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ABSTRACT 
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Digital learning materials are widely used in Finnish upper secondary education, yet there is 
limited published research on the usability of commercial e-learning platforms. This thesis 
evaluates the usability of the Sanoma Digikirja 2.0 platform, using upper secondary biology course 
material (Bios 3) as the evaluation target. 

The evaluation was conducted using Nielsen’s (1992) ten usability heuristics. Three evaluators 
with software development and UI/UX backgrounds independently inspected the platform in a 
laptop-based setup reflecting typical classroom use. Each evaluation session lasted two hours 
and included a warm-up exercise. Usability problems were recorded using a structured web form 
and rated based on Nielsen’s five-point severity scale. The data was analyzed quantitatively by 
mapping violations to heuristics and severity levels, and qualitatively through thematic analysis 
based on the evaluators’ written descriptions. 

A total of 85 usability problems were identified, of which 63 were unique, resulting in 144 
heuristic violations across all ten heuristics. The most frequent violations were related to 
“Consistency and standards” (26) and “Flexibility and efficiency of use” (18). Most problems were 
rated as minor or major, although seven were classified as usability catastrophes. The qualitative 
analysis highlighted navigation-related issues as the most prominent problem area, followed by 
problems in accessibility tool usage and settings. 

The findings suggest that the platform lacks a consistent and well-integrated interaction model, 
leading to increased cognitive load and inefficient interaction, particularly in navigation. These 
results align with previous research on e-learning usability. While the study is limited by the small 
number of evaluators and the use of general-purpose heuristics, it demonstrates that heuristic 
evaluation can effectively identify critical usability problems in real-world educational platforms. 
The re sults provide practical insights for improving the usability of digital learning environment. 
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Digitaaliset oppimateriaalit ovat laajasti käytössä suomalaisessa toisen asteen koulutuksessa, 
mutta kaupallisten verkko-oppimisalustojen käytettävyydestä on julkaistu vain vähän tutkimusta. 
Tässä diplomityössä arvioidaan Sanoma Digikirja 2.0 -oppimisalustan käytettävyyttä käyttäen 
tarkastelukohteena lukion biologian kurssimateriaalia (Bios 3). 

Arviointi toteutettiin Nielsenin (1992) kymmenen käytettävyysheuristiikan pohjalta. Kolme 
ohjelmistokehityksen ja UI/UX-suunnittelun taustan omaavaa arvioijaa tarkasteli oppimisalustaa 
itsenäisesti kannettavalla tietokoneella, joka vastasi tyypillistä luokkahuonekäyttöä. Kukin 
arviointisessio kesti kaksi tuntia ja sisälsi lämmittelyharjoituksen. Käytettävyysongelmat kirjattiin 
verkkolomakkeeseen ja arvioitiin Nielsenin viisiportaisella vakavuusasteikolla. Aineisto 
analysoitiin kvantitatiivisesti luokittelemalla havainnot heuristiikkojen ja vakavuusluokkien 
mukaan sekä kvalitatiivisesti temaattisen analyysin avulla arvioijien kirjallisten kuvausten 
perusteella. 

Arvioinnissa tunnistettiin yhteensä 85 käytettävyysongelmaa, joista 63 oli uniikkeja. Näistä 
muodostui 144 heuristista rikkomusta kaikissa kymmenessä heuristiikassa. Eniten rikkomuksia 
havaittiin heuristiikoissa ”Konsistenssi ja standardit” (26) sekä ”Joustava ja tehokas käyttö” (18). 
Suurin osa ongelmista luokiteltiin vakavuudeltaan vähäisiksi tai merkittäviksi, mutta seitsemän 
ongelmaa arvioitiin käytettävyyskatastrofeiksi. Kvalitatiivinen analyysi osoitti navigointiin liittyvät 
ongelmat selvästi yleisimmäksi ongelma-alueeksi, jota seurasivat saavutettavuustyökalujen 
käyttöön ja asetuksiin liittyvät ongelmat. 

Tulokset viittaavat siihen, että alustalta puuttuu yhtenäinen ja hyvin integroitu 
vuorovaikutusmalli, mikä lisää kognitiivista kuormitusta ja heikentää käytön tehokkuutta erityisesti 
navigoinnin osalta. Havainnot ovat linjassa aiemman verkko-oppimisen käytettävyystutkimuksen 
kanssa. Tutkimusta rajoittavat pieni arvioijamäärä sekä yleiskäyttöisten heuristiikkojen käyttö, 
mutta tulokset osoittavat, että heuristinen evaluaatio soveltuu hyvin kriittisten 
käytettävyysongelmien tunnistamiseen todellisissa oppimisympäristöissä. Tulokset tarjoavat 
käytännön näkökulmia digitaalisten oppimisympäristön kehittämiseen. 
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1. INTRODUCTION 

Digital learning materials have become a dominant mode of content delivery in Finnish 

upper secondary education. At the same time, recent public discussion has suggested a 

renewed interest in printed textbooks and has raised concerns that digital materials may 

increase distraction and make harder to focus on given tasks (KU, 21 March 2025; HS, 

27 December 2025; HS, 20 July 2024). In addition, a survey among upper secondary 

students conducted by Helsinki city officials has been cited as support for increasing the 

amount of printed learning materials provided in schools (HS, 20 January 2026). These 

developments indicate that the question is not only whether digital materials are 

available, but also whether they support effective studying in everyday classroom 

practice. 

My early experience with digital learning materials in upper secondary school was driven 

by my own decision back in the days. I had my personal iPad as my device of choice. I 

was in a unique position to access digital PDF versions of some of the textbooks, as 

several of my teachers were their authors. Already in 2011, the Finnish National Agency 

for Education had released a memorandum (Opetushallitus, 2011) indicating that digital 

materials should not be just pdf render of their physical counterparts. After graduating 

from upper secondary school, I was invited to serve as an expert-by-experience to 

provide feedback and share insights regarding tablet use in upper secondary studies. I 

was suggesting choosing a tablet that supported handwriting and allowed the connection 

of an external keyboard for longer written assignments. 

In 2026, current platform usage in upper secondary education is strongly laptop-

centered. According to usage data collected by Sanoma Pro and shared with the author, 

approximately 86% of platform traffic comes from laptops, 13% from smartphones, and 

1% from tablets. This distribution also reflects the devices schools typically provide. 

Legislation on compulsory education and tuition-free upper secondary education 

requires schools to provide a laptop or alternatively allows students to bring their own 

laptop for study participation (“Government legislation OKM/2020/64,” 2020). In addition, 

the matriculation examination imposes technical requirements that are currently 

unapproachable on common consumer tablets. Together, these constraints make laptop 

use a relevant baseline when evaluating the usability of contemporary e-learning 

platforms. 



2 

 

During my subject teacher studies at the University of Jyväskylä (2017–2018) and my 

related teaching practice, I had multiple discussions with teachers and students. These 

discussions repeatedly highlighted a tension between the perceived convenience of 

digital materials and the effort required to use them in practice. Teachers primarily raised 

concerns about students' already high daily screen time, whereas students emphasized 

the reduced physical load of not carrying printed books. However, students also reported 

interaction and navigation problems, including cluttered interfaces, difficulty maintaining 

focus on assigned tasks, and platforms that felt cumbersome to navigate. A recurring 

issue was that students sometimes spent a substantial amount of time locating the 

relevant homework content instead of engaging with it. In usability terms, this suggests 

avoidable interaction costs that may directly affect study efficiency. 

Accordingly, the objective of this thesis is to evaluate the usability of a Finnish upper 

secondary e-learning platform using Nielsen’s (Nielsen and Molich, 1990; Nielsen, 1992, 

1994a) heuristic evaluation. The evaluation focuses on the Sanoma Digikirja 2.0 platform 

and its upper secondary biology material (Bios 3), with an emphasis on laptop-based use 

reflecting a typical classroom or homework session. The study produces a set of 

identified usability problems and associated severity assessments, which can inform 

future platform development and procurement discussions. 

1.1 Research questions 

• RQ1: What usability problems can be identified in the Sanoma Digikirja 2.0 

platform (Bios 3) using Nielsen’s (Nielsen and Molich, 1990; Nielsen, 1994a) 

heuristic evaluation? 

• RQ2: How are the identified usability problems distributed across Nielsen’s 

heuristics, and what severity levels are assigned to them? 

• RQ3: What themes emerge from the evaluators’ written problem descriptions 

when analyzed qualitatively, and which themes are most prevalent? 

While usability research on educational technology is extensive, heuristic evaluations of 

commercial upper secondary e-learning platforms in the Finnish context appear to be 

limited in the published literature. This thesis contributes an inspection-based usability 

evaluation of a widely used platform and provides an academic point of view on how to 

potentially improve current digital learning materials by answering the research 

questions. 
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1.2 Scope and delimitations 

 

The study examines the usability of Sanoma Digikirja 2.0 as encountered in the Bios 3 

upper secondary biology material. The evaluation is limited to an expert inspection 

(heuristic evaluation) and does not include end-user usability testing with students or 

teachers. The focus is on interaction design and usability rather than on the pedagogical 

quality or correctness of the learning content. In addition, because device constraints in 

Finnish upper secondary education are largely laptop-driven, the primary usage context 

considered is laptop-based interaction. 

This thesis is organized as follows. Chapter 2 establishes the theoretical background by 

reviewing the development of learning materials and introduces usability and heuristic 

and heuristic evaluation. Chapter 3 describes the research methodology, with a focus on 

heuristic evaluation and its application in this study. Chapter 4 presents the results, and 

Chapter 5 discusses the findings and their implications for improving e-learning 

platforms. Chapter 6 has the conclusion to summarize the thesis.  
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2. BACKGROUND 

2.1 E-learning material definitions  

The physical textbook is a well-established artifact; the concept of the 'book' has existed 

since the 13th century, and the term 'textbook' carries a broadly shared understanding. 

Multiple definitions of the textbook exist in the literature. Ahtineva (2000) defines 

textbooks as non-fiction reference books that contain the latest knowledge and data and 

should be based on scientific research. The Merriam-Webster dictionary defines a 

textbook as follows: “a book used in the study of a subject such as a) one containing a 

presentation of the principles of a subject, b) a literary work relevant to the study of a 

subject”. 

By contrast, digital learning material lacks a comparably established definition. It has 

been referred to as an e-book, digital material, e-learning, digital learning platforms, or 

electronic learning material (Dinevski et al., 2010). Each term carries distinct 

connotations, yet the shared characteristic across all variants is that content is delivered 

through a digital medium. Although different digital formats carry their own definitions, no 

single consensus definition has emerged in the scholarly literature. Brown et al. (2012) 

developed a definition for e-learning as follows: “a broad array of applications and 

processes that share a common feature of relying on some type of computer technology 

to promote learning.” 

Ekonoja (2014) stated, that e-learning material could be anything from just digitized 

version of a physical book without any interaction to a so-called e-book. The difference 

is that the access is made using a computer, smartphone or digital e-reader. E-books 

are mostly in PDF or EPUB format. Ekonoja also mentioned that the other end of the 

spectrum is extensively interactive e-learning platform with multiple different features 

form the actual interactive e-book to learning evaluation tools. 

The Finnish National Agency for Education (EDUFI) official guideline for better e-learning 

material (Opetushallitus, 2012) has chosen e-study material (e-oppimateriaali in Finnish) 

as the concept to be used in all publications when referring to digital learning materials 

that are available online. EDUFI has also introduced the Finnish term "hybridimedia", 

which translates to hybrid media. Hybrid media refers to physical learning material that 

has been enhanced with multimedia content or video material (Opetushallitus, 2011). 

Ekonoja (2014) defined electronic learning material as anything that is read with a 

computer and utilizes interactivity with the material. 
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The current official national core curriculum for general upper secondary (Opetushallitus, 

2019) mentions e-study materials only briefly. Under the learning-environments section 

(opiskeluympäristöt), students are directed to use digital study environments, yet only a 

handful of courses explicitly integrate digital platforms into their core learning objectives. 

Notably, Biology, Religious Studies, and Psychology are the only subjects whose 

curricula explicitly reference the use of digital learning environments. 

One of the leading learning material publisher Sanoma Pro offers different types of online 

learning material for different needs. The company markets its offerings under the 

umbrella term digital learning content. Its platform for upper secondary education, 

Kampus, is positioned as a comprehensive digital learning environment. It provides 

access to digital replicas of the corresponding physical textbooks, preserving the original 

page layout. The platform also provides a more interactive version of the e-book, 

containing the same material as the physical book but enhanced with videos, interactive 

assignments, and practice quizzes. Overall, the platform offers more digital interaction 

between teacher and class, including teacher–student feedback, submitting homework, 

and grading homework. 

Recently, a literature review was conducted by O’Neill (2024) collecting the definitions 

proposed for e-learning in academic literature in between 2011 and 2022. Based on the 

synthesized elements, they proposed the following definition: “E-learning is instruction 

facilitated by technology, designed to enable a learner to achieve a specific learning goal 

without the requirement for the learner and the instructor to be in the same physical 

location”. This definition foregrounds the role of technology, decouples learning from a 

shared physical space, and states that the material is designed for a specific learning 

task. Compared with earlier formulations, the O'Neill (2024) definition is notably more 

restrictive, integrating multiple prior perspectives into a single, bounded construct. 

In his doctoral thesis, Ekonoja (2014) conducted extensive research on the suitability of 

e-learning material versus the physical textbook version in primary school. Ekonoja’s 

research found a correlation between the quality of the platform used and positive 

student feedback. Ekonoja's findings indicate that the perceived usefulness of e-learning 

material is positively associated with the platform's overall quality, suggesting that 

technical implementation directly influences learner acceptance. 

2.2 Usability Definition 

Usability has multiple meanings depending on the field of research. The Merriam-

Webster overall definition for usability is: “The quality or state of being usable: ease of 
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use”. In the context of human-technology interaction, the concept of usability is defined 

more concretely by focusing on the quality of how easy user interfaces are to use 

(Nielsen, 1993). Nielsen divides usability into five quality components: 

• Learnability: How easy is it for users to accomplish basic tasks the first time they 

encounter the design? 

• Efficiency: Once users have learned the design, how quickly can they perform 

tasks? 

• Memorability: When users return to the design after a period of not using it, how 

easily can they reestablish proficiency? 

• Errors: How many errors do users make, how severe are these errors, and how 

easily can they recover from the errors? 

• Satisfaction: How pleasant is it to use the design? 

(Nielsen, 1993) 

Additional attributes exist, but these five components provide a practical framework for 

operationalizing usability and assessing its presence in a given system. 

Lewis (2014) shows multiple evidence from multiple studies demonstrating that no single 

definition has become widely accepted, owing to this complexity. This complexity arises 

because usability is not a monolithic property of a user or an artifact (Hornbæk, 2006). 

Instead, it emerges from the interactions among users, products, tasks, and 

environments (Lewis, 2014). 

According to Lewis (2014) Chapanis and colleagues published influential works about 

design that had an immediate impact on product development practices at IBM, Xerox, 

and Apple in the early 1980s. Based on Lewis, Chapanis was quoted as follows: 

“Although it is not easy to measure “ease of use,” it is easy to measure difficulties that 

people have in using something. Difficulties and errors can be identified, classified, 

counted, and measured. Based on that, my premise is that ease of use is inversely 

proportional to the number and severity of difficulties people have in using software. 

There are of course, other measures that have been used to assess ease of use, but I 

think the weight of the evidence will support the conclusion that these other dependent 

measures are correlated with the number and severity of difficulties ”(Lewis, 2014) 

Within the field of human-technology interaction, the ISO 9241-11 standard provides one 

of the most widely cited definitions of usability. This standard not only provides a formal, 

internationally recognized definition but also outlines the specific methodologies required 
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for its practical implementation and measurement. The initial edition of this standard was 

published in 1999, followed by a revision in 2019. (“ISO 9241-210:2019) has the following 

definition for usability: “extent to which a system, product or service can be used by 

specified users to achieve specified goals with effectiveness, efficiency and satisfaction 

in a specified context of use”. As in Nielsen’s definition, ISO 9241-11:2019 has qualifying 

components to support the definition: 

• effectiveness: accuracy and completeness with which users achieve specified 

goals 

• efficiency: resources used in relation to the results achieved.  

o Note 1 to entry: Typical resources include time, human effort, costs and 

materials. 

• satisfaction: extent to which the user's physical, cognitive and emotional 

responses that result from the use of a system, product or service meet the user’s 

needs and expectations 

o Note 1 to entry: Satisfaction includes the extent to which the user 

experience that results from actual use meets the user’s needs and 

expectations. 

o Note 2 to entry: Anticipated use can influence satisfaction with actual use. 

As early as 2003, the ISO definition had established itself as the dominant reference 

framework in usability research (Jokela et al., 2003). A key implication of the standard is 

that usability is not an intrinsic property of a product but rather a context-dependent 

outcome shaped by the specified users and their specific goals. Consequently, the 

context of use is the primary determinant of a product's perceived (Bevan et al., 2015). 

Usability is also situated within the broader construct of user experience (UX). 

Hassenzahl divided user experience into pragmatic and hedonic aspects (Hassenzahl, 

2004). In this framework, pragmatic quality encompasses utility and usability, with 

usability defined as: “the ability of a product to provide the functions in an easy and 

efficient way”.  

This thesis primarily focuses on the pragmatic attributes of the system. While the ISO 

9241-11 definition includes “satisfaction,” which is often associated with hedonic 

experience, this research maintains a focus on usability. Otherwise, broader hedonic 

considerations remain outside the current scope. 
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2.3 Heuristics and heuristic evaluation 

In the context of usability evaluation, a heuristic is a broad, generalizable principle of 

interaction design. A curated set of heuristics serves as an analytical framework for 

evaluators (Wilson, 2013). One of the most famous sets of heuristics is Nilsens and 

Molich (Molich and Nielsen, 1990) and further Nielsen’s (1994) improved set. Focusing 

on usability, this set is designed to systematize the identification of common usability 

violations (see Table 1). Ben Shneiderman’s eight golden rules of interface design 

(Shneiderman, 2018) are another widely used set of heuristics focusing on usability. 

There are also other types of heuristic sets, such as the Groupware Heuristics (Baker et 

al., 2002), in which the guidelines are more action-based, for example: “Provide the 

means for intentional and appropriate gestural communication.” Another example is the 

general heuristics by Weinschenk and Barker (2000), where the guidelines are broader, 

for example: “Linguistic clarity, user support, consistency.” In total, the general heuristics 

contain 20 heuristics.  

Sets of heuristics have also been created focusing on learning and e-learning 

applications. Reeves et al. (2002) created an extended version of Nielsen’s (1994a) 

finalized 10 heuristics by adding a usability and instructional design portion, for example: 

“message design, learning design and interactivity”. Alsumait and Al-Osaimi (2009) 

created a set of heuristics focusing especially on e-learning from kindergarten to grade 

2. This set was based on the Nielsen definitions but was adapted to be more suitable in 

the context of younger children. 

In the early 1990s, usability gained prominence as a central concern in software 

development (Hollingsed and Novick, 2007), prompting the development of various 

usability inspection methods. Among these, heuristic evaluation has become one of the 

most widely adopted usability inspection methods, valued for its low cost and ease of 

implementation, but it has been criticized for its performance and reliability (Chattratichart 

et al., 2008). Its primary objective is to systematically identify usability deficiencies in 

each interface. Because it can be applied even to features that have not yet been 

implemented (Nielsen and Molich, 1990), heuristic evaluation is well suited to the early 

development cycle and can be conducted multiple times throughout the development 

process. The method is equally applicable to analyzing existing designs that have 

already been released to production (Nielsen, 1992). 

This thesis uses Nielsen’s classic heuristics as the guidelines for the heuristic evaluation. 

This choice was motivated by the evaluators' prior familiarity with this well-established 

framework and its extensive validation in the literature. Introducing additional heuristic 
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dimensions would have imposed too much preparation burden on the volunteer 

evaluators. Had multiple evaluators with dual expertise been available, more advanced 

or additional heuristic sets could have been considered. However, given the 

circumstances, Nielsen’s 10 heuristics were chosen as the most practical framework to 

apply. 

2.4 Previous Research 

Heuristic evaluation was originally developed as a cost-effective and time-efficient 

methodology for identifying usability defects prior to a project’s deployment (Nielsen, 

1994b). A Google Scholar query for "heuristic evaluation of e-learning" yields a 

substantial body of literature, indicating the widespread adoption of this method within 

the field. However, many of these studies reference heuristics only at a theoretical level; 

a significant portion does not involve empirical evaluation. Furthermore, there is a 

notable absence of research specifically targeting e-learning platforms within the context 

of upper secondary education. 

Despite this gap, several relevant studies offer comparative insights, such as evaluations 

of the QUEST e-learning portal for university students (Ali et al., 2021), an online learning 

mobile application (Kusuma et al., 2024), and a web-based interactive electrolyte 

workshop for medical students (Davids et al., 2013). A common methodological thread 

across these studies is the adoption of Nielsen’s 10 heuristics as a foundational 

framework. Across these diverse platforms, the heuristics related to visibility of system 

status, error prevention, and aesthetic and minimalist design were consistently identified 

as areas with significant usability problems. 

The recurrence of these specific problems suggests that these are systemic challenges 

inherent to e-learning interface design, persisting across diverse subject domains and 

user populations. The electrolyte workshop and the Ruangguru app both suffered from 

complex and unintuitive navigation flows, a violation of Nielsen’s user control and 

freedom heuristic across the application, in some instances requiring users to restart a 

task sequence after a single erroneous action. Likewise, the visibility of system status 

heuristic in the QUEST portal and the electrolyte workshop revealed insufficient system 

feedback: status indicators lacked specificity, and error messages failed to guide users 

toward corrective action. 

Notably, both the QUEST study and the electrolyte workshop study concluded that while 

heuristic evaluation is highly effective at highlighting common usability flaws, the most 

critical issues were frequently surfaced only through complementary methods, including 
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eye-tracking, cognitive walkthroughs, and user experience questionnaires. 

Consequently, these authors recommend triangulating heuristic evaluation with other 

user-centered evaluation methodologies to ensure a comprehensive and robust 

analysis. Davids et al. (2013) suggested that heuristic evaluation should be conducted 

early in the development process and ideally repeated after the first round of corrections; 

combining it with other usability evaluation methods such as user testing could provide 

more valuable guidance for development. 

Acknowledging this limitation, this thesis focuses exclusively on the heuristic evaluation 

method and supplements it with qualitative data analysis of the evaluators' written 

descriptions. 
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3. RESEARCH METHODS 

3.1 Research objective 

Throughout my academic studies and professional practice, I have conducted multiple 

heuristic evaluations using Nielsen's 10 usability heuristics. My experience has primarily 

focused on applications already in production, rather than on those in the early stages of 

the development cycle. Heuristic evaluation has proven to be a resource-efficient method 

for independently assessing a system's overall usability. In real-world customer 

environments, I have identified sets of actionable usability defects for development 

teams to address in iterative improvement cycles. Based on these positive experiences, 

heuristic evaluation was selected as the methodology for this thesis. 

The goal of this thesis is to identify and evaluate potential usability problems and the 

severity of the problems within the Sanoma Digikirja 2.0 e-learning platform. The Digikirja 

2.0 platform interface is identical across different courses, so the choice of subject did 

not affect the usability evaluation. The official national core curriculum mentions biology, 

religious studies, and psychology as subjects that reference the digital learning 

environment. Among these, the biology course and specifically the Bios 3 course 

material was arbitrarily selected for detailed analysis. 

3.2 Evaluation process utilizing Nielsen’s usability heuristics 

Usability problems were detected by using the heuristic evaluation based on Nielsen's 

ten usability heuristics (Nielsen, 1994a). This method has been designed to find usability 

problems in user interface designs (Nielsen, 1994a, 1992; Nielsen and Molich, 1990).  

Table 1. Descriptions of Nielsen's ten usability heuristics (Nielsen, 1994a) 

Name of the Heuristic Short description 

1. Visibility of system status  The system should always keep users 
informed about what is going on, 
through appropriate feedback within 
reasonable time. 

2. Match between system and the real 
world 

The system should speak the users’ 
language, with words, phrases, and 
concepts familiar to the user, rather 
than system-oriented terms. Follow 
real-world conventions, making 
information appear in a natural and 
logical order. 
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3. User control and freedom Users often choose system functions by 
mistake and will need a clearly 
marked “emergency exit” to leave the 
unwanted state without having to go 
through an extended dialogue. 
Support undo and redo 

4. Consistency and standards Users should not have to wonder 
whether different words, situations, or 
actions mean the same thing. Follow 
platform conventions. 

5. Error prevention Even better than good error messages 
is a careful design which prevents a 
problem from occurring in the first 
place. 

6. Recognition rather than recall Make objects, actions, and options 
visible. The user should not have to 
remember information from one part 
of the dialogue to another. 
Instructions for use of the system 
should be visible or easily retrievable 
whenever appropriate. 

7. Flexibility and efficiency of use Accelerators—unseen by the novice 
user—may often speed up the 
interaction for the expert user to such 
an extent that the system can cater to 
both inexperienced and experienced 
users. Allow users to tailor frequent 
actions. 

8. Aesthetic and minimalist design Dialogues should not contain 
information which is irrelevant or 
rarely needed. Every extra unit of 
information in a dialogue competes 
with the relevant units of information 
and diminishes their relative visibility. 

9. Help users recognize, diagnose, and 
recover from errors 

Error messages should be expressed in 
plain language (no codes), precisely 
indicate the problem, and 
constructively suggest a solution. 

10. Help and documentation Even though it is better if the system can 
be used without documentation, it 
may be necessary to provide help 
and documentation. Any such 
information should be easy to search, 
focused on the user’s task, list 
concrete steps to be carried out, and 
not be too large. 
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In addition to the ten usability heuristics, Nielsen's (Nielsen, 1994b) five-point rating scale 

of severity of usability problems was used for every usability problem. Nielsen provided 

the following factors for evaluators to consider while rating the usability problem:  

• The frequency with which the problem occurs: Is it common or rare? 

• The impact of the problem if it occurs: Will it be easy or difficult for the users to 

overcome? 

• The persistence of the problem: Is it a one-time problem that users can overcome 

once they know about it or will users repeatedly be bothered by the problem? 

(Nielsen, 1994a) 

This scale helps to provide perspective on the impact of the usability problem. However, 

it has been noted by Nielsen (Nielsen, 1994a) that the severity scale is often unreliable 

if only one evaluator provides a score for a single incident. The score is provided during 

the evaluation process and may be affected by personal biases; moreover, it could differ 

notably if severity score would be given after the evaluation process. 

 

Table 2.  Nielsen’s rating scale of severity of usability problems (Nielsen, 1994b) 
 

Rating Description for steps in severity of usability scale 

0 I don’t agree that this is a usability problem at all 

1 Cosmetic problem only – need not be fixed unless 
extra time is available on project 

2 Minor usability problem – fixing this should be 
given low priority 

3 Major usability problem – important to fix, so 
should be given high priority 

4 Usability catastrophe – imperative to fix this before 
product can be released 

 

3.2.1 Evaluators 

 

The initial plan was to conduct the heuristic evaluation with a single evaluator. However, 

a review of the methodological literature indicated that employing multiple evaluators 

substantially increases reliability. Through extensive empirical work, Molich and Nielsen 

(Molich and Nielsen, 1990; Nielsen, 1992; Nielsen and Molich, 1990) found that a single 
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evaluator could identify only 35% of the usability problems on given interfaces. Nielsen 

(1992) shows a chart of the proportion of usability problems relative to the number of 

evaluators. Nielsen (1992) found that increasing the number of evaluators from one to 

three, the proportion of problems detected nearly doubles, from 35% to 60%. In 

subsequent research, Nielsen and Landauer (1993) demonstrated that a mathematical 

formula was developed to predict the number of usability problems found based on the 

number of independent evaluators. Accordingly, I included myself as one evaluator and 

recruited two additional usability practitioners to conduct the evaluation. All three 

evaluators had both software development and UI/UX design expertise gained through 

professional experience and at the university level. This combination of design and 

coding experience provides a broader perspective for evaluating the platform. 

The evaluators participating in the heuristic evaluation should be familiar with the 

heuristics being applied and possess basic knowledge of general usability principles but 

are not expected to be domain experts (Nielsen, 1993). Ideally, an evaluator should be 

accustomed to the physical textbook rather than the digital version, to bring a fresh 

perspective to the platform. 

Besides myself, I selected two evaluators from my professional LinkedIn network based 

on their academic and professional backgrounds. Both had graduated from upper 

secondary school before the digital era and were eager to explore the digitalized 

platform, as the transition to digital learning materials occurred shortly after their 

graduation. Although they had studied Nielsen's heuristics during their university studies, 

they had not applied this knowledge during their professional careers. All three 

evaluators had gained software development and user experience knowledge through 

their professional careers. 

The selected evaluators possessed sufficient usability knowledge to be classified as 

"Regular specialist" (Nielsen, 1992) because they had not previously worked with 

learning platforms. "Double specialist" (Nielsen, 1992) requires an evaluator to be 

familiar with general usability principles and to have domain expertise with the type of 

interface being evaluated. I used PDF versions of the physical textbook, which are not 

directly comparable to the new digital platforms. However, having interacted with multiple 

digital learning platforms during my teacher training, I consider myself a “double 

specialist”. 

From an ethical standpoint, evaluators were informed before starting the evaluation 

process that their inputs would be used as data points and could be released partly or 

fully as part of this thesis. Participation in this study was voluntary, and evaluators were 
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allowed to withdraw at any moment. This research does not contain any personal 

information, and evaluators have been assigned identifier tags to separate their 

responses instead of using real names. The collected data was initially stored locally on 

the researcher's personal laptop and subsequently backed up to the university's private 

cloud storage with two-factor authentication. 

3.2.2 Conducting the heuristic evaluation 

 

The two additional evaluators worked independently between May 23 and June 6, 2025. 

No communication regarding identified issues took place during the evaluation period. 

As the coordinator, I refrained from discussing the platform or its contents prior to the 

evaluation period. 

The setup for the evaluation aimed to replicate a typical study session at home. The 

actual e-study material was displayed on the laptop screen. This decision was based on 

data received from Sanoma Pro indicating that approximately 86% of e-study users use 

a laptop with a 15-inch screen. These specifications align with the average laptop 

meeting the requirements defined by the Matriculation Examination Board (Matriculation 

Examination Board, 2022) for the digital matriculation examination. Consequently, the 

entire heuristic evaluation was conducted on a laptop only, excluding phone and tablet 

form factors. 

To support the evaluation, an additional screen was used for Nielsen’s heuristics cheat 

sheet (Appendix 1) and the incident web form (Appendix 2) to collect incidents. The 

incident web form was designed to streamline the incident-logging task. Nielsen Norman 

Group offers a premade PDF form (see Appendix 3) and suggests using a premade 

workbook or spreadsheet to collect incidents. However, based on personal experience, 

scrolling through a PDF or filling in an Excel form requires additional clicking and diverts 

focus from the evaluation task. In the web form created for this purpose, all required 

fields and options were displayed simultaneously, reducing cognitive load and helping 

the evaluator focus on the primary task. 

On the form, each evaluator filled in the mandatory fields and submitted an entry for 

every incident found. The form included the following fields: user, description of the issue, 

a suggested fix, checkboxes for the heuristic options, whom the issue affects, and the 

severity of the usability problem. The web form and the submission collector ran locally 

on the same laptop on which the evaluation was conducted. This setup was necessary 

because only one account was available for the Sanoma Kampus e-study platform, 
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requiring all evaluations to be conducted on the same physical laptop. All usability 

observations were collected into the same dataset, with a user-linked identifier to 

facilitate data processing. 

Every evaluator was given two hours for the actual evaluation. Before the actual 

evaluation, a warm-up exercise of up to one hour was provided to familiarize evaluators 

with filling in the form and conducting the evaluation. Sanoma digikirja 1.0 (Historia 

Ajassa 1) course platform was chosen for the warm-up exercise because it provided 

context for the e-study environment but was sufficiently different that evaluators would 

not conflate the warm-up and the actual platform. Since I was provided with the teacher 

account and had access to all teacher materials, evaluators were instructed to switch to 

"student view" whenever that option was available. Additionally, all teacher materials 

were excluded from the evaluation to ensure focus remained solely on the student 

material. Evaluation was conducted on the same subject matter and content: Bios 3 

biology material. Between each evaluator session, I cleared all changes made during the 

evaluation process to ensure an identical experience for every evaluator. 

Once all evaluators had completed their independent sessions, the primary researcher 

consolidated the findings. In accordance with standard heuristic evaluation guidelines, a 

consolidation process is normally recommended to merge duplicate findings and resolve 

conflicts. In this study, consolidation was carried out by the primary researcher alone 

During this consolidation, duplicate entries were merged, and the unique usability 

problems were compiled. However, the severity ratings assigned by individual evaluators 

to each problem were preserved in their original form to reflect their independent 

subjective assessments and represent a range of external perspectives. These individual 

ratings were not forced into a consensus, although in a commercial development cycle, 

they would ideally be discussed further with the platform's with Sanoma Pro design and 

development team to reach a more objective severity score. 

Based on the given descriptions provided with each usability problem, the primary 

researcher conducted a qualitative data analysis to provide a more detailed view of the 

most problematic areas. 
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4. RESULTS  

In this section, I will present the empirical findings from each research method. To ensure 

accessibility for an international audience, all examples and data points have been 

translated from the original Finnish into English. These translations were conducted 

using the MOT Translation Service (sanakirja.fi), a professional translation software 

licensed by Tampere University. 

4.1 Heuristic evaluation 

The three evaluators independently assessed the Sanoma Digikirja 2.0 platform, 

recording their observations in a shared dataset. Altogether, 85 distinct usability 

problems were identified. Evaluator 1 found 26, Evaluator 2 found 30, and Evaluator 3 

found 29. Out of the 85 distinct usability problems identified. After combining overlapping 

observations between the three evaluators, the total count of unique incidents was 63. 

Of these, one incident was identified by all three evaluators, and nine incidents were 

identified by two evaluators (Table 3). There was also one identical incident submitted 

twice by same evaluator and that has been removed. 

 

Table 3. Unique and overlapping usability problems 
 

Evaluator All observed           

usability 
problems 

Unique  

observed           

usability 
problems 

Problems 
All 
evaluators 
found 

Problems 

evaluators 
1 and 2 
found 

Problems 

evaluators 
1 and 3 
found 

Problems 

evaluators 
2 and 3 
found 

1.  26 18     

2. 30 20*     

3. 29 25     

   1    

    6   

     1  

      2 

Total: 85 63 3 12 2 4 

*One exact duplicate usability problem entry was detected and was removed 
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Since a single usability problem can violate one or more heuristics, the total count of 

heuristic violations across all 10 heuristics was 144. This figure exceeds the number of 

distinct observations, indicating that several problems violated multiple heuristics 

simultaneously.  

 

Table 4. Frequency of the observed usability problems by Nielsen’s usability heuristics 
 

Name of the Heuristic Number of observed           

usability problems 

1.  Visibility of system status  16 

2. Match between system 
and the real world 

16 

3. User control and freedom 7 

4. Consistency and standards 26 

5. Error prevention 15 

6. Recognition rather than 
recall 

16 

7. Flexibility and efficiency of 
use 

18 

8. Aesthetic and minimalist 
design 

12 

9. Help users recognize, 
diagnose, and recover 
from errors 

10 

10. Help and documentation 8 

 144 

 

Among the ten heuristics, "Consistency and standards" received the highest number of 

violations. The identified problems primarily concerned navigation within the application, 

interaction mechanisms in the study material, and the behavior of study support tools 

such as note-taking and drawing features. 

Examples of problems classified under Navigation and continuity include: 

• "The user does not see the progress of reading (how many percent of a 

chapter/book has read)" 
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o “Käyttäjä ei näe lukemisen edistystä (kuinka monta prosenttia 

luvusta/kirjasta on lukenut)” 

• "The user is unable to search for text across the entire book" 

o ”Käyttäjä ei pysty hakemaan tekstiä koko kirjasta” 

• "The user is not shown what user has already read." 

o ”Käyttäjälle ei näytetä mitä on jo lukenut” 

• "Some images can be magnified by clicking on them, while others cannot" 

o ”Joitain kuvia pystyy suurentamaan klikkaamalla niitä, kun taas toisia ei” 

• "Contents Introduction > Table of Contents plain text without links to 

corresponding chapters" 

o ”Sisältöjen esittely > Sisällysluettelo pelkkä teksti ilman linkkejä kyseiseen 

sisältöön” 

A complete list of all collected heuristic violations and evaluator comments is included in 

Appendix 4.  
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4.2 Severity rating 

The following table presents the severity ratings assigned to each heuristic. 

Table 5. Severity rating by each heuristic (Nielsen, 1994b) 

Name of the 
Heuristic 

No 
usability 
problem 

Cosmetic 
problem 
only 

Minor 
usability 
problem 

Major 
usability 
problem 

Usability  

catastrophe 

Total 

1. Visibility of 
system status  0 4 4 7 1 

16 

2. Match 
between 
system and 
the real world 0 3 4 7 1 

15 

3. User control 
and freedom 0 2 5 0 0 

7 

4. Consistency 
and standards 1 8 6 11 0 

26 

5. Error 
prevention 0 2 6 5 2 

15 

6. Recognition 
rather than 
recall 1 3 6 6 0 

16 

7. Flexibility and 
efficiency of 
use 1 6 4 7 0 

18 

8. Aesthetic and 
minimalist 
design 1 5 5 1 0 

12 

9. Help users 
recognize, 
diagnose, and 
recover from 
errors 1 2 3 2 2 

10 

10. Help and 
documentation 0 2 3 1 1 

7 

 
5 37 46 47 7 

142* 

*Evaluators had the option to opt out of providing a severity rating. 

The minor and major usability problem categories contained nearly the same number of 

incidents. Upon reviewing the cases rated as "Usability catastrophe," all were related to 



21 

 

the accessibility enhancement tool settings. An example comments for a usability 

catastrophe: 

• "The settings \"restore default settings\" don't do what they promise - for example, 

the cursor tool's settings didn't revert to defaults, even though the action was 

done and ticked a reset for them as well"despite the user executing the reset 

action and explicitly selecting them." 

o “Asetuksien \"palauta oletusasetukset\" eivät tee sitä mitä lupaavat - 

esimerkiksi kohdistintyökalun asetukset eivät palautuneet oletuksiksi, 

vaikka toiminto tehtiin ja raksitettiin palautus myös niiden kohdalle” 

Examples of problems rated as ‘major usability problems: 

• "In the notes view, users cannot view all created notes created at once but only 

notes from one chapter at a time." 

o ”Muistiinpanot sivulla ei voi tarkastalla kaikkia kirjaan tehtyjä 

muistiinpanoja kerralla, vain luku kerrallaan” 

• "When highlighting text while creating notes, it is difficult to determine how to save 

or add a note." 

o ”Kun käytetään korostusta muistiinpanoissa, on vaikea tietää miten 

muistiinpano tallennetaan tai lisätään” 

• "The icon provided by the text-to-speech tool does not clearly communicate its 

function to the user." 

o ”Kuuntelutyökalu tarjomat ikoni eivät kerro mitään käyttäjälle” 

Examples of "minor usability problem" ratings 

• "When using the text-to-speech feature on selected text, users do not know how 

long of a section will be read after making a selection." 

o ”Käytettäessä valitun tekstin kuuntelu ominaisuutta, käyttäjä ei valinnan 

jälkeen tiedä kuinka pitkän palan lukija lukee” 

• "The arrow icon at the bottom of the dictionary is easily confused with the expand 

icon used elsewhere on the platform, despite their different underlying functions." 

o ”Sanakirjan alalaidan nuoli ikoni on helppo sekoittaa muuten alustalla 

käytettyyn laajenna ikoniin. Vaikka ominisuus todellisuudessa on eri” 

• "An error message telling me I have highlights that don't show up in the content. 

I don't understand what this means, and I don't see what I have?” 
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o ”Virheviesti, jossa kerrotaan minulla olevan korostuksia jotka eivät näy 

sisällössä. En ymmärrä mitä tämä tarkoittaa, enkä näe mitä minulla on?” 

A complete list of all severity ratings is included in Appendix 4.    

4.3 Qualitative data analysis 

To supplement the heuristic classification, free-text problem descriptions were elicited 

directly within the web form. This approach helps pinpoint specific problems after the 

fact, but more importantly, it provides deeper insight into the recognized problems and 

enables analysis from an additional perspective. 

The data analysis process followed the qualitative guidelines established by Tuomi and 

Sarajärvi (2018) and Miles and Huberman (2018). The analysis was conducted 

independently by the primary researcher using digital sticky notes in Miro, an online 

collaborative whiteboard tool. During the first coding cycle, all responses were imported 

and organized by heuristic category, using thematic labels and color-coding to 

differentiate emergent themes. Examples of these initial labels included "Awareness of 

progress," "Navigation and continuity," and "Accessibility." Throughout this phase, a 

dynamic codebook was maintained to ensure labeling consistency and minimize 

thematic overlap. 

In the second coding cycle, responses were consolidated under unified labels, and 

duplicate entries appearing across multiple heuristics were removed. Following this 

consolidation, the labels were further refined to increase specificity. For instance, the 

largest category, "Navigation and continuity," was decomposed into three distinct sub-

labels to increase granularity. These sub-labels were "Buttons", "Icons", and 

"Navigation". Similarly, the "Interaction tools" category was logically divided into the 

subcategories "Highlight tool" and "Drawing tool". 

Through this qualitative data analysis, the identified issues were narrowed down to eight 

main themes. Two of these themes were further divided into subcategories because, 

although they shared a main category, they addressed different parts of the platform. 

The main categories and their frequencies are as follows: 

• Accessibility tools usage and settings – 23 

• Awareness of progress – 4  

• Interaction tools – 9 

• Navigation and continuity – 31  
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• Notes visibility – 7  

• Restrictions – 4 

• Study material – 10 

The "Navigation and continuity" category was further divided as follows: 

• Buttons – 6  

• Icons – 17  

• Navigation – 8  

The "Interaction tools" category was further divided as follows: 

• Highlight tool – 7  

• Drawing tool – 2  

 

Figure 1. Visualization of the findings from the Data analysis. 
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5. DISCUSSION 

5.1 Main findings 

This section discusses the findings in relation to the research questions and reflects on 

their implications in the context of usability. 

Regarding RQ1, the results show that a relatively large number of usability problems 

were identified (85 in total, 63 unique). Considering the limited number of evaluators and 

the time constraint, this suggests that the issues are not isolated but rather indicate 

broader structural problems in the platform. The fact that usability problems were found 

across all heuristics also supports the idea that the challenges are not limited to a single 

feature or component but are spread throughout the system. 

Although software projects are unique and their user interfaces strive to differentiate from 

competitors, a recurring pattern of usability problems appears to emerge across e-

learning platforms. In this research, the most frequently identified violations were found 

under ”Consistency and standards” (26 problems) and "Flexibility and efficiency of use" 

(18 violations). This indicates that the platform does not follow a consistent interaction 

logic and that different features behave in ways that are not always predictable to the 

user. As a result, users cannot rely on previously learned patterns but instead need to 

interpret the interface repeatedly. From a usability perspective, this increases cognitive 

load, as attention is directed to understanding the system rather than using it. In a 

learning environment, this is especially problematic, since the main focus should be on 

studying rather than navigating the platform. 

Compared with earlier research by Davids et al. (2013), Ali et al. (2021), and Kusuma et 

al. (2024), prior studies have consistently identified issues related to the "Match between 

system real world" heuristic. In this study, that heuristic was violated 16 times, making it 

the third most common category tied with two others. 

In response to RQ2, an analysis using Nielsen's Severity Rating Scale shows that most 

of the problems were classified as either minor or major. This suggests that while the 

issues do not completely prevent task completion, they do affect the efficiency and 

smoothness of interaction. The presence of several “usability catastrophe” level 

problems is notable, especially since the platform is already in active use. Across the 

heuristics, focusing only on major and catastrophic problems, these accounted for 38% 

of all identified issues. At the same time, it is important to note that the severity ratings 
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are subjective and were not normalized between evaluators, which limits their 

comparability. 

Regarding RQ3, the qualitative analysis supports the quantitative findings. Navigation 

and continuity formed the largest category, and the problems were observed across 

multiple parts of the interface, such as buttons, icons, and navigation logic. This indicates 

that the issues are not limited to specific components but are more systemic in nature. 

Accessibility-related problems also emerged as a significant theme, even though 

accessibility was not a primary focus of the study. These findings correlate closely with 

Sanoma Pro’s 2025 internal accessibility audits (Sanoma Pro 2025), which the 

organization has committed to addressing. 

Overall, the results point toward a common underlying issue: the platform lacks a 

consistent and well-integrated interaction model. The observed problems in navigation, 

interaction tools, and accessibility features suggest that different parts of the system are 

not fully aligned with each other. In practice, this can increase the effort required to use 

the platform and reduce learning efficiency, as users must spend time understanding the 

interface rather than focusing on the actual study content. 

5.2 Limitations 

This study has several limitations that should be considered when interpreting the 

results. 

Only three experts participated in the heuristic evaluation. Although increasing the 

number of evaluators improves reliability, there is always some degree of “evaluator 

effect” as each evaluator brings individual interests and areas of focus to the task. Having 

an additional double expert with knowledge of both learning materials and usability could 

have strengthened the trustworthiness of the results. However, there is also evidence, 

such as in Smith and Kheng (2022), that experts can have conflicts and discrepancies 

about the found violated heuristics in the heuristic evaluation. Nielsen (1992) noted that 

the optimal number of evaluators is between three and five, after which findings typically 

reach saturation. It is likely that this research would have benefited from additional 

evaluators, given that the three evaluators identified 85 incidents, of which 63 were 

unique problems and only 10 were detected by two or three evaluators. Having at least 

one more evaluator could help to figure whether the number of overlapping problems 

would have increased noticeably. Another variable affecting the unique-vs-overlapping 

ratio is the time limit given to the evaluators. With a two-hour limit, Evaluator 1 found 26, 

Evaluator 2 found 30, and Evaluator 3 found 29 problems. Two evaluators mentioned 
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that the two-hour slot was too short and that they did not finish going through the learning 

platform. Having more time could have increased the overall number of findings and the 

degree of overlap. Nielsen (Nielsen, 1994b) suggested that one session should last 

between one and two hours, and that if more time is needed the evaluation should be 

broken up into multiple sessions. 

Another limitation concerns the specific set of heuristics selected for this study. Nielsen’s 

10 usability heuristics (Nielsen, 1994a) are widely recognized, and most usability 

researchers are familiar with this set. Nielsen's heuristics are designed to be applied 

broadly to all types of products and software; consequently, they may be difficult to apply 

reliably in highly specific contexts. For future evaluations, the heuristics proposed by 

Reeves et al. (2002), which use Nielsen's heuristics as a baseline and add e-learning-

specific criteria, could yield more targeted and actionable findings. However, extended 

heuristic sets place greater demands on evaluators, who must familiarize themselves 

with additional criteria; this was the reason the extended version was not used in this 

study. Nevertheless, it would be valuable to conduct future research applying multiple 

heuristic sets to a single application and investigating how the choice of heuristics affects 

the results. Earlier research has demonstrated promising results; for instance, Alroobea 

et al. (2013) compared Nielsen's heuristics with domain-specific heuristics developed for 

e-learning. The domain-specific set identified 69% more unique problems, whereas 

Nielsen's heuristics found only 4% more unique problems. These proportions cannot be 

transferred directly to the present study, but they suggest that a domain-specific heuristic 

set could potentially uncover additional issues that remained undetected. 

A third limitation is that this study covered only one e-learning platform, thereby providing 

a limited perspective on the current offerings in the secondary education e-learning 

landscape. This research also considered only official learning material providers and 

excluded platforms that teachers and educators may independently compose, such as 

Moodle, Peda.net, or MOOC environments. 

5.3 Future research 

For future research, it would be valuable to examine proactive teachers' own materials 

and obtain access to other publishers' materials to conduct heuristic analyses and 

compare the number and types of problems found. It should be emphasized that this 

concerns not the quality of educational content but the presentation of the material and 

usability of the tool presenting the material. 
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Ekonoja (2014) states in his doctoral thesis that the user interface should be familiar, at 

least to a certain degree, to the user base. Compared with today's widely used websites 

and online platforms, the Sanoma Pro Digikirja 2.0 interface appears outdated. The 

Ministry of Education and Culture's definition of e-study material envisions added value 

compared to physical learning materials. Currently, however, interactivity remains largely 

passive, consisting primarily of automated multiple-choice tasks and the ability to watch 

embedded videos. To bridge this gap, future developments should leverage the 

possibilities offered by Artificial Intelligence (AI) and Large Language Models (LLMs) to 

increase active engagement. While chatbots and AI-powered search are beyond the 

scope of this discussion, it would be important to integrate, for example, adaptive 

exercises for students at different proficiency levels (e.g. (Harrison et al., 2008)). A short 

quiz based on the student's interaction with the material at the end of each chapter could 

also serve as a useful solution that would add new purpose and functionality to the 

current tools in Digikirja 2.0. At the end of a chapter, an LLM could guide students toward 

the most relevant concepts, for example based on their highlighting and notes. Within 

the answer interface, the LLM could evaluate written responses based on the chapter 

content. In this way, all students could receive feedback on the substance and structure 

of their written answers.  

When comparing the Sanoma Pro Digikirja 2.0 Bios 3 learning environment to its physical 

textbook counterpart, it is noticeable that the visual layout of the book version is more 

appealing (Zubair et al., 2021). Traditional textbooks utilize sophisticated two-page 

"spread" layouts, balancing text, imagery, and whitespace. This visual richness is not 

merely aesthetic; Sinkkonen (Sinkkonen et al., 2009) demonstrates that the effective use 

of color and spatial arrangement significantly aids in the memorization of new concepts. 

In contrast, the digital version relies on a vertical, column-based scroll. While logical for 

digital devices, this "top-to-bottom" uniformity can cause different chapters to blend 

together, reducing the distinctiveness of the material. Although digital environments offer 

efficiency and practicality, they often sacrifice the unique page designs that help anchor 

information in a learner’s memory. 

Of course, it must be acknowledged that people learn in different ways and have their 

own learning styles, and additional visuals could be distracting; for such learners, the 

current layout may be preferable. One proposal is that, similar to how the Digikirja 2.0 

platform currently offers accessibility sliders for font sizes and text colors, a slider could 

be introduced for the number of visuals, thereby accommodating more learning styles. 

As the qualitative data analysis showed, navigation within the Digikirja platform was the 

most frequently occurring theme among the identified problems. Future design efforts 
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should focus on simplifying navigation to move back and forth through content, dissolving 

the artificial boundaries between chapters, and innovating new ways to bookmark 

connections between different topics. The concept of a single larger map that connects 

ideas and concepts to one another through well-organized bookmarks, departing from 

the typical textbook structure, is one approach that merits consideration. An open-area 

structure for learning materials finds support in the research of Mayer (2014) and 

Bautista-Vallejo et al. (2020), particularly in supporting improved content recall through 

visual, whiteboard-style materials. In this approach, all interactive material would be 

integrated into the topic, enhancing the learning experience. Users could see that a video 

is available but ignore it if it is not relevant to their needs. The concept resembles a pre-

filled whiteboard that users can customize to their preferences and that supports learning 

by allowing users to add their own comments, photos, and news articles alongside the 

provided materials.  
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6. CONCLUSIONS 

The widespread adoption of e-learning materials is evident in contemporary education 

systems globally, as well as in the Finnish education system. The aim of this thesis was 

to conduct a small-scale observational study using Nielsen's heuristic evaluation 

methodology employing three independent evaluators. This study focused on the 

Sanoma Pro Digikirja 2.0 e-learning platform for upper secondary level biology (Bios 3). 

The results demonstrate that the platform contains a considerable number of usability 

problems. A total of 85 problems were identified, of which 63 were unique. In total, 144 

heuristic violations were recorded when multi-heuristic issues were counted separately. 

Most violations fell under the heuristics “Consistency and standards” and “Flexibility and 

efficiency of use”. The majority of issues were rated as minor or major usability problem, 

with several identified as usability catastrophes. These findings are particularly 

noteworthy given that the platform is already in active classroom use. The qualitative 

data analysis revealed that navigation was the most prevalent problem domain. 

Accessibility issues also emerged as a significant, cross-cutting concern. 

The usability problems identified in Digikirja 2.0 represent problems that are not just edge 

cases. These issues cluster in well-known heuristic categories and align with patterns 

observed in similar e-learning platforms, as shown in Davids et al. (2013), Ali et al. 

(2021), and Kusuma et al. (2024). This thesis confirms that general-purpose Nielsen 

heuristics remain highly effective for identifying critical flaws in educational platforms, 

although domain-specific heuristic sets would likely yield complementary insights. Future 

research should utilize e-learning-specific heuristic frameworks to provide even a deeper 

understanding of the state of the usability problems. 

E-learning materials are likely to remain a fixture of Finnish upper secondary education, 

and therefore the tools used for learning should not impose more cognitive load than a 

traditional textbook from a usability perspective. Software development is an iterative 

process; continuous evaluation and refinement remain essential to support effective 

digital learning. 
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APPENDIX 4 

Evaluator Incident Description Violated heuristics Severity Rating 

R1 

Lähtötasotestissä erikoisesti 
annetaan aikaraja koska vastais 
tallennetaan. 5. Error prevention 1. Cosmetic 

R1 

"Kopioi linkki" nappula avaa 
modaali ikkunan jossa linkki 
voidaan kopioida 

6. Recognition rather than 
recall,  
8. Aesthetic and minimalist 
design  2. Minor 

R1 

Kun kirjotetaan korostukseen tai 
muuten muistiinpanoja on vaikea 
tietää miten muistiinpano 
tallennetaan tai lisätään 

4. Consistency and standards, 
5. Error prevention 3. Major 

R1 

Oikealla sivussa on nappuloita 
jotka tarjoavat lisää tietoa 
aiheesta. Nappulassa on 
korostettu numero, ihan kuin 
siellä olisi jotain mutta käyttäjä ei 
saa mitään ulos 

8. Aesthetic and minimalist 
design 1. Cosmetic 

R1 

"Kuuntele" nappula on eroteltu 
jokaisen kirjan kappalleen 
ylänurkkaan, mutta muut 
ominaisuudet on listattu oikealla 
reunassa 4. Consistency and standards 2. Minor 

R1 

Sanakirjan alalaidan nuoli ikoni 
on helppo sekoittaa muuten 
alustalla käytettyyn laajenna 
ikoniin. Vaikka ominisuus 
todellisuudessa on eri 

4. Consistency and standards, 
6. Recognition rather than 
recall 2. Minor 

R1 

Perusnäkymässä tekstiä ei voida 
zoomata, jos käyttäjä käyttää 
selaimen sisäänrakennettuja 
ominaisuuksia hajoaa koko 
näkymä 5. Error prevention 3. Major 

R1 Kirjan kuvan funktio ei aukea 
8. Aesthetic and minimalist 
design 1. Cosmetic 
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R1 

Esitysmodessa on mahdollista 
valita "lisää muistiinpano" mutta 
teksti vain korostetaan ja mitään 
muuta ei tapahtu 1. Visibility of system status 3. Major 

R1 
Korostuksen muistiinpanoja ei voi 
muokata tuplaklikkauksella 4. Consistency and standards 3. Major 

R1 

muistiinpanoissa on 
hämmentävä indikaattori että 
sielä olisi jotain, turha häiriö 
käyttäjälle 

8. Aesthetic and minimalist 
design 2. Minor 

R1 

Jokaisen luvun lopussa joutu 
käyttäjä palata ylös painamaan 
"seuraava sivu nappulaa" 

2. Match between system and 
the real world 3. Major 

R1 

Tehtävä jossa valitaan listasta 
oikeita vastauksia, "aloita alusta" 
ja "muokkaa vastauksia" on 
samanlaiset näppäimet joten 
hyvin mahdollista että käyttäjä 
vain valitsee "aloita alusta" eikä 
muokkaa 5. Error prevention 2. Minor 

R1 

Valitse vaihtoehdoista tehtävässä 
tehtävä ei muista mitä 
vaihtoehtoja on kokeiltu 

6. Recognition rather than 
recall,  
7. Flexibility and efficiency of 
use 1. Cosmetic 

R1 

Tehtäviä tehdessä oikeassa 
reunassa oleva "lisäaineisto" 
painike sisäsltääkin nyt kaikki 
käsitellyt osiot eikä vain 
sanalistaa 

4. Consistency and standards, 
6. Recognition rather than 
recall 3. Major 

R1 

Käytettäessä valitun tekstin 
kuuntelu ominaisuutta, käyttäjä 
ei valinnan jälkeen tiedä kuinka 
pitkän palan lukija lukee 5. Error prevention 2. Minor 

R1 

Oppilaan lisäämät tekstin 
korostukset eivät näy kun 
käytettään kirjaa "lisäaineisto" 
näkymästä 4. Consistency and standards 2. Minor 
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R1 

muistiinpanot näkymässä ei voi 
listata kaikkia muistiinpanoja 
vain jaksokohtaisia. Eli jos 
haluaisi kokeeseen lukiessa 
lukea kaikki muistiinpanot 

7. Flexibility and efficiency of 
use 3. Major 

R1 

Muistiinpano näkymässä jos 
haettua sanaa ei löydy (ei ole/ 
kirjoitusvirhe) antaa järjestelmä 
ilmoituksen jossa annetaan 
ymmärtää että mitään ei ole tehty 

9. Help users recognize, 
diagnose, and recover from 
errors 3. Major 

R1 

Muistiinpanot näkymä on 
erillinen osio ja kadottaa 
yhdenmukaisuuden lopun 
näkymien kanssa 

3. User control and freedom, 
4. Consistency and standards 2. Minor 

R1 

Piirustus työkalusta pääsee pois 
vain painamalla 
"piirustustyökalu" painiketta 
joten pitää tietää miten pääsee 
pois.  

2. Match between system and 
the real world 1. Cosmetic 

R1 

Lukemista helpottavat työkalut 
on piilotettu "kuuntele" napin 
sisälle vaikeasti huomattavan 
ikonin taakse 

6. Recognition rather than 
recall 3. Major 

R1 
Kuuntelutyökalu tarjomat ikoni 
eivät kerro mitään käyttäjälle 

2. Match between system and 
the real world,  
5. Error prevention 3. Major 

R1 

Kohdistintyökaluun aseuksien 
säätäminen on haastavaa, voisi 
päästä suoraan asetuksiin 

7. Flexibility and efficiency of 
use 2. Minor 

R1 

Tekstitilassa tekstin 
säätötyökalut toimivat vain 
tekstin ensimmäisen otsikkoon 

2. Match between system and 
the real world 3. Major 

R1 

Kuuntelutyökalu suljetaan 
painamalla puhuvaa päätä joka 
tuntuu epäloogiselta 

2. Match between system and 
the real world,  
6. Recognition rather than 
recall 2. Minor 
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R2 

Lähtötasotesti: kun klikkaat 
"valmis", skrolli ei vie sinua ylös 
vaan joudut itse skrollaamaan 
vastaukset läpi. Pisteet näkyivät 
alhaalla, mutta eivät ylhäällä 

2. Match between system and 
the real world,  
7. Flexibility and efficiency of 
use 1. Cosmetic 

R2 

Tehtävät-osioissa testaa tietosi: 
vastausvaihtoehdot ovat 
kirjaimia, mutta niiden järjestys 
on jostain syystä kummallinen 

2. Match between system and 
the real world,  
4. Consistency and standards 1. Cosmetic 

R2 

Tehtävät, jotka on jo tehty, ei näy 
nopeasti ja pitää käydä 
tsekkaamassa jokainen tehtävä 
erikseen (esimerkiksi 
kokeeseenlukutilanteessa olisi 
kätsy)  

1. Visibility of system status,  
6. Recognition rather than 
recall 2. Minor 

R2 

Korostukseen lisättävä 
muistiinpano ei ilmesty 
muistiinpano-sivulle ilman 
lisäklikkauksia.  

7. Flexibility and efficiency of 
use 1. Cosmetic 

R2 
Käännöstyökalun teksti menee 
toiminto-ikonien päälle 

8. Aesthetic and minimalist 
design 1. Cosmetic 

R2 

Käännöstyökalun text-to-speech 
ei lähde pyörimään toimintoa 
klikkaamalla ennekuin on 
painettu "ymmärrän"-painiketta 
ja näin hyväksytty ja "ymmärretty" 
käyttöehdot. Tästä rajoitteesta ei 
kuitenkaan ole indikaatioita 
käyttöliittymällä, jolloin käyttäjä 
saattaa ihmetellä miksei toiminto 
käynnisty. 

1. Visibility of system status,  
5. Error prevention,  
9. Help users recognize, 
diagnose, and recover from 
errors 2. Minor 

R2 

Virheviesti, jossa kerrotaan 
minulla olevan korostuksia jotka 
eivät näy sisällössä. En ymmärrä 
mitä tämä tarkoittaa, enkä näe 
mitä minulla on? 

5. Error prevention,  
9. Help users recognize, 
diagnose, and recover from 
errors,  
10. Help and documentation 2. Minor 
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R2 

Sisällysluetteloon ei voi palata 
suoraan muistiinpanojen 
koontisivulta, vaan se pitäisi 
tehdä aina muistiinpanon kautta - 
eksyin käyttäjänä pari kertaa 
takaisin kampuksen etusivulle.  4. Consistency and standards 1. Cosmetic 

R2 

Muistiinpanojen 
yhteenvetosivulla en voi 
tarkastella kaikkia kirjoittamiani 
muistiinpanoja yhtä aikaa, vaan 
minun pitää aina ensin valita 
jakso tai moduuli.  

1. Visibility of system status,  
7. Flexibility and efficiency of 
use 1. Cosmetic 

R2 

Eri tyyppisillä tehtävillä ja 
teksteillä on saman värinen 
ikonien taustaväri. - joudut 
kuitenkin lukemaaan  tai 
katsomaan tarkemmin ikonia, 
etkä saa heti ensi silmäilyllä 
kiinni tekstin tyypistä.  

9. Help users recognize, 
diagnose, and recover from 
errors 0. No problem 

R2 
Pika-apu pitää sulkea painamalla 
samaa nappia uudelleen  3. User control and freedom 1. Cosmetic 

R2 

Sisällysluettelossa ei ole 
indikaatioita siitä, millä sivuilla 
on muistiinpanoja tai korostuksia 

1. Visibility of system status,  
7. Flexibility and efficiency of 
use 2. Minor 

R2 

Luku- ja puheominaisuuksien 
muokkaus jää helposti 
huomaamatta 

7. Flexibility and efficiency of 
use,  
8. Aesthetic and minimalist 
design,  
10. Help and documentation 2. Minor 

R2 

Lukutilan toimintojen selitteet 
ovat vain ikoneja. Selitteet 
ilmestyvät kun hiiren vie niiden 
päälle, mutta vaikuttavat aika 
kryptisiltä, jolloin toimintoja pitää 
kokeilla jotta tietää mitä tapahtuu 

8. Aesthetic and minimalist 
design,  
9. Help users recognize, 
diagnose, and recover from 
errors 1. Cosmetic 
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R2 

Luku- ja puhetoiminnon 
asetukset: aluksi todella 
epäintuitiivinen 
muokkausmahdollisuus. Popup 
on pieni, eikä sitä hoksaa 
suurentaa tai tutkailla 
muokkausmahdollisuuksia 
ilman, että joku siitä kertoo.  
Tekstikoko on alun alkaen liian 
iso käytössä olevaan tilaan 
nähden, jolloin koko 
muokkaustoiminto tuntuu 
vastenmieliseltä käyttää.  

7. Flexibility and efficiency of 
use,  
8. Aesthetic and minimalist 
design,  
9. Help users recognize, 
diagnose, and recover from 
errors 3. Major 

R2 

Teksiasetuksien valikot ovat vain 
ikoneita, eikä kerrita mitä 
mistäkin pystyy muokkaamaan.  
Kieli on hyvin teknistä 

4. Consistency and standards, 
8. Aesthetic and minimalist 
design 1. Cosmetic 

R2 

Teksti- ja puheasetukset 
sulkeutuvat kun klikkaat popupin 
ulkopuolelta. Muut toiminnot 
pitää sulkea erikseen 
klikkaamalla esim. siitä mistä 
toiminnon sai auki. Tässä on 
epäsyncca sovelluksen 
käyttämien standardien välillä. 
(esim. Pika-apu sulkeutuu vain, 
kun klikkaa uudelleen pika-apu-
ikonia tai esitystila sulkeutuu vain 
erillisestä pika-avun 
sulkunapista.  

4. Consistency and standards, 
5. Error prevention 3. Major 

R2 

Mitä tapahjtuu "tarkennusalueen 
läpnäkyvyys"-valikosta? Slideria 
painaessa esimerkki ei näytä 
muuttuvan mitenkään. 

1. Visibility of system status,  
4. Consistency and standards,  
5. Error prevention,  
10. Help and documentation 1. Cosmetic 

R2 

Asetukset-sivulla kaikissa 
kohdissa ei ole ?-ikonia 
auttamassa käyttäjiä, osalla on.  10. Help and documentation 2. Minor 

R2 

Käyttäjän valinnoilla voidaan 
saada kokonaisten lauseiden 
näkyvyys surkeaksi. kts. kuva 

7. Flexibility and efficiency of 
use,  
8. Aesthetic and minimalist 
design 0. No problem 
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R2 

?-ikonista avautuvien ohjeiden 
ilmestymispaikka vaihtelee. 
Toisissa kohdissa se menee alas, 
toisissa heti otsikon jälkeen. 4. Consistency and standards 1. Cosmetic 

R2 
Asetukset-sivun pikanäppäiten 
asetukset 

2. Match between system and 
the real world,  
6. Recognition rather than 
recall 1. Cosmetic 

R2 

Asetukset: EIHÄN NÄMÄ EDES 
VAIKUTA SIIHEN MIHIN KÄYTTÄJÄ 
KYUVITTELEE NÄIDEN 
VAIKUTTAVAN KÄYTIN JUURI 
AINAKIN 20 MINUUTTIA NIIDEN 
RUKAAMISEEN SELLAISIKSI KUIN 
HALUAN ;;:_:__; 

1. Visibility of system status,  
2. Match between system and 
the real world,  
5. Error prevention,  
9. Help users recognize, 
diagnose, and recover from 
errors,  
10. Help and documentation 

4. Usability 
catastrophe 

R2 
Omilla valinnoillaan asetukset 
saa hyvin nopeasti hyvin rikki 

3. User control and freedom,  
9. Help users recognize, 
diagnose, and recover from 
errors 2. Minor 

R2 

Osoitintila on mahdollista rikkoa 
niin, että ikonit ja toiminnot kyllä 
kulkee mutta osoite-highlight on 
kadonnut näkyvistä 

8. Aesthetic and minimalist 
design 1. Cosmetic 

R2 

ReadSpeaker WebReaderin 
ohjeistuksen löytyivät 
vahingossa. Ohjeet tälle 
toiminnolle löytyivät vahingossa, 
kun koetin korjata kohdistin-
highligtin ongelmaa. Olen ihan 
kateissa tästä sovelluksesta ja 
oppimateriaalista.  

1. Visibility of system status,  
10. Help and documentation 3. Major 

R2 

ReadSpeaker webReaderin 
käyttöohjeissa on rikkinäisiä 
kuvia ja erinäköisiä ikoneita kuin 
itse toiminnossa 

8. Aesthetic and minimalist 
design 2. Minor 

R2 

ReadSpeaker webReaderin 
käyttö: saavutettavuus 
Kuvilla ei ole alt-tekstiä kun ne 
ovat rikki 

7. Flexibility and efficiency of 
use,  
10. Help and documentation 3. Major 
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R2 

Asetuksien "palauta 
oletusasetukset" eivät tee sitä 
mitä lupaavat - esimerkiksi 
kohdistintyökalun asetukset eivät 
palautuneet oletuksiksi, vaikka 
toiminto tehtiin ja raksitettiin 
palautus myös niiden kohdalle 

5. Error prevention,  
9. Help users recognize, 
diagnose, and recover from 
errors 

4. Usability 
catastrophe 

R2 

Lukutoiminto aktivoituu 
kummallisissa kohdissa kun 
hiiren kohdistimen vie tekstin 
päälle ilman, että käyttäjä on 
tietoinen lukutoiminnon 
aktivoinnista tietoisesti 

3. User control and freedom,  
7. Flexibility and efficiency of 
use 1. Cosmetic 

R3 

Kuunteluvalikon 
"lisämämenussa" vain ikoneja 
ilman selitystä, ei tiedä mitä 
ikonit tarkoittavat 

6. Recognition rather than 
recall 2. Minor 

R3 
Piirtotyökalun piirrokset näkyvät 
vain kun työkalu on päällä 

1. Visibility of system status,  
2. Match between system and 
the real world,  
6. Recognition rather than 
recall 2. Minor 

R3 
Piirtotyökalun piirustukset 
poistetaan kun poistuu sivulta 

2. Match between system and 
the real world,  
4. Consistency and standards,  
5. Error prevention 2. Minor 

R3 

Joitain kuvia pystyy 
suurentamaan klikkaamalla niitä, 
kun taas toisia ei 4. Consistency and standards 1. Cosmetic 

R3 

Kuunteluvalikon 
äänenvoimakkuus ja lukunopeus 
ikonit eivät päivity asetuksen 
muuttuessa 1. Visibility of system status 1. Cosmetic 

R3 

Luvun jälkeen tulee luku 
uudestaan mutta tällä kertaa 
yhtenä pötkönä 

2. Match between system and 
the real world,  
5. Error prevention,  
7. Flexibility and efficiency of 
use 2. Minor 
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R3 

Kun avaa ja sulkee lisäaineisto-
valikon, 
sisällysluettelo/muistiinpanot 
katoavat 3. User control and freedom 2. Minor 

R3 

Tehtävä sivulla ei näe luvusta 
tehtyjä muistiinpanoja, 
lisäainestossa (luku yhtenä 
pötkönä) ei näy tehdyt 
korostukset 

1. Visibility of system status,  
2. Match between system and 
the real world,  
6. Recognition rather than 
recall 3. Major 

R3 

Yksittäiseen ala-lukuun tehdyt 
muistiinpanot/korostukset eivät 
näy teksti yhtenä pötkönä 
näkymässä ja vice versa 

1. Visibility of system status,  
2. Match between system and 
the real world,  
6. Recognition rather than 
recall 3. Major 

R3 

Tehtävänumerot eivät ilmeisesti 
vastaa painetun kirjan 
tehtävänumeroita 

2. Match between system and 
the real world,  
6. Recognition rather than 
recall 3. Major 

R3 
Kun lataa isoa tiedostoa 
toimintoa ei voi peruuttaa 3. User control and freedom 2. Minor 

R3 

Liitetiedostolle ei ole näkyviä 
kokorajoituksia tai sallittuja 
tiedostomuotoja (ilmeisesti 
kuitenkin joitain 
tiedostorajoituksia ainakin on, 
oletettavasti myös 
kokorajoituksia) 

6. Recognition rather than 
recall,  
9. Help users recognize, 
diagnose, and recover from 
errors,  
10. Help and documentation 1. Cosmetic 

R3 

Sivulta pääsee poistumaan kun 
suuren tiedoston lataus on 
kesken 5. Error prevention 3. Major 

R3 

Luvun 1 tehtävässä 6 käsketään 
lukea oheinen teksti mutta 
kyseinen teksti ei ole näkyvissä 
eikä tehtävän yhteydessä ole 
ohjetta kuinka tekstin saa auki 

2. Match between system and 
the real world,  
4. Consistency and standards, 
 6. Recognition rather than 
recall 3. Major 

R3 

Tehtävässä jossa kysytään 
esseetyylistä vastausta on pelkkä 
tavallinen tekstikenttä ilman 
tekstin muotoilua tai 
oikeinkirjoituksen tarkistusta 

4. Consistency and standards, 
 7. Flexibility and efficiency of 
use 3. Major 
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R3 

Luvun 1 tehtävässä 8 lisäaineisto 
on annettu linkkinä pdf:ään 
"normaalin" lisäaineston sijaan 4. Consistency and standards 2. Minor 

R3 

Luvun yleiskatsaus-näkymän 
layout napeissa on kaksi palstaa 
mutta kummastakaan napista 
näkymää ei saa kaksipalstaiseksi 
vaan aina on vain yksi palsta 

4. Consistency and standards,  
6. Recognition rather than 
recall 0. No problem 

R3 

Käyttäjä ei näe lukemisen 
edistystä (kuinka monta 
prosenttia luvusta/kirjasta on 
lukenut) 

1. Visibility of system status,  
4. Consistency and standards 3. Major 

R3 

Sisältöjen esittely > 
Sisällysluettelo pelkkä teksti 
ilman linkkejä kyseiseen 
sisältöön 4. Consistency and standards 2. Minor 

R3 

Sisällysluettelossa tai 
yleisnäkymässä ei näy onko 
tehtävä tehty vai ei, tehtävä pitää 
avata jotta näkee onko se tehty 1. Visibility of system status 3. Major 

R3 
Käyttäjälle ei näytetä mitä on jo 
lukenut 

1. Visibility of system status,  
4. Consistency and standards 3. Major 

R3 Ei voi lisätä kirjanmerkkiä 
7. Flexibility and efficiency of 
use 3. Major 

R3 

Järjestelmä ei muista tarkalleen 
missä oli kun tulee takaisin, 
erityisesti jos lukee teksti yhtenä 
pötkönä tilassa 4. Consistency and standards 3. Major 

R3 
Käyttäjä ei pysty hakemaan 
tekstiä koko kirjasta 

4. Consistency and standards, 
7. Flexibility and efficiency of 
use 3. Major 

R3 
Käyttäjä ei voi vaihtaa tekstin ja 
taustan väriä (dark mode) 

4. Consistency and standards, 
7. Flexibility and efficiency of 
use 1. Cosmetic 

R3 

Muistiinpanot sivulla jos 
muokkaa muistiinpanoa ei ole 
näkyvää keinoa sulkea 
muokkainta 3. User control and freedom 2. Minor 
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R3 

Muistiinpanot sivulla ei voi 
tarkastalle kaikkia kirjaan tehtyjä 
muistiinpano kerralla, vain luku 
kerrallaan 

7. Flexibility and efficiency of 
use 3. Major 

R3 

Jos luvussa on vain korostuksia 
ilman muistiinpanoja, 
muistiinpanot tabissa näkyy 
pallura niinkuin siellä olisi jotain. 
Tabi on kuitenkin tyhjä. 1. Visibility of system status 1. Cosmetic 

R3 
YouTube videot ei embedattu 
vaan linkkejä 4. Consistency and standards 1. Cosmetic 
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