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Abstract—This research to practice full paper addresses the
influence of Audience Response Systems (ARS) implemented
into a structured mentoring process to increase the learning
motivation of Computer Engineering students. One objective
of mentoring in higher education is to encourage self-regulated
learning by increasing intrinsic motivation. Motivation is an im-
petus for learning affecting the learner acceptance of the learning
challenge and the introspective reflection on the learning process.
In this study, the implementation of the mentoring process is
shown by utilizing the ARS as a mentoring tool, implemented
into the program structure following a structured e-mentoring
process model. Furthermore, the detailed implementation of the
particular process steps, which enables an evaluation of the
entire mentoring process and providing the basis for future
planning of the next mentoring process iteration is described.
The evaluation of the methodology has been conducted over
three semesters, with quantitative data collected by adapting the
Academic Motivation Scale in the online survey to determine
the influence of the ARS usage on extrinsic motivation, intrinsic
motivation, and amotivation. Additionally, the usage frequency
and the final grade are analyzed over the last five semester
correlating survey results. The findings indicate comparatively
higher intrinsic motivation than extrinsic motivation among the
students and clearly indicate that ARS did not demotivate the
students in learning. In consequence, the mentoring process,
utilizing the ARS as mentoring tool, is implemented into an
existing learning setting enabling the monitoring of the mentoring
process resulting in an increasing learning motivation.

Index Terms—Education, Computer science education, E-
learning tools, Personalized E-learning

I. INTRODUCTION

Learning motivation is the inherent belief to guide in-
dividual learning goals, induce learning behaviors to make
continuous efforts, reinforce cognition history, and improve
the learning outcome [1]. Adult learners’ motivation to learn
is fostered through differentiated mentoring approaches [2].
Mentoring is the process of personal and professional growth
of a less experienced individual by a more experienced indi-
vidual or by a more enriched learning assistance system [3].
It has been used as a strategy to enhance the academic,
social, personal, and career outcomes for a range of young
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learners [4]. The primary goal of mentoring is to support
mentees functions independently which is naturally overlapped
with self-regulation [5]. Self-regulation includes the activities
of setting goals, applying strategies, as well as cognitively
monitoring performance and progress, while maintaining the
motivation by utilizing available resources to achieve goals [6].
In this context, self-regulated learning is the self-regulation
processes applied during a learning experience, where the
goal is a certain level of achievement [7]. These processes
are postulated to be important during mentoring interac-
tions [8]. Consequently, the expectation can be derived that
self-regulated learning before, during, and after the mentoring
process represents an important role [9].

Mentoring provides informational, psychosocial, and instru-
mental benefits [10]. Informational benefits refer to the transfer
of information and subject-matter, while psychosocial benefits
refer to self-esteem enhancement, confidence building, and
support for risk-taking that mentees gained from successful
mentoring interactions. When mentors provide opportunities
for mentees and uphold them with colleagues, then they are
the beneficiaries of instrumental benefits. E-mentoring offers
the same benefits [11], [12] and overcomes geographical and
organizational barriers for personal interaction [11], [13] and
for group e-mentoring [10]. Single and Muller [14] gave the
definition of e-mentoring as a relationship that is established
between a more senior individual (mentor) and a lesser skilled
or experienced individual (mentee), primarily using electronic
communications intending to develop and grow the skills,
knowledge, confidence, and cultural understanding of the
mentee to help him or her succeed, while also assisting in
the development of the mentor. Based on this, structured
e-mentoring is the process that occurs within a formalized
program environment, which provides training and coaching
to increase the likelihood of engagement in the mentoring
process and relies on evaluation to identify improvements for
the future and to determine the impact on the mentees [14].
These definitions are advanced on the work of the traditional
mentoring and have recognized the importance of program
structure to develop and implement successful structured men-



toring process in which training and coaching are identified as
dominant features.

One form to provide training and coaching is formative
assessment in an ongoing mentoring process [15]. Because
it gives the opportunity of formative feedback needed for
provoking self-reflection and monitoring [15]. The scope of
formative assessment and formative feedback in any learn-
ing process including mentoring can trigger motivation to
learn [16]. According to the clearinghouse research of Cauley
and Mcmillan [16], students learn more in formative assess-
ment and feedback due to four reasons. Firstly, it allows both
for fine-tuning of instruction and learner focus on progress.
Secondly, it helps to ensure meaningful feedback. Thirdly, the
formative feedback and reflection allow the mentees to see
concretely how they can improve. And lastly, formative assess-
ment is consistent with recent learning and motivation theories.
E-learning and new learning technologies have created multi-
ple opportunities like Learning Management Systems (LMS)
to capture both performance and formative assessment data
and can autonomously analyze them to support the mentor
understanding how the students are progressing with various
forms of activities and then discussing the feedback [17].

For this reasons, this research analyzes the influence of
Audience Response System (ARS) as form of formative as-
sessment methodology on students learning motivation when
it is embedded in a structured mentoring process. Therefore,
a ARS has been implemented in an LMS of the testbed
institution as part of a structured mentoring process. The ARS
represents a digitalized formative assessment system which is
accompanied by face-to-face or online live discussion sessions.

In the following the used theoretical framework is described.
Afterwards the used methodology is presented including the
testbed description, the detailed implementation of the men-
toring process and the used quantitative mentoring assessment
methodology. Subsequently the results are presented, followed
by discussion and conclusion.

II. THEORETICAL FRAMEWORK
A. Structured Mentoring Process

Lev Vygotsky’s social learning theories are the basis for
mentoring as an effective means toward higher levels of cog-
nitive development [18]. According to his theory, learning only
occurs with the assistance of a skilled and nurturing mediator
who can be assumed as mentor [19]. Effective discussion
recognized as scaffolding during the training phase requires
the mentor to lead the mentee into the zone of proximal
development (ZPD), a concept describing the difference be-
tween the learner’s actual level of development and potential
level of development with guidance [20]. As the mentee
proceeds through the ZPD, the mentor initially provides direct
supervision and guidance but, more importantly, assists to
develop self-regulating behaviors [20]. These self-regulating
behaviors enable the mentee to gradually perform without
mentor’s support [6] and eventually to automate and sustain
the newly learned capacity. Traditional mentoring is used as a
form of professional development, frequently it occurs within
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Fig. 1. Model of Structured E-mentoring by Single et al. [10].

the same organization, and the mentors serve as supervisors
or managers to the protégés or mentees [21]. Even when the
mentees are not reporting directly to the mentors, but are in the
same organization, the mentors’ assessments and judgments of
the mentee can have influenced on the mentee’s professional
advancement [21]. University students often are hesitant to
expose their deficiency in knowledge or self-doubts to lecturers
or mentors in positions of influence over their academic
careers. Though research on face-to-face mentoring programs
supported this concern, e-mentoring provides support to the
value of impartiality [10].

A structured method to implement an e-mentoring process
is presented by Single et al. [10], which describes a framework
for presenting essential features to e-mentoring programs.
It describes the process as a circuit of the three phases
planning, program structure, and assessment depict in Fig. 1.
In the planning phase recruiting, managing expectations of the
participants, and matching e-mentoring pairs are conducted.
The program structure phase includes the steps taken while
the e-mentoring program is being operationalized. These steps
are training, coaching, and group e-mentoring opportunities
that foster involvement in the e-mentoring process. The final
assessment phase focuses on examining and assessing whether
the program phase elements are effective and if the overall
process is achieving its objectives. For the purposes of cur-
rent study, the program structure phase focuses on formative
assessment and feedback discussion by means of training and
coaching. This framework of mentoring by Single et al. [10]
emphasized the importance of providing training for mentees.
Training takes the form of face-to-face or online orientations
that coincided with the commencement of the mentoring
program [12]. While e-mentoring programs implemented train-
ing differently, all the variations on training served to get
the e-mentoring relationships off to a good start. Following
training, coaching is offered which is referred as facilitation
by providing feedback about the existing knowledge and
skill of the mentee [22]. While the training and coaching
features of e-mentoring programs support involvement within
the mentoring pairs, it renders the opportunities for group
e-mentoring. Group e-mentoring allowed the participants to
benefit from the wisdom and encouragement of others [10].
When group e-mentoring relationships did not meet the needs
of the participants, group e-mentoring provides safety net and



allowed participants to ‘listen in’ and learn from other peer
mentors and colleagues [13].

In this study the program structure phase of the structured
mentoring model is implemented to motivate the students in
the testbed so that they can get the scope of being self-
regulated learner. Motivation is the psychological process
that initiates, guides, and maintains goal-oriented actions and
involves the biological, emotional, social, and cognitive forces
that activate behavior [23]. Educational psychologists have
proposed the same ways of thinking about learning motivation
like classical motivation which includes exploring whether
motivation arises from outside (extrinsic) or inside (intrinsic)
of an individual [24]. Extrinsic learning motivation arises when
students perform a task or learning activity to earn a reward
or avoid punishment, while intrinsic learning motivation arises
when the mentee perceives it as rewarding to perform this
learning activity.

B. Self Determination Theory

A framework for educational settings addressing the factors
of intrinsic motivation and autonomous extrinsic motivation
directly is the Self Determination Theory (SDT) [24]. As
an organismic theory of motivation, SDT assumes learners
are inherently prone toward psychological growth and in-
tegration, followed toward learning, mastery [23]. However,
these tendencies are not automatic, they require supportive
conditions [23]. SDT suggests that students are motivated
to grow and change by three particular fundamental, innate
and universal psychological needs namely those for autonomy,
competence and relatedness [25]. Autonomy refers a sense of
initiative and ownership in one’s actions, competence indicates
the feeling of mastery, a sense that one can succeed and
grow and finally, relatedness concerns a sense of belonging
and connection [23]. Accordingly, SDT’s analysis of learning
settings is primarily focused on the extent to which they meet
or frustrate these basic needs [24]. From these concepts the
first key assumption of the theory is that learners are actively
directed toward growth by gaining mastery over challenges
and taking in new experiences to develop a cohesive sense
of self [26]. The second and final assumption states SDT
focuses primarily on internal sources of motivation such as
a need to gain knowledge or independence [26]. The use
of SDT in this study is in response to including ARS in
the program phase of structured mentoring process to guide
not only processes and support functions aimed at individual
mastery (i.e., autonomy and competence), but also those aimed
at interdependence with the feedback of mentor and discussion
of the group (i.e., relatedness) [26]. SDT provides the basis
of implementing the mentoring opportunities to satisfy these
three basic needs facilitate mentee’s learning motivation and
effective functioning [27].

C. Social Cognitive Theory of self-regulation

According to social cognitive theory, human behavior is
extensively motivated and regulated by the ongoing exercise
of self-influence [28]. The major mechanism of self-regulation

operates through three principal subfunctions [29]. These in-
clude self-monitoring of one’s own behavior, its determinants,
and its effects; judgment of one’s own behavior in relation
to personal standards and environmental circumstances; and
affective self-reaction. Self-regulation also encompasses the
self-efficacy mechanism, which plays a central role in the
exercise of personal agency by its strong impact on thought,
affect, motivation, and action [28]. Students cannot influence
their own motivation and actions very well if they do not pay
adequate attention to their own performances, the conditions
under which they occur, and the immediate and distal effects
they produce [30]. Therefore, success in self-regulation partly
depends on the fidelity, consistency, and temporal proximity of
self-monitoring. The process of self-monitoring is not simply
a mechanical audit of one’s performances. When students
attend closely to their performances they are inclined to set
themselves goals of progressive improvement, even though
they have not been encouraged to do so [30]. This goal
setting enlists evaluative self-reactions that mobilize efforts
toward goal attainment. Knowledge of how one is doing alters
one’s subsequent behavior to the extent that it activates self-
reactive influences in the form of personal goal setting and
self-evaluative reactions [30]. Bandura’s [28] social-cognitive
learning theory views human functioning as reciprocal interac-
tions between behaviors, environmental variables, and cogni-
tions and other personal factors. According to this, students are
engaging in activities, receiving feedback and participating in
other forms of interaction in public, social contexts [31]. This
theory assumes that if there is close identification between the
learner and the intervention accompanied by high self-efficacy,
learning is most likely to occur [28].

The characteristics of Social Cognitive Theory are inherent
within an effective mentoring relationship, which looks to
match mentee and mentor based on similar interests and
backgrounds [32]. The role of the mentor and the willingness
of the mentee are crucial in the context of mentorship [33].
Accordingly, mentors are responsible for creating a climate
in which learning is valued and mentoring is a communal
responsibility. Therefore, mentoring can be viewed as a form
of social cognitive learning. Thus, Social Cognitive Theory
helps explain mentees’ advanced capacity for observational
learning that enables them to expand their knowledge and
skills on the basis of information conveyed through model-
ing influences [33]. Bandura [28] suggests that educational
institutions represent the places where students develop cog-
nitive competencies and acquire the knowledge and problem-
solving skills essential for participating effectively in society.
In contrast to this theory students tend to select activities and
associates from the varying range of possibilities in terms of
their acquired preference competencies [30].

III. METHODOLOGY

A. Testbed

Testbed for the evaluation is a seminar to learn scientific
working methods covering the learning outcomes of a wide
range of competencies required in the field of computer



engineering following the competency model of information
technology (IT) industry [34]. In particular, the competencies
in the tiers - Personal Effectiveness Competencies, Academics
Competencies, Workplace Competencies and Industry-Wide
technical Competencies are addressed and trained. The course
consists of three parts. In the first part of the course, students
are taught the theoretical background of scientific literature
research, professional presentation preparation, professional
presentation techniques, discussion techniques and scientific
reporting. On this basis, the evaluation criteria for grading
are derived, weighted and transferred into a standardized
evaluation sheet calculating the final grade.

In the second part of the course, students conduct a literature
review on an chosen topic of a set of predefined practical
topics. Every topic can be chosen by one student only. Thereby
they train the theoretical basics from the first part and apply
them to a concrete example. Subsequently, the student will
prepare and present a presentation on his or her research in
front of the other participants of the course as well as two
examiners. Each of the examiners grading the presentation
and the following discussion about the topic by filling out the
prepared evaluation sheet. Afterwards both examiners provided
the student feedback to improve the presentation performance
and tips for the report preparation.

In the last and third part of the lecture, the students are
writing a scientific report on the topic they have already
presented. The report has to be submitted digitally and is eval-
vated by one examiner, who is filling out the corresponding
evaluation sheet. The final grade is derived by the sum of
the averaged presentation results of the two examiners and
the results achieved in the report. Thereby 50 points can be
achieved for both the presentation and the report, leading to a
maximum of 100 points.

For the present study, the last six semesters are analyzed,
where the first summer semester (SS) of 2019 is considered
as a reference for data analysis only. The implementation of
the technologies and the didactic setting took place for the
first time in the winter semester (WS) 2019/20, where the
acceptance of the technology was evaluated. The acceptance
analysis results of ARS as blended mentoring tool are pub-
lished in [35]. In the subsequent SS 2020, the mentoring
process described in the following was implemented for the
first time and evaluated over the semesters until SS 2021.
Furthermore, in mid of WS 2019/20 the corona pandemic
started leading to a changing of the lecture style from presence
teaching to complete digital teaching starting from SS 2020.
The number of course participants varied between 70 and 85
students per semester.

B. Mentoring Implementation

The main idea of using the ARS for mentoring to increase
the student motivation is to integrate the ARS into the men-
toring process model provided by Single et al. [10]. Thereby,
the ARS tool is embedded in all three phases of planning,
program structure and assessment. In the planning phase, the
ARS content is set up and updated according to the previous

assessment results. Furthermore, The ARS will be integrated
into the university LMS and configured to be accessible
only at the time of the corresponding lecture. Moreover, new
QR Codes and short-links are generated to enable easy and
efficient access via browser or QR code scanner.

In the program structure phase, the ARS is used as a didactic
tool, as it has been implemented in previous works, which
proved the tool’s acceptance and described the didactic and
contextual concept [35]. Therefore, the same four ARS tests
are implemented equally according to the ZPD concept and
following the scaffolding technique. In consequence for every
main field of study one ARS test is directly conducted in the
lecture. The respective ARS tests focuses on reflecting the un-
derstanding of the learning outcomes by applying them to real-
life scenarios, which has been inspired by common mistakes
from previous semesters. This addresses the application level
of the cognitive domain of Bloom’s taxonomy and provide the
basis for discussion of common errors directly in the lecture
and the related resolve of potential misconceptions. At the time
of the discussion, the instructor takes the role of mentor and
guides the students to the correct understanding by directly
addressing the mistakes made by the participants.

In the final assessment mentoring process phase, the men-
toring process itself is evaluated. Therefore, two approaches
are used to evaluate the students motivation. On the one hand,
a survey is conducted with the help of a questionnaire and
on the other hand, an assessment data analysis is carried out.
Both evaluation methods are described in detail below.

C. Quantitative Mentoring Assessment

1) Survey Design: A survey has been developed to collect
the data about the mentees’ perspective to assess the imple-
mented mentoring process. This is a comprehensive survey
which has been provided at the end of each three semesters
from SS 2020 till SS 2021. A part of the survey design
included the questionnaire for assessing motivation triggered
through the use of ARS among the students.

The part of the survey used for this study is designed
by adapting the Academic Motivation Scale (AMS) (college
version) [36]. Based on SDT, the original scale is divided into
seven subscales, presenting three subscales of intrinsic motiva-
tion, three subscales of extrinsic motivation, and one subscale
of amotivation. The adapted version of the AMS for this study,
contains six subscales’ items which are three subscales of
Intrinsic Motivation, two subscales of Extrinsic Motivation and
one subscale of Amotivation. As the comprehensive survey is
quite extensive and long, eight items out of 27 original items
have been adapted from the six subscales for the purpose to
assess the change in motivation by the mentoring process of
ARS. So, the eight items are curated and reworded from the
provided six subscales. These eight items have been selected
and reworded by ensuring the face validity by a small group
of mentees presenting the population and the content validity
by the mentor as an expert. The Cronbach’s Alpha («) is 0.7
for the adapted motivation scale. Hence, adapted motivation
scale have been presented deducing the six subscales into



three subscales by labeling them as the subscale of Intrinsic
Motivation (ARS_IM), the subscale of Extrinsic Motivation
(ARS_EM) and the last subscale which contains only one
item having the construct of Amotivation (ARS_AM). The
response format is also modified from the original scale from
seven point likert scale to five point likert scale on the basis of
level of agreement to match with the comprehensive survey’s
response format. Along with these eight items, this part of
the survey has in total 10 item for assessing the mentoring by
ARS. The other two items ask about total usage and usage
frequency of the the offered four ARS in the lecture.

2) Data Collection and Sample: The data collection of this
study has been conducted using the online comprehensive sur-
vey questionnaire. This survey is distributed via LimeSurvey,
the online survey tool among all the registered students of the
testbed course. The data collection period is one month at the
end of each semester before the designated deadline for the
final assignment submission. Students are invited to participate
in the survey voluntarily via email and reminded atleast once
per week to fill up survey via email reminder. Moreover, the
usage data from the log file of the LMS and the final score of
the course have been used to generate the findings of this
study. To use the personal data, students have been asked
to accept the particular privacy policy. In three consecutive
semesters from SS 2020 to SS 2021, 84 students in total
participated in the survey. Among them 57% are male students
and 41.7% are female students and 1.2% is diverse from the
reported sample. The current semester they are enrolled in
range from 1 to 6 and age range is between 22 to 35 years. The
most particular characteristic of the sample is that the students
belong to completely international group having the nationality
of India, Pakistan, Bangladesh, China, Turkey, Russia, Iran,
Ghana, Syria, Colombia, Egypt, USA and Germany.

3) Data Analysis: Data analysis of the exported survey data
includes cleaning and preparing the dataset by excluding the
missing data from the incomplete responses. Afterward, the
sample characteristics are determined from the demographic
data by running descriptive statistics. Following this, the
binary responses of the usage data and the frequency data are
coded for quantification. The five point Likert Scale response
format is coded with Strongly Agree as “1”, Agree as “2”,
Neither Agree Nor Disagree as “3”, Disagree as “4” and
Strongly Disagree as “5”. This is conducted for all the eight
items of the adapted version of AMS. For the subscales of
IM and EM, the data is treated as interval data [37] and so
measures of central tendency and variability are conducted
to analyze the data. As the subscale of AM has only one
item, it is treated as Likert-type question to analyze the
descriptive statistics as ordinal data [37] without transforming
it to reverse-coded item.

For the contexual analysis, students’ ARS usage data and
students’ summative assessment data from the five semester
starting from SS 2019 to SS 2021 have been analyzed. For
this purpose, the usage data have been exported from the LMS
for every semester. In addition, the students’ evaluation forms,
filled out by the examiners, were used as data basis. The data

analysis process has been done by two perspectives: dropout
rate and, ARS grading influence in dependency of ARS usage
frequency.

The first perspective, dropout rate, was chosen as an in-
dicator to measure motivation, since it can be assumed that
motivated students drop out less (cf. [38]). In the seminar
are three time duration for dropping the course. The first
time duration is between start of the course and the topic
selection, since one reason for dropping the course is the not
received desired topic, measured by a course registration but
no topic selection. Following this reasoning, the 2nd point in
time is during the self study period on the topic, leading to
a missing performance at the presentation date accompanied
by a missing evaluation. Subsequently, the third time period
is after the presentation phase until the report submission
deadline, since another reason for dropping the course is an
unsatisfactory performance at the presentation or problems
during the writing phase. In this case no report is submitted
until the given deadline, leading to a missing evaluation of the
report.

The analysis of the ARS grading influence in dependency
of ARS usage frequency represents the second perspective.
Therefore the course participants have been divided into three
groups representing the usage frequency. The first group
ARS,one represents the students without ARS usage, while
the second group ARS);1 contains all students with a mini-
mum of one ARS participation. As last group ARS 411, a sub-
set of ARS )1, is used containing all participants participating
in all four ARS tests. As a first step, the mean results of the
respective groups per semester are examined providing a first
indication of the influence of the usage frequency. To ensure
the significance of the mean values, an ANOVA Analysis is
conducted. To ensure the necessary preconditions for ANOVA
analysis, the respective data are checked for normal distribu-
tion using D’ Agostino’s K2 test and the Shapiro-Wilk test. For
the data that do not follow the normal distribution, a two-way
T-test (Welch’s t-test) is used to determine the significance.
In consequence the significance between the means of the
groups ARS 4 and ARS);; compared to ARS),one are used
as indicators for the motivation increasing, reasoned by the
factors of outcome expectencies and self-efficacy of Social
Cognitive theory [28].

IV. RESULTS

A. Survey Results

According to the survey response 56 students have used at
least 1 ARS, and 13% used all the ARS offered in SS 2020
and WS 2021. The mean value is on average 2.4 which is
skewed towards the point of agreement in intrinsic motivation
(ARS_IM) and the mean value for the extrinsic motivation
scale (ARS_EM) is higher in every three semesters than the
ARS_IM (cf. Table I). But the mean value is also in between
the range of agree to neither agree nor disagreement. The lower
standard deviations represent that the responses are spread
close to the mean.



TABLE I
MEANS (AND STANDARD DEVIATIONS) FOR THE TWO ADAPTED
SUBSCALES OF AMS IN THE CONSECUTIVE THREE SEMESTERS.

Subscales | SS2020 | WS 2020121 [ SS 2021

ARS_IM | 2.70 (1.00) | 2.42 (0.74) | 2.31 (0.63)
ARS_EM | 2.98 (1.07) | 2.73 (0.96) | 2.63 (0.96)
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Fig. 2. Frequency distribution of the likert item on Amotivation over the three
semesters (Strongly Agree (SA), Agree (Ag), Neither Agree nor Disagree
(NAnD), Disagree (Di), Strongly Disagree (SD)).

On the contrary, the mode is 4 for all the three semesters
which represents exactly the point of “Disagree” on the
agreement scale for the Likert question result on amotivation.
The frequency distribution (cf. Fig 2) states the frequency rate
is higher on the disagreement point than the agreement point.
About 28% of the respondents students are undecided in all
the three semesters if their motivation to learn has decreased
due to using ARS.

B. Assessment Data Analysis Results

The assessment data analysis bases on the grouping of
the course participants into three previous introduced groups
ARSone, ARSp1 and ARS z11,. The resulting group sizes
are shown in Table II considering all registered curse par-
ticipants. Thereby SS 2019 is the reference semester before
ARS implementation. Considering the remaining semesters the
amount of participants without ARS usage results between
47.4% and 58.11%, except SS 2020 with 34.12%. In con-
sequence the amount of participants in group ARSys; varies
between 41.89% and 52.6% and for SS 2020 in 65.88% Group
ARS 41, varies between 13.51% and 30.59% representing
approximately 45% of group ARSn1-

The results of the assessment data analysis are presented
by semester. As first perspective the dropout rate has been

TABLE I
RESULTING GROUP SIZE FOR ARSnone, ARSpN1 AND ARSALL,
CONTAINING ALL REGISTERED PARTICIPANTS.

Semester Students | ARSpone | ARSy1 | ARSALL
SS 2019 94 94 0 0
WS 2019/20 70 35 35 19
SS 2020 85 29 56 26
WS 2020/21 74 43 31 10
SS 2021 76 36 40 18

TABLE III
DROPOUT RATE [%] BY SEMESTER AND TIME PERIOD T}, T5, T3 FOR ALL
COURSE PARTICIPANTS.

SS WS SS WS SS

Time | 2019 | 2019/20 | 2020 | 2020/21 | 2021

T1 | 5.32 10.00 3.53 14.86 14.47

T> | 20.21 27.14 3.53 28.38 25.00

T3 | 26.6 32.86 21.18 28.38 25.00

Dropout Rate Difference

T> —T1 | 14.89 17.14 0.00 13.52 10.53
T3 =Ty | 21.28 22.86 17.65 13.52 10.53

analyzed. The results are shown in Table III, comparing the
dropout rate over all course participants. Three time periods
have been considered, first 71 from semester begin until topic
selection, second 75 from semester begin to presentation date
and the last period 73 from semester begin to final report
submission.

By comparing the total dropout rate over the semesters of
all participants big variation can be observed. However, the
dropout rate in time period 77 is not influenced by the ARS
usage since the topic registration happens at the beginning of
the semester, before the first ARS test has been conducted.
Due to this reason, the difference between the dropout rate
of 75 to 171 and T3 to 7% are analyzed. Both differences
show a lower dropout rate compared to the reference semester
(SS 2019) beginning with SS 2020. In WS 2019/20 a minor
increasing of the dropout rate can be observed. One noted
reason is the fact that the new system was offered for the
first time in this form, resulting in an overwhelming situation
for the students. Additionally the corona pandemic has been
started in this semester, leading to being overwhelmed with
the situation accompanied by a minimizing interest in the
course. Furthermore, the dropout difference between 73 and
T is constantly decreasing from WS 2019/20 to SS 2021. A
comparable trend is shown for the difference between 75 and
Ty starting from WS 2019/20 to SS 2021, except SS 2020
where no further student dropped out between topic selection
and presentation appointment.

As second perspective the influence of the ARS usage
on the final grading has been analyzed. Therefore the mean
grading has been calculated for group ARS,one, ARSM1
and ARS 41 for each semester. The results are shown in
Figure 3. It can be observed, that the mean grading for group
ARS,one is almost at the same level over all semesters,
except SS 2020. This has to be reasoned by the corona
pandemic, since this was the first semester where the lecture
style has been changed form present lectures to full digital
lectures. Due to this reason the students needed to adapt to
the new learning and teaching situation leading to excessive
demands and thus to grade reduction. Even though the mean
grade has been reduced due to the teaching style changes,
the mean grade of the groups ARSp;; and ARSAry result
in a similar level as it was the mean before the pandemic.
However, over all semesters the groups ARSys1 and ARS Az,
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Fig. 3. Average grading results for presentation, report and final grading
depending on subgroup.

resulting in an higher mean grading compared to the groups
ARS,one- Furthermore, in all semesters the mean grading
of group ARS 4 is higher compared to group ARS)y1. In
consequence, over all observed semester, except SS 2020, the
mean grading of group ARSy1 and ARS 4z, is higher than
the reference semester SS 2019. Additionally, by comparing
the mean grading of group ARS4rr over all semester, all
semesters except SS 2020 resulting in an average grading
between 79.9% and 81.1%. This results are approximately
7.4% higher compared to the mean grading results of the
corresponding ARS;one groups. In SS 2020 the difference
increases to 18.67%.

However, considering the mean values alone is unsufficient,
since their differences could be within the statistical disper-
sion. The one way analysis of variance (one-way ANOVA)
is used to examine the equality of the mean values. The
application of ANOVA requires the gaussian distribution of the
statistical variables leading to the necessity to test the groups
for gaussian distribution before. For gaussian distribution
testing the D’Agostino’s K? test and the Shapiro-Wilk test
are used. The test resulting p values are shown in Table IV.
For the statistical analysis, only the participants with a final
grading have been considered leading to a changing of student
count compared to Table II. In both tests a p value higher than
0.05 is considered as proof of a gaussian distribution.

Accordingly, almost all groups showing a gaussian distri-
bution for almost all semesters. One exception is SS 2020,
where no gaussian distribution could be proven for any
group with both conducted tests. Furthermore, in WS 2020/21
D’ Agostino’s K? test fails for group ARS,one while the
Shapiro-Wilk test results in a gaussian distibution prove.
However, since the Shapiro-Wilk p-value is with 7.8% close
to the 5% threshold the group ARS,,one is considered as none
gaussian as well. In consequence for all groups in SS 2020
and WS 2020/21 a t-test is used to determine the equality
of the mean values instead of the one-way ANOVA. For
ANOVA and t-test result analysis the mean grading results of
group ARS,one is compared to the mean values of ARS1
and ARS 1. A comparison of the means between ARS)1
and ARSspy, is not possible, since ARS 4 is a subset of

ARS M1-

Examining the ANOVA results shown in Table IV, it is
evident, that in WS 2019/20 the equality of the mean values
for both test combinations is proven. A detailed examination
of the results shows that the p value of 7.7% is close to
the threshold value of 5% for the mean value comparison
of ARS,one and ARS . Due to this reason a t-test has
been conducted for this specific combination, confirming the
ANOVA results, since again a p value of 8.2% is achieved
by the t-test which is again close to the threshold value of
5%. Again, one reason could be represented the beginning
corona pandemic, following the same argumentation for the
dropout rate. Due to the overwhelmed situation, the student
focus has been changed in the middle of the semester. This
especially influenced the report writing leading to a bias of
the grading results and subsequently leading to the failing
of the ANOVA. Furthermore this semester represents the first
prototypical implementation of the ARS in the lecture leading
to a new learning situation.

In SS 2020 no gaussian distribution have been proven, there-
fore the t-test has been conducted resulting in a rejection of
the mean value equality for both combination. On the contrary
the t-test results for both test combination in WS 2020/21
proving the equality of the mean values. It must be noted that
the number of students in the group ARS4rr is very small
with nine participants only. in SS 2021 the equality of the
mean values of ARS,one and ARS 4 is rejected, while the
equality of the mean values of ARS,,n. and ARS)1 has
been proven.

V. DISCUSSION

This empirical study is aimed to observe if the embedment
of ARS as a mentoring tool can impact the student’s learning
motivation in a structured mentoring process in a formalized
setting at the university. This exploration of motivation in
the mentoring process is conducted based on the concept of
SDT by means of intrinsic motivation, extrinsic motivation and
amotivation. The theoretical framework has been sufficed by
following the motivational concept of Social Cognitive Theory
and the structured mentoring model of Single et.al. [10] with
the goal of attaining self-regulation among the mentees. The
described mentoring process utilizes an ARS as a mentoring
tool based on the didactical approach of ZPD. The findings of
the online survey on the adapted version of AMS are clearly
distinguishable by motivation and amotivation. It represents
that the mean value of both the intrinsic motivation subscale
and extrinsic motivation subscale are decreasing over the
period of three semesters indicating the higher motivation
of the students with the use of ARS. It could be reasoned
by the updated implementation techniques of this blended
mentoring technology [35] over the semesters by the mentor.
The variability (SD) also tends to be lower than 1 from
SS 2020 to SS 2021 which proves most of the participants have
opined towards the point of agreement in each semester that
indicates an increase in their intrinsic and extrinsic motivation.
Moreover, the intrinsic mean value is consistently lower than



TABLE IV
STATISTIC ANALYSIS RESULTS FOR GROUP COMPARISON BETWEEN ARSpone AND ARSps1 JUST AS ARS A1, SPECIFIED BY G1 AND G2 BY
SEMESTER WITHOUT DROPOUTS (NG, REPRESENTS AMOUNT OF STUDENTS IN GROUP X).

Groups Student Count D’Agostino’s Shapiro-Wilk ANOVA G1 & G2 t-test G1 & Go
Semester Gy Go Ng, Ng, PG, ‘ PGy PG, PGs F p t p
WS 2019/20 | None | ALL 18 16 0.3571 | 0.3205 | 0.1386 | 0.1943 | 3.3398 0.0770 -1.8019 | 0.0822
WS 2019/20 | None | Minl 18 29 0.3571 | 0.4118 | 0.1386 | 0.4105 | 1.1061 0.2986 - -
SS 2020 | None | ALL 22 26 0.0395 | 0.0007 | 0.0095 | 0.0160 - - -2.2910 | 0.0271
SS 2020 | None | Minl 22 48 0.0395 | 0.0001 | 0.0095 | 0.0010 - - -2.8908 | 0.0065
WS 2020/21 | None | ALL 25 9 0.0347 | 0.5454 | 0.0783 | 0.3699 - - -1.6548 | 0.1179
WS 2020/21 | None | Minl 25 28 0.0347 | 0.2679 | 0.0783 | 0.3466 - - -1.5829 | 0.1197
SS 2021 | None | ALL 22 14 0.4737 | 0.3330 | 0.4601 | 0.1057 | 4.2064 0.0480 - -
SS 2021 | None | Minl 22 35 0.4737 | 0.3250 | 0.4601 | 0.1881 | 2.5013 0.1195 - -

the extrinsic mean value which refers that the mentoring
facilitation provided with ARS has activated comparatively
higher intrinsic motivation among the international group of
university students. Students received positive encouragement
and constructive feedback on their performance in ARS, which
increased intrinsic motivation and goes along with Deci’s argu-
ment of SDT [23]. Along with these findings, the amotivation
result show that majority of the student denied that they got
demotivated by getting the mentoring support of ARS.

Furthermore, the assessment data analysis have been visu-
alized a dropout rate reduction in these semesters than the
previous semesters. This is supporting the findings of the
escalated intrinsic motivation explaining the constant decrease
of drop out rate from WS 2019/20 to SS 2021. This shows by
the training and feedback support of ARS, the students have
felt more competent, which is one of the key needs for personal
growth and in building the sense of self-determination [23].
This rationale indicates that the students are involved in
goal-directed cognitive activities that instigate, modify, and
sustain their motivation to stay in the learning curve of self-
regulated learning [6]. The mentoring process of ARS included
activities as attending to instruction, processing and integrating
knowledge, and rehearsing information to be remembered, as
well as beliefs concerning capabilities for learning and the
anticipated outcomes of learning [30] which are the process
of student’s cognition.

Corroborating these assumptions, the significant positive in-
fluence of the ARS on the final grading could be proven for the
group ARS oz in SS 2020, SS 2021 and for group ARS1
in SS 2020 by grading analysis. Taking into consideration, the
close mean equality in WS 2019/20, only in WS 2020/21 has
no significance for group ARS a1 1. This can be reasoned by
the participation count in this group, since only nine students
have participated in all ARS tests in WS 2020/21. Furthermore,
a compensation effect of the teaching style change reasoned
by the beginning corona pandemic in SS 2020 is observed. In
SS 2020 a mean grading reduction appeared, but the results
of ARS)1 and ARS 411, results at the level of the reference
semester of SS 2019 proven by t-test results. This is confirming
the result of variances in grading with the decrease in drop out
rate and the increase in motivation to learn.

VI. CONCLUSION AND FUTURE WORK

A structured process-oriented mentoring approach would
ideally promote understanding of and emphasis on self-
regulated learning and would motivate the mentees to sustain
goal-oriented behaviour [9]. In this conclusive study, the analy-
sis of the survey data from every three semesters incorporating
with ARS usage data and student achievement scores makes it
prominent that the structured mentoring process is successfully
implemented as planned. The mentoring functions of ARS are
successfully executed in the planning phase, program structure
phase, and in assessment phase of the structured mentoring
process. This claim has been proven by the indication of
the rise of students’ learning motivation supported by SDT.
Additionally, the specific indication of the type of motivation
that is intrinsic motivation elevation by including ARS in
the mentoring process has made decisive guidance for the
mentioned testbed as well as for similar mentoring settings
to use such training facility of digital formative assessment.
The findings are supported by a reduction of the dropout rate
as well as a part-wise improvements of the final grading.
Substantially, the executed mentoring process assessment with
formative and summative assessment data and survey data has
demonstrated the feasibility to plan the next iteration.

In spite of evidencing the motivational growth, the in-
strument for data collection needs to be improved further
by elaborated testing of item analysis. It will then support
confirming the generalizability of the findings. Additionally,
in the assessment data analysis the participants with direct
ARS interaction have been analyzed only, representing just
a subset of the students in the lecture. For this reason, side
effects for students who did not participate directly in the ARS
tests but followed the discussion in the lecture are conceivable.
Moreover, another limitation of this study is the sample size.
In future studies, it is recommended to analyze the data with a
larger sample. Furthermore, this structured mentoring process
needs to be tested based on the mandatory psychosocial
learning constructs to establish it in the higher education
system. Further work needs to address the reduction of effort
in process assessment in order to automate the collection and
evaluation of the motivation indicators.
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