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ABSTRACT 

In Engineering Design education, huge numbers of students are a challenge in university teaching, especially since the 

students have an initially heterogeneous level of technical knowledge, which influences their acquisition of competences. 

In frontal classroom lectures, individual deficits can hardly be addressed and in self-study phases, students find it difficult 

to remedy these independently. Therefore, students with prior technical experience achieve better final module grades. This 

paper examines the extent to which heterogeneity in prior experience can be compensated by using an adaptive e-learning 

environment for the self-study time. For this purpose, students are provided with a prototypical implementation of an 

adaptive e-learning environment for the self-learning phase. The feedback of the users and their examination results are 

statistically evaluated with respect to the gain of knowledge.  
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1. INTRODUCTION 

Higher education faces the challenge of increasing student heterogeneity (Eckert et al., 2015). Students of 

Engineering Design have different technical education at the beginning of their studies (“prior experience”): 

their secondary school education differs, and some students complete technical internships or technical training 

before their studies while others do not; i. e. it is a knowledge heterogenous student group. Differences in prior 

experience influence competence acquisition and the final module grade of students (Žeželj and Miler, 2018; 

Kannengiesser et al., 2015; Metraglia et al., 2015; Kossack and Bender 2022). Individual support decreases 

heterogeneity (Brückner et al., 2015), but Design engineering education can hardly guarantee individual 

support in the existing teacher-centered lectures with large learning groups (Pfäffli, 2015; Eckert, 2015; Albers, 

2012; Terkowsky, 2018). Adaptive e-learning is a means to provide individual support (Stoyanov and 

Kirschener, 2004; Rey, 2009; Kerr, 2016; Niegemann and Heidig, 2019), and we suggest it for Engineering 

Design education (Kossack et al. 2022).  

The impact of adaptive e-learning on knowledge heterogenous student groups is unknown. Research on 

adaptive e-learning addresses software solutions for adaptive e-learning (Fidalgo-Blanco, 2014), or collecting 

and using data for adaptivity (e.g., Bagheri, 2015; Radenkovic et al., 2009), and adaptivity often in the context 

of different learning styles (e.g., Kolekar, 2019). Few authors evaluate the general benefit of adaptive e-learning 

for reaching learning outcomes (e.g., Prusty and Russell, 2011), even less with the focus on prior experience 

(e.g., Arsovic and Stefanovic, 2020), and we did not find any example for adaptive e-learning’s impact on 

knowledge heterogenous student groups. 

The purpose of this paper is to investigate the extent to which adaptive e-learning can compensate technical 

knowledge heterogeneity in a first-year student group of Engineering Design. We use an adaptive e-learning 

environment prototype (AdE-Le, see Kossack and Bender 2023) as a lecture-accompanying support for the 

self-study time and investigate the benefits of AdE-Le by comparing students with and without prior technical 

education in their behavior, their feedback on AdE-Le, and their exam results after using AdE-Le. Due to the 
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characteristics of an adaptive e-learning environment and the knowledge heterogeneity with the resulting 

consequences at hand, the following research hypotheses are formulated:  

 H1: “Students without prior technical experience find AdE-Le more helpful than students with prior 

technical experience.”  

 H2: “An adaptive e-learning environment compensates initial technical knowledge heterogeneity to 

the point there exist no difference in the examination results between the groups.” 

2. METHOD 

The investigation is conducted on a first-year course in Engineering Design education with about 150 regularly 

attending participants. It is part of the study programs of “mechanical engineering” and “sales engineering and 

product management” at a German university. The dominant learning format is teacher-centered lectures on 

campus, with consulting hours and self-study time as additional teaching and learning activities.  

We use our prototype of an adaptive e-learning environment (AdE-Le, see Kossack and Bender 2023), 

which we implemented in the learning management system Moodle (Moodle Contributors, 2023) for the 

teaching and learning content “dimensioning, tolerancing and fitting tolerances”. AdE-Le addresses individual 

needs and preferences of the user. It presents an initial learning environment to the user based on an assessment. 

During use, it makes further measurements of the level of knowledge or learning characteristics to bring about 

a constant modification of the learning environment; this is conformed with definitions of Stoyanov and 

Kirschener (2004), Rey (2009), and Kerr (2016). AdE-Le is developed in accordance with Constructive 

Alignment for an existing course (Kossack et al., 2022); Constructive Alignment is an outcome-based approach 

assigning Teaching and Learning Activities and the Assessment Task to Intended Learning Outcomes (Biggs 

and Tang, 2011). 

 

 

Figure 1. Concept of the implementation of AdE-Le in Moodle (see Kossack and Bender, 2023) 

AdE-Le’s main environment is based on the Moodle functions “Activity Lesson” and “Activity Test”, with 

four lessons and two tests in total. For evaluation, we integrated two questionnaires with the Moodle function 

“Activity Survey” which conform to standard characteristics of questionnaires including variables with their 

scale levels according to Rasch (2021) and Döring and Bortz (2016). We use typical gradations for each 

variable: frequency from always (1) to never (5), or agreement from strongly agree (1) to strongly disagree (5). 

The AdE-Le uses the Moodle function Activity Lesson to combine content pages with pages for branching or 

with questions. When the student chooses an answer, the AdE-Le gives feedback and usually recommends 

assigned learning content. The learning contents are integrated as directly as possible: e.g., videos or interactive 

content in H5P (H5P Contributors 2023) format are embedded; book chapters or norms are recommended but 

not integrated in the system. (Kossack and Bender 2023).  

To encourage students to use AdE-Le and give feedback, additional points were added to the exam grade 

for completing all activities of AdE-Le. Points were awarded for participation including submission of the 

feedback questionnaire; there was no gradation for the time, or the number of attempts students needed to 
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complete a learning unit. AdE-Le was available to all participants of the Moodle course belonging to the 

Engineering Desing course. Only datasets of students in the first semester are considered in the data, as students 

repeating the subject for a better grade could distort the results with the experience they gained in higher 

semesters. To introduce AdE-Le to the students, we used a teacher-centered lecture when the topic 

“dimensioning, tolerancing and fitting tolerances” started about 8 weeks after semester start. We presented the 

students how to use AdE-Le and how to get extra points for the exam. We informed the students that AdE-Le 

is a prototype for first time use, encouraged them to report errors or problems and informed them about the 

research with the data we collect with AdE-Le. Immediately after the lecture we unlocked the first activity in 

AdE-Le. 

The first activity in AdE-Le is a questionnaire which we use to determine whether the students have 

different technical backgrounds and whether this leads to differences in competence. One example item of the 

questionnaire is the perceived degree of difficulty of the course. Findings from the questionnaire help to assess 

the extent to which the group is an appropriate sample for this study; it did not have an influence on the lessons 

in AdE-Le. By completing the first questionnaire, students unlocked the first lesson. Five subsequent learning 

activities were unlocked in coincidence with the content in the teacher-centered lectures and the six learning 

activities were linked together via prerequisites: Students could not start a new activity until the previous one 

was completed. We planned the use of one learning activity per week and offered technical support in existing 

consulting hours if needed. The second questionnaire unlocked after completing the last learning activity. It 

asks students on their behavior and the extent to which they assess AdE-Le as helpful for the self-learning 

phase. Table 2 presents the relevant items for this research. The results are stored anonymously for honest 

feedback. We asked students to specify their prior technical experience after they had completed all activities 

and registered for the extra points but did not require them to provide any information and there was no 

disadvantage if they refused to provide information. Their information on the prior technical experience is 

crucial for analyzing its correlation with student results in the final exam tasks. 

Students could access the learning activities almost until the final written exam date which was a few weeks 

after the lecture period. Exam tasks included tasks that AdE-Le addressed as well as tasks with learning 

objectives that address other contents of the course, e.g., spatial sense or different views of a component.  

For statistic evaluation, we divide the data sets into two groups without considering the specification of the 

type of prior technical education. The groups are (1) with prior technical experience and (2) without prior 

technical experience. We formulate the operational hypotheses H1 in a pair of research hypotheses as suggested 

by Döring and Bortz (2016). The null hypothesis assumes that there is no real difference between the groups 

that differ in terms of a characteristic (Rasch 2021). The rejection range is defined by the significance level, 

which is usually set at 5% (Hollenberg, 2016; Moosbrugger and Kelava, 2012). We transform the operational 

hypotheses H1 “Students without prior technical experience find AdE-Le more helpful than students with prior 

technical experience.” into the null hypothesis H10 “There is no difference between the two groups in 

evaluating AdE-Le as helpful for their self-study time.” The operational hypotheses H2 “An adaptive e-learning 

environment compensates initial technical knowledge heterogeneity to the point there exist no difference in the 

examination results between the groups.” transforms into the null hypothesis H20 “There is no difference 

between the two groups in the exam results after using AdE-Le”. The tool for quantitative analysis was SPSS 

for Windows (28.0.1.1). 

3. RESULTS 

134 students from the first semester started using the e-learning environment AdE-Le and participated in the 

first questionnaire; 29 of 134 students have prior technical experience. 75 students completed all activities of 

AdE-Le and filled out the second questionnaire with feedback on AdE-Le; 17 of 75 had a prior technical 

experience, and 61 of 75 participated in the final exam and volunteered information about their prior technical 

experience. 70 % of the students with prior technical experience and 80% of the students without prior technical 

experience did not use AdE-Le weekly as we intended, but only after the end of the lecture for exam 

preparation. Table 1 presents the frequency of use of the content that AdE-Le suggested. Students with prior 

technical experience used the suggested content slightly more often with an average of 2,3 to an average of 

2,59 for students without prior technical experience. Significance tests show that the difference of user behavior 

is not statistically significant.  
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Table 1. Item of the user behavior from the second questionnaire. Note that group sizes differ 

Item in the questionnaire Results 

Frequency: “How  

often did you use 

the suggested  

content? “ 

 

Average students without 

prior technical  

experience 2,59 (n=58) 

 

Average students with prior 

technical experience 2,30 

(n=17) 

 
 

The relevant items of the second questionnaire are assessed within this paper in Table 2. There were hardly 

any differences between the two test groups. The biggest difference in the average values can be seen in the 

agreement that AdE-Le supports the self-learning phases in a meaningful way. Here, the agreement of the 

group with prior technical experience is higher and can be described as weakly significant (p=0.042). For all 

other items the null hypothesis H10 is not rejected and there is no statistically significant difference between 

the two test groups.  

Table 2. Relevant items of Feedback about AdE-Le from the second questionnaire. Note that group sizes differ 

Item in the questionnaire Results 

Agreement: “I wish  

AdE-Le would be available 

 for all topics in Engineer- 

ing Design education.” 

 

Average students without  

prior technical  

experience 1,86 (n=58) 

 

Average students with  

prior technical  

experience 1,59 (n=17)  
Agreement:  

“AdE-Le presented  

practice-oriented 

information.” 

 

Average students without  

prior technical  

experience 2,25 (n=58) 

 

Average students with  

prior technical  

experience 1,88 (n=17) 
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“AdE-Le presented  

important technical 

background knowledge.” 

 

Average students without  

prior technical  

experience 2,19 (n=58) 

 

Average students with  

prior technical  

experience 2,17 (n=17) 

 
Agreement:  

“AdE-Le has meaningfully 

supported the self-study  

time.” 

 

Average students without  

prior technical  

experience 1,86 (n=58) 

 

Average students with  

prior technical 

experience 1,41 (n=17) 

 
 

 

In the exam students with a prior technical experience score higher on average in both tasks than students 

without prior technical experience (see Table 3). However, the difference is significantly greater for topics for 

which no AdE-Le was offered. When correlated with the group variable of whether prior technical experience 

is present, the significance is p = 0.277 for the task whose learning objectives are addressed by AdE-Le. 

Therefore, the operational null hypothesis that there is no difference between the two test groups using  

AdE-Le is accepted. For the task whose learning objectives are not addressed by AdE-Le, the significance is 

p <0.001. Thus, for this task, the operational null hypothesis that there is no difference between the two groups 

is rejected. And the alternative hypothesis, that there is a different between the two groups is accepted. Initial 

differences between the two test groups could no longer be identified as significant in the written exam task 

whose learning objectives were addressed by AdE-Le.  

 

Table 3. Final exam results of students who used AdE-Le 

 Task with learning objectives 

addressed by AdE-Le  

Task with learning objectives not 

addressed by AdE-Le  

Students with prior technical  

experience (n = 17) 

Average = 17,06points 

Standard deviation = 5,63 

Average = 22,59 points 

Standard deviation = 2,97 

Students without prior technical 

experience (n= 44) 

Average = 15,59 points 

Standard deviation = 6,21 

Average = 17,32 points 

Standard deviation = 6,61 

4. DISCUSSION 

Our first step is to ensure that the data is suitable to investigate our research hypotheses. Like in our previous 

study (Kossack and Bender, 2022), results of this study show that students with prior technical experience rate 

the level of difficulty of the course lower and rate their experience and knowledge as helpful for the acquisition 

of competences in the course. Based on the confirmed characteristics of the student group like Kossack and 

Bender (2022), the sample is suitable for investigating the research hypotheses.  

It is crucial for comparing the two test groups that they used AdE-Le in similar ways. Results show that 

there is no significant difference between the two test groups in their usage behavior with AdE-Le.  
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We could not find that students without prior technical experience find AdE-Le more helpful than students 

with prior technical experience (H1) based on the results of questionnaire two. Results show that students with 

prior technical experience tend to rate the learning environment as more helpful and the material as more 

suitable, but this may be due to a fundamentally higher interest in the topics and not exclusively to the type of 

learning format. 

We found that an adaptive e-learning environment leads to a homogenization of the exam results (H2), but 

it is unclear whether the AdE-Le lead to the homogenization or homogenization is a result of comparing two 

exam tasks with different topics. Data from exams tasks with the same learning objectives in different years of 

students not using AdE-Le could provide more insights on its effect.  

The award of extra points for the exam might have influenced user behavior and study results. By awarding 

extra points on the exam through participation, students were motivated to participate and provide feedback. 

Instead of using AdE-Le as intended, students may instead use AdE-Le to get the extra points. An efficient 

way to get the extra points is to complete the activities as quickly as possible and only used the content to a 

limited extent, which we observed for many students of both groups (see Table 1). As a result, students assess 

content in the second questionnaire that they have worked on occasionally.  

All results highly depend on the implemented AdE-Le. The Moodle system stored a limited number of 

available learning content, consists of several individual learning paths, and is adaptive solely in terms of 

knowledge level. The branching to learning content is predominantly done by selecting answer options for 

closed question types. Due to the limited possibilities of automated checking of learning objectives, higher 

taxonomy levels according to Bloom could hardly be implemented (Mayer et al. 2009), even by using Stack in 

Moodle. Therefore, learning objectives could not always be sufficiently checked and the learning status 

recorded to provide suitable materials for the individual student. The expansion of testing opportunities and 

integrated learning materials and learning paths could lead to an increased homogenization of the group.  

Study results are limited to the subject “dimensioning, tolerancing and fitting tolerances” in Engineering 

Design education. These topics are typical for a gap of knowledge between the two groups of students (1) 

without prior technical experience and (2) with prior technical experience e.g., technical internship or 

vocational training. The impact of the use of an adaptive e-learning environment could be less in other topics. 

The development, implementation, and evaluation of adaptive learning environments on other topics in 

Engineering Design education and in other disciplines would reveal the extent to which the effect shown in 

this study applies to other topics as well. 

The proportion of first semester students with prior technical experience is significantly lower than in 

Kossack and Bender (2022). Especially the proportion of students with a technical internship planned for the 

degree program at 12 % is considerably lower than it was at Kossack and Bender (2022) at 37%. The result for 

this study is very different sizes of the test groups. But these does not distort results due to similar variances, 

therefore the results can be considered representative despite the lower percentage of students with technical 

experience than Kossack and Bender (2022). Overall, both test groups viewed the learning environment in a 

meaningful and positive way. This could be due to the selection of the test group. In principle, AdE-Le was 

available to all students of the course, but not all students used or completed it. We assume that the test groups 

consist of students with the same level of motivation and interest in the topic.  

The grouping of students is based on whether or not students have already started or completed another 

technical degree program, technical vocational training, or technical internship relevant to that degree program. 

The assumption that the students have more technical experience relevant to the acquisition of competencies 

than, for example, students who are very interested in technology in their free time but did not start any 

technical training or education can be wrong. Perhaps a knowledge survey to group by actually existing 

technical knowledge could provide better clues for grouping in this case. 

This paper could not address all questions of interest concerning the benefits of adaptive e-learning 

environments. The general added value of the AdE-Le could be addressed by comparing the exam results of 

AdE-Le users with those of students who do not use an adaptive e-learning environment. The correlation 

between the usage behavior and the evaluation of the added value of the e-learning environment is relevant. 

With the data we could correlate the items of the feedback questionnaire (usage behavior and assessment of 

the personal benefits). It is not possible to investigate a correlation between user behavior and exam results 

with this data set, because data collection of the feedback questionnaire was anonymous.  
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5. CONCLUSION 

It is desirable to homogenize student groups with typically differing prior technical experience in Engineering 

Design education to support competence acquisition. Individual support addresses heterogeneity and adaptive 

e-learning environments enable individual support in Engineering Design education. Our study investigates 

the use of an adaptive e-learning environment to provide individual support with data from two questionnaires. 

The students in the first semester in Engineering Design consider the adaptive e-learning environment a useful 

support for the self-learning phase. Slightly more students with prior technical experience than students without 

prior technical experience state that the adaptive e-learning environment supports in a meaningful way, but the 

evaluation of the exam results shows that the learning environment especially helps the test group without prior 

technical knowledge. Significant correlations between exam results and prior technical experience do not exist 

for exam tasks with learning objectives addressed by the adaptive e-learning environment, but they exist for 

other tasks of the same exam. Based on these results, the exemplary used Moodle-based implementation  

AdE-Le seems reasonable for knowledge heterogeneous student groups. Comparing multiple student groups 

from different years could be useful. Our findings are based solely on the topic area of “dimensioning, 

tolerances, and fits”, so an extension to other topics would be useful. Further data analysis should compare the 

group of students who did not use AdE-Le with the group of students who did use AdE-Le to examine the 

fundamental benefits. 
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