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Abstract
The emotional stance of the instructor in an educational video can influence the learn-
ing process. For this reason, we checked the first link of the cognitive-affective model of 
e-learning, namely, whether learners can recognize emotions that an instructor expresses 
only with their voice. Since English is not the native language for many learners and most 
instructional videos are produced in English, we tested for possible differences in emotion 
recognition between native and non-native speakers. We focused on positive emotions typi-
cally conveyed in such videos — enthusiasm and calmness. Native and non-native English 
speakers watched 12 short video clips about wood as a building material spoken by an 
instructor in different emotional tones — five videos expressed enthusiasm, five calmness, 
one boredom and one frustration. Participants rated the extent to which they thought the 
narrator expressed a specific emotion, the valence and activation level of the narration and 
solved an English vocabulary test. Both native and non-native speakers recognized the cor-
rect emotions (except for frustration), demonstrating the power of voice prosody to convey 
emotion in a multimedia learning scenario. Native speakers rated the enthusiastic videos 
more positively than non-native speakers, indicating a subtle difference in the way the two 
groups perceive emotions expressed through voice.
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Introduction

Learning by watching online videos has become ubiquitous all over the world, and cre-
ating educational videos, such as narrated PowerPoint presentations, has never been eas-
ier, so research on how to make them more effective is vital from both the learners’ and 
educators’ perspectives. Over the past two decades, extensive research has been con-
ducted based on cognitive multimedia learning theory (Mayer, 2014) and cognitive load 
theory (Sweller et al., 2011) to determine how to design learning videos in accordance 
with the way the human cognition works. Since learning is also affected by non-cogni-
tive factors such as affective processes (Tyng et al., 2017; Wu et al., 2016), the focus has 
now shifted to expanding the theory of learning with multimedia.

Using an approach called emotional design, researchers are now investigating whether cer-
tain features of learning materials can affect learners’ emotions, which in turn could enhance 
learning (Plass & Kaplan, 2016). To date, the focus has been on visual features such as 
shapes, colours (Javora et al., 2018; Wong & Adesope, 2020), decorative images (Schneider 
et al., 2016) and onscreen pedagogical agents (Lawson et al., 2021c), but the auditory portion 
of videos needs further attention, particularly the emotional tone of the video instructor.

Many educational videos contain narration without a visual representation of the instruc-
tor, so it is important to examine the effect of emotions conveyed only through voice. The 
first question is whether learners can differentiate and recognize the emotions that the video 
instructor expresses only through vocal cues. Voice plays a crucial role in communication 
because it can convey emotional information independent of verbal content by using nonver-
bal emotional vocalizations and emotional prosody (Wilson & Wharton, 2006). Emotional 
or vocal prosody refers to the changes in pitch, loudness, rhythm and voice quality present in 
speech and is a key part of a video lecture that needs further investigation.

Another gap in the literature on the emotional design of multimedia learning is that 
the vast majority of research has been conducted with educational materials in the learn-
ers’ native language. Comparative studies only involved participants who were native 
speakers of the language of the instructional video. There are some documented differ-
ences in learning processes when learning from multimedia presentations in our native 
language or a foreign language, with some interventions being ineffective or detrimental 
for native speakers while benefiting learners who view videos in their non-native lan-
guage (Davis & Vincent, 2019; Lee & Mayer, 2018; Mayer & Fiorella, 2014) or even 
just in another dialect (Rey & Steib, 2013; Schneider et  al., 2015). A similar pattern 
emerged in the field of emotion recognition (Laukka & Elfenbein, 2021).

In a globalized world with open online education, many people who consume Eng-
lish learning materials are non-native speakers with different levels of language profi-
ciency, so research on such a ubiquitous learning technology needs to better represent 
the context in which many people now learn. This paper, therefore, presents a study that 
included both native and non-native English speakers who watched educational clips 
with an English-speaking narrator.

Recognizing the emotional tone of video instructors from their voice

In this article, we describe emotional states as a combination of two bipolar and 
orthogonal dimensions of core affect: valence (the degree of positivity or negativity) 
and activation (the degree of physiological alertness or attentiveness; Russell, 1980). 
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Enthusiasm is an example of a pleasant and activated emotional state, and calmness 
is an example of a pleasant but deactivated state (Fig. 1). Early research on the role of 
emotions in educational contexts has focused almost exclusively on negative emotions 
such as anxiety, but research on technology-based learning has shown how positive 
emotions can improve learning and affective outcomes (Loderer et al., 2020).

While learning through video watching lacks the direct interaction that is part of face-
to-face instruction, video lectures can still be designed to convey social cues. Social cues 
are verbal and non-verbal signals that can trigger a feeling of social presence in learners 
(Atkinson et al., 2005) and can lead to better processing and learning outcomes (Moreno 
et al., 2001; Schneider et al., 2021). Based on cognitive-affective theories of multimedia 
learning like the cognitive-affective theory of learning with media (Moreno, 2006), the 
integrated model of cognitive-affective learning with media (Plass & Kaplan, 2016), the 
cognitive-affective-social theory of learning in digital environments (CASTLE; Schneider 
et al., 2021) and the cognitive-affective model of e-learning (Mayer, 2020), the emotional 
stance of an instructor can provide such social cues and influence learners and their learn-
ing process even through the use of learning technologies such as video instruction.

The CASTLE theory (Schneider et  al., 2021) proposes that the cognitive processing 
of the learning material is mediated by emotional and social processes that are triggered 
by the social cues in an instruction. However, the effect can vary in people with differ-
ent cultural and/or language background (Brom et  al., 2017; Schneider et  al., 2015), so 
more research is needed to determine not only the actual process, but the boundary condi-
tions as well. Recently, the authors of the cognitive-affective model of e-learning (Lawson 
et al., 2021b; Mayer, 2020) described a five-step process of how the emotional stance of a 
video instructor can affect learners. First, (1) the instructor displays an emotional state (e.g. 
enthusiasm) in an e-learning episode, (2) which is detected and recognized by learners. 
This triggers (3) an emotional response in learners (e.g. feeling a positive social partner-
ship with the instructor), which in turn (4) affects their cognitive processing (e.g. promotes 
motivation to try to learn harder) and finally (5) their learning outcomes.

Fig. 1   Model of core affect (Russell, 1980)
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Some studies have already examined how the emotional state of an onscreen agent 
affects learners and their learning outcomes. However, in these cases, instructors con-
veyed their emotions not only through the prosody of their voice, but also with the help of 
other non-verbal cues such as facial expressions, gestures, body posture or anthropomor-
phisms (e.g. Davis & Vincent, 2019; Lawson et al., 2021a, 2021c; Schneider et al., 2022; 
Um et al., 2012). For instance, recent research has shown that learners can successfully 
recognize emotions displayed by human or virtual instructors (Horovitz & Mayer, 2021; 
Lawson et al., 2021b).

Research on the effects of cues given only by voice, particularly emotional prosody, 
however, is sparse, but promising (Beege et  al., 2020; Liew et  al., 2020). A study com-
paring learners watching videos with an instructor present or absent found that the ability 
to recognize emotion did not decrease when only the agent’s voice was used (Lawson & 
Mayer, 2021). However, the authors noted that while participants were able to successfully 
distinguish between positive and negative emotions, they had greater difficulty distinguish-
ing between emotions of the same emotional valence.

Emotion recognition of native and non‑native speakers

Previous studies of emotion recognition across languages and cultures have focused pri-
marily on facial expressions, while voice has only recently attracted attention. Based on 
37 cross-cultural studies, a meta-analysis provided evidence that a wide array of emotions 
expressed using only speech prosody can be detected with above-chance accuracy by non-
native speakers or even people who do not understand the language (Laukka & Elfenbein, 
2021). However, there was also a clear in-group advantage, as people recognized emotions 
more accurately in their native language than in a foreign language.

For example, a recent study showed that native speakers are much better at recognizing 
emotion from voice only than non-native speakers and that those with higher language 
proficiency outperform those with lower proficiency (Lorette & Dewaele, 2018). How-
ever, in this study, emotions were not only expressed through vocal prosody, but verbally 
as well, providing additional cues for participants. To eliminate the confounding variable 
of verbal cues, a study used pseudo-utterances — nonsense speech that sounds like a lan-
guage — and found similar results: native speakers were both more accurate and faster 
at recognizing emotional expressions compared to non-native speakers, and non-native 
speakers who were more proficient in the foreign language in question were also faster 
and more accurate than participants with lower proficiency (Jiang et  al., 2015). This is 
consistent with the dialect theory, which states that while the communication of emo-
tions is largely universal, there are subtle cultural differences in how we express emotions 
(Elfenbein, 2013). When people interpret other people’s non-verbal signals, they do so 
based on their own cultural style of producing signals, which can lead to subtle misunder-
standings when recognizing emotions in a foreign language, manifested in lower accuracy 
and efficiency of vocal emotion processing, even when individuals are highly proficient in 
the target language (Jiang et al., 2015).

However, another study showed that non-native speakers with higher English profi-
ciency were less accurate in recognizing positive emotions than those with lower English 
proficiency (Bhatara et al., 2016), suggesting that the more proficient participants paid 
more attention to sentence content than the prosody. In terms of valence, the authors 
argued that recognizing negative emotions has greater evolutionary value both within 
and between groups because it is more important for survival, whereas recognizing 
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positive emotions is only important within the same culture to strengthen social ties, 
making recognizing negative emotions more universal and recognizing positive emotions 
more culturally specific (Ekman, 1992). On the other hand, research on emotion com-
munication has been heavily biased towards negative emotions, distinguishing between 
different negative emotions (e.g. sadness, disgust, anger, fear) but only using happiness 
as a positive emotion, making it necessary to study different positive emotions as well 
(Sauter, 2010). The scientific community has also been calling for more socially relevant 
and naturally occurring emotional stimuli in emotional recognition research that is free 
of other cues (such as verbal meaning or facial expressions) (Morningstar et al., 2021). 
Recorded lectures conveying the same content but expressing different emotions by vocal 
prosody only are therefore a suitable stimulus to verify whether there are differences in 
emotion recognition between native and non-native speakers.

The present study

Before addressing the question of what emotional tone teachers should convey in edu-
cational videos to support learning, we need to establish the first link of the cognitive-
affective model of e-learning and define whether voice prosody provides enough cues 
for learners to recognize the intended emotion. The purpose of this study was therefore 
to investigate whether learners can recognize the emotional tone of an instructor in edu-
cational videos solely based on their voice, and whether there are differences in emo-
tion recognition between native and non-native English speakers. Since most educational 
videos are communicated in a positive or neutral emotional tone that aims to promote 
positive emotional states like motivation (Liew et al., 2017), the present study focused 
on two positive emotions — enthusiasm and calmness. Participants were shown multiple 
educational video clips in which a disembodied (non-visually present) instructor narrated 
content in English in either an enthusiastic or calm voice and one video clip narrated in 
a frustrated and one in a bored voice. Native and non-native English speakers rated the 
extent to which they believed the instructor expressed certain emotions.

According to the cognitive-affective model of e-learning, participants should correctly 
recognize the emotion portrayed by the narrator (Hypothesis 1). Specifically, participants 
will rate enthusiastic videos as significantly more enthusiastic than the other emotions 
(Hypothesis 1a) and calm videos as significantly calmer than other emotions (Hypoth-
esis 1b). We also predict that enthusiastic videos will be rated as significantly higher in 
activation level than calm videos (Hypothesis 2). Based on the dialect theory, we predict 
that native speakers will rate the videos more accurately (Hypothesis 3) — they will rate 
enthusiastic clips as significantly more enthusiastic (Hypothesis 3a) and calm clips as 
significantly calmer (Hypothesis 3b) than non-native speakers.

Methods

Design

The online experiment used a 2 × 2(4) mixed factorial design, in which the between-sub-
jects factor was being a native or non-native English speaker, and the within-subjects factor 
was the type of emotion portrayed by the video narrator (enthusiasm and calmness, and in 
the case of one video, frustration and boredom). All participants viewed and rated 12 clips.
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Participants

A convenience sample of 207 people (132 women, 69 men, 2 non-binary, 4 undisclosed) partici-
pated in the study, of which 196 completed the survey in full. Their demographic information is 
presented in Table 1. One hundred sixty-two completed the survey in English and 47 in Slovene 
(with the videos still being in English). Eighty-seven reported being native English speakers; for 
99, English is their second language; for 18, their third and for three, their fourth. Most native Eng-
lish speakers originated from the UK (49) and the USA (16), and most participants who were not 
native speakers were originally from Slovenia (49), Poland (12) and Germany (11). Participation 
in the study was voluntary, and subjects received no compensation for their participation.

Materials and procedure

Participants were recruited via social media and emails from the authors. All materi-
als were computer-based and presented on the online platform 1 ka.si (Faculty of Social 

Table 1   Participants demographics split between native and non-native English speakers

Native English speak-
ers (n = 87)

Non-native English 
speakers (n = 120)

n f% n f%

Gender
  Female 62 71.26% 70 58.33%
  Male 23 26.44% 46 38.33%
  Non-binary 1 1.15% 1 0.83%
  Undisclosed 1 1.15% 3 2.50%

Age group
  16–25 56 64.37% 38 31.67%
  26–35 11 12.64% 50 41.67%
  36–45 11 12.64% 12 10.00%
  46–55 7 8.05% 14 11.67%
  56 <  2 2.30% 6 5.00%

Education
  Primary education 1 1.15% 2 1.67%
  Secondary education 26 29.89% 11 9.17%
  Bachelor’s degree (first Bologna cycle or equivalent) 42 48.28% 36 30.00%
  Master’s degree (second Bologna cycle or equivalent) 12 13.79% 43 35.83%
  Doctorate degree or equivalent 5 5.75% 27 22.50%
  Undisclosed 1 1.15% 1 0.83%

Status
  High school student 3 3.45% 3 2.50%
  University student 55 63.22% 40 33.33%
   (Self-)employed 22 25.29% 68 56.67%
  Employed and student 4 4.60% 0 0.00%
  Unemployed 2 2.30% 6 5.00%
  Retired 1 1.15% 0 0.00%
  Undisclosed 0 0.00% 3 2.50%
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Sciences, University of Ljubljana, 2022). They included 12 short video clips, demographic 
questions, rating surveys, a questionnaire and an English vocabulary test.

Subjects viewed 12 narrated PowerPoint presentations, ranging in duration from 32 to 
65 s, taken from a video presentation on wood as a building material (see Supporting infor-
mation for video clips). In terms of content, there were five different videos (introduction, 
protective design measures, durability classes, degradation control and types of coatings) — 
five were narrated in an enthusiastic voice, five in a calm voice, one in a bored voice and one 
in a frustrated voice. Although comparing the recognition of negative and positive emotions 
was not the main goal of the study, we added two videos in which a negative emotion (one 
activated and one deactivated) was portrayed to cover a broader set of emotional stimuli and 
help the participants make more accurate ratings of the clips. This also allowed us to verify 
previous findings that participants are better able to discriminate emotions according to their 
valence rather than their activation level (Lawson et al., 2021b). The narrations were recorded 
by a woman with a Standard American English accent reading a script. She portrayed dif-
ferent emotions in a realistic and non-exaggerated way based on our pointers and feedback. 
For example, for the “enthusiasm” condition, the narrator was instructed to have a varied and 
uplifting intonation and to make regular changes in tone and pitch (Collins, 1978).

The videos were shown in random order. After viewing each video, participants rated 
each video on seven items adapted from similar studies (e.g. Lawson & Mayer, 2021; Law-
son et al., 2021a, 2021b, 2021c). First, they were asked to indicate on a 7-point rating scale 
the extent to which they thought the narrator expressed five emotions: enthusiastic, calm, 
frustrated, happy, and bored. The rating for “happy” was added as a positive emotion with 
a level of activation that is between enthusiasm and calmness, to help us understand how 
positive emotions are perceived. The method of rating the presence of several emotions 
was chosen as it conveys more information compared to a forced choice question (e.g. 
whether more emotions are perceived in the voice and the intensity of the perceived emo-
tion). Next, participants rated the activation level and pleasantness of the narrator video on 
a 9-point scale (extremely passive/unpleasant to extremely active/pleasant).

Before the videos, participants evaluated their knowledge (M = 2.90, SD = 1.64) and 
interest (M = 3.73, SD = 1.91) in the topic covered in the videos. After watching the clips, 
they were also asked to rate on a 7-point rating scale (from very low/very not interested to 
very high/very interested) how interesting the presented material was (M = 4.12, SD = 1.73) 
and how well they understand English. Participants were also asked about their language 
background, gender, age, and education.

At the end, we assessed participants’ English proficiency using LexTALE, a vocabulary 
test that requires participants to indicate whether or not the presented 60 items are existing 
English words (Lemhöfer & Broersma, 2012). The resulting score has been shown to give 
a good indication of the English proficiency of people with varying language backgrounds 
and was highly reliable in our study (ω = 0.93).

Control of extraneous variables was limited, as this was an online study with non-ran-
dom sampling. However, measures were taken to ensure participants had a similar and 
appropriate environment by standardizing the experimental procedure and instructing each 
participant to allocate sufficient time for the experiment and to minimize distractions in 
their surroundings before starting the study. Additionally, the video clips were presented 
randomly to minimize any potential order effects. While situational variables and individ-
ual differences are less problematic for the within-subject part of our experiment, these fac-
tors pose a greater threat to findings concerning the comparison of results between native 
and non-native English speakers. Therefore, we checked for differences in several factors 
between groups and included significant differences as covariates in further analyses.
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Statistical analysis

Data were processed and analysed using the open-source software R (R Core Team, 2020) 
and jamovi (The Jamovi Project, 2021).

We conducted repeated-measures ANOVAs with a Greenhouse–Geisser correction for 
lack of sphericity and post hoc pairwise t tests with a Bonferroni correction to compare 
ratings on the averaged calm and enthusiastic clips (average made from ratings on all five 
clips per emotion) and the frustrated and bored clip. Separate ANOVAs were conducted 
for each dependent variable. However, comparisons involving negative emotions should be 
considered carefully as they are based on ratings for only one clip per emotion.

To check whether there are differences in recognizing emotion between native and 
non-native English speakers, we first tested for possible differences in basic characteris-
tics between the two groups with independent t tests with a Bonferroni-adjusted α level of 
0.010 (0.05/5). The variables that were shown to differ significantly between the native and 
non-native speakers were included as covariates in the following ANCOVAs to control for 
their possible effects. Comparisons were based on estimated marginal means.

Results

Recognising the portrayed emotion

Ratings of videos with different portrayed emotions are displayed in Table 2, where the results 
can be seen combined or split between native and non-native speakers. In general, participants 
recognized the emotion portrayed in the video clips, except for the frustrated one. Below, we 
present details for each emotion. We report only the results for both groups together unless there 
is a difference between the groups. In addition, frustration and boredom were only expressed in 
one video each, so results related to these clips should be interpreted with caution.

Enthusiastic videos

An ANOVA on the averaged ratings of enthusiastic videos produced a significant main 
effect, F(2.25, 468.60) = 613.00, p < 0.001, η2

p = 0.75. Pairwise comparisons showed that 
the enthusiastic rating was significantly higher than the calm (t(208) = 8.03, p < 0.001, 
mean difference = 0.71, 95% CI [0.54–0.88], d = 0.56, 95% CI [0.41–0.70]), happy 
(t(208) = 7.04, p < 0.001, mean difference = 0.30, 95% CI [0.21–0.38], d = 0.49, 95% 
CI [0.34–0.63]), frustrated (t(208) = 33.78, p < 0.001, mean difference = 3.37, 95% CI 
[3.17–3.57], d = 2.34, 95% CI [2.07–2.60]) and bored rating (t(208) = 27.68, p < 0.001, 
mean difference = 3.05, 95% CI [2.83–3.27], d = 1.91, 95% CI [1.69–2.14]). These results 
are consistent with Hypothesis 1a predicting that participants will rate enthusiastic videos 
as significantly more enthusiastic than the other emotions.

Calm videos

An ANOVA on the averaged ratings of the calm videos produced a significant main effect, 
F(2.89, 601.34) = 378.41, p < 0.001, η2

p = 0.65. Paired samples t tests showed that the calm 
rating was significantly higher than the enthusiastic (t(208) = 33.21, p < 0.001, mean differ-
ence = 3.16, 95% CI [2.97 – 3.35], d = 2.30, 95% CI [2.04–2.56]), happy (t(208) = 31.81, 
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p < 0.001, mean difference = 3.05, 95% CI [2.86–3.24], d = 2.20, 95% CI [1.95–2.45]), 
frustrated (t(208) = 21.24, p < 0.001, mean difference = 2.73, 95% CI [2.47–2.98], d = 1.47, 
95% CI [1.27–1.66]), and bored rating (t(208) = 4.93, p < 0.001, mean difference = 0.58, 
95% CI [0.35–0.81], d = 0.34, 95% CI [0.20–0.48]), supporting Hypothesis 1b positing that 
the calm ratings of calm videos will be significantly higher compared to ratings of other 
emotions.

A separate comparison of ratings in the native English speakers’ group revealed 
that their calm rating was significantly higher than all other emotions, except for bored 
(t(86) = 2.17, p = 0.033, mean difference = 0.38, 95% CI [0.03–0.74], d = 0.23, 95% CI 
[0.02–0.44]). Non-native speakers, on the other hand, had significantly lower ratings of 
bored than calm (t(119) = 4.56, p < 0.001, mean difference = 0.71, 95% CI [0.40–1.03], 
d = 0.42, 95% CI [0.23–0.60]).

Frustrated video

An ANOVA on the frustrated video produced a significant, but small main effect, F(2.43, 
505.59) = 9.40, p < 0.001, η2

p = 0.04. Post hoc tests revealed that the frustrated rating was 
not significantly higher than any of the other ratings. In fact, it was rated significantly 

Table 2   Descriptive statistics of emotional tone ratings for the video clips expressing different emotions

* Ratings that are significantly lower than ratings for the target emotion. The emotional tone rating item that 
matches the emotion expressed in each video is bolded

Clips Emotion Combined Native speakers 
(n = 87)

Non-native 
speakers 
(n = 120)

M SD M SD M SD

Enthusiastic (averaged) Enthusiastic 5.08 0.97 5.26 0.85 4.95 1.02
Calm 4.37* 0.98 4.62* 0.87 4.17* 1.01
Frustrated 1.71* 0.86 1.68* 0.91 1.74* 0.83
Happy 4.78* 1.02 4.97* 0.96 4.64* 1.04
Bored 2.03* 0.93 2.08* 0.90 2.00* 0.96

Calm (averaged) Enthusiastic 2.17* 0.88 2.19* 0.95 2.17* 0.83
Calm 5.33 0.98 5.31 0.94 5.35 1.01
Frustrated 2.60* 1.37 2.31* 1.26 2.82* 1.41
Happy 2.28* 0.93 2.47* 0.94 2.13* 0.89
Bored 4.75* 1.31 4.92 1.32 4.63* 1.31

Frustrated Enthusiastic 3.89 1.57 3.85 1.71 3.88 1.46
Calm 3.96 1.52 3.70 1.41 4.12 1.57
Frustrated 3.33 2.06 3.84 2.11 3.01 1.95
Happy 3.06 1.61 2.92* 1.73 3.15 1.50
Bored 3.58 1.77 4.01 1.88 3.29 1.62

Bored Enthusiastic 1.34* 0.80 1.37* 0.86 1.33* 0.76
Calm 4.16* 1.77 4.14* 1.69 4.17* 1.83
Frustrated 4.32* 2.10 4.16* 2.16 4.47* 2.05
Happy 1.40* 0.80 1.41* 0.80 1.39* 0.80
Bored 5.85 1.71 6.06 1.55 5.70 1.80
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lower than the enthusiastic (t(208) =  − 2.7, p = 0.007, mean difference =  − 0.55, 95% CI 
[− 0.95 to − 0.15], d =  − 0.19, 95% CI [− 0.32 to − 0.05]) and calm rating (t(208) =  − 2.96, 
p = 0.003, mean difference =  − 0.62, 95% CI [− 1.04 to − 0.21], d =  − 0.20, 95% CI 
[− 0.34 to − 0.07]), and there were no significant differences with the happy (t(208) = 1.32, 
p = 0.187, mean difference = 0.28, 95% CI [− 0.14 to 0.69], d = 0.09, 95% CI [− 0.04 to 
0.23]), and bored rating (t(208) =  − 1.63, p = 0.104, mean difference =  − 0.25, 95% CI 
[− 0.55 to 0.05], d =  − 0.11, 95% CI [− 0.25 to 0.02]).

Native English speakers rated the clip as significantly less happy than frustrated 
(t(86) = 2.58, p = 0.011, mean difference = 0.92, 95% CI [0.21–1.63], d = 0.28, 95% CI 
[0.06–0.49]), which was not repeated by their non-native peers (t(119) =  − 0.57, p = 0.569, 
mean difference =  − 0.14, 95% CI [− 0.63 to 0.35], d =  − 0.05, 95% CI [− 0.23 to 0.13]).

Bored video

An ANOVA on the bored video produced a significant main effect, F(2.74, 
570,50) = 343.16, p < 0.001, η2

p = 0.42. t tests showed that the bored rating was signifi-
cantly higher than the enthusiastic (t(208) = 31.53, p < 0.001, mean difference = 4.50, 95% 
CI [4.22–4.78], d = 2.18, 95% CI [1.93–2.43]), calm (t(208) = 10.43, p < 0.001, mean dif-
ference = 1.68, 95% CI [1.37–2.00], d = 0.72, 95% CI [0.57–0.87]), happy (t(208) = 31.83, 
p < 0.001, mean difference = 4.44, 95% CI [4.17–4.72], d = 2.20, 95% CI [1.95–2.45]) and 
frustrated rating (t(208) = 9.21, p < 0.001, mean difference = 1.53, 95% CI [1.20–1.85], 
d = 0.64, 95% CI [0.49–0.79]).

Comparing emotions based on activation level and valence

Additionally, participants rated the clips not only by means of discrete emotions, but also 
based on their activation level and valence (Table 3). We compared ratings of activation 
level and valence between the enthusiastic and calm clips, but also between enthusiastic 
and frustrated clips and between calm and bored clips.

Both activation (F(2.47, 617.37) = 330.70, p < 0.001, η2
p = 0.61) and valence (F(2.41, 

501.06) = 282.02, p < 0.001, η2
p = 0.58) had a significant main effect. Enthusiastic clips were 

rated as significantly more activated than the calm clips (t(208) = 30.62, p < 0.001, mean 
difference = 2.72, 95% CI [2.55–2.90], d = 2.12, 95% CI [1.87–2.36]), confirming Hypothesis 
2, and the frustrated clip as significantly more activated than the bored clip (t(208) = 16.10, 
p < 0.001, mean difference = 2.32, 95% CI [2.04–2.60], d = 1.11, 95% CI [0.94 – 1.29]). 
Considering valence, enthusiastic clips were rated significantly more positively than the frustrated 
one (t(208) = 12.72, p < 0.001, mean difference = 1.47, 95% CI [1.24–1.70], d = 0.88, 95% CI 
[0.72–1.04]) and the calm ones significantly more positively than the bored one (t(208) = 16.54, 
p < 0.001, mean difference = 1.54, 95% CI [1.35–1.72], d = 1.14, 95% CI [0.97–1.32]). There 
was, however, also a significant difference in valence between the enthusiastic and calm clips 
(t(208) = 21.89, p < 0.001, mean difference = 1.76, 95% CI [1.60–1.92], d = 1.51, 95% CI 
[1.31–1.71]), but smaller compared to the difference in activation level.

Comparison of native and non‑native English‑speaking participants

As expected, there were significant differences in both self-evaluated English proficiency 
(t(205) = 4.15, p < 0.001, mean difference = 0.61, 95% CI [0.32–0.90], d = 0.58, 95% CI 
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[0.29–0.87]) and English vocabulary test scores (t(196) = 4.67, p < 0.001, mean differ-
ence = 9.84, 95% CI [5.68–13.99], d = 0.67, 95% CI [0.37–0.97]) between groups, indicating 
that the two groups are different to the point that there may also be differences in how they 
perceive emotions from the English videos. While native speakers had higher self-ratings 
(M = 6.49, SD = 0.97) and proficiency scores (M = 86.88, SD = 14.26) than non-native speak-
ers, non-native speakers still had relatively high results in both cases (M = 5.88, SD = 1.09 for 
self-evaluation and M = 77.04, SD = 14.91 for test scores), representing the population that is 
likely to watch online educational videos in English. However, English proficiency was not 
related to the ability to recognize emotions in the non-native speakers’ group, as there were 
no significant correlations between the English proficiency score and the ability to recognize 
either enthusiasm (r = 0.06, p = 0.537) or calmness (r = 0.12, p = 0.197).

In addition to English skills, the groups differed significantly in prior interest in the topic 
(t(205) = 5.89, p < 0.001, mean difference = 1.47, 95% CI [0.98–1.96], d = 0.83, 95% CI 
[0.52–1.13]) and finding the instructional materials interesting (t(205) = 5.57, p < 0.001, mean 
difference = 1.27, 95% CI [0.82–1.72], d = 0.78, 95% CI [0.48–1.08]), with non-native speakers 
being more interested in the content (M = 4.34, SD = 1.88) and finding the videos more interest-
ing (M = 4.65, SD = 1.58) than their native speaking peers (M = 2.87, SD = 1.61 for prior interest 
and M = 3.38, SD = 1.68 for interest in the instructional material). While there were no signifi-
cant differences in gender (χ2(2, N = 204) = 3.55, p = 0.169), age (t(205) =  − 2.22, p = 0.028), or 
self-evaluated prior knowledge of the content (t(205) =  − 1.88, p = 0.061) between the groups, 
there were significant differences in educational level (U = 2871.50, p =  < 0.001), with non-native 
speakers having higher education (M = 3.69, SD = 0.98, Mdn = 4, IQR = 3–4) than native speakers 
(M = 2.93, SD = 0.85, Mdn = 3, IQR = 2–3).

Based on these results, prior interest in the topic, interest in the videos and education are 
included as covariates in the ANCOVAs used to compare native and non-native speakers’ 
ratings of video clips.

Figure  2 shows native English speakers have consistently rated enthusiastic videos 
more positively, both when rating discrete emotions and valence. There was a main effect 
of group affiliation, F(4, 200) = 7.80, p < 0.001, with a post hoc comparison (t(200) = 2.91, 
p = 0.004, mean difference = 0.43, d = 0.47, 95% CI [0.15–0.79]) showing that on average, 

Table 3   Descriptive statistics of activation and valence ratings for the video clips expressing different emo-
tions

* Ratings that are significantly lower than ratings for the comparative activation/valence rating

Clips Core affect dimension Combined Native speakers 
(n = 87)

Non-native 
speakers 
(n = 120)

M SD M SD M SD

Enthusiastic (averaged) Activation 6.17 0.94 6.12 0.92 6.20 0.96
Valence 6.23 0.96 6.25 0.97 6.21 0.95

Calm (averaged) Activation 3.45* 0.99 3.38* 0.97 3.50* 1.00
Valence 4.46* 1.02 4.61* 1.08 4.36* 0.97

Frustrated Activation 5.03 1.59 4.89 1.79 5.12 1.43
Valence 4.76* 1.62 4.48* 1.79 4.93* 1.47

Bored Activation 2.71* 1.56 2.74* 1.51 2.70* 1.61
Valence 2.93* 1.43 3.09* 1.52 2.78* 1.35
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native English speakers rated the enthusiastic videos as significantly more enthusiastic as 
their non-native peers, supporting Hypothesis 3a. The effect was also significant when rating 
enthusiastic videos as happy (F(4, 200) = 9.32, p < 0.001), but also as calm (F(4, 200) = 3.94, 
p = 0.004), as native speakers also rated the enthusiastic videos as more happy (t(200) = 2.31, 
p = 0.022, mean difference = 0.36, d = 0.37, 95% CI [0.05–0.69]) and calm (t(200) = 2.61, 
p = 0.010, mean difference = 0.40, d = 0.42, 95% CI [0.10–0.74]) than non-native English 
speakers. After controlling for covariates, there were no significant differences in the case of 
activation level (t(200) = 0.05, p = 0.959) and valence ratings (t(200) = 1.39, p = 0.165).

Regarding calm videos (Fig. 3), differences were less pronounced, but followed a simi-
lar pattern. In contrast to Hypothesis 3b, there was no main effect in the case of the calm 
rating, F(4, 200) = 0.37, p = 0.830. However, there was a significant main effect in rat-
ing calm videos as happy, F(4, 200) = 4.38, p = 0.002, with native speakers rating them 
as more happy than non-native speakers (t(200) = 2.25, p = 0.026, mean difference = 0.32, 
d = 0.36, 95% CI [0.04–0.68]). There were no significant differences in the case of activa-
tion level (t(200) =  − 0.14, p = 0.885), but in terms of valence, native speakers rated calm 
videos as significantly more positive than non-native speakers, F(4, 200) = 2.48, p = 0.045, 
t(200) = 2.20, p = 0.029, mean difference = 0.36, d = 0.35, 95% CI [0.03–0.68].

When looking at the general emotion recognition ability within the two groups, there 
were no significant differences in the native English speakers’ ability to recognise enthusi-
asm and calmness (t(86) =  − 0.39, p = 0.696), but non-native speakers were better at recog-
nising calmness than enthusiasm (t(119) = 3.46, p < 0.001, mean difference = 0.40, 95% CI 
[0.17–0.63], d = 0.32, 95% CI [0.13–0.50]).

The bored ratings of the bored clip were similar between the two groups, F(4, 
200) = 1.59, p = 0.179, while there was a main effect in the frustration rating, F(4, 
200) = 2.66, p = 0.034, but not a significant difference after controlling for interest in the 
video content. No main effects were found for activation (F(4, 200) = 0.57, p = 0.684) or 
valence ratings (F(4, 200) = 0.96, p = 0.430). Lastly, we found a main effect in the frus-
trated clip for frustration, F(4, 200) = 5.26, p < 0.001, but it was not attributable to belong-
ing to the native or non-native group. Neither activation (F(4, 200) = 0.85, p = 0.497) nor 
valence (F(4, 200) = 1.38, p = 0.241) showed a main effect.

Discussion

Consistent with the cognitive-affective model of e-learning (Lawson et al., 2021b; Mayer, 
2020), this study demonstrated that learners could recognize the emotional tone of an 
instructor in an educational video from their voice alone, which solidifies the first link of 
the theoretical model. Because conveying positive affective states appears to be a beneficial 
instruction design strategy (Liew et al., 2020; Loderer et al., 2020), we used five videos 
of calm and enthusiastic narrations to specifically test whether learners could distinguish 
between positive emotions with varying levels of activation, and added two videos depict-
ing a negative emotion (boredom and frustration) for comparison. Similar to previous 
research (Lawson & Mayer, 2021; Lawson et al., 2021b), participants were better able to 
differentiate between emotions with a different valence but the same activation level (e.g. 
enthusiasm from frustration) than between emotions with the same valence but a different 
activation level (enthusiasm from happiness and calmness).

However, participants were still sensitive to the differences between vocal expres-
sions of positive emotions with a high activation level (enthusiasm), a low activation level 
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(calmness) and a medium activation level (happiness). Although there were no videos that 
specifically expressed happiness, learners rated enthusiastic videos as significantly more 
enthusiastic than calm and happy and calm videos as significantly more calm than happy or 
enthusiastic. In general, these differences were greater for the calm videos.

Results were different only for the frustrated video, where participants did not recognize 
that it expressed frustration. This was not necessarily due to their inability to do so, but pos-
sibly due to using only one clip for frustration or our narrator’s portrayal of the emotion.

Most previous studies have examined the effects of the portrayed affective state of the video 
instructor on learning processes and outcomes by using an onscreen agent that conveys social 
cues through their facial expressions and body language in addition to the voice (e.g. Horovitz & 
Mayer, 2021; Schneider et al., 2022). In contrast, this study adds to the small but growing litera-
ture showing that voice is a powerful source of social and emotional information on its own even 
in the context of educational videos (Schneider et al., 2021) and that adding onscreen agents may 
not be necessary if the goal is to convey positive emotions (Lawson & Mayer, 2021).

Another important contribution of this work is the addition of non-native language speak-
ers and their comparison to native speakers in recognizing portrayed emotions. Most online 
instructional videos are produced in English, which means that many learners around the 
world watch them in their foreign language, with varying levels of English proficiency. Yet, 
most studies of multimedia learning and emotional design use instructional videos spoken in 
learners’ native languages. Testing instructional design interventions on more international 
audiences is critical, as the lack of verbal listening skills, or even just processing in a foreign 
language, can interfere with the learning process, meaning that learners watching educational 
videos in a foreign language might need additional aids that are unnecessary or even detri-
mental to those who learn in their native language (Davis & Vincent, 2019). In fact, many 
studies have shown the effect language background can have on learning from digital media 
(e.g. Lee & Mayer, 2018; Mayer & Fiorella, 2014; Schneider et al., 2015).

Consistent with previous research, both native and non-native English speakers were suc-
cessful in recognizing the target emotion from the narrator’s voice (Laukka & Elfenbein, 2021), 
and their ratings were generally very similar. However, compared to the native speakers, the 
non-native speaker group rated the enthusiastic videos as significantly less enthusiastic, calm 
and happy and the calm videos as significantly less happy and pleasant. These results are in line 
with the dialect theory (Elfenbein, 2013) in that they show a consistent difference in emotion 
recognition between native and non-native speakers. In our case, non-native speakers perceived 
the educational narrations as less positive than those who listened to the clips in their native 
language, which builds on the knowledge that not only accuracy but also other variables related 
to emotion recognition may be affected (Jiang et al., 2015). Non-native speakers were also bet-
ter at recognising calmness than enthusiasm, indicating a possible misunderstanding when 
interpreting activated positive vocal cues in a different language. However, English proficiency 
did not play a significant role in recognizing the affective tone of the instructor, which differs 
from previous findings (Bhatara et al., 2016; Jiang et al., 2015). Because past research on emo-
tion recognition has focused almost exclusively on negative emotions (Sauter, 2010), we do not 
know whether this is specific to positive emotions or to our sample.

Limitations

It should be noted that the results could be highly dependent on how our (young Ameri-
can female) narrator portrayed the emotions and on our non-random sample. For example, 
most native English-speaking participants were from the UK, not the USA, so differences 
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in dialect may have affected the results. Our non-native speakers’ sample was also highly 
proficient in English, lowering the generalizability of our results to only a part of those 
who understand the foreign language. Future research should use a more varied sample and 
clips with different topics and types of instructors, so that results can be generalized to dif-
ferent individuals, cultures, languages and content areas. Little research has been done on 
the effects of individual differences between narrators — gender and age of the instructor 
could play a role in how emotional tone is perceived through voice. In addition, although 
we used five videos to represent enthusiasm and calmness, we used only one for boredom 
and frustration, making the results for these two emotions less reliable. The frustration clip 
in particular was problematic because participants did not perceive it as such, which could 
be due to the complexity of the emotion itself or the result of our portrayal.

Conclusion

This study is a first step in providing evidence for the cognitive-affective model of e-learning. Spe-
cifically, it was shown that voice alone is enough to convey the instructor’s emotions to learners 
all around the world who watch instructional videos primarily in English. While there were some 
subtle differences, both native and non-native English speakers recognized the portrayed emotion, 
and the emotion recognition ability was not dependent on the learners’ English language skills.

The implication of the study is that instructors need to be aware of how their emotional 
stance is conveyed through their voice when creating educational videos. However, it is still 
unclear how emotional cues in the voice alone can affect learning from disembodied edu-
cational videos. Future studies should test the theoretical model further and check whether 
emotions expressed through voice prosody alone influence the cognitive, affective and 
learning processes of those who learn by watching videos. Recognizing emotion does not 
necessarily mean that learners feel the emotion in question or that it affects their learning, 
so further research on the cognitive-affective model of e-learning is needed. Subsequent 
studies should include measures of cognitive load to better understand the reasons for the 
differences between native and non-native speakers, and questions measuring knowledge 
retention and transfer to investigate whether and how different emotional tones expressed 
through voice prosody affect learning from multimedia materials in a language that is not 
our native one. In a globalized world, instructional videos in English are a popular learning 
tool for learning about various topics, so research about this educational technology should 
continue to test design guidelines that are inclusive of people all around the world.
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