tinuous communication, collaboration, iterative work, engineering practices, knowledge 
sharing, and application [25]. A significant part of this knowledge can remain implicit and 
is accessible primarily through interaction with more experienced team members. Fannoun 
and Kerins consider systematic recording of experiences and lessons learned as a means of 
supporting organisational learning and propose a software solution that can collect such 
content and later reuse it [26]. In an educational context, Ardimento et al. use data from the 
development environment and version control system to analyse the behaviour of novices 
and enable better informed feedback [27].

Some research considers the competencies and performance of software professionals 
from a broader perspective. A systematic review by Cunha et al. shows that the capabilities 
of individuals and teams in agile development are described through multiple groups of 
characteristics, including technical, social, personal and innovative aspects, and various 
direct and indirect indicators are used to assess them [28]. The diversity of approaches 
used also indicates that there is no single measurement model that would be equally 
applicable to all software roles and organisational contexts. The assessment of competency 
gaps can, for example, combine the expected level of competence with self-assessment and 
assessments of other participants, as was applied in a multi-organisational study of software 
employees [29].

Metric-based software solutions have also been applied in performance analysis during 
software development. Raza et al. developed the ProcessPAIR system that combines process 
and product measures with an expert-defined performance model to identify potential prob-
lems and patterns in work [14]. This approach shows that directly collected measures can 
be further processed into derived indicators and used as a basis for feedback. The collection 
of multiple measures, derivation of indicators, and use of results for feedback are therefore 
already present in previous solutions. ProcessPAIR, however, was developed primarily for 
performance analysis within the Personal Software Process approach in an educational 
environment, and not for defining and periodically monitoring learning objectives during 
the onboarding process. Reszka et al. propose a different approach to software project 
monitoring, based on linking structural, semantic, and temporal characteristics of data 
extracted from a software repository [30]. Here, these established principles are applied to 
onboarding plan versions and period-specific assessment records.

Table 1 presents the functions described in selected prior studies and the operational 
additions developed in this research.
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Table 1. Functions of selected prior solutions and the focus of the proposed artefact.

Prior Work Functions Already 
Covered

Focus of the Proposed 
Artefact

OnMod [15]

Participants, learning 
objectives, tasks, planning, 
evaluation, and adaptation 
based on feedback

Executable links between the 
plan version, measurement 
configurations, records, and 
calculated results

Onboarding paths [9]
Configuration and 
adaptation of onboarding 
paths

The assigned plan version 
defines the context for 
measurement and calculation 
in individual periods

Software 
visualisation [10]

Visual support for software 
comprehension during 
onboarding

The metric tree displays 
calculated results and 
measurement statuses

ProcessPAIR [14]

Linking software measures, 
deriving performance 
indicators, and providing 
feedback

Measurement specifications 
and current-period records are 
linked to the onboarding plan 
version

Repository 
monitoring [30]

Linking software project 
data for monitoring

Onboarding indicators retain 
the context of the input and 
the rules for its interpretation

Compared with the planning and feedback relationships defined in OnMod [15], the 
proposed artefact specifies an executable measurement system with elementary metric 
nodes, aggregation nodes, and a root score. Each elementary node has a measurement 
configuration, while its records retain the assigned plan version and measurement period. 
The contribution is the integration of these links with rules for admissible inputs, record 
selection, normalisation, and recursive aggregation. This enables a displayed score to be 
traced to the configuration and records that produced it, supports inspection of individual 
requirements, and preserves the interpretation of existing records when a later plan version 
is created.

3. Materials and Methods
This section presents the research design, theoretical basis, development procedure, 

and preliminary evaluation, together with the validity limitations and ethical considerations 
relevant to interpreting the findings.

The research builds on the OnMod model [15] by operationalising selected model 
concepts in an executable measurement system. The system links a hierarchical metric 
structure to versioned onboarding plans, period-specific measurement records, and explicit 
calculation rules.

3.1. Research Design
This study follows the DSR approach, in which artefacts are developed and evaluated 

to address relevant practical problems. Artefact development is grounded in an identified 
problem and existing knowledge, while the quality and contribution of the proposed 
solution are supported by appropriate evaluation [19].

The DSR literature recognises constructs, models, methods, and instantiations as types 
of artefacts [19,31]. Within this type of taxonomy, the integrated model for metric-based 
onboarding progress monitoring is defined as the central DSR artefact of this study, while 
the software prototype serves as its executable instantiation.

In this paper, the integrated model comprises a conceptual domain model, a UML 
specification, and an operational model for measurement and result calculation. The 
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conceptual model defines the relevant concepts, their interrelationships and constraints. 
The UML specification describes the functions and structure of the solution, while the 
operational model defines the rules for recording, normalising, and aggregating data. The 
software prototype implements these model components in executable form and is used to 
examine the execution of the specified rules in a controlled scenario.

DSRM was used to organise the research process. According to Peffers et al. [20], DSRM 
includes six interrelated activities: (1) problem identification and motivation, (2) definition 
of solution goals, (3) design and development, (4) demonstration, (5) evaluation, and 
(6) communication of results. This process framework does not imply that all activities 
must be carried out once or in a strictly fixed order [20]. The iterative nature of the process is 
particularly important in the field of software engineering (SE), because the implementation 
and validation of the solution can lead to a better understanding of the initial problem and 
further improvement of the artefact [32,33]. The results of the evaluation may indicate the 
need to change the requirements, model, or implementation, which is why evaluation is not 
viewed solely as a final check, but also as a source of feedback during development [34].

The application of DSRM in this research is shown in Figure 1. In the problem identifi-
cation phase, the lack of an operational mechanism to monitor the implementation of the 
onboarding plan through explicitly defined, measurable, and verifiable data was consid-
ered. Based on the identified problem, solution goals and requirements were defined that 
determine what the artefact should represent, record, calculate, and make traceable.

In the Design and Development phase, the artefact components described above were 
developed. Use case diagrams show the actors, system boundaries, and functional goals. 
Class models formalise domain concepts through the system structure, while the measure-
ment model defines the method of processing data collected in the prototype.

The calculations were checked against the researcher’s manual calculation, and selected 
functions were checked by executing them in the scenario. The understandability of the 
prototype was examined through feedback from the participant who had previously con-
figured that scenario. The results of these checks were used to further improve the model, 
defined rules, and user interface. The iterative return to the Design and Development phase 
is shown in Figure 1.

RQ1–RQ3 are addressed through the domain, functional, and measurement models in 
Sections 4–6. RQ4-RQ6 are examined through computational comparison, functional checks, 
and expert feedback in Section 7. The sensitivity analysis in Section 7.8 complements RQ3.

3.2. Theoretical Basis and Artefact Scope
The domain starting point of the proposed artefact is the OnMod model, in which 

onboarding is described as an iterative process based on interconnected roles, resources, 
learning objectives, methods, tasks, evaluation, and feedback [15]. Within this model, the 
onboarding plan connects learning objectives with initial tasks or projects and planned 
evaluation points, thereby structuring the content, sequence, and method of checking the 
onboarding activity [15]. The evaluation results can serve as a basis for changing the 
objectives, applied methods, and subsequent versions of the onboarding plan, which gives 
the process an iterative character [15].

The artefact includes the concepts necessary to define and version a specific onboarding 
plan, associate it with a position and onboarding process, and organise the plan structure 
in a tree format containing aggregation and elementary metric nodes. Such a structure 
allows for recording repeated measurements and calculating progress results. Changes 
to the plan structure or measurement rules are implemented by creating a new working 
version. An already running onboarding process remains associated with the plan version 
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assigned to it at launch, so that subsequent changes do not affect its structure, measurement 
configuration, or the meaning of already saved measurement records.

Figure 1. Application of DSRM to artefact development and evaluation (based on [20]).

OnMod model concepts that are not necessary for the listed functions are not presented 
as independent elements of the prototype. Therefore, the software prototype does not 
represent a complete implementation of the OnMod model but rather operationalises the 
selected part of the model that is relevant for metric-based monitoring of progress during 
onboarding. Feedback is supported in the prototype through the display of measurement 
results and statuses that can serve as a basis for making decisions when creating the next 
version of the plan.

Newcomer adjustment comprises several distinct dimensions. Bauer et al. examine 
role clarity, self-efficacy, and social acceptance in relation to subsequent organisational 
outcomes [1]. Their more recent review also considers task mastery and the organisational 
context of adjustment [35]. These dimensions cannot be inferred from a single overall 
score. In software teams, development tasks can provide evidence relevant to technical 
learning [3,36], but task completion alone does not establish independent understanding, 
transfer of knowledge to another task, or integration into the team. In this paper, knowledge 
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acquisition is not viewed as a directly measured psychological or psychometric construct. 
Instead, progress is operationalised through observable outcomes and assessments linked to 
specific onboarding goals. Psychometric measurement of constructs involves the use of sys-
tematically developed and validated instruments, as well as an examination of their relevant 
measurement properties [16]. Psychometric validation was not conducted. Task completion, 
error counts, rubric-based ratings, Likert-type ratings, and manual assessments are used as 
operational inputs whose measurement properties remain to be examined empirically.

Technical, domain, and organisational learning require different forms of evidence. 
Reviewing a completed solution and the explanation of the decisions made can inform the 
assessment of task mastery. Performing a similar task with less assistance can inform the 
assessment of independence. Task difficulty and mentor support must be taken into account. 
Domain learning requires evidence of understanding business rules and workflows, while 
knowledge-sharing practices provide a context for learning within the team [6,25]. These 
examples justify the need for separate assessment dimensions.

Role clarity concerns the understanding of responsibilities and expectations. The sim-
ulated task-clarity item used in the demonstration covers only part of this dimension. Social 
acceptance requires data on belonging to the team and access to support from colleagues, 
which the technical scenario does not measure. Completing a technical task therefore 
cannot serve as a measure of the entire adjustment process. Reviews of competencies also 
distinguish technical, social, and personal capabilities [28]. The metric tree allows these 
dimensions to be configured separately, but the example does not cover all of them.

Following the principles of goal-oriented measurement [18], the plan should link an 
assessment objective to a question, an observable indicator, and a rule for its interpretation. 
For example, application programming interface (API) implementation can be assessed 
by reviewing solution correctness, code structure, validation, and testing against rubric 
criteria. The number of completed tasks provides different evidence and is therefore in-
terpreted separately. The hierarchy links indicators to plan objectives, while the weighted 
sum provides a combined representation. Weights represent the priorities specified dur-
ing plan configuration, under the assumption of acceptable compensation discussed in 
Sections 6.5–6.8.

A clear delimitation of the meaning of the obtained results is important because mea-
surement involves not only the technical assignment of numerical values to observations, 
but also the precise determination of the property being measured and the rules by which 
the obtained values are interpreted [17]. To maintain traceability, the prototype associates a 
specific onboarding process and elementary metric node with the corresponding measure-
ment specification, period, raw and normalised value, recording time, and user account 
that entered the data. In this way, the calculated result can be linked to the records and 
configuration on the basis of which it was obtained.

Compared with OnMod, this paper defines the structure and execution rules of a hier-
archical metric system that connects onboarding objectives to elementary measurements 
and derived aggregation scores. Learning objectives and tasks are represented by config-
urable metric nodes and their measurement specifications. Aggregation nodes organise 
those metrics into assessment dimensions, and the root node combines their results for 
the assigned plan version. Evaluation is operationalised through period-specific records, 
normalisation, measurement statuses, and recursive aggregation. Access to individual 
results supports feedback and the configuration of the next plan version. The domain 
model, UML use case diagrams, business constraints, and mathematical expressions specify 
these relationships and their execution.
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3.3. Artefact Design and Development Procedure
The starting point for development is the artefact framework defined in Section 3.2. In 

the following steps, a conceptual model, a UML specification, and an operational measure-
ment model were developed, which were then implemented in a software prototype. This 
way of organising work puts into practice the Design and Development activities within 
the DSRM framework, which include defining functionality and architecture, as well as 
creating the artefact itself [20].

Figure 2 shows the listed steps and the feedback loops used during their refinement. 
Returning to the previous step allowed for the correction of observed deficiencies. In cases 
where a discrepancy was identified, requiring correction of basic concepts, their mutual 
relationships, or defined constraints, the conceptual model was also reconsidered. Engström 
et al. distinguish contributions related to understanding the problem, designing the solution, 
and its verification in software engineering [32].

Figure 2. Iterative artefact development procedure.
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In the first step, the selected concepts of the OnMod model and the established bound-
aries were mapped into a conceptual domain model. It defined the relevant entities, their 
mutual relations, cardinalities, and constraints in the areas of organisational context, plan-
ning, onboarding plan versioning, configuration and recording of measurements, and 
calculation of results.

In the second step, the domain concepts and identified system responsibilities were 
specified in UML models. Use case diagrams depict the system actors, system boundaries, 
and functional goals, while conceptual class diagrams formalise the static domain structure. 
Class models that connect domain entities, application services, computational logic, and 
the persistence layer are also used during implementation. Business rules are further 
defined in the accompanying text and a formal measurement model. UML notation is used 
in accordance with the UML 2.5.1 specification [37].

In the third step, an operational model for measurement and calculation of results 
was developed. For elementary metric nodes, measurement types, allowed ranges of input 
values, interpretation direction, measurement periodicity, and normalisation rules were 
determined, while aggregation rules were determined for higher levels of the tree. The 
source values are stored separately from the derived normalised results, thus enabling 
tracking of the calculation process. The prototype does not display a single percentage 
of measurement coverage, but displays a Measured, Missing, or Overdue status for each 
required measurement.

In the fourth step, a multi-layer software prototype was developed in which the con-
cepts of the conceptual model are represented in the form of corresponding domain entities. 
Application services implement business rules and calculations; the data storage layer 
ensures the storage of configurations and measurement records, while the user interface 
enables the execution of the intended functions of this system.

Development was not conducted as a strictly one-way process. Inconsistencies iden-
tified during UML specification, measurement model development, or implementation 
were used as a basis for going back to previous steps and correcting concepts, constraints, 
or rules, which is presented with feedback loops in Figure 2. This alternation of design, 
implementation, and verification of solutions is consistent with the iterative nature of DSR 
in software engineering [32].

Traceability is maintained by associating domain concepts with use case model ele-
ments and prototype entities, functional requirements with application services and busi-
ness rules, and mathematical expressions with implemented computational logic. In soft-
ware development, traceability is based on establishing and maintaining links between 
artefacts created in different phases of development, including requirements, models, code, 
and tests [38].

3.4. Demonstration and Preliminary Evaluation Design in a Software Company
After the development of the artefact, a demonstration and preliminary evaluation of 

the software prototype were conducted. In the DSRM framework, a demonstration serves 
to show the application of the developed artefact in the context of a defined problem, while 
an evaluation examines the extent to which the achieved results correspond to the solution 
objectives [20]. In this work, a scenario-based demonstration and preliminary evaluation 
in a controlled setting were conducted. Such an approach is in line with the concept of 
artificial evaluation in the Framework for Evaluation in Design Science (FEDS), where the 
artefact is examined in controlled or simulated conditions using predefined criteria [39].

The demonstration scenario represented a two-week onboarding period for a Full-Stack 
.NET Developer position. The demonstration involved a software professional employed 
by Company A, who held the roles of Team Lead and Full-Stack .NET Developer at his 
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workplace. In the prototype, the participant assumed the role of Onboarding Lead and 
configured a simulated onboarding process for a representative employee in a selected 
position. The scenario included data for two measurement periods and a development 
task that included the user interface, API, business rules, persistence, and implementation 
validation. The choice of this task was based on findings indicating that initial development 
tasks during onboarding can play a role in technical learning, gradual development of 
autonomy, and inclusion of the new developer in the team [3,36].

The participant, acting in the role of Onboarding Lead, configured the onboarding 
plan, metric tree, metric weights, measurement periodicity, and configurations. In the 
prototype, each measurement configuration is represented by a MeasurementPolicy entity 
and one corresponding specification of type MeasurementSpecification. For the purposes of 
demonstration, numeric, binary, Likert-type, and rubric-based measurement specifications 
were used in this paper, as well as two additional recording methods: manual score entry 
and completion recording. The scenario metrics and weights were configured by this 
participant for the selected position and demonstration tasks. They serve as a specific 
configuration for evaluating the model, rather than a validated competency framework.

A rubric-based measurement specification was used to define and describe the as-
sessment criteria in advance. A rubric may support a more consistent application of these 
criteria, but its use alone does not establish the validity of the assessment or ensure the 
agreement between raters [40].

The task-clarity Likert-type item (M7) used in the scenario addressed the clarity of the 
task and the next steps. The value entered for this item was part of a simulated scenario 
and did not represent the participant’s personal assessment of their experience during the 
onboarding process. This item was included as an operational example of a clarity-related 
measurement. This choice was motivated by research that considered role clarity an aspect 
of new employee adjustment [1].

After configuring the plan, the participant ran a simulated scenario representing a 
two-week onboarding process. Data corresponding to the first and second periods were 
entered into the prototype, after which the prototype calculated the results. The participant 
then reviewed the results in the metric tree and the statuses of the required measurements.

The flow of the demonstration is shown in Figure 3, while the specific metrics, input 
values, and normalised and aggregated results are presented in Section 7.

Figure 3. Workflow of the simulated two-week demonstration and preliminary evaluation.
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Sensitivity analysis was conducted on the computational model of the tree in Section 7.2 
using the synthetic inputs and baseline aggregation calculations reported in Section 7.4. The 
researchers retained the tree structure and elementary scores while changing the weight 
configuration. In the first experiment, each of the 13 local weights was multiplied by a factor 
of 0.90 or 1.10; in the second, by a factor of 0.80 or 1.20. For each combination, the modified 
weight of a child was divided by the sum of the modified weights of all children of the 
same parent, so that their weights again summed to 1. In each experiment, all 213 = 8192
endpoint combinations of factors were examined, and the tree score was recalculated for 
each combination. Weight changes of ±10% and ±20% define the configurations examined. 
Additional analysis examined equal weights for the children of each node, a change in the 
M7 rating from 4 to 3, and separate omission of the M2 and M3 records from the current 
period while retaining their weights.

For each configuration, the researchers compared the hierarchical calculation with the 
sum of the elementary scores multiplied by the effective weights defined in Section 6.6. The 
minimum and maximum scores and deviations from the baseline score were calculated. This 
procedure examines the sensitivity of the composite indicator to the specified changes in 
configuration and inputs [41]. The article presents the baseline data, the weight modification 
rule, the number of combinations examined, and the results.

3.5. Validity Considerations
The validity of the research was considered in relation to the design and scope of 

the DSR artefact evaluation. In the DSR approach, the evaluation should provide a basis 
for assessing the quality and applicability of the developed artefact in relation to the set 
goals and not be limited to confirming that the solution was technically implemented [19]. 
In this research, the evaluation had a formative role, as it was aimed at checking the 
implemented functions and computational consistency, and identifying opportunities for 
further improvement of the prototype [39].

The evaluation was conducted in a software company in Serbia using synthetic values 
in a scenario simulating two weeks of onboarding. This type of verification corresponds 
to the evaluation in controlled conditions that FEDS distinguishes from evaluation in real-
world conditions [39]. The same participant configured the plan, executed the functional 
flows, and assessed the prototype. This dual role may lead to a more favourable assessment 
of his own configuration and confirmation bias. Independent expert raters and actual new 
employees were not included.

Construct validity indicates the extent to which the selected procedures and measures 
correspond to the theoretical constructs being examined in the research [42,43]. This 
paper examines the connection between research questions, domain concepts, metrics, 
calculation rules, and the functionality of the prototype itself. Traceability from input data 
to calculated values was established. The validity of the selected metrics for assessing 
knowledge, competencies, role clarity, and newcomer adjustment was not examined. They 
were used as operational indicators for evaluating the artefact. Numerical labels and 
normalisation to a common interval do not establish that the indicators measure the same 
construct or that differences between adjacent ratings have the same meaning. These 
limitations are discussed in Section 6.

The accuracy of the calculation was checked by comparing the results obtained in the 
prototype with a manual calculation for the same input values. The manual calculation was 
performed by the researcher separately from the prototype calculation; independence here 
refers to the calculation procedure, not to an external evaluator. The check included the 
tree structure and metric weights, four measurement specifications, two additional ways 
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of recording results, normalisation rules, selection of the current record, aggregation of 
results, and handling of missing records.

The evaluation is limited to one participant, one position, one organisation, and one 
simulated two-week scenario. The scenario did not involve actual new employees or obser-
vations of their progress during onboarding. The results therefore support initial functional 
and computational feasibility for the scenario examined. The relevance of the displayed 
indicators to actual employee progress and their usefulness in assessment and feedback 
remain to be evaluated in practice. The applicability of the solution in other organisational 
contexts further depends on the choice of metrics, their weights, measurement periodicity, 
and rules for interpreting the results.

3.6. Ethical Considerations
An employee from Company A who works as a Team Lead and Full-Stack .NET 

Developer participated in the preliminary evaluation. He used the prototype in the role of 
Onboarding Lead, through a simulated scenario for the selected position. The evaluation 
was aimed at checking the functionality of the software prototype, the correctness of the 
calculations, and its initial understandability.

Before the start of the research, the protocol was approved by the Ethics Committee 
of the Technical Faculty “Mihajlo Pupin” in Zrenjanin, University of Novi Sad. The par-
ticipant signed an informed consent form after being informed about the purpose of the 
research, the evaluation procedure, the method of data use, and confidentiality protection 
measures. Participation was voluntary, with the possibility of withdrawal without negative 
consequences, in accordance with the ethical principles for empirical research in software 
engineering [44].

Prototype records and notes taken during the interview were used to assess the func-
tioning and understandability of the prototype. The company is referred to in the paper by 
the pseudonym “Company A”, and the identities of the participant, company, clients, or 
specific projects are not mentioned.

4. Conceptual Domain Model
This section presents a conceptual domain model of a system for tracking progress 

during onboarding using metrics. The model answers RQ1 by defining key concepts, their 
interrelationships, and constraints that are needed to describe the organisational context, 
onboarding plan, metric tree, measurement configuration, measurement record, and derived 
results. The starting point is the part of the OnMod model related to planning, evaluation, 
and feedback [15].

For better readability, the conceptual model is presented in four interconnected layers, 
after which it is presented as an integrated whole in Section 4.5. The first layer defines 
the organisational context and the participants. The second layer includes the onboarding 
plan, its versioning, and the hierarchy of metrics. The third layer defines measurement 
and measurement recording. The fourth layer connects the measurement records with 
the current calculated results, the recording of process extensions, and reporting. UML 
notation is applied in accordance with the UML 2.5.1 specification [37].

4.1. Organisational and Role Layer
The Organisational and Role Layer includes the main concepts used to represent the 

participants and their responsibilities in the onboarding process. As shown in Figure 4, 
Employee represents the general concept of an employee, while NewEmployee and Onboard-
ingLead are its specialisations. NewEmployee represents the employee whose progress 
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is monitored, while OnboardingLead represents the person responsible for organising, 
monitoring, and guiding that employee’s onboarding.

Figure 4. Organisational context and roles.

The generalisation indicates that both specialisations belong to the common Employee 
concept. Those roles are not necessarily permanent, so the same employee may have differ-
ent responsibilities in different onboarding processes. Each OnboardingProcess involves 
exactly one NewEmployee and is led by exactly one OnboardingLead. A NewEmployee 
may participate in multiple processes over time, while an OnboardingLead may lead multi-
ple processes.

Each NewEmployee is assigned to one Position, while a Position may be associated 
with multiple new employees. The selected position provides the organisational context for 
proposing the appropriate onboarding plan version.

4.2. Onboarding Planning and Metric Hierarchy Layer
Figure 5 shows the extension of the Organisational and Role Layer with concepts for 

defining and versioning plans and forming a hierarchy of metrics. The elements marked in 
light blue belong to the previously presented organisational layer, while the orange elements 
represent concepts introduced in the Onboarding Planning and Metric Hierarchy Layer. The 
concepts Employee, NewEmployee, OnboardingLead, Position, and OnboardingProcess 
are retained to show the organisational context in which the plan is used.

The central concept of the new layer is the OnboardingPlanVersion, which defines the 
purpose and general organisation of the goals and metrics applied during onboarding. An 
Onboarding Lead can configure and manage multiple onboarding plan versions.

Versioning enables controlled changes to the plan structure. When the metric hierarchy 
or other plan rules need to change, a new OnboardingPlanVersion is created with Draft 
status by cloning the previous version. It can then be edited without changing processes 
that use the previous version.

In the conceptual model, an OnboardingPlan can have one or more versions of the 
plan. Separating the plan from its versions allows for controlled changes to its structure. 
An OnboardingPlan represents the stable identity and purpose of the plan, while a plan 
version represents its specific structure that is valid at a particular point in time. Separating 
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the plan from its version allows new configurations to be introduced without changing the 
meaning of records already collected.

Figure 5. Plan versioning and metric hierarchy.

A Position can have at most one default onboarding plan version, i.e., one specific 
OnboardingPlan record in the prototype, while the same version can be the default for 
multiple positions. This type of connection allows the system to suggest the appropriate 
version when starting the process, based on the NewEmployee’s position.

Each OnboardingProcess uses exactly one specific version of the onboarding plan. 
Creating a new version therefore does not change the structure of the processes that are 
already associated with the previous version.

Each plan version defines a metric tree with a starting node, i.e., the root node. A 
MetricNode represents a general element of a recursive hierarchy. An internal MetricNode 
that has child nodes has the semantic role of MetricAggregationNode, while a leaf node 
without child nodes has the role of ElementaryMetricNode. The starting node is also of type 
MetricAggregationNode and aggregates metrics for the entire onboarding plan. These roles 
are determined by the structural constraints of the conceptual model. Direct measurement 
and measurement configuration are only allowed for nodes of type ElementaryMetricNode.

All nodes in the MetricAggregationNode role apply the same weighted-sum rule with 
fixed weights. The weight is stored on each immediate child of the MetricNode; it must be 
positive, and the sum of the weights of each parent’s children must be 1. This constraint 
is checked before a plan version is moved from Draft to Ready. Weights remain fixed for 
the plan version assigned to a process. Revised weights can be configured in a new plan 
version without changing processes already linked to the previous version.

Each metric definition belongs to one MetricCategory. A category can contain multiple 
definitions and serves to group metrics according to the area to which they refer.

4.3. Measurement Configuration and Recording Layer
Figure 6 shows an extension of the previously defined conceptual model with the 

Measurement Configuration and Recording Layer. The elements marked in blue represent 
concepts introduced in the previous layers, while the orange ones are the concepts that 
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define the way measurements are conducted and the results are recorded. With this type 
of extension, the hierarchical structure of the onboarding plan moves from a descriptive 
model to an operational structure that can be used to systematically monitor the onboard-
ing process.

Figure 6. Measurement configuration and recording.

The central link in Figure 6 connects the plan hierarchy to the measurement configura-
tion. The ElementaryMetricNode is the leaf node where the direct measurement is recorded 
and has a single conceptual MeasurementConfiguration. In the prototype, this configuration 
is represented by a single MeasurementPolicy object and a single MeasurementSpecification. 
The MetricAggregationNode does not have a direct measurement configuration, as its result 
is derived through fixed-weight aggregation of its immediate child nodes.

The MeasurementConfiguration concept defines how measurement data are collected 
and interpreted for an ElementaryMetricNode: the periodicity and the description of 
the procedure belong to the MeasurementPolicy, while the type, interpretation direction, 
and input parameters belong to the specific MeasurementSpecification. Separating the 
catalogue definition of Metric from this configuration allows for the reuse of the same metric 
in different versions of plans, with different operationalisations.

Each conceptual MeasurementConfiguration includes one MeasurementSpecification. 
The abstract specification has four supported forms: NumericSpecification, BinarySpecifica-
tion, LikertSpecification, and RubricSpecification. The specification defines the structure of 
the input data and the normalisation procedure, while the manual score and completion 
record are additional ways to create a MeasurementRecord.

InstrumentItem represents a single item of a multi-item Likert or rubric instrument. 
RubricLevelDescriptor defines the meaning of the assessment level and supports more 
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consistent interpretation of responses. The conceptual MeasurementAnswer, implemented 
in the prototype as MeasurementRecordAnswer, associates a measurement record with a 
response to a specific item.

The result of the measurement is recorded using the MeasurementRecord entity. Each 
MeasurementRecord is associated with one OnboardingProcess entity and one Elemen-
taryMetricNode entity. One OnboardingProcess can contain multiple MeasurementRecord 
records, while separate records can be formed for the same ElementaryMetricNode in 
different periods or different onboarding processes. The prototype allows at most one 
MeasurementRecord for the same ElementaryMetricNode and the same period within one 
OnboardingProcess.

Each MeasurementRecord is recorded by the OnboardingLead responsible for the asso-
ciated OnboardingProcess. An OnboardingLead may record multiple MeasurementRecord 
entities, while each MeasurementRecord is recorded by exactly one OnboardingLead.

4.4. Analytical and Reporting Layer
Figure 7 shows the extension of the conceptual domain model with the Analytical 

and Reporting Layer. The elements marked in blue belong to the Organisational and Role 
Layer, Onboarding Planning and Metric Hierarchy Layer, and Measurement Configuration 
and Recording Layer, while the concepts marked in orange relate to calculating results, 
recording process extensions, and forming report views.

Figure 7. Result calculation and reporting.
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The central analytical concept is represented by the ComputedNodeScore entity. Each 
such score is related to one OnboardingProcess and one MetricNode, so a process can have 
a current computed score for each relevant node. In the prototype, ComputedNodeScore 
represents the most recently saved computed value and the time of calculation. The period 
index is stored in the MeasurementRecord, so this entity is not interpreted as a complete 
history of scores across periods.

The result of an elementary metric node is determined based on the recorded mea-
surement in the current period, while the result of an aggregation node is obtained as the 
weighted sum of the results of its immediate child nodes. During recursive traversal of 
the metric tree, the results are propagated from the elementary metric nodes to the parent 
metric aggregation nodes. The result of the root node summarises the configured metric 
results for the plan version assigned to that process.

ProcessExtension records a change to the planned completion date of an Onboard-
ingProcess. A process may have multiple such records, thereby preserving the history 
of changes to its planned completion date. Each extension is approved by exactly one 
OnboardingLead, while an OnboardingLead may approve multiple extensions.

The onboarding report brings together basic process data, the plan version used, the 
overall result of the process, the results of individual metric nodes, and the measurement 
statuses. It provides the final presentation of information that was produced by configuring 
the plan, entering records, and calculating results in the previous parts of the model.

4.5. Integrated Conceptual Domain Model
Figure 8 integrates the four layers of the conceptual domain model described in the 

previous subsections.
The Organisational and Role Layer comprises Employee, NewEmployee, Onboard-

ingLead, Position, and OnboardingProcess. This layer defines the participants in the process, 
their responsibilities and the organisational context of a specific onboarding process. Posi-
tion provides the basis for proposing an appropriate onboarding plan version.

The Onboarding Planning and Metric Hierarchy Layer of the model introduces the 
onboarding plan, its versions, and the metric tree. The plan version defines a specific 
hierarchy consisting of a root node, metric aggregation nodes, and elementary metric nodes. 
The nodes organise and aggregate the results, while the elementary metric nodes connect 
the plan structure to the definitions from the metric catalogue.

The Measurement Configuration and Recording Layer of the model operationalises 
elementary metric nodes with measurement periodicity and specifications. Instruments and 
their items define the structure of the collected data. MeasurementRecord links a recorded 
value to the associated OnboardingProcess, MetricNode, measurement period, and the 
OnboardingLead who recorded it. A MeasurementRecordAnswer links an individual 
response to its corresponding MeasurementRecord.

The Analytical and Reporting Layer uses recorded measurements and the associated 
MetricTree to calculate the current score for each MetricNode and the overall score for 
an OnboardingProcess. The calculated results are presented in the application, while 
ProcessExtension records store changes to the planned completion date, the reason for each 
extension, the score at the time of the extension and the OnboardingLead who approved it.

The operational additions to the OnMod concepts [15] represented in Figure 8 are: 
(1) plan versions associated with individual onboarding processes, preserving their mea-
surement context; (2) a metric tree with a root node, aggregation nodes, elementary metric 
nodes, and constrained local weights; (3) measurement configurations and specifications 
attached to elementary nodes, including instrument items and rubric-level descriptions; 
(4) raw measurement records linked to a process, metric node, period, recording time, and 
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recording user; (5) explicit normalisation, interpretation direction, current-record selection, 
and recursive aggregation producing current node scores alongside Measured, Missing, and 
Overdue statuses; and (6) process-extension records and reports linked to the same process 
and its calculated results. Together, these additions define how the selected planning and 
evaluation concepts are executed and how each result can be checked against its inputs.

 

Figure 8. Integrated view of the four layers of the conceptual domain model.
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5. Functional Specification Based on the Conceptual Domain Model
The conceptual model from Section 4 defines the static domain structure but does 

not itself specify the functional goals of the users and the boundaries of the system’s 
responsibilities. Therefore, the proposed artefact functionalities are specified by use case 
diagrams. They show the actors, the system boundary, and the functions required to manage 
the metric catalogue, positions, employee accounts, onboarding plans, and the execution of 
the onboarding process.

Functional requirements are derived from the conceptual model, defined roles, and 
business rules of the onboarding process. The following subsections first provide a sys-
tem overview and then elaborate on administrative functions, plan and metric hierarchy 
management, and process execution with measurement recording and result display.

The model distinguishes two primary actors: the Onboarding Lead and the employee. 
The Onboarding Lead prepares draft plans, initiates their validation and transition to 
Ready status, manages the metric catalogue, employee positions and accounts, initiates and 
manages onboarding processes, records measurements, and reviews results. Authorisation 
is contextual: an employee can only access the process associated with their own user 
account, while the Onboarding Lead accesses functions in accordance with their role and 
responsibility for the process.

5.1. System-Level Use Case Overview
An overview of the system is shown in Figure 9. The Onboarding Lead accomplishes 

six main goals: managing the metric catalogue, managing positions, managing employee 
accounts, managing onboarding plans, initiating the onboarding process, and leading the 
onboarding process. Leading the onboarding process includes reviewing details, recording 
measurements, reviewing progress, changing status, extending the process, and displaying 
results. The employee uses a limited view to access their own process and progress.

 

Figure 9. System overview of use cases.

This overview diagram serves as a navigation map for the functional specification. 
It does not repeat each operation but rather groups them into functional units that are 
presented in detail.
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5.2. Metric Catalogue, Positions, and Employee Accounts
Figure 10 shows the administrative functions that provide the reference data needed 

to initiate the onboarding process. Managing the metric catalogue includes creating and 
editing categories and metrics, as well as activating or deactivating them.

Figure 10. Management of metrics, positions, and user accounts.

Position management includes creating and editing a position, changing its active status, 
and assigning a default version of the onboarding plan. The default version represents 
the initial suggestion when starting the process, while the finally selected OnboardingPlan 
record is stored in the specific onboarding process.

NewEmployee account management includes creating an employee account and profile, 
linking the profile to a position, activating or deactivating access, and resetting the password.

5.3. Onboarding Plan Management
Figure 11 shows the life cycle of an onboarding plan. The Onboarding Lead can create 

a plan, edit a draft version, view the tree, create a new version, and archive the plan. The 
plan structure is edited by adding, editing, and removing nodes and assigning weights to 
immediate child nodes.

The measurement configuration applies only to elementary metric nodes. It includes 
the choice of periodicity and the corresponding numeric, binary, Likert, or rubric specifi-
cation. Manual score entry and completion recording are treated as additional methods 
for creating measurement records, while the four measurement specifications listed are 
preconfigured in the plan version.

Moving a plan version from Draft to Ready requires validation. Validation checks 
whether the defined hierarchy of metrics forms a valid metric tree and whether every node, 
except the root, is connected to the appropriate metric. Each elementary metric node must 
have a fully defined MeasurementPolicy configuration and a corresponding specification 
of type MeasurementSpecification and cannot have child nodes. The weights must have 
positive values, and the sum of the weights of the immediately subordinate nodes of each 
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parent node must be equal to 1. Only after successful validation can a version with Ready 
status be used to start a new process.

Figure 11. Plan and metric tree management.

5.4. Onboarding Process, Measurements and Result Presentation
Figure 12 shows the execution part of the system. Starting the process requires selecting 

an employee, selecting a version in the Ready status, and defining a start date and a planned 
end date. If the employee’s position has a default version, the system may suggest it, but 
the Onboarding Lead may select another suitable version in the Ready status.

Once the process is initiated, the Onboarding Lead accesses the process details, records 
measurements, reviews progress, updates status, and, when warranted, extends the planned 
process period. The general use case Record Measurement has six specialised flows: four 
specifications, namely numeric, binary, Likert, and rubric measurement, and two additional 
recording methods, namely manual score and completion record. Each entry is checked 
for access, process state, elementary metric node configuration, period, and allowed value 
domain before normalisation and storage.

The progress display initiates the calculation or loading of the current results by 
the nodes of the hierarchy. The display combines process identity, plan version, total 
result, result tree, and measurement statuses, and for elementary metric nodes it shows the 
comment and measurement recording time.

The employee can only view their own process, progress, and available results. In the 
current prototype, they do not change the plan, record measurements, or manage the status 
of the process.
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Figure 12. Process execution, measurement recording, and result display.

6. Operational Measurement and Scoring Model
This section formalises the procedure by which measurement records are normalised, 

arranged into periods, and aggregated through a metric tree. The rules for normalisation, 
period-specific record selection, and weighted aggregation correspond to the implemented 
prototype. Section 6.6 explains effective weights, Section 6.7 discusses indicator and rating 
quality, and Section 6.8 defines a non-compensatory extension for critical requirements. 
Local weights, normalised elementary scores, and illustrative thresholds are reported to 
two decimal places. Effective weights use four decimal places, while aggregated scores, 
sensitivity ranges, and differences in aggregated scores use six. Raw ratings and counts 
retain their original scales, and calculations use unrounded values.

6.1. Normalisation of Heterogeneous Measurement Records
For the elementary metric node 𝑖, let 𝑥𝑖 be the raw measurement value, and let 𝐿𝑖 and 

𝑈𝑖 be the lower and upper bounds of the configured domain where 𝐿𝑖 < 𝑈𝑖. The value 𝑏𝑖
denotes the normalised value on the interval [0, 1], and 𝑠𝑖 denotes the result after applying 
the metric direction. The notation 𝑘𝑖 (𝑡) denotes the index of the period containing time 𝑡.

6.2. Normalisation and Recording Methods
6.2.1. Numeric Measurements

A numeric entry is accepted only if the condition 𝐿𝑖 ≤ 𝑥𝑖 ≤ 𝑈𝑖 holds. Otherwise, the 
entry is rejected. The accepted value is normalised using Equation (1):

𝑏𝑖(𝑥𝑖) =
𝑥𝑖 − 𝐿𝑖
𝑈𝑖 − 𝐿𝑖

(1)

The direction of the metric determines the final interpretation of the normalised value. 
For HigherBetter, the result is equal to the normalised value, while for LowerBetter its 
direction is reversed using Equation (2):

𝑠𝑖(𝑥𝑖) =
{


𝑏𝑖(𝑥𝑖), HigherBetter

1 − 𝑏𝑖(𝑥𝑖), LowerBetter
(2)
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After applying the direction interpretation, a higher score indicates a more favourable 
value of the metric, regardless of whether the number of completed tasks or the number of 
errors is monitored. The original value remains saved in the measurement record.

6.2.2. Binary Measurements
A binary measurement has a value 𝑥 ∈ {0, 1}. The same interpretation direction 

applies as for a numeric measurement. The completion record is a way of recording a 
predefined binary outcome, not a separate measurement specification.

6.2.3. Likert-Type and Rubric-Based Measurements
In Likert and rubric instruments, 𝑥𝑖𝑗 denotes the response to item 𝑗 of the elementary 

metric node 𝑖, 𝛼𝑖𝑗  denotes its weight, and 𝑚𝑖 denotes the number of items. If the weights are 
configured, they are all positive and sum to 1. If they are not configured, 𝛼𝑖𝑗 = 1 is set and 
the arithmetic mean is obtained. The raw mean 𝑟𝑖 and its normalisation are determined by 
Equation (3), after which the direction from Equation (2) is applied:

𝑟𝑖 =
∑𝑚𝑖

𝑗=1 𝛼𝑖𝑗𝑥𝑖𝑗

∑𝑚𝑖
𝑗=1 𝛼𝑖𝑗

𝑏𝑖(𝑟𝑖) =
𝑟𝑖 − 𝐿𝑖
𝑈𝑖 − 𝐿𝑖

(3)

Each response records the rating for a Likert-type item or the level assigned to a 
rubric criterion. A multi-item instrument is used in this paper as the operational input 
of the prototype. Calculating averages and linearly normalising ratings assume equal 
intervals between adjacent levels. This assumption has not been empirically examined for 
the instruments used in the demonstration. Individual responses and level descriptions are 
therefore retained as a basis for interpreting the aggregated score.

6.2.4. Manual Score and Completion Record
Manual score entry and completion recording are additional recording methods. In 

manual entry, the user in the Onboarding Lead role enters a normalised value 𝑠 ∈ [0, 1], 
with a mandatory justification, while the system stores the user’s identifier (ID) and the time 
of entry. A completion record uses a predefined positive binary outcome and justification 
to confirm the completion of the activity.

6.3. Measurement Periodicity and Record Selection
The period is determined relative to the process start date 𝑡0. For an elementary metric 

node 𝑖, the current period index 𝑘𝑖(𝑡) depends on the configured periodicity. The timestamp 
measuredAt determines the period to which the record belongs, while the current time t 
determines the period for which the result is displayed:

𝑘𝑖(𝑡) =

{


0, Once

𝑑(𝑡0, 𝑡), Daily

[ 𝑑(𝑡0,𝑡)
7 ], Weekly

12[year(𝑡) − year(𝑡0)] + month(𝑡) − month(𝑡0), Monthly

(4)

For a one-time measurement, the period index is 0. For daily and weekly periodicity, 
the number of whole days from the start of the process is used, and for monthly periodicity, 
the calendar difference in years and months is used. For the current display, the record 
from the current period is used, while earlier records remain available in the entry history. 
The status is Measured when a current record exists for the current period; otherwise, it is 
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Missing or Overdue when the record does not exist, depending on the current period and 
the planned duration of the process.

6.4. Hierarchical Score Aggregation
For the elementary metric node 𝑖, the system searches for a record belonging to the 

current period 𝑘𝑖(𝑡). The record selected for the current period is used for the elementary 
metric node. The result of the node is the value derived from that record after normalisation 
and application of the interpretation direction. If a matching record does not exist, 0 is 
used in the calculation. The zero in this case represents the calculation rule for the missing 
record, not the employee’s recorded rating.

𝑆𝑖 (𝑡) = 𝑠𝑖 (𝑡), If a record exists for 𝑘𝑖(𝑡)

𝑆𝑖 (𝑡) = 0, otherwise
(5)

For an aggregation node 𝑔 with a set of immediate child nodes 𝐶ℎ(𝑔), the result is 
calculated as the weighted sum of their results. The weights of the immediate child nodes 
are positive, sum to 1, and the total result of the process is equal to the result of the root node:

𝑆𝑔(𝑡) = ∑𝑗∈𝐶ℎ(𝑔) 𝑊𝑗|𝑔𝑆𝑗(𝑡)

𝑊𝑗|𝑔 > 0, ∑𝑗∈𝐶ℎ(𝑔) 𝑊𝑗|𝑔 = 1

𝑆total(𝑡) = 𝑆root(𝑡)

(6)

Aggregation is applied recursively from the elementary metric nodes to the root node. 
A missing record thus affects the result with a value of 0, while the status of the elementary 
metric node remains visible for separate interpretation.

6.5. Result Presentation and Interpretation
The results view in the prototype includes basic data about the onboarding process, the 

total score, and the results tree. For each elementary metric node, the metric name, status, 
normalised score, comment, and measurement time are displayed. MeasurementRecord 
stores the identifier of the UserAccount that recorded the measurement.

Weighted aggregation is compensatory, meaning that if one node’s score is high, it can 
offset the low score of another node. Applying this rule assumes acceptable compensation 
between the requirements of the specific plan. For this reason, the overall score is interpreted 
together with the scores and statuses of the individual elementary metric nodes. The Missing 
and Overdue statuses remain visible even when the missing record contributes 0 to the 
calculation.

6.6. Effective Weights and Interpretation of Compensation
The effective weight of an elementary metric equals the product of the local weights 

along the path from the root node to that metric. The overall score can therefore also be 
calculated as the sum of the elementary scores multiplied by their effective weights. For 
the tree in Section 7.2, in the order M1-M9 in Section 7.3, the effective weights are 0.0900, 
0.1100, 0.1800, 0.1200, 0.1375, 0.1125, 0.0750, 0.1000 and 0.0750. They sum to 1. With the 
configuration unchanged, a change of Δ in one elementary score changes the overall score 
by the product of its effective weight and Δ. Equal local weights do not necessarily produce 
equal effective weights: the influence of an elementary metric also depends on its position 
in the tree.

Additive aggregation allows compensation between the included dimensions [41]. Its 
use requires a justification of which plan requirements may be offset by results for other 
requirements. The completion record and overall manual assessment in the demonstration 
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may partly cover work already assessed using technical rubrics. Such overlap may include 
the same evidence more than once in the sum and should therefore be checked when 
selecting indicators and weights. Record availability is considered separately from the 
recorded score, because a missing record makes a zero contribution under the existing 
aggregation rule.

6.7. Metric Quality and Rating Reliability
For each metric, the assessment objective should be linked to the evidence collected 

and the interpretation rule [16,18]. The specification should state the unit or response-level 
descriptions, task conditions, permitted assistance, measurement time, and rater. A content 
review determines whether the indicators cover the relevant requirements of the position 
and whether any indicators are redundant. For example, the number of completed tasks 
depends on their difficulty, the number of corrections depends on the scope of the code 
review, and completion confirmation depends on the assistance received. Normalisation 
to [0, 1] enables a common calculation, while the appropriateness of these indicators for 
assessing learning and competencies is examined separately.

Manual and rubric-based ratings are susceptible to excessive leniency or severity, halo 
effects, and differences in the interpretation of criteria. The rationale for a rating and the 
identity of the rater allow the record to be reviewed, but do not eliminate these sources of 
bias. Clear level descriptions, examples of assessed work, and rater preparation can improve 
consistency in applying a rubric [40]. Calibration would involve independently rating the 
same work, discussing disagreements, refining unclear descriptions, and repeating the 
assessment. The rubrics were not calibrated in the evaluation presented.

The study did not collect a set of employee work samples independently assessed by 
multiple raters or repeated measurements for estimating test–retest reliability. Consequently, 
statistics for inter-rater agreement and scale reliability were not calculated. Examining these 
properties requires appropriate empirical measurements and a procedure selected according 
to the scale type and intended use of the results. If a multi-item scale is used to measure a 
single psychological construct, its dimensionality and other measurement properties must 
also be examined [16].

The metric tree combines operational indicators for different plan objectives. Its nodes 
are not interchangeable items of a single psychometric scale. The internal consistency of 
an individual instrument, where applicable, is therefore examined separately from the 
justification of the overall indicator. For the overall indicator the coverage of objectives, 
indicator selection, weights, and permitted compensation must be justified.

6.8. A Non-Compensatory Condition for Critical Metrics
Compensation may be inappropriate when a metric represents a mandatory require-

ment, such as a minimum security criterion or a task that must be completed before inde-
pendent work. For such requirements, a model extension is proposed: when defining a plan 
version, a set of critical elementary metrics 𝐾 is selected, and each is assigned a minimum 
acceptable normalised score 𝜏𝑖 ∈ [0, 1], with both endpoints included. The selection of 
metrics and minimum scores is justified by the requirements of the position and remains 
unchanged during a process associated with that plan version. For metric 𝑖, 𝑅𝑖(𝑝, 𝑡) denotes 
the selected current-period record, and 𝑠𝑖(𝑝, 𝑡) its normalised score after applying the direc-
tion of interpretation. If no record exists, 𝑅𝑖(𝑝, 𝑡) = ∅. The binary condition 𝐺(𝑝, 𝑡) equals 1 
when every critical metric has such a record and a score of at least 𝜏𝑖, and 0 otherwise, as 
defined in Equation (7).

𝐺(𝑝, 𝑡) = 1 ⟺ (∀𝑖 ∈ 𝐾)(𝑅𝑖(𝑝, 𝑡) ≠ ∅ ∧ 𝑠𝑖(𝑝, 𝑡) ≥ 𝜏𝑖) (7)
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If no critical metric is selected in the plan version, K is empty and the condition 𝐺(𝑝, 𝑡)
is considered satisfied. When a critical metric record is missing, the condition is not satisfied 
because of insufficient evidence. When a record exists but the score is below the minimum, 
the condition is not satisfied because of the recorded score. The rule distinguishes these two 
cases. The weighted sum continues to be calculated using the existing rule. In the proposed 
extension, meeting the completion criteria requires both reaching the overall threshold and 
satisfying 𝐺(𝑝, 𝑡); the Onboarding Lead makes the final decision. In an illustrative example, 
an average API rating for M3 of 1.75 on a 1–4 rubric produces a normalised score of 0.25. If 
all other scores equal 1.00, the weights in Section 7.2 produce an overall score of 0.865000. 
This reaches the illustrative overall threshold of 0.80, but does not reach the API minimum 
of 0.60. The example illustrates how a mandatory requirement is checked independently of 
the overall sum.

The extension is defined at the model level. Applying it in the prototype requires 
adding configuration for critical metrics and minimum scores, checking the condition 𝐺(𝑝, 𝑡), 
and displaying the outcome of that check separately. Implementation and evaluation of the 
extension, including the justification of thresholds for a specific position, are planned as the 
next research step.

7. Prototype Demonstration and Preliminary Evaluation in a 
Software Company
7.1. Evaluation Context

The demonstration involved one expert from a company referred to by the pseudonym 
Company A. The participant is a Team Lead and Full-Stack .NET Developer, and in the 
prototype, he had the role of Onboarding Lead. He configured and tested a realistic but 
simulated onboarding scenario for a typical employee. The scenario represented the first 
two weeks of onboarding for a hypothetical employee.

The company name, participant identity, and other potentially identifying informa-
tion are not disclosed, in accordance with approved ethical procedures, signed informed 
consent, and confidentiality agreements. The demonstration tested the functional and 
computational feasibility of the prototype in a controlled scenario, not its impact on actual 
employee outcomes.

7.2. Selected Position and Onboarding Plan
The Full-Stack .NET Developer position was chosen for the demonstration, as it encom-

passes backend development in a .NET environment, integration with the user interface, 
and a team development workflow. The configured version of the plan represents the initial 
part of a broader onboarding process and a scenario that simulates a two-week period. 
The metric tree and demonstration weights were defined by the participant in the role of 
Onboarding Lead to verify the aggregation. In Figure 13, the root node is shown in grey, 
nodes of type MetricAggregationNode in orange, and nodes of type ElementaryMetricNode 
in light blue. The root node applies the same aggregation rule as the other aggregation 
nodes. The weights are shown on the links and indicate the contribution of the child node 
to the result of the immediate parent node. The identifiers M1-M9 are used consistently 
for the metrics in the tree and in the measurement specifications and records presented in 
Sections 7.3 and 7.4. The root node has no weight because it has no parent node.

7.3. Metric Hierarchy and Measurement Configuration
The measurement configurations, periodicity, and interpretation direction for each 

elementary metric node are shown in Table 2. Each metric aggregation node aggregates 
the results of its immediate child nodes using a weighted sum with fixed weights, where 
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the weights sum to 1.00. Direct measurements are recorded only at elementary metric 
nodes. The scenario uses all four supported measurement specifications and two additional 
recording methods to exercise all input methods supported by the prototype.

Figure 13. Metric tree and weights in the demonstration.

Table 2 shows different data sources that can be included in the same hierarchy, and 
their results are mapped to a common numerical interval from 0 to 1 for aggregation. This 
common scale does not establish equivalence of the underlying constructs. The rubric 
measurement for the elementary metric node “ASP.NET Core API Implementation Quality” 
covers correctness, code structure, validation, and testing, while the rubric for “Frontend 
User Flow Implementation Quality” covers functionality, interface consistency, error han-
dling, and usability. In both cases, level 1 indicates that the criterion is not met, and level 4 
indicates independent fulfilment without significant corrections.
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Table 2. Measurement specifications and recording modes in the demonstration scenario.

Metric ID Elementary Metric Node Specification or 
Recording Method Periodicity Direction

M1 Local Development 
Environment Readiness Completion record Once Not applicable

M2 Git and Pull Request Workflow 
Proficiency Likert-type, 1–5 Weekly HigherBetter

M3 ASP.NET Core API 
Implementation Quality Rubric, 1–4 Once HigherBetter

M4 Post-Review Correction Count Numeric range, 0–8 Once LowerBetter

M5 Frontend User Flow 
Implementation Quality Rubric, 1–4 Once HigherBetter

M6 Frontend-API Integration 
Completion Binary value, 0/1 Once HigherBetter

M7 Task and Next-Step Clarity Likert-type, 1–5 Weekly HigherBetter

M8 Initial Development Task 
Completion Completion record Once Not applicable

M9 Overall Onboarding Progress 
Assessment

Manual score, 
normalised range 0–1

Once (entered at the 
end of week 2) Not applicable

7.4. Recorded Measurements and Calculated Results
Table 3 shows selected synthetic records entered during the demonstration. They are 

used to check normalisation and aggregation, and are not an assessment of an actual new 
employee or of the participant. All listed records belong to the current period and have the 
status Measured.

Table 3. Measurement records, normalised scores, and statuses in the demonstration scenario.

Metric ID Elementary Metric Node Raw Record Normalised 
Score Status

M1 Local Development Environment 
Readiness Completed 1.00 Measured

M2 Git and Pull Request Workflow 
Proficiency 4 out of 5 0.75 Measured

M3 ASP.NET Core API 
Implementation Quality Rubric: 3.25 out of 4 0.75 Measured

M4 Post-Review Correction Count 2 within the range 0–8 0.75 Measured

M5 Frontend User Flow 
Implementation Quality Rubric: 3.25 out of 4 0.75 Measured

M6 Frontend-API Integration 
Completion 1 1.00 Measured

M7 Task and Next-Step Clarity 4 out of 5 0.75 Measured

M8 Initial Development Task 
Completion Completed 1.00 Measured

M9 Overall Onboarding Progress 
Assessment 0.80 0.80 Measured
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The values in Table 3 were calculated by the software prototype using the formulas in 
Section 6. Based on the normalised results, Table 4 shows the weighted aggregation from 
the elementary metric nodes to the aggregation nodes and the root node. The parent–child 
structure and link weights in Figure 13 determine the calculation paths in Table 4, while the 
normalised results of the elementary metric nodes come from Table 3.

Table 4. Hierarchical aggregation of metric-node scores to the root score.

Node Calculation Score

Development Environment and Workflow 0.45 × 1.00 + 0.55 × 0.75 0.862500
.NET Backend Development 0.60 × 0.75 + 0.40 × 0.75 0.750000

Frontend and API Integration 0.55 × 0.75 + 0.45 × 1.00 0.862500
Collaboration and Task Delivery 0.30 × 0.75 + 0.40 × 1.00 + 0.30 × 0.80 0.865000

Total root score 0.20 × 0.862500 + 0.30 × 0.750000 + 
0.25 × 0.862500 + 0.25 × 0.865000 0.829375

The root score summarises the configured indicators for the demonstrated plan and 
measurement period. Its interpretation depends on the selected metrics, their assessment 
criteria, and the available records. Due to the compensatory nature of the weighted sum, it 
is interpreted together with the scores of the metric aggregation nodes and the elementary 
metric nodes, as well as the measurement statuses, as a high score in one area can offset a 
low score in another.

7.5. Functional Verification of the Prototype
Functional verification was conducted by executing key flows within the same two-week 

scenario. The evidence in the table refers to the behaviour of the prototype in controlled test 
cases. The results of executing the key functional flows are shown in Table 5. Computational 
correctness for the selected inputs was checked by the researcher using separate manual 
calculation of the normalised and aggregated values presented in Tables 3 and 4.

Table 5. Functional verification of the prototype in the demonstration scenario.

Verified Flow Outcome Evidence from the Scenario

Plan creation and transition to 
Ready status Confirmed A two-week plan version was validated, marked 

Ready, and used to start the process.

Hierarchy and weight definition Confirmed Aggregation and elementary metric nodes were 
created, and weight sums were validated.

Input using all supported 
specifications and recording methods Confirmed Four measurement specifications and two additional 

recording methods were exercised.
Start of the simulated process Confirmed The plan was assigned to one hypothetical employee.

Measurement recording Confirmed Records were entered for the first and second weeks.

Period and status determination Confirmed Current periods and the Measured, Missing, and 
Overdue statuses were verified.

Normalisation and aggregation Confirmed The researcher’s separate calculation matched the 
prototype results for the same inputs.

Result presentation Confirmed The total score, score hierarchy, and measurement 
statuses were displayed.

The results presented in Table 5 confirm that the specified functional flows were 
executed in a controlled scenario. This type of verification demonstrates the functional and 
computational feasibility of the software prototype for the given test cases.
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7.6. Participant Feedback
After the demonstration, a semi-structured interview was conducted with the partici-

pant who had the role of Onboarding Lead during the evaluation. The five open-ended 
questions prepared in advance and presented in Table 6 formed the basis of the interview. 
During the interview, follow-up questions were asked when a response required clarification, 
elaboration, or a concrete example. Because these prompts depended on the participant’s 
preceding answer, they were not fixed in advance or treated as additional core questions. 
This flexible use of the guide is consistent with semi-structured interviewing [45].

Table 6. Interview questions and summaries of participant responses.

No. Open-Ended Question Response Summary Based on the Researcher’s Notes

1

Which parts of the proposed plan 
and metric tree best fit the initial 
two-week onboarding period, and 
what should be modified?

Preparation of the development environment, work process with 
Git and pull request workflow, implementation of the API, and the 
initial development task were singled out as the most realistic, 
because they correspond to the usual sequence of activities during 
the first two weeks. For longer-term use, the participant suggested 
adding measurement points that would include the understanding 
of the business domain and the gradual increase in the 
independence of the new employee.

2
How clear were the measurement 
specifications and recording methods 
when assessing a typical employee?

Specifications were rated as clearest when the elementary metric 
node had a precisely defined range of values and explicitly 
described rubric levels. Manual scoring and Likert items require 
more consistency, as different Onboarding Leads might rate the 
same situation differently.

3

How do you interpret the results of 
the elementary metric nodes, metric 
aggregation nodes, and root node, 
and what part of the view requires 
further clarification?

The result of the elementary metric node is interpreted as the 
degree of fulfilment of a specific expectation in the observed period. 
The aggregation node summarises the results of immediate child 
nodes by applying defined weights, while the root node represents 
a summary indicator of progress within the entire tree. It was 
emphasised that the root result should not be interpreted as the 
final evaluation of the employee’s work. As possible improvements 
to the display, clearer highlighting of low results, Missing and 
Overdue statuses, and the contribution of individual nodes to the 
result of the parent node were suggested.

4

In what situations would displaying 
measurement results and statuses 
most help the Onboarding Lead 
during the actual process?

The display was rated as potentially most useful during weekly 
reviews and before decisions about additional discussion, 
re-prioritisation, or extension of the planned deadline. The 
measurement history could also help distinguish a single problem 
from a pattern that repeats over multiple periods.

5

What improvements are most 
important before long-term use of the 
prototype in a real organisational 
environment?

The priorities are a separate display of trends across multiple 
periods, a clearer history of plan and measurement changes, and 
the ability to compare multiple onboarding processes for the same 
position. Additionally, customisable reminders and a simpler way 
to highlight results for meetings with the employee are proposed.

The interview lasted approximately 60 min and was not audio-recorded. The researcher 
took notes on paper and on a computer during the interview. Table 6 contains summaries 
of the researcher’s notes rather than verbatim quotations from the participant. Given that 
the interview involved one participant and that a full transcript was not produced, the 
responses were used as descriptive qualitative feedback to contextualise the functional and 
computational results, and they were not subjected to formal coding or thematic analysis.

The responses in Table 6 highlight three practical observations from the participant. 
First, the plan and metric tree were considered realistic for initial technical activities, but 
the participant recommended that long-term use also address domain knowledge and 
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gradual development of employee autonomy. Second, the participant emphasised that 
assessment quality depends on precise rubrics and a shared interpretation of the criteria 
among Onboarding Leads. Third, the participant recommended that the result view provide 
trends, change history, and more prominent indications of low scores and Missing and 
Overdue statuses. These findings are reported as descriptive qualitative feedback from one 
expert participant, rather than themes obtained through formal thematic analysis.

7.7. Integrated Evaluation Findings
The evaluation results are combined according to the property examined. The re-

searcher’s manual calculation checks agreement between the normalisation and aggre-
gation calculations and the prototype results. Executing functional flows checks system 
behaviour in selected cases. The interview provides feedback on the understandability 
of the configuration and result display. These data are used to interpret the findings in 
Section 8.1 [46]. The sensitivity analysis in Section 7.8 additionally examines the behaviour 
of the computational model.

7.8. Sensitivity Analysis of the Demonstration Metric Tree
Table 7 presents the sensitivity analysis results for the tree in Figure 13. The baseline 

score was obtained from the inputs in Table 3 and the calculations in Table 4, without round-
ing intermediate results. The weight modification experiments followed the procedure in 
Section 3.4. In the experiments involving a rating change or record omission, all weights 
remained at their baseline values.

Table 7. Sensitivity analysis results.

Experiment Overall Score or Range Difference from the Baseline Score

Original weights and inputs 0.829375 0.000000
Equal weights for the children of each node 0.837500 +0.008125
Factors of 0.90 and 1.10 for local weights, all 
8192 endpoint combinations 0.816763–0.842818 −0.012612 to +0.013443

Factors of 0.80 and 1.20 for local weights, all 
8192 endpoint combinations 0.805012–0.857072 −0.024363 to +0.027697

M7 clarity rating reduced from 4 to 3 on a 
1–5 scale 0.810625 −0.018750

Current-period M3 record omitted, 
its weight retained 0.694375 −0.135000

Current-period M2 record omitted, 
its weight retained 0.746875 −0.082500

In the experiment with factors of 0.80 and 1.20, the maximum absolute deviation from 
the baseline score is 0.027697, or approximately 2.77 percentage points on the normalised 
scale. The scores for the configurations examined range from 0.805012 to 0.857072. Sensitiv-
ity is therefore interpreted in relation to the specific tree, its inputs, and the magnitude of 
the weight changes. If a decision threshold were within this range, a change in configuration 
could also change the conclusion about whether the threshold had been reached.

Reducing the M7 task-clarity rating from 4 to 3 changes its normalised score from 
0.75 to 0.50 and the overall score from 0.829375 to 0.810625. The difference of −0.018750 
equals the product of the change of −0.25 and the effective weight of 0.0750. Omitting 
the current-period M3 record reduces the sum by 0.135000, because its baseline score of 
0.75, with an effective weight of 0.1800, is replaced by a zero contribution. For M2, the 
corresponding reduction is 0.082500. These experiments show separately the effects of a 
change in a recorded rating and of a missing record.
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These experiments make the influence of the configured hierarchy on the overall score 
explicit. They quantify how changes in local weights affect the root score and show the 
distinct consequences of a lower recorded rating and a missing current-period record. This 
adds reproducible numerical evidence about the behaviour of the specified aggregation 
model to the functional checks of the prototype.

8. Discussion
8.1. Interpretation of Findings and Answers to the Research Questions

The results presented in Sections 4–7 show how selected onboarding plan concepts 
can be represented and executed in an integrated DSR artefact. The prototype links mea-
surement records to their plan version and period, applies the specified normalisation 
and aggregation rules, and displays the resulting hierarchy. The evaluation establishes 
agreement with the manual calculations and successful execution of the selected functional 
flows for the demonstration inputs. The interview adds one expert’s assessment of the 
configuration and displayed results.

In relation to RQ1, the conceptual model highlights a tree with a root node, aggregation 
nodes and elementary metric nodes, a versioned plan, position, configurations and mea-
surement records, periods, statuses and derived results. Associating a running process with 
a specific plan version preserves the context of already collected records, while separating 
raw from normalised values allows for verification of calculations. Textual mapping further 
clarifies where a domain concept is not implemented by a separate class in this prototype.

The answer to RQ2 consists of functionalities for creating a draft plan, validating 
it and moving it to Ready status, defining the hierarchy and weights, configuring the 
four measurement specifications, starting the process, supporting the six input flows, and 
displaying the results and statuses. The business rules require positive weights that sum to 
1 for the children of each parent node and restrict direct measurement to elementary metric 
nodes. The functional verification in Table 5 shows that these flows are implemented in the 
software prototype for the tested scenario.

In relation to RQ3, it was shown that the values obtained using numeric, binary, 
Likert and rubric specifications, as well as the manual score and completion record, can be 
mapped to a common normalised interval while preserving the raw value and the direction 
of interpretation. Table 3 presents the raw values and their corresponding normalised 
scores, while Table 4 shows the recursive weighted aggregation of the results up to the root 
node. The common scale allows for their computational combination but does not in itself 
mean that different indicators measure the same construct or have the same measurement 
quality. The resulting values therefore remain operational indicators defined in the context 
of a specific onboarding plan [16,17]. Section 7.8 presents the effects of weights and selected 
input changes on the overall score.

In relation to RQ4, the prototype results agree with the researcher’s separate manual 
calculation for the same demonstration inputs. Tables 3 and 4 present the normalisation 
and aggregation calculations on which the comparison is based. The sensitivity analysis in 
Table 7 complements this finding by showing the behaviour of the computational model 
when the configuration and inputs change.

In relation to RQ5, the functional check shows that all the tested flows of plan con-
figuration, process initiation, measurement recording, period and status determination, 
normalisation, aggregation and result display were successfully executed. This provides 
evidence of functional feasibility for that scenario, without claiming complete verification 
of the implementation.

In relation to RQ6, feedback from one expert participant indicates the initial practical 
understandability of the plan structure, measurement status and hierarchical results, as 
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well as the potential relevance of the display for periodic onboarding reviews. The same 
expert had previously configured the scenario. His statements therefore constitute an initial 
subjective assessment that does not establish usefulness or usability for other raters, teams, 
or actual new employees.

8.2. Model and Implementation Contribution
The main contribution of this paper is the operationalisation of a selected part of the 

OnMod model into an integrated model that includes a conceptual domain model, a UML-
based functional and structural specification, and an operational measurement model, with 
an executable software prototype as its instantiation. The contribution beyond OnMod is 
a hierarchical measurement system that distinguishes elementary and aggregation nodes 
and binds them to a plan version, measurement configurations, period-specific raw records, 
and explicit calculation rules. Sections 2 and 3.2 distinguish these additions from the 
inherited plan adaptation cycle. In this way, the domain model, processing rules, and their 
executable implementation are linked within a single solution, which is in line with the 
broader understanding of artefact types in Design Science research [19,31].

Compared with research on adaptive onboarding paths [9], the artefact focuses on the 
measurement context and calculation provenance for the assigned plan version. Linking 
multiple measures and providing feedback are already present in software measurement 
systems [14]. The contribution lies in specifying their interrelationships for onboarding 
monitoring. The evaluation supports preliminary feasibility in the scenario examined. 
Practical development tasks can support knowledge acquisition, gradual independence, 
and integration of a new member into the team [3,36]. For research on these activities, the 
model provides an explicit representation of the indicators selected for a plan, the conditions 
under which they are recorded, and the rules used to combine their results. This makes the 
assumptions behind a displayed score available for examination alongside the learning and 
adjustment processes discussed in Section 3.2.

An implementation contribution is a consistent link between a specific version of a 
plan, an elementary metric node, a specification, a raw record, a period, the user account 
that recorded the measurement, and the current calculated result. This traceability makes 
the inputs and rules behind a displayed result available for inspection. For example, an 
OnboardingLead can inspect the underlying node scores, statuses, and measurement records 
before discussing a low root score with an employee. This illustrates the intended use of 
traceability.

8.3. Practical Implications
The intended use is to configure an onboarding plan for a position and review its 

recorded indicators at planned assessment points. The Onboarding Lead can inspect low 
scores and missing records before discussing the relevant work with the employee. The 
role can be assigned to a team leader, mentor, human resources (HR) specialist, or another 
person who is responsible for managing the onboarding process.

The participant identified trend displays, a history of plan and measurement changes, 
comparison of processes for the same position, reminders, and easier selection of results for 
discussions with the employee as priorities for wider use. Rubrics, Likert items, and manual 
scores require clear instructions and shared interpretation of assessment criteria among 
Onboarding Leads; without these, differences in ratings may reflect differences between 
raters rather than actual differences in employee progress.

Explicit assessment criteria, admissible input ranges, and weights fixed for the assigned 
plan version provide a common assessment framework intended to limit ad hoc scoring 
decisions. For identical selected records and the same plan configuration, the specified 

https://doi.org/10.3390/electronics15214979

https://doi.org/10.3390/electronics15214979


Electronics 2026, 15, 4979 36 of 39

calculation rules produce the same result. Whether this framework improves agreement 
between two raters requires empirical evaluation with independently assessed work.

The system should therefore be used as support for assessment and feedback, and not 
as an automatic mechanism for ranking employees. Weights, specifications, scale limits, 
periodicity and rules of interpretation must be documented and periodically checked in the 
organisational context in which the plan is implemented.

8.4. Limitations
The evaluation was limited to one software company, one participant, one position, 

and one simulated two-week scenario. The participant both defined the plan and tested 
the prototype, while the onboarding process was simulated for a typical employee with 
scenario data. This dual role may have favoured a positive assessment of the configured 
solution. There is also a risk of confirmation bias. No independent rater or comparison 
group was included. Differences between multiple Onboarding Leads, the reactions of 
actual new employees, and longitudinal changes in actual employee progress were not 
examined, limiting transferability to other settings. The metrics, weights, and rubrics from 
the scenario have not been validated as a general instrument for measuring knowledge or 
competencies. Agreement between the researcher’s separate manual calculation and the 
prototype calculations supports computational agreement for the given input values but 
does not establish the validity or reliability of the indicators in other teams. Verification 
by the researcher may retain assumptions shared by the model and its implementation. 
Interview summaries rely on the researcher’s notes, so omissions or interpretive bias cannot 
be ruled out. The study did not examine whether the displayed indicators correspond to 
changes observed in actual employee work or help Onboarding Leads identify support 
needs during onboarding.

Rubric calibration, inter-rater agreement, test–retest reliability, and the measurement 
properties of multi-item scales were not examined. The sensitivity analysis ranges de-
scribe the results of numerical experiments and are not confidence intervals. In addition, 
PassThreshold and ExtendThreshold are stored in the plan, but do not currently trigger an 
automatic decision on completion or extension. These decisions remain with the Onboard-
ing Lead. Performance under large numbers of concurrent processes and the adequacy of 
security controls for production use were not evaluated. Evaluation in actual onboarding 
processes should examine how indicator changes relate to observed work, how Onboarding 
Leads interpret those changes, and whether the results inform useful feedback or support 
decisions across positions and organisations.

9. Conclusion and Future Work
This study developed an integrated DSR model and an executable prototype for record-

ing and reviewing the indicators specified in a versioned onboarding plan. Building on 
OnMod, the contribution is an explicit link between the assigned plan version, measurement 
specifications, period-specific records, and hierarchical score calculation. The controlled 
demonstration showed that the selected functional flows could be executed and that the 
prototype scores agreed with the researcher’s separate manual calculations. The sensitivity 
experiments quantified how changes in weights and selected inputs affected the score for the 
configured tree. Feedback from one expert identified understandable aspects of the config-
uration and display, together with priorities for further development. A non-compensatory 
model extension for critical requirements is also defined. These findings support the func-
tional and computational feasibility of the model in the scenario examined. For onboarding 
research, linking each result to its plan and source records makes the selected indicators 
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and interpretation rules explicit. Its usefulness for monitoring actual employee progress 
requires evaluation during real onboarding processes.

Future research should apply the prototype during actual onboarding processes in-
volving multiple new employees and Onboarding Leads across multiple teams and or-
ganisations. Recorded indicators should be compared with independently assessed work 
and documented observations of task understanding and increasing independence. Eval-
uation should also examine how Onboarding Leads use the results to identify support 
needs, discuss progress, and review subsequent work. This requires examining the in-
tended meaning of the indicators, agreement between raters, and usability during repeated 
assessment. Applying the non-compensatory condition for critical metrics requires imple-
mentation, justification of thresholds, and a separate evaluation. Planned improvements 
to the prototype include trend visualisation, plan and measurement change history, cross-
process comparison, reminders, and alerts for low scores and measurements with Missing 
or Overdue status.
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