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 Academic motivation is a pivotal factor in shaping students' educational 

trajectories. Mathematics education holds a unique position as a school subject, 

due to its influence on students' grade transitions and cognitive development at 

both basic and advanced levels. From March to May 2023, the AI Education 

(AIEDN) research project investigated how an AI-based learning assistant can 

enhance students’ understanding of the subject matter through video-based 

learning. For this study, 275 students were selected in the age range of 14-20 from 

two secondary (N=137) and two grammar schools (N=138) in Baden-

Württemberg, Germany. The quantitative experiment tested the extent to which 

learners solve more tasks, build broader (transfer) knowledge, and retain it. 

Students were given a set of mathematical problems on an unknown topic to solve 

in 90 minutes. The test group used the AI assistant to ask questions, while the 

control group used only keyword searches. The results of the t-test indicated that 

the test group who used the AI Learning assistant in the advanced course achieved 

a significantly strong (Cohen’s d=.63) increase in performance results (T(19)=-

2.82; p<.01). Conversely, the advanced course control group as well as both the 

test and control groups of the basic course(s) showed no significant improvements.  
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Introduction 

 

Today, information technologies such as e-learning tools and Massive Open Online Courses play a central role in 

education, especially in terms of transforming and simplifying access to knowledge and learning (Palacios 

Hidalgo et al., 2020). It is increasingly emphasized that Artificial Intelligence (AI) should not be seen as a mere 

tool to support the educational landscape, but that its key role can permanently change the way we learn and teach 

collaboratively. 

 

AI can be defined as a scientific discipline of computer science, as a collective term for techniques used to enhance 

the performance of hardware and software programs, as a hardware and software system that exhibits intelligent 

problem-solving behaviour, or as an artificial being with intelligence (Lämmel & Cleve, 2020). In this publication, 

artificial intelligence is understood as an intelligent system. 

 

Researchers highlight the ability of AI to personalize education through a higher level of interaction and 



Kretzschmar, Sailer, Wertenauer, & Seitz 

192 

individualized feedback. In this context, the concept of adaptive learning, in which the method of knowledge 

transfer adapts individually to the learner's environment, e.g. in the form of learning preferences or existing 

knowledge, is gaining importance. The processes in our memory that control learning are adaptive if they prioritize 

meaningful choices and produce positive results. Therefore, this interplay between adaptive learning and different 

memory processes promotes utility-oriented behaviour at every stage of life (Ahmad et al., 2022; Ciolacu et al., 

2018; Hartley et al., 2021; Ouyang et al., 2022; Popenici & Kerr, 2017; Schön et al., 2023). 

 

This approach not only increases learners' motivation and interest, but also allows them to actively shape their 

educational journey, which can lead to improved learning performance (Maedche et al., 2019; Schön et al., 2023). 

Not only with the development of digital assistants by Big Tech (Maedche et al., 2019), but also with the recent 

successful launch of Chat-GPT 3 on November 30, 2022, the use of artificial intelligence (AI) as another everyday 

tool has arrived and been accepted by the general population (Kim et al., 2020; Lee & Perret, 2022). However, 

examples of its use in academic settings are still rare (Alam & Mohanty, 2022). In this context, learning with 

videos is becoming increasingly popular (Engels & Schüler, 2020; Kokoç et al., 2020). However, individual 

knowledge gaps can only be closed to a limited extent due to the prevailing oversupply of different platforms 

(Vonderau, 2016). Intelligent tutoring systems (ITS) can already support students' learning with tailored solutions 

and thus increase the effectiveness of learning (Liu et al., 2021).  

 

An ITS enables a customized tutorial solution. This allows students to learn individually at their own pace and 

increases classroom effectiveness (Liu et al., 2021). Users decide for themselves when to learn and what 

‘customized content’ to engage with (Chen et al., 2020). In this way, learning barriers are reduced and processes 

optimized (Ahmad et al., 2022). Simultaneously, AI provides immediate (audio-visual) feedback to its users 

(Schleiss & Göllner, 2022). This enables faster, interactive, and personalized knowledge acquisition. Learning in 

a self-defined learning atmosphere serves to promote long-term retention of information (Chen et al., 2020). Since 

each student has different abilities and levels of education, it can be challenging for teachers to meet individual 

demands (Ahmad et al., 2022). It is therefore important to balance high-performing students and lower-performing 

students (Chassignol et al., 2018). The use of an ITS is intended to close this gap and to counteract the ongoing 

teacher shortage (BMBF, 2015). 

 

Method 

 

The AI Education (AIEDN) study involved 275 students from two different school types and investigated how a 

semantic AI assistant could compensate for existing weaknesses in a more targeted way and enable and reinforce 

better (mathematical) understanding in the learning process through video learning. Preliminary results show that 

learning with explanatory videos leads to positive learning gains and enables longer-term recall of procedural 

knowledge (Lloyd & Robertson, 2012; Van Der Meij & Van Der Meij, 2014). 

 

The quantitative experiment was conducted from March to May 2023. Students of two different standards (9th 

and 11th) and school types (grammar vs. secondary school) were given a fixed set of mathematical problems to 

solve on a previously unknown topic, familiarizing themselves with these either with the AIEDN AI assistant, or 
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with the help of an identical simulation, operating through a regular keyword search. To check the learning effect, 

the test was repeated after 6-8 days with similar tasks of the same scope without an assistant. In summary, it can 

be said that the AIEDN AI assistant led to significant improvements in learning performance, especially for the 

target group of students in the upper performance range. 

 

Research Hypotheses 

 

Video-learning focuses on the comprehensibility of the instructional content, which is made possible by the 

interaction between the presenter and the recipient (Findeisen et al., 2019).  AIEDN allows for a more intensive 

engagement with (mathematical) topics and at the same time a more individualized approach to learners through 

the selection of suitable content. While it does not yet provide a fully personalized experience, the assistant 

contributes to a significant level of individualization for the user. As a result, it can be expected that the AI 

assistant will facilitate more positive learning effects, initiating a higher efficiency than traditional video learning.  

 

This leads to three hypotheses, which have been tested in a mixed-methods study: 

1. Learners can complete more tasks at the same time with the help of the AI learning assistant or when 

they have learned with the AI tool, than learners who do not have the AI assistant available, or who have 

learned without it. 

2. Learners who used the AI learning assistant can build deeper knowledge and apply it more effectively to 

transfer tasks than learners who did not use the AI learning assistant. 

3. Learners who learned with the AI learning assistant can recall the acquired knowledge for longer time 

periods than those who learned without AI assistance. 

 

Research Design 

Sample 

 

Within this empirical study, 275 students from four schools in Baden-Württemberg, Germany, were examined 

constituting two secondary schools and two grammar schools, whereby both school types are to be considered as 

separate experiments. This allows the AI assistant to be tested on a heterogeneous group of students. The 

experiments at the two school types were conducted separately, with 139 students at the grammar schools and 137 

students at the secondary schools. Careful consideration was given to ensure an overall gender distribution. The 

selection of schools was limited to Baden-Württemberg to exclude differences in curricula between the individual 

federal states, thereby ensuring comparability. The students from grammar schools (grade 11) and secondary 

schools (grade 9) were set to graduate soon to ensure equal or higher participatory motivation due to the possibility 

of thematic repetition of learning material for the final exams. By focusing on one grade level per experiment, 

age-related differences in maturity and learning development were eliminated. 

 

Study Setup 

 

To empirically test the research hypotheses, an experiment was conducted from March to May 2023. Students of 
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both grade levels were given a fixed set of seven (for secondary schools) or eight (for grammar schools) 

mathematical problems on a previously unknown topic within a 90-minute time window (based on the scope of a 

regular exam situation). Depending on the test group, they were able to familiarize themselves with this topic 

either with the AIEDN AI assistant or with the help of a regular keyword search on a "simulated AIEDN video 

platform". Assignment to the test or control group was randomized. The mathematical tasks did not differ, to 

ensure comparability between the two groups. 

 

Mathematics was chosen because of its objective evaluation and comparison possibilities. To check the learning 

effect, the test was repeated after 6 to 8 days with similar tasks of the same scope without the use of the AI 

assistant. All questions were answered in the same way as they would be in a normal school day, i.e. on paper, to 

ensure constant visibility of all questions at all times and to allow for a flexible processing sequence. 

 

Pretest 

 

The preliminary research served as the basis for the elaboration of the study design and the development of the 

first prototype of the AI assistant. To validate the planned study design, a pretest was conducted with 22 grammar 

school students in 9th grade. Since the pretest was conducted at a grammar school that was also a regular 

participant in the study, the 9th grade was selected using the task set of the secondary school, so that an exchange 

between the students could not be of help to the later test subjects. The participants were not aware at the time of 

participation that this was a pretest. As a result, the task set for the study was extended by two tasks to ensure that 

no student would be able to complete the test within the allotted time. 

 

Screening and Questionnaire 

 

After completing the test on the first day of the study, a screening questionnaire was administered to assess 

subjects' learning history, demographic characteristics, migration background, and previous experience with 

educational videos. A semi-standardized questionnaire (Likert scale) consisting of open and closed questions was 

used to evaluate the participants' learning experience with the learning assistant after the test. Both the screening 

and the questionnaire were linked to the answer sheet of the math test by a code for anonymous evaluation. In 

addition, the learning experience of randomly selected students was recorded through qualitative interviews after 

the test in order to gain a deeper insight into the level of understanding and motivation of the learning process that 

took place. 

 

Structure & Functionality of the AIEDN AI Learning Assistant 

 

As part of this study, a prototype based on Streamlit, was implemented (Figure 1). Streamlit is a Python-based 

library that enables the display of text, interaction elements, and output of AI models, as well as the visualization 

of data and model performance, combined with the ability to adjust model input parameters via the user interface. 

The use of Streamlit enables the rapid creation of simple web applications for AI models. 
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The prototype was functionally constrained to meet the requirements of the study design. This was necessary to 

draw appropriate conclusions and to ensure comparability between the test and the control group within the study. 

To avoid bias, no adjustments were made to the prototype during data collection. To ensure comparability within 

the study, both the AI-based and non-AI-based systems were developed and deployed with the same graphical 

user interface. The data base of the prototype consisted exclusively of explanatory math videos by Daniel Jung. 

The recordings of these videos were transcribed and divided into segmented sections. After, the resulting 

transcripts were transferred to the semantic AI environment. For each text segment, the corresponding video, the 

associated timestamp, and additional metadata such as topic area and YouTube playlist were stored. A semantic 

fingerprint for each sentence of the transcript(s) enables the AI to understand the content of the video on a semantic 

level, generating relevant answers to queries.  

 

The semantic AI semantha® enables meaning-based search in video content. The effectiveness of the semantic 

search function increases in proportion to the amount of context provided for the question asked. Participants in 

the AI group were instructed to ask the AI-based learning assistant questions with high precision, analogous to 

interacting with a human tutor. Participants in the control group, on the other hand, were asked to enter keywords 

to get the most relevant results.  

 

 

Figure 1. User Interface of the AIEDN Streamlit Prototype 

 

Results 

 

To investigate a significant increase in performance with the use of the AI learning assistant, several t-tests were 

carried out to compare the success in mathematical problem-solving either with the AIEDN AI learning assistant 

or the optically identical simulation as a function of their mathematical advancement (basic and advanced course), 

the average number of videos viewed during task processing, and the overall frequency of use of the learning 

videos.  

 

Analysis by Basic and Advanced Course 

 

In a subsequent investigation of the differences between the basic and advanced course levels in grammar schools 

(Figure 2 & 3), it was shown that the AI assistant benefitted especially the already high-achieving students. The 

results of the t-test also indicate that within the group of subjects who used the AI assistant in the advanced course, 

there is a significant change in the results measured by the mean of the average scores achieved between the first 

assessment (M1=32.6; SD1=15.84) and the second one (M2=42.95; SD2=25.78) (T(19)=-2.82; p<.01). Thus, it 
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can be said that there is a strong effect (d=.63) in terms of improvement in scores due to the use of the AI assistant. 

 

In contrast, the control group without AI in the advanced course showed no significant improvement in 

performance between the two study days (M1=29.27; SD1=20.67; M2=29.19; SD2=22.86; T(30)=0.02; p>.05; 

d=.004). Within the test group of basic courses that used the AI assistant, an increase in scores between the two 

survey days was observed by evaluating the means (M1=10.87, SD1=10.33; M2=13.72; SD2=17.31), but no 

significant improvement in performance occurred (T(45)=-1.35); p>.05) despite a small effect size (d=.20). 

 

The same applies to the control group in basic courses. The analysis of the mean scores on both study days revealed 

a minimal increase (M1=7.83; SD1=8.08; M2=8.01; SD2=11.02), but no significant change in the performance 

spectrum (T(40=-.23; p>.05; d=.04). Thus, a positive correlation could be established between the hypotheses 

regarding the enrollment in advanced courses or basic courses, with only the students in advanced courses, but 

not those in basic courses, benefiting significantly from the use of the AIEDN AI assistant. 

 

 

Figure 2. Basic Level Mathematics Courses at Grammar Schools 

 

 

Figure 3. Advanced Level Mathematics Courses at Grammar Schools 

 

Analysis by the Average Number of Videos viewed during Task Processing 

 

To assess a possible increase in learning effect depending on the frequency of use of AIEDN learning videos, 

participants were asked at the end of the study to self-assess how often (1 to 10 times) they used the learning 

videos to work on an average task using a Likert-type scale (Figure(s) 4,5 & 6). 
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Within the group of grammar schools that used an average of 1-3 AIEDN videos to complete tasks, there was a 

significant increase in total score when looking at the mean scores between the two survey points (M1=19.54; 

SD1=16.91; M2=24.22; SD2=26.38). The corresponding t-test evaluation also showed significance of the test 

group's performance improvement with a medium effect size (T(46)=-2.14; p<.05; d=.31). 

 

The test group that took an average of 4 or more videos to solve the math problems, showed an increase in 

performance between study day 1 (M1=9.13; SD1=8.87) and study day 2 (M2=16.69; SD2=18.01) that exceeded 

the overall average of the average scores achieved. In addition, this group of students also showed an overall 

significant increase in learning or performance with a medium effect size (T(15)=-1.91; p<.05; d=.48). 

 

In contrast, the control groups of grammar schools that received the visually identical non-AI-based system 

showed a minimal increase in their mean total score (M1=20.89; SD1=20.22; M2=21.76; SD2=22.82) within the 

subgroup that used 1-3 videos to complete tasks, but did not achieve a significant, effect size improvement in their 

overall learning performance (T(41)=-0.32; p>. 05; d=.05). 

 

Similar phenomena were observed in the subgroup of grammar schools without AI, which played significantly 

more content to solve the assigned tasks, with >4 videos. However, in contrast to the previous group, this resulted 

in a deterioration of the total score achieved above the mean between the two survey points (M1=10.11; 

SD1=9.85; M2=9.59; SD2=11.46). Furthermore, identical to the subgroup without AI who used 1-3 videos, no 

significant improvement in students' learning performance could be evaluated (T(27)=0.41; p>.05; d=.08). 

 

 

Figure 4. Grammar Schools with an Average of 1-10 Learning Videos played 

 

The secondary school study group benefited from the use of the AI assistant to varying degrees, depending on 

how intensively the learning assistant was used. Both subgroups that used either 1-3 (M1=5.06; SD1=5.39; 

M2=7.66; SD2=12.87) or >4 videos (M1=3.25; SD1=3.70; M2=4.58; SD2=6.86) to solve the assigned tasks were 

able to improve their overall scores on average over both study days. While the group of participants who played 

significantly more videos for support with >4 videos was able to achieve a significant increase in their learning 

outcomes with a small effect size (d=.26) (T(52)=-1.92; p<.05), no such increase was measurable in the subgroup 

with AI who used less content with 1-3 videos played (T(15)=-0.84; p>.05; d=.21). 

 

The secondary school groups that were not provided with an AI assistant provided the same pattern of results in 

terms of the number of videos watched associated with a demonstrable increase in performance. Again, it was 
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observed that students who tended to require >4 videos as support showed both an increase in performance on 

their overall score during both study days (M1=3.74; SD1=5.03; M2=6.01; SD2=8.91) and a significant 

correlation associated with the intended learning improvement through AIEDN with a medium effect size 

(T(38)=-1.99; p<.05; d=.32). In contrast, participants who used less than 4 videos as support materials showed a 

decrease in total score at both time points (M1=5.31; SD1=5.59; M2=4.60; SD2=7.38) and a nonsignificant 

improvement in overall performance (T(23)=0.41; p>.05; d=.08). 

 

 

Figure 5. Secondary Schools with an Average of 1-10 Learning Videos played 

 

Across the study, regardless of school type, students using the AIEDN AI assistant improved their overall scores 

on both study days. Nuanced differences emerged: the group that needed fewer videos (1-3) to complete the tasks 

achieved significantly higher overall scores on average (M1=15.87; SD1=16.11; M2=20.02; SD2=24.69) than the 

group with AI that watched an average of 4 or more videos (M1=4.61; SD1=5.84; M2=7.39; SD2=11.58). 

However, both the 1-3 video sample group (T(62)=-2.30; p<.05) and the >4 video sample group (T(68)=-2.55; 

p<.01) show an overall significant improvement in performance with small (d=.29) to medium (d=.31) effect 

sizes. 

 

Unfortunately, unlike the previous observations, these cannot be confirmed for either subgroup without the use of 

AI. Although both the group with 1-3 (M1=15.23; SD1=18.05; M2=15.52; SD2=20.42) and the group with >4 

used learning videos (M1=6.40; SD1=8.01; M2=7.51; SD2=10.13) achieved a minimal increase in their average 

total score, neither the use of a smaller number of learning videos (T(65)=-0.16; p>. 05; d=.02) nor a higher 

number (T(66)=-1.29; p>.05; d=.16) produced a significant improvement in learning performance without the use 

of AI. 

 

 

Figure 6. Total Participants with an Average of 1-10 Learning Videos played 
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Analysis by Frequency of Use of the Learning Videos 

 

In a further investigation, a self-assessment by the participants was used to determine whether the use of 

explanatory or instructional videos in the run-up to the study led to an improvement in learning. For this purpose, 

a Likert scale from 1 (always) to 7 (never) was used, whereby the value 4 as an ‘escape category’ was not included 

in the evaluation (Figure(s) 7,8,9,10,11 & 12). 

  

In the grammar school students’ group, both students who had previously used learning or instructional videos 

frequently (1-3) and those who had used them less frequently or never (5-7) were able to increase their overall 

mean score by using the AI assistant. It is noticeable that the mean value of the achieved total score of test day 1 

and test day 2 and the increase in performance of the students who had rarely or never been in contact with learning 

videos before was significantly higher (M1=22.73; SD1=17.13; M2=28.41; SD2=28.45) than that of the subjects 

who used them (very) frequently (M1=9.26; SD1=7.31; M2=15.8; SD2=17.36).  

 

However, the analysis of the corresponding t-tests clearly showed that only the group that used AIEDN and had 

previously studied frequently (1-3) with learning videos showed a significant learning improvement with a 

medium effect size (T(24)=-2.36; p<.05, d=.47). Students who also tested AIEDN for the first time during the 

study but had little to no prior experience with online learning (5-7) did not experience a significant change in 

their learning performance, despite a medium effect size (T(27=-1.68; p>.05; d=.32). 

 

It could be shown that the group of grammar school students who had solid prior knowledge (1-3) in using 

instructional and explanatory videos, but who did not receive an AI assistant for solving the mathematical 

problems, showed neither an increase in their overall mean scores between the two study days (M1=10.44; 

SD1=8.87; M2=8.76; SD2=11.16), nor an overall significant improvement in their learning performance 

(T(26)=1.05; p>.05; d=.20). In contrast, the subgroup that also did not use AIEDN during the study but received 

the identical prototype without AI and also had little to no experience with instructional videos, again showed 

significantly higher and above average overall scores (M1=23.57; SD1=22.50; M2=24.54; SD2=23.74). Despite 

this increase, no overall significance of change or improvement in learning was found (T(34)=-0.31; p>.05; 

d=.05). 

 

 

Figure 7. Grammar Schools with Frequent (1-3) Prior Use of Learning and Explanatory Videos 
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Figure 8. Grammar Schools with Less Frequent (5-7) Prior Use of Learning and Explanatory Videos 

 

Looking at the secondary school students who were part of the test group, it is noticeable that, contrary to all 

previous evaluations, on average their total score deteriorated from study day 1 to study day 2, despite intensive 

prior use of learning or explanatory videos as well as additional support from the AIEDN AI assistant (M1=2.11; 

SD1=3.83; M2=1.93; SD2=2.89). The analysis of the t-test also showed that no significance was found in terms 

of improvement in their learning performance (T(13)=0.17; p>.05; d=.04).  

 

Groups of secondary school students who also had access to the AI assistant, but who had little or no experience 

with learning or instructional videos, were able to both increase their overall score between the two runs 

(M1=3.86; SD1=4.20; M2=6.17; SD2=9.89) and achieve a significant change or increase in their overall learning 

performance (T(47)=-1.92; p<.05; d=.28). 

 

 

Figure 9. Secondary Schools with Frequent (1-3) Prior Use of Learning and Explanatory Videos 

 

 

Figure 10. Secondary Schools with Less Frequent (5-7) Prior Use of Learning and Explanatory Videos 
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The control groups of the secondary schools were able to achieve an average increase in their total score in relation 

to the learning and explanatory videos, regardless of their prior knowledge, both with high (1-3) (M1=3.89; 

SD1=5.01; M2=4.5; SD2=5.14) and with low (5-7) (M1=5.61; SD1=6.97; M2=8.00; SD2=11.06) prior 

knowledge. It was clear that the group with lower prior knowledge (5-7) again achieved significantly higher total 

scores. However, it was also found that between the two groups, neither students with high (T(17)=-0.46; p>.05; 

d=.11) nor low prior knowledge (T(36)=-1.61; p>.05; d=.26) were able to achieve a significant change in their 

learning performance without using the AI assistant. 

 

Overall, the evaluation of the total participants, regardless of the type of school, who used AI to solve the task 

shows that both students with high (M1=6.69; SD1=7.13; M2=10.82; SD2=15.46) and with low reference and 

prior knowledge (M1=10.82; SD1=14.16; M2=14.36; SD2=22.28) achieve a higher total score regarding the use 

of instructional and explanatory videos in everyday school life. What is striking here, as in other analyses, is that 

students with lower prior use of instructional and explanatory videos achieve higher performance or scores, 

regardless of whether they belong to the test or control group. In each case, the use of AI contributes to a significant 

improvement in performance, regardless of prior knowledge of relevant tools, for both high (T(38)=-2.20; p<.05, 

d=.35) and low (T(75)=-2.44; p<.01; d=.28) baseline knowledge subjects.  

 

 

Figure 11. Total Participants with Frequent (1-3) Prior Use of Learning and Explanatory Videos 

 

 

Figure 12. Total Participants with Less Frequent (5-7) Prior Use of Learning and Explanatory Videos 

 

Participants who did not have the AI available to work on the math problems presented, performed worse overall 

in the subgroup that used explanatory videos more often for learning, minimizing them between the two runs 
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(M1=7.82; SD1=8.17; M2=7.06; SD2=9.40). In contrast, the low prior use group increased their total score over 

the test period (M1=14.34; SD1=18.68; M2=16.04; SD2=20.03). However, neither the high prior use control 

group (T(44)=-0.70; p>.05; d=.10) nor the low prior use control group (T(71)=-1.01; p>.05; d=.12) found 

significance in the improvement of learning performance without the use of AI. 

 

Discussion 

 

The results of the study shed a differentiated light on the effects of using the AI assistant between students at the 

basic and advanced course levels. In the advanced math course, the test group using AIEDN steadily increased its 

overall score, while the control group without AI deteriorated. A closer look at the test group revealed that the use 

of AI led to significant learning improvements, while the control group did not show comparable changes or 

improvements. Possible reasons for this could be seen in an excessive demand of the additional tool, which 

requires a certain acclimatization period for some students, since especially advanced course students are trained 

to develop a more detailed theoretical-scientific focus than basic course students, who are limited to a basic level 

of understanding (Staatsministerium für Kultus, 2016). 

 

In the basic courses, both the students who used the AI and those who received only the identical prototype without 

the AI showed an increase in overall scores over the entire study period. However, there was no change or 

improvement in the range of performance within the groups. These results suggest that the use of AI assistants 

may be particularly beneficial in already high-performing courses such as advanced mathematics. In addition, it 

can be assumed that AIEDN favors "subject-affine" students in a special way, since knowledge is conveyed more 

intensively visually. Here, students can benefit from the adaptive learning features of AI to deepen their 

knowledge and achieve their learning goals more effectively. In contrast, in basic courses, where there may be a 

wider range of performance, the use of AI alone does not appear to be sufficient to significantly improve overall 

performance levels. These findings underscore the importance of purposefully integrating AI technologies into 

education and show that the effectiveness of such tools is highly dependent on the individual needs, prerequisites, 

and challenges of students. 

 

The grammar school students who worked with AI support were able to achieve a significant improvement in 

performance, regardless of how many videos they had watched on average per task they worked on. In contrast, 

the control group did not show any significant improvement. In fact, those who watched four or more videos 

performed worse. The secondary school students who used AIEDN and watched an average of one to three videos 

improved their performance, but not significantly. Students who watched four or more videos, however, did. 

Secondary students without AI support who watched one to three videos worsened, while those who watched four 

or more videos improved significantly. 

 

Overall, students who watched an average of one to three videos scored higher than those who watched four or 

more videos. There was a significant improvement in scores for the students with AI support compared to the 

group without AI support. Since this is also true for the scores of all participants, the question arises as to what 

extent the average number of videos watched per task is related to the results. The higher average score of those 
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who watched only one to three videos per task suggests that the higher performing students had to watch fewer 

videos. 

 

The grammar school students who worked with AI support and who reported frequent use of learning videos, a 

significant improvement in learning was demonstrated. In contrast, students who had less experience with learning 

videos did not show significant improvement. However, they scored higher on average. The students from 

secondary schools in the AI-assisted group, regardless of their previous experience with learning videos, did not 

show any significant improvement, and the group with frequent use of learning videos worsened in terms of 

scores. The secondary students in the control group showed no significant improvement in performance, with the 

group with less video experience scoring higher overall. Altogether, it can be said that those who use instructional 

videos less frequently achieve higher scores on average. Again, it can be hypothesized that lower performing 

students have a greater need for supplemental materials such as explanatory videos and therefore use them more 

frequently. There was a significant increase in performance in the group of students with a lot of experience with 

learning videos, making them the beneficiaries of the tool. 

 

The analysis of the interviews conducted after the study days shows that the AI assistant was well received by 

most of the students. Interestingly, many of them had no prior knowledge in the field of artificial intelligence but 

found the idea of being assisted by such technology motivating. Even participants in the control group, who had 

to use a visually identical simulation, referred to "the AI" as having helped them. 

 

Within the interviews, students frequently emphasized the importance of personalized support from the AI. They 

wanted the AI to tailor their answers to their individual background and prior knowledge. In this way, weaker 

students would receive better support. 

 

Conclusion  

 

To investigate the impact of a semantic AI assistant (AIEDN) on student learning outcomes, an extensive mix-

methods research study was conducted at two grammar schools and two secondary schools in Baden-

Württemberg, Germany. A prototype was developed to optimize video searches by semantically understanding 

search queries and providing relevant answers in text form, while also referring to the relevant sections in the 

mathematical videos by YouTuber Daniel Jung, which the AI assistant is trained with. Due to the simplified 

interactions and more efficient, "filtered" query processes compared to traditional keyword searches, it was 

expected that the AI assistant could help students learn more effectively during self-study phases, solve a greater 

number of problems, and retain knowledge for a longer period using topic-related, explanatory, educational video 

content. In addition, the study investigated whether the use of the learning assistant could contribute to an overall 

higher learning motivation. 

 

After analyzing the data, the results showed that students who used the AI assistant were able to apply what they 

had learned better than the control group, which had access only to traditional keyword searches. The results 

related to all three examined categories generally support Hypothesis 1. Across all participant groups, those who 
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used the AI learning assistant achieved a significant increase in their mean total scores between study days, 

indicating improved task completion efficiency.  

 

The effect size was strong (d=.63), suggesting a practical significance, especially for students of advanced 

mathematics courses in grammar schools. On average, they solved more tasks with the help of the AI, thereby 

also indicating a broader knowledge transfer and an increase in learning performance. However, it is important to 

note that both the test group of the basic courses as well as all the control groups, which used conventional 

keyword searches without AI, showed only minimal improvements in scores without any significance of learning 

improvement. This implies that the AI learning assistant indeed enhances task completion efficiency compared to 

traditional methods. 

 

Deriving from these, Hypothesis 2 is also partly supported, considering the average amount of videos watched 

and the frequency of their usage for assistance. Among grammar school students, regardless how many videos 

they watched (either 1-3 or >4) those who used the AI learning assistant showed a significant improvement in 

their learning performance at a medium effect size. Contrastingly, control groups who did not have access to the 

learning assistant, but watched 1-3 instructional videos, still achieved higher total scores, whereas students who 

watched >4 videos worsened their results. Secondary school students showed the same pattern in support of the 

use of AIEDN.  

 

Across all groups, both a high and a low utilization of endorsing video content improved their total scores, showing 

an increased significance for a higher number of videos watched. Interestingly, contrary to the other school type, 

secondary school students also benefited in the same way using the simulation prototype, although one opposite 

scenario could be observed: the more the number of videos used decreases while using the simulation, the more 

the average score worsens. This suggests that the AI assistant may help students build deeper knowledge, retain 

and apply it effectively for both, grammar schools and secondary schools with an increased number of educational 

videos watched. However, for the most part, no significant improvement could be accomplished without the 

underpinning of AI, regardless of the school type.  

 

Therefore, Hypothesis 3 also received limited support in the study. Grammar school students who self-assessed a 

previously higher frequency of using learning assistants like AIEDN, demonstrated a significant improvement in 

their learning outcomes through it, suggesting that the AI tool helped with knowledge retention. In contrast, having 

no prior experience with these tools, did not cause any change in performance. Strikingly, secondary school 

students revealed the reverse scheme, having no learning enhancement through the preliminary use of learning 

assistants as well as AIEDN, but instead achieving lower overall scores. On the other hand, secondary school 

students with no prior exposure, improved their results significantly positively.  

 

In summary, grammar school students who frequently watched instructional videos benefited more than average 

from the use of the AIEDN AI assistant and were able to significantly improve their scores. On the other hand, 

students from secondary schools who rarely or never used video tutorials before using AIEDN, improved 

significantly. In the overall evaluation, however, all students who were able to use the AI assistant improved. 
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Students who frequently studied with instructional, respectively learning videos, as well as those who rarely 

studied with them, both benefited from using the tool. 

 

To conclude, the AIEDN AI learning assistant facilitates deeper knowledge acquisition for high(er)-performing 

students. Its effectiveness varies across performance levels. The study provides valuable insights into the potential 

benefits and limitations of AI-based learning support systems. Future research could delve deeper into the specific 

learning strategies and behaviors of students using AI assistants and explore ways to optimize AI-driven 

personalized learning experiences for a broader range of learners. 

 

Limitations 

 

In addition to the (significant) increase in learning performance and motivation, the AI assistant also showed 

limitations. According to the pre-survey, the most common place for the students surveyed to study was at home, 

due to the low noise level. This means that the study carried out in the school context at home was subject to 

extraneous influences that affected the study of performance improvement due to the increased stress factor of 

external observation, the time constraints and the number of tasks. 

 

Furthermore, it could be observed that especially parts of the groups of students from the participating secondary 

schools did not actively work on the assigned tasks for a large part of the survey period. This can be partially 

explained through the teachers’ feedback that the videos conceptualized and recorded by Daniel Jung are primarily 

aimed to support grammar school students. Therefore, they use mathematical terminology that does not accurately 

reflect the teaching concepts and materials used within secondary schools. Other plausible variables that could 

have influenced the study’s results in this context are the students' daily routines, their different learning histories, 

their affinity for different kinds of technology and their general motivation to participate due to voluntariness, 

respectively a lack of incentives (e.g. in the form of a real exam grade).  

 

On account of the complexity of the tasks, the study did not examine how much faster the students solved the 

tasks in the second session compared to the first. Thus, it is not possible to say for certain whether there was an 

improvement in individual subject areas. It is also unclear how much time was spent on each task and whether 

transfer knowledge was built between them, as they could be completed flexibly rather than sequentially. Due to 

the lack of an implementation of a URL blocker or similar tools, it was not possible to fully control whether 

respondents were able to leave the prototype on the device during the test and complete the task elsewhere. 

 

The limitations of the prototype available at the time of the study, due to its lean design, meant that adaptive 

learning was supported in a limited way: visually and aurally in the form of videos played by the learning assistant, 

but not suitable for text-only learners. This circumstance may also have led to stimulus overload, as too many 

videos were offered in a given time frame, with no clear limit to the number of tasks that could be completed. 

Another limitation was the need for a stable internet connection, as the prototype is browser-based. Unfortunately, 

the provision of a stable internet connection could not be guaranteed in all schools, as there are always bottlenecks 

in network coverage nationwide (Bundesnetzagentur, 2022; Statista, 2023). 
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Directions for Future Research 

 

Based on the research results, it can be stated that due to the high level of abstraction of the tasks, respectively the 

video content played, no significant correlation could be found that would indicate an improvement in the learning 

of secondary school students. Further research is needed on the adaptation of specific content and the selection of 

content creators, especially regarding age and performance level. A long-term study, e.g. the time period of one 

school year, would be a suitable framework. This would have several advantages: Individual learning gains and 

perspective learning gains could be achieved through the ability to more specifically capture the learning 

environments and associated confounding factors and control for their effect sizes, such as the on-site external 

observation that took place in this study versus distracting factors in the home environment. This opens up the 

possibility of testing the effectiveness of the AI assistant using real-world assessment scales and criteria, such as 

graded homework vs. exams. This also allows for a more sustainable adaptation to the platform, as the goal is 

gradual learning and thus continuous topic-specific improvement. 

 

AI has established itself as an indispensable tool in higher education. In this context, Popenici & Kerr (2017) and 

Schön et al. (2023) unanimously point to the many possibilities that AI solutions open up for teaching and learning. 

These new opportunities are particularly valuable at a time when traditional forms of teaching are affected by 

declining student enrollments (Seaman et al., 2018) and there is a need to provide educational opportunities in a 

cost-effective manner (Kim et al., 2020). 

 

The use of AI-enhanced teaching methods opens up a variety of opportunities that benefit both instructors and 

students. Rudolph et al. (2023) highlight how AI assistants can reduce the burden on instructors by automating 

assessment, management, and feedback processes. Students benefit from individualized learning paths and 

personalized learning instructions that can be developed by AI assistants based on existing learning materials, 

prior knowledge, skills, and pace (Schön et al., 2023). 

 

While AI solutions are already being successfully deployed in higher education, the real need and potential for AI 

is most evident in primary and secondary education (K-12). It should be noted, however, that integrating AI into 

K-12 learning contexts presents unique challenges that require careful design considerations. As Zhou et al. (2020) 

point out, the needs and challenges in K-12 schools are different from those in higher education environments. 

Aspects such as engagement and scaffolding play a key role. Adapting AI learning tools and curricula to the K-

12 context is therefore critical to meeting specific needs and maximizing the benefits of AI in schooling. 

  

One promising approach to engage secondary students in AI while supporting their learning is the integration of 

gamification. The use of game-like elements can help increase student motivation and engagement while helping 

them learn important AI concepts (Zhou et al., 2020). Although AI in education (K-12) has already made great 

strides, the literature to date has mainly focused on providing students with a general understanding of AI and 

introducing them to the use of this technology. Concrete use cases, especially in education, are still largely 

unexplored. Therefore, there is a clear need to focus more on developing curricula and tools that not only teach 

students AI skills, but also demonstrate concrete use cases in a school context. 
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