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Abstract 

The introduction of digital learning environments in higher education requires teachers to be 

able to optimize their use to improve student engagement in the learning process during in-

person classes. In a quasi-experiment (N=303), an increasing number of functionalities of a 

digital learning environment was used to examine the impact on changes in cognitive, 

affective, and behavioral student engagement between the beginning and the end of a series of 

lectures. The three conditions were: ‘low number of functionalities’ in which students had 

only to answer quizzes during the lectures; ‘moderate number of functionalities’ in which, in 

addition to quizzes, students could ask the teacher written questions at different moments 

during the lectures; ‘high number of functionalities’ which added a functionality compared to 

the previous two enabling students to visualize the teacher’s slideshow for the course on their 

own device in real time during the lectures. Results revealed that visualizing the teacher’s 

slideshow on their own device in addition to quizzing and questioning increased affective 

engagement of students between the beginning and end of the lectures. Furthermore, when 

only quizzing activities were provided, a greater proportion of students engaged behaviorally 

to perform additional quizzes administered one week after the end of the last lecture to 

prepare exams. The discussion evokes both preventing multi-tasking activities, and the need 

for students to self-evaluate by performing additional quizzes depending on the functionalities 

used by the teacher during the lectures. 
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Improving Student Engagement during in-Person Classes by Using Functionalities of a 

Digital Learning Environment 

“Learning begins with student engagement” (Shulman, 2002, p. 38). 

1. Introduction 

 For many years, engagement has been recognized as being at the core of the learning 

process (Mosher & McGowan, 1985), and extensive research has investigated how to improve 

student engagement in higher education (Zepke & Leach, 2010). Although a number of 

studies have examined student engagement in online and blended learning settings 

(Akkoyunlu & Soylu, 2006; Galikyan & Admiraal, 2019; Manwaring et al., 2017), less 

research has examined the improvement of student engagement between the beginning and 

end of a series of lectures using functionalities of a digital learning environment available on 

the student’s device during in-person classes.  

Digital learning environments can be used in higher education to help teachers to 

promote engagement in learning among students, and students are incited to engage in 

learning mediated in this way (Bergdahl et al., 2018, 2020). A number of studies have shown 

an increase in student engagement when different tools were used such as web 2.0 

technologies (Cakir, 2013; Schindler et al., 2017), clickers (Han & Finkelstein, 2013), virtual 

worlds (Pellas, 2014), gamification (da Rocha Seixas et al., 2016), etc. Overall, these studies 

demonstrated that it is not the digital learning technology itself, but how it is used by teachers 

that influences student learning (Giesbers et al., 2013). Although a vivid debate among 

practitioners has recently emerged about banning or integrating student devices during in-

person classes in higher education (Vahedi et al., 2019), growing evidence suggests that 

teachers would gain by using them to engage their students in learning, and potentially, 

improve academic performance (Derounian, 2020; Elliott-Dorans, 2018). Thus, integrating 

technologies in lectures is a new challenge for teachers in higher education, which requires 
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determining how to enhance student engagement during in-person classes using certain 

functionalities available in digital learning environments, and identifying how many of them 

should be used to improve learner engagement. Indeed, using some of these functionalities 

may contribute to focusing students on learning, not only by using overt or engaging activities 

(e.g., answering quizzes and asking the teacher questions), but also by promoting deep and 

active processing of information (e.g., focusing attention on the course and preventing 

multitasking activities). 

1.1. Digital learning environments (and their functionalities) during in-person classes 

 For a long time, audience response systems (ARS or clickers) have been used to 

engage students during lectures (Chien et al., 2016; Hunsu et al., 2016; Kay & LeSage, 2009; 

Wood & Shirazi, 2020), with a positive impact on academic performance and other outcomes 

(Buil et al., 2016; Caldwell, 2007). These systems have evolved to be available on the web 

and have been transformed into digital learning environments or web-based applications, 

providing new ways to stimulate engagement and learning during in-person classes 

(Papadopoulos et al., 2021; J. Schell et al., 2013). Many of the environments proposed by 

several EdTech companies (e.g., Kahoot!, PollEverywhere, Mentimeter, Socrative) are 

essentially used for administering quizzes (Wang & Tahir, 2020), notably because of the 

recognized positive effect of testing on learning and academic performance (McDaniel et al., 

2007; Roediger III et al., 2011). Although other functionalities beyond quizzes are possible 

using digital learning environments, they have not systematically been explored. For example, 

some of them may provide additional functionalities such as allowing students to ask the 

teacher written questions during a lecture by posting messages and/or synchronizing the 

teacher’s slides with the students' devices to visualize slideshows in real time. Such 

environments offer both students and teachers new learning and teaching opportunities and 

novel ways of apprehending course contents. Indeed, by offering students the possibility to 
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post messages in a written format, anxious students (and any other student) may overcome 

their apprehension about asking the teacher questions in large lecture halls (Beekes, 2006; 

Stowell et al., 2010). Similarly, because students may not be able to see the screen easily in a 

large lecture hall (Cunningham, 2011; Maclaren et al., 2017), offering them the possibility to 

visualize the teacher’s slideshow on their own device should contribute to improving focus on 

the course contents. It may also be a useful solution to prevent distractions due to multitasking 

activities on their own device. Beyond quizzes, which are one of the main activities, it is 

important to know how teachers can use and exploit other functionalities of digital learning 

environments (and how many of them should be used), to improve the engagement of their 

students in learning. 

1.2. Student engagement in learning 

 Definitions and ways to measure engagement have proliferated (Appleton et al., 2008; 

Christenson et al., 2012), and much research has also examined how engagement may 

contribute to learning in a variety of educational settings from primary to higher education 

(Krause & Coates, 2008; Lee, 2014; Siddiq et al., 2020; Xie et al., 2020). To illustrate the 

diversity in engagement research, a plethora of variables has been examined under the term 

‘engagement’ including motivation, self-efficacy, self-regulation, involvement, participation 

and belonging (Fredricks et al., 2004; Libbey, 2004; Reschly & Christenson, 2012). A variety 

of terms have also been used to characterize engagement, including for example student 

engagement in studies, academic engagement, school engagement, learner engagement, and 

engagement in learning (Finn & Zimmer, 2012; Reschly & Christenson, 2012). Concerning 

student engagement in learning, it is generally considered as a multidimensional construct, 

differentiated according to the number of dimensions which vary from two to four 

(Christenson et al., 2012). A three-dimensional approach has been proposed distinguishing 

cognitive, affective/emotional, and behavioral engagement (Fredricks et al., 2004; Renninger 
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& Hidi, 2015; Schreiner & Louis, 2011). Cognitive engagement refers to investment in 

learning by students using deep learning strategies to integrate new information with prior 

existing knowledge (Greene, 2015; Greene et al., 2004; Kahu, 2013; Lam et al., 2012; 

Richardson & Newby, 2006). Affective/emotional engagement refers to feelings learners have 

about their learning experience both in terms of attention and interest in the course and social 

connection with peers (Fredricks et al., 2004; Kahu, 2013; Wimpenny & Savin-Baden, 2013). 

Behavioral engagement focuses on actions taken by the learner and is related to some student 

behaviors such as attendance, time and effort spent participating in activities, involvement in 

activities, raising its hand to ask or answer questions, etc. (Fredricks et al., 2016; Kahu, 2013; 

Mundelsee & Jurkowski, 2021; Zepke, 2014). A definition supporting the three-dimensional 

approach of engagement in learning has been proposed referring to “a positive energy 

invested in one’s own learning, evidenced by meaningful processing of information, attention 

to what is happening in the moment, and involvement in learning activities” (Schreiner and 

Louis, 2006, p. 6).  

Among the different ways of measuring engagement either observation of behaviors 

(Appleton et al., 2008) or self-report measures (Finn & Rock, 1997; Reeve & Tseng, 2011) 

can be used. A self-report measure has been developed by Schreiner and Louis (2011): the 

Engaged Learning Index (ELI). In contrast to behavioral measures of engagement, often 

confounded with involvement, the Engaged Learning Index takes into account the 

psychological dimensions of engagement in learning: meaningful processing of information 

(cognitive engagement), focused attention on the course (affective engagement), and active 

participation during the course (behavioral engagement). As suggested by Schreiner and 

Louis (2011), “faculty developers could also use the ELI as a pretest and posttest measure of 

the effectiveness of interventions they design for the improvement of learning-centered 

teaching.” (p. 16). In this perspective, the present study aimed to use the ELI to measure 
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changes in the different facets of student engagement in learning between pre- and post-test 

according to an educational intervention.  

1.3. The current study 

The aim of this study was to examine an educational intervention consisting in 

increasing the number of functionalities of a digital learning environment, and measuring how 

this impacted the different aspects of engagement (cognitive, affective and behavioral) 

between the beginning and the end of a series of lectures. To this end, three conditions were 

compared varying from a low to high number of functionalities of a digital learning 

environment offered to the students by the teacher. These three conditions applied during the 

educational intervention were: 1) answering quizzes only (‘low number of functionalities’), 2) 

answering quizzes and asking the teacher written questions (‘moderate number of 

functionalities’), and 3) answering quizzes, asking the teacher questions and visualizing the 

teacher’s slideshow for the course on their own device in real time (‘high number of 

functionalities’). Although this latter functionality may suggest relative passivity during the 

lectures, it is important to consider that being engage in learning is not simply about 

completing tasks (answering quizzes, asking questions, etc.), but also thinking cognitively 

about what we are doing, for example, by concentrating attentively on the course (see 

Bonwell & Eison, 1991). This additional functionality was added to prevent students from 

multitasking on their own devices, as has frequently been observed during lectures (Jamet et 

al., 2020; May & Elder, 2018). 

 Although a digital learning environment may offer various functionalities to teachers 

to engage their students in learning, we ignore the type and the number of functionalities 

necessary to increase student engagement, and which dimensions of engagement benefit most 

from them. An increasing number of functionalities used by the teacher should contribute to 

fostering student engagement during lectures, and we expected that this engagement would 
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improve more as the number of functionalities used increased. Due to a lack of studies in the 

field, we were unable to formulate different hypotheses in relation to the dimensions of 

engagement (cognitive, affective and behavioral). In addition to self-report measures of 

engagement, a measure based on observation of student behaviors was used. It consisted in 

counting the number of students performing additional quizzes after the lectures to self-assess 

their knowledge and prepare exams. 

2. Method 

2.1. Participants 

 The study sample consisted of 360 students in their first year of a psychology degree 

from which 57 were removed because they did not respond to the questionnaire at the 

beginning of the course, or because they were retakers who had already taken the course the 

previous year. Thus, 303 students (259 females and 39 males, 5 undetermined), aged between 

17 to 36 years old (M= 18.6 and SD= 1.62) followed a social psychology course. During the 

lectures, 66.7% of students used a laptop, 27.2% a smartphone, 2% a tablet, 4.1% used both 

laptop and smartphone. 

2.2. Materials and instruments 

 The digital learning environment Wooclap was used in this study 

(https://www.wooclap.com). It is a web-based Audience Response System specifically 

designed for higher education aiming to transform student devices into learning tools. It 

provides a pallet of functionalities such as: (1) completing various types of quizzes (multiple-

choice questions, fill in the blanks, find on an image, rating, open questions, word cloud, 

sorting, brainstorming, etc.); (2) asking the teacher written questions that are then displayed 

on a “message wall” when the teacher decides to show it; (3) visualizing the teacher’s 

slideshow on their own device in real time.  

2.3. Procedure 
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 The study was conducted in accordance with the Declaration of Helsinki, and was 

approved by the Ethics Committee of the University (No 2020-006). It took place during the 

first semester from November to December 2019 i.e., before the pandemic thus in-person 

courses were privileged at the university. The students were divided alphabetically into three 

lecture halls to take the same 6-hour social psychology course on ‘emotional facial 

expressions in nonverbal communication’. Each of the three lecture halls corresponded to one 

of the three experimental conditions, and in which a two-hour lecture was given by the same 

teacher in social psychology each week over a three-week period. The lectures were 

dispensed in the morning on two different days of the week, and the condition attributed to 

each of the lecture halls had been randomly selected before the beginning of the course. None 

of the other lectures given by other teachers over the semester in different disciplines of 

psychology used a digital learning environment (Wooclap or another application). 

At the beginning of the first lecture, and after completing a consent form, the students 

filled in a web-questionnaire containing measures on engagement in learning (used as pretest) 

and sociodemographic measures. In order to match the students’ answers on the two 

questionnaires administered at the beginning and at the end of the lectures, they were each 

allocated a unique anonymous code. 

In the ‘low number of functionalities’ condition (n= 110), students had the opportunity 

to answer nine different quizzes administered by the teacher at different moments in the 

lectures, and distributed evenly over the three lectures (three quizzes per lecture). Each quiz 

appeared on the students’ devices and they selected the correct answer to a question by 

clicking on it. An example of a quiz question, for which one of the four proposed answers was 

correct, is: “An adult expresses fear on his or her face when seeing a child wearing a scary 

mask during a Halloween party. This is a process of:  a) amplification, b) simulation (correct 

answer), c) masking, d) deamplification. These quizzes aimed to check that the students had 
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understood some theoretical notions of the course previously presented by the teacher. After 

the students had answered a quiz, feedback was provided by the teacher allowing students in 

the lecture hall to visualize the proportion of answers for each answer option and the correct 

answer displayed in green (see Appendix A). The feedback could be visualized by all the 

students on a screen in the lecture hall by means of a video projector, but their personal 

responses (correct or incorrect) only appeared on their own device in a private mode. 

In the ‘moderate number of functionalities’ condition (n= 75), in addition to answering 

the same quizzes, the students could ask the teacher written questions at any moment during 

the lecture by clicking on a ‘message’ button. Moreover, approximately every 40 minutes 

during each lecture (twice per lecture), the teacher initiated “a minute of questions” when the 

students could ask questions about the previous part of the lecture. The teacher instigated this 

by displaying the following message on a slide on the digital learning environment: “It's time 

to break for ‘a minute of questions’: ask your questions about the part of the course you have 

just followed to clear up any doubts, misunderstandings, or ambiguities. You have one minute 

to post any questions you like”. After each of the one-minute sessions, the teacher displayed 

the “message wall” where the questions could be visualized by all the students in the lecture 

hall without revealing the identity of the people who had posted the questions (see Appendix 

B). Some of them were answered immediately by the teacher for five to 10 minutes depending 

on the number of questions. The teacher chose the questions requiring an immediate answer 

according to whether they were a prerequisite to understanding the rest of the lecture. After 

the last lecture, the remaining questions requiring less urgent responses were recorded in a 

“Frequently Asked Questions” section and the answers were available for the students in the 

Moodle Learning Management System. 

In the ‘high number of functionalities’ condition (n= 118), in addition to the other two 

functionalities of completing a series of quizzes and asking the teacher questions, the students 
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could visualize the teacher’s slideshow for the course on their own device in real time. The 

teacher’s slides were synchronized with the students’ devices in real time, and the students 

could not move forward or backward in the slideshow on their own device.  

Under all conditions, the students could visualize the teacher’s slideshow projected on a 

screen in the lecture hall. All the students also had the opportunity to download the course 

slideshow at the end of each lecture. In addition to the nine quizzes for which feedback was 

displayed with the correct answers, all the students watched nine short videos of around two 

minutes each during the lectures (three per lecture) which illustrated some notions of the 

course. They also completed 12 tests illustrating some parts of the course without receiving 

any feedback (e.g., a facial expression was presented on a photograph and the students had to 

identify what emotion this face expressed by selecting the right emotion on a list).   

At the end of the third and last lecture, and before leaving the lecture hall, the students 

filled in a web-questionnaire containing measures on engagement in learning (used as post-

test) and questions to verify the efficacy of the experimental manipulation. One week after the 

lecture, the students received a message in the discussion forum of the Learning Management 

System, notified by an e-mail, inviting them to answer a series of 20 additional quizzes freely 

and at their own pace by clicking on a web-link. These quizzes were administered on the same 

digital learning environment for self-assessment before the exam; the latter taking the form of 

a series of similar multi-choice questions. 

2.4. Measures 

2.4.1. Manipulation check. To verify the efficacy of the experimental manipulation based on 

the use of the functionalities of the digital learning environment, students had to answer a 

series of three questions on a six-point Likert-type scale ranging from 1(strongly disagree) to 

6 (strongly agree). They were asked to what extent when using the digital learning 
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environment Wooclap, it was possible: (1) to answer the quizzes administered by the teacher, 

(2) to ask the teacher questions, and (3) to follow the course slideshow on their own device.  

2.4.2. Engagement in learning. The Engaged Learning Index (ELI) was used to measure 

student engagement in learning (Schreiner & Louis, 2011). Its short-format enabled it to be 

administered rapidly during a lecture. The ELI measures cognitive, affective and behavioral 

dimensions of an individual student’s level of engagement in the learning process. It consists 

of 10 items, each expressing a positive or negative statement to which the student responds on 

a six-point Likert-type scale ranging from 1(strongly disagree) to 6 (strongly agree). The 

items were translated into French, and some of them were adapted to the present educational 

context in two ways (see supplementary materials): (1) removing the plural to describe the 

current class instead of classes in general (items 2, 3, 4 and 9), and (2) converting into the 

present tense instead of referring to the past (item 7). It was administered twice, at the 

beginning of the first lecture (pretest), and three weeks later, at the end of the last lecture 

(post-test).  

Preliminary analyses of the data collected immediately prior to the first lecture (i.e., 

before dividing the students into one of the three experimental conditions) were performed to 

check whether the three-factor structure of the ELI was found using an adaptation of the scale 

(back)-translated into French. The fit of the three-factor model was assessed with classical 

indices: the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), the Root Mean 

Squared Error of Approximation (RMSEA), and the Standardized Root Mean Squared 

Residual (SRMR). The fit indices were interpreted using Hu and Bentler's (1999) suggested 

values, which should be close to 0.95 for CFI and TLI, close to 0.06 for RMSEA, and close to 

0.08 for SRMR. Firstly, an Exploratory Factor Analysis using the ‘Maximum likelihood’ 

extraction method in combination with a ‘varimax’ rotation confirmed the three-factor 

structure of the Engaged Learning Index, χ2(18) = 42.6, p < .001, TLI = .92, RMSEA = .06. 
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Secondly, a Confirmatory Factor Analysis (‘Maximum-likelihood’ method) indicated 

satisfactory fit indices for a three-factor structure, χ2(32) = 105.0, p < .001, TLI = .87, CFI = 

0.91, SRMR = 0.06, RMSEA = .08, AIC= 8911, BIC= 9034. A reliability analysis for each 

dimension of the scale gave acceptable values (>.70): cognitive engagement or meaningful 

processing of information (Cronbach’s alpha= .75), affective engagement or focused attention 

on the courses (Cronbach’s alpha= .80), and behavioral dimension or active participation in 

class (Cronbach’s alpha= .67). As active participation in class contains only two items, it is 

not surprising that a relatively low alpha coefficient was obtained (i.e., just below the normal 

threshold of .70). Indeed, Cronbach's alpha is based on a set of restrictive assumptions such as 

unidimensionality, uncorrelated errors and tau-equivalence. With only two items, it is 

impossible to test these assumptions (Eisinga et al., 2013). After previously averaging items 

of each dimension for the two measurement times, an index of engagement was computed by 

subtracting the post-test from the pretest scores on each of the three ELI dimensions. A 

positive index reveals that engagement increased over the course, whereas a negative index 

indicates that engagement decreased. 

2.4.3. Additional measure of behavioral engagement. Twenty additional quizzes were 

proposed to the students one week after the last lecture (and three weeks before the exams). 

They were available on the digital learning environment from a web-link to all the students. 

After performing the quizzes, students obtained the correct answer for each to self-assess their 

knowledge. The number of students performing additional quizzes was counted for each 

condition as a measure of behavioral engagement.  

3. Results 

 All the data analyses were performed using Jamovi (The Jamovi Project, 2020).  

3.1. Manipulation check.  
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 A MANOVA was conducted on the three measures to check the efficacy of the 

experimental manipulation. It appeared that no significant effect was found on answering 

quizzes administered by the teacher between the three conditions, F (2, 144) = 0.14, p=.87, 

η²= .002, whereas significant effects were observed on asking the teacher questions and 

following the course slideshow on the student’s own device. Then, a series of ANOVAs was 

conducted on each dependent variable corresponding to the manipulation check. Results 

revealed a difference between the experimental conditions on asking the teacher written 

questions using the digital learning environment, F (2, 144) = 21.9, p<.001, η²= .23: students 

considered it was possible to ask questions in both the 'moderate number of functionalities’ 

and 'high number of functionalities' conditions rather than in the ‘low number of 

functionalities’ condition. A difference was also found on the visualization of the course 

slideshow, F (2, 144) = 3.20, p=.043, η²= .04: students considered that it was possible to 

follow the slides on their own device in the ‘high number of functionalities’ condition rather 

than in the other two conditions (see Table 1). Taken together, these results demonstrated the 

efficacy of the experimental manipulation based on the cumulative use of three different 

functionalities of the digital learning environment.  

***Insert Table 1 here*** 

3.2. Engagement in learning 

 A first MANOVA considering the experimental condition as the between-subject 

factor was performed on the three dimensions of engagement at the beginning of the first 

lecture. It revealed no significant difference between the conditions on any of the measures, 

suggesting a random distribution of students in the three conditions. No significant difference 

between the conditions was observed on cognitive engagement (Meaningful processing of 

information), F(2, 300)= 0.877, p=.42, affective engagement (Focused attention on learning 
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contents), F(2, 300)= 2.49, p=.08, or behavioral engagement (Active participation), F(2, 

300)= 1.91, p=.14. 

A second MANOVA was performed on the index measuring the difference between 

pre- and post-test on each dimension of engagement. A significant difference was observed 

only on affective engagement, measured by focused attention on the lectures. An ANOVA 

was performed on the index of affective engagement and this demonstrated a significant 

difference between the three conditions, F (2,144) = 3.06, p =.05, η² = .04. As predicted, an a 

priori contrast revealed that improvement of affective engagement was greater in the ‘high 

number of functionalities’ condition than in the other two conditions, t(144)= 2.441, p=.016 

(see Figure 1 and Table 2). No difference between the conditions was observed on cognitive 

engagement, F(2, 144)= 0.317, p=.32, or behavioral engagement, F(2, 144)= 0.327, p=.33. To 

explore further, we verified whether the number of questions posted by students and displayed 

on the “message wall” varied under the ‘moderate number of functionalities’ and ‘high 

number of functionalities’ conditions, but no difference was found (n= 32 and n=30, 

respectively). 

***Insert Figure 1 and Table 2 here*** 

3.3. Additional measure of behavioral engagement 

 The number of students who completed the additional self-assessment quizzes 

represented only 28.38% of students (n=86). A chi-square analysis was performed to compare 

the proportion of students who did or did not carry out the quizzes for each condition. 

Contrary to our predictions, a significantly higher number of students from the ‘low number 

of functionalities’ condition completed the additional quizzes (40.9%) compared to the other 

two conditions for which a ’moderate’ and a ‘high number of functionalities’ were used 

(25.4% and 14.7%, respectively), χ2 (2, N=303) = 15.9, p <.001, θ =.23. 

4. Discussion 
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 The question of how to promote student engagement during in-person courses using 

functionalities of digital learning environments is a new challenge in modern higher 

education, and teaching would be enhanced by understanding how engagement in learning 

could be increased, and which facets are involved (cognitive, affective, or behavioral). 

Nowadays, various functionalities of digital learning environments can be used beyond 

quizzes, and thus different solutions can be proposed to promote student engagement during 

in-person classes. In a pre- and post-test study design in which engagement in learning was 

measured at the beginning and end of a series of lectures delivered by the same teacher, we 

expected that student engagement from the first to the last lecture would improve when the 

number of functionalities of the digital learning environment used by the teacher increased. 

Results partly supported this prediction, revealing only an improvement of affective student 

engagement in learning, with focused attention on the courses being greater under the ‘high 

number of functionalities’ condition than under the other two conditions. The ‘high number of 

functionalities’ condition differed from the other two conditions by providing students with 

the additional possibility of visualizing the teacher’s course slideshow in real time during the 

lectures. In addition to quizzing and questioning, this additional functionality contributed to 

increasing focused attention on the course from the first to the last lecture: students paid more 

attention to the lecture, were less bored and less distracted than under the other conditions. A 

possible explanation for improved affective student engagement in learning could be the 

reduction in multi-tasking activities (Patterson, 2017; Tassone et al., 2020) and/or mind 

wandering during the lectures (Smallwood & Schooler, 2006). Indeed, seeing the slideshow 

on their own device could help students focus on the lectures, preventing external distractions 

such as multitasking (May & Elder, 2018) and/or internal distractions such as mind wandering 

(Wammes et al., 2019). However, these findings should be considered with caution because 

visualizing the slideshow both on their own device and on the screen in the lecture hall may 
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have led to attentional conflict. However, a priori this is not what occurred, probably because 

the visualization of the teacher’s slideshow may have rendered the slides more readily 

accessible during lectures, by reducing cognitive load due to attention switching from the 

central screen used to visualize course content and their note taking. Although we did not 

measured how students took notes, it seems that most students used a "copy and paste" 

procedure, copying and pasting each slide into a text file and taking notes at the side. Of 

course, this procedure was impossible in the first two conditions in which the teacher’s 

slideshow was not available on the student devices. Observational measurements would have 

been useful to capture note-taking and multitasking activities, but in this ’naturalistic' 

situation it was not possible to do this in a systematic and rigorous way. Although adding the 

functionality that allowed students to have the teacher's synchronized slideshow on their own 

device could have made note-taking easier, it also prevented students from multitasking as 

they could only follow the lecture from the slides and from what the teacher said. Other 

studies should be conducted in the future to examine whether this functionality contributes to 

increasing note-taking and/or to decreasing multitasking. 

A number of studies have demonstrated that affective/emotional engagement refers to 

feelings learners have about their learning experience both regarding attention to the course 

contents and social connection with peers (Fredricks et al., 2004; Kahu, 2013; Wimpenny & 

Savin-Baden, 2013). Only attention to the lectures was taken into consideration in the present 

study, and future research should consider social connection with peers as a measure of 

affective engagement. The affective/emotional dimension may include the students’ positive 

response, for example, expressions of interest in and attention to the course, but also a 

negative response such as boredom (Bergdahl et al., 2020). In this perspective, it would be 

fruitful to use a more integrative scale for measuring student engagement beyond its three 

classic dimensions (Dierendonck et al., 2020), and/or adding a social dimension of 
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engagement (Bergdahl et al., 2020). In this perspective it would be useful in future research to 

use more interactive learning situations (Chi & Wylie, 2014), for example, setting up peer 

instruction sessions during lectures (Mazur, 1997; Authors, 2015a, 2015b; 2020; Schell & 

Butler, 2018). 

 In addition to the main result on the improvement of affective engagement from the 

first to the last lecture (i.e., greater attention to the course), it also appeared that when the 

students had the opportunity to perform additional self-assessment quizzes, only about 30% 

completed them. More importantly, among the students who did the additional quizzes after 

the last lecture, nearly 41% were in the condition were only quizzes were administered during 

the lectures. In other words, the majority of students who performed additional quizzes were 

those who had only done quizzes during the lectures. They had not been given the possibility 

to ask the teacher written questions via the digital learning environment. As these students had 

not asked any questions during the lectures, they did not have the opportunity to reduce 

uncertainty about their understanding of some notions. Thus, it is possible that they felt a 

greater need to self-assess before exams by doing additional quizzes than those in the other 

conditions. In other words, students who were unable to question the teacher during lectures 

were more engaged behaviorally after lectures as more of them completed the additional 

quizzes to prepare exams. However, this result should be relativized because of the small 

number of students who did additional quizzes (about 30% of the sample). 

 Among the various ways to measure student engagement through observable 

behaviors, class participation or interactions with peers and teachers are often privileged 

(Fredricks & McColskey, 2012). In contrast, in the present study, behavioral engagement was 

measured by doing additional quizzes proposed to students after the lectures in order to 

prepare exams. This measure also contrasted with other measures used to assess student 

engagement in digital environments generally based on data logs (e.g., time spent in the 
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system), despite their limitations as they do not capture the psychological aspects of 

engagement (Henrie et al., 2018). Although differences in behavioral engagement measured 

by completion of additional quizzes after the lectures were found, no difference between the 

conditions was found on the (self-reported) behavioral dimension of the Engaged Learning 

Index. This absence of effect on the self-report behavioral engagement may be due to the 

number and type of items used in the ELI scale. Indeed, only two items were used in the ELI 

to measure behavioral engagement, and they only focused on participation in the class either 

with peers or the teacher. 

Among the main limitations of the present study, the type of engagement may be 

questioned. Engagement can be considered either as a process or an outcome (Appleton et al., 

2008; Skinner et al., 2008). However, in this study it was essentially considered as an 

outcome, potentially affected by the functionalities of the digital environment used by the 

teacher. It would be fruitful in future studies to consider engagement as a mediating process 

between educational intervention and academic performance. Another limitation regards the 

absence of a control condition in which traditional lectures were delivered without any use of 

the digital learning environment, and consequently zero functionality. Although this condition 

would be useful, we decided not to introduce it in the present study because of ethical reasons. 

Indeed, several meta-analyses have revealed that student learning improves in active lectures 

compared to traditional lectures (Authors, 2017; Freeman et al., 2014; Hake, 1998). 

Consequently, we though that it would not be appropriate to incorporate a control condition in 

our design risking student failure, even if our study did not measure academic performance 

but only engagement in learning. 

5. Conclusion 

 This study provides teachers with solutions to improve student engagement using 

some functionalities of a digital learning environment. As previously suggested in the 
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literature on engagement (Handelsman et al., 2005), helping students to become engaged in a 

course may be as important as teaching knowledge and developing skills. From this 

perspective, the present findings suggest that using certain functionalities of a digital learning 

environment may contribute to achieving this objective. They also confirm that it is not the 

integration of technologies in lectures per se that improves student engagement, but rather the 

way teachers use them in implementing a set of functionalities which leads to students being 

more or less engaged in learning.  
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Figure captions 

 

Figure 1. Improvement in affective engagement from pre- to post-test according to the 

condition. 

 

Appendix A. Illustration of feedback delivered to students after a quiz with the correct answer 

given by the teacher. 

 

Appendix B. Illustration of a “message wall” on which student questions are displayed. 

 

 





Table 1. Mean differences (and Standard Deviation in parentheses) between the experimental conditions on each item of the manipulation check. 

 

 

 

 

 

Experimental condition 

(Number of functionalities used) 

 

 

 

p-value 

Using the digital learning environment,  

it was possible … 

Low 

(Quizzing) 

 

Moderate 

(Quizzing + 

Questioning) 

 

 

High 

(Quizzing + 

Questioning + 

Slideshow) 

 

... to answer the quizzes administered by the 

teacher 

 

5.33 a 

(1.05) 

5.41 a 

(0.68) 

5.30 a 

(0.94) 

.87 

 

... to ask the teacher questions  

 

3.52 a 

(1.52) 

4.93 b 

(1.10) 

5.03 b 

(1.22) 

21.9*** 

 

... to follow the course slideshow on one’s own 

device 

 

4.10 a 

(1.68) 

4.28 a 

(1.03) 

4.75 b 

(1.30) 

3.20* 

 

Note. Values with differing subscripts within rows are significantly different at p < .05. 
*p < .05. ***p < .001 

 

 



Table 2. Means (and Standard Deviations) of scores of differences (post-test minus pre-test) on cognitive, affective, and behavioral dimension of 

student engagement in the experimental conditions. 

Cognitive engagement (Meaningful 

processing of information) 

        95% Confidence Interval 

 M SD Lower Upper 

Quizzing +0.038 0.550 -0.119 0.195 

Quizzing + Questioning +0.207 0.615 -0.015 0.429 

Quizzing + Questioning + Slideshow +0.003 0.648 -0.151 0.158 

     

Affective engagement (Focused attention 

on course contents) 

       95% Confidence Interval 

 M  SD Lower Upper 

Quizzing -0.138 0.828 -0.379 0.104 

Quizzing + Questioning -0.333 1.01 -0.675 0.009 

Quizzing + Questioning + Slideshow +0.156 0.987 -0.082 0.393 

     

Behavioral engagement (Active 

participation) 

        95% Confidence Interval 

 M  SD Lower Upper 

Quizzing -0.043 1.01 -0.306 0.220 

Quizzing + Questioning +0.258 1.15 -0.114 0.631 

Quizzing + Questioning + Slideshow +0.183 0.952 -0.076 0.442 

 




