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  Abstract 

Language learning has gradually been digitized in conjunction with the advancements of technology. 

Furthermore, much research has been conducted on the impact of digital learning environments in relation 

language learning. However, some gaps appear in the research. The purpose of this paper is to investigate 

how learners’ experience is influenced by exposing them to audio-based language exercises in a digital 

environment. Using questionnaires, this study analyzed how two groups of participants (n=22), one exposed 

to audio- and text-based exercises and one exposed to text-based exercises, both over a period of five days 

using the digital learning environment Zeeguu, rated and described their learning experiences and perceived 

learning outcomes. The exposure to audio-based exercises was found to facilitate a greater perceived 

learning outcome than that of text-based exercises. Furthermore, it was found that the increased diversity of 

the exercise pool increased level of entertainment and motivation amongst participants. The study implies 

that exposing learners to audio-based exercises increase the level of fun, motivation, and perceived learning 

outcome compared to that of learners only exposed to text-based exercises. Also, it was found that the 

quality of text-to-speech software greatly impact the learning experience.  
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1.  Introduction 

Language learning has gradually been digitized following technological advancements. Millions of people 

worldwide are currently learning a language and many of these do so through digital learning environments 

(Duolingo b, 2022; Babbel a, 2022). As language learning is an essential part of being human, researchers have 

sought to uncover the best methods for language learning and the effects these methods have on the learner’s 

outcome. Moreso, the emphasis of these studies has turned to technological devices and learning environments 

as they’ve become a highly integrated part of everyday life. Many studies uncover how to increase motivation 

(Bárcena et al., 2016; Zhang & Zou, 2021; Schouten et al., 2016; Barata et al., 2015), or how introducing 

culturally relevant material increases learning outcome (Henry & Zerwekh, 2002; Bahrani, 2011), and others 

how language learners use personal devices to further their gains (Ko, 2017; Kim et al., 2013). 

 Several established companies revolve solely around creating language learning environments 

that help the learner achieve the best possible results. They do so by utilizing knowledge accumulated through 

decades of research and applying it in digital settings.  

One such system is Zeeguu, a digital language learning environment that provides the learner with 

customizable learning content and an opportunity to expand their vocabulary in a given language through 

language exercises (Zeeguu, 2022). Generally, digital learning environments rely on static and predefined 

lessons and content, but with Zeeguu, the content is chosen freely by the user from real-life articles in the target 

language. 

Zeeguu started as a research project in 2016 and has since continuously been improved upon (Zeeguu, 

2022). However, it does still have limitations. Users practice the words they have found to be difficult when 

reading articles, but the exercises only allow users to practice the text-based aspect, i.e., reading and writing. 

Research have found, that exposing a learner to audial input is beneficial, even potentially crucial to creating 

a complete understanding of the target language (Briton & Gaskill, 1978; Koondhar et al., 2018; Chen & 

Chang, 2011). Pioneers in commercialized digital language learning such as Duolingo or Babbel utilize audio 

features in varying ways to engage the learner audially (Duolingo a, 2022; Babbel a, 2022). Despite audio 

being an industry standard for language practice, not much research has been published on the benefits of 

introducing audio-based exercises in a digital learning environment. Therefore, this paper sets out to uncover 

the effects of introducing exercises that challenge the audial aspect of language learning. Initial literature 

exploration and knowledge gap lead us to the following research questions:  

RQ1: How are users’ learning experience affected by being exposed to audio-based exercises in a 

digital language learning environment with customizable learning material? 
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RQ2: How do users only exposed to text-based exercises rate and describe their learning experience, 

perceived learning outcome, exercise difficulty, and motivation compared to users exposed to both 

text-based and audio-based exercises? 

 

To answer these questions, we created two audio-based exercises for Zeeguu with the intention of challenging 

the learners audially and improving their listening skills and phonemic awareness. To study this, an experiment 

was designed consisting of two groups of participants that were asked to complete exercise sessions daily on 

Zeeguu for a period of five days. Qualitative and quantitative data was collected through two elaborate 

questionnaires. Both questionnaires had five statements which participants from both groups had to rate and 

then elaborate on their rating, and the audio group had to answer an additional eight statements related to audio. 

The audio group were exposed to both audio-based and text-based exercises and the control group were only 

exposed to the original text-based exercises. With data collected from these questionnaires we hope to 

understand the impact of introducing audio-based exercises in a digital language learning environment and its 

effect on how participants perceive their language learning experience.  

 

2.  What is Zeeguu? 

Zeeguu is an open-source language learning environment that allows users to practice a language using 

personalized learning material (Zeeguu, 2022). On Zeeguu, the web is crawled daily, and the user is presented 

with articles in their target language, or they can filter based on personal preference and a difficulty score 

calculated by an internal scoring algorithm in Zeeguu. The users can translate words they find difficult during 

reading. These words are then saved to be used in future sessions of vocabulary exercises. The exercises are 

all text-based and neither of them include any audio material during the session. The exercises will be presented 

in section 2.2. 

 

2.1. How is Zeeguu different? 

The high degree of customizability distinguishes Zeeguu from commonly known platforms such as Duolingo 

or Babbel and provides an interesting setting for studying the effects of including audio-based exercises in a 

customizable learning environment - something which is sparsely documented - as will be shown in section 4. 

We chose to conduct our research for this topic within Zeeguu, as the platform is an example of a custom-

content learning environment that has already been proven to increase the learning outcome for high school 

students studying French (Lungu et al., 2018).  
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2.2. Existing exercises 

This section will present the existing exercises of Zeeguu. There were three existing exercises with a 

minimalistic design and few interactive elements. They are fast to complete, intuitive, and simple for the user 

to engage with.  

 

2.2.1. Find word in context 

“Find word in context'' presents the learner with a text paragraph in the language they’re learning from an 

article they’ve read and a word from this text, translated to their native language. The user must then identify 

and click the translated word’s corresponding translation in the paragraph or write it in the input field.  

 

  

 

 

 

 

 

 

 

 

Figure 1. Find word in context exercise 

 

 

 

2.2.2. Multiple choice 

The “Multiple choice” exercise also gives the learner a text paragraph in the target language, but with a word 

removed and replaced with a line. The learner must then pick the correct word from the three options presented. 
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Figure 2. Multiple choice exercise 

2.2.3. Match 

Lastly, “Match” presents the learner three words in their target language and three words in their native 

language, which they then must correctly pair. After correctly pairing the words, the user can click the foreign 

language word to have it read aloud.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Match exercise 

2.3. Existing exercise shortcomings  

Similarly for all three exercises, when the correct word is clicked, written, or the participant has chosen “show 

solution”, the corresponding translation will be shown, and they can click the speaker icon to have it read 

aloud. However, none of these exercises directly challenge the phonemic or listening capabilities of the learner. 

Several research articles relating to language learning showed that differentiating between exercise types and 

thereby increasing multimodality improves learner motivation (Griffith & Olson, 1992; Eutsler et al., 2020). 

Furthermore, the articles show that introducing audio-based exercises, thereby challenging the learner’s 
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phonemic awareness, improves the ability to understand and distinguish spoken words (Griffith & Olson, 1992; 

Howles et al., 2014). This led to the assumption that a need for introducing exercises that support developing 

these aspects of language learning, would improve learning outcome. 

 

 

3.  Why include audio? 

There exists a multitude of scientific papers that all contribute to the overall point that the inclusion of audio 

content or exercises is beneficial for the learner of a new language (Gjilakhani, 2016; Kondrateva, 2016; 

Renukadevi, 2016). In addition, Eutsler et al. outlines six domains in literacy, with the most fundamental one 

being phonemic awareness, the skill of combining certain sounds with certain letters (Eutsler et al., 2020). 

Phonemic awareness is considered a vital starting point for new learners and should ideally be prioritized 

highly, as it lays the foundation for mastering other parts of literacy (Griffith & Olsen, 1992; Briton & Gaskill, 

1978). Koondhar references Krashen’s learning theory, which argues that listening is the key for successful 

language learning and Chen & Chang describes listening as the most important communicative skill in relation 

to language learning, but ironically the hardest one to master (Koondhar et al., 2018; Chen & Chang, 2011). 

 

3.1. Individual needs and increased stimulation 

Another reason for including audio as an additional area of stimulation for the learner, is that learners often 

have individual needs when learning languages (Schouten et al., 2016; Fleming & Mills, 1992). Furthermore, 

Schouten puts the concept of audio in language learning into a digital context, citing the multimodal nature of 

digital media as a core strength (Schouten et al., 2016). The paper mentions how video, audio, and written text 

presented in conjunction can be beneficial, because it makes it easier to accommodate the learning experience 

to a learner’s preferences (ibid.). Just as importantly, Toland and Thomas found that introducing audio files 

preceding or following classes had beneficial comprehension results for the students (Toland & Thomas, 

2015). Many other favorable effects have also been shown to be caused by implementing audio in learning 

material (Harwood, 2014; Henry & Zerwekh, 2002; Eutsler et al., 2020; Howles, 2014; Zou & Zhang, 2021).  

Conclusively, several reasons for the addition of audio-based exercises exist, including but not limited to 

practicing listening and phonemic awareness, which are fundamental skills in efficient language acquisition. 

Diversifying the learning environment from only text-based exercises to text- and audio-based will ensure that 

more learner-types’ demands are accommodated, which in turn also could result in increased self-efficacy, 

autonomy, and motivation (Bauer, 2004). 
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4.  Related work 

When studying a foreign language there are several factors which the learner can’t control but still impact their 

learning outcome. These factors are all part of the learning environment in which the learner seeks to achieve 

their goal. A learning environment consists of input, in the form of texts, video, audio, and/or combinations of 

these which the learner consumes. The curation of the correct learning material for the learner is important as 

any material not congruent with the learner’s skill can inhibit their learning outcome and motivation (Zhang 

& Zou, 2021). The learning environment also contains features that allow the learner to practice, whether this 

be through communicative interactions, analog exercises, or digital exercises (Al-Khaza`leh, 2020; Witten et 

al., 2007). In summation: for the learner to completely master the desired language they must be exposed to a 

variety of opportunities that allows them to practice and consume every aspect of language learning. 

 

As this study focuses on the experience of language learners when exposed to exercises that present audial 

challenges, we will not go into further details with elements not relating to this. However, as research on the 

effects of audio-based exercises in digital learning environments with customizable learning material is still 

very sparse, which was shown in the previous section and will be elaborated upon in this section, we will 

include studies which impose strategies for implementing new sensory input - thereby increasing modality - 

and/or exercises in other settings and studies relating to the advancements of digital learning environments. 

Consequently, some of the included studies show the causality between improving the quality and/or diversity 

of exercises and content and the positive impact on learners’’ learning experience, but don't focus explicitly 

on audio. 

 

4.1. Learning environments 

Environments with a palette of different exercises already exist, such as Duolingo and Babbel, but not many 

public studies about the effect of these are available and the effects of these platforms’ exercises are only 

showcased on the respective websites (Babbel a, 2022, Sporn et al., 2020; Duolingo b, 2022). Some studies 

with transparent scientific methods have been conducted, but only one of these is published by unaffiliated 

researchers (Eqbali & Nushi, 2017). Furthermore, the effects of exercises challenging specific aspects of 

language learning are not mentioned.  
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4.1.1. Modifying learning environments through data forms 

Another way to modify the learning environment is through the data form on which the learning material is 

presented. Thomas and Toland, in an attempt to have learners review instructional material after classes, found 

that introducing learning material in audio format increased learners’ motivation and perceived learning 

outcome (Toland & Thomas, 2015). Similarly other studies found motivation and learning outcome to increase 

when learners were exposed to audiovisual content in the learning environment (Howles, 2014; Zou & Zhang, 

2021). While these studies don’t focus on the implications of audio-based exercises, they contribute with 

findings that support the claim that modifying learning material and increasing multimodality results in 

positive gains for language learners.  

 

4.1.2. Designing the perfect learning environment 

Designing a perfect learning environment is difficult, and most likely impossible, as many different aspects of 

language learning can be modified, and every learner has different learning styles and needs (Fleming & Mills, 

1992; Schouten et al., 2016). However, a way to accommodate the problem of often-predefined learning 

material and exercises a learning environment provides, is proposed by Witten et al. who created a platform 

that generates exercises based on the material submitted by the teacher (Witten et al., 2007). This approach 

aimed to improve the output of exercises and learning material but the exercises and learning material was 

text-based and therefore not multimodal (ibid.). It findings from the study did however indicate that learning 

outcome was increased. 

4.2. Implementing new exercises and exercises settings 

When we describe exercises in the context of related work it is not exclusively related to the implementation 

of new exercises in a vacuum. Some of the papers included in this section present many other learning 

environment modifications that are also implemented with the new exercises as part of a larger learning 

environment update. It, therefore, becomes difficult to identify and isolate the effects of every respective 

element introduced. The exercises designed and implemented in this study serve the purpose of positively 

impacting the learners’ experience whilst allowing us to study the correlation between the new exercises and 

learner experience.  
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4.2.1. Diversity and learner motivation 

As shown earlier, there is a correlation between the diversity of the learning environment’s content and 

learners’ motivation. Eutsler et al. conducted a literature review of 61 studies relating to the influence of mobile 

assisted language learning in elementary classrooms regarding literacy. In these studies learners were allowed, 

to varying degrees, to migrate their analog studies to mobile devices with various software installed (Eutsler 

et al., 2020). The researchers found that this generally increased the learners’ motivation and self-efficacy, 

thereby increasing their time spent studying. However, not all studies included reported literacy gains (ibid.). 

Nevertheless, other studies support that integrating personal devices in learning environments is an enormous 

undertaking and often completely changes the nature of the learning experience, but that it does produce 

motivational, and autonomous benefits, which generally leads to better learning outcomes (Cordereo, 2017; 

Cumming-Potvin & Sanform, 2015). 

Another study, with an analog approach, in which casual exercises amongst family members in the 

target language was incorporated during dinner time found that introducing additional domains for participants 

to practice increased their learning outcome (Bauer, 2004). Even though this approach is analog, it attributes 

to the fact that innovating the learning environment can positively impact learner self-confidence, motivation, 

and learning outcome (ibid.). Yet another study supports this claim and shows that increasing the exercise pool 

and emerging the learner into a rich customizable learning environment improves learner autonomy and 

motivation (Ostanina-Olszewsk, 2018).  

 

4.3. Adding audio to digital learning materials 

As found in the previous sections, audial input is tremendously important when learning a new language. 

Fortunately, there has been a large amount of research conducted on this topic and the benefits of increasing 

modality in a digital learning environment. Some studies investigate audio in relation to language learning, but 

not specifically audio-based exercises and its effect on learning experience. However, they find that integrating 

audio in conjunction with other input increases learners’ learning outcome (Toland & Thomas, 2015; Witten 

et al., 2007).  

Harwood found that 82% of study participants (n=306), agreed or strongly agreed to liking a mix of 

audio, video, and text, clearly showing that increasing multimodality, and including audio, have a positive 

impact on learners' perceived learning experience (Harwood, 2014). A finding that is further supported by 

Henry and Zerwekh who also found increasing modality heightens learner engagement and motivation (Henry 

& Zerwekh, 2002). 
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This section shows that numerous related studies exist on the topics of multimodality, digitizing learning 

environments and creating an experience that improves learners’ motivation, autonomy, and learning outcome. 

Some of these articles also describe ways in which exercise structure has changed, but none of them report 

directly and isolated on the impact audio had on learners’ experience. 

 

5.  Methodology 

This section will detail how the audio-based exercises were designed and what considerations influenced this 

process. Furthermore, we will present the design of the questionnaires and any other methodological appliances 

introduced in the pursuit of answering the research questions. Designing the audio-based exercises was an 

essential part of the project. The new exercises needed to fit certain criteria to provide the most optimal 

environment for test subjects. As the language learning platform already had pre-existing exercises, the new 

exercises’ design should fit the established standard, both visually, thematically and in terms of complexity.  

The source code of the Zeeguu system can be found on GitHub (GitHub a, 2022).  

 

5.1. Initial design of audio exercises 

When designing the audio-based exercises it became apparent that it might distort participant experience if 

they contained elements that the text-based ones didn’t - other than audio. Therefore, effort was put into 

designing the audio-based exercises to be coherent with existing design thematic. With these considerations in 

mind, we then created the first iteration of audio-based exercises based on the existing design system.  

 

 

 

 

 

 

 

 

Figure 4. Initial spell what you hear exercise                                     Figure 5. Multiple choice audio exercise 
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For the audio element to become a significant part of the exercise experience we chose to design, develop, and 

implement two audio-based exercises. Introducing just one audio-based exercise might not have had a 

quantifiable impact on the participant experience whereas introducing three or more might have overshadowed 

the text-based element. 

Figure 4 shows the exercise “Spell what you hear”. The large button with a speaker icon reads 

the word aloud. The user can click it multiple times to have the word repeated. The user must then write the 

word spoken in the input field and click the “check” button to have their answer validated. Figure 5 shows the 

exercise “Multiple choice audio” which is heavily inspired by the “Multiple choice” exercise, but instead of 

having three clickable buttons with words on them, we created three buttons which would read aloud the 

respective word when clicked. The user must then click the button which reads aloud the word that fits in the 

context provided, and then confirm their selection by clicking the “check” button. 

 

5.1.1. Audio-exercise one tweaks 

After the initial design and implementation, we conducted some simple usability tests to collect data on the 

new exercises created. The usability studies consisted of four users completing two exercise sessions, whilst 

“thinking out loud”. This gave us insight about the usability of the new exercises and was done to ensure that 

the audio-based exercises were as intuitive to users as the existing ones. However, it was found that “Spell 

what you hear” was significantly more difficult for users to complete as no context was provided. This 

prompted us to provide context from the original article, like that of “find word in context”.  

We then conducted a second round of testing with new users who reported to have an easier 

time completing “Spell what you hear”, but it being more difficult than the existing text-based exercises (figure 

6). Following the design constraints and reworking the exercises allowed us to expose participants to audio in 

the least invasive way possible. 

 

 

  

 

 

 

 

 

 

Figure 6. Redesigned spell what you hear exercise 
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5.2. Experiment description 

When designing an experiment, it needs to be congruent with what the research question seeks to uncover and 

generate knowledge about. This section will describe the experiment design and how it allowed us to discover 

meaningful knowledge that will aid in answering this paper's research questions. Any methodological 

shortcomings and imperfections and how they influenced the experiment will be presented in the discussion 

section. 

 

5.2.1. General study design 

The study took place during the summer of 2022. The goal was to gain insight into how the introduction of 

audio-based exercises in the customizable learning environment Zeeguu influences the learning experience of 

the participants. It must however be explicitly stated that the intention of the study has not been to examine 

whether the exercises had an actual positive impact on learners’ language competencies, as there already exist 

plentiful research on the importance of utilizing audial input when learning any language. Rather, the intention 

is to disclose how and if the participants perceived their experiences to have been influenced by introducing 

audio-based exercises and in what way. 

To achieve this, we created two groups on the Zeeguu platform. The audio group would be exposed to the new 

audio-based exercises and the existing text-based exercises. The control group would only be exposed to the 

text-based exercises. The participants for each group were chosen randomly from a list of participants. The 

participants were asked to complete a pre-study survey in which we collected general participant information. 

Post-study the participants were asked to complete a questionnaire from which we collected their experience 

data. 

 

5.3. Participant acquisition 

Participants were recruited through posts on the social media Facebook and LinkedIn and had no prior 

knowledge of Zeeguu (See Appendix A). Initially 34 participants chose to join the study. 12 of these either 

never started the study, completed the study, or answered the final questionnaire. This leaves an n of 22 

participants, and an n of 11 for each of the groups.  

All participants who completed the study have Danish as their native language and the age groups with the 

biggest representations were 26-30 (50%), 21-25 (27.3%), and 51-55 and 56+ (9.1%). The most learned 
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languages were Spanish (23%), German (18%), and French (14%). Furthermore, participants’ emails were 

recorded so that we can match the participant answers in the final questionnaire with data collected in the post-

study questionnaires if necessary. Beyond the above-mentioned information, no other personal information 

was obtained from the users, as it isn’t necessary to answer the research questions of this study.  

 

 

5.4. Questionnaire design 

This section presents the primary data collection approach. We’ll go into detail about how and why the 

questionnaire questions and statements were formulated as they were, and the knowledge these design 

decisions are based upon. 

The questionnaires’ design was inspired with the principles described by Hinderks et al. in mind (Hinderks, 

2017). They outline a user experience questionnaire that allows for the capture of meaningful data relating to 

the experience of the user by using an ordinal scale whilst capturing the impressions, feelings, and attitudes of 

the participants (ibid.). However, we did make some alterations to the questionnaire. Firstly, we expanded the 

ordinal scale from a seven-point scale to a ten-point scale, thereby granting the participants a larger scale for 

rating their experience. This ten-point scale should be understood as, five being neutral, one being “I don’t 

agree”, and ten being “I fully agree”. 

 

5.4.1. General considerations 

As there are two groups of participants in this study two questionnaires were needed. The purpose of the 

questionnaires is to allow us to collect data about the participants’ language learning experiences when using 

Zeeguu. When designing a questionnaire, it is important to maintain a simple language and phrase the questions 

in a way that facilitates a tangible frame for the participant to answer in relation to the scope of the study 

(Hinderks, 2017). Furthermore, for the purpose of the questionnaire design, it is important to include open-

ended questions to facilitate a deeper understanding as to the learners’ learning experience through the capture 

of thick data (Hinderks, 2017; Wang, 2013). This was achieved by adding descriptive open-ended questions 

allowing the participants to describe and elaborate on their experiences and ratings to the statements.  

Five the statements were incorporated in both questionnaires to establish a common ground 

making data from the respective groups comparable. This would in turn allow for a deeper understanding of 

the impact from introducing audio in the exercise environment through a comparable analysis of the data 

collected.  
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The general information collected through the initial contact information survey might aid in 

the discovery of recurring themes and patterns during analysis. However, it was deemed unnecessary to collect 

any additional general participant information as it wouldn’t have any impact on the quality of the study and 

served no purpose qua the design of the scope.  

 

5.4.2. Audio group questionnaire 

The questionnaire contained 13 statements, each with supplementing open descriptive paragraphs to capture 

detailed information about the statement in question. The participants had to rank to what degree they agreed 

with the statements on an ordinal-scale from 1-10. 

The statements/questions were: 1) The Zeeguu exercises makes me more likely to study a foreign language 

often., 2) I believe  completing Zeeguu exercises  regularly would make me learn more words in the language 

I'm studying., 3) I believe completing Zeeguu exercises regularly would make me remember learned words 

more efficiently., 4) How fun did you find the exercises?, 5) How difficult did you find the exercises?, 6) The 

inclusion of audio-based exercises on Zeeguu makes me likely to study more often using the Zeeguu exercises., 

7) I believe using Zeeguu with the inclusion of audio-based exercises would make me learn more words (versus 

no audio-based exercises), 8) I believe using Zeeguu with the inclusion of audio-based exercises would make 

me remember words more efficiently (versus no audio-based exercises)., 9) The audio-based exercises 

improved my exercise experience., 10) How difficult did you find this exercise compared to the existing text-

based ones? (“Spell what you hear”)., 11) How difficult did you find this exercise compared to the existing 

text-based ones? (“Multiple choice audio”)., 12) The audio-based exercises are helpful for improving my 

pronunciation of words in the language I'm trying to learn., and 13) The audio-based exercises are helpful for 

improving my listening skills in the language I'm trying to learn. The questions comparing the exercises 

(questions 5 and 6) included figures of the respective exercises to aid the learner recall their experience better, 

hopefully generating more elaborate and precise answers.  

Additionally, there were four more questions giving the participant the opportunity to elaborate: 1) What would 

improve your learning outcome when completing Zeeguu exercises?, 2) What changes/improvements to the 

Zeeguu exercises would make you more motivated to learn?, 3) What improvement would make the Zeeguu 

exercises more fun?, 4) Please elaborate if you have further comments regarding your experience with the 

exercises in general. 
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5.4.3. Control group questionnaire 

The control group questionnaire had the same structure as the audio group’s questionnaire, but any questions 

regarding the audio-based exercises were removed. Therefore, participants from this group were presented 

questions one through five, and the four follow up questions 

 

5.5. Distinguishing user-interface data from user-experience data  

This short section will describe what measures were deployed to minimize unwanted user-interface (UI) data. 

This is done since UI data isn’t congruent with the scope of this study. However, due to the design and scope 

of the study, it has been assessed that there was a significant risk that participants would comment on UI 

aspects of Zeeguu, why countermeasures were implemented. 

As shown in section 5.4.2 and 5.4.3, the only questions focusing on the usability of the new 

exercises are related to their difficulty level, i.e., user-experience aspects and not visual elements. The 

questions supplementing the statements are phrased in such a way it lets the participant describe their 

experience, how they perceive the exercises, and elaborate on their rating of the respective statements. Thereby 

we created a setting that nudged the respondents to elaborate on UX aspects of the exercises and not the UI 

aspects.  

Even though the risk has been addressed and countermeasures implemented it isn’t guaranteed that participants 

won’t provide UI related feedback and/or observations to the questions in the questionnaire. However, 

whenever or if this is the case, these participants’ observations will be defined as outliers in the data 

preparation-phase and therefore discarded and not included in the analysis. If however, it’s the case that the 

remaining comment contains valuable information the comment will still be included, but any information that 

is related to UI will be excluded. 

 

5.6. Data analysis 

Data for this study is derived from the questionnaires: 

1. Audio group questionnaire statement rating 

2. Audio group questionnaire elaboration questions 

3. Control group questionnaire statement rating 

4. Control group questionnaire elaboration questions 
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With an n of 22 participants each statement and following elaboration resulted in a considerable amount of 

data. However, to be congruent with the scope of the study, our focus was mainly on ratings of statements, 

respective elaboration, any UX related comments, and how participants experienced and perceived language 

learning on the platform. Furthermore, focus was also put on any differentiation between the control group and 

the audio group in relation to their rating and comments.  

 

6.  Analysis 

In the following section we will analyze the results from the questionnaires which include participants’ rating 

of their language learning experience and any additional remarks they’ve made. These results will then lay a 

foundation for an analysis in which we elaborate and deduce the observations made in relation to the research 

questions. We will present all notable observations in the following subsections and finally summarize how 

they contribute to answering the research questions. Furthermore, the y-axis of the frequency histograms from 

Google forms had differentiating values, why we created new diagrams with the same y-axis value using the 

data collected (See Appendix B). The data is the same and all diagrams can be reconstructed by creating 

frequency histograms from the data. All data collected is available in a public repository on GitHub (GitHub 

b, 2022).  

 

6.1. Audio increased participants’ willingness to use Zeeguu for studying  

Observation 1: We observed that participants exposed to audio-based exercises reported that the learning 

environment was more likely to make them study more. 

 

 

 

 

 

 

 

Figure 7. Frequency histogram of control group  Figure 8. Frequency histogram of audio group 
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Figure 7 and figure 8 show the respective groups’ ratings. Participants in the audio group responded with a 

7.73 mean and 1.42 standard deviation (SD) whereas participants in the control group averaged 5.1 and 1.92 

SD when asked the question: “The Zeeguu exercises makes me more likely to study a foreign language often.” 

(See Appendix B). This observation is an indicator, which is supported by the data collected from other 

questions, that the audio group had an overall more motivating experience. However, this finding isn’t 

surprising, as the Aiki study found that users expressed, they were missing variation in exercise types - 

participants from their study were exposed to the same exercise pool as the control group of this study (Inie & 

Lungu, 2021).  

The rating of this specific question is influenced by multiple factors from everywhere in the learning 

environment. Therefore, it serves as a means for the participants to rate much of their overall experience. Later 

in the questionnaire the participants rate and elaborate on many other aspects of the learning environment and 

their learning experience, all of which can be seen as emergent parts of a whole. 

Introducing audio-based exercises did increase the exercise variation, which might have inclined some 

participants to dismiss the wish of grammatical exercises, which participants from the Aiki study requested as 

they found the exercise sessions more varied and challenging (Inie & Lungu, 2021). This finding is further 

backed by the five participants from the control group that explicitly requests more variation in the exercise 

pool. 

 

6.2. Audio increased difficulty  

Observation 2: Overall, users exposed to the audio-based exercises found the experience to be more difficult 

than the control group. 

 

 

 

 

 

 

 

            Figure 9. Frequency histogram of control group          Figure 10. Frequency histogram of audio group 

 

For the question: “How difficult did you find the exercises?”, the audio group reported an average of 5.9 with 

a median of 6 whereas the control group only reported an average of 2.9 with a median of 3, answers shown 

in figure 9 and figure 10. This is a significant difference and the higher rating from the audio group can be 
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seen in direct correlation to the introduction of audio-based exercises. When participants from the audio group 

had to answer: “How difficult did you find this exercise compared to the existing text-based ones” they averaged 

a mean of 7.54 rating for “Spell what you hear” and “Multiple choice audio” was rated 5.63 (See Appendix 

B). Both exercises were rated significantly more difficult than the total difficulty of the control group in relation 

to the exercises they were exposed to. However, participants from the control group reported that the exercises 

were too easy: “It was not challenging. The exercises were too easy.”, “They (the exercises) were very 

straightforward and not difficult for me to complete” (See Appendix C). These statements indicate that 

exercises that do not challenge the user might result in the user becoming bored and/or losing motivation. 

Furthermore, participants from the audio group elaborated on their experience: “Not hard, but hard enough”, 

“(...) I did not feel they were too difficult for my level, and I believe they have to be a little difficult if I am to 

learn from them.”, “I think they weren’t too difficult, but just the right amount.” (See Appendix D). This further 

solidifies the assumption that a higher, but more appropriate, level of difficulty improves the learners’ 

experience which support the findings by Zhang and Zou (Zhang & Zou, 2021). 

An additional factor that possibly influenced the higher rating of difficulty in the audio group was that 

several participants reported on a technical aspect that made the experience more difficult: the text-to-speech 

voice was sometimes hard to understand. This could potentially be mitigated by implementing text-to-speech 

software of higher quality, something there will be elaborated upon later (See Appendix E).  

 

6.3. Audio increased perceived level of fun 

Observation 3: Overall, users exposed to the audio-based exercises reported that their experiences were more 

fun than the control group. 

 

  

  

 

 

 

Figure 11. Frequency histogram of control group  Figure 12. Frequency histogram of audio group 

 

Participants in the audio group reported an average of 7.1 with a SD of 1.3 when asked to rate how fun they 

thought the exercises were overall, answers shown in figure 11 and figure 12. For the same question, the control 

group reported an average of 5.8 with a SD of 1.66 (See Appendix B). Around half of participants in the control 

group cited a lack of variance in the exercise types as the main reason for not scoring higher. Some of the 
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participants in the control group also reported low difficulty as making the exercises too little of a challenge, 

and therefore less fun (See Appendix F). Furthermore, the lower SD in the audio group indicates a higher level 

of agreement to the statement.  

The audio group also had a small number of users comment on the lack of variance in the exercise types 

as a reason for a lower score. Since the audio group was presented with more types of exercises than the control 

group it’s evident that fewer participants would feel a lack of variance. This is especially true as the control 

group exercise pool doesn’t include audio-based exercises, which limits the sensory stimulation of the 

participants. As described earlier, when learning a language, different kinds of stimuli are important for the 

learner to master it completely. As Zeeguu is mainly focused on increasing the learners’ vocabulary, this 

finding indicates that developing an exercise pool that stimulates multiple senses will have a positive impact 

on the acquisition of new words and the retention of these through higher learning motivation. 

Overall, the response from the participants shows that adding audio exercises to the text-based ones will 

have a positive effect, because they create a more dynamic learning environment. As one user in the audio 

group puts it: “It just seems like a fuller experience” (See Appendix E). This is congruent with findings from 

studies presented earlier in this report. Firstly, when introducing exercises that stimulate the auditory sense the 

exercise pool becomes more satisfactory to users who are predisposed to audio-based learning. This is 

congruent with the findings of Fleming & Mills and Schouten et al. (Fleming & Mills, 1992; Schouten et al., 

2016). Secondly, as mentioned earlier, it creates a more varied and challenging experience which in turn 

increases user motivation.  

 

6.4. Audio increased learner motivation  

Observation 4: When asked about them, users exposed to audio-based exercises generally found them 

motivating. 

 

When the audio group was asked how much they agreed with the statement “The inclusion of audio-based 

exercises on Zeeguu makes me likely to study more often using the Zeeguu exercises '', most users either 

completely agreed with the statement or somewhat agreed. An average of 6.8 were reported with a median of 

8. However, the ratings had a SD of 3.15, the highest calculated SD from all statements from both groups (See 

Appendix B). The high SD can partly be attributed to one user who did not agree with the statement at all but 

reported that their answer was not an indication of the audio-based exercises having a negative effect, just that 

they had no positive effect for the participant’s experience.  
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Figure 13. Frequency histogram of audio group 

 

The average indicates that participants found the inclusion of audio-based exercises motivating and by 

analyzing the SD and the elaborative comment for the participant who rated ‘1’ we can establish that one 

participant, who misunderstood the concept of the radial-scale (as ‘5.5’ is truly neutral) resulted in a lower 

rating. Furthermore, there is five participants who rated significantly lower than the median. This again talks 

into the concept of accommodating multiple learner types by creating a diverse environment as four 

participants requested varying degrees of gamification. It can be argued that while introducing audio allow 

Zeeguu to accommodate more learner types, an increase in methods implemented to create an even more 

diverse environment can be applied to meet this criticism. 

 

6.5. Audio increased perceived potential learning outcome 

Observation 5: Overall, users exposed to the audio-based exercises felt they had a better potential learning 

outcome doing the exercises, than users in the control group. 

 

Participants in the control group reported 6.72 average for the question “I believe completing Zeeguu 

exercises regularly would make me learn more words in the language I'm studying” and 7.45 for "I believe 

completing Zeeguu exercises regularly would make me remember learned words more efficiently”. 

Participants from the audio group reported 8.9 and 8.9 respectively and 7.27 to the question “I believe 

using Zeeguu with the inclusion of audio-based exercises would make me learn more words (versus no audio-

based exercises)”, 8.45 to “I believe using Zeeguu with the inclusion of audio-based exercises would make me 

remember words more efficiently (versus no audio-based exercises).”, and 8 for “The audio-based exercises 

improved my exercise experience.” (See Appendix B).  

The data implies that users from the control group find the Zeeguu environment to be beneficial to 

their learning, but even more so does the audio group. Additionally, the audio group rated that they believe 
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they will learn more words and the retention of these words to be higher than the control, meaning that they 

perceived their learning outcome over a given period to yield a higher.  

The audio group is presented with questions which concern their perception of how they experience 

the learning outcome in contrast to if there were no audio-based exercises: “I believe using Zeeguu with the 

inclusion of audio-based exercises would make me remember words more efficiently (versus no audio-based 

exercises)” and “I believe using Zeeguu with the inclusion of audio-based exercises would make me learn more 

words (versus no audio-based exercises)”. These questions are meaningful to introduce as the participants also 

have been exposed to text-based exercises, allowing them to imagine how the exercise experience would have 

been without audio-based exercises. The audio group ratings for these questions (averaged 8.45 and 7.27) 

indicates that they perceive their learning outcome as significantly greater when audio is incorporated in the 

exercise pool, thereby backing the scoring difference from the control group’s rating of the question relating 

to number of words learned and how well they believe they will retain them (See Appendix B).  

 Through the analysis of the audio group questionnaire, it became apparent that the mix of 

written and audio-based exercises positively influenced the learning experience of the participants. They 

reported higher averaged ratings for all numeric statements and their comments were overall positive. 

Furthermore, for all five statements both groups rated, the control group had an averaged SD of 1.82 and the 

audio group had a 1.28 average SD, indicating a higher level of coherence across participants’ experiences 

(See Appendix B). 

 

 

6.6. Quality of text-to-speech impacted user experience  

Observation 6: The quality of the text-to-speech software is very impactful on user experience with the audio-

based exercises. 

 

One of the main points of criticism deducted from the audio group was that some words could be difficult to 

hear properly, when spoken by the text-to-speech software. This frustrated some users, especially in relation 

to “Spell what you hear”, where the user is completely reliant on understanding the spoken word. Five 

participants from the audio group mentioned at some point that they struggled with hearing the words properly 

(See Appendix D. Furthermore, it became apparent that the quality of the pronunciation is impacted by the 

language the user had chosen. German has letters that are pronounced differently than in other languages (such 

as a word starting with ‘v’ will be pronounced as a ‘f’). One participant seemed especially frustrated with the 

pronunciation and several times addressed it by saying “Poor machine pronunciation” and “The German 

pronunciation was poor.” (See Appendix E). This comment is further backed by seven other comments where 

users to varying degrees criticize the German pronunciation. However, even though participants criticized the 
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pronunciation they still thought it was a good way to support and develop good pronunciation: “It is fun, and 

it supports correct pronunciation.“ which is further backed by the differences reported to the question “how 

fun did you find the exercises” (See Appendix D). While the audio-based exercises clearly had a positive 

impact on the participants’ learning experience it could arguably have had an even more positive effect if the  

text-to-speech software was of higher quality. 

 

6.7. Audio’s effect on users’ experience 

This section will put the findings of the analysis in relation to the first research question. 

 

RQ1: How are users’ learning experience affected by being exposed to audio-based exercises in a 

digital language learning environment with customizable learning material? 

 

Through this analysis it has been shown that introducing audio has a significant impact across multiple 

parameters relating to user experience. Though several participants reported they were challenged by the 

quality of the text-to-speech software, they responded overwhelmingly positively to the inclusion of audio-

based exercises. As shown in the analysis, introducing audio-based exercises increased the general difficulty 

of the exercise sessions significantly, which can be seen as a result of more aspects of their language learning 

being challenged, but it must also be considered that the quality of the text-to-speech software have had an 

impact on these results. Furthermore, audio group users expressed that their perceived learning outcome, 

perceived benefits of using Zeeguu for studying, level of fun, and motivation was positively impacted by the 

audio-based exercises. 

 

6.8. The control group’s user-experience compared to the audio groups’ 

This section will present the results of the analysis and how it correlates to the second research question: 

 

RQ2:  How do users only exposed to text-based exercises rate and describe their learning experience, 

perceived learning outcome, exercise difficulty, and motivation compared to users exposed to both 

text-based and audio-based exercises? 

 

It has been shown that the introduction of audio has had a positive impact on the audio group’s user experience. 

Furthermore, it was shown, through the results of both questionnaires, that participants exposed to audio rated 

their experience more positively than the control group across all statements. This includes but might not be 
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limited to, user motivation, likelihood to use Zeeguu for studying, perceived acquisition of number of new 

words and retention thereof, motivation, and level of fun was increased by introducing audio-based exercises. 

It was also found, despite the control groups’ lower rating, that they did find that Zeeguu would improve their 

learning outcome and motivation for studying a language.  

 

 

7.  Discussion 

The following section will discuss the methodological approaches applied throughout this study. This is done 

to identify any shortcomings, and to discuss how alternative methodological approaches could have impacted 

the results and data.  

 

7.1. Questionnaire criticism and shortcomings 

The data acquired through this study has been gathered through questionnaires and as such, makes up for the 

bulk of the methodological structure. Therefore, these questionnaires should undergo scrutiny when discussing 

and evaluating this study. First point of criticism for the statements is that the respondents, when asked to rate 

on a scale from 1-10 how much they agreed with a given statement, were given statements that were positively 

phrased, such as “The Zeeguu exercises makes me more likely to study a foreign language often.”. The problem 

is that a respondent that doesn’t feel compelled to study a language Zeeguu likely will disagree with the 

statement, and a different respondent who also disagrees with the statement but for a different reason, also 

would give it a low rating. Therefore, two respondents who disagree with the statement, but based on two 

different thoughts of reasoning, could end up giving the same rating. This means that when analyzing the 

quantitative data, i.e., rating of statements, it became clear the edge cases (ratings that had a relatively high 

SD) needed to be studied closer and taken into considerations if they prompted reason for doing so. 

Furthermore, by wording the statements positively we insinuate that the statement is correct. This might 

therefore result in the respondents being more inclined to answer in conjunction with the statement rather than 

their honest opinion. 

To accommodate this problem, we allowed all respondents to elaborate their rating. This allowed us 

to understand the reasoning as to why a given respondent gave the respective rating. Through the analysis of 

the questionnaires, it also became apparent that respondents that rated either very low or very high for a given 

statement almost always explained their reasoning, which aided during the analysis of the data. However, it 

does not fully compensate for the positive phrasing, and ratings can therefore be expected to be higher than 

they would have been if the statements were neutral.  
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7.1.1. Ordinal scale applied 

Another aspect of the questionnaires that could have minimized rating distortion, was adding a rating option 

of ‘0’. This could have proved to be beneficial as it would make a rating of five truly neutral whereas in the 

iteration of the questionnaire used in this study, 5.5 would be the actual true neutral. While we as researchers 

are aware of this, participants might have naturally gravitated towards five as a neutral answer due to the range 

of the ordinal scale, thereby distorting the ratings. This might have contributed to respondents giving a higher 

rating. 

 

7.2. Learning environment shortcomings 

Furthermore, when reading this study, it is of utmost importance to recognize the findings won’t be applicable 

or replicable across all digital learning platforms. As mentioned, Zeeguu is a micro learning environment that 

focuses on increasing the learner’s vocabulary, i.e., what these words mean, pronunciation (with the 

introduction of audio-based exercises) and the context of their usage (Zeeguu, 2022). This is different from 

many mainstream providers, including but not limited to Duolingo and Babbel (Duolingo a, 2022; Babbel a, 

2022), who focus on increasing knowledge of the language across additional parameters, such as grammar. 

Though much material from these platforms revolves around audio, it is within a static context with pre-curated 

learning material, different practice facilities (Duolingo a, 2022).  

 

7.2.1. Customizable learning material 

Another aspect that is important to address is the learning material Zeeguu allows for. Using Zeeguu the learner 

is able to construct a custom library of learning content based on their interests by importing articles, or 

choosing from a pre-curated selection of articles, which they can read and select words from to practice from. 

This means Zeeguu provides an opportunity for the learner to practice on material solely selected by the learner 

themselves. While it has been shown that customizable material increases learner motivation the scope of this 

study does not encompass the effects of this aspect (though some data revolving this emerged through the 

analysis), thus it shouldn't be excluded that it might have affected the participants’ experiences. Consequently, 

this further emphasizes that findings from this study might not be applicable to platforms with learning material 

provided differently than that of Zeeguu. The findings should hence be read in the context of this study and 

are not universally applicable across all platforms. 
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7.3. Varying exercise availability  

One of the main findings in the analysis is that the users in the audio group reported having a more fun 

experience than users in the control group. In the control group, users reported a lack of variety in exercises as 

one of the reasons for their lower rating. To determine the full effect of having audio-based and text-based 

exercises mixed versus having only text-based exercises, it would likely have been beneficial for the study to 

make sure that the variety in exercises were the same. As an example, if two additional text-based exercises 

had been designed, implemented, and given to the control group, such that both groups were exposed to five 

different exercise types, instead of five for the audio group and only three for the control group. This might 

have resulted in the control group giving higher ratings to questions concerned with difficulty and amount of 

fun. 

8.  Future work 

As mentioned in the previous section, the positive results of the audio group, in relation to perceived learning 

outcome and how beneficial they believed using Zeeguu is, might have been distorted by the small exercise 

roster of the control group. Therefore, designing and conducting a follow-up study revolving around a similar 

structure but with the introduction of additional text-based exercises for the control group, could either cement 

or challenge the findings of this study. Furthermore, the study should contain statements that are neutrally 

phrased to minimize distortion of participants’ ratings.  

 Multiple participants reported that the text-to-speech software was of low quality, especially 

concerning languages with difficult pronunciation. However, as mentioned earlier, as Zeeguu’s Learning 

content is highly customizable and vast, it would prove practically impossible to record all articles to provide 

the user more correct pronunciation. It could be argued that when auto generated text-to-speech software has 

been improved, a study with the same underlying setup could be conducted. It would in this case be interesting 

to compare the participants’ ratings of the statements from this study and the new study. 

 Lastly, it became apparent that any conclusions of this paper would benefit from being 

substantiated from a larger volume of data. Therefore, re-iterating this study with more participants and 

possibly over a longer period while considering the previous criticism, could further elaborate on the findings. 
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9.    Conclusion 

 

This paper examined the effects of exposing users to audio-based exercises in a customizable language learning 

environment. Starting from the point of the supplementary research question: “How do users only exposed to 

text-based exercises rate and describe their learning experience, perceived learning outcome, exercise 

difficulty, and motivation compared to users exposed to both text-based and audio-based exercises?”, the 

findings conclude that users only exposed to text-based exercises felt that their learning experience was less 

efficient, less challenging, and less fun and motivating than participants from the audio group. They fel t their 

exercise sessions were more repetitive and reported lower likelihood of using the platform for language 

learning than the audio group participants. Furthermore, participants from the control group rated noticeably 

lower regarding perceived learning outcome in relation to vocabulary acquisition and retainment.  

 

By answering this question, we can then answer our main research question: “How are users’ learning 

experience affected by being exposed to audio-based exercises in a digital language learning environment with 

customizable learning material?”. The study found that users' learning experience is largely affected positively 

by the exposure to audio-based exercises on the learning platform Zeeguu. Participants exposed to audio 

reported the level of difficulty to be more appropriately challenging, in contrast to the control group who 

reported it to be too easy. In relation to this, they also reported that they found the exercises more fun and 

motivating. They perceived their learning outcome to be greater than that of the control group in relation to 

the number of words learned and how well they’d retain them. They also highly agreed that audio-based 

exercises are helpful for improving listening skills and pronunciation. They addressed that the Zeeguu 

exercises make them more likely to study using Zeeguu than the control group. 

Lastly, it can be concluded that a poor quality of text-to-speech software is likely to have a negative impact 

on user experience.  
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