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Powering Up the Workforce

An Evaluation of Skill Assessment Methods for Battery Production Operators
Ida Wackerberg

Department of Industrial and Materials Science

Chalmers University of Technology

Abstract

The growing battery industry faces an urgent need for skilled operators, driven
by rapid technological development, industrial transformation, and workforce short-
ages. To support recruitment, training, and upskilling, reliable methods for assessing
practical skills are essential—especially as future workers often come from diverse
backgrounds. This thesis investigates how operator skills relevant to battery pro-
duction can be effectively assessed.

A literature review identified seven categories of skill assessment methods: self-
assessment, test-based, human observation, performance-based, computer-aided,
Al-supported, and background-based assessments. An experimental study was con-
ducted at Battery Center Gothenburg (BCG), using self-assessments, human ex-
pert observations, and performance-based assessments. The results show that each
method captures different aspects of skill: self-assessments are scalable and pro-
mote reflection but are prone to bias; human expert observations provide contextual
insight but require consistency and resources; and performance-based assessments
offer objective measures of real task execution, though they are time- and resource-
intensive.

The findings clarify how different assessment methods can support various stages of
training and evaluation in the battery industry. By understanding their respective
advantages and limitations, educators and companies can implement more targeted
and effective strategies to assess and develop the skills needed to meet the sector’s
growing workforce demands.

Keywords: Battery Industry, Skills Assessment, Operator Training, Performance-
Based Assessment, Human Expert Observation, Self-Assessment.
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1

Introduction

The industrial sector has undergone several transformative phases, commonly re-
ferred to as industrial revolutions. From mechanization (Industry 1.0) and mass
production (Industry 2.0) to automation (Industry 3.0) and digitalization (Industry
4.0), each phase has introduced new technologies that reshaped production pro-
cesses and workforce demands[l, 2|. The ongoing transition toward Industry 5.0
emphasizes collaboration between humans and advanced technologies, creating new
challenges and opportunities for skill development[2].

Moreover, new subsectors are emerging as industries transform, such as the rapidly
growing battery industry. Many industries are undergoing significant changes, set-
ting new requirements for employees who must continuously adapt. This study
focuses on the increasing demand for skilled workers within the battery value chain
and is conducted in collaboration with Géteborgs Tekniska College at Battery Cen-
ter Gothenburg, an educational center dedicated to developing skills for the battery
industry|[3].

1.1 Background

The urgency of addressing climate challenges is becoming prominent. In 2016, the
Paris Agreement became legally binding and today 195 parties have signed off, in-
cluding the European Union[4]. In the agreement, all parties have agreed that by
2050, emissions need to become net zero. In Europe, the transportation sector stands
for a quarter of the greenhouse gases (GHG) meaning there is a large potential for
decarbonization efforts[5]. During COP26, companies in the automotive industry,
cities, and other stakeholders announced their commitment to transitioning to zero-
emission vehicles[6].

To realize the vision regarding zero-emission vehicles, automotive companies have
significantly invested in battery electric vehicles (BEVs)[7, 8]. Therefore, numerous
gigafactories have been built in Europe to meet the growing demand for large-scale
battery production. However, this rapidly expanding industry faces a critical chal-
lenge: a shortage of trained and experienced personnel|7].

The battery industry is predicted to create 10 million jobs related to the entire value
chain[8]. In Europe, 800,000 people will need to be upskilled, reskilled, and trained
to manage the shortage of adequate workers by the end of 2025[9]. The European

1
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Parliament has dedicated resources to develop education and materials on how to
realize this. Moreover, the European Battery Alliance (EBA) has been formed to
strengthen the industry[10]. EBA consists of different stakeholders in the battery
value chain such as national authorities, regions, and research institutes with the
purpose of creating a sustainable battery value chain.

The European Commission has created a set of 20 principles representing the so-
cial rights in the union[11]. One of these pillars, Education, training and life-long
learning, emphasizes that every individual should have the opportunity to acquire
new knowledge and skills throughout their life. This principle aims to support indi-
viduals in adapting and transitioning to the changes in an evolving labor market[11].

1.2 Purpose and (oals

The shortage of staff with the appropriate skills presents a significant challenge for in-
dustries, particularly in sectors experiencing rapid transformation. As technological
development accelerates, the need for continuous upskilling and reskilling becomes
critical. Given the diverse educational and professional backgrounds of these indi-
viduals, there is a growing need to map their current skill levels in a structured and
reliable way. This thesis focuses on exploring and evaluating methods for assessing
the skills of individuals who may work as operators in battery production. Accu-
rately assessing skills is essential for individuals, employers, and education providers
to make informed decisions about training and workforce development. However,
there is limited guidance on how skill assessment should be carried out in this con-
text, and how different methods may reflect varying perspectives on skills.

1.3 Research question

To structure the investigation and support a systematic approach to the topic, a set
of research questions was developed. These questions aim to clarify how different
assessment methods can be applied to evaluate operator skills, and how they offer
varying insights depending on context and perspective. Together, they frame the
scope and direction of the study.

o How can skills for operators in the battery industry be assessed effectively?

— How do various assessment methods reflect different perspectives on skill
evaluation?

— In which contexts are specific skill assessment methods most appropriate
for evaluating skills in the battery industry?
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1.4 Delimitation

The primary focus of this thesis is to evaluate skill assessments methods to map
the skills of potential employees for the battery industry. Some aspects of this
study will concentrate specifically on battery production, while other parts will
have applicability across industries. Practical tests will be done on BCG, meaning
that potential empirical studies will be limited to testing skills using the equipment
available at the facility. The scope of this study is specifically focused on operators
in battery production facilities.
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Battery Center Gothenburg

BCG is a competence and learning center focused on preparing the future workforce
for roles in battery production. It functions as both a learning factory (see Section
3.3.1) and a collaborative competence hub, bringing together education providers,
industry stakeholders, and employees to support skills development. The experi-
mental study took place at Battery Center Gothenburg. BCG is an initiative that
is a collaboration between the City of Goteborg, Business Region Gothenburg, the
Region of Goteborg, and the Region Vistra Gotaland. The operational lead is Gote-
borgs Tekniska College.[3].

BCG educates and spreads knowledge through customized training modules. Dur-
ing training and education, participants engage in hands-on practice that mirrors
real production scenarios. The training modules are based on what the participant
needs, there are modules connected to electrical safety, automated and standardized
work, battery electrode manufacturing, and high-automated battery production.
The modules have different names, and the ones that are of focus in this thesis are
what are referred to as Skill Training and Scenario-based Industrial Training, which
are described in the following sections.

2.1 Skill training

Skill training focuses on electrode manufacturing, cell assembly, and cell finishing.
The education consist of giving the participants a theoretical background of the
production, a brief introduction to the equipment, and then a practical exercise.
The practical exercise consist of different stations. The participants are split into
pairs, where one pair performs tasks on one station. The stations that groups can
be stationed at are: Slurry Mixing, Coating, Calendering, Slitting, Stacking, Cell
Assembly, and Cell Finishing. The practical tasks are carried out in an environment
that mirrors reality, but on a small scale, utilizing non-hazardous materials. For
example the mixing stations is done with the help of a household mixer when in
reality the mixers used in an industrial setting can handle hundreds of liters. In this
thesis project, 4 stations were used to measure skills. These stations were Slurry
Mixing, Calendering, Slitting and Cell Finishing.

Slurry Mixing is the first step in electrode production. Participants prepare a ho-
mogeneous slurry—comprising active material, conductive additive, binder, and sol-
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vent—using a household mixer. They then perform quality checks for viscosity,
density, dry-matter content, particle size, and pH, using a viscosity meter, precision
scale, moisture analyzer, pH-meter, micropipette, and grindometer. The personal
protective equipment for this station includes an apron, gloves, and safety goggles.

In Calendering, the participants press a laminated “electrode” sample through man-
ual rollers to achieve uniform coating thickness and minimise porosity. After pre-
pressing, they measure thickness at marked points with a micrometer and inspect
quality, such as surface defects, under a microscope. Clay, a rolling pin, scraper,
scale, a pasta machine, and a microscope serve as analogues for industrial equip-
ment. The personal protective equipment for this station includes an apron, gloves,
and safety goggles.

Slitting mimics the separation of large electrode rolls into daughter rolls. Partic-
ipants use a paper guillotine to cut analog sheets to specific measurements, then
verify daughter-roll width and corner angles with a ruler and protractor. They in-
spect the cut edges for burrs—irregular metal shards—under a microscope. Personal
protective equipment includes gloves and glasses.

Cell Finishing represents the final stage: formation, ageing, and end-of-line testing.
Using a 9 V battery, participants first verify that the multimeter is calibrated, then
measure open-circuit voltage on two assembled “cells.” They visually inspect for
swelling, cracks, or leaks, perform a thickness check to detect swelling, and log
results in an end-of-line QC protocol. PPE includes gloves and safety goggles.

2.2 Scenario-based Industrial Training

During scenario-based industrial training, the participants get to interact with a
simulated automated production cell. The simulation replicates the real plant’s
workflow in which coated lithium-ion cells arrive via conveyor, the cells are pre-
pared and placed on endplates for subsequent stacking and battery-pack assembly.
The participants interact with the training equipment in the following way:

e Production screen: Shows the simulated production line with its robot
stations, conveyor belts, and sensor checkpoints in real time.

e Human Machine Interface, HMI: Reveals the health of the cell’s equip-
ment—e.g. whether any station has broken down or is operating correctly. The
operators also request access to the cell through the HMI.

o Status screen: Displays live upstream and downstream line conditions, indi-
cating how the production flow is progressing before and after the cell.

e« Andon button: Enables operators to request assistance from teamleaders,
trainers, mirroring the shop-floor escalation protocol.

« Safety-gate interlock: When the participants want to interact with equip-
ment in the production cell, there is a protocol and safety gate to follow to get
access. Once the satey-gate is opened, all production immediately stops and
can not be restarted until the gate is closed.
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The participants receive a briefing and demonstration of how the equipment works,
including safety systems, etc. They are then given the opportunity to interact with
the equipment independently, troubleshoot simulated faults, and familiarize them-
selves with the interface, controls, and standard workflows. The participants do this
for approximately 10 minutes before moving on to the real work sessions. During
a full education, the participants are introduced to new concepts following a work
session. In a full training cycle, new concepts are introduced between sessions, this
study focuses on the first session, which emphasizes corrective maintenance. Later
sessions address other concepts such as preventive maintenance, quality systems,
and buffer strategies.

The first work session lasts for 20 minutes and is focused on corrective maintenance.
The production runs, and at regular intervals faults occur, simulating wear on the
system. When a fault appears, it is indicated on the HMI; participants must locate
the correct component in their instructions, request access, install a power lock out,
PLO, lock, and enter the cell. A PLO lock is a critical safety mechanism designed
to prevent the safety gate from being closed and the production from restarting
while someone is physically inside the cell. This lockout ensures that maintenance
tasks are performed under safe conditions, reflecting real-world industry protocols
for high-automation environments.

As soon as they open the gate, the HMI panel goes blank, simulating that the
participants have physically moved inside the cell. Participants then follow the
standardized corrective maintenance procedure they found earlier in their instruc-
tions—entering various fault-code sequences. When they believe the fault is cor-
rected, they “exit” the cell, meaning they remove the PLO lock and close the door.
Once they have exited the cell, the HMI shows if the problem was correctly fixed;
if not, the participants have to redo the corrective maintenance procedure. Once
the problem is fixed, the participant needs to perform a reset and acknowledge the
entrance to the cell, per industry standard. The final step is to restart production.

Once production restarts, the simulation continues to manufacture parts. After a
set runtime — again simulating component wear — participants must address a
new fault. This cycle repeats until 20 minutes have elapsed. The number of faults
depends on the uptime corresponding to component wear, up to a maximum of eight
faults. When the 20 minutes are up, the total output from that production cell is
presented.

Trainers serve as team leaders and are called on each time a group resolves a fault
to record data on what corrective maintenance a pair has performed. However, the
trainers remain active throughout the work session, answering questions but also
monitoring for safety breaches or risky behavior.
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3

Theoretical Framework

This chapter outlines the theoretical framework of the thesis, encompassing an
overview of battery technology and production, the evolving skills and competencies
needed in the battery industry, approaches to upskilling and learning environments,
as well as psychological factors influencing learning outcomes.

3.1 The Battery Industry

The need for efficient energy storage is growing, and batteries are the dominant tech-
nology for this purpose[12]. Batteries are used across a wide range of applications,
including portable consumer electronics, healthcare devices, industrial systems, and
automotive products [13].

Batteries play a crucial role in achieving the targets set by the Paris Agreement, be-
coming climate-neutral by 2050[14]. Batteries enable energy storage from renewable
energy sources, such as solar and wind power[14]. Additionally, batteries are a key
technology in the electrification of the transportation sector, supporting the shift
from fossil fuels to electric vehicles. The growing demand for batteries has created
a need for large-scale battery production to meet the needs of these sectors[15].

The Battery Value Chain, BVC, spans from raw material extraction to recycling and
reuse, encompassing various stages such as material processing, cell and pack man-
ufacturing, integration into end-use applications, and end-of-life management[16].
Each stage requires distinct processes, technologies, and workforce competencies.

3.1.1 Battery Technology Overview

Batteries are electrochemical cells that store chemical energy, and through elec-
trochemical reactions, the energy can be converted into electrical energy[17]. An
electrochemical cell has two electrodes, an anode and a cathode, which are placed
in an electrolyte filling.

The chemical reactions involved are oxidation and reduction. Oxidation occurs at
the anode, where electrons are released, while reduction takes place at the cath-
ode, where electrons are gained[18]. When connected to a component through an
external circuit, the electrons flow from the anode to the cathode, generating an
electric current. At the same time, ions migrate through the electrolyte to balance
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the charge and complete the internal circuit. A separator is placed in the electrolyte
between the two electrodes to prevent a short circuit and enable the exchange of
ions. A simplified overview of a battery cell can be seen in Figure 3.1.
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| ELECTROLYTE ELECTROLYTE oe
e
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P A
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e A 0]
T D
@] E
R
|ONs }

Figure 3.1: Overview Battery

Many batteries also have current collectors that acts as a conductor between the
electrodes and the external circuit[19]. Additionally, they serve as a substrate sup-
porting the active material of the electrodes.

There are multiple types of batteries intended for different applications. Some char-
acteristics of the batteries are the material, structure, and if they are classified as
primary or secondary[18, 20, 21]. If a battery is classified as primary, the chemical
reaction can only occur once, meaning that it is not possible to recharge the bat-
tery. Batteries that are classified as secondary can be recharged, and the chemical
reaction is then reversed.

Primary batteries are commonly used in household electronics. For example, alkaline

batteries are frequently found in devices such as flashlights [20]. Lithium metal
batteries, which are more compact, are often used in small devices like watches.

10
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One secondary battery type is lithium-ion batteries, which are commonly used in
the automotive industry[18].

3.1.1.1 Lithium-ion Batteries

Lithium-ion, Li-ion, battery, cells are commonly built in three different shapes, cylin-
drical, prismatic - hard-case, prismatic - pouch[22]. All cell shapes contain the same
essential components: anode, cathode, electrolyte filling, current collectors, and sep-
arator. However, the different formats offer various advantages depending on factors
such as cost, production complexity, and mechanical stability[22].

Li-ion batteries are widely applicable and range from smartphones, computers, elec-
tric vehicles, EVs. The versatility of Li-ion batteries and the high energy density is
one of the reasons why the market for rechargeable Li-ion is prominent[23].

The material and structure of the battery decides the characteristics, and in a Li-
ion battery, the most commonly used material for the anode is graphite and lithium
alloyed metals[23]. The cathode typically consists of various metal oxides [24]. The
current collector for the anode is usually constructed from copper, while the cathode
collector is made from aluminum. Both the anode and cathode active materials are
typically processed into a mixture, which is then coated onto their respective current
collectors[24].

3.1.2 Battery Production

Battery production can be divided into five main stages: extraction of raw materials,
electrode manufacturing, cell assembly, cell finishing. and battery pack manufactur-
ing[25]. A battery pack consists of multiple battery cells, with each cell created from
electrodes made of different materials. In Figure 3.2, an overview of the production
process is shown, not including inactive steps such as drying. While the overall
structure of cell assembly is similar across formats, specific steps and methods differ
depending on the cell type. The following section describes the process based on a
prismatic hard-case cell.

Extraction of Raw Electrode Cell Assembl Cell Finishin Battery Pack
Material Manufacturing Y —> J —> Manufacturing
« Extraction * Mixing * Notching « Formation « Battery Pack
« Refinement « Coating « Stacking * Ageing Assembly
« Purification ¢ Calendering ¢ Packaging * Quality Control * Battery
« Slitting « Electrolyte Filling Management
System
* Final Testing

Figure 3.2: Battery production process.

3.1.2.1 Extraction of raw material

The first step involves the extraction of raw materials, followed by their refinement
and purification. The extraction of critical materials such as lithium, cobalt, and

11
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nickel is geographically concentrated in a few regions around the world[26]. This
process can have significant environmental impacts, including the release of CO,
emissions, water contamination, and disruption of local ecosystems and wildlife[25].
After extraction, the raw materials undergo processing to achieve the purity levels
required for battery applications|25].

3.1.2.2 Electrode Manufacturing

When the materials have been processed, the electrodes can be manufactured. The
active materials, which form the functional part of the electrodes, are typically pre-
pared into a mixture, what is referred to as a slurry. The slurry consists not only
of the active material but also additives such as binders and conductors|27, 28].
Quality features of the slurry are for example homogeneity and viscosity[27]. The
slurry is then coated onto both sides of the current collectors — aluminum foil
for cathodes and copper foil for anodes. As the slurry is wet the foils need to go
through a drying process before the next step. The drying process consist of multi-
ple ovens heated at different temperatures for avoidance of thermal damages|27, 28].

The dried foils then pass through a calendering process where the material gets
compressed to reduce thickness and increase conductivity[28]. The electrodes are
often referred to as mother rolls, which can be subsequently split into smaller units
known as daughter rolls in a process step called slitting[27, 28|. Before assembly
into a cell, the electrodes typically require an additional drying step to remove any
remaining moisture[27].

3.1.2.3 Cell Assembly

Cell assembly consists of multiple steps, beginning with notching/separation. In this
step the daughter rolls are cut into single electrodes. The electrodes and separator
layers are then stacked on each other in the following order: anode, separator, cath-
ode, separator. Depending on cell configurations, one cell stack can contain over
100 layers[27, 28].

The next step is packaging, where the collectors are welded together, and then the
cell stack is inserted into the battery cell housing. The housing is then sealed, often
using laser welding[27]. After packaging, the electrolyte is filled into the cell under
controlled conditions, and the final sealing step is performed to fully enclose the
cell[27].

3.1.2.4 Cell finishing

Cell finishing consists of three main steps: formation, aging, and quality control.
During formation, the battery cell is charged and discharged for the first time in
a special rack, where it is connected through spring-loaded contact pins. The cell
is then monitored over a longer period by measuring the open circuit voltage to
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discover the self-discharge rate and potential short circuits[27].

Before leaving the factory, the cells undergo several quality control tests to classify
and sort them based on their performance and quality. The battery cells are placed
in an end-of-line, EOL, testing rig, where they are discharged and undergo a series
of tests to ensure they meet the specification[27, 28].

The cell finishing process is a very time- and space-consuming part of cell production.
All cells must be individually charged, discharged, and tested under controlled con-
ditions, which requires specialized equipment and significant factory floor space[28].
Additionally, the formation and aging steps can take several days.

3.1.2.5 Battery Pack Manufacturing

In many applications, individual battery cells are grouped together to form a bat-
tery pack in a casing. The cells are assembled into a module/pack where they are
connected either in series or parallel with the help of busbars, enabling the electrical
circuit to pass through multiple cells[25].

When the cells are connected a Battery management system, BMS, is installed to
monitor the battery during usage. The BMS makes sure that all cells work within
safe regions. After this is installed, the battery pack undergoes additional quality
checks and tests[25].

3.2 Skills and Competency Needs

Skills are, according to the European Union, the capacity to utilize knowledge and
practical experience to perform tasks and address problems[29]. As the industrial
sector evolves with new technology due to environmental, economic and social chal-
lenges new requirements for industrial workers are created. Companies are depen-
dent on having skilled employees, and in the manufacturing sector, a skilled work-
force is considered one of the most important competitive factors[30].

Skills can generally be divided into hard and soft skills. Hard skills refer to technical
abilities and the capacity to translate knowledge into practical tasks and measur-
able outcomes[31]. Soft skills are interpersonal, intrapersonal, and socio-emotional
abilities that enable individuals to manage themselves and interact effectively with
others[31]. However, skills are complex and often interrelated. In [32], an alter-
native framework for categorizing and labeling skills is introduced, dividing skills
into five distinct areas: Knowledge, Active Cognition, Conation, Affection, and
Sensory-Motor Abilities. The framework highlights that skills may be associated
with multiple categories simultaneously, reflecting a more complex nature of skills.
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3.2.1 Skill Gaps and Challenges

The industrial sector has undergone a major transformation, from mechanical crafts-
manship to automated and advanced manufacturing systems([1]. To leverage the
effectiveness of automated and advanced manufacturing systems in the era of the
bth industrial revolution humans and machines need to work together[33]. Addi-
tionally, the available workforce is shrinking due to the demographic shift, creating
a workforce shortage[34, 35].

Skill gaps can be defined in various ways, but they generally refer to the mismatch
between the skills available in the workforce and the skills required by employers.
According to [36], a skill gap appears when there is difficulty in finding an em-
ployee with the correct skills at the correct time to meet organizational and market
demands. This definition is synthesized from multiple sources in the literature. Sim-
ilarly, [37] defines skill gaps as the difference between the skills an employee currently
possesses and the skills they need to effectively perform their work.

In comparison between sectors, manufacturing is where skill gaps are the most com-
mon[37]. To address skill gaps, bridge gaps, the core factor for companies is to ac-
knowledge and analyze their need for certain skills. The most common ways to bridge
the skill gaps are training, recruitment, relocating work tasks, outsourcing, or dis-
continuation of these specific operations[37]. However, due to ongoing demographic
changes—such as an aging workforce and a shrinking labor pool—recruitment alone
is becoming increasingly difficult[38]. As a result, upskilling the existing workforce
is not only more feasible but also essential to ensure long-term competence supply
and adaptability in industry[38].

Upskilling refers to the process of enhancing existing skills to meet the evolving
demands of a current role or to qualify for a related role, while still building on an
individual’s existing skill base [39]. Reskilling, on the contrary, involves acquiring
entirely new skills[39]. It is estimated that around 20 million currently employed
workers in Europe will need to be reskilled into new occupations by 2030. Highlight-
ing the urgent need for educational institutions and training providers addressing
these skill gaps[40].

[36] states that there is no commonly applied or standardized method for mapping
skill gaps. However, the article highlights that self-assessment is one of the most
frequently used approaches. In [38], self-evaluations are described as a tool that
enables individuals, particularly students—to become aware of changes occurring
within the industry and to plan their learning accordingly.

3.2.2 Skills in the Manufacturing Sector

The manufacturing sector faces ongoing challenges in attracting and retaining skilled
employees[41]. The continued growth of the industry, especially under the influence
of technological advancements, has increased the demand for workers at all levels,
including highly skilled production workers[41]. A primary driver of this demand is
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the sector’s transition toward Industry 4.0 and 5.0. Specifically, workers must pos-
sess a blend of technical manufacturing skills, digital skills, and soft skills to operate
effectively in increasingly complex production environments[41].

While automation and advanced technologies have transformed the production en-
vironment, human operators remain central to manufacturing. Digital tools can
enhance operators’ performance, but they cannot replace the flexibility, creativity,
and problem-solving abilities of people. As highlighted by [42], operators are still
essential, even in smart manufacturing systems. Their ability to respond to change
and find solutions in uncertain situations is what makes them irreplaceable.

At the same time, the demand for cognitive skills continues to grow as production
systems become more digital and automated[34, 35]. Workers in the manufactur-
ing industry often have repetitive tasks, but analysis shows that they have a high
need for education and training to meet the demand for the future industry[43].
Operators are predicted to be highly influenced by new standards and changes to
increase productivity and sustainability. Technologies like robotics, digital twins,
and Al will affect plant operators’ day-to-day work[43]. Operators, are expected to
acquire new skills, including the ability to analyze digital information, manage and
maintain automated machinery, and utilize digital systems that enable data-driven
decisions[44]. Furthermore, social skills, problem-solving, and critical thinking are
also stated to be important skills for operators in the manufacturing sector.

3.2.3 Skill Requirements in the Battery Industry

The battery industry sees a growing demand, creating new requirements for the
employees working within the battery production[44]. Along the BVC, there is a
workforce shortage, and the most critical skill gaps lie in areas such as electrochem-
istry, battery chemistry, battery management systems, product and system design,
manufacturing processes, and safety practices[45]. Operators are expected to man-
age complex, automated machinery, adhere to strict quality and safety protocols, and
possess specific knowledge related to materials handling[45]. As the BVC evolves,
these roles increasingly demand a combination of technical, digital, and collabora-
tive skills to ensure high production efficiency and product quality.

Defining the explicit skills that are needed in the battery industry has been done as a
master’s thesis at BCG in 2024[46]. Skills have also been defined through ALBATTS
(Alliance for Battery Technology, Training and Skills), which maps workforce skills
across the entire BVC through skill cards for different occupations[47]. The skills
identified in [46], along with those presented in the operator-related skill cards[48,
49], were condensed into the unified list presented in Table 3.1.
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Table 3.1: List of Defined Skills for Battery Operators

Skill Abbrev Full Skill Name

S1 Collaboration, Communication, and Teamwork

S2 Curiosity and Lifelong Learning

S3 Applying and Following Standardized Work Methods
S4 Following Work Instructions and Recipes

S5 Using Personal Protective Equipment (PPE)

S6 Accuracy and Focus

ST Conducting Product Sampling

S8 Detecting Defective Products

S9 Documentation and Monitoring of Production Data
S10 Handling Sensitive Materials, Equipment, and Products
S11 Thinking Sequentially

S12 Troubleshooting and Problem Solving

S13 Calculating and Understanding Key Metrics and Parameters
S14 Equipment Maintenance

S15 Using and Operating Machines

3.3 Upskilling Initiatives and Learning Environ-
ments

This section describes different training approaches in industry and some of the
formats used to build skills, especially in contexts where rapid upskilling or reskilling
is required. This section also outlines some key policy and institutional initiatives
that aim to support workforce development and align training efforts with broader
economic and technological transitions.

3.3.1 Training Approaches in Industry

There are different approaches to train potential and current workers in industrial
settings. These approaches vary in structure, delivery method, and purpose, ranging
from informal, experience-based learning to highly structured programs.

On-the-job (OTJ) training, where workers are educated and trained at their work-
place is one approach[50]. This can involve learning how to perform specific tasks
tied to a particular role or gaining broader experience in general tasks relevant across
different settings. OTJ training typically occurs under the supervision of more expe-
rienced colleagues and allows learners to develop practical skills while contributing
to ongoing production[50].

A simulated environment, where the trainee practices in either a physical replica,

digital application, or virtual environment, is another common approach to indus-
trial training[51]. A simulated training environment removes the risk of impacting
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the actual production process and allows for mistakes. It also increases training
accessibility and efficiency, allowing participants to repeat tasks, receive objective
feedback, and prepare before entering real production environments[51].

A concept referred to as learning factories involves simulations of real industrial
environments, where participants are educated through hands-on practice and real
task performance[52]. These environments allow trainees to perform, experiment,
and test their skills in a controlled and realistic setting. Learning factories can
be designed for a range of purposes, including education, workforce training, and
applied research, and they may take different forms. In their most traditional format,
they provide hands-on, physical access to actual production systems. However, other
versions can include virtual simulations or support remote interaction, broadening
accessibility while preserving industrial relevance[52].

3.3.2 Policy and Institutional Initiatives

Several initiatives at both the EU and national levels aim to accelerate workforce
adaptation in response to green and digital transitions. These efforts focus on equip-
ping workers with the necessary competencies to meet evolving industrial demands,
including the growing need for skills in battery manufacturing, automation, and
sustainable technologies.

The European Battery Alliance (EBA) is one of these initiatives, which was launched
by the European Commission to gather researchers, national authorities, and stake-
holders along the BVCI[53]. Its goal is to lay the groundwork for a competitive and
sustainable battery cell manufacturing industry in Europe[54].

One key partner to EBA is InnoEnergy, which played a central role in coordinating
the alliance’s early industrial development roadmap[54]. This work included bring-
ing together over 120 stakeholders from across the battery value chain to identify
the actions needed to build a robust European battery ecosystem. Continuing, In-
noEnergy later established the InnoEnergy Skills Institute (formerly the European
Battery Academy), which focuses on equipping current and future workers with
the technical and transversal skills required in battery manufacturing and related
industries[55, 56].

3.4 Psychological Factors in Learning Environments

In training and educational environments, there are multiple factors affecting the
learning process and individual performance. Psychological factors include motiva-
tion, self-efficacy, self-perception, psychological safety.

3.4.1 The Johari Window and Self-Perception

The Johari window is a methodology for visualizing that there are multiple per-
ceptions of who people are. The model is structured as a square divided into four
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quadrants, each representing different aspects of self-awareness and perception[57].
The first quadrant represents the open area, the aspects that are known to both the
individual and their surroundings. The second quadrant represents the blind spot,
the area that the surrounding people see but not the individual. The third quadrant
is the hidden area which represents what only the individual knows. Finally, the
fourth quadrant represent what no one knows.

The Johari window is an important model to understand when talking about self-
awareness and perception. There are things that an individual does not know while
it’s surrounding does and the other way around. In [58] it is promoted as a model
to utilize when talking about personal growth. It is stated as a way to understand
your weaknesses and strengths from another perspective.

The Dunning-Kruger Effect is what can be referred to as the more you know, the less
you know[59]. The phenomenon concludes that individuals with low competence in
an area are more likely to overestimate their abilities in the same area then compared
to people with more competence. This occurs because those with limited skills
often lack the metacognitive ability to accurately evaluate their performance[59]. In
contrast, more competent individuals are generally more aware of the complexity
of the domain and their own limitations[60]. As a result, individuals with greater
expertise may underestimate their own abilities.

3.4.2 Self-Efficacy and Motivation

The perception of what you know can be influenced by self-efficacy. Self-efficacy is
defined as an individual’s belief in their capacity to execute specific tasks or achieve
goals[61]. An individual’s belief affects how they approach challenges. According to
[61], if an individual have high self-efficacy they are more likely to invest more effort
and time when approaching a task in the same area. When having high self-efficacy
the motivation is also said to be higher[61].

The development of self-efficacy is influenced by several key factors, including back-
ground, gender, age, past experiences, social feedback, and emotional states. Ac-
cording to [61], there are four sources of self-efficacy: personal experience and suc-
cess, experience gained through observing others, positive feedback from others, and
the emotional state of the individual when faced with the task. The impact of gender,
age and task related area has been studied. In [62] the gender differences in academic
self-efficacy was analyzed. It was found that males tend to report higher self-efficacy
than females in mathematics and computer-related domains, while females report
slightly higher self-efficacy in language-related tasks. The study also highlighted
that age and context-specific factors interferes when shaping self-efficancy.

The impact of gender are evident in fields which are male-dominated according to
[63]. In male dominated fields women report lower self-efficacy compared to males,
even in cases where the performance have been assessed to be similar[63]. It is also
highlighted that this disparity is largely influenced by societal norms and gendered
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expectations, which shape how individuals assess their own competence. In [63], the
disparity was demonstrated through a self-assessment task, where participants were
asked to rate their ability to succeed in a given activity. This pattern is further
supported by [64], who emphasize that self-efficacy is shaped by chronic self-views,
individuals have about their own capabilities. The study shows that these chronic
self-views, built on societal norms and gendered expectations, affect how individuals
estimate their performance.

3.4.3 Psychological Safety and Learning Transfer

Psychological safety refers to when an individual feel confident to express themselves,
make mistakes, ask questions without being judged by others[65]. In a learning en-
vironment having psychological safety allows the participants to feel confident in
taking risks, seek feedback and engage in the activity. The perceived severity of the
consequence also impacts the feeling of psychological safety[65]. When the stakes
are low—for example, when errors are reversible or part of the learning process,
participants are more likely to experiment and take risks. In contrast, when the
potential consequences of a mistake are high, such as damaging equipment or being
embarrassed, individuals may become more hesitant and reserved.

In addition to psychological safety, there are other factors that affect how well learn-
ing is transferred from training to real-world settings. [66] defines three categories
influencing learning transfer: teacher characteristics, training design , and work en-
vironment. Psychological safety falls within the third category, as it reflects the
social and cultural context in which learning takes place. However, effective transfer
also depends on learner motivation, cognitive ability, self-efficacy, and the alignment
of training content with real work tasks[66]. Within the category of training design
and delivery, the execution of the training itself is emphasized. Aspects such as
structure, sequencing, instructional methods, and the degree of realism embedded
in the training environment are considered critical for enabling transfer.
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Methodology

The methodology was split into three phases, starting with an analysis of existing
methods to assess skills, followed by an experimental study, and concluding with
an analysis of the collected data (see Figure 4.1). The methodology was deployed
to gain insight into what methods can be used for skill assessment, how different

methods perform in practice, and how they reflect various perspectives on evaluating
skills.

Phase 1 Phase 2 Phase 3
=_ 000
m PV UHU 0
Analysis of Experimental Analysis of
Existing Methods Study Collected Data

Figure 4.1: Phases of methodology

4.1 Analysis of Existing Assessment Methods

The methodology for reviewing existing skill assessment methods combined a sys-
tematic literature review with supplemental searches through broader online re-
sources. The review was conducted following the guidelines on multivocal literature
review presented in [67]. This method was chosen because it enables the use of dif-
ferent sources, both formal and informal. The steps are according to the guidelines,
the following: Search, Source Selection, Quality Assessment, Data Extraction, Data
Synthesis.
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The search process was conducted to find formal and informal sources on skill as-
sessment methods. The first part of the search was to define the search strings and
search platforms. Additionally, this method involved using key articles or reports
as a starting point and exploring their references and subsequent citing articles to
expand the search[68]. For informal sources retrieved through search engines, the
process was exploratory and iterative. After reviewing approximately eight pages
of Google search results, the search reached a point of saturation, where additional
pages no longer yielded new methods or meaningful insights.

The second step is source selection, where the potential sources are selected based
on the specified selection criteria. This process entailed the following inclusion and
exclusion criteria:

1. Relevance to Skill Assessment Methods
Sources must discuss or describe methods, tools, or frameworks for assessing
skills in any context (e.g., education, workforce, industry).

2. Language: Only sources written in English are included.

. Accessibility: Full-text access to the source must be available.

4. Publication Date: Sources published from 2010 onwards are included to
ensure recency, unless they are foundational or highly cited.

5. Novelty of Context or Content: Sources must present additional or dis-
tinct contextual information, methodological features, or application settings.
If a method is already included and the source offers no new insight, it is
excluded.

w

A total of 24 sources were selected after applying the inclusion and exclusion criteria.
These comprised both academic literature and grey literature, including industry
reports, organizational white papers, and public policy documents. The academic
sources included peer-reviewed studies such as [69-85], while the grey literature
consisted of documents from professional organizations and public bodies such as
[86-91]. All selected sources were systematically reviewed and included in the data
extraction and synthesis phases. See Table 4.1 for the search strings, platforms, and
number of selected articles.

Table 4.1: Search strings and corresponding search platforms

Search String Search Platforms | Hits Selected
"Measuring skills" | Web of Science 48 6
"Measuring skills" | Google 301 000 4

"Skill Assessment" | Web of Science 104 11

"Skill Assessment' | Google 1910 000 | 3

The third step was the quality assessment of the selected sources. Since informal
sources differ significantly from formal academic literature. This step was partic-
ularly important for evaluating the reliability and relevance of non-academic ma-
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terials. The quality assessment checklist used in this project was partly based on
the framework presented in [67], but it was adapted to fit this study. The main
adaptations were that the checklist was simplified to focus on core criteria, and that
quality assessment was not used to exclude sources. Instead, quality-related dimen-
sions were recorded as notes to inform the synthesis and interpretation of findings.
See Appendix A for the full quality assurance checklist.

The fourth step in the framework presented in [67] is data extraction. This step was
adapted and simplified to a version appropriate for a single-researcher review. A
data extraction spreadsheet was designed to structure the findings of available skill
assessment methods. See Table 4.2 for the template used.

Table 4.2: Template of data extraction table

Resource Ref. | Literature Findings Quality Note
Type

The final step of the review process involved synthesizing the extracted data to
identify patterns, trends, and differences across assessment methods. The findings
were grouped into categories based on methodological characteristics. Given that
inclusion was based on novelty of context or approach, the synthesis focused on
descriptive insights. This approach enabled a structured overview of the diversity
in how skills are assessed. In Appendix C the data extraction form covering the
24 selected articles (18 peer-reviewed articles, 6 grey literature sources) with coded
findings is available.

4.2 Experimental Study

The experimental study was conducted at Battery Center Gothenburg (BCG) dur-
ing sessions where groups attended for educational purposes. The training program
lasted between 3 to 5 days, depending on the group. While the main content re-
mained the same across all groups, some components were extended for those at-
tending the 5-day sessions.

The experimental study consisted of three phases. It began with an initial self-
evaluation, where participants provided background information, including previous
work and educational experience, and rated their own skill levels. This was followed
by a practical assessment phase, during which participants performed hands-on tasks
in a simulated industrial environment. Their performance was closely observed and
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evaluated by educators at BCG, who graded participants based on predefined cri-
teria. These assessments were carried out at the start of each training program to
establish participants’ initial skill levels, prior to engaging in the core instructional
content delivered at BCG.

After completing the training program at BCG, participants conducted a final self-
evaluation to reflect on their progress and skills development.

4.2.1 Initial Self-Evaluation

The initial self-evaluation was conducted through a digital questionnaire in which
each participant rated themselves on a Likert scale, indicating the extent to which
they agreed with statements about their performance in specific skills. To provide
additional context, each skill was broken down into several sub-questions, guiding
participants on what the skill encompassed. The use of Likert scales for assessing
subjective perceptions is a well-established method and was chosen due to its ease
of converting subjective responses into quantitative data [92, 93].

The questionnaire was pilot-tested on four individuals before deployment. Two of
the participants had no prior industrial experience, while the other two had previous
experience in the manufacturing industry. Among the testers, one had completed a
vocational education and was currently working as a maintenance technician. Two
others held engineering degrees, and the fourth participant had a law degree. The
selected test persons were chosen based on their different experiences and educa-
tional backgrounds to obtain multiple perspectives. As a result of the pilot test, two
questions were revised — one was rephrased for clarity, and another was removed
due to redundancy.

To enable traceability for a participant through all assessments - the self-assessed
skills, skills demonstrated during practical exercises, and the self-assessed skills after
completing education- the participant’s name was collected. Moreover, the ques-
tionnaire contained questions addressing personal data, such as educational history,
work-life experience, age, and gender. See Appendix B for the English version of the
questionnaire. During the case study, all participants answered a Swedish version
of the same form, and in total, 56 people answered the initial self-evaluation.

In terms of employment status, 19 participants reported being employed full-time.
A large portion of the group were students, with 23 identifying solely as students,
11 combining studies with part-time work, and 2 combining studies with full-time
work. This means that a total of 36 participants were engaged in some form of
education, while 32 participants were either working full-time or studying alongside
work.

Educational backgrounds varied, though most participants had completed or were
studying some form of post-secondary education. The largest groups reported voca-
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tional higher education, 23 participants, or upper secondary education, 22 partici-
pants, while 8 had attended university. Three participants selected "Other" as their
highest level of education, and none reported only primary education.

The participants who completed the questionnaire represented a broad age range.
Most respondents were between 18 and 44 years old, with the largest proportion
(46%) falling within the 25-34 age group. Participants aged 18-24 made up 25%
of the sample, while those aged 35-44 accounted for 18%. The smallest age groups
included individuals aged 45-54 (9%), and one participant who was 55 years or
older. In terms of gender, the group was predominantly male (68%), while women
accounted for 30% of respondents. One participant identified as non-binary. To
protect participant anonymity, demographic results are presented only in aggregate
form. In addition to demographic data, participants were categorized based on their
previous work experience. As shown in Figure 4.2, the majority (43 participants) re-
ported backgrounds in manufacturing and industry. Other common sectors included
retail and service, and transport and logistics, while smaller groups had experience
in fields such as healthcare, construction, and public administration. Participants
were able to indicate multiple relevant sectors, reflecting their background.

Number of Participants per Sector

Agriculture, Forestry, and Fishing (farming, animal husbandry, .
forestry)

Education and Research (teacher, supervisor, academic research) .

Public Administration (municipality, government agency, public .
sector)

Health and Social Care (healthcare, elderly care, home care) [l

IT and Technology (programming, IT support, technical service) [l

Construction and Civil Engineering (carpentry, electrical, plumbing, -
road/building projects)

other [N
Transport and Logistics (warehouse, distribution, driver) | N | NI

Retail and Service (store, customer service, hotel, restaurant) | N N NR BN

Industry and Manufacturing (production, assembly, quality control) | N I

0 10 20 30 40 50

Figure 4.2: Participants grouped based on work experience

4.2.2 Observation and Trainers’ Evaluation

The practical training included in the experimental study were: scenario-based in-
dustrial training and skills training. In the scenario-based industrial training, partic-
ipants practiced interacting with a simulated automated robot cell, while the skills

25



4. Methodology

training allowed them to manually perform various steps of the "raw to cell" pro-
cess. These different training setups aimed to develop key skills needed to become
an operator in the battery industry. During the practical tasks, participants first
received an introduction to the procedures and then attempted to carry them out
themselves, with support available as needed. They worked in pairs and were en-
couraged to ask for assistance when necessary. A subset of participants was closely
observed by independent observers who assessed their performance. In addition, the
educators and trainers who guided the participants throughout the practical tasks
also graded their performance. While the trainers provided assistance and supervi-
sion to the entire group, each trainer was primarily responsible for overseeing and
supporting between one and three pairs of participants, depending on the setup.

4.2.2.1 Observations

The observations were performed on both the scenario-based industrial training and
skill training. To record the wanted data, the format was a structured observation.
A structured observation was seen as suitable as it allowed for quantitative data to
be collected, and novice observers could be used[94]. This method depends on a
consistent setup of the task being observed; since the practical tasks were always
performed according to a standardized methodology, the observation protocols were
developed to reflect this consistency.

In the scenario-based industrial training, the observation protocols focused on col-
lecting timestamps, tracking the time it took participants to complete specific tasks.
Additionally, the protocols recorded whether the group executed each task correctly
on the first attempt and noted any safety-related errors. All participants followed
the same task sequence during scenario-based industrial training; however, variation
arose in how far each group progressed, with some completing more steps within the
available time than others. Data was collected from 32 people when interacting with
the equipment during scenario-based industrial training.

The skill training also utilized structured observation protocols; however, the setup
differed from the scenario-based industrial training because participants were as-
signed to different stations. Consequently, four distinct protocols were developed:
one focused on the slurry mixing station, one for the calendering station, one for the
slitting station, and one for the station representing cell finishing. In this part of the
experimental study, 4 protocols covering 8 participants were recorded at the slurry
mixing station, 6 protocols covering 12 participants at the calendering station, 3
protocols covering 6 participants at the slitting station, and 6 protocols covering 12
participants at the cell finishing station. The protocols for the skill training were
not based on timestamps but on a checklist covering yes and no questions.

In addition to the checklist- and timestamp-based protocols, the observers were also
asked to monitor whether any significant misunderstandings occurred during the
tasks. They recorded whether problems arose, whether participants attempted to
solve these issues independently before seeking assistance, and how many times help
was requested. Observers were also given the opportunity to provide free-text com-
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ments on the participants they observed, allowing for additional qualitative insights
beyond the structured data. In total, 47 people were observed, and 22 of these were
observed in both practical trainings.

The protocols used for the observations can be found in Appendix D.

4.2.2.2 Trainers’ Evaluation

While observers focused on one pair at a time, the trainers focused on helping and
educating the group. When the participants had performed their tasks, the trainer
also evaluated the participants’ performance in relation to a subset of skills. The
trainer filled in a form for the participants they’d worked with and assessed their
skills on a Likert scale, ranging from strongly disagree, disagree, neither agree nor
disagree, agree, and strongly agree. In addition to these options, trainers could also
select I don’t know if they were unable to assess a particular skill. The forms were
adapted to match the skills involved for the different practical tasks. Meaning, one
trainer evaluation form was created for the scenario-based industrial training, while
another one was created for skill training.

The trainers’ evaluation represents an expert review of the participants’ skills. See
Appendix E for the form the trainers used to assess skills.

4.2.3 Final Self-Evaluation

When completing the training, participants were asked to fill in a self-evaluation
once again. The purpose of this second self-evaluation, conducted through a digital
questionnaire, like the first, was to gain insight into how participants’ perceptions of
their skills had changed over the course of the training. The questionnaire included
the same questions as the initial self-evaluation, with the exception of questions 3,
4, and 20-24, which addressed personal data.

4.3 Analysis of Collected Data

The data was analyzed from the perspective of transforming the data into knowledge
using the framework presented in [95]. This framework outlines five key steps for
ensuring that data is meaningfully processed and prepared for interpretation:

o Contextualized: The purpose for which the data were gathered is clearly
understood.

o Categorized: The data are organized into units of analysis or key compo-
nents.

o Calculated: The data have been mathematically or statistically analyzed.

o Corrected: Errors or inconsistencies within the data have been identified and
removed.

o Condensed: The data have been summarized or presented in a more concise
form.
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4.3.1 Self-evaluation Data

The data from the self-evaluations regarding perceived skill levels were processed in
the same way for both questionnaires. The self-evaluation data were analyzed within
the context of the key skills identified as essential for becoming an operator. The
primary purpose of collecting this data was to measure how participants perceived
their own skill level and skill development over time and to assess any shifts in
confidence or competency perception resulting from the training. The answers were
categorized by participant and skill, grouping the guiding sub-questions according
to the specific skill each sub-question addressed. To generate a single metric for each
skill, the responses to the associated sub-questions were averaged. Having a single
metric for each skill allowed for comparison between different assessment methods.
The two self-evaluations generated two separate datasets: one representing the initial
self-evaluation and the other representing the evaluation completed after completing
the education.

4.3.2 Trainers’ Evaluation Data

The data from the trainers’ evaluations were handled in a similar manner to the self-
evaluation data. Questions addressing the same skills were grouped, with responses
averaged to produce a single metric per skill. If a participant had data from both
practical tasks, scores were averaged across setups. Some questions assessed the
same skill across both setups, while others within a single setup covered multiple
aspects of a skill. If data were missing from one setup or if a trainer had filled
in "l don’t know", only the available score was used for that participant in the
overall mean calculation. If no data was available for a certain skill, it was left
empty. The trainers’ evaluations resulted in the creation of an additional dataset,
which was organized and categorized by participant and skill. Notably, Equipment
Maintenance (S14) was not observed for any participants, as it was not included in
the practical tasks.

4.3.3 Observational Data

The observational data consisted of three types of data, depending on what protocol
the data originated from:

o Timestamps
» Yes/No checklist
o Comments from observers

The timestamps were processed by calculating the time it took each group to com-
plete different steps of the tasks in scenario-based industrial training. These time
differences were then analyzed using the five-number summary (minimum, first quar-
tile (Q1), median, third quartile (Q3), and maximum). This analysis allowed for
categorization of groups as slow, average, or fast. Specifically, if a group was faster
than 3, they were categorized as fast; if they fell between Q1 and Q3, they were
considered average; and if they were slower than Q1, they were categorized as slow.
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Each subtask was mapped to the specific skills required to perform it, enabling the
performance data to be linked directly to relevant skill areas. If a group performed
these tasks efficiently —categorized as fast — this was interpreted as a positive in-
dicator of proficiency in the associated skills.

In addition, a Yes/No checklist was used to record whether tasks were performed
correctly on the first attempt. These results were mapped to the relevant skills
associated with each subtask. Safety errors were also tracked and correlated with
compliance with safety regulations and the ability to follow instructions.

For all subtasks linked to specific skills, participants were consistently assigned a
score of +1, 0, or —1, based either on their performance relative to the group’s tim-
ing distribution or, where applicable, on the group’s correctness in executing the
task.

In the Skill Training protocols, no timestamps were recorded; only checklists were
used to verify whether participants performed the subtasks correctly. These subtasks
were also mapped to different skills, and depending on whether the group performed
them correctly or not throughout the practical session, they were assigned a score
of +1, 0, or —1.

In both practical trainings, the observers were also required to comment on whether
significant misunderstandings arose, whether the group encountered any problems,
whether they attempted to resolve issues by themselves, and whether they asked for
help. These were then also mapped to skills such as communication and teamwork,
problem-solving, and troubleshooting.

Observers also had the opportunity to provide additional comments on aspects not
captured by the structured protocols or to offer explanations for situations that
required further context. These comments were processed using the methodology
outlined in [96]. The methodology involves systematic steps for analyzing qualita-
tive data and identifying patterns and insights. The first step involved thoroughly
reading all comments multiple times to become familiar with the data. Initial codes
were then constructed to capture meaningful comments and relevant observations.
These codes were examined, and themes were identified. The resulting themes were
named and linked to specific skills. When explicit comments clearly associated pos-
itive or negative assessments with particular skills, these were also assigned scores
of +1, 0, or —1.

Finally, each participant was assigned an overall score for each skill by calculating
the average of their scores across all available data from the observations. However,
no data was collected in regard to Curiosity and Lifelong Learning (S2), Calculating
and Understand- ing Key Metrics and Parameters (S13) and Using and Operating
Machines (S15). The complete results were then compiled into a single dataset
representing the observational assessment.
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4.3.4 Triangulation of Data

The purpose of this triangulated analysis was to evaluate the consistency and di-
vergence between different assessment methods, gain insight into perceived versus
demonstrated competence, and identify how each method reflects participants’ ac-
tual skill levels. This approach supports the aim of assessing the effectiveness and
appropriateness of various skill evaluation methods within the battery industry con-
text.

The above-mentioned methodologies resulted in four unique datasets. Each rep-
resents different perspectives on participants’ skill levels: self-perception from self-
evaluations, expert assessment from trainers’ evaluations, and observed performance
from structured observations. To analyze these datasets in relation to one another
and to identify underlying patterns, an integrated analysis was conducted.

The first step of analyzing the data was to ensure the structure of the datasets were
the same, including phrasing of skills and format of data. The observational dataset
ranged from -1 to 1, but for the analysis, it was normalized to the same scale (1-5)
as the other datasets. After this, the datasets were merged based on participants
to enable the possibility to compare across methods. No participants were excluded
due to missing data, missing values were handled by retaining blanks to reflect the
true structure of available data.

The data were analyzed using descriptive and comparative methods. Descriptive
methods, including mean scores and standard deviations, were calculated for each
skill category within each dataset to provide an overview of performance and self-
assessment patterns.

The first comparison aimed to explore changes over time. Paired comparisons be-
tween the initial and final self-evaluations were conducted to identify changes in
perceived skill levels, see Figure 4.3.

VS

Initial Self-evaluation Final Self-evaluation

Figure 4.3: Triangulation of Data — Comparison 1

The second comparison aimed to evaluate the consistency between different assess-
ment methods used to establish participants’ initial skill levels, see Figure 4.4.
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Initial Self-evaluation Trainer Evaluation Structured Observations

Figure 4.4: Triangulation of Data - Comparison 2

For deeper insight, the datasets were further enriched by incorporating demographic
metadata, including age, gender, education level, and prior work experience which
was collected during the initial questionnaire. This was done to reveal underly-
ing patterns and to identify potential correlations between background factors and
performance across the different assessment methods.
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Results

This chapter presents the results from the analysis of existing assessment methods,
the experimental study, and the data analysis.

5.1 Review of Skills Assessment Methods

The synthesis of reviewed sources revealed a broad spectrum of skill assessment
methods used across professional and educational contexts. Seven sources applied
the methods explicitly in the medical field, additionally, another one was pointed
out as especially suitable for surgeries. The remaining sources applied assessment
methods across a range of settings, including vocational education and training,
corporate learning, policy and statistical frameworks, digital self-assessment tools,
and evaluations of language or communication skills.

After categorization across settings, a total of seven distinct categories of assessment
methods were identified: self-assessment, test-based, human observation, performance-
based, computer-aided, Al-supported, and background-based assessment. Visualiza-
tions for all methods can be seen in Figure 5.1

15 Pl oy wl] @ =

Figure 5.1: Visualizations of the identified skill assessment methods

Self-assessments are based on the person’s own perception of their skills and inter-
ests. In the findings, available in Appendix C, self-assessments are presented as a
method that can be scalable and affordable, but also subjective[74]. The applications
for self-assessment ranges from measuring skills to identifying gaps, possible career
paths, or developing opportunities|[72, 73, 89, 90, 97]. Test-based assessments were
commonly used to measure theoretical knowledge or specific competencies through
standardized formats such as multiple-choice tests, pre/post-training quizzes, or cer-
tification exams[86-88]. These methods appeared in both educational and corporate
contexts and were often used to establish skill levels, either on a basic level or after
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an education.

Human observations are used in contexts where skills are evaluated by experts, man-
agers, or peers, typically through rubrics, checklists, or rating scales, either live or
through video recordings [80, 81, 83]. These observations can take the form of formal
evaluations by trained assessors or more informal assessments by supervisors or col-
leagues in the workplace. Human observations were stated to be subjective, however
that could be controlled by utilizing multiple observers[76, 79]. Human observations
were stated to be costly and time-consuming[74, 76]. To contrast the human ob-
servations performance based assessments can be carried out. Performance-based
assessments focus primarily on the outcome of a task rather than the observer’s in-
terpretation. These assessments rely on predefined metrics and objective criteria to
evaluate how well a participant completes a specific task or demonstrates a skill[79,
86]. The performance based assessment can be incorporated to daily tasks[87].

Computer-aided assessments use digital solutions such as simulations or interactive
platforms to evaluate skills in structured and often automated ways. These meth-
ods allow for the collection of objective performance data—such as task efficiency
or accuracy—especially in vocational and medical settings [71, 78]. They are dis-
tinct from test-based assessments in that they simulate real-world tasks and track
behavior rather than relying solely on standardized questions. While effective for
skill-based evaluations, they may face limitations related to technology access and
transferability to real-world performance[69].

Al-supported assessments leverage artificial intelligence to evaluate skills through
automated analysis of behavior, performance data, or sensor inputs. The Al-
assessment methods are stated to be less bias and scalable[76, 77, 85]. Al can
analyze video, motion, or biometric data to provide objective and scalable feed-
back [76, 77]. Unlike computer-aided assessments that follow predefined metrics,
Al systems adaptively interpret complex patterns, offering real-time insights with-
out the need for continuous expert supervision [85]. Al-supported assessments were
described as scalable and less prone to bias, but concerns were raised about the
transparency of algorithms and the need for robust validation in applied contexts
[85].

In some cases, personal background data, such as educational history, prior work ex-
periences, or documented training, is used to determine what skills a person has[69,
87, 88, 91]. Additionally, self-reported work tasks can also be a part of deciding
what skills a person has. These approaches are grouped under background-based
assessment, as they rely on pre-existing personal and contextual information rather
than direct testing or observation. While such methods can be efficient and scal-
able, they have been criticized for potentially failing to capture actual, current skill
levels|[88].

It is possible to combine methods when assessing skills, referred to as mixed methods
or multidimensional evaluation[83, 88]. However, this was not included as a separate
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category in this review, as it represents a combination of existing methods. All
reviewed assessment methods are summarized and described in Table 5.1.
Table 5.1: Skills Assessment Literature Overview
Category Assessment Examples (with | Notes
Method sources)
Self- Self-reporting  of | Europass  Digital | Scalable and afford-
assessment skills, interests, or | Skills Tool [90]; | able; subjective due
competence levels | National  Careers | to self-perception;
through surveys or | Service quiz [89]; | often used in early
digital tools. graduate self- | career guidance
assessments  [74]; | or self-directed
self-evaluation  in | learning.
active learning
[73]; self in digital
humanities [97].
Test-based Standardized tests | DigComp  factual | Objective and re-
assessment or quizzes to mea- | assessments [90]; | peatable; common
sure cognitive or | pre/post knowledge | in formal educa-
domain-specific tests [87]; training | tion and corporate
knowledge. certifications  [86]; | training; may not
international skills | capture applied
surveys [88]. skills.
Human Observation of | Speaking skill | Context-sensitive
observation task  performance | assessment [80]; | and flexible; sub-
by experts, peers, | surgical  observa- | ject to bias unless
or managers us- |tion tools  [81]; | multiple observers
ing  rubrics  or | peer/manager re- | used [76,  79];
checklists. views [72]; dental | resource-intensive
evaluations [83]. [74].
Performance- | Evaluation through | VETASSESS Focused on observ-
based demonstration  of | hands-on tests [91]; | able output; useful
assessment real-world tasks or | surgical  suturing | in vocational and
simulated  proce- | [78]; serious games | medical  training;
dures. 82]; embedded | metrics include

work tasks [87].

accuracy, time, or
error rate.

Continued on next page
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Table 5.1: Skills Assessment Literature Overview (Continued)

reported job tasks
[69]; employer sur-
veys [70]; AIR case
studies [87].

Computer- Simulations or digi- | VR mastoidec- | Structured and
aided tal interfaces to as- | tomy training [84]; | scalable;  reduces
assessment sess task comple- | business simula- | observer bias; re-
tion and behavior. | tions [71]; online | quires access to
platforms with | digital infrastruc-
mapping and gap | ture [69].
analysis [72]; self-
reflection tools
[73].
Al-supported | Use of artificial | Al surgical skill | Highly scalable
assessment intelligence and | evaluation using | and potentially
sensors to interpret | video, kinematics, | unbiased; still un-
performance  and | or eye tracking [76, | der  development;
generate feedback. | 77]; automated sys- | transparency and
tems in professional | validation needed.
training [85].
Background- Skills inferred from | Eurostat  indirect | Efficient and acces-
based educational history, | measures [88]; | sible; may not re-
assessment prior experience, or | VETASSESS back- | flect current compe-
documented tasks. | ground/document | tence; often used in
review [91]; self- | policy and certifica-

tion contexts.

5.2 Self-Evaluation Result

To assess participants’ perceived skills, self-evaluation data were collected before
and after the training period using a standardized Likert-scale questionnaire. A
total of 56 participants completed the initial self-evaluation, and 39 completed the
final self-evaluation. Overall, participants reported high perceived competence at

the start.

Median scores for most skills exceeded 4, indicating a high skill level. Skills related
to safety, teamwork, and routines tended to receive consistently high ratings. Tech-
nical or task-related skills showed greater variation in responses.

Figure 5.2 presents a boxplot visualization of initial self-evaluation scores across all
15 skills, labeled S1 through S15. The figure shows both the average self-ratings

and how much the scores varied between participants.

Some skills have a wider

spread of scores and more low outliers, which means that while many participants

felt confident, others did not perceive their skill-level as high.
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Figure 5.2: Initial self-evaluation scores across S1 to S15. Boxes show the in-
terquartile range with medians marked; outliers are displayed as points.

Final self-evaluation scores remained high across most skills. In general, partic-
ipants rated themselves slightly higher after the training, especially in skills the
participants had rated themselves the lowest on the initial questionnaire. The most
notable improvements were seen in Using and Operating Machines (S15), Conduct-
ing Product Sampling (S7), and Calculating and Understanding Key Metrics and
Parameters (513). The difference between initial and final self-evaluations are pre-
sented in Table 5.2.
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Table 5.2: Average self-evaluation scores before and after training

Skill | Skill Name Initial Mean £+ SD | Final Mean &+ SD

S1 Collaboration, Communica- 4.5 + 0.5 4.6 + 04
tion, and Teamwork

S2 Curiosity  and  Lifelong 4.5+ 0.6 4.6 +£0.5
Learning

S3 Applying and  Following 4.3+ 1.0 4.6 +£0.4
Standardized Work Methods

S4 Following Work Instructions 44+ 0.6 4.5+ 0.5
and Recipes

S5 Using Personal Protective 4.4 4+ 0.8 4.7+ 0.5
Equipment (PPE)

S6 Accuracy and Focus 4.3 + 0.6 4.4 4+ 0.5

S7 Conducting Product Sam- 3.5+1.0 4.3 + 0.7
pling

S8 Detecting Defective Prod- 4.0 £ 0.8 4.4 4+ 0.6
ucts

S9 Documentation and Moni- 4.1+ 0.8 4.4 4+ 0.6
toring of Production Data

S10 Handling Sensitive Materi- 4.1+ 0.7 4.4+ 0.6
als, Equipment, and Prod-
ucts

S11 Thinking Sequentially 4.2+ 0.8 4.5+ 0.6

S12 Troubleshooting and Prob- 4.1+ 0.7 4.5+ 0.5
lem Solving

S13 Calculating and Understand- 3.7+ 0.8 4.2 + 0.6
ing Key Metrics and Param-
eters

S14 Equipment Maintenance 344+ 1.1 4.2 + 0.6

S15 Using and Operating Ma- 34+1.0 4.4 £ 0.7

chines

5.3 Trainer Evaluation Results

A total of 53 participants were evaluated by trainers, who also serve as educators at
BCG. However, not all participants received evaluations at every station, resulting
in some variation in the number of assessments per skill. The results, summarized as
mean scores with standard deviations, are presented in Table 5.3. The lowest average
score was recorded for Following Work Instructions and Recipes (S4) and Using
Personal Protective Equipment (PPE) (S5), while the highest scores were observed
in Documentation and Monitoring of Production Data (S9), Thinking Sequentially
(S11), Detecting Defective Products (S8) and Calculating and Understanding Key
Metrics and Parameters (S13).
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Table 5.3: Average trainer evaluation scores with standard deviation

Skill | Skill Name Trainer Mean = SD

S1 Collaboration, Communi- 3.9 +0.8
cation, and Teamwork

S2 Curiosity and Lifelong 3.7+0.8
Learning

S3 Applying and Following 3.7+ 0.6
Standardized Work Meth-
ods

S4 Following Work Instruc- 32+ 1.1
tions and Recipes

S5 Using Personal Protective 34 4+08
Equipment (PPE)

S6 Accuracy and Focus 4.0+ 0.9

S7 Conducting Product Sam- 3.8+04
pling

S8 Detecting Defective Prod- 4.1+ 0.4
ucts

S9 Documentation and Moni- 4.4+ 0.5
toring of Production Data

S10 Handling Sensitive Materi- 4.0 £0.2
als, Equipment, and Prod-
ucts

S11 Thinking Sequentially 42+ 04

S12 Troubleshooting and Prob- 3.8+ 0.7
lem Solving

S13 Calculating and Under- 41+ 0.5
standing Key Metrics and
Parameters

S14 Equipment Maintenance -

S15 Using and Operating Ma- 3.9+ 0.7
chines

5.4 Observational Results

Table 5.4 presents the observed performance scores across the defined skills. The
highest normalized average was found for S9 - Documentation and Monitoring of
Production Data , followed by S12 - Troubleshooting and Problem Solving and S5

- Using Personal Protective Equipment (PPE).

S1 - Collaboration, Communication, and Teamwork and S4 - Following Work In-
structions and Recipes also showed relatively high observed performance. In con-
trast, lower scores were noted for S10 - Handling Sensitive Materials, Equipment,
and Products, S7 - Conducting Product Sampling, and S8 - Detecting Defective
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Products.

Several skills were not observed at all and are therefore not included in the results: S2
-Curiosity and Lifelong Learning, S13 - Calculating and Understanding Key Metrics
and Parameters, and S14 - Equipment Maintenance.

Table 5.4: Observational scores: raw and normalized

Skill | Skill Name Raw Mean £+ SD | Normalized Mean + SD

S1 Collaboration, Communica- 0.4 +0.5 3.8+ 1.1
tion, and Teamwork

S2 Curiosity  and  Lifelong - -
Learning

S3 Applying and  Following 0.1 £0.6 3.1+12
Standardized Work Methods

S4 Following Work Instructions 0.1 £0.7 3.3+ 14
and Recipes

SH Using Personal Protective 0.4+ 0.8 3.8+ 1.6
Equipment (PPE)

S6 Accuracy and Focus 0.0 £0.7 3.1+14

ST Conducting Product Sam- -1.0 £ 0.0 1.0 +£ 0.0
pling

S8 Detecting Defective Prod- -1.0 £ 0.0 1.0 £ 0.0
ucts

S9 Documentation and Moni- 1.0 + 0.0 5.0 £ 0.0
toring of Production Data

S10 Handling Sensitive Materi- -0.7 £ 0.8 1.7+ 1.6
als, Equipment, and Prod-
ucts

S11 Thinking Sequentially -0.1 £ 0.7 29+ 15

S12 Troubleshooting and Prob- 0.6 + 0.5 4.3+ 1.1
lem Solving

S13 Calculating and Understand- - -
ing Key Metrics and Param-
eters

S14 Equipment Maintenance - -

S15 Using and Operating Ma- 0.1 +0.8 3.2+ 1.5
chines

5.5 Triangulation of Assessment Results

The triangulation of the data entailed comparing the different methods and their
alignment. This was done on both an individual level and a group level. At the
individual level, the results are illustrated using radar charts, which display how
individuals rated themselves compared to evaluations by trainers and observers.
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Figures 5.3-5.6 present four examples, each corresponding to a different individual.
These charts show how each person was assessed across a set of skills using all three
methods.

It is noteworthy that Individuals C (Figure 5.5) and D (Figure 5.6) were not eval-
uated on the skill Handling Sensitive Materials, Equipment, and Products (S10),
whereas Individuals A (Figure 5.3) and B (Figure 5.4) were assessed on this skill by
all methods.

S% -@= Self S% -@= Self
=M= Trainer =M= Trainer
—A=— Observer —A— Observer

Si -@- Self si -@= Self
=M= Trainer =M~ Trainer
=—A= Observer =A=— Observer

Figure 5.5: Individual C Figure 5.6: Individual D

While individual radar charts provide insight into personal differences across assess-
ment methods, the group-level analysis offers a broader view of overall trends and
potential systemic patterns in how skills are evaluated. The following tables present
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differences on an aggregated level. To aid interpretation, all tables comparing as-
sessment results include row color-coding based on the magnitude of the difference
between methods. Green rows indicate small differences (|z| < 0.4), yellow moder-
ate differences (0.4 < |z| < 1.0), and red large differences (|z| > 1.0).

The majority of the participants scored their own skill levels higher than compared
to what the trainers assessed. Table 5.5 presents a comparison between employ-
ees’ initial self-ratings and the corresponding trainer assessments. The Difference
column reflects the average score gap for each skill, calculated as Trainer rating
minus Self-evaluation, where negative values indicate that the self-evaluation was
scored higher. The Higher Self-Ratings column reports the number of participants
who rated themselves higher than their trainer did, providing a count of individ-
ual instances of overestimation. The Valid Comparison Cases column indicates the
number of participants who received both a trainer assessment and completed a
self-evaluation for that skill, ensuring that the data reflects only directly compa-
rable ratings. The largest difference between the two methods can be seen in S4,
Applying and Following Standardized Work Methods, and S5, Using Personal Pro-
tective Equipment (PPE). For these skills the trainers has ranked the participants
on average one point less than their initial self-evaluation.

Table 5.5: Self vs. Trainer Ratings by Skill

Skill | Difference | Higher Self-Ratings | Valid Comparison Cases
S1 -0.6 23 41
S2 -0.8 36 49
S3 -0.6 2 46
S4 -1.2 29 42
S5 -1.0 39 49
S6 -0.2 23 49
ST 0.1 12 43
S8 0.0 17 40
S9 0.3 5 43
S10 -0.2 18 43
S11 -0.1 15 40
S12 -0.3 27 49
S13 0.4 8 34
S14 - - -
S15 0.6 12 49

Table 5.6 presents a comparison between employees’ initial self-ratings and the cor-
responding observational assessments for each skill. The Difference column reflects
the average score gap (Observation minus Self-evaluation), where negative values
indicate that participants rated their performance higher compared to what was
observed in practice. The Higher Self-Ratings column shows the number of par-
ticipants who rated themselves higher than the observed performance level. The
Valid Comparison Cases column reports the number of participants for whom both
a self-evaluation and an observational assessment were available. The largest gap
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between self-evaluated skill level and observed was for skill S10, Handling Sensitive

Materials, Equipment, and Products.

Table 5.6: Initial Self-Evaluation vs. Observations

Skill | Difference | Higher Self-Ratings | Valid Comparison Cases
S1 -0.6 26 41
S2 - 0 0
S3 -1.2 27 34
S4 -1.0 29 42
SH -0.6 16 43
S6 -1.0 26 41
ST -2.0 1 1
S8 -2.8 3 3
S9 1.2 0 10
S10 -2.4 16 20
S11 -1.3 24 34
S12 0.3 12 39
S13 - 0 0
S14 - 0 0
S15 -0.2 22 42

Table 5.7 compares trainer assessments with observational assessments. The Differ-
ence column shows the average score gap, calculated as Trainer rating minus Obser-
vation, where positive values indicate that trainers rated participants higher than
observers did. Valid Comparison Cases column indicates the number of participants
for whom both a trainer rating and an observational assessment were available.

Table 5.7: Trainer Ratings vs. Observations by Skill

Skill | Difference | Valid Comparison Cases
S1 0.2 35
S2 - -
S3 0.6 34
S4 -0.2 40
S5 -0.5 46
S6 1.0 43
ST 3.0 1
S8 3.0 2
S9 -0.6 10
S10 2.2 22
S11 1.4 27
S12 -0.5 43
S13 - -
S14 - -
S15 0.7 44
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5.6 Influence of Demographics

Using the demographics, the data was analyzed to see underlying patterns. In this
result section, the different methods, initial self-evaluation, observations, and trainer
evaluation was analyzed based on gender, educational history, work experiences, and
age. The result is presented in the tables below.

Table 5.8 presents the average scores sorted by gender (F - Female, M - Male)
and assessment source: self-assessment (Self), trainer evaluation (Tr), and observer

rating (Ob).

Table 5.8: Mean Scores by Skill, Gender, and Source

Skill | Self-F | Self-M | Tr—F | Tr-M | Ob—F | Ob—M
S1 4.7 4.4 4.1 3.9 4.0 3.8
52 4.7 4.4 3.8 3.7 - -
S3 4.6 4.1 4.2 4.1 3.5 3.7
S4 4.4 4.4 3.3 3.2 2.7 3.1
SH 4.5 4.3 3.7 3.2 3.7 3.9
S6 4.3 4.3 4.3 3.9 2.9 3.2
ST 3.6 3.6 3.7 3.8 2.5 1.0
S8 4.1 4.0 4.1 4.2 5.0 1.0
S9 4.1 4.1 4.5 4.3 3.4 3.1
S10 4.1 4.1 3.9 4.0 3.2 1.3
S11 4.3 4.1 4.2 4.2 4.4 4.3
S12 4.1 4.1 3.9 3.8 2.5 2.9
S13 3.5 3.7 4.1 3.9 - -
S14 3.4 3.5 - - - -
S15 3.4 3.4 4.1 3.9 3.4 3.0

In Table 5.9, the assessments are grouped based on the highest level of education
of the participants. The educational data were collected for three levels: upper
secondary school (labeled as USS), university (labeled as UNI), and vocational ed-
ucation and training (labeled as VET'). The assessment methods are abbreviated as
Self for self-assessment, Tr. for trainer evaluation, and Obs. for observer rating.
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Table 5.9: Evaluation Scores by Skill and Educational Background

Education USS UNI VET
Skill Self | Tr. | Obs. | Self | Tr. | Obs. | Self | Tr. | Obs.
S1 45139 39 |45|44] 34 |45 (39| 4.1
S2 4.5 1 3.8 - 44 1 3.8 - 4.6 | 3.7 -
S3 43138 30 |40 (34| 32 | 44|38 3.3
S4 4.3 31| - 44 132 - 45134 -
S5 45138 1.0 | 3.9 | 4.0 - 411401 1.0
S6 4.0 |43 34 |43 (37| 33 | 45|38 3.5
S7 3.1139] 28 [ 3538 - 3.8 37| 1.0
S8 39 143] 50 [39 (43| 5.0 |41 43| 5.0
S9 40 45| 3.0 | 38143 29 |42 (43| 3.0
S10 40 40| 1.4 |38 (36| 3.2 |44 (37| 3.3
S11 4.0 |43 2.8 |41 (43| 2.8 | 44|38 45
S12 4.0 | 3.8 - 4.0 | 3.7 - 4.2 135 4.3
S13 3.3 |44 - 3.6 | 4.0 - 4.0 | 3.9 -
S14 3.0 - - 35| - - 3.8 | - -
S15 28 140| 35 |35 |38] 32 [38|3.7] 1.0

A comparison between individuals with and without prior industry experience was
also conducted. As shown in Table 5.10, average scores across all assessment meth-
ods—Self, Trainer, and Observer—are grouped by whether participants reported
having previous experience in an industrial setting (HasExp) or not (NoExp).

Table 5.10: Average skill assessment scores reported by participants with and
without prior industry experience, categorized by assessment source (Self, Trainer,

Observer)

Skill Self Trainer Observer
HasExp | NoExp | HasExp | NoExp | HasExp | NoExp
S1 4.6 4.4 4.1 3.7 4.0 3.5
S2 4.5 4.4 3.9 3.4 — —
S3 4.6 3.2 3.7 3.6 3.2 3.2
S4 4.5 4.1 3.3 2.9 3.2 3.3
SH 4.6 3.8 3.5 3.0 3.7 4.1
S6 4.4 3.9 4.1 3.8 3.1 3.4
S7 3.6 2.7 3.9 3.6 — 1.0
S8 4.2 3.4 4.2 4.0 5.0 5.0
S9 4.2 3.8 4.4 4.3 3.4 3.4
S10 4.3 3.6 4.0 4.0 1.9 1.7
S11 3.6 2.7 4.0 3.8 3.3 2.3
S12 3.6 3.2 3.9 3.6 — 1.0
S13 3.7 3.5 4.1 4.0 — —
S14 3.6 2.8 — — — —
S15 4.2 3.8 3.5 3.0 3.7 4.1

45



5. Results

The final comparison was conducted across age groups to examine potential differ-
ences in how individuals assess and are assessed based on their age. As shown in
Figures 5.7-5.9. The results are grouped by age, 1824, 25-34, 35-44, and 45-54,
and each figure presents how the different age groups have been scored on average
depending on assessment methods. Some skills have been labeled with a score of
zero which represent that the group has not been scored in that specific area. See
Appendix F for complete data.
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Figure 5.7: Average self-evaluation scores grouped by age
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Discussion

This chapter aims to highlight and interpret the main findings of the study, re-
flect on the implications, limitations, and context-specific relevance of the different
assessment methods explored.

6.1 Key Findings and Interpretation

This study revealed consistent differences between the assessment methods, par-
ticularly between self-assessment and the evaluations from trainers and observers.
In most cases, participants rated their skills higher than both trainer and observer
assessments, suggesting a tendency of overestimation. This pattern was especially
seen in certain skill areas, such as Following Work Instructions and Recipes (S4) and
Using Personal Protective Equipment (S5), where the average difference exceeded
one full point on the Likert scale for the trainer assessments. When compared to the
observer assessments, S4 differed by one full point, and S5 differed with 0.6. A closer
look at S4 further illustrates this discrepancy. Neither trainers or observers consis-
tently rated participants at or above 4, the level indicating a clear demonstration of
the skill. Instead, most ratings hovered around 3, suggesting that participants may
follow instructions inconsistently or only partially. This implies a skill level that
could be considered insufficient for reliable performance.

These findings align with prior research and support insights from the literature
review (see Sections 3.4 and 5.1), which indicate that self-assessments are often
influenced by overconfidence or limited self-awareness—particularly among less ex-
perienced individuals.

When comparing the initial self-evaluations with those completed at the end of
training, only minor changes were observed overall. However, the most notable in-
creases occurred in skill areas where participants had initially rated themselves below
four on the Likert scale. These skills included S7: Conducting Product Sampling,
S13: Calculating and Understanding Key Metrics and Parameters, S14: Equipment
Maintenance, and S15: Using and Operating Machines. This could indicate that
participants felt more confident in these specific skills after training. Alternatively,
as stated in [59] following the Dunning—Kruger effect, it may suggest that they did
not gain enough insight during training to accurately recognize their own limita-
tions, highlighting the ongoing challenge of relying on self-perception.
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Additionally, the skills where participants had ranked themselves below a four on
the Likert scale could be categorized as hard skills according to the definition of
hard skills in [31]. As stated in [61], this may indicate that participants had higher
self-efficacy in softer and more familiar skill areas.

6.2 Comparing Assessment Methods

This section explores how different assessment methods reflect varying perspectives
and highlights some of their respective strengths and limitations.

6.2.1 Self-Assessments: Perceived Competence and Reflec-
tion

The difference between perceived and observed skills can be understood through the
Johari Window model, which describes how parts of a person’s self-awareness fall
into areas that are either known or unknown to themselves and others[57]. Some
participants may operate within the blind area, meaning they are unaware of certain
weaknesses that are visible to trainers or observers. This could explain the overesti-
mations found in the self-assessments. However, the model also presents the hidden
area, where individuals may be aware of certain skills or knowledge that are not
visible to others. This raises the possibility that the self-assessment may actually
reflect something that the other methods do not see.

As discussed in the theoretical framework, psychological constructs such as the Dun-
ning-Kruger effect and self-efficacy theory help explain why individuals may per-
ceive their skill levels to be higher than it is in practice. Despite the limitations,
self-assessments continue to be important for encouraging reflection and self-directed
learning.

6.2.2 Trainer Assessments: Expert Judgement with Con-
straints

Trainer evaluations worked well in the BCG training environment, particularly when
the trainers had sustained interaction with the participants. Their contextual exper-
tise allowed for informed judgments on participant skill. However, these evaluations
rely on consistent criteria and are resource-intensive, limiting their use in large-scale
or remote settings. They may be most appropriate in practical training programs.

While offering an external viewpoint, the limitations of the trainers’ evaluations are
the risk of being influenced and biased based on interpersonal dynamics, familiarity
with participants, or subjective interpretations of performance. There is no guaran-
tee that a participant would receive the same score from a different trainer, as the
baseline for assigning a certain score may vary between evaluators. Additionally,
trainers may not be able to observe every aspect of a participant’s performance. A
key moment where a participant performs especially well, or struggles significantly,
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might be missed, resulting in a score that does not fully reflect the individual’s ac-
tual skills.

[36] discusses various methods for assessing skill gaps, one of which is manager
assessments. According to the categorization presented in this thesis, these assess-
ments fall under the broader category of human observation, which aligns with the
trainer assessments used in this study. The report also highlights a key limitation
of such methods: the potential for bias from peers and managers. This limitation
supports the concerns raised in this thesis regarding subjectivity and inconsistency
in trainer evaluations. As noted, interpersonal dynamics, varying expectations, and
incomplete observation of participant performance can all affect the reliability.

6.2.3 Observed Performance: Objective but Context-Limited

Compared to trainer evaluations, the observational assessments aimed to capture
performance more objectively by focusing on what participants actually did during
specific tasks. Observational assessments measured task-related performance. In
contrast to trainer evaluations, which prior interactions or generalized impressions
can influence, observational assessments were tied to specific tasks and performance
indicators, such as whether the participant completed a task accurately, efficiently,
or within a certain time.

In this study, the observation results revealed some discrepancies in specific skill
areas. While the lowest scores were recorded in Conducting Product Sampling (S7)
and Detecting Defective Products (S8), these results should be interpreted with
caution. Very few participants were evaluated on these specific skills, and the scores
they received were often extreme (e.g., -1), which, after normalization, resulted in
a minimum value of 1. Although this could signal a gap between perceived and
demonstrated skills, the limited sample size makes it difficult to draw definitive
conclusions. A more reliable example can be seen in Handling Sensitive Materials,
Equipment and Products (S10), where a clear gap emerged between relatively high
self- and trainer scores and much lower observational results. This may indicate
that participants were overconfident or insufficiently prepared for the precision or
care required in that task. The score for S10 differed between the trainer and the
observations as well (trainer average: 3.8 and observer average: 1.7) could indicate
that the trainers missed certain tasks or critical steps while the observer saw it.

6.3 How Demographics Shape Assessment Out-
comes

In addition to the general differences between assessment methods, some patterns
emerged across participant demographics. Participants with prior industrial expe-
rience tended to rate themselves slightly higher across most skills and also received
higher trainer evaluations in several areas. This suggests that experience may posi-
tively influence both self-perception and how the skills are judged by others from a
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holistic perspective. These patterns align with the concept of mastery experiences in
self-efficacy theory, which suggests that individuals who have previously succeeded
in a given context are more likely to develop a strong belief in their ability to per-
form similar tasks in the future[61]. Depending on the similarity of tasks performed
in past jobs, the transferability of learning may have supported not only a stronger
sense of self-efficacy but also more confident and accurate performance during the
assessments[66]. Higher self-efficacy may also influence motivation and the level of
effort invested in a task, which in turn could positively affect how participants are
evaluated by trainers.

Gender-based patterns were also cross-referenced between the assessment methods.
Female participants generally rated themselves slightly higher than male participants
across most skills. Interestingly, this trend was supported by trainer evaluations,
where women often received equal or slightly higher scores than men. Moreover,
the gap between self-assessments and trainer ratings was often smaller for women
than for men, suggesting that female participants’ self-perceptions were more closely
aligned with how their skills were assessed. This could indicate greater accuracy in
self-evaluation among women when compared to trainer evaluations; however, the
difference is small and would need further investigation. When analyzing the ob-
server results between male and female participants, the results were mixed, and
it was harder to see a consistent pattern. This outcome contrasts with findings
in [63], which suggest that women tend to rate their abilities lower than men in
male-dominated fields. Notably, this pattern did not emerge in the present study,
suggesting that gender-related differences in self-perception may be more nuanced
and context-dependent.

Differences across educational backgrounds were also explored, though no strong
or consistent trends were found in the observational data. In a few skills—such as
Thinking Sequentially (S11) and Troubleshooting and Problem Solving (S12), par-
ticipants with vocational education and training received higher observation scores
compared to those from university or upper secondary school backgrounds. This
may reflect the practical orientation of vocational programs, which often emphasize
applied problem-solving. However, in other areas, such as Using and Operating Ma-
chines (S15), VET participants received lower observational scores, suggesting that
performance differences cannot be explained by education level alone.

Age-related differences were minimal overall. While the oldest age group, 45-54,
tended to rate themselves slightly lower in some self-assessment categories, trainer
and observer evaluations did not reflect any consistent pattern across age groups.
Suggesting that age alone did not strongly influence either perceived or demon-
strated skill levels in this study.
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6.4 Choosing the Right Assessment for the Right
Purpose

Assessing skills is not a neutral or uniform process—it is shaped by the perspec-
tive of the evaluator and the method used. In the experimental part of this study,
three assessment approaches were employed: self-assessment, trainer evaluation, and
structured observation. Each method offers a distinct view of participants’ skills.
While all methods aim to assess the same underlying skills, they capture different
dimensions: self-assessment reflects perceived ability, trainer evaluations reflect ex-
pert judgment, and observations reflect demonstrated behavior.

Self-assessment methods proved useful in training settings that emphasize personal
development, reflection, and learner engagement. This was reflected in [38], where
self-assessment was seen as a viable option to guide students towards new areas
of development. Their scalability and ease of implementation make them espe-
cially suitable for large groups and digital learning platforms. However, due to the
subjective nature and risk of bias, self-assessments are less suited for high-stakes
assessments.

Trainer evaluations provide context-specific expertise but are resource-intensive and
potentially subjective. Observational assessments, focused on performance metrics,
were effective in capturing task execution. However, the challenge of observer avail-
ability and limited task coverage makes them difficult to scale. In the setting at
BCG, these observational assessments focusing on performance metrics could, to
some extent, be automated. Automating these could reduce the need for human
resources and ensure that each metric is captured with precision.

Other methods identified in the literature, such as test-based, computer-aided, or
Al-supported assessments, were not applied in this study but show potential. The
suitability of these methods will depend on the specific goals, resources, and scale
of the assessment context.

6.4.1 Creating Upskilling and Reskilling Paths from Assess-
ments

In [36], the most common approach to measuring skill gaps was presented to be
self-evaluations. For bridging the skills gap, this would then serve as a guide for
identifying which areas need improvement. When compared to the findings of this
study, it suggests that if we are to tailor upskilling and reskilling initiatives based on
assessments, an understanding of how different assessment methods capture various
dimensions of skills is required. If used to guide training pathways, these assess-
ments could lead to different conclusions about which skills need development.

[38] concluded that upskilling in the industrial sector is becoming essential to re-
main competitive. As stated in [42], the operator plays a central role in production.
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Therefore, to effectively support operator upskilling, it is critical to identify specific
areas in need of improvement.

For example, self-assessments might highlight areas where participants feel uncer-
tain or lack confidence. The reason they score themselves lower might be that they
recognize the importance of these skills and understand that they need to be de-
veloped. In contrast, trainer and observer assessments may identify more objective
gaps in performance or critical task execution that the individual is not aware of.
For example, realizing the consequences of specific mistakes or missed steps may
only become visible through structured observation or external evaluation. When
inspecting the radar charts on an individual level (Figures 5.3-5.6), it is clear that
the different methods identify different areas for development.

To visualize how different training paths can be created depending on what method
is used, the Figures 6.1-6.3 were created. These are based on individual D presented
in Figure 5.6. Figure 6.1 illustrates the training path derived from self-evaluation,
which includes only the skills where the participant rated themselves below four.
When comparing the different paths, it is evident that the self-assessment path is
the shortest, especially in contrast to the paths based on trainer evaluations (Figure
6.2) and structured performance based observations (Figure 6.3).
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Figure 6.1: Training path for Individual D based on Self-Evaluation
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Figure 6.2: Training path for Individual D based on Trainer-Evaluation
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Figure 6.3: Training path for Individual D based on structured observations

6.5 Relevance Across Manufacturing Settings

Traditional approaches for addressing skill gaps across industries include training
and recruitment. As noted by [30], one of the most competitive factors in manufac-
turing is having employees with the right skills. However, the persistent and growing
skill gap within the manufacturing sector increases the pressure to accurately iden-
tify which areas require targeted training.

At the same time, recruitment is becoming increasingly challenging due to labor
shortages and demographic changes [38]. This shift is prompting companies to
expand their talent pools to include a broader range of applicants from diverse ed-
ucational, cultural, and professional backgrounds.

In both cases, whether upskilling existing workers or onboarding individuals, the

question about what skills these individuals already have arises. Using different
skill assessment methods could be a key solution to identify the skills the individu-
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als have and target development needs.

Despite this thesis focusing on specific stages of battery production, the assessment
methods explored are likely applicable across various industries. These methods
could be extended to other manufacturing steps beyond the training setup tested in
this study. However, the effectiveness of such applications depends on clearly defin-
ing the skills to be assessed. This reflects the first step in addressing and measuring
skill gaps, as outlined by [37], which emphasizes the importance of identifying the
need for specific skills.

The skills used in this study was specific for battery operators but when comparing
to the skills needed in the manufacturing sector in general there are some trans-
ferable skills. [42] highlight’s the importance of having an operator with problem
solving skills, which is also pointed out as one of the 15 skills used for this thesis.
Moreover, handling automated production systems and machines is applicable in
all manufacturing industries and are covered in this project under S15, Using and
Operating Machines and S14, Equipment Maintenance.

6.6 Methodological Reflections

The methodological design of the experimental study combined self-assessment,
trainer evaluation, and observational assessment to gain insight into how partici-
pants’ skill levels were perceived and demonstrated. The aim was to explore the
perspectives each method captured, and how these aligned, or differed, when ap-
plied in practice.

One important limitation relates to the use of relative and normalized scoring. Ob-
servational assessments were based on raw performance (e.g., timing or task cor-
rectness) and then converted into a +1/0/-1 scale before being normalized to a
five-point Likert-like structure. This process, while practical, compressed variation,
especially in cases like Conducting Product Sampling (S7) and Detecting Defective
Products (S8), where few participants were assessed and all received extreme scores.
As a result, the normalized values may overstate differences or suggest a level of
precision not supported by the data.

In Scenario-based Industrial Training, timing data was analyzed using a five-number
summary (minimum, Q1, median, Q3, maximum), and groups were categorized as
fast, average, or slow, then scored accordingly. In Skill Training, task correctness
was recorded using Yes/No checklists. Fach task was linked to one or more skills,
allowing performance to be translated into relative skill scores. Although efficient,
this approach assumes that relative standing within the group accurately reflects
skill levels, which may not always be true.

An alternative would have been to use absolute performance thresholds, e.g., defin-

ing what constitutes a score of 5 based on objective criteria. However, in the absence
of established baselines, the relative model was considered the most practical solu-
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tion for this context.

In addition, the trainer evaluations could be subjective or influenced by the fact that
all trainers had their own frame of reference for what constituted strong or weak
performance. This variability could have been further mitigated by developing more
detailed rubrics.

Another methodological consideration relates to how skills were predefined and at
what level they were described. The assessment framework in this study relied on
a fixed set of 15 skill definitions, which were established based on [46, 48, 49] and
used across all methods. While this structure enabled consistency and compara-
bility, it also constrained flexibility. In some cases, it may have been difficult to
determine whether a specific task outcome genuinely reflected a specific skill, or
if multiple skills overlapped. Additionally, some skills were defined at a relatively
broad level, for example, Using and Operating Machines, which could result in var-
ied interpretations across trainers and participants. The forms for both trainers and
participants were broken down into sub-questions related to each specific skill, but
the interpretation of those sub-questions could still be different. This introduces
a risk that assessments were not only influenced by performance but also by how
well the assessor understood the intention behind each skill. As no discussion or in-
terview was held with either participants or trainers, no additional information was
collected about how the questions were interpreted or how each skill was understood
in practice. This limits the ability to evaluate whether the assessment forms were
used consistently or whether certain aspects of the skills may have been overlooked
or misunderstood.

Another factor that may have influenced the assessment results is the nature of the
training environment itself. The sessions were conducted in what is defined as a
learning factory in [52], which emphasized experimentation, feedback, and growth
rather than formal evaluation. This could have contributed to a higher sense of psy-
chological safety, which among participants encouraged them to test and experiment
as stated in [65]. While a psychologically safe environment is beneficial for learning,
it may also influence how seriously they engage with evaluation tasks. Similarly,
trainers may have been inclined to offer more encouraging feedback in this context,
subtly affecting scoring outcomes.

6.7 Future Research

This study focused on three methods, but future research could explore the in-
tegration of other techniques, such as test-based, computer-aided, or Al-supported
assessments. These approaches may offer new insights, particularly around theoreti-
cal knowledge, real-time task monitoring, or scalable feedback in large-scale settings.

The experimental study focused on the setting at BCG and the skills applicable to

this setting. However, continuing to explore how the skills identified and trained at
the initiatives described in other European projects, such as InnoEnergy Skills In-
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stitute, [55], and the EBA, [53], could offer additional depth. The battery industry
was the main focus, but some skills are transferable to other industries. Recognizing
that the manufacturing sector has the largest amount of skill gaps described in [37],
shows the need for a broader study on how to capture skills on an individual level.

The training set-up is assumed to match the steps in battery production as described
in [25], aligning with the Li-ion production process. The transferability of the skills
has not been evaluated in this thesis, as it was assumed that BCG has taken this
into account. However, exploring learning transferability, as described in [66], could
provide valuable insight into how well assessments in this learning factory setting
represent actual performance in real production environments.

Further investigation is also needed into how assessment outcomes are influenced by
participant background factors, such as experience, gender, or education. While this
study provided some exploratory insights, a larger and more diverse sample would
be needed to draw stronger conclusions. Additionally, examine how these groups
perform across different categories of skills, such as those described in [31, 32].

Another area for development is establishing performance benchmarks. The relative
scoring approach used here worked within the constraints of the study but highlights
the value of having clearer standards for interpreting skills. Future studies could
explore how to define these thresholds in industrial training, and how different eval-
uators apply them.

Lastly, qualitative follow-ups, such as interviews with participants and trainers,
could offer deeper insight into how assessment tools are understood and experienced.
This could strengthen the design and interpretation of future skill assessments across
various industrial domains.

60



-

Conclusion

This study aimed to explore how skills can be effectively assessed for operators in
the battery industry through a combination of literature review and empirical data
collection in a practical training setting. It focused on one main question: How can
operator skills be assessed effectively? By addressing two sub-questions: how differ-
ent assessment methods reflect various perspectives, and in which contexts specific
methods are most suitable.

Seven categories of skill assessment methods were identified: self-assessment, test-
based, human observation, performance-based, computer-aided, Al-supported, and
background-based. Each method has strengths and limitations; for example, test-
based methods offer scalability but are limited in assessing practical skills, while
observational approaches better capture hands-on skills but are resource-intensive.

The experimental study collected empirical data focused on three methods: self-
assessment, trainer evaluation similar to human observation, and observational as-
sessment focusing on performance metrics. Self-assessments encouraged reflection
but often overestimated skill levels. Trainer evaluations offered holistic insights but
were prone to subjectivity. Assessments focusing on performance metrics captured
real-time task execution but were constrained by the challenges of having and col-
lecting information through a protocol.

Each method reflected different dimensions of skill: self-assessment showed per-
ceived ability influenced by psychological factors; trainer evaluation reflected expert
judgment; and observational methods provided objective performance data within
practical constraints.

The choice of method should align with the purpose and context of the assessment.
Self-assessments are suitable for scalable, early-stage mapping; trainer evaluations
fit small-group, hands-on training; and performance-based methods are ideal for
task evaluation, though they require technological support for broader application.
Emerging technologies, such as Al and video analysis, present promising opportu-
nities to enhance objectivity, feedback quality, and scalability in future skill assess-
ments.
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A

Appendix: Quality Assurance
Checklist

The following checklist was used to evaluate the quality of selected sources. It
accommodates academic, informal, and commercial sources recommending skill as-
sessment methods or tools.

Authority and Source Credibility:
e Is the source published by a recognized academic, governmental, or industry
institution?
e Does the author or organization have relevant domain expertise or experience?
o Is the source peer-reviewed, official, or widely cited?
Clarity and Method Description:
o Is the assessment method or approach clearly and explicitly described?
o Are its use cases, context of application, or intended users explained?
o Are assumptions or limitations acknowledged?
Evidence Base and Validation:
o Is the method supported by empirical data, case studies, or trials?
o Is there external validation (e.g., evaluations, certifications, expert reviews)?
o Are concerns like generalizability, scalability, or transferability addressed?
Practical Use and Implementation:
« Has the method been applied in real-world settings (e.g., industry, training,
education)?
e Does the source offer implementation details, such as tools, steps, or examples?
« Are any barriers to use discussed (e.g., technical, cost, time)?
Bias and Commercial Interest:
e Does the source promote a specific product, tool, or service?
o Are potential conflicts of interest or commercial motives disclosed?
o Is there transparency regarding performance claims or limitations?
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https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd...

Master Thesis: Self-Assessment for Skill Mapping Part 1

Master Thesis: Self-Assessment for Skill Mapping Part 1

This questionnaire aims to map and evaluate various professional skills within the workplace, focusing on competencies
that are important in the battery industry. We seek to understand how individuals perceive their own skills and how
different tools for skill assessment perform. The collected data will be used to analyze how we can develop better
methods for mapping skill needs in the future. The goal is to identify which skills you, as an individual, may need to
reskill or upskill to work effectively in your professional role.

* Obligatoriskt

Participant Information for the Master Thesis

By completing this questionnaire, you are participating in a master thesis project at Chalmers University of Technology. The
purpose of the thesis is to map and evaluate methods for skill assessment and to explore how employees’ needs for upskil-
ling and reskilling can be identified, with a focus on the battery industry. Your responses will be treated confidentially. Only in-
dividuals involved in the thesis project—such as myself as the student and my supervisors—will have access to the collected
data. The data will be anonymized at the conclusion of the study. The results will be presented in the thesis, where no indivi-
dual participants can be identified. You can read more detailed information about the study and data handling here:

https://chalmers-my.sharepoint.com/my?
id=%2Fpersonal%2Fidawac%5Fchalmers%5Fse%2FDocuments%2FConsent%20for%20student%20thesis%2Epdf&parent=%2

FEpersonal%2Fidawac%5Fchalmers%5Fse%2FDocuments

1. I have read the information and consent to participate in the master thesis project.

O Yes

1/9
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Personal information

2. Name *

3. How old are you?
O 18-24
O 25-34
O 35-44
O 45-54
O

55 or older

4. Gender
O Man
O Woman

Non-binary

O
O Prefer not to say
O

Annat

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd... = 2/9
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Self-Assessment of Skills

In this section, you will assess your ability to perform various work tasks and follow specific work methods.

Master Thesis: Self-Assessment for Skill Mapping Part 1

You will be presented with a number of statements and asked to rate the extent to which you agree with them.
Try to answer based on your immediate impression and do not spend too much time on each question. If you are unfami-

liar with what is described in the statement, you should answer "Do not agree at all."

5. Applying and Following Standardized Work Methods

| am able to
work according
to standardized
work methods
(e.g. Lean, 5S,
Six Sigma).

| understand
the relationship
between
following
standardized
work methods
and ensuring
quality and
efficiency.

6. Calculating and Comprehending Key Performance Index (KPI) and Parameters

| can interpret
key figures and
parameters
(e.g.
temperature,
pressure,
viscosity,
density).

| can calculate
key figures and
parameters
(e.g.
temperature,
pressure,
viscosity,
density).

Strongly dissagree

O

Strongly dissagree

O

O

7. Equipment Maintenance

| can clean
equipment and
machines
properly to
avoid
contamination.

| can perform
basic
maintenance on
the machines |
work with.

Strongly dissagree

O

O

Dissagree

O

Dissagree

Dissagree

O

Neither agree nor
disagree

O

Neither agree nor
disagree

Neither agree nor
disagree

O

Agree

O

Agree

Agree

Strongly agree

O

Strongly Agree

Strongly Agree

O

3/9
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8. Collaboration, Communication, and Teamwork

| can
communicate
effectively with
colleagues.

I am happy to
assist my
colleagues.

| am not afraid
to ask for help
when | feel |
need it.

9. Curiosity and Lifelong Learning

| actively seek
opportunities to
develop my
skills and
knowledge.

| am open to
adapting to
changes in my
professional
role.

Strongly disagree

O

O

O

Strongly disagree

O

O

10. Detecting Defective Products

I can check the
quality of
products or
processes.

| can identify
defects in
products (e.g.,
bubbles, cracks,
irregularities).

Strongly disagree

O

O

Master Thesis: Self-Assessment for Skill Mapping Part 1

Dissagree

O

Disagree

O

Disagree

O

Neither agree nor
disagree

O

Neither agree nor
disagree

O

Neither agree nor
disagree

O

11. Documentation and Monitoring of Production Data

| can document
my work in
writing.

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd...

Strongly disagree

O

Disagree

O

Neither agree nor
disagree

O

Agree

Agree

Agree

Agree

Strongly Agree

O

Strongly agree

O

Strongly agree

O

Strongly agree

O

4/9
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12. Precision and Focus

Neither agree nor

disagree Agree Strongly agree

Strongly disagree Disagree

| can maintain

focus on

monotonous

tasks during a O O O O O
workday

| can work with

processes that

require

precision and O O O O O
accuracy.

13. Following Work Instructions and Recipes

Neither agree nor

disagree Agree Strongly agree

Strongly disagree Disagree

| can read and
derstand
written work O O O O O

instructions.

| can listen to
d understand
verbal work O O O O O

instructions.

14. Handling Sensitive Materials, Equipment, and Products

Neither agree nor

disagree Agree Strongly agree

Strongly disagree Disagree

| can follow

safety

regulations

when handling

sensitive O O O O O
materials and

products.

| know how to

handle sensitive

materials and

products to

avoid damage O O O O O
or

contamination.

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd... =~ 5/9



2025-05-08 15:30

Master Thesis: Self-Assessment for Skill Mapping Part 1

15. Using and Operating Machines

| can work with
and operate
production
machines.

| can make
simple
adjustments
and settings on
a machine
when needed.

Strongly disagree Disagree

O O

O O

16. Performing Product Sampling

| can perform
product
sampling
according to
instructions to
check quality.

Strongly disagree Disagree

O O

17. Thinking Sequentially

| understand
how my work
affects other
parts of the
production
process.

Strongly disagree Disagree

O O

18. Troubleshooting and Problem Solving

I can
troubleshoot
processes and
identify causes
of problems.

| know when to
solve a problem
myself and
when to ask for
help.

Strongly disagree Disagree

O O

O O

Neither agree nor
disagree

O

Neither agree nor
disagree

O

Neither agree nor
disagree

O

Neither agree nor
disagree

O

Agree

Agree

Agree

Agree

Strongly agree

O

Strongly Agree

O

Strongly agree

O

Stongly Agree

O

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd...
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2025-05-08 15:30 Master Thesis: Self-Assessment for Skill Mapping Part 1

19. Using Personal Protective Equipment (PPE)

Neither agree nor

disagree Agree Strongly agree

Strongly disagree Disagree

| know how to
use personal
protective

equipment (e.g.,
glc;Jvles, safety O O O O O
glasses,

protective
clothing).

When safety

lati
require PPE, O O O O O

comply.

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd... ~ 7/9



2025-05-08 15:30 Master Thesis: Self-Assessment for Skill Mapping Part 1

Work Experience and Education

20. What is your current employment status?
O Full-time employed
O Part-time employed

Not employed, seeking work

Not employed, not seeking work

Student

Student and working part-time

Student and working full-time

O O O O O

21. 21. What is your highest level of education? If you are a student, indicate your current level.
O Primary school
O Upper secondary education (or equivalent)
Vocational education

O
O University/College
O

Annat

22. What have you studied (or what are you currently studying if you are still a student)?

https://forms.office.com/Pages/DesignPageV2.aspx?origin=ShareFormPage&subpage=design&m2=1&id=ZXoUKW1T-UO4AuChtc-dvxKOliaFbpd... ~ 8/9



2025-05-08 15:30 Master Thesis: Self-Assessment for Skill Mapping Part 1

23. Which sectors have you worked in previously?

D Healthcare and social care (healthcare, elderly care, home care)

D Retail and service (store, customer service, hotel, restaurant)

Industry and production (manufacturing, assembly, quality control)

Construction and civil engineering (carpentry, electrical, plumbing, road and building projects)
Transport and logistics (warehouse, distribution, driver)

IT and technology (programming, IT support, technical service)

Education and research (teacher, supervisor, academic research)

Agriculture, forestry, and fishing (cultivation, animal care, forestry)Agriculture, forestry, and fishing (cultivation,
animal care, forestry)

Public administration (municipality, government agency, state service)

Annat

O 00 Oogood

24. What have your main tasks been in your previous jobs?

Det har innehallet har inte skapats och stéds inte av Microsoft. Data du skickar kommer att skickas till formularets &gare.

@8 Microsoft Forms
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C

Appendix: Coded Data Extraction
Form

Table C.1: Skills Assessment Literature Overview

Resource Ref. Literature Type Findings Quality Note
Measuring [69] Journal article / | Skills  measure- | Uses survey
skills in Europe Study ment includes | data across 29
self-reports of job | countries. Ro-
tasks, observation | bust correlations
of task perfor- | tested, but relies
mance, and three | on self-reporting.
key  dimensions: | Moderate author-
uncertainty, au- | ity and evidence,
tonomy, and | limited objectivity
continuous  skill- | due to method
building. bias.
Measuring [70] Report / Method- | Measures  skills | Combines di-
Skills in ology Guide using a mix of | rect  assessment
Developing cognitive tests, | with self-reports.
Countries self-reported  job | Strong design and
tasks, and em- | reputable source;
ployer surveys, | applicability
covering both | across countries
mental and socio- | limited by cul-
emotional  (soft) | tural/contextual
skills. factors.

Continued on next page
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C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

Tools

assessment, and
gap analysis, com-
bining employee
self-reports  and
reviews

skills

manager
to target
development.

Re-skilling for | [97] Journal Article / | Describes a | Uses self- and
the Digital Case Study project-based peer-assessment
Humanities training program | plus engagement
assessed through | scales. Well-
self-reflections, structured but
work engagement | based on a single
surveys, and | case; generaliz-
peer assessments; | ability limited.
found effective for
developing digital
humanities skills.
Effectiveness of | [71] Journal Article / | Measures  skills | Simulation-based
Collaboration Empirical Study using a  mul- | assessment with
in VET: tidimensional, computer agents.
Measuring technology-based | Strong design
Skills for assessment  em- | and clarity; relies
Solving bedded in a|on technology
Complex business simula- | that may limit
Vocational tion, capturing | real-world trans-
Problems With both cognitive | ferability.
a Multidimen- (problem-solving)
sional and social (col-
Authentic laborative) skills
Technology- through authentic
Based vocational tasks
Assessment in individual
and collaborative
settings.
Managing [72] Journal Article / | Measures  skills | Practical
Skills and Practical Study and knowledge | experience-based;
Knowledge using online tools | includes man-
Using Online for mapping, self- | agerial input.

Applicable in
industry but lacks

empirical vali-
dation; limited
scope.

XIV

Continued on next page




C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

Improving a (73] Journal  Article | Measures generic | Tool revision
self-assessment /  Experimental | skills using a self- | improved self-
tool to monitor Study assessment  tool | reflection. Mixed
generic skills focused on skills | validation and
development in like teamwork, | generalizability
an active communication, concerns; relies on
learning and critical think- | self and mentor
environment ing; tested new | ratings.

vs. old tool ver-

sions to improve

accuracy and

reflection. Exter-

nal experts were

referenced to give

their opinions on

self-evaluations.
The Role of [74] Working Paper Measures  skills | Widely cited
Self- through graduate | review of skill
Assessment in self-assessment of | metrics. High-
Measuring skill levels and | lights trade-offs
Skills job requirements, | between subjec-

aiming to cap- | tive/objective

ture mismatches | tools; strong clar-

and skill wuse. | ity and authority.

Highlights  both

strengths and

limitations of self-

assessment  (e.g.,

subjective  bias)

and contrasts it
with objective as-
sessments, which
are seen as more
reliable but costly

and  impractical
for large-scale
studies.

Continued on next page
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C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

How to Verify | [86] Practitioner arti- | Discusses different | Industry-rooted,
and Measure cle methods for mea- | strategy-focused.
Skills suring skills pre- | Offers clear best
Development: and post-training. | practices but
The Value of Methods include | lacks academic
Continuous performance rigor or external
Learning reviews,  certifi- | validation.

cations, training

evaluations, and

productivity

analysis.
Measuring [87] Industry Report Measures skills | Highlights cor-
Skills at Work using multiple | porate use cases

Lessons from
the Field

methods: training
completion, pre/-
post  knowledge
tests, supervisor/-
manager observa-
tions with rubrics,
credentialing,
and performance
assessments/sim-
ulations. Empha-
integrating
assessments  into
daily work, us-
ing frequent
performance-
based
ments, and track-
ing proficiency
levels. Includes
both objective
and observational
measures.

sizes

asSSess-

(e.g., IBM). Inno-

vative but lacks
broad imple-
mentation data

and raises equity
concerns.

XVI

Continued on next page




C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

Statistical
approaches to
the
measurement
of skills
(Eurostat
report)

[33]

Policy/Statistical
Report

Describes  Euro-
pean methods
of measuring
skills: (1) indi-
rect (educational
attainment,  oc-
cupation); (2)
direct (tests
like PIAAC);
(3)  self-reported
(task ability, job
requirements).

Covers dimen-
sions: skills
supply, demand,
mismatch, and de-
velopment. Em-
phasizes strengths
of education-
based data but
highlights lim-
its in capturing
actual skills and
relevance. Notes
growing efforts
in direct assess-
ments and mixed
methods but also
gaps, especially in

measuring  skills
mismatch and
workplace skill
development.

Reviews EU skill
frameworks statis-
tically. Strong au-
thority and trans-
parency; limited
in-depth insights
on advanced skill
levels.

Continued on next page
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C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

lights limitations
of traditional ob-
servation (subjec-
tive, inconsistent,
time-consuming)
vs. Al (objective,
scalable).

OECD [75] Academic/Policy | Reviews  cogni- | Conceptual
Working Working Paper tive skills and | framework  with
Paper: non-cognitive literature review.
Measures of skills.  Discusses | Advocates behav-
Cognitive and the challenges | ioral measures
Non-Cognitive of self-reports | over self-reports;
Skills (reference  bias) | clear  authority,
(EDU/WKP(2014)9) and advocates | limited empirical

for task-based | use.

and behavioral

measures to cap-

ture skills. Shows

that non-cognitive

skills are pre-

dictive  of life

outcomes and can

be measured via

behaviors.
Technical skill | [76] Systematic ~ Re- | Compares Al- | Systematic review
assessment in view driven  methods | of simulator-based
minimally (using video, | studies. Good
invasive kinematic, eye- | structure; gener-
surgery using tracking, fNIRS | alizability limited
artificial data) to classic ex- | due to lack of clin-
intelligence: a pert observations | ical trials.
systematic for surgical skill
review assessment. High-

XVIII

Continued on next page




C. Appendix: Coded Data Extraction Form

Table C.1: Skills Assessment Literature Overview (Continued)

Surgical
instrument
detection and
tracking
technologies:
Automating
dataset
labeling for
surgical skill
assessment

[77]

Reviewed article

The article high-
lights that tra-
ditional  surgical
skill assess-
ment meth-
ods are inher-
ently subjective,
labor-intensive,
and costly.
In contrast,
Al-driven ap-
proaches—particulg
those leveraging
video analysis
and  instrument
tracking—aim to
provide objec-
tive, automated,
and scalable
alternatives.

Al-focused de-
tection methods
review. Techni-
cal clarity and
relevance to
surgical train-
ing;  simulation-
focused, limited
real-world appli-
cation.

rly

Procedural
surgical skill
assessment in
laparoscopic
training
environments

[78]

Reviewed article

The study wused
computer-assisted
Surgical Process
Modeling (SPM)
to assess laparo-
scopic skills by
analyzing  video
recordings of
a standardized
suturing task.
Experts  showed
fewer actions,
shorter dura-
tions, and less
idle time than
novices, indicat-
ing more efficient
and purposeful
performance. The
method enabled
objective, detailed
comparisons of
surgical behavior
based on anno-
tated activity
data.

SPM tool analy-
sis in laparoscopy.
Provides practical
insights; supports
training feedback
but lacks broader
testing.

Continued on next page
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Table C.1: Skills Assessment Literature Overview (Continued)

Cognitive and
Technical Skill
Assessment in
Surgical
Education: a
Changing
Horizon

[79]

Narrative Review

The article out-
lines that tradi-
tional surgical
assessment meth-
ods—such as
written
oral
and in-training
reports—are

widely used but
often subjective,
limited in scope,
and lack real-time
performance  in-
sight. In contrast,
newer methods
offer  structured
and objective
evaluations of
both cognitive
and technical
gkills. These in-
clude timed tasks,
standardized

checklists, and
assessments by
multiple trained
observers, of-
ten conducted
in simulated
or controlled
environments.

exams,
evaluations,

Narrative re-
view of surgical
assessments.
Well-structured
but lacks pri-
mary data and
systematic rigor.

XX

Continued on next page
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Table C.1: Skills Assessment Literature Overview (Continued)

Specifying [80] Peer-reviewed The article | Peer-reviewed,
Criteria for the journal article proposes that | theoretical article.
Assessment of speaking skill | Clear author-
Speaking Skill assessment should | ity; no empirical

be  based on | testing; recom-

structured cri- | mendations  are

teria  developed | literature-based.

through expert

analysis. It em-

phasizes the use

of analytic rating

scales or check-

lists that evaluate

specific skills.

The approach is

firmly manual

and rubric-based,

relying on teacher

expertise.
Observational [81] Peer-reviewed This review | PRISMA-based
tools for journal article analyzed  obser- | tool review. Va-
assessment of vational tools for | lidity and reliabil-
procedural assessing  surgi- | ity addressed, but
skills: a cal procedural | impact and spe-
systematic skills, categorizing | cialist application
review them into global | underexplored.

rating scales,
task-specific tools,
and hybrids.
Most methods
rely on structured
checklists and
expert  observa-

tion—either live
or via video—and
frequently involve

multiple asses-
sors to ensure
reliability. While

these tools showed
validity at trainee
level, they lacked
standardization

and rigorous val-
idation at the
specialist level.

Continued on next page
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Table C.1: Skills Assessment Literature Overview (Continued)

Assessment in | [82] Peer-reviewed The article high- | Serious games
and of Serious journal article lights a variety of | assessment re-
Games: An assessment meth- | view. Broad,
Overview ods in serious | descriptive; lim-

games, including | ited empirical

traditional  tools | rigor or validation
like pre/post-tests | across tools.

and question-
naires, alongside
integrated  tech-
niques such as
in-game tracking
(stealth  assess-
ment),  level-up
testing, and be-
havior logs. It also
explores  emerg-
ing approaches
like physiologi-
cal monitoring
(e.g., EEG, heart
rate) to gauge
engagement. The
emphasis is on
embedding as-
sessment ~ within
gameplay to pro-
vide real-time
feedback and
adapt learning
experiences.

Continued on next page
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Table C.1: Skills Assessment Literature Overview (Continued)

Technical skill | [83] Peer-reviewed Assesses technical | Narrative
training and narrative review skills through | overview. Useful
assessment in observational for orientation
dental methods using | but lacks method-
education rubrics, checklists, | ological depth and

and structured | critical evalua-

rating scales, | tion.

combined with

physical  simula-

tors, digital tools

(VR/AR), and

workplace-based

assessments to en-

sure objective and

multidimensional

evaluation of clin-

ical competencies.
Performance [84] Peer-reviewed sys- | Uses  computer- | Systematic re-
metrics in tematic review ar- | based VR simu- | view with strong
mastoidectomy ticle lation to assess | methodology.
training: a surgical skills | High  variability
systematic through metrics | across studies
review like time, force | limits generaliz-

near  structures, | ability.

and efficiency.

Methods include

simulator-based
observation with
quantitative per-
formance data
and comparisons
across experience
levels.

Continued on next page
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Table C.1: Skills Assessment Literature Overview (Continued)

Artificial
Intelligence to
Support the
Training and
Assessment of
Professionals:
A Systematic
Literature
Review

[85]

Peer-reviewed
journal article

Al-based systems
are proposed to
supplement or
replace human ex-
pert observations
in professional
training and
assessment,  par-
ticularly in hands-
on fields like
surgery. These
systems aim to
offer scalable,
real-time, and
objective feed-
back, overcoming
the limitations of
expert  availabil-
ity. While human
observation is
foundational

(e.g., rule-based
systems),
methods rely on
sensor data and
AT models rather
than direct expert
evaluation.

most

Policy review of
emerging  tools.
Identifies gaps;
strong analysis
but limited real-
world readiness.

Skills
Assessment for
Trade
Occupations

Official
government-
recognized assess-
ment framework
(policy /practice
documentation).

Uses a staged
assessment ap-
proach combining
documentary

review,
cal interviews,
and

techni-

practical
demonstrations
to evaluate trade
knowledge, prior
experience, and
hands-on compe-
tence.

Australian trade
skill — assessment.
Official,
dardized, widely
implemented.

Strong authority
and applicability.

stan-

XXIV
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Table C.1: Skills Assessment Literature Overview (Continued)

Discover Your | [89] Government- Utilizes a  40- | UK National Ca-
Skills and endorsed  digital | question multiple- | reers Service tool.
Careers career assessment | choice assessment | Backed by govern-
tool. to evaluate user | ment; meets ad-
interests and | visory standards.
motivations. Limited validation
Employs a stan- | data.
dardized ques-
tionnaire focusing
on self-reported
preferences  and
strengths.
Test your [90] Official EU digi- | Uses a  self- | EU Digital
digital skills! tal self-assessment | assessment ques- | Skills tool.
tool. tionnaire  based | Commission-
on the European | supported,
Digital ~ Compe- | widely acces-
tence Framework | sible. Aligned
(DigComp), eval- | with EU strategic
uating five core | goals; practical

areas of digital
competence. In-
cludes both reflec-
tive and factual
multiple-choice

questions to as-
sess real digital
task performance
and  knowledge.
Structured ques-

tionnaire format
based on Dig-
Comp standards,
ensuring con-
sistency and
comparability in
assessing digi-
tal skills.  Uses
defined indica-
tors and scoring
guidelines.

use emphasized.

XXV



C. Appendix: Coded Data Extraction Form

XXVI



D

Appendix: Observation Protocol

XXVII



Observationsprotokoll Mixing

Generell Information

e Observator Namn:

e Datum:

e Deltagare 1:

e Deltagare 2:

e Deltagare 3:

Att halla koll pa under hela labben:

Deltagarna kommunicerad utan att stérre missforstand uppstod: CJJA [CINEJ
Uppstod det problem under labben: L1JA [INEJ

Deltagarna forsokte sjalva losa problemen innan de bad om hjalp: O JA [CINEJ

Hur manga ganger bad de om hjalp under labben:

Kommentar fran observator (fylls i efter labb):

Bad deltagarna om hjalp for tidigt eller for sent? Var stadningen av stationen noggrant
eller slarvigt utford? Kommentera garna om deltagarna stadade under arbetets gang
samt om det fanns nagra oklarheter eller ndgot du som observator kan ha missat.




PPE, skyddsutrustning — observera om deltagarna tar pa sig det korrekt och om
de anvander det ratt under passet. Fyll i separat for deltagare 1 och deltagare 2.

Person 1 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Forklade
Handskar
Skyddsglasogon
Person 2 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Forklade
Handskar
Skyddsglasogon
Person 3 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Forklade
Handskar
Skyddsglasogon

Blandning av slurry:

Korrekt utfort
initialt

Moment

JA NEJ

Kommentar fran observator

Steg 5: Deltagarna tog
fram SOP for vagen

Steg 5: om vagen
kalibrerades var det
inga hander pa
arbetsstationen under
tiden




Steg 7: Vagen
nollstalldes

Steg 8: 40 g aktivt
material mattes upp

Steg 12: Slickepott
anvandes

Steg 13-26: Vid mixning
var inga redskap eller
fingrar i bunken

Steg 13-26: Om
material fastnade pa
kanterna anvandes
slickepotten

Steg 13: Mixern
startades pa niva 12

Steg 16: Vid hantering
av pipettspetsen togs
den med micropipetten

Steg 16: Deltagarna
upprepade steget 3
ganger

Steg 25: vispen stélls pa
en servett pa bordet

Kvalitetsprov 2-4

Korrekt utfort

initialt

Moment

JA

NEJ

Kommentar fran observator

Kvalitetsprov 2 - Steg 1:
Bagaren kontrolleras
enligt instruktion

Kvalitetsprov 2 - Steg 3:
Deciliter mattet lades
undan pa en servett

Kvalitetsprov 3- Steg 5:
PH-matare startades ej
innan detta steget

Kvalitetsprov 3- Steg
10: Utfordes enligt
beskrivning




Kvalitetsprov 3- Steg
11: Utfordes enligt
beskrivning

Kvalitetsprov 4- Steg 2:
Propellen var under
slurryns yta

Rengoring

Efter avslutat arbete vid stationen rengors stationen L1JA [LINEJ



Observationsprotokoll Calendering

Generell Information

e Observator Namn:

e Datum:

e Deltagare 1:

e Deltagare 2:

e Deltagare 3:

Att halla koll pa under hela labben:

Deltagarna kommunicerad utan att stérre missforstand uppstod: CDJA [CINEJ
Uppstod det problem under labben: L1JA [INEJ

Deltagarna forsokte sjalva losa problemen innan de bad om hjalp: L1JA [INEJ

Hur manga ganger bad deltagarna om hjalp under labben:

Kommentar fran observator (fylls i efter labb):

Bad deltagarna om hjalp for tidigt eller for sent? Var stadningen av stationen noggrant
eller slarvigt utford? Kommentera garna om deltagarna stadade under arbetets gang
samt om det fanns nagra oklarheter eller nagot du som observator kan ha missat.




PPE, skyddsutrustning — observera om deltagarna tar pa sig det korrekt och om

de anvander det ratt under passet. Fyll i separat for deltagare 1 och deltagare 2.

Person 1 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasdgon
Forklade
Person 2 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasogon
Forklade
Person 3 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NE)J JA NEJ
Handskar
Skyddsglasogon
Forklade
Pre-press:
Korrekt utfort
initialt
Moment JA NEJ Kommentar fran observator

Steg 3: En servett lades
pa vagen

Steg 3: Vagen
nollstalldes

Steg 3: 70 g lera vagdes
upp

Steg 4: Forst plattades
leran ut med handerna

Steg 4: Sedan anvandes
kaveln for att platta ut

Steg 4: Laminatet lag
pa leran nar tjockleken
mattes




Press:

Korrekt utfort
initialt

Moment

JA NEJ

Kommentar fran observator

Steg 1: Valsavstandet
stalldesin pa 0

Steg 2: Nar elektroden
fordes igenom valsarna
var pilarnas riktning
uppat

Steg 3: Provet kordes
igenom minst 2 ganger
pa samma valsavstand

Steg 3: Laminatet Iag
pa leran vid matning av
tjockleken

Steg 4: Overflodigt
material skars bort
med skrapan

Steg 4: Overflodigt
material sparades i en
separat hog

Rengoring

Efter avslutat arbete vid stationen rengors stationen [1JA [CINEJ




Observationsprotokoll Slitting

Generell Information

e Observator Namn:

e Datum:

e Deltagare 1:

e Deltagare 2:

e Deltagare 3:

Att halla koll pa under hela labben:

Deltagarna kommunicerad utan att stérre missforstand uppstod: CJJA [CINEJ
Uppstod det problem under labben: L1JA [INEJ

Deltagarna forsokte sjalva losa problemen innan de bad om hjalp: O JA [CINEJ

Hur manga ganger bad deltagarna om hjalp under labben:

Kommentar fran observator (fylls i efter labb):

Bad deltagarna om hjalp for tidigt eller for sent? Var stadningen av stationen noggrant
eller slarvigt utford? Kommentera garna om deltagarna stadade under arbetets gang
samt om det fanns nagra oklarheter eller ndgot du som observator kan ha missat.




PPE, skyddsutrustning — observera om deltagarna tar pa sig det korrekt och om
de anvander det ratt under passet. Fyll i separat for deltagare 1 och deltagare 2.

Person 1 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasdgon
Person 2 Tog pa sig PPE korrekt Anvéande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasogon
Person 3 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasogon

Skara elektroder:

Skriv vilken ordning deltagarna arbetar med féljande material:

Wellpapp:
Al-folie:

A4 papper:

Kraftpapper:




For wellpappen utfors foljande:

Korrekt utfort
initialt

Moment JA NEJ Kommentar fran observator

Steg 4: Nar steg 4 ar
klart, sa falls giljotinen
ned

Steg 5: Overflodet
slangs i markerad lada

Steg 7: Deltagarna
mater ut en flik

Steg 8: Materialet
klipps enligt instruktion

5

P

Materialet ska se ut sa har efter klippning!

For Kraftpapperet utfors foljande:

Korrekt utfort
initialt

Moment JA NEJ Kommentar fran observator

Steg 5: Nar steg 5 ar
klart, sa falls giljotinen
ned

Steg 6: Overflodet
slangs enligt instruktion

Steg 8: Deltagarna
mater ut en flik

Steg 9: Materialet
klipps enligt instruktion




Observationsprotokoll Cell finishing

Generell Information

Observator Namn:

Datum:

Deltagare 1:

Deltagare 2:

Deltagare 3:

Att halla koll pa under hela labben:

Deltagarna kommunicerad utan att stérre missforstand uppstod: CJJA [CINEJ

Uppstod det problem under labben: L1JA [INEJ

Deltagarna forsokte sjalva losa problemen innan de bad om hjalp: O JA [CINEJ

Hur manga ganger bad deltagarna om hjalp under labben:

Kommentar fran observator (fylls i efter labb):

Bad deltagarna om hjalp for tidigt eller for sent? Var stadningen av stationen noggrant

eller slarvigt utford? Kommentera garna om deltagarna stadade under arbetets gang

samt om det fanns nagra oklarheter eller ndgot du som observator kan ha missat.




PPE, skyddsutrustning — observera om deltagarna tar pa sig det korrekt och om

de anvander det ratt under passet. Fyll i separat for deltagare 1 och deltagare 2.

Person 1 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasdgon
Person 2 Tog pa sig PPE korrekt Anvéande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasogon
Person 3 Tog pa sig PPE korrekt Anvande PPE korrekt pa sig
under hela passet
JA NEJ JA NEJ
Handskar
Skyddsglasogon

Test av Multimeter

Korrekt utfort
initialt

Moment

JA NEJ

Kommentar fran observator

Steg 4. Multimetern
stalldes direkt in pa
likspanning

Steg 5. Svart prob
fastes pa 9V batteriets
negativa pol

Steg 6. Rod prob fastes
pa 9V batteriets
positiva pol

Steg 8. OK/NOK
registrerades i
protokollet




1.2 Matning av battericell

Korrekt utfort
initialt

Moment

JA NEJ

Kommentar fran observator

Steg 1. Svart prob
fastes pa battericell 1:s
negativa pol

Steg 2. Rod prob fastes
pa battericell 1:s
positiva pol

Steg 3-4. Varde pa
multimetern avlastes
och registrerades i
protokollet

Rengoring

Efter avslutat arbete vid stationen rengors stationen [1JA [CINEJ




Observationsprotokoll BPT

Generell Information

e Observator Namn:

e Datum:

o Deltagare 1 (for- och efternamn):

o Deltagare 2(fér- och efternamn):

Fylli efter labben:
Produkter: OPR:

Att héalla koll pa under hela labben:

1.1 Deltagarna kommunicerad utan att storre missforstand uppstod: CD1JA [CINEJ
1.2 Uppstod det problem under labben: [1JA LINEJ

1.3 Deltagarna forsokte sjalva l6sa problemen innan de bad om hjalp: L1JA LCINEJ

1.4 Hur manga ganger bad de om hjalp under labben:

1.5 Hur manga ganger anvandes andon knappen:

1.6 Hur manga ganger hanterade deltagare 1 power lock out lasen felaktigt:

1.7 Hur manga ganger hanterade deltagare 2 power lock out lasen felaktigt:

Kommentar fran observator (fylls i efter labb):

Upplevde du att deltagarna bad om hjalp for sent? Hjalpte dem varandra? Upplevde du
som observator att det var nagon skillnad i vem av deltagarna som kunde mest? Alla
kommentarer ar valkomna.




Observations protokoll for fel nr. 1

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Produktion startas
(gron knapp)

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Kommentar fran observator

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 2

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 3

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 4

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 5

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 6

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 7

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




Observations protokoll for fel nr. 8

Korrekt utfort
initialt

Moment

Tid

JA NEJ

Kommentar fran observator

Fel uppkommer
(rod markering
HMI)

Deltagare har
navigerat till felet

Deltagarna begar
tilltrade

Forsta
sakerhetslaset har
monterats

Andra
sakerhetslaset har
monterats

Losningsarbete
klart.

Deltagare stanger
dorren till
produktionscellen

Problem korrekt
avhjalpt

Aterstalining
genomforts (gul
knapp och bla

knapp)

Produtkion startas




D. Appendix: Observation Protocol
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Trainer utvardering — BST

Trainers utvardering av deltagarna for att kartlagga skills

Som trainer ombeds du fylla i denna utvardering s néra anslutning till labben som méjligt,

baserat pa dina asikter och observationer.

Namn trainer:

Notera namnen pa de deltagarna du har arbetat med.

Station Deltagare Station Deltagare
Deltagare 1 Deltagare 2
Deltagare 3 Deltagare 4
Deltagare 5 Deltagare 6
Deltagare 7 Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16




Skattning av skills for deltagare

Som trainer ska du skatta deltagarens fardigheter och kryssa i rutan beroende péa hur val du
instammer med pastaendena nedan.
Skala:

1. Instdmmer inte alls

2. Instdmmerinte

3. Varken instammer eller instammer inte
4. Instammer

5. Instdmmer helt

Vet ej (Om du inte kan gora en bedomning)

Deltagaren kan tillampa och félja standardiserade arbetsmetoder

1 2 3 4 5 Vet ej

Deltagare 1
Deltagare 2
Deltagare 3
Deltagare 4
Deltagare 5
Deltagare 6
Deltagare 7
Deltagare 8
Deltagare 9
Deltagare 10
Deltagare 11
Deltagare 12
Deltagare 13
Deltagare 14
Deltagare 15
Deltagare 16

Kommentar:



Deltagaren kan anvianda PPE pa ett korrekt satt

1

2

3

4

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:

Deltagaren var nyfiken och stéllde fragor

1

2

3

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:




Deltagaren holl fokus under arbetspasset

1

2

3

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:

Deltagaren kan berdkna och tolka nyckeltal

1

2

3

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:




Deltagaren kan hantera utrustningen, maskiner, verktyg pa ett korrekt och sdkert séatt

1 2 3 4 5 Vet ej

Deltagare 1
Deltagare 2
Deltagare 3
Deltagare 4
Deltagare 5
Deltagare 6
Deltagare 7
Deltagare 8
Deltagare 9
Deltagare 10
Deltagare 11
Deltagare 12
Deltagare 13
Deltagare 14
Deltagare 15
Deltagare 16

Kommentar:

Deltagaren kan rengora utrustning pa ett satt som undviker kontaminering

1 2 3 4 5 Vet ej

Deltagare 1
Deltagare 2
Deltagare 3
Deltagare 4
Deltagare 5
Deltagare 6
Deltagare 7
Deltagare 8
Deltagare 9
Deltagare 10
Deltagare 11
Deltagare 12
Deltagare 13
Deltagare 14
Deltagare 15
Deltagare 16

Kommentar:



Deltagaren forsokte sjilva losa problem som uppstod

1

2

3

4

5

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:

Deltagaren kan utféra kvalitetskontroller

1

2

3

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:




Deltagaren kan dokumentera resultat och processer

1

2

3

4

5

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:

Deltagaren kan hantera kdnsliga material och utrustning

1

2

3

4

5

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Deltagare 11

Deltagare 12

Deltagare 13

Deltagare 14

Deltagare 15

Deltagare 16

Kommentar:




Deltagaren kan utféra provtagningar av produkter enligt instruktioner

1 2 3 4 5 Vet ej

Deltagare 1
Deltagare 2
Deltagare 3
Deltagare 4
Deltagare 5
Deltagare 6
Deltagare 7
Deltagare 8
Deltagare 9
Deltagare 10
Deltagare 11
Deltagare 12
Deltagare 13
Deltagare 14
Deltagare 15
Deltagare 16

Kommentar:

Deltagaren forstar hur sitt arbete kan paverka andra delar av processen

1 2 3 4 5 Vet ej

Deltagare 1
Deltagare 2
Deltagare 3
Deltagare 4
Deltagare 5
Deltagare 6
Deltagare 7
Deltagare 8
Deltagare 9
Deltagare 10
Deltagare 11
Deltagare 12
Deltagare 13
Deltagare 14
Deltagare 15
Deltagare 16

Kommentar:



Trainer utvardering — BPT

Trainers utvardering av deltagarna for att kartlagga skills

Som trainer ombeds du fylla i denna utvardering sa néara anslutning till runda 1 som maijligt,
baserat pa dina asikter och observationer.

Namn trainer: Ifylld efter runda:

Notera namnen pa de deltagarna du har arbetat med och markera sedan langre ner i
dokumentet hur du skattar deras skills inom specifika omraden

Deltagare 1: Deltagare 2:
Deltagare 3: Deltagare 4:
Deltagare 5: Deltagare 6:
Deltagare 7: Deltagare 8:
Deltagare 9: Deltagare 10:

Skattning av skills for deltagare

Som trainer ska du skatta deltagarens fardigheter och kryssa i rutan beroende pa hur val du
instammer med pastdendena nedan.
Skala:

1. Instdmmer inte alls

2. Instammerinte

3. Varken instammer eller instammer inte
4. Instammer

5. Instammer helt

Vet ej (Om du inte kan gora en bedomning)



Deltagaren kan tillampa och félja standardiserade arbetsmetoder

1 2 3 4 5 Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:

Deltagaren kan kommunicera pa ett bra och forsatligt satt samt samarbetar

1 2 3 4 |5 Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:



Deltagaren var nyfiken och stéllde fragor

1

2

3

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:

Deltagaren holl fokus under arbetspasset

1

2

3

Vet gj

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:




Deltagaren kunde félja instruktioner saval muntligt som skriftligt

1 2 3 4 5 Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:

Deltagaren kunde hantera utrustningen (boxen, HMI, knappar etc.) pa ett bra satt

1 2 3 4 |5 Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:



Deltagaren foljde sdakerhetsféreskrifter (tex power lock out)

1

2

3

4

5

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:

Deltagaren forsokte sjalva losa problem som uppstod

1

2

3

4

5

Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:




Deltagaren bad om hjalp vid ratt tidpunkt (vantade inte for linge och bad inte om hjalp bara
for att)

1 2 3 4 5 Vet ej

Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4

Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Kommentar:



E. Appendix: Trainers’ Evaluation Form
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Appendix: Results Grouped by
Age

Table F.1, the evaluation scores are grouped into four age brackets: 18-24, 25-34, 35—44,
and 45-54. Each group’s average scores are presented for all three assessment methods:
Self, Trainer, and Observer.

Table F.1: Mean Scores by Skill, Age, and Source

Skill Self Trainer Observer
1824 | 25-34 | 3544 | 4554 | 1824 | 25-34 | 3544 | 45-54 | 1824 | 25-34 | 3544 | 45-54
S1 4.6 4.5 4.6 4.4 4.2 3.9 3.9 4.0 3.6 3.1 3.3 3.1
S2 4.6 4.4 4.6 4.4 3.5 3.8 4.0 3.8 - - - -
S3 4.4 4.2 4.3 4.2 3.7 3.8 3.7 3.5 3.3 3.1 3.3 3.1
S4 4.4 4.4 4.4 4.2 3.4 3.3 2.9 3.0 3.2 3.3 3.1 2.9
S5 4.6 4.3 4.2 4.3 3.2 3.0 4.0 4.3 4.2 3.4 4.1 4.0
S6 4.1 4.3 4.5 4.2 4.1 4.1 3.8 4.0 3.5 2.8 3.8 2.9
S7 3.5 3.5 3.9 3.2 3.8 3.9 3.7 3.8 1.7 1.4 3.0 1.0
S8 4.1 4.0 4.1 3.4 4.0 4.0 4.1 4.3 5.0 5.0 5.0 5.0
S9 4.2 4.0 4.0 4.0 4.4 4.4 4.2 4.6 3.4 2.8 3.8 3.0
S10 4.3 4.1 4.1 4.0 3.9 4.0 3.8 3.6 1.7 1.4 3.3 2.2
S11 4.3 4.1 4.4 3.8 4.1 4.3 4.1 4.2 2.7 3.0 3.1 2.4
S12 4.1 4.1 4.3 3.5 3.9 3.9 3.6 3.5 - 1.0 4.2 -
S13 3.9 3.4 4.2 3.3 4.0 4.0 4.0 4.3 - - - -
S14 3.6 3.3 3.9 2.7 - - - - - -
S15 3.4 3.3 3.6 2.7 3.2 3.0 4.0 4.0 4.2 3.4 4.1 4.0
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