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Abstract: The subject of this article is the evaluation of the test format that will be 
integrated into a digital self-learning platform in the future. On the basis of a 
qualitative preliminary study and taking into account motivation theories, a 
questionnaire was developed for the evaluation, which records the quality 
characteristics of the test formats as a self-assessment of the participants at four 
measurement points in the associated course. The data were analysed using a 
longitudinal study and exploratory cluster analysis. Surprisingly, there were no 
significant changes in the assessment of the quality of the test environment, even 
though test scores declined. Thus, the digital test environment seems to be perceived 
positively regardless of performance. The cluster analysis yields a solution with two 
clusters: a large cluster containing the participants with consistently high test scores 
and a small cluster in which the test scores (strongly) decrease during the four 
measurement points. It is noteworthy that the two clusters hardly differ in their posi-
tive assessment of the digital examination format.  
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1 Introduction 

Digital learning environments have become widely used as a new teaching tool in 

recent years (Cleveland-Innes et al., 2024). Their use ranges from primary and 

secondary schools to universities and adult education. While research in mathematics 

education is dedicated to this new development and has already worked on a variety 

of different research topics, it has predominantly focused on digital learning 

environments used for mathematics teaching rather than the learning process, 

especially on digital learning environments used for mathematics teaching at school 

or university level (Cevikbas & Kaiser, 2021). Although the research on digital learning 

environments has grown, there are still research gaps in many areas, including 

evaluating learning environments (cf. Engelbrecht & Borba, 2024). This article aims 

to contribute to this topic by evaluating a course on the didactics of algebra within the 

context of teacher training at the university, using the participants' beliefs as the 
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starting point for this evaluation. 

Our study is connected to a long-term research and development project as part 

of revising the study regulations, in which traditional teacher training courses are to 

be supported by digital learning environments. The new study regulations add digital 

learning environments to six compulsory traditional courses. The first of these 

courses, with digital support, the Didactics of Algebra, was held in 2023. Therefore, 

this article refers to this course and presents the evaluation results of the digital 

learning environment used here. The fact that this course was “supported” by a digital 

learning environment means the following: The course consists of a traditional lecture 

and an online environment with two functions. Firstly, it provides materials for 

revision, in-depth study, and independent learning. It is updated weekly for each 

section of the lecture. Secondly, it replaces the traditional way of passing the exam: in 

the years before the online environment, the course was passed by writing four essays. 

Four online tests have now replaced these essays. 

The central theme of our study is the participants’ attitudes and beliefs towards 

the online environment, particularly their perception and acceptance of the online 

tests to pass the course. For this purpose, the 110 participants’ evaluative beliefs were 

collected by a questionnaire with each test and examined for changes in a longitudinal 

study. These beliefs and the test results were linked to background variables available 

about the participants from a previous semester. 

The aim was, on the one hand, to evaluate the new online offer, including its 

acceptance and, on the other hand, to classify and explain the participants’ beliefs in 

the light of various background variables. The purpose of the second goal is not only 

to focus on a singular learning environment but also to examine connections that may 

be generalisable beyond this one case. Beliefs and some appropriately selected 

background variables are considered suitable for doing this, as they are independent 

of the specific learning environment. 

2 The online environment for the didactics of algebra 

Since 2022, digital learning environments have been set up at the mathematical 

institute at the University of Hildesheim to support six curricular courses in the 

teacher training programme (University of Hildesheim, 2022), namely for algebra, 

geometry, and analysis as well as for the corresponding didactic courses on the 

didactics of algebra, geometry, and functional thinking (Beste et al., 2023). This 

project follows a pilot study in 2019 that established a digital learning environment 
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for the beginners’ lecture “Introduction to the Didactics of Mathematics” (Kober & 

Girnat, 2021). The six learning environments of the current project are aimed at 

further courses from the second semester onwards. Student teachers attend them with 

a focus on primary or lower secondary education. 

The learning platform for the didactics of algebra has been set up as the first of the 

six planned environments and was offered for the first time in the summer semester 

of 2023 for the primary and secondary schools teaching degree programs. The 

didactics of algebra was offered for the first time as a new course in teacher training 

at the University of Hildesheim as part of the change to the study regulations. The 

establishment of such a course is relevant for student teachers for the following 

reasons: In their bibliometric analysis, Veith et al. (2022) have shown that a great deal 

of research has been carried out in algebra education over the last 20 years. A 

performance analysis shows “the vastly growing output of research in algebra 

education” (p. 13). It is, therefore, timely to offer a course on the didactics of algebra 

as the field of research continues to grow. Secondly, algebraic thinking is central to 

understanding mathematics. It involves recognising patterns and understanding the 

relationships between numbers, objects and shapes (Windsor, 2009). However, 

algebra is often challenging for learners and is associated with some misconceptions. 

Much of the time is spent on so-called ‘letter arithmetic’ (Malle, 1993). In order to 

promote algebraic thinking in students and to be able to deal with misconceptions, 

student teachers should develop strategies in the didactics of algebra that specifically 

address these aspects (Windsor, 2010). 

As part of the project, an online learning environment was developed to provide 

optimal support for this lecture. As both the online learning environment and the 

lecture were being used for the first time, an evaluation was of particular interest to 

improve the quality of teaching. 

This is why this course was chosen for this work. The learning environment 

accompanies the corresponding lecture and includes topics such as early algebra, 

patterns and structures, arithmetic operations, the introduction of placeholders and 

variables, terms and algebraic expressions, linear and quadratic equations, functional 

thinking, and algebra in applied contexts. The learning content is represented using 

different media: videos, PDF files, articles, and external websites. 

The learning environment consists of four online tests, comprising a total of 94 

tasks. Each task must be completed within two weeks at various times throughout the 

semester to pass the lecture. The tasks of the four tests were developed based on the 



BESTE ET AL. (2025) 

4 
 

lecture content in accordance with Anderson and Krathwohl's learning taxonomy. 

This automatically analysable task covers the cognitive levels of remembering, 

understanding, and applying, with a particular focus on application-related tasks 

(Anderson & Krathwohl, 2001). The question types used are multiple-choice, cloze, 

and matching. To evaluate the test tasks, an online questionnaire was provided for all 

four tests. The online questionnaire consisted of the same items at all four 

measurement times. 

The establishment and operation of the learning platform for the didactics of 

algebra build on the research of Lagrange and Kynigos (2014). The platform's 

structure reflects the endeavour to incorporate technology in a contextualised way to 

enable students to develop a deeper understanding of algebraic concepts while 

improving their learning experience through the constant feedback between the test 

results and the questionnaire (Lagrange & Kynigos, 2014). 

3 Theoretical background and items of the questionnaire 

The evaluation of the online tasks is based on two sources: The pilot project related to 

the beginners’ lecture “Introduction to the Didactics of Mathematics” in 2019 was 

already based on online tests but was not supported by a digital learning environment 

complementing the lecture. These tests were evaluated back in 2019. Since there was 

no experience evaluating online tests, the participants were asked only two questions 

with free text answers: "What did you like about the online tests?” and “What do you 

think is negative about the online tests?”. Three statements were most frequently 

mentioned as positive features: The online tests cover the content of the lectures more 

broadly than essays, exams, or other common ways to pass the exam; the online tests 

allow independent, flexible processing over the course of the semester; the online tests 

are welcome alternative forms of assessment instead of the usual written work or 

exams that dominate studies. The three most frequently mentioned negative 

statements were: The test items were too difficult; completing the tasks was too time-

consuming; and some questions were worded ambiguously (Kober & Girnat, 2021). 

These statements were the initial point for the further quantitative evaluation and 

were taken into account to create closed-ended items for evaluating the algebra 

didactics course in 2023. 

The second source of the questionnaire is based on theoretical considerations used 

in other areas of belief research, especially those from motivation research (Hannula 
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et al., 2016). Our approach to motivation is based on the works of Deci and Ryan 

(1985; 2008) and Ryan and Deci (2000). 

Deci and Ryan distinguish several types of motivation, particularly intrinsic, 

extrinsic, and instrumental. Intrinsic motivation is defined as the doing of an activity 

for its inherent satisfaction rather than for some separable consequences; extrinsic 

motivation is a motivation that is driven to gain external rewards or to avoid 

punishments; and instrumental motivation is linked to a practical or pragmatic 

reason, i.e. it refers to the motivation to engage in an activity because it is personally 

important or relevant to one’s goals, values, or identity. For our purposes, extrinsic 

motivation does not seem to be of interest, as the evaluation of tasks should not lie in 

rewards or punishments in the social context of these tasks but in the tasks and the 

characteristics, identity, and goals of the test participants. For this reason, we only 

included intrinsic and instrumental motivation when creating the closed items of our 

questionnaire. In intrinsic motivation, by definition, the focus is on interest in the 

subject. For instrumental motivation, we decided to set goals related to the current 

studies and the future career as teachers. 

The connection of current and future (professional) goals also takes up an idea 

from Klafki’s pedagogical theory, the so-called “learning goal analysis”: Here, too, the 

value of newly learned knowledge is measured by its current and future significance 

for the learner’s life (Klafki, 1995, 1996). 

The items listed in Table 1 were created according to these considerations: Items 

Q1 to Q3 take up the most frequently mentioned positive answers from the evaluation 

of the pilot project in 2019. Item Q4 addresses intrinsic motivation, while items Q5 

and Q7 address instrumental motivation and, at the same time, future significance in 

Klafki’s sense. When formulating items Q5 and Q7, we particularly took into account 

a research result from Simons et al. (2004) that instrumental motivation can be better 

captured the more concretely the desired goal - in this case the teaching profession - 

is formulated. Item Q6 addresses a learning goal that is often cited as an advantage of 

digital learning environments, namely the opportunity to learn in a self-directed 

manner according to individual prior knowledge (Attert & Holmes, 2022; Armborst-

Weihs et al., 2018; Leutner, 2022). 

The Comp item compares the new exam format with traditional alternatives. The 

Diff and Time items address the negative responses collected in the pilot study 

evaluation: Are the test tasks too difficult? Do the tests take too much time? 
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Table 1.  Items used in the questionnaire with response options and coding 

Item Item Response options and 
their coding 

Q1 I learned a lot by completing the tests. … strongly disagree (0) 

… tend to disagree (1) 

… tend to agree (2)  

… completely agree (3) 

Q2 The test tasks broadly cover the content of the lecture. 

Q3 To complete the test, I intensively studied the content of the 
lecture. 

Q4 The test tasks are interesting in terms of content. 

Q5 The topics of the test tasks are relevant for my future career 
as a teacher. 

Q6 By completing the test, I was encouraged to deal with the 
learning content independently. 

Q7 The topics of the test tasks are important for my further 
studies. 

Comp Online tests are a better way to earn coursework than other 
typical requirements (such as essays, assignments, exams, 
portfolios, etc.). 

Diff The test tasks are …  

 

… much too easy (0)  

… rather too easy (1)  

… appropriate (2)  

... rather too difficult (3)  

… much too difficult (4) 

Time I need approximately the following time per week to repeat 
the lecture content: 

 

… 0 minutes (0) 

… 0 to 30 minutes (1)  

… 30 minutes to an hour 
(2) 

… one to two hours (3)  

… more than two hours (4) 

4 Research questions 

The aim of the study is to use the items as measuring instruments for the acceptance 

of the online tests. The question is whether the positively worded items Q1 to Q7 form 

a common scale. This is supported by the fact that each of them captures the quality 

characteristics of the environment; the argument against this is that they come from 

different background theories: intrinsic motivation, instrumental motivation, and 

exploratory statements from the pilot study. It will be further investigated once it is 

clear whether a scale can be formed from the items. The focus is on possible changes 

between the four measuring times and connections to the background variables of the 

participants (such as previous test results). More precisely, the research questions can 

be formulated as follows: 
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• RQ1: How are the items of the questionnaire correlated? 

• RQ2: Can the items be used to form a common scale that can be used to measure 

the “overall acceptance” of the digital learning environment? 

• RQ3: Do the measured values (score) of the items or an overall scale change over 

the four measurement points? 

• RQ4: Are there gender differences or other types of group differences (primary 

education vs. secondary education)? 

• RQ5: How do the items or an overall scale correlate with the background 

variables of the participants (such as previous achievements in mathematics 

and mathematics didactics)? 

• RQ6: Can explorative cluster analysis be used to find groups that are 

homogeneous in themselves but differ from each other? 

5 Sample and methods 

110 students attended the lecture on the digital learning environment in the summer 

semester of 2023. 78 of them indicated their gender as “female” and 32 as “male.” 88 

participants stated that the focus of their study was “primary school” (grades 1 to 4), 

and 22 indicated that the focus was “secondary school” (grades 5 to 10).  

Over the course of the semester, the students completed four online tests with the 

developed tasks. After each of these tests, a digital questionnaire survey with the items 

presented in Table 1 is available to the students voluntarily. This method allows for 

flexible and location-independent participation (Dillman et al., 2014; Evans & 

Mathur, 2018). The data collected provides valuable insights into motivation and test 

scores, which allows targeted adjustments to the learning environment. Specific 

aspects of the learning environment can be improved by making targeted adjustments 

based on the feedback, which continuously adapts the learning experience to the 

learners' needs.  

As the course was offered for the first time, there were no repeat participants; all 

participants were in their second semester. The participants had attended two 

previous courses, the results of which are of interest as background variables for the 

evaluation of the questionnaire: a lecture “Introduction to Mathematics” (M1) and a 

lecture “Introduction to the Didactics of Mathematics” (D1). 

The programme R was used to analyse the data (R core team, 2024). In addition 

to the standard methods of R, the lme4 package (Bates et al., 2015) was used to 

examine changes between the four measurement points using linear multilevel 
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models (Finch & Bolin, 2019). The explorative cluster analysis was done using the R 

package mclust (Scrucca et al., 2023). Missing data (less than 3% per item) were 

handled by multiple imputations (van Buuren, 2018) using the package mice (van 

Buuren & Groothuis-Oudshoorn, 2011). 

6 Results 

Firstly, it is analysed how the individual items of the questionnaire correlate with each 

other (RQ1). An exploratory factor analysis has shown that the three items of the 

online tests (Comp), the difficulty (Diff) and the time (Time) should be treated as 

single items and that all other items can be combined into a common scale, which is 

considered as a scale for the general quality of the offer (RQ2) (Cronbach’s alpha t0: 

0.78; t1: 0.76; t2: 0.73; t3: 0.84; Cronbach, 1951). This scale is labelled as Sc.qual. 

Table 2 shows the development of the results over time. The mean values are given 

for the questionnaire items and the “quality scale”. In addition, the percent test score 

for the tests is given (Cronbach’s alpha of the tests: t0: 0.86; t1: 0.88; t2: 0.92; t3: 

0.92). Significance is indicated by the common asterisks (* for p<0.05, ** for p<0.01, 

and *** for p<0.001). 

Table 2.  Means related to the four measuring times 

Items/Scale Measuring time (Means) Parameters 

 t0 t1 t2 t3 R² Theoretical mean 

Test 0.70 0.66 0.59 0.59 0.113*** 0.50 

Q1 1.80 1.83 1.92 1.76 0.007 1.50 

Q2 2.13 2.09 2.04 2.11 0.002 1.50 

Q3 2.20 2.31 2.19 2.04 0.016 1.50 

Q4 1.77 1.79 2.07 1.78 0.026 1.50 

Q5 2.11 1.96 2.01 1.87 0.013 1.50 

Q6 2.16 2.17 2.35 2.27 0.010 1.50 

Q7 1.96 1.95 2.08 1.80 0.023 1.50 

Sc.qual 2.00 2.02 2.10 1.94 0.013 1.50 

Comp 2.65 2.72 2.65 1.53 0.002 1.50 

Diff 1.29 1.65 1.57 1.53 0.062*** 2.00 

Time 2.61 2.56 2.59 2.49 0.003 2.00 

 



BESTE ET AL. (2025) 

9 
 

Regarding Table 2, it is noteworthy that the means of all items (except for 

difficulty) are above the theoretical mean (of 1.50 and 2.00, respectively) at all 

measurement times (RQ3). This supports the interpretation that the online tests are 

generally perceived as positive, which is confirmed by the high mean values of the 

“online tests item” (Comp). It is also worth noting that only the test scores and the 

subjective assessment of difficulty (Diff) changed significantly over time, i.e., the 

rating of the online tests remains practically constant (despite the decreasing test 

scores and increasing difficulty rating). This suggests that online tests are viewed 

positively regardless of performance development. 

Another research question concerns group differences (RQ4). The sample includes 

the two group variables gender and focus of study (primary vs. secondary). No 

significant group differences were found for these two grouping variables, and there 

were no significant differences in the temporal development of these grouping 

variables over time at the four measurement points. 

Correlations are next examined (RQ5). As items Q1 to Q7 have been combined to 

form the scale Sc.qual, these items are not considered individually but only the scale. 

The remaining three items Comp, Diff and Time are included in the evaluation as 

individual items. In addition, the results of two other lectures are included as 

background variables, namely the results from the lecture “Introduction to 

Mathematics” (M1) and from the lecture “Introduction to the Didactics of 

Mathematics” (D1). The results of these two lectures, like the results of the online 

tests, are available as percentage values. In order to keep the number of correlations 

manageable, the average values are formed from all four measurement points. 

Table 3.  Correlations between the scale, the test score, the single items, and the backgrounds 
variables (coefficients in the upper triangle matrix; significance levels in the lower half) 

 Test Sc.qual Comp Diff Time M1 D1 

Test 1 0.19 0.03 0.03 -0.11 0.23* 0.77*** 

Sc.qual 0.051 1 0.29** 0.17 0.21* -0.03 0.19 

Comp 0.741 0.002 1 0.00 0.18 -0.01 0.07 

Diff 0.738 0.090 0.998 1 -0.25* -0.06 -0.04 

Time 0.251 0.032 0.068 0.012 1 -0.20 -0.05 

M1 0.041 0.812 0.902 0.605 0.072 1 0.29*** 

D1 <0.001 0.052 0.507 0.698 0.621 <0.001 1 
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Both the significant and the non-significant correlations in Table 3 are interesting: 

the Sc.qual scale correlates slightly positively, but (almost) not significantly, with the 

results of the online tests (Test), i.e. even participants with lower test results do not 

necessarily have a negative correlation with the online test evaluation. The correlation 

between Comp and Test, which is practically zero, can be interpreted in a similar way: 

the preferences for online tests over other exam formats does not depend on the 

results in the tests. Overall, online tests are an accepted format for participants, 

regardless of their performance. The moderate to high correlations between the online 

tests and previous mathematical and didactic performance (M1 and D1) are not 

surprising. 

Table 4.  Means related to the two clusters 

Items/Scale Cluster Measuring time (Means) 

  t0 t1 t2 t3 

Test 1 

2 

0.70 

0.44 

0.67 

0.23 

0.60 

0.10 

0.60 

0.05 

Sc.qual 1 

2 

2.02 

1.86 

2.01 

1.93 

2.04 

1.85 

1.93 

1.90 

Comp 1 

2 

2.67 

2.53 

2.73 

2.73 

2.60 

2.66 

2.73 

2.59 

Diff 1 

2 

1.53 

1.28 

1.47 

1.63 

0.93 

1.49 

1.00 

1.45 

Time 1 

2 

2.62 

2.60 

2.47 

2.93 

2.51 

2.33 

2.47 

3.27 

M1 1 

2 

0.58 

0.37 

- - - 

D1 1 

2 

0.70 

0.26 

- - - 

 

The final section of our evaluation relates to an exploratory cluster analysis (RQ6). 

The mclust package provides automatic model selection and proposes a solution with 

two clusters. The first cluster is very large with 95 members (86.4%), the second is 

very small with 15 members (13.6%). Table 4 lists the characteristics of these clusters, 

i.e. the means across the test scores, the scale Sc.qual, the items Comp, Diff, and Time 

and the covariates M1 and D1. 

Regarding Table 4, the two clusters can be interpreted in an obvious way: Cluster 

1 includes the participants who maintain a high level in the online tests. Cluster 2 
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includes the participants who start with low test results and drop to close to zero by 

the fourth measurement point. The large difference in performance in the covariates 

(in mathematics M1 and in didactics D1) shows that the previous performance 

indicates whether or not the course on didactics of algebra course will be successfully 

completed in the second semester. In contrast, it is rather surprising that both groups 

rate the format of the online tests (Comp) positively and without major differences 

and that the quality of the test tasks (Sc.qual) is also evaluated similarly by both 

groups. 

6 Conclusions 

The main objective of the study was to find a way to evaluate a digital learning 

environment. The items Q1 to Q7 are so strongly correlated (RQ1) that it is possible to 

form a common scale with good reliability (with Cronbach’s alpha of 0.73 to 0.84, 

depending on the time of measurement). This scale evaluates the “overall acceptance” 

of the environment (RQ2). This result was not necessarily expected, as the items were 

partly developed exploratively from a pilot study, i.e. without any theoretical 

background and with different theoretical backgrounds: with reference to intrinsic 

and instrumental motivation (Deci & Ryan, 1985; Ryan & Deci, 2000) and with the 

inclusion of Klafki’s learning goal theory (1995, 1996). This result can be seen as 

positive, as this scale covers a wide range of quality characteristics with items from 

various theoretical and content-related aspects. Surprisingly, the mean values of the 

scale and the individual items (except for the assessment of difficulty) do not change 

significantly over all four measurement points in the semester (RQ3), i.e. the 

assessment of the learning environment remains stable, even if the test results and 

the assessment of the difficulty change. The positive aspect is that the learning 

environment appears to be valued independently of performance (as shown by the 

high values on all items). 

No significant group differences (RQ4) indicate a general acceptance of the 

examination format. This general acceptance is echoed in previous research, which 

indicates that digital environments are well-received alternatives to traditional 

assessments (Kober & Girnat, 2021). Significant correlations exist between the 

previously achieved performance in mathematics and didactics (M1 and D1) and 

current test results. This suggests that the knowledge and skills previously acquired 

by the participants influence their current results (RQ5).  
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Interestingly, the exploratory cluster analysis (RQ6) leads to an easy-to-interpret 

solution with two clusters: The much larger cluster (86.4%) includes the participants 

whose test level is high throughout the semester. Cluster 2 (13.6%) includes the 

participants who start with low test scores and drop to close to zero by the fourth 

measurement point. It should be noted that the second cluster can already be 

identified from the preliminary work, i.e. from the courses “Introduction to 

Mathematics” and “Introduction to Didactics of Mathematics” (Kober & Girnat, 

2021). Surprisingly, the members of both clusters rate the examination offer similarly 

and positively despite the differences in performance. 

The study is only the first step in evaluating the whole project: out of six lectures 

supported by a digital learning environment, only the first has been evaluated. In 

addition, the evaluation only refers to the test format, not the entire learning 

environment. It should also be noted that the study used a relatively small sample of 

110 participants over a single semester, suggesting that future research should gather 

broader feedback in more diverse contexts to earn experiences through contextualized 

technology integration, as noted by Lagrange and Kynigos (2014). The question is 

whether the results will remain stable or reproducible in larger samples and over a 

longer period of time. This is particularly the case for the cluster solution. In terms of 

content, it is well understandable that there could be a cluster with declining 

performance each year. Still, it is questionable whether this cluster behaves similarly 

regarding (positive) evaluation of the digital learning environment and in terms of 

(low) prior performance. 
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