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Especially in higher education, mathematical procedures must not only be mastered in isolation, but also selected and applied flexibly. Considering the growing importance of digital learning, we report on the results of a pilot study to investigate how interactive tasks in instructional videos may help to enhance students' flexible procedural knowledge in deriving polynomials. Economics students (N=43) were given a digital self-learning environment with videos and follow-up learning tasks. In a randomized controlled trial, they either watched videos that were interrupted by interactive tasks or videos without interaction. We found that the students with the interrupting interactive tasks performed significantly better in the post test and therefore seem to have gained greater procedural flexibility.

INTRODUCTION

In university mathematics, flexible procedural knowledge is considered a key skill [START_REF] Maciejewski | Developing flexible procedural knowledge in undergraduate calculus[END_REF]. It is particularly important for first-year students who, according to [START_REF] Maciejewski | Developing flexible procedural knowledge in undergraduate calculus[END_REF], have "only rote procedural ability" (p. 299) at their disposal. Digital learning environments offer special potential for practicing mathematical procedures independently of time and location. They may include instructional videos that explain and illustrate procedures or convey strategies.

Videos have become increasingly popular in higher education, at the latest since the outbreak of the pandemic. However, whereas tasks naturally promote cognitive activation for students, instructional videos typically lack activities that help students to maintain their attention. Therefore, instructional videos often lead to only passive use which might limit the learning effect.

The promotion of flexible procedural knowledge has been investigated in several classroom settings and has been applied to solving equations (e.g. [START_REF] Rittle-Johnson | Developing procedural flexibility: Are novices prepared to learn from comparing procedures[END_REF][START_REF] Rittle-Johnson | Compared with what? The effects of different comparisons on conceptual knowledge and procedural flexibility for equation solving[END_REF] and deriving polynomials (e.g. [START_REF] Maciejewski | Developing flexible procedural knowledge in undergraduate calculus[END_REF]. To our knowledge, it is unclear how these findings can be adapted to digital learning environments. In this paper, we focus particularly on how instructional videos can support students' cognitive activation.

We created instructional videos on the product and chain rule to derive polynomials and enriched them with interrupting interactive tasks using the H5P-tool. In a randomized controlled trial, we investigated their effect on students' performance. Our research question is as follows: How do the interactive tasks affect students' learning regarding the acquisition of procedural flexibility?

THEORETICAL BACKGROUND

Procedural flexibility [START_REF] Star | The nature and development of experts' strategy flexibility for solving equations[END_REF] define procedural flexibility as the "knowledge of multiple solutions as well as the ability and tendency to selectively choose the most appropriate ones for a given problem and a particular problem-solving goal" (p. 5). Their term "appropriate" refers to the most efficient strategy which is determined by the fewest steps to execute, the effort involved and one's familiarity with the problem type. Later, [START_REF] Liu | Turning Potential Flexibility into Flexible Performance: Moderating Effect of Self-Efficacy and Use of Flexible Cognition[END_REF] put forward a finer classification of the concept by distinguishing potential and practical flexibility. By potential flexibility, they refer to the knowledge of multiple strategies for solving mathematical problems without demanding their correct application. In contrast, the term practical flexibility addresses the performance, thus the concrete use of those strategies.

According to [START_REF] Maciejewski | Developing flexible procedural knowledge in undergraduate calculus[END_REF], flexible procedural knowledge can be taught. In a study on calculating derivatives, they successfully conducted an experiment using side-by-side, multiple solution comparison assignments. They found that these assignments had a greater effect on the students' procedural flexibility than a standard set of exercises without any comparison. They also figured out that selfreflection enriches the development of procedural flexibility. It is rather unclear, however, to what extent these results can be transferred to digital learning settings and, in general, how to design online environments for self-directed learning to foster students' flexible procedural knowledge. [START_REF] Rittle-Johnson | Developing procedural flexibility: Are novices prepared to learn from comparing procedures[END_REF] essentially propose two ways to improve both conceptual and procedural flexibility heavily drawing on learning with worked examples: comparison of worked examples and self-explanation. While comparing two correct solutions, students should also consider whether one procedure is more efficient that the other. In this context, the so-called tri-phase flexibility assessment is proposed by [START_REF] Xu | Measures of Potential Flexibility and Practical Flexibility in Equation Solving[END_REF]. During the first phase, students must solve problems as quickly and accurately as possible. Then, they are asked to generate multiple strategies for each problem. In the third phase, they evaluate their procedures and select the most innovative and appropriate one. The assessment has been evaluated in a study on equation solving. [START_REF] Xu | Measures of Potential Flexibility and Practical Flexibility in Equation Solving[END_REF] found that potential flexibility was higher than practical flexibility and that most students were not able to use innovative strategies.

Cognitive activation in digital learning environments with instructional videos

Instructional videos offer specific benefits for self-directed learning. They especially enable dynamic presentations of contents [START_REF] Cooper | The effectiveness of online instructional videos in the acquisition and demonstration of cognitive, affective and psychomotor rehabilitation skills[END_REF] and offer multiple options for visualisation. In mathematics, the speaker can demonstrate how to correctly use mathematical language in oral and is able to add colloquial explanations to lower the threshold. Instructional videos consider the potential heterogeneity as learners can adjust the playback speed, rewind, stop, and watch the video repeatedly.

However, instructional videos lack any means for cognitive activation because they are typically passively consumed. [START_REF] Kulgemeyer | Exploring the effects of physics explainer videos and written explanations on declarative knowledge and the illusion of understanding[END_REF] indicates that instructional videos might support an illusion of understanding since animations make explanations appear easier to understand than they are. An illusion of understanding is therefore "the false belief that an explanation was easy, a topic has been thoroughly understood and requires no further instruction" (Kulgemeyer, 2022, p. 3).

Combining instructional videos with follow-up tasks might be a way to counteract the low level of cognitive activation. This idea is supported by [START_REF] Lehner | Lehren und Lernen an der Hochschule der Zukunft[END_REF] who states that tasks are powerful means to manage cognitive activation both in analog and digital learning settings. According to [START_REF] Lehner | Lehren und Lernen an der Hochschule der Zukunft[END_REF], especially tasks with multiple solutions are useful to enhance cognitive activation. H5P (https://h5p.org) is a tool to create in-video tasks that can be integrated in moodle. It offers a variety of task formats such as single-choice and multiple-choice questions, cloze texts, and true/false questions. They can pop up automatically during the video and one can adjust that the video stops until the task is completed. In terms of possible didactic scenarios, those in-video tasks can be used to check prior knowledge, to underline central cognitive conflicts, to summarize or to review newly gained knowledge or to think ahead.

METHODS

Participants

We started the study with 51 economics students from a German university. Since eight students did not complete the session, we restrict our analysis to the 43 students who participated until the final tasks were answered. The participants attended a mathematics bridging course which has been offered as an optional support for the course "Mathematics I for Economics". Due to the pandemic, the bridging course took place virtually via Zoom.

Procedure

The participants were randomly assigned to one of two breakout rooms. The digital learning environment, the pre-and the post-test and the questionnaire were uploaded to a moodle course in which the students were inscribed. The learning environment was intended for self-learning, but the first author and another researcher familiar with digital learning each supervised one breakout room. The students could contact them in case of technical or organizational issues. The procedure took 60 minutes.

Before the self-learning unit, the participants completed two introductory tasks in which they had to apply the product rule and the chain rule. After the treatment, the students were given four final tasks. For given functions, students were to decide which of two proposed strategies was more efficient.

Treatment

During the treatment, the participants independently worked on a digital learning environment. The learning environment consisted of two instructional videos, one on the product rule (03:48 min for the intervention group, 04:02 min for the control group) and one on the chain rule (06:08 min for the intervention group, 06:39 min for the control group), each followed by three follow-up tasks on the respective rule. We opted for screencasts and handwritten style when producing the videos. The tasks were implemented in the videos using the H5P-tool.

In each video, we formed the derivations of two to three polynomials by contrasting two solutions. The application of the power or chain rule was compared to first transforming the function term, e.g., by applying the power laws or the binomial formulas, and then deriving it without the respective rule (see Fig. 1). The number of calculation steps and the effort involved were considered the main criteria to select the most reasonable strategy. The cognitive demand of the strategies and what is considered a step still need to be elaborated. The two treatment conditions differed by the presence of interactive tasks in the videos. Each video comprised three interactive tasks, see Table 1. Whilst the intervention group was confronted with these tasks popping up automatically during the video, the control group was given videos without interaction. In their videos, however, the interactive single-choice questions (see Table 1) were asked verbally, and the summary provided by the cloze text was also given verbally. The other parts of the learning environment were kept equal. 2. (single choice): "Transform the term (𝑥 $ ) ! using the power laws. What does the transformed term look like? " 3. (cloze text): "For products of two monomials, for example 𝑥 ! ⋅ 𝑥 " , it is reasonable to transform the term with the (power laws/binomial formulas/product rule) before forming the derivative.

For products of two sums that are difficult to multiply out, it is reasonable to apply the (product rule /chain rule /power rule) to form the derivative.

For the special case (𝑎 + 𝑏)(𝑎 -𝑏) meaning that the summands match in each case, we can transform the term with (third binomial formula /sum rule /product rule) before forming the derivative."

3. (cloze text): "For sums with two or more summands that are exponentiated with a (high/low) exponent, the (product rule/chain rule/power rule) is the best choice to form the derivative. For monomials, for example 𝑥 $ , that are potentiated, it is more reasonable to transform the term with the (power laws/binomial formulas/chain rule) before forming the derivative." After having watched the video on the product rule, the students completed the following tasks. The follow-up tasks after the video on the chain rule have been structured analogously.

Task 1: Form the derivative of the function 𝑓: ℝ → ℝ, 𝑓(𝑥) = 𝑥 $ ⋅ 𝑥 % , once by applying the product rule and once again by first transforming the term and then forming the derivative.

Task 2: Decide which of the following strategies is the most reasonable to form the derivative of the function 𝑓: ℝ → ℝ, 𝑓(𝑥) = 4𝑥 ! ⋅ 2𝑥 & (without calculation). We developed the components of the digital learning environment presented above mainly building upon research on procedural flexibility as well as on cognitive activation. The definition of procedural flexibility according to [START_REF] Star | The nature and development of experts' strategy flexibility for solving equations[END_REF] comprises two essential aspects: the knowledge of multiple solutions and the ability to select the most suitable one for a given task. We aimed to address both facets of the definition in the videos and follow-up tasks.

The videos on the product and chain rule primarily address students' knowledge of multiple solutions by presenting different procedures to derive the given polynomials. Considering the distinction between potential and practical flexibility put forward by [START_REF] Xu | Measures of Potential Flexibility and Practical Flexibility in Equation Solving[END_REF], the videos therefore aim to foster potential flexibility because students were not prompted to carry out any procedure in terms of practical flexibility.

The concrete performance was demanded in the follow-up tasks after the videos that were therefore intended to enhance students' practical flexibility. Especially the first task after each video served this purpose. Students had to find the derivative of a polynomial using two different procedures (applying the product or chain rule vs. transforming the term before forming the derivative). The second and third task aimed rather at the ability to select a suitable procedure to form the derivative of a given function. Thus, these tasks address the second facet of procedural flexibility mentioned above.

Considering cognitive activation, we opted for a combination of instructional videos and follow-up tasks to counteract the typically low level of cognitive activation of instructional videos. As quizzes are considered useful to activate learners [START_REF] Lehner | Lehren und Lernen an der Hochschule der Zukunft[END_REF], we decided to enrich our videos with small interactive tasks not only to provide activating tasks outside the videos but also while watching them (only for the intervention group). Unlike the follow-up tasks after the videos, the interactive tasks (see Table 1) were not intended to directly foster procedural flexibility but to maintain students' attention. On a more functional level, the tasks served to activate students' prior knowledge (the first two tasks in Table 1) or to reflect the main aspects of the video (the third tasks in Table 1).

Instruments and data analysis

Before the intervention, students had to complete two introductory tasks, one on the product rule and one on the chain rule. The tasks were to find the derivation of a product of two polynomials (𝑓: ℝ → ℝ, 𝑓(𝑥) = 𝑥 $ ⋅ (3𝑥 -1)) and of two chained polynomials (g: ℝ → ℝ, 𝑔(𝑥) = (2𝑥 + 5) ! ). To get better insights into potential mistakes, we structured the tasks using cloze texts. First, the learners had to give the functional equations of the two polynomials, then they had to type in their derivatives before they finally applied the respective rule. The participants could achieve a maximum of eight points for each task.

For both introductory tasks, we calculated the mean value and standard deviation for every group. Additionally, we carried out a two-sided t-test to check whether the students were randomly assigned to the two groups.

After the intervention, we used the following tasks to measure students' knowledge gain. During the treatment, students already completed analogous tasks. In the treatment section, we already described that these tasks addressed the ability to select an appropriate solution for a given task, thus the second aspect of procedural flexibility. We put emphasis on this facet because it appears crucial to us that students can estimate the effort of a procedure before performing it. We developed all tasks (including the in-video and follow-up tasks) on our own. Final task: Decide for each of the following functions which of the proposed strategies is the most reasonable to calculate its derivative (without performing the calculation). Each correct answer has been awarded one point, incorrect answers yielded zero points. We used SPSS statistics 28 for data analysis. For each task, we calculated the mean value and the standard deviation for both groups. To compare the intervention group and the control group and to see whether the former performed significantly better than the latter, we conducted two-sided t-tests for independent samples.
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RESULTS

We first give some descriptive statistics. In Table 2, the means, and standard deviations (SD) for both the introductory tasks and the final tasks are listed. The intervention group (IG) got the in-video tasks during the treatment, the control group (CG) had no in-video tasks.

For both introductory tasks, there is only a slight difference between the means of the two groups that is not significant, t(44) =1.386, p=.173 (product rule); t(43)=.316, p=.754 (chain rule). This indicates that the randomization worked as intended. In the data on the final tasks, we can see that, except for the second task, the students in the intervention group performed slightly better than the control group. We find the biggest difference between the means in the fourth task. The t-tests revealed that only the difference for this task was statistically significant, t(41) = 2.27, p=.029. The differences in the other tasks could also be explained by random, |t(41) |< 0.579, p>.565. Thus, the group with the interactive tasks performed significantly better in the last task. Cohen's d is .70 indicating a rather high effect size.

Task

Due to the dichotomous coding, the scores can be interpreted as solutions frequencies.

Instead of just under half of the control group, 75% of the participants in the intervention group were able to solve the task. However, the data overall indicate a small learning effect, especially in the control group. Solving approximately 50 % of tasks with two choices could simply be explained by chance. In the intervention group, those percentages are slightly higher, especially for the last task.

DISCUSSION

Coming back to our research question "How do the interactive tasks affect students' learning?", we can state that in-video tasks in a digital learning environment on the flexible use of derivation rules have affected our students' learning gain positively. We found that students completing those tasks performed significantly better in one task in the post-test.

However, the overall learning gain appears rather small to us. Possible reasons might include the format of the final tasks that only offer two options to respond and the short duration of the treatment (60 minutes). Since the students in the intervention group performed better in the post-test and especially significantly better in one of its tasks, we conclude that the additional cognitive activation via in-video tasks is fruitful for digital learning.

Limitations

Certain limitations of this study must be considered to correctly classify its results, including limitations concerning the sample and frame conditions, the measures, and the results.

The small sample size and the short duration of the treatment are created by the explorative design of the study. As some students did not finish the treatment, the sample size further reduced during the session. Despite the successful randomization, we did not get equally sized groups. Our study thus has low statistical power and we may have missed results that could be gained in larger samples.

The measures have great potential for improvement as they were not piloted. The first task used for the randomization check showed a ceiling effect (i.e., it was too easy). The final tasks do not correspond to the length of usually extensive performance tests. Therefore, we could not expect a precise measurement. Again, imperfect instruments likely blur results so might expect more clear effects in future studies.

Implications and future research

This study contributes to the promotion of procedural flexibility in digital learning settings we still know little about. Therefore, we adapted non-digital approaches that have been approved in classroom settings (see [START_REF] Maciejewski | Developing flexible procedural knowledge in undergraduate calculus[END_REF][START_REF] Xu | Measures of Potential Flexibility and Practical Flexibility in Equation Solving[END_REF]. We think that we successfully developed a digital learning environment with interactive videos as most of the participants managed to complete the treatment and stated that they were satisfied with it.

We aimed at addressing both facets of procedural flexibility with our videos and follow-up tasks. The instructional parts, the videos, aimed rather at the knowledge of multiple solutions and the in-video tasks served to maintain the students' attention. The follow-up tasks addressed the concrete performance of those solutions and the ability to select the most appropriate one.

On a theoretical level, future research will be needed to investigate the participants' learning processes as they might show us how the learners really deal with the material and to what extent they reflect on it. On a methodical level, researching the use of a digital learning environment via Zoom turned out to be challenging. Research will be required on valid methods for digital settings. Finally, as practical implication, we recommend enriching instructional videos with in-video tasks that can be rather easily integrated with tools such as H5P.
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 1 Fig. 1: Multiple solutions on the task "Calculate the derivative of the function 𝒉: ℝ → ℝ, 𝒉(𝒙) = +𝒙 + √𝟑/+𝒙 -√𝟑/"

  single choice): "Transform the term 𝑥 ! ⋅ 𝑥 " using the power laws. What does the transformed term look like? " 1. (single choice): "We can form the derivation of 𝑓: ℝ → ℝ, 𝑓(𝑥) = (𝑥 + 1) # with the chain rule. What are the functional equations of the outer function 𝑢 and the inner function 𝑣 here? " 2. (single choice): "What is the first derivative of 𝑓: ℝ → ℝ, 𝑓(𝑥) = 𝑥 $ + 𝜋 ⋅ 𝑥 -√3 ⋅ 𝑥 -𝜋 ⋅ √3 ?"

  a) Applying the product rule b) Applying the power laws and then forming the derivative Task 3: Decide which of the following strategies is the most reasonable to form the derivative of the function g: ℝ → ℝ, 𝑔(𝑥) = (𝑥 -1)(𝑥 + 1) (without calculation). a) Applying the third binomial formula and then forming the derivative b) Applying the product rule

  a) Applying the product rule b) Applying the power laws and then forming the derivative (correct answer) 2. 𝑓 $ : ℝ → ℝ, 𝑓 $ (𝑥) = (3𝑥 + 2)(3𝑥 -2) a) Applying the product rule b) Applying the third binomial formula and then forming the derivative (correct answer) 3. 𝑓 ! : ℝ → ℝ, 𝑓 ! (𝑥) = (𝑥 $ -1) " a) Applying the chain rule (correct answer) b) First expanding the term and then forming the derivative 4. 𝑓 ( : ℝ → ℝ, 𝑓 ( (𝑥) = (2𝑥 ! ) " a) Applying the chain rule b) Applying the power laws and then forming the derivative (correct answer)

Table 1 : Overview of the in-video interactive tasks
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Table 2 : Mean values and standard deviations for the introductory and final tasks 1
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The group sizes differ in the intervention group because three participants completed the introductory and follow-up tasks after the videos but not the final task. Since all data was collected anonymously, we cannot retrace the students who did not finish all tasks.