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Planning scientific essays is a fundamental activity for students to acquire and 
demonstrate research competence in higher education. The planning and writing 
process is complex and time-consuming, requiring significant effort from both 
students and tutors. Consequently, recommender systems have been used to support 
the writing process, but the evidence regarding their pedagogical effectiveness is 
sparse. In this study we conceptualize and evaluate an approach to closely align 
a recommender system with pedagogical principles of the specific use case. In 
our Wizard-of-Oz experiment we therefore used scaffolded recommendations 
to explore whether this approach can assist students in planning a scientific essay 
for a course in media education. The intervention resulted in positive effects on 
the time students’ need to be tutored for and the intention of students to reuse 
the system. We discuss implications of these results for the design of supporting 
essay planning through recommender systems, considering limitations of the 
method applied.
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1 Introduction

The ability to write scientific essays is a key skill in higher education (Dahl et al., 2023). 
While essay writing is widely used in higher education, tasks specifically emulating scientific 
essay writing follow very high rigor and incorporate academic standards (Halliday and Martin, 
2003). Such tasks positively impact students’ writing proficiency (Haswell, 2000; Oppenheimer 
et al., 2017; Dahl et al., 2023). Research competence and scientific writing require a complex 
skillset (Dahl et  al., 2023; Guilford, 2001). Therefore, writing essays in higher education 
confronts students with affective, cognitive, vocabulary and structure related challenges 
(Bulquiyah et al., 2021). One key part of the writing process is the planning phase of the essay 
(Hounsell, 1984). Here, students explore a subdomain of their field, identify a research gap, 
define their essay topic and form corresponding research questions (Alley, 2018; Singh and 
Mayer, 2014). This process could be supported through recommender systems (RecSys). 
RecSys guide users to a useful object when a magnitude of options is possible. This is done 
through diverse techniques to automate finding optimal matches between users and potential 
objects of interest (Ricci et al., 2011). An overview of such techniques can be found in Joy and 
Pillai (2022). Educational RecSys recommend further learning content, activities or sequences 
to learners or provide recommendations on learning partners (Drachsler et al., 2015). RecSys 
are used in higher education (Maphosa and Maphosa, 2023), in research processes and 
scientific writing (Kreutz and Schenkel, 2022; Sun et al., 2024; Zhang et al., 2023) even though 
evidence for their pedagogical effectiveness is scarce (da Silva et  al., 2023). A related 

OPEN ACCESS

EDITED BY

Catalina Lomos,  
Luxembourg Institute of Socio-Economic 
Research, Luxembourg

REVIEWED BY

Hassan Banaruee,  
University of Education Weingarten, Germany
Margaret Thomas,  
Earlham College, United States

*CORRESPONDENCE

Lars van Rijn  
 lars.vanrijn@fernuni-hagen.de  

Silke Elisabeth Wrede  
 silke.wrede@fernuni-hagen.de

RECEIVED 30 April 2025
ACCEPTED 01 September 2025
PUBLISHED 17 September 2025

CITATION

van Rijn L, Wrede SE, de Witt C, 
Wang X, Duong-Trung N, Jose AM and 
Pinkwart N (2025) Scaffolding 
recommendations for students’ essay 
planning.
Front. Educ. 10:1621151.
doi: 10.3389/feduc.2025.1621151

COPYRIGHT

© 2025 van Rijn, Wrede, de Witt, Wang, 
Duong-Trung, Jose and Pinkwart. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE  Brief Research Report
PUBLISHED  17 September 2025
DOI  10.3389/feduc.2025.1621151

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2025.1621151&domain=pdf&date_stamp=2025-09-17
https://www.frontiersin.org/articles/10.3389/feduc.2025.1621151/full
https://www.frontiersin.org/articles/10.3389/feduc.2025.1621151/full
mailto:lars.vanrijn@fernuni-hagen.de
mailto:silke.wrede@fernuni-hagen.de
https://doi.org/10.3389/feduc.2025.1621151
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2025.1621151


van Rijn et al.� 10.3389/feduc.2025.1621151

Frontiers in Education 02 frontiersin.org

meta-analysis has shown high heterogeneity in the effects of 
automated feedback tools on students’ writing (Fleckenstein et al., 
2023), indicating dependence on the use case. However, we could not 
identify studies where RecSys support students’ essay planning. 
We  explore this gap by addressing the challenge of designing 
recommendations to facilitate essay planning. Since recommendations 
could be given on several concepts related to scientific essays, reducing 
the information provided to students at once will be key for achieving 
a match between student competence and task challenge. This should 
facilitate students to reach a zone of proximal development (ZPD). 
ZPD was conceptualized by Vygotsky (1978) and defines a state of 
development, where learners can achieve something with guidance 
from more knowledgeable others (e.g., teachers) that they would 
be unable to independently. Such support builds task competence 
which increases the pace at which learning occurs. Recommendations 
could achieve this if their content is structured to enable students to 
more easily focus on each subtask necessary for essay planning. 
We propose to realize this by scaffolding recommendation content. 
Scaffolding is built on the idea of ZPD and was first coined by Wood 
et al. (1976), introducing it as controlling elements of a task to enable 
learners to engage in tasks that otherwise would be outside of their 
capacity. It describes any support given that bridges the gap between 
a student’s current competences and necessary competences, while 
fading out support over time (van de Pol et al., 2010). Scaffolding 
strategies aim at support for cognition, metacognition and affect. 
Cognitive scaffolding focuses on taking over parts of the task, showing 
model behavior or offering feedback (van de Pol et  al., 2010). 
Metacognitive Scaffolding supports students in staying on task and in 
pursuit of learning goals, while affective scaffolding supports a 
conducive affective state (van de Pol et al., 2010). This guidance is 
effective if done strongly instructional (Hmelo-Silver et  al., 2007; 
Kirschner et al., 2006), requiring one-to-one tutoring, which is highly 
demanding in higher education with the given teacher-to-student 
ratios. In a recent meta-analysis, scaffolding has been shown to 
be highly effective in online learning (Doo et al., 2020). Scaffolding 
positively affects metacognitive processes in writing, (Jafarigohar and 
Mortazavi, 2017), reduces cognitive load (Lee and Tan, 2010), and 
supports self-regulated learning processes (Li et al., 2023). Scaffolding 
supports science text comprehension and writing (Lin et al., 2014; Lo 
et al., 2009; Ouyang et al., 2024), showing potential in online learning 
(Ouyang et  al., 2024; Ucar-Longford et  al., 2024). Scaffolding can 
be realized through feedback (Lee and Tan, 2010; Panadero et al., 
2016). Feedback is most effective if it incorporates information on the 
correct result, providing a cognitive scaffold, while including 
information on potential next steps and self-regulation, incorporating 
metacognitive and affective scaffolds, so called high information 
feedback (HIF) (Hattie and Timperley, 2007; Wisniewski et al., 2020). 
Recommendations can offer information on next steps and potentially 
relevant learning resources to students (Gloerfeld et al., 2020). The 
combination of such recommendations with corrective feedback on 
essay planning would point out potential improvements and offer 
information on how to proceed, achieving attributes of HIF.

2 Method

In this study we  investigate whether scaffolding is a viable 
approach for recommendations to support students in planning 
scientific essays. We assume that an appropiate RecSys (addressing the 
ZPD) can reduce the time spent by instructors in 1-on-1 tutoring, as 
individual tutoring processes are transferred to the RecSys and essay 
planning reaches its final stage faster. This could reduce the workload 
for both students and tutors, enabling them to reallocate resources for 
more in-depth tutoring or other challenges. To examine the 
pedagogical effectiveness of the RecSys, we define it as the system’s 
ability to promote student’s research competence and increase their 
satisfaction with the system itself. We aim to determine how the use 
of the RecSys affects student’s self-assessment of their own research 
competence and how scaffolded recommendations influence students’ 
satisfaction with the RecSys. The corresponding research questions are:

RQ1: How do scaffolded recommendations affect the time 
students need until they reach sufficient quality of their scientific 
essay concept?

H1: Students provided with scaffolded recommendations need 
shorter time to reach sufficient quality compared.

	(a)	 to students who are exclusively tutored.
	(b)	 to those provided with generalized recommendations.

RQ2: How do scaffolded recommendations affect the time 
students need to be tutored to reach sufficient quality of their 
scientific essay concept?

H2: The tutoring process for students provided with scaffolded 
recommendations is significantly shorter than for students.

	(a)	 receiving generalized recommendations.
	(b)	 who are exclusively tutored.

RQ3: Do students perceive their research competence differently 
with and without scaffolded recommendations?

H3: Changes in students’ perception of their own research 
competence increase if provided with scaffolded recommendations 
compared to generalized recommendations.

RQ4: How do scaffolded recommendations affect the students’ 
perception of the system’s ability to provide on-task support?

H4: Students provided with scaffolded recommendations perceive 
a higher ability of the RecSys to support them in their planning 
task compared to generalized recommendations.

A mixed within-between-subject field experiment was conducted 
in a B. A. educational science course on media education and 
communication at a distance university. The final examination is a 
literature-based scientific essay. We used a Wizard-Of-Oz experimental 
design, where educational scientists simulated system outputs on a 
RecSys mockup frontend. Scientists prepared sample responses, which 
were sent to students via the system, imitating functionality of a fully 

Abbreviations: RecSys, Recommender System; HIF, high information feedback; 

RQ, Research Question; HXa), Hypothesis n (number) a (letter); DPO, data 

protection officer; LMS, learning management system; DTAS, Skala zur Erfassung 

der Digitalen Technologieakzeptanz.
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developed recommender engine. This ensured a controlled output, 
separating recommendation design aspects from unexpected system 
outputs. Because of the asynchronous nature of the distance learning 
course, recommendations were sent out 3 times a day to students. A 
faster response time could not be achieved with the given resources. To 
enhance the output quality, we developed recommendation texts for all 
quality criteria and used them to provide the recommendations.

2.1 Designing scaffolded recommendations

To adhere to theoretical and empirical implications of effective 
scaffolding, we defined the content of provided recommendations as 
follows: to offer cognitive scaffolding, corrective feedback should support 
students in identifying which parts of their current solution were 
adhering to quality criteria. Therefore, we designed an assessment rubric 
with the teachers, from which we could identify what to focus on in the 
feedback (e.g., “Are one or multiple topics provided by the student?”). 
Direct feedback towards the achievement of each criterion was provided 
(e.g., “Nice to see that you have stated one topic and corresponding 
research question.”). Metacognitive scaffolding was achieved through two 
principles. Firstly, criteria were organized sequentially, offering step-by-
step guidance to support progress towards the task goal. Secondly, 
multiple recommended next steps were outlined for each criterion to 
enhance the solution or advance the task. (e.g., “You may want to think 
about how the chosen topic fits into the course’s focus domain.”). To 
incorporate affective scaffolding, each criterion was coupled with 
motivational text related to its achievement (e.g., “Thank you for the work 
put into your proposed topic, […]”) and each potential next step with one 
that motivated to persist (e.g., “You are approaching your goal!”).

2.2 Course design and recommender 
system mockup

In the course, students prepare their essays throughout the semester 
in a 1-on-1 tutoring setting. They are given the initial task to derive their 
research interest and formulate a corresponding essay topic and a 

research question. In an online forum tutors give corrective feedback on 
the progress, motivating comments and recommend how to proceed 
with the planning, providing scaffolding on the cognitive, metacognitive 
and affective level. Since essay topics are chosen according to students’ 
interests, the task is open-ended. Fittingly, recommendations provide 
enough leeway for students not to be guided to a specific answer. Rather, 
they induce self-evaluation of solutions while considering the proposed 
next steps. However, because empirical evidence for pedagogical 
effectiveness of RecSys is scarce, pedagogical principles are implemented 
into the system’s design. We  identified scaffolding strategies as a 
mechanism to facilitate positive effects. To simulate the RecSys’ functions 
effectively, essential features were developed as a mockup, providing 
students with a frontend to enter their essay concepts (Figure 1). A 
frontend for teachers with an overview of students’ inputs and the 
possibility to send recommendations was provided (Figure  2). The 
mockup was implemented by using a modular architecture of the MERN 
stack (i.e., MongoDB, Express.js, React.js, and Node.js), which is suited 
for scalable and easy-to-maintain web applications. This system allows 
tutors and students to simultaneously manage and collaborate online on 
a variety of operations (submission, revisions, feedback, 
recommendations, status logs, updates, notifications). MongoDB was 
used to efficiently store each operation on a student’s essay concept with 
an id and timestamp, which allows tracking and analyzing student’s 
responses to recommendations.

2.3 Experimental conditions

Azevedo et al. (2005) found that in a knowledge acquisition setting, 
scaffolding that adapts to the students’ progress is more effective than 
generalized scaffolding that provides predefined information which is the 
same for each student. Since the given scenario differs quite significantly 
from that setting, we designed two conditions. Students were randomly 
allocated to the conditions, which provided either three consecutive 
scaffolded recommendations on their solution (Group 1) or a generalized 
recommendation on the quality criteria for essay concepts (Group 2). 
This was done to check whether the scaffolded recommendations retain 
the positive effect found by (Azevedo et  al., 2005) when applied to 

FIGURE 1

Student-facing web-interface.
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supporting students’ essay planning. To ensure that students did not miss 
out on additional support, both conditions had comparable content, 
differing only in the method. A quasi-control group with no interventions 
was derived from historical data of a previous cohort (Group 3).

2.4 Procedure

To ensure that the study was understood, the study design including 
information on the experimental conditions were explained at two 
online seminars prior to the initial survey. Students were informed that 
which conditions existed and that allocation to each was random. The 
experiment took place from April to June 2024. Firstly, participants 
answered the pre-intervention survey. Here, informed consent for 
participation was requested via consent forms that are developed 
together with the university’s data protection officers (DPO) and the 
survey was administered through the learning management system 
(LMS). Thereafter, access to the RecSys-mockup was granted. Students 
interacted with the mockup as if it was an actual RecSys. Students in the 
generalized recommendation condition received a single 
recommendation encompassing all quality criteria, along with guidance 
to reflect upon them. Students in the scaffolded recommendations 
condition received feedback on their initial essay concept regarding the 
first quality criterion, identifying issues and providing recommendations 
for improvement. A maximum of three resubmissions were allowed. 
Finally, students were informed about which condition they were 
allocated to with the final message and received an invitation to the 
post-intervention survey. All data collection efforts were documented 
throughout the study and monitored by the university’s DPOs.

2.5 Participants

57 students were recruited for the intervention study and took 
part in the first survey. Participation was optional for each survey. 42 

students were retained until the second survey. Additionally, as a 
control condition an equivalent random sample of students (n = 42) 
from the previous cohort were drawn. Students from the experimental 
conditions were only included in the final analysis if they started the 
writing process after tutoring, took part in the intervention and both 
surveys. 7 students in the experimental conditions did not start their 
writing process and were excluded. The students included (n = 35) 
were randomly assigned to the two conditions: generalized (n = 17) 
and scaffolded recommendations (n = 18). Participants were between 
24 and 60 years old (M = 39.2; sd = 9.9), predominantly female 
(90.1%) and had German as a first language (88.2%).

2.6 Measurements

For RQ 1 we calculated the difference between provision of the task 
and the time sufficient quality was achieved. Additionally, we calculated 
the difference between the provision of the task and the deadline for 
starting the writing process. The time students used (time_stud) was 
then calculated as the percentage value of time students had used of the 
longest possible time frame to achieve sufficient quality. This accounts 
for any additional time that the use of the RecSys may have introduced. 
For RQ 2 we  calculated the difference between the time students 
started tutoring in the forum and the time sufficient quality was 
achieved. Additionally, we calculated the difference between the time 
students started tutoring in the forum and the deadline for starting the 
writing process. The time students were tutored for (time_tut) was 
calculated as the percentage value of time students were tutored for to 
achieve sufficient quality compared to the longest possible time frame. 
This indicates efficiency in terms of workload for teachers and potential 
time freed in the tutoring process to go into further depth with 
students. Since participation in the study was optional, we reduced the 
used questionnaires as much as possible in favor of minimizing 
workload for students to retain participants. For RQ 3 we administered 
the F-Komp questionnaire (Hauser et al., 2018) in its German version 

FIGURE 2

Teacher-facing web-interface.
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(Böttcher-Oschmann et al., 2019). We reduced the questionnaire to 
subscales relevant to the scenario, which are skills in reviewing the state 
of research (sr), methodological skills (me) and content knowledge 
(ck). The F-Komp was administered in both surveys. The difference 
between the pre- and post-intervention survey was calculated for the 
global value (δ_FKomp) and all subscales (δ_sr; δ_me; δ_ck) to 
measure changes in students’ perceptions of their research competence. 
At the time, no validated instrument to measure students´ perceptions 
of educational RecSys was available (RQ4). For that reason, we adapted 
a questionnaire for the acceptance of digital technologies (DTAS) to 
target RecSys (Schorr, 2020). To keep the questionnaire as close to 
original as possible, we only replaced the term “digital technologies” 
with “recommender systems.” The subscales of the instrument are 
perceived usefulness (DTAS_uf), behavioral intention to use (DTAS_
in), perceived ease of use (DTAS_ea) and attitude towards use. Since 
the focus of our study was on aspects of the RecSys’ on-task 
functionality, we excluded the last subscale in favor of survey time 
efficiency. This questionnaire was administered after the intervention.

2.7 Data collection

We gathered forum interaction and survey data from the LMS 
database. Raw forum data for the given course and survey data was 
collected through an SQL-query and imported into the data analytics 
software KNIME (v5.1.3). There, data was filtered for students’ 
interactions with teachers in the tutoring forum, including EPOCH-
timestamps for messages. These were filtered for the first submission 
and the submission, that achieved the necessary quality for starting 
the writing process. For each student that did not achieve this quality 
throughout the tutoring phase, the timestamp was set to the deadline 
for starting writing. Sociodemographic information was provided by 
the university’s statistics department. Data on forum interactions and 
sociodemographic information for the quasi control group was 
collected and transformed accordingly. However, no survey data for 
this historical dataset exists. All data was imported into the statistics 
software SPSS (v29.0). Here, the differences from between both 
surveys for the F-Komp as well as the percentage value for time_stud 
and time_tut were calculated.

3 Data analysis and results

The descriptive statistics and Shapiro–Wilk tests for normal 
distribution can be seen in Table 1 separated by group, including 
subscales for each questionnaire. No significant outliers were 
found. Apart from DTAS_in and time_tut for Group  3, all 
measurements were normally distributed (p ≥ 0.05). The adapted 
scales were tested for their reliability at the time of first 
application. The F-Komp achieved good (n = 57; α = 0.80) and the 
DTAS excellent reliability (n = 35; α = 0.92). Participation was 
insufficient to validate the psychometric structure. However, 
changes were kept to a necessary minimum, and the included 
subscales were kept intact to minimize any potential bias 
introduced through these changes (see also section 2.6). Results 
of the hypothesis testing as described in section 3.1 to 3.4 are 
presented in Table 2.

3.1 Research question 1

We expected but did not find that students provided with 
scaffolded recommendations needed shorter time to achieve 
sufficient quality compared to students with generalized feedback 
(H1a) and students who are exclusively tutored (H1b). According 
to the one-sided unpaired t-tests, Group 1 neither outperformed 
Group 2 (p = 0.316) nor Group 3 (p = 0.290). Therefore, we reject 
both hypotheses.

3.2 Research question 2

We expected that students provided with scaffolded 
recommendations would need shorter tutoring time compared to 
students with generalized feedback (H2a) and students who are 
exclusively tutored (H2b). Group  1 (M = 59.97; sd = 20.90) 
outperformed both group  2 (M = 73.52; sd = 22.20) and group  3 
(M = 72.22; sd = 22.95) on the time students were tutored to achieve 
sufficient quality (time_tut). No correlations between age, gender or 
first language and time tutored were found, indicating no need to 

TABLE 1  Descriptive statistics and Shapiro–Wilk test.

Variable Group 1 Group 2 Group 3

M sd p M sd p M sd p

δ_F-Komp 0.07 0.32 - −0.02 0.25 -

δ_sr 0.00 0.39 - 0.00 0.44 -

δ_me 0.19 0.48 - −0.14 0.70 -

δ_ck 0.00 0.496 - 0.08 0.52 -

DTAS_all 4.59 0.93 - 4.09 1.24 -

DTAS_uf 4.03 1.62 - 3.79 1.33 -

DTAS_in 4.90 0.96 * 4.15 1.40 -

DTAS_ea 4.85 1.16 - 4.32 1.37 -

time_stud 48.38 18.17 - 54.35 16.40 - 51.29 18.71 -

time_tut 59.97 20.90 - 73.52 22.20 - 72.22 22.95 ***

*p < 0.5; ***p < 0.001.
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control for covariates. Divergence from normal distribution was 
found for Group 3 (p < 0.001). We performed a one-sided unpaired 
t-test for both hypotheses, since it is robust against this. Levene-tests 
revealed no difference in variance. Group 1 needed less tutoring time 
than Group 2 (p = 0.036) and Group 3 (p = 0.028). Estimation of the 
effect size (Hedge’s g) showed moderate effects when compared to 
both Group 2 (g = −0.615) and Group 3 (g = −0.541), indicating that 
scaffolded recommendations reduced teacher workload by reducing 
the time students are tutored to achieve sufficient quality. However, 
one-sided t-tests are controversial in their interpretability and inflate 
chances for false positives (Trafimow, 2023). Therefore, we explored 
the data further by performing the non-parametric Mann Whitney 
U test for both H2a and H2b, which is robust with small groups. The 
test revealed significant differences for both H2a (p = 0.038, r = 0.351) 
and H2b (p = 0.032, r = 0.279) with Group 1 outperforming both 
groups, confirming initial results.

3.3 Research question 3

We expected but did not find that students’ perception of their own 
research competence increased if they received scaffolded 
recommendations compared to generalized recommendations (H3). 
Levene-Tests revealed no difference in variance for any variable 
(p > 0.05). The one-sided unpaired t-test revealed no significant 
differences between Group 1 and 2 for δ_FKomp (p = 0.177), for δ_sr 
(p = 0.500), for δ_me (p = 0.059) or for δ_ck (p = 0.388). Therefore, 
we reject the hypothesis that students’ perception of their own research 
competence increased significantly if they received scaffolded 
recommendations compared to generalized recommendations.

3.4 Research question 4

We expected that students provided with scaffolded 
recommendations would perceive a higher ability of the RecSys to 
support them than students provided with generalized 
recommendations (H4). To analyze these differences, a two-sided 

unpaired t-test was performed for the global DTAS value and all 
subscales. Levene-tests revealed no difference in variance for any 
variable (p > 0.05). The one-sided unpaired t-test revealed no 
significantly higher value for Group  1 compared to Group  2 for 
DTAS_all (p = 0.092), for DTAS_uf (p = 0.322) or for DTAS_ua 
(p = 0.115). However, a significantly higher value for DTAS_in was 
found (p = 0.038). Estimation of the effect size revealed a moderate 
effect (g = 0.621). This indicates scaffolded recommendations having 
a positive effect on students’ intention to use such a system in the 
future. The same issues with interpretability as in RQ 2 are applicable. 
Accordingly, the Mann–Whitney U test was used, revealing no 
significant differences between Group  1 and 2 (p = 0.084), 
contradicting initial results.

4 Discussion

The goal of this study was to investigate the feasibility of 
scaffolding recommendations to support students in essay planning. 
Our results indicate the potential of facilitating essay planning 
through recommendations. Although students do not improve the 
quality of their essays significantly faster, the time needed for tutoring 
is significantly reduced. This is supported by research on scaffolding 
effectiveness in online learning (Doo et  al., 2020). The strict 
scaffolding in the experimental condition resulted in time efficiency 
gains. This may be rooted in the fact that students inexperienced with 
essay planning have a high need to support in acquiring necessary 
skills. In the asynchronous tutoring format, this experience gap was 
closed earlier by the given RecSys, matching students’ ability to 
perform the task, effectively reaching ZPD prior to tutoring. This is 
supported by the claim that adaptive scaffolding often outperforms 
other forms of scaffolding (Azevedo et  al., 2005), allowing the 
scaffolded recommendations to more closely adapt to the student’s 
current competence level in essay planning. Additionally descriptive 
statistics show the scaffolded recommendations condition 
outperforming other conditions on nearly all variables (see Table 1), 
whilst consistently receiving above average ratings for satisfaction 
with the RecSys (DTAS) and showing a small positive trend for 

TABLE 2  Results of hypothesis testing.

Hypothesis Variable Comparison t-test Mann–Whitney U test

n df t CI p g U Z p r

H1a) time_stud 1 < 3 59 58 −0.56 [,] 0.290 - - - - -

H1b) “ 1 < 2 35 33 −1.02 [,] 0.158 - - - - -

H2a) time_tut 1 < 2 35 33 −1.86 [,] 0.036* −0.615 99.000 −2.079 0.038* 0.351

H2b) “ 1 < 3 59 58 −1.94 [,] 0.028* −0.541 245.000 −2.145 0.032* 0.279

H3) δ_F-Komp 1 > 2 35 33 0.94 [−0.11, 0.29] 0.177 - - - - -

δ_sr 1 > 2 35 33 0.00 [−0.29, 0.29] 0.500 - - - - -

δ_me 1 > 2 35 33 1.61 [−0.09, 0.73] 0.059 - - - - -

δ_ck 1 > 2 35 33 −0.29 [−0.40, 0.30] 0.388 - - - - -

H4) DTAS_all 1 > 2 35 33 1.36 [−0.25, 1.25] 0.092 - - - - -

DTAS_uf 1 > 2 35 33 1.23 [−0.79, 1.25] 0.322 - - - - -

DTAS_in 1 > 2 35 33 1.84 [−0.08, 1.56] 0.038* 0.621 102,500 −1,729 0.084 -

DTAS_ea 1 > 2 35 33 1.23 [−0.35, 1.40] 0.155 - - - - -

*p < 0.5.
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research competence (F-Komp). While not all differences are 
statistically significant, this may indicate an overall positive trend for 
the proposed method. This is in line with prior evidence supporting 
the effects of scaffolding in general (Azevedo et al., 2005; Doo et al., 
2020; Panadero et al., 2016) and for other settings using automatic 
writing support (Fathi and Rahimi, 2024; Kim et al., 2022; Rapp and 
Kauf, 2018). Therefore, RecSys implementing HIF to provide 
scaffolded recommendations on students’ essay planning can 
complement personal tutoring and provide flexible additional 
support. This seems to reduce workload for tutors while allowing 
students for more autonomy in the planning process. However, the 
interpretability of the results is somewhat limited. While directional 
tests revealed significant effects, more robust tests revealed no 
significant difference for the intention to reuse the system, indicating 
that the satisfaction with the system may not be dependent on the 
method through which recommendations are provided. Also, due to 
the skewed demographics and the specific domain of media 
education, the results should not be  generalized. No correlations 
between demographic information and the chosen measurements 
were found, but this may differ with larger sample size or in other 
educational settings.

5 Conclusion and implications

In summary, the results provide novel insights into the potential of 
scaffolding as a driver of positive effects of recommendations for 
students’ essay planning and provide evidence for its feasibility. The 
implemented RecSys has led to shorter tutoring time, a high satisfaction 
with the system and an overall positive trend for measured variables in 
favour of scaffolding recommendations. It may be interesting to analyse, 
whether these results are a consequence of raising the quality of initial 
contributions. Therefore, we aim to analyse the quality of students’ essay 
concepts from the experiment that were submitted to the RecSys before 
tutoring with those that were submitted to the tutoring process 
afterwards. Additionally, when an recommender engine is applied, the 
response time of the system is reduced through automation. The 
immediacy of the RecSys could allow students to independently work 
on their submissions faster compared to the conditions in the 
simulation. This may in turn facilitate the effects of guiding students 
towards a ZPD earlier. In addition, broadening the scope of the 
experimental setting to other domains and beyond distance education 
would provide clarify whether the effects are retained in different settings.
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