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Abstract

Large university classes often face challenges in enhancing active learning, repetition and
feedback in the classroom which are essential for promoting student learning. The purpose of
this study is to investigate if digital tools can be a solution. It evaluates how students perceive
four digital tools (Lecture Recordings, Question Tool, Classroom Response System and Virtual
Reality) in a large lecture class and examines to what extent the tools have an impact on active
learning, repetition and feedback. The study applied a mixed methods design and collected data
from a survey (95 participants) and focus groups (11 participants). Participants were students
from a psychology class. The results show that students enjoyed using the tools because they
brought variety to the lecture. However, students perceived differences in the tools” impact on
active learning, repetition and feedback. The impact of CRS and Lecture Recording were rated
rather high whereas impacts of Question Tool and VR modules were rated lower. The study
revealed that key aspects for students’ perception of tools are the way tools are integrated in the
classroom and how much time they consume during the lecture.
Keywords: digital tools, higher education, technology-enhanced learning, active learning,

repetition, feedback
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Zusammenfassung
Grosslehrveranstaltungen stehen oft vor der Herausforderung, aktives Lernen, Wiederholung und
Feedback im Unterricht zu fordern. Das Ziel dieser Studie ist es, herauszufinden, ob digitale
Tools eine Losung sein kdnnen. Sie untersucht, den Einsatz von vier digitalen Tools
(Vorlesungsaufzeichnungen, Fragetool, Classroom Response System und Virtual Reality) im
Unterricht und den Einfluss der Tools auf aktives Lernen, Wiederholung und Feedback. Die
Studie folgt einem Mixed Methods Design und sammelte Daten anhand eines Fragebogens (95
Teilnehmer) und Fokusgruppen (11 Teilnehmer). Teilnehmer waren Psychologie-Studierende.
Die Ergebnisse zeigen, dass die Studierenden die Tools gerne nutzen, da sie eine Abwechslung
bieten. Allerdings nahmen sie auch Unterschiede zwischen den Tools hinsichtlich des Einflusses
auf aktives Lernen, Wiederholung und Feedback wahr. Am hdchsten wurde der Einfluss des
CRS und der Vorlesungsaufzeichnungen bewertet, wohingegen das Fragetool und Virtual
Reality einen geringeren Einfluss hatten. Die Studie zeigt, dass es fiir die Bewertung der Tools
durch die Studierenden eine Rolle spielt, wie die Tools eingesetzt werden und wie viel Zeit sie
im Unterricht einnehmen.
Keywords: digitale Tools, Hochschulausbildung, technologiegeférdertes Lernen, aktives Lernen,

Wiederholung, Feedback



EVALUATION OF FOUR DIGITAL TOOLS 4

Evaluation of four digital tools and their impact on active learning, repetition and
feedback in a large university class

Effective learning and teaching can be a challenge in traditional large lecture classes
(Yang et al., 2018), which usually consist of 100-150 students (Denker, 2013) and include a
lecturer who directly communicates lecture’s contents to the students (Lambert, 2012). Students
listen passively and absorb the new information presented by the lecturer (Mayer et al., 2009).
There are several reasons why traditional large lecture classes face challenges and why they
bring some disadvantages regarding effective learning and teaching. One reason is that they often
fail in encouraging student engagement and that they promote passive and superficial learning
(Bransford et al., 2000). Students often lack the possibility to participate in the lecture and
lecturers cannot interact with all students individually due to time and organizational reasons
(Yang et al., 2018). It is also difficult to integrate active learning, repetition and feedback in the
lecture which are important factors for students’ learning (Schneider & Preckel, 2017). An active
learning environment is important because it increases students’ attention and engagement (Kay
et al., 2019). They are encouraged to think actively about the lecture’s contents rather than just
passively listening (Bonwell & Eison, 1991). Repetition is another essential factor because
students need the possibility to repeat lectures’ contents to understand and memorize the new
information (Dahlin & Watkins, 2000). In addition, regular feedback is needed because it enables
students to monitor their learning progress and to discover knowledge gaps (Hattie & Timperley,
2007). Digital tools implemented in the lecture can be a solution to promote active learning,
repetition and feedback in the classroom. They also increase active participation (Bilyalova et al.,
2019), learning motivation and learning outcomes (Lin et al., 2017). Moreover, students use the

tools individually so that all of them can take part. Based on these findings, the purpose of this
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study is to evaluate four digital tools in a large lecture class and to examine the effects of the
tools on active learning, repetition and feedback. The four examined digital tools are Lecture
Recordings, a Question Tool, a Classroom Response System (CRS) and Virtual Reality (VR)
modules.

Lecture Recordings are recordings of the screen of the lecturer including audio
commentary (Gilardi et al., 2015). The recordings are uploaded on an online platform so that
students have always access to repeat the lecture. Universities increasingly record lectures and
make them online available for students (Bos et al., 2016). Students enjoy using lecture
recordings due to several benefits. They are useful for revision, preparing for the exam, catching-
up on missed lectures and taking notes at own pace (Copley, 2007). Recordings also increase
exam performance (Abdous et al., 2012; Bos et al., 2016; Luttenberger et al., 2018; Nordmann et
al., 2019) and offer flexibility about where and when students can listen to them.

The Question Tool is a communication tool, which students use during class. Students
have the possibility to ask questions anonymously by entering them in a chat window with their
smartphone or laptop. Lecturers see all questions on their screen and answer them in class. This
tool benefits especially students who are too shy to interrupt the lecture by asking questions (Gan
& Balakrishnan, 2016; Montgomery et al., 2019). It also increases participation (Montgomery et
al., 2019) and improves interaction between students and lecturer (Palinko et al., 2018).

The Classroom Response System (CRS) is an interactive electronic quiz tool (Castillo-
Manzano et al., 2016). Lecturers present multiple-choice or single-choice questions on their
computer projector and students answer them individually on their smartphone or laptop.
Afterwards, overall results are presented in class and lecturer explains the correct answer. Of all

four digital tools evaluated in this paper the CRS was most investigated in the past by other
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researchers. There have been several meta-analysis measuring the effects of CRS (Castillo-
Manzano et al., 2016; Chien et al., 2016; Hunsu et al., 2016; Wood & Shirazi, 2020). Advantages
of CRS are among others that it increases fun, attention, participation and classroom dynamics in
the lecture (Lopez-Quintero et al., 2016) and that it enriches quality of student learning (Licorish
et al., 2018). Student also receive instant feedback on their performance (Ludvigsen et al., 2015;
Wood & Shirazi, 2020) and improve their academic achievements (Ma et al., 2018).

Virtual Reality (VR) is a technology that uses computer hardware and software to create
an artificial environment, which is similar to the real world (Alfalah et al., 2017). These virtual
worlds are three-dimensional simulated environments (Chalil Madathil & Greenstein, 2017).
Users interact with the artificially generated environment and experience real world situations
(Riener & Harders, 2012). They are able to look around the artificial world, move around in it,
and interact with virtual features or items (Fabris et al., 2019). In the last few years, the
integration of virtual reality environments in education processes became quite popular and the
interest of researchers grew (Fabris et al., 2019). However, there is still a lack of research that
focuses on the learning outcomes of VR and that applies VR in actual teaching (Radianti et al.,
2020). Only few studies reported positive impacts of using VR in class like an increase in
motivation (Villena Taranilla et al., 2019) and improved student performance (Ray & Deb,
2016).

Theoretical background
Active Learning

Active Learning is a very broad investigated construct in education. Already in 1987

Chickering & Gamson developed seven principles for good educational practice and included

active learning as one of their principles. Despite this, there is no common, clear definition of
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active learning because among the term active learning falls a variety of activities, instructions
and interpretations (Freeman et al., 2014; Prince, 2004). The current literature provides some
core elements that are associated with active learning. It refers to activities that take place in the
classroom (Prince, 2004) and occurs when instructors integrate students directly into the class
using exercises to apply newly acquired knowledge (Silberman, 1996). The purpose of
introducing activities is to promote student activity and engagement in the learning process
(Prince, 2004) and to encourage students to think about what they are doing (Bonwell & Eison,
1991). Less emphasis is placed on passive transmitting and receiving information and more on
developing student skills and student exploration (Bonwell & Eison, 1991; Kim et al., 2013).
Moreover, research has demonstrated that active learning methods facilitate learning (Broadbent
& Poon, 2015; Han et al., 2015) and increase student performance (Freeman et al., 2014). In a
traditional large lecture class, active learning often comes up short because lecturers have
difficulties in integrating all students into the lecture and in giving them enough possibilities to
participate and to apply their knowledge (Gan & Balakrishnan, 2016; Montgomery et al., 2019).
Consequently, knowledge gaps and ambiguities remain undiscovered. Based on the literature,
which is presented in the following, it can be assumed that the Question Tool, CRS and VR
modules can support active learning in the classroom. Regarding the Question Tool, Palinko et
al. (2018) found that students asked a lot more questions when using a Question Tool compared
to raising hands and that activity and understanding of course content increased. Looi et al.
(2010) discovered that Question Tools have the potential to create a flexible learning
environment and to transform the lecture from teacher-centered to an active student-centered
learning environment. Regarding the CRS, empirical research shows that the tool is suitable for

promoting active learning in the classroom (Coca & Slisko, 2017; Heaslip et al., 2014;
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Stanojevi¢ & Randelovié¢, 2018). Students are encouraged to actively participate, be more
attentive and think about the multiple-choice questions (Stanojevi¢ & Randelovié, 2018).
Moreover, CRS supports comprehension of the course’ contents (Fuad et al., 2018) and since the
CRS is used independently, it also offers all students the opportunity to participate (Heaslip et
al., 2014). It can also be assumed that VR environments promote active learning because they
encourage learning by doing (Radianti et al., 2020) and exploring the virtual world (Fabris et al.,
2019). Empirical research in the past has shown that Virtual Reality environments increase
motivation, engagement (Villena Taranilla et al., 2019) and enjoyment (Maresky et al., 2019),
which are essential aspects of active learning.
Repetition

Empirical research has proofed that repetition is beneficial for learning (Cepeda et al.,
2008; Dahlin & Watkins, 2000; Rawson & Dunlosky, 2011). It is necessary to achieve
proficiency (Thalheimer, 2006) and is positively linked with final exam performance
(Andergassen et al., 2014). Ebbinghaus (1885) investigated the positive effects of repetition on
learning already in 1885. He developed the so-called “forgetting curve”, which says that
information is forgotten over time and that it does not remain in the memory. This effect can be
flattened by regular repetition of the stimulus. Moreover, Dahlin and Watkins (2000) defined two
purposes of repetition. First, repetition creates a deep impression of the new information so that
the information are engraved more deeply in the memory and second, a new understanding for
the learned information is created and new meaning discovered. Repetition can also take place in
different modalities (visual, auditory, olfactory, kinesthetic) and through different learning media
(text, audio, video, computer, internet) (Thalheimer, 2006). Based on the empirical research it

can be assumed that Lecture Recordings and CRS promote repetition in the classroom. Recent
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studies have shown that if lecture recordings are available, the majority of students uses them to
repeat lectures’ contents and to deepen their knowledge (Ebbert & Dutke, 2020; Morris et al.,
2019). Using the CRS is also positively correlated with repetition in the classroom (Collier &
Kawash, 2017; Combes, 2019). Repeating contents by answering multiple-choice questions
strengthens their knowledge and allows information to be transmitted to the long-term memory
(Collier & Kawash, 2017).
Feedback

Feedback in the classroom is an essential factor to promote learning and academic
achievement (Evans, 2013; Hattie & Timperley, 2007; Schneider & Preckel, 2017). Feedback is
a process during which students receive information on their current performance and
understanding. It provides them the opportunity to monitor their learning progress, to recognize
their strengths and weaknesses and to see what they need to focus on (Sadler, 1989). This is
important to close the gap between current and desired understanding (Hattie & Timperley,
2007; Sadler, 1989). The process of feedback can be differentiated in three steps, which need to
be satisfied simultaneously to create effective feedback for the students. First, students need to
know what the standard or goal is they are heading for. Secondly, they need information to
compare their current level of performance with the norm or target and thirdly, students need to
know what steps they need to take to improve their performance and to get closer to the expected
goal (Hattie & Timperley, 2007; Sadler, 1989). In traditional large lecture classes, it is often
difficult to provide feedback for all students due to a lack of interactivity between students and
lecturer (Yang et al., 2018). The CRS and Question Tool can be a solution here because they
have the potential to deliver individual feedback to all students. When using CRS during the

lecture, students receive rapid feedback on their responses. This helps them to monitor their
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learning progress and to identify knowledge gaps (Ismaile & Alhosban, 2018; Lopez-Quintero et
al., 2016). Using the Question Tool provides students with relevant feedback on what they have
not understood so far. They also have the possibility to check if they understand questions asked
by others and to compare their understanding with the other students (Montgomery et al., 2019;
So, 2016).
Purpose of the study and research questions

The purpose of this study is to investigate how students perceive the above-mentioned
four digital tools and their implementation in a large lecture class. It also examines to what
extent digital tools differ in their impact on active learning, repetition and feedback to make
assumptions which tools fit best for increasing either one of the three factors. Finally, ideas for
improving and developing the tools and their implementation are derived. The following
research questions arise from that:

1. How do students perceive the Lecture Recordings, the Question Tool, the CRS and VR
modules and their implementation in class?

2. How do students perceive the impact of Lecture Recordings, Question Tool, CRS and VR
modules on active learning, repetition and feedback? To what extent differ the tools in
their impact?

3. How can digital tools and their implementation be further optimized and developed for

future use?

Context of the study
The study was conducted with first-year psychology students (bachelor degree) who took
part in the course “General Psychology I’ during the fall semester 2019. The course consisted of

12 lectures (3 x 45 min) during which students used the four digital. In the first lecture, the four
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tools were introduced to the students. From then on, every lecture was recorded and uploaded so
that students could watch the Lecture Recordings during their free time. The Question Tool and
CRS were implemented into each lecture. Both are web applications, which students used with
their smartphone or laptop. The Question Tool was started at the beginning of the lecture so that
students could enter their questions anonymously during the lecture. Questions of the other
students were not visible. The lecturer collected all incoming questions and after about 45
minutes, all questions received up to that point were answered. The CRS was used at the
beginning of the lecture. Students answered three single-choice questions, which were
constructed according to the first three levels of Bloom’s Taxonomy: Knowledge,
Comprehension and Application (Bloom, 1956). Overall results were shared on screen and
lecturer explained the correct answer when more than 20 % answered incorrectly or when
students asked for it. During the fifth lecture, the first VR module was deployed using Google
Cardboard and WebVR. Students used their own smartphones and received the cardboard from
the lecturer. Via a QR-Code, they opened the VR modules with their smartphone and inserted it
into the cardboard. The first VR module dealt with color perception, which was also the topic of
the lecture. After the lecture, students had the possibility to complete two more modules dealing
with distance perception voluntarily at home. In the seventh lecture, another VR module was
conducted during the lecture dealing with observer effects in an interview.
Study Design

The study design is based on a pragmatic world view, which is characterized by a
research problem that is in the center of the study and all sorts of approaches that are used to
understand the problem. Researchers do not focus on a particular method but are free to choose

any method, technique or procedure that suits to answer the research questions (Creswell &
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Creswell, 2018). In this study, a Convergent Mixed Methods Design was applied to answer the
research questions (see Fig. 1). In this design, both quantitative and qualitative data are collected
and analyzed separately and results are integrated during the discussion using a side-by-side
approach (Creswell & Creswell, 2018). The different methods benefit from complementary
strengths and neutralize weaknesses (Creswell & Creswell, 2018; Morse & Niehaus, 2016). A
Convergent Mixed Methods Design was chosen because one method alone was insufficient to
address the study’s research purpose. A combination of quantitative and qualitative provides a
more comprehensive analysis of the research problem and results in a better understanding
(Clark & lvankova, 2015). In addition, the parallel design ensures that data collection and
analysis do not influence each other. A survey was used to collect quantitative data. The survey
delivers generalisable information on how students perceive the impact of the tools on active
learning, repetition and feedback, and integrates all students of the course. But, it does not collect
any in-depth information on what students liked or disliked about the tools and how they and
their implementation can be improved. That’s why qualitative data are necessary. In this study
qualitative data are collected with focus groups. Focus groups are group discussions with several
participants, which reveal in-depth information and encourage participants to think critically and
in-detail about the topic. During the discussion part of this study, both data sets are integrated
using a side-by-side approach and compared to identify similarities and contradictions (Creswell

& Creswell, 2018).
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Figure 1

Convergent Design (Creswell & Creswell, 2018)

QUAN QUAN
Data Collection Data Analysis with
(Questionnaire) Jamovi
Compare or .
relate Interpretation
QUAL QUAL
Data Collection Data Analysis with
(Focus Groups) MaxQDA
Study 1
Method

Procedure and Sample

At the end of the semester during the 12" lecture an online survey was conducted. It was
a live survey and all students present in the lecture were asked to participate. Completing the
questionnaire was voluntary and took around 10 minutes. The questionnaire consisted of four
parts. Each part contained the same items to assess active learning, repetition and feedback but
was related to another digital tool. Students were asked to complete all four parts so that the
results for the different tools could be compared during the analysis. To receive a representative
result for all students attending the course, the sample size should be above 92 participants (when
applying a confidence interval of 95 % and 5 % margin of error). 99 students were present during
the lecture and started the questionnaire. From these 99 students, 95 answered the questionnaire
completely (Nmaie = 19 / Ntemale = 76). Only completely answered questionnaires were used for

the analysis.
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Measures

The purpose of the quantitative study was to collect data about how students perceive the
tools” impact on active learning, repetition and feedback and to compare results. A questionnaire
was used because it entails several advantages. It offers the opportunity to get an overview of the
opinions of all participants and provides generalizable information (Blair et al., 2014). The
questionnaire used in this study was developed in line with current standards and guidelines of
the APA for creating surveys (AERA, APA & NCME, 2014). In the first step, a thorough
literature research of the three constructs was conducted. Based on the findings, items were
developed for each construct. In the next phase, the initial item list was discussed with two
experts. During the discussion, the items were reviewed, sharpened and adjusted. Those
discussion rounds took place multiple times until the questionnaire was finished. In the last step,
a pilot took place to test the comprehensibility of the questionnaire items. Three students took
part who were familiar with the four digital tools. Based on the reactions of the pilot participants
the questionnaire was again adjusted and finalized. The final questionnaire (see Table 1)
consisted of six items for each construct using a 7-point Likert Scale with a response format from
1 (very unlikely) to 7 (very likely).
Data Analysis

The collected data were analyzed with Jamovi. The analysis included a confirmatory
factor analysis, reliability analysis and a one-way repeated measures analysis of variance

(ANOVA).
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Table 1
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Items of the survey

Construct  Item

Active Using the "tool™ in this lecture encouraged me to ask questions during the

Learning lecture. (Q1)
By using the "tool" in this lecture | was more active in the lecture. (Q2)
Using the "tool" in this lecture made me explore the contents of the lecture
more. (Q3)
By using the "tool" in this lecture | was more attentive during the lecture. (Q4)
Using the "tool" in this lecture encouraged me to think critically about what |
am learning. (Q5)
Using the "tool" made it easier for me to follow the lecture. (Q6)

Repetition  Using the "tools" in this lecture helped me to better memorize the content of the
lecture. (Q7)
Using the "tool" in this lecture helped me to repeat the content of the lecture.
(Q8)
Using the "tool" in this lecture made me deal more often with the topics of the
lecture. (Q9)
By repeating the content with the "tool" | understood the topics of the lecture
better. (Q10)
Repeating the content with the "tool" helped me to develop a deeper
understanding of the content. (Q11)
By repeating the content with the "tool" I learned something new. (Q12)

Feedback  The use of the "tools" in this lecture helped me to clarify misunderstandings.
(Q13)
By using the "tool" in this lecture | knew how well | mastered the content of the
lecture. (Q14)
By using the "tool" in this lecture I was aware of my current level of learning.
(Q15)
Using the "tool" in this lecture showed me what | still have to work on. (Q16)
The use of the "tools" in this lecture showed me what content | need to further
focus on. (Q17)
The use of the "tool™ in this lecture helped me to learn the content of the lecture.
(Q18)

Results

Confirmatory Factor Analysis

The purpose of the confirmatory factor analysis is to test if the hypothesized model fits

with the actual data (Field, 2017). For each digital tool, a confirmatory factor analysis was
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calculated. First, modification indices were examined. They provide an empirical estimate of

how strongly each item is associated with another construct (Hair et al., 2018). All four sets of

16

data indicated a better fit for item Q18 with the construct repetition than feedback. This item also

fits repetition in terms of content and consequently was moved. In the resulting new structure,

the factor feedback consists of five items (Q13-Q17), the factor repetition of seven items (Q7-

Q12, Q18) and the factor active learning as before of six items (Q1-Q6).

Table 2 displays a summary of the factor loadings with the new structure. Loadings

should be at least .5 and ideally .7 or above to confirm a strong relation between constructs and

item (Hair et al., 2018). Results show that all factor loading are above .5 and thus no items need

to be removed.

Table 2

Factor Loadings

Factor Loadings

Construct  Item  Lecture Recordings  Question Tool CRS VR
Active Q1 7122 .768 .608 .649
Learning Q2 .836 .929 15 154
Q3 .738 913 713 .906
Q4 .883 939 .898 .852
Q5 .769 .801 767 .786
Q6 .805 .893 .839 .892
Repetition Q7 831 .86 172 .793
Q8 .88 .836 835 875
Q9 .664 .85 .655 .801
Q10 822 .897 633 94
Q11 .881 .882 632 .95
Q12 .63 .759 516 172
Q18 .868 .855 .818 .859
Feedback Q13 .681 .697 .69 794
Q14 .839 .863 .888 .945
Q15 .818 .895 935 961
Q16 .956 .95 939 972
Q17 972 .939 913 .888
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In the next step, fit measures were examined (see Table 3). They give an indication how
well the theoretical measurement model and actual data fit (Hair et al., 2018). Goodness-of-fit
indices can be separated into three categories: absolute fit, parsimony correction and comparative
fit. Brown (2015) recommends using at least one index of each category because each type of
index provides different information about the model fit. This study reports for each model the
Standardized Root Mean Square Residual (SRMR) as absolute fit, the Root mean square error of
approximation (RMSEA) as parsimony correction and the Comparative Fit Index (CFI) as
comparative fit. Cut-off for SRMR is 0.8 or below (Hair et al., 2018), cut-off for RMSEA is 0.6
or below (Brown, 2015) and cut-off for CFI is 0.9 or above (Hair et al., 2018). The fit indices
indicate that the measurement model and data collected for Lecture Recordings and CRS do not
provide an acceptable fit. Data collected for the Question Tool and VR provide a modest fit as
some of the examined fit indices are within cut-off values. Furthermore, all items load on their
respective factors (p <.001).

Reliability

Cronbach’s alpha examines the internal consistency or reliability of rating scales. Items
of one scale should measure the same thing and thus should be correlated with one another
(Cronbach, 1951). Table 4 displays the values of Cronbach’s Alpha in this study. Values should
exceed .7 (Nunnally, 1975). They are excellent above .9, good above .8 and acceptable above .7
(George & Mallery, 2003). The measures used in this study display good to excellent internal

consistency, ranging from .862 to .956.
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Table 3

Goddness-of-fit measures

RMSEA 90&Cl

CFlI SRMR RMSEA Lower Upper
Lecture Recordings 817 .1060 154 138 171
Question Tool .854 0742 157 141 174
CRS .852 .0954 125 109 143
VR modules 913 0712 118 101 135
Table 4
Cronbachs Alpha, Mean and Standard Deviation

Active Learning Repetition Feedback

Alpha Mean SD Alpha Mean SD Alpha Mean SD
Lecture Recordings .909 329 139 920 508 128 935 492 132

Question Tool 950 349 177 947 361 163 934 348 151
CRS 894 398 142 862 547 195 935 6.04 0.89
VR 918 3.06 151 950 352 161 956 256 1.27

Analysis of variance (ANOVA)

The one-way repeated measures ANOVA examines whether there is a significant main
effect of the digital tools on perceived active learning, repetition and feedback (Fig. 2).
Mauchly’s Test of Sphericity revealed that the requirement of sphericity has not been met.
Consequently, a Huynh-Feldt correction to the F-value was applied.

The results of the one-way repeated measures ANOVA showed that there is a significant
main effect of digital tool (Lecture Recordings, Question Tool, CRS, VR) on active learning
(F(2.80) = 11.1, p <.001, 2 =.106). Post hoc tests (using the Holm correction to adjust p)

indicated that Lecture Recordings and Question Tool do not differ significantly from each other
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as well as Lecture Recordings and VR while all other means differ significantly from each other.
Most likely CRS has a perceived impact on active learning (M=3.98 / SD=1.42) followed by the
Question Tool (M=3.49 / SD=1.77). The effects of Lecture Recordings (M=3.29 / SD=1.39) and
VR (M=3.06 / SD=1.51) were perceived to be less.

The results of the one-way repeated measure ANOVA also revealed a main effect of
digital tool (Lecture Recordings, Question Tool, CRS, VR) on repetition (F(2.69) =80.5, p <
.001, »? = .461). Post hoc tests (using the Holm correction to adjust p) indicated that Question
Tool and VR do not differ significantly from each other. All other means differ significantly
from each other. Again, the perceived impact of CRS (M=5.49 / SD=1.05) on repetition was
rated the highest. Followed by the Lecture Recordings (M=5.08 / SD=1.28) which lead to more
repetition than Question Tool (M=3.55/ SD=1.60) and VR (M=3.47 / SD=1.59).

The results of the one-way repeated measure ANOVA also revealed a main effect of
digital tool (Lecture Recordings, Question Tool, CRS, VR) on feedback (F(2.88) = 207, p <
.001, #2=.687). Post hoc tests (using the Holm correction to adjust p) indicated that all four
digital tools differed significantly from each other. CRS (M=6.11 / SD=0.871) had the highest
rating and highest perceived impact on feedback followed by the Lecture Recordings (M=4.92 /
SD=1.32). The impacts of Question Tool (M=3.53 / SD=1.52) and VR are rated rather low

(M=2.43 / SD=1.25).
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Figure 2

Ratings of active learning, repetition, and feedback for Lecture Recordings, Question Tool, CRS

and VR modules
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Note. Error bars are + one standard error of the mean.

Discussion

The results of the quantitative study indicate that there are significant differences between
the tools regarding their impact on active learning, repetition and feedback. Students perceived
that the CRS has the highest impact on all three factors. That shows that it is well suited to
enhance active learning, repetition and feedback in the classroom. In contrast to that, VR has the
lowest perceived impact and it can be assumed that it is less suited to enhance active learning,
repetition and feedback in the classroom. The perceived impact of all four digital tools on active
learning is relatively similar and rather low compared to repetition and feedback. A reason for

that could be that the implementation of a digital tool is not sufficient to create an active learning



EVALUATION OF FOUR DIGITAL TOOLS 21

environment. More activities need to be implemented. Comparing the four tools, the impact of
CRS on active learning was rated highest. VR modules had the lowest perceived impact on
active learning, which is rather surprising because VR is used actively and promotes learning by
doing (Radianti et al., 2020).

Regarding repetition, there are more noticeable differences between the tools. The impact
of the CRS was again rated highest, followed by the Lecture Recordings, which were slightly
less but similar rated. It can be concluded, that both CRS and Lecture Recordings are well suited
to enhance memorizing and understanding course contents. In comparison, the perceived effects
of the Question Tool and VR modules were rated lower. These results are less surprising because
the tools are rather suitable for clarifying understandings or exploring new aspects of the course
content.

Regarding feedback, there are also clear differences among the tools. The impact of CRS
on feedback was rated highest. That shows that students see CRS as a useful tool to monitor their
own learning, to identify their knowledge gaps and to see what they need to focus on further.
Next to the CRS also the perceived impact of Lecture Recordings was rated high. A reason for
that could be that students have the possibility to clarify misunderstandings and to monitor what
they already know or not know by listening to lectures again. The Question Tool had a
significantly lower perceived impact on feedback. This is rather unexpected. It was assumed that
the Question Tool enhances monitoring of own learning progress and comparing own
performance with other students. In addition, some researcher also investigated that a Question

Tool promotes feedback (So, 2016; Montgomery, 2019).
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Study 2
Method
Procedure and Sample

Two focus groups were conducted to collect qualitative data. The interviews took place at
the end of the semester after the 12" lecture of the course “General Psychology”. Students who
took part in that course and had used the tools during the semester were asked to participate in
the focus groups. Eleven students participated voluntarily. They did not receive any incentives or
grades for taking part but had the opportunity to support shaping the future use of the tools. The
first focus group consisted of four participants (Nfemale = 4) and the second of seven participants
(Nmate = 2 / Nfemate = 7). The focus groups lasted around 50 minutes and were audio recorded.
Measures

The researcher of this study was moderator and analyst of the focus groups and had
studied the subject of digital tools in education for several months to develop a comprehensive
understanding of the subject. The comprehensive understanding helped in creating the focus
group guidelines and in identifying relevant themes and statements during data collection. The
researcher has also extensive knowledge in conducting qualitative research due to prior studies
and projects.

The purpose of the qualitative study was to get in-depth information on how students
perceived the tools, the tools’ impact on active learning, repetition and feedback and on how the
tools and their implementation can be further improved and developed. For that purpose, focus
groups were designed in line with the focus group literature (Barbour, 2014; Masadeh, 2012;
Vaughn et al., 1996). Focus groups deliver several positive aspects. Participants are in a relaxed

group-setting situation, discussing with their peers a topic that affects them all. Therefore, they
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are more open and it is easier for them to express their opinions and perceptions (Kamberelis &
Dimitriadis, 2013). By discussing a topic with other participants, the participants think more in
detail about the subject and form more sharp ideas and convictions than in a single interview
(Cyr, 2016). The focus group guideline consisted of broad themes and open questions so that the
moderator did not have to interact a lot with the participants but rather listened and gave space
for the group discussions. Discussion in a focus group usually begins first with a warm-up and a
broad theme and then goes more into depth (Masadeh, 2012; Vaughn et al., 1996). According to
that, the first part of the focus group consisted of an introduction and warm-up with some
information regarding the study and the agenda of the focus group (3 min). The second part
consisted of questions that generally asked students how they perceived the implementation of
the tools and what they liked or disliked about the tools (15 min). This rather easy question aims
to motivate participants to start talking and to get in the discussion mode (Vaughn et al., 1996).
In the third phase, students are encouraged to think more in-depth and discuss to which extent
tools had an impact on active learning, repetition and feedback (15 min). During the fourth part,
students were asked to think about how tools and their implementation can be further improved
and developed (15 min). In the last phase, the focus group ends with a wrap-up and a closing
statement (2 min).

Data Analysis. Recordings of the focus groups were transcribed and analyzed with
MaxQDA. The analysis follows Knodel’s (1993) practical approach for designing and analyzing
focus group studies. Knodel (1993) assumed that an analysis of focus group data consists of a
mechanical and an interpretive part. The mechanical part includes organizing the data into
segments and the interpretive part includes organizing the textual data into segments by coding

the data. He calls the process of coding “Code Mapping”. The purpose of Code Mapping is to
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create a final Code System that includes all codes identified by the analysis (Fig. 3). The process

includes four steps:

Step 1 Develop an Initial Set of Codes Corresponding to Each Item in the Focus Group
Discussion Guidelines. According to the research questions and the three broad themes in
the focus group guidelines, three codes were created: General impression of the tools,
tools’ impact on active learning, repetition and feedback and ideas for further
development.

Step 2 Create Additional Codes for Topics That Arise and Are of Special Interest.

Based on the text material further codes were created inductively, which were essential
for answering the research questions and receiving a comprehensive understanding.

Step 3 Develop Nonsubstantive Codes That Will Be of Particular Help in the Analysis and
Write-Up Phases. During the third phase, further codes are created which are particularly
helpful for analyzing the material, for example to code leading statements or codes that
indicate that the statements were made as jokes. In this analysis, it was not necessary to
develop further nonsubstantive codes.

Step 4 Develop Subsequent Detailed Codes to Use for Analyses of Specific Topics. After the
initial code mapping, some topics were analyzed again in detail. Based on this analysis
some of the subcodes referring to the tools were differentiated in positive and negative
aspects.

Objectivity and Reliability
Quialitative research analysis often lacks to an extent objectivity because analysis and

interpretation depend to a certain degree on the analysist (Rabiee, 2004). To increase objectivity
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in this study, procedure of data analysis is clearly documented so that other researcher have the
possibility to understand and verify findings.

Reliability of the data can be assessed by comparing statements within and across focus group
sessions (Knodel, 1993). In this study, statements and codes of both focus groups were placed
side by side and analyzed. Both groups answered similarly to the questions and identified same
key aspects regarding the tools, their impact on active learning, repetition and feedback and their
ideas for future development. These results indicate reliability for the study.

Moreover, the accuracy of the interpretive analysis is enhanced, because the analyst was also
moderator in the focus groups and consequently directly involved in the process of data
collection. This brings analyst and subject of the study closer together and makes the

interpretation more accurate (Knodel, 1993).

Figure 3
Codesystem
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Results and Discussion

General impression of the tools. The most discussed tools during the focus groups were the
Question Tool (35 statements) and the VR modules (22 statements). Participants described many
positive but also negative aspects of these two tools. Regarding the Question Tool, they liked the
tool itself because they had the opportunity to ask questions throughout the entire lecture and it
facilitated participating for rather shy students. They also thought that some of the questions
were helpful for understanding the lectures’ contents and getting more in-depth knowledge. On
the other side, they criticized that some of the questions asked by the students were not related to
the lectures’ contents and therefore not interesting for all students. They also expressed that the
time spent on answering the questions during the lecture was too long (“It takes so much time.
Sometimes we only manage to go through 30 slides because we discuss things from the question
tool for so long”).

Regarding the VR modules, students enjoyed getting to know a new technology (“I also
came into contact with things that | have not known before. For example VR, | have never tried
that before. Of course it's super cool to try something new.”). They also liked the tool because it
brought fun and variety to the lecture. What they rather disliked is that the implementation of the
tool including an explanation of how it works and getting it started on all students’ smartphones
took a lot of time. Moreover, they said that it was fun using the tool but that it did not have an
effect on their learning (“In addition, it takes a lot of time until everyone is ready, has the right
browser and started the module on his smartphone. For me, the time spent and what you learn at
the end of it are not in proportion”) . Students said that they would have understood the topics

also without the VR modules. There were also some technical issues because the VR modules
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did not work properly on all smartphones and some participants criticized that the VR
environment was rather artificial and did not feel like the real world.

Participants also discussed the CRS (13 statements) but in contrast to the other tools, they
only mentioned positive aspects about the tool (“I liked the CRS most. | was always looking
forward using it because it was fun”). They said it was a great way to repeat lectures’ contents
and a good preparation for the exam. The least discussed were the Lecture Recordings (11
statements). In general, students were content with this tool. It offered them the possibility to
repeat content so that they were not under pressure while taking notes in the lecture and to miss a
class without lacking the information of the lecture.

Tools’ impact on active learning, repetition and feedback. In regards to active learning
students mentioned especially the Question Tool both in a positive (4 statements) and negative
way (8 statements). It made them think more critically about the lectures’ content to find out
what they have not understood so far and how to phrase it in a question. Doing that made them
more focused and engaged during the lecture. On the other side, some of the questions asked by
students were irrelevant to the others and sometimes time spent on answering the questions was
quite long. Because of that, participants reported that they lost attention and did not follow the
lecture anymore (“I noticed for myself that I lost attention because the questions were not
relevant for me. Or because sometimes stupid stuff was asked.”). Regarding the other tools
students were not especially aware of their impact on active learning so there were only a few
mentions.

Regarding repetition, students mentioned mainly CRS (5 statements) and Lecture
Recordings (4 statements) in a positive way. There were hardly any mentions for the Question

Tool and VR. In terms of CRS students said that multiple choice questions helped to repeat and
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better memorize lectures’ contents. They also described the Lecture Recordings as a great way to
repeat lectures. If students did not understand something during the lesson, they can always
repeat contents with the Lecture Recordings.

Finally regarding feedback participants’ focus was the positive impact of the CRS (9
statements). Students liked that the CRS provided a direct feedback and that they saw
immediately if they understood the topics correctly or not. The questions gave them hints on
what they still need to focus on (“You get direct feedback on whether you have understood
something from the lecture or not. You also know in which areas you might have to focus on or
whether you still have questions about the important topics. I think that's really good™).
Participants also mentioned that the Question Tool provided feedback (3 statements). The
questions asked in the tool helped them to monitor their understanding (“For some questions |
noticed that | could answer them without any problems or for others | noticed that | should look
at the topic again”) and to compare themselves to other students

Ideas for further development. During the last part of the focus groups, participants were
asked how tools should be further improved and developed to increase their impact on effective
learning. In general participants liked the tools and their implementation in the course. They
wished that the implementation of tools would be expanded to other courses as they see many
benefits in them. However, some ideas for improvement were mentioned especially for the
Question Tool (25 statements) and the VR modules (19 statements). Regarding the Question
Tool, one of the main concerns was the amount of questions. Participants preferred a reduction
of questions to only those who are relevant to all students and fit to the course material.
Participants suggested that questions in the Question Tool are filtered and summarized by the

lecturer so that not all questions are answered. This would reduce time for answering questions
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and only most relevant questions would be answered. Moreover, they suggested the providing of
clear guidelines for students what kind of questions are appropriate to ask (“It would be good if
there were clear guidelines or at the beginning of the semester an introduction so that students
know, which questions should be asked and which not”). Another idea was the introduction of a
voting system. With the voting system students could vote questions of other students, for
example with a thumbs-up button and lecturers could answer only most voted questions.
Regarding the VR modules, participants proposed the development of other modules with a
higher learning effect (“Maybe there are more complex topics where VR really helps to
understand them”). For the VR modules they did at home, they would also appreciate a direct
feedback on how they performed. In terms of the CRS, participants mentioned that there could
be more than 3 multiple choice questions and that the tool could be used more often during the

lecture.

Overall Discussion

This paper evaluated the implementation of four digital tools in a large lecture class and
investigated how students perceived the tools and their impact on active learning, repetition and
feedback. For this purpose, both quantitative and qualitative data were collected. During the
following part, results from both data collections are integrated using a side-by-side approach to
answer the research questions and identify similarities and differences.

The first research question focused on how students perceived the tools and their
implementation in the lecture. Data collected during focus groups revealed that students enjoyed
using the tools. They brought variety to the lecture and some of the tools helped them to learn the

contents of the lectures. However, they perceived differences in the effectiveness of the tools.
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Results of the quantitative study indicate that students rated the impact of a tool on active
learning, repetition and feedback in a rather similar way. For example, if the impact of a tool on
active learning was rated highly, the impact on repetition of this tool was rated similarly high.
Reasons for that could be that the constructs are not selective and consequently students
responded on items in a similar way. Confirmatory Factor Analysis also revealed that constructs
correlate with each other and load on each other. Another reason could be that students see tools
as either effective or not effective without differentiating if the tools have a more or less impact
on the different constructs. Regarding the single tools, the Lecture Recordings received high
rates for their impact on repetition and feedback in the quantitative study. Students emphasized
also in the qualitative study that it is a great tool to repeat the contents of the lecture and to
clarify what they misunderstood during the lecture. Previous research studies have also reported
that students were enthusiastic about using lecture recording (Copley, 2007) and placed great
value on them for more in-depth understanding, clarification or exam preparation (Morris et al.,
2019). The Question Tool had a rather low impact compared to Lecture Recordings and CRS.
Ratings were almost similar for active learning, repetition and feedback. The focus group
participants reported that they liked using the tool in general and the possibilities it offered but
there were some aspects of implementation that need improvement. The impact of the CRS on
active learning, feedback and repetition was rated highest. Data from focus groups support this
impression. Participants enjoyed using the tool because it was fun and appropriate in terms of
time and effort. It also helped them to learn contents of the lecture and to prepare for the exam.
These results are in line with the current literature. Most studies, investigating the effects of CRS
in a classroom, identified positive aspects like an increase in attention (Lopez-Quintero et al.,

2016), in engagement (Wood & Shirazi, 2020), in motivation (Licorish et al., 2018), in
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interactivity (Heaslip et al., 2014) and in academic performance (Ma et al., 2018). It was also
shown that it provides instant feedback (Ismaile & Alhosban, 2018; Lopez-Quintero et al., 2016)
and is a suitable tool for student retention (Collier & Kawash, 2017). In contrast to that, students
rated impact of VR modules on all three constructs rather low. Focus group participants
confirmed that VR modules were less useful to them. They enjoyed exploring the new
technology but it did not help them to learn lecture’s contents. They also criticized that the VR
environment was rather artificial and did not feel like the real-world. Because of that, it can be
assumed that immersion, which is one of the most important aspects for effective implementation
of VR in the classroom (Chavez & Bayona, 2018), was rather low and that for this reason ratings
for VR were also rather low.

The second research question aimed to investigate the tools’ impacts on active learning,
repetition and feedback and to what extent there are differences between tools. Regarding active
learning, all of the four tools had a similar and rather low influence. Focus group participants
mentioned that they did not feel more activated and focused during the lecture. A reason for this
result could be that integrating digital tools in a traditional lecture class is not sufficient to create
an active learning environment. Researchers have shown that collaboration between students and
group work are an important factor to enhance active learning (Fidalgo-Blanco et al., 2019). The
digital tools presented in this study, however, are more likely to be used alone. To promote
active learning, implementation of tools needs to be changed or other activities need to be
integrated into the lecture. Among all four tools, the impact of the CRS on active learning was
rated highest. This supports the findings of other researchers who discovered that using CRS
increases participation and engagement in class (Heaslip et al., 2014; Stanojevi¢ & Randelovi¢,

2018). On the other side, the impact of VR was rated lowest which is rather surprising because
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VR is an active tool, which promotes learning by doing (Radianti et al., 2020). It also contradicts
Fabris et al. (2019) who concluded from his meta-analysis that VR has the potential to act as an
active learning tool as it encourages active participation and self-directed learning. A reason for
the low perceived impact could be the implementation and design of the VR modules. Radianti et
al. (2020) concluded from their meta-analysis that realistic surroundings and basic interaction
design elements are essential for VR modules. Regarding both aspects, further development and
improvement of the VR modules used in this study are necessary. For repetition, the quantitative
data revealed clearer differences between the tools. Students rated the impact of CRS and
Lecture Recordings highest. During focus groups, participants said that these two tools offer
students the opportunity to improve understanding and memorizing of the contents by repeating
them. Other studies have similar findings for the positive effects of CRS on repetition (Combes,
2019; Wang, 2015; Collier & Kawash, 2017) and the positive effects of Lecture Recordings on
repetition (Ebbert & Dutke, 2020; Morris et al., 2019). The impact of the Question Tool and VR
modules was rated rather low and during focus groups, participants barely mentioned them while
discussing repetition. This result is not surprising because both tools are more about exploring
new aspects of the lecture material than repeating what they already know. Regarding feedback,
again students rated the impact of CRS and Lecture Recordings highest. From both quantitative
and qualitative results, it can be concluded that CRS helped students to monitor their own
learning, to see what they have already understood or not and on what they need to focus on
further. The fact that CRS increases instant feedback for students is supported by several other
studies (L6pez-Quintero et al., 2016; Wood & Shirazi, 2020; Ludvigsen et al., 2015; Ismaile &
Alhosban, 2018). Results for Lecture Recordings are rather surprising. During focus groups,

participants barely discussed the Lecture Recordings’ impact on feedback. Only one participant
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said that Lecture Recordings do not provide direct feedback, which is contradictory to the
quantitative results. One reason could be that by listening to the lecture again students receive
some feedback by realizing, which parts they have already understood and on which they need to
focus on more. The Question Tool has a rather low impact on feedback according to the
quantitative data. In comparison, focus group participants mentioned that the Question Tool had
a positive influence on feedback. It allowed them to monitor they own learning process, see what
questions they wer able to answer themselves or what they still need to focus on. They also had
the opportunity to benchmark their knowledge with other students. The positive impact of a
Question Tool on feedback was also investigated by other researchers (So, 2016; Montgomery,
2019). A reason for the contradictory results could be that students perceived some negative
aspects regarding the implementation of the Question Tool (too many irrelevant questions, too
much time spent on answering questions) and because of that they rated its impact on feedback
rather low.

The third research question asks how tools and their implementation can be further
developed. Results from the focus groups revealed that there is especially potential for the
Question Tool and VR modules. Students liked the Question Tool itself and the opportunities it
delivered to them but also mentioned the need to change the integration of the tool in the lecture.
The amount of questions needs to be limited. Participants suggested guidelines for students that
clarify which kind of questions are allowed to ask or integration of a voting system. Regarding
VR modules one of the main critics was that modules were not relevant for learning. Students
saw no benefit compared to the traditional lecture. The question arises, for which kind of content
VR is useful. Further investigations are necessary to determine whether the effectiveness of VR

modules is limited to a certain type of topics or subjects.



EVALUATION OF FOUR DIGITAL TOOLS 34

Limitations and Further Research

It is important to recognize several limitations of the present study and to derive ideas
and indications for future research. First, the quantitative data revealed a lack of validity. Fit
indices were not optimal so that the hypothesized model cannot be accepted without further
research. One reason for the missing fit between model and actual data could be that the three
factors active learning, repetition and feedback are not selective. They correlate with each other
and factors load on each other. Further research is necessary to investigate the structure and
similarities between the three factors.

Second, the study explored tools and their impacts on active learning, repetition and
feedback by using subjective perceptions and self-reported data. These data are important and
provide essential information on how students experience the tools and to what extent
improvement and development are needed. However, to a certain extent there is a lack of
objectivity. Future research needs to focus on more objective methods to evaluate tools like
observations of students’ participation or retention tests to test the knowledge learned with the
tools. Moreover, future research should use an experimental design to identify differences in
active learning, repetition and feedback between groups.

Third, this study only used data from a psychology course and from one way of
integrating tools. Thus, data are only generalizable to a certain degree. For further research, tools
need to be integrated into other courses with other ways of implementation to examine if this
makes a difference in their impact on active learning, repetition and feedback. Results may differ
a lot when integrated for example in a science class. Along with this, future research needs to

examine which knowledge and contents can be best learned with each tool.
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Practical Implications

With the above limitations in mind, findings of the study offer a number of implications
for educators, lecturers and universities. Traditional large lecture classes often fail in providing
effective learning for students (Yang et al., 2018). Implementation of digital tools in these
classes has the potential to enhance active learning, repetition and feedback and to promote
effective learning. Digital tools are cost-effective and easy to apply. They deliver an easy way to
add variety to the class and make it more exciting for students. The four digital tools evaluated in
this study also offer the possibility to address students more on an individual level and to
integrate all students in the lecture. When implementing tools lecturers need to keep in mind that
setting and way of implementation are important factors. Tools should not take too much time
from the lecture. They should rather be used asa short and fun interruption to activate students
and to keep the attention level high. Moreover, contents presented with the tools should be very
close to what the lecture is about and should not go far beyond the material. This is important for
students to receive feedback on their current performance and to repeat contents effectively.
Another aspect is that lecturers need to moderate tools. For example Question Tools can be
moderated by using a voting system and responding only to the most voted questions. CRS and
VR modules should incorporate short, instant feedback on how students performed. Moreover,
results of the study indicate that if lecturers want to enhance particularly repetition or feedback in
their class, CRS is the most suitable tool among the four evaluated tools followed by the Lecture
Recordings. The Question Tool and VR modules have a rather low impact on both repetition and
feedback if they are implemented the same way as in this study. Lecturers need to consider the
findings of this study regarding further ideas for improvement and development when

implementing Question Tool or VR modules.
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Conclusion

The four evaluated digital tools Lecture Recordings, Question Tool, CRS and VR
modules differ in how students perceive them and in their impacts on active learning, repetition
and feedback. It can be concluded that next to the tool itself also the way of how it is
implemented and used during the lecture plays an important factor. In general, using digital tools
brings variety to the lecture and offers all students the possibility to participate in the lecture. In
this study, students perceived CRS as most valuable for enhancing active learning, repetition and
feedback followed by the Lecture Recordings. These tools are suitable for supporting traditional
large lecture classes and enhancing effective learning. Question Tool and VR were perceived as
less valuable. Based on the ideas for future development these two tools can be revised and
improved. The findings of this study can be relevant for both future research and practical
interventions aiming at investigating aspects of digital tools in a large lecture class and

implementation of the four evaluated tools.
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