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E‑learning is a burden for the deaf 
and hard of hearing
Filipa M. Rodrigues  1,2,4*, Ana Maria Abreu  1,4, Ingela Holmström  3,4 & Ana Mineiro  1,4

When considering deaf and hard of hearing (DHH) population, research recognizes that fatigue due 
to communication challenges and multi-focal attention allocation is a significant concern. Given 
the putative heightened demands of distance learning on deaf and hard of hearing students, we 
investigate how an online environment might differently affect deaf and hard of hearing participants, 
compared to hearing participants, Portuguese Sign Language (PSL) users and non-users. Our findings 
show that the deaf and hard of hearing group present higher values in the post-task fatigue rates with 
significant differences from the hearing group (non-PSL users). Furthermore, our results revealed an 
association between post-task fatigue rates and lower performance scores for the deaf and hard of 
hearing group, and the gap is significantly bigger when compared with the hearing group (non-PSL 
users). We also found evidence for high levels of post-task fatigue and lower performance scores in 
the hearing group PSL users. These novel data contribute to the discussion concerning of the pros 
and cons of digital migration and help redesign more accessible and equitable methodologies and 
approaches, especially in the DHH educational field, ultimately supporting policymakers in redefining 
optimal learning strategies.

Despite the growing investment in the study of the relationship between hearing loss and fatigue, the available 
research does not demonstrate, as clearly as would be expected, the causal relationship between levels of effort 
and subsequent fatigue in deaf and hard of hearing individuals1. Research has not yet found an irrefutable hypoth-
esis that relates hearing loss, effort (cognitive effort and physical effort), and higher fatigue levels (typology and 
duration) in DHH participants, than in those of hearing participants, when studying the comparison between 
samples, as other idiosyncratic variables seem to have a significant impact in self-reported fatigue levels2. Con-
sidering that the concept of fatigue is a complex concept to study, the choice of data collection testing methods 
also proves to be a challenge3,4, especially when studying such a heterogeneous population. The bibliographical 
research demonstrates that there is still room for further investigation in the area, since the impact of fatigue 
dimensions in DHH adults’ lives is still little known. Nevertheless, literature maintains that the additional atten-
tion, concentration, and effort needed to overcome the communicative problems associated with hearing loss, in 
hearing aid users especially, result in increased reports of auditory effort, stress and fatigue compared to individu-
als with normal hearing5,6. It has been shown that high levels of effort daily may result in mental fatigue in the 
DHH population, with associated reduced ability to concentrate or to perform any cognitive task6, particularly 
when potentially interfering distractors are present7,8. Despite several non-consensual aspects, the definition 
of Cognitive Fatigue (CF) is generally considered as a decrease in, or inability to sustain, task performance 
throughout the duration of a sustained attention task9. CF is associated with impaired cognitive control10 high-
level information processing11 and sustained attention12. Although widely studied, the phenomenon of fatigue 
and its negative impact on the quality of life of contemporary societies, the scientific community has made little 
progress in studying the putative impact of fatigue in DHH youngsters and adults and the resulting constraints 
that negatively affect the academic, professional, and social dimensions13.

Existing research has recognized the increased difficulties of DHH students regarding the lower effectiveness 
of the instructional material presented in class when there is an overlap of semiotic resources14. Research into the 
multilingual or ‘translingual’ communicative classroom practices has encompassed a focus on multimodality15 
stressing the need to re-think simultaneous communicative actions in more efficient sequential ‘chaining’ of 
modes, to avoid semiotic overlap and thus, increased levels of effort and subsequent communication difficulties 
and fatigue. We find claims, in the literature, that using communication and information technologies (ICT) 
increases the learning capacities of DHH students, especially when multimedia resources are designed accord-
ing to their specific needs16. The desired effectiveness of using multimedia in teaching DHH students remains, 
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however, dependent on the efficiency of the instructional design that should consider modern learning theories, 
like the Cognitive Load Theory (CLT). This theory assumes that a cognitive load occurs when cognitive process-
ing requirements exceed the capacities already available to students17. Researchers state that the CLT is concerned 
with the instructional implications of interaction between information structures and cognitive architecture. 
However, in tandem with the “interactivity” element, the way in which information is presented to learners and 
the learning activities required can also impose a cognitive load18. Exposure to High Cognitive Load (HCL) 
levels, in conditions where the time to process ongoing cognitive demands is restricted, also leads to increased 
Cognitive Fatigue19. Within the Cognitive Theory of Multimedia Learning (CTML), cognitive load on DHH 
students can be measured17, 20,21 in dimensions as mental demand, physical demand, temporal demand, perfor-
mance, effort, and frustration. Findings showed that the use of multimedia resources proved to be insufficient in 
the acquisition of scientific concepts by deaf students of elementary / high school, since, if poorly designed, the 
multimedia presentations can increase the levels of Cognitive Load and act as a barrier to the learning process, 
instead of acting as a facilitator. Given the quantity and diversity of informational modalities, studies indicate 
that presentation format may make it difficult for students to grasp the taught concepts effectively17,20,21.

As we witness a COVID-19 motivated push towards digital migration with the transition to online work 
and online classes speeding up without careful impact analyses, the effects of this accelerated transition towards 
distance learning modalities within the DHH population, must be thoroughly investigated. Here we search for 
evidence on the putative differential impact that a traditional model of an e-learning situation might have on 
DHH compared to PSL hearing users and non-users22.

We believe that due to COVID-19, given the short time to adapt to distance learning scenarios, learning situ-
ations migrated rapidly to virtual environments without the necessary adjustments in the design of multimedia 
resources, specifically for the DHH population, namely, to concern issues of cognitive load and fatigue23. Given 
the putative heightened demands of distance learning on DHH students, we aim to investigate how an online 
environment might differently affect DHH compared to Hearing participants24,25. Here, we infer the consequen-
tial fatigue involved in an e-learning situation based on performance and fatigue scores. In line with this, we 
applied a Fatigue Assessment Scale (FAS) to quantify fatigue before the experiment procedure, upon participant 
recruitment. The FAS is a validated and standardized self-report Likert scale26–28. We used it to generate an initial 
baseline for comparison with later results from this study. Immediately after the e-learning presentation, the par-
ticipants also indicated on a Visual Analogue Scale (VAS)29–33, the level of mental and physical fatigue perceived 
post-task and proceeded to submit a performance test, pertaining to information conveyed in the online class.

Methods
Participants.  We chose an ex-post facto experimental type design for which we developed an ecological 
e-learning situation wherein the information conveyed was kept constant across selected groups, while compar-
ing fatigue and learning outcomes between Portuguese adult samples (n = 51), namely: a group of deaf and hard 
of hearing participants (DHH; n = 17) proficient in Portuguese sign language, a group of hearing participants 
(PSL; n = 17) proficient in PSL and a control group of hearing participants unfamiliar with sign language (C; 
n = 17).

Individuals identified themselves as DHH/hearing individuals, Sign Language proficient users upon recruit-
ment for this study. The procedure was similar for individuals unfamiliar with PSL.

To fulfil the requisites for parametric testing34 when dealing with 2 to 9 groups, we strived to recruit more than 
15 participants per group. Participants were recruited via convenience sampling. All methods were carried out 
in accordance with the Declaration of Helsinki35 guidelines for human research and approved by the University’s 
local ethics committee (Comissão de Ética para a Saúde da Universidade Católica Portuguesa). All participants 
gave their informed consent prior to enrolment. The images that directly identify people involved in the study 
are from one of the researchers (the presenter) and from the Portuguese Sign Language Interpreter, who gave 
informed consent for publication of identifying images in an online open-access publication.

Task design and procedure.  The study was developed across four moments—in T0: completion of an 
online visual literacy test (in tandem with participant recruitment) and of the Fatigue Assessment Scale (FAS); 
T1: online class attendance; T2: VAS completion measuring both mental and physical fatigue and T3: perfor-
mance questionnaire (Fig. 1).

The participants were requested to access and complete online forms, containing the self-completion scales 
and 2 tests: an art literacy test, the FAS, a VAS to assess mental and physical fatigue levels and a multiple-choice 
performance Test. During the whole procedure, participants were assessed individually.

Visual art literacy test.  To form homogeneous groups in terms of visual art literacy, participants com-
pleted an online test upon recruitment. Visual literacy pertains to the knowledge and use of visual elements in 
visual communication, knowledge and use of specific vocabulary, and the ability to present, respond, and con-
nect through symbolic and metaphoric forms that are unique to the visual arts. The test consisted of 10 multiple-
choice questions with a score of 10 points each, concerning the information conveyed by different sets of images.

The Fatigue Assessment Scale (FAS).  At the time of recruitment, participants were asked to complete a 
fatigue rating scale- assessment Fatigue Scale (FAS). The FAS score is obtained from a 10-item scale that evalu-
ates symptoms of chronic fatigue. Some examples of FAS questions are: "Physically I feel exhausted", "I have 
trouble thinking with clarity" or "Fatigue bothers me" (see Supplementary Information  S1). The scale had a 
filling time of approximately 2–3 min, without a time limit. We used a validated and authorized Portuguese ver-
sion of FAS36. We chose to apply the FAS questionnaire before experimental manipulation to obtain an initial 
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global reading of the sample groups, regarding fatigue reported in a daily basis. The aim was to differentiate the 
baseline fatigue level for all groups and used it afterwards in the interpretation of later findings from the VAS, 
the performance test and for the discussion.

The Videographic stimuli.  After the tasks performed upon recruitment, the tasks to be performed fol-
lowing the experimental design were scheduled: viewing the online class followed by filling out the VAS and 
the performance testing. For this purpose, participants received a new Zoom link to access these contents. The 
introduction to the online class was presented (voice and image of the presenter) in oral and written (Portuguese 
Language) in tandem with Sign (Portuguese Sign Language). During this, the presenter gave instructions for the 
completion of task. The online class content started immediately after this brief information and contemplated 
information concerning four different works of art. Art works allow the establishment of bridges between the 
visual-verbal language through the "reading" of the visual narrative of the pictorial composition. We consider, 
therefore, artistic teaching to be a very relevant topic since it showcases information transmission according to 
the multimodal dimension. The information conveyed was based on images of works of art and its description, 
presenting a simultaneous combination of semiotic resources of dual nature (visual and verbal). The presenta-
tion lasted 35 min and contained information about artworks, the artists and historical contextualization. To 
achieve this, we designed a screen display with the simultaneous presentation of information in the following 
modalities: visual and auditory (teacher) visual (stimulus to be learned), sign language (PSL translator) and writ-
ten topics corresponding to the presented discourse. For each work, the presenter transmitted oral information 
for approximately 10 min, with simultaneous translation in Portuguese Sign Language. The written information 
appeared as a short sentence at the bottom of the screen (type of short caption called "oracles"). Regarding the 
presentation format, the following screen display structure was presented to all participants, designed to mimic 
a typical online presentation (Fig. 2).

After the intro clip, four different online class modules were randomly presented, pertaining to different 
works of art. According to the above, the chosen works are labelled A, B, C and D. The selection of artworks was 
made from the Fundação Calouste Gulbenkian publication named Primeiro Olhar (2002), an integrated Visual 
Arts Education Program37. The use of reproductions of these artworks is lawful, not having a lucrative purpose 
as they are intended for academic use only (Fig. 3).

The Visual Analogue Scale (VAS).  Immediately after the video presentation, the participants should 
indicate on 2 different VAS scales the level of mental and physical fatigue perceived at that moment. Visual 
Analogue Scales are commonly used to measure magnitude of internal states such as pain stress, anxiety, mood 
and various functional capabilities30,31. VAS is a psychometrical measurement instrument that makes use of 
self-reported quantity of symptoms, emotional states, and attitudes. Its advantage as a measurement instrument 
relies in a format that covers a range of continuous values, for subjective indicators that cannot easily be directly 
measured. Since a VAS can measure any subjective construct, we decided to use it to measure the subjective 
feeling of physical fatigue and the subjective feeling of mental fatigue as the VAS is sensitive to small changes in 
intensity. The VAS is also very useful because the line bisection can then be converted into mm which translate 
into a numerical score that can be parametrically analysed33. The use of VAS with DHH populations has been 
documented as an instrument to determine degree and type of hearing loss and has proven to have an important 
role in measuring hard of hearing participants´ perceptions, especially with young adult populations38.

A VAS can be presented either vertically or horizontally. It takes the shape of a 100 mm line without numerical 
anchors. The participant is required to bisect the line more to the left or right (more to the top or to the bottom) 

Figure 1.   Experimental design (sequence and timeline).
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depending on how much the subjective construct is felt. Thus, the VAS is useful in situations wherein a subjective 
construct needs to be measured without the bias of numerical anchors.

After submitting the form, a conversion to numerical values is generated, allowing for a parametric analysis 
of the results. In the first VAS the participants are prompted to answer the following question: “After complet-
ing this task I feel mentally…”. And in the second VAS the participants answer the following question: “After 
completing this task I feel physically…”.

The performance test.  Following the VAS completion, a set of ten online questions about the information 
conveyed were presented, using the multiple-choice modality for answering. This task did not impose a pre-set 
time limit, and the time taken to complete the performance test by each group was later analyzed. Questions 
such as: "A work painted on wet cloth was presented that represents a gestural attitude. Tick the false option." (a) 
The artist used a varied palette of colours, (b) The preparation of support takes longer than the process of paint-
ing; (c) The artist retouches the painting when the result does not match what he/she expected or (d) The work 
is carried out without intellectual content default”; “From the sequence of artists in the video, in what position 
was it presented the artist who had as a professor in college named Columbano Bordalo Pinheiro? Please select 
one of the given options”: (a) 1st position, (b) 2nd position, (c) 3rd position or (d) 4th position and “One of the 
works presented depicts a rural ceremony—a wedding. What figures are represented in the background (plane 
farthest from the observer)? Please select one of the given options”: (a) the guests; (b) the music band; (c) the 
bride and groom or (d) the house and the oxen. These answers provided a score of accurateness of the responses 
related to the visualized presentation.

Data analysis
We used SPSS Statistics (IBM SPSS Statistics for Windows, Version 27.0) to compute Analyses of Variance 
(ANOVA) of the scores of the Fatigue Assessment Scale, of the Visual Analogue Scale and of the Performance test.

Visual art literacy test.  Normality and homogeneity between groups requirements were fulfilled. We com-
puted a One-way ANOVA to investigate if the visual art literacy test scores differed between groups, p values 
were set at 0.05. There were no significant differences between the 3 groups in the test, (MDHH = 71.70, SD = 16.55; 
MPSL = 70.17 SD = 17.56; MC = 74.94, SD = 16.95) F (2) = 0.347, p = 0.709, η2p = 0.023).

Fatigue Assessment Scale.  As a validated instrument, FAS results are coded and interpretated through 
given procedures26–28 within the total score ranges from 10 to 50. A total score of < 22 indicates no fatigue (or 
normal fatigue) and FAS scores between 22 and 50 indicate substantial fatigue. Also, two subgroups distinguish 
fatigue levels (scores 22–34) from extreme fatigue levels (scores ≥ 35). According to the FAS interpretation pro-
tocol, we analyzed the FAS results comparing answers between the 3 groups. Thus, by summing the scores on 
all 10 questions and calculating the group mean, results show a score of substantial fatigue (≥ 22) for the DHH 
(M = 22.76); and normal fatigue for the Control and PSL groups (M = 20.47 and M = 18.82, respectively).

For the FAS score dependent variable, the descriptive statistics for the DHH group are (Mean = 22.76; 
SD = 6.505) for the PSL (Mean = 18.82; SD = 4.334) and for the Control group (Mean = 22.47; SD = 3.875). ANOVA 
did not reveal significant differences between the 3 groups under analysis (F = 2.625, p = 0.083, Ƞ2 = 0.119). (Fig. 4).

Figure 2.   Still frame of the online class presentation designed to mimic a typical online presentation with visual 
to the left, written information in the bottom and presenter and PSL translator squares to the right.
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Figure 3.   Selection and labelling of the 4 artworks presented at the online class.

Figure 4.   Boxplot of the FAS results with the minimum and maximum values, median, quartiles 1 and 3 and 
outlier value for the DHH.
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Visual Analogue Scale (VAS).  A Visual Analogue Scale (VAS) is a measurement instrument that indicates, 
from the participant’s perspective, their subjective perception of a certain characteristic across a continuum of a 
100 mm line, in a vertical or horizontal position, anchored by numerical or word descriptors at each side.

Here, the word descriptors were linked to fatigue levels, i.e., on the left side we indicated “not at all tired” and 
on the right side we indicated “extremely tired”. The scale was presented online with a digitally sensitive slider 
bar format. The participants were instructed to slide the bar between anchors to report their subjective feeling 
of fatigue. By dragging the slider bar, the participant indicated a higher value when approaching the right end 
(extremely tired), and a lower value or less fatigue, when sliding the bar towards the left end (not at all tired) 
(Fig. 5):

Although no values were presented, clicking on a point of the 100 mm line with the slider allowed for posterior 
conversion into a score between 0 and 100 for parametric analyses.

For both dependent variables VAS_Mental and VAS_Physical, statistical relevant differences are shown 
between groups.

For the VAS_Mental fatigue variable [(F(2) = 3.911, p = 0.027, η2p = 0.333], DHH present highest mean 
(M = 50.58, SD = 28.71), followed by PSL (M = 45.88, SD = 20.25) and Control group (M = 29.41, SD = 24.49). For 
VAS_Mental One-way ANOVA Post hoc Bonferroni correction shows that the DHH group significantly differs 
from the Control group (p = 0.032) and no significant differences were found between DHH and PSL (p = 1.000), 
or between PSL and the Control group (p = 0.131). A large size effect was verified by Cohen’s D (d = 0.82) in 
mental fatigue dimension between DHH and Control group.

For the VAS_Physical fatigue variable [(F(2) = 3.245, p = 0.048, η2p = 0.119] the DHH group presents the high-
est mean (M = 39.41, SD = 33.86), followed by the PSL and Control groups (M = 25.00, SD = 24.81; M = 16.76, 
SD = 17.40, respectively). Bonferroni’s post hoc test was used with adjustment for multiple comparisons, and a 
significant difference was found, for p < 0.05, between the DHH group and the Control group (p = 0.046). We 
calculated Cohen’s D to verify the magnitude of the effect for this difference and observed a high magnitude of 
the effect (d = 0.87) (Fig. 6).

The multiple‑choice performance test.  As already mentioned, the online class purposely reproduced 
a traditional model, commonly used in academia, but not only. Meetings, conferences, or seminars share the 
same type of display, combining images, text, presenter/lecturer voice and sign language translation. This eco-

Figure 5.   Caption from VAS slider bars (VAS_mental and VAS_physical). The points selected on the slider bars 
are random.

Figure 6.   Boxplot with VAS_mental and VAS_Physical distributions with the minimum and maximum values, 
median, quartiles 1 and 3 and outlier values. Asterisks indicate significant comparisons (p < 0.05).
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logical situation delivered to participants as framed in our experimental design, followed the recognition of 
adverse effects that poor or inadequate multimedia instructional material brings to DHH students, since it is 
recognized in recent studies on the use of educational technologies, in distance learning for the deaf during the 
pandemic, that the presence of an interpreter on the screen might lead to erroneous assumptions on the acces-
sibility and efficacy of online classes22. Accordingly, we wanted to know the extent of these adverse effects in the 
performance dimension, in which the participants had to recall the information received in the online class to 
respond to a set of ten questions. As we claimed before, our hypothesis is that the DHH performance would be 
below the other group results, so we computed a one-tailed analysis for statistical significance. One way ANOVA 
for correlated samples test shows differences between the 3 groups in the Performance total score [F(2) = 2.998; 
p = 0.024, Ƞ2 = 0.55] with the DHH (M = 65.29, SD = 21.82) having significantly lower mean in the Performance 
Test compared to the Control group (M = 79.41, SD = 13.90, yet not differing from the PSL group (M = 73.58, 
SD = 13.65) (Fig. 7). A high effect dimension was found by calculating Cohen’s D between the DHH and Control 
group (d = 0.80).

The time spent in completing the performance test was as follows for each of the groups (in minutes): 
MDHH = 11.06; SD = 202.57, MPSL = 10.47; SD = 264.31, MC = 10.09; SD = 581.63. The ANOVA test showed no sig-
nificant differences for completion time between groups [F(2) = 0.107, p = 0.889, Ƞ2 = 0.004].

Discussion
Here, we aimed to investigate how an e-learning environment, such as an online class, might differently affect the 
participant groups in this study, with focus in fatigue assessment, and performance. We recruited participants 
from three distinct groups, DHH participants, hearing participants, and a control group. We applied different 
instruments at different timings. The FAS and a Visual art literacy test when recruiting participants and a VAS 
at a post-task moment. The Visual art literacy test was used to assess the knowledge and understanding of the 
language and codes of the visual arts, without the influence of the subsequent experimental procedures. The three 
groups did not present any differences in such knowledge so we could assume that the putative differences in the 
performance post-task test would be due to how they were able to acquire and process the information conveyed 
during the online class. The FAS was used to obtain an initial baseline of everyday life fatigue and concerning 
the FAS questionnaire results, the DHH group revealed subtle higher rates, but no statistical differences were 
found between the three groups. The use of PSL was an important factor in the selection of participants due to 
the multimodal and bilingual nature of the instructional material used in the online class. Here, this variable 
does not seem to impact DPSL in daily fatigue when compared to the DHH group. As we didn’t find statistically 
relevant differences between groups, our FAS results differ from previously described self-reported results by 
groups of hearing-impaired individuals, i.e., listeners with hearing loss that reported high levels of listening effort 
wherein the experimental design included the use of FAS39. In fact, previous literature states that, daily, DHH 
adults report higher fatigue rates in a consistent way, associated with sustained visual attention combined with 
listening effort to grasp environment information and respond to cognitive tasks1–3,6,13. It is possible that the tasks 
that lead to such fatigue are more strenuous (such as an online class) than the daily tasks experienced by our 
participants. Indeed, when attending to the VAS scores (mental and physical), the DHH have the highest post-
task fatigue scores and significantly differ from the Control group. The DHH group have the closest maximum 
values between mental and physical fatigue, indicating the relationship between the two fatigue dimensions in 
a post-task moment involving cognitive demands.

Furthermore, our results reveal an association between post-task fatigue rates and lower performance scores 
for the DHH. Optimal methods and tools used in the classroom, to direct and maintain visual attention, can 
prevent DHH students from visual attention strays and keep the connection to the delivered information that, 
otherwise, becomes tenuous increasing potential mental fatigue40. Again, the differences are significantly bigger 
when compared with the non-PSL users hearing participants. Here, and diverging from the FAS results, the PSL 
variable seems to have contributed to an increase in both mental and physical fatigue of the hearing group. Pre-
vious literature shows that individuals have a limited processing capacity and must select pertinent information 

Figure 7.   Boxplot of the Performance Test scores across groups, with the minimum and maximum values, 
median, quartiles 1 and 3. Asterisk indicate significant comparisons (p < 0.05).
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from the multitude of available sensory input. This limitation is evidenced in the attention processing mechanism 
such as divided attention as it relates to the optimal allocation of resources between different sets of input by 
splitting or rapid shifting of the attentional focus, given the inability to process stimuli in one or several sensory 
modalities in parallel41. This process becomes more difficult with the quantity and complexity of the component 
tasks, suggesting that dividing attention between simultaneous stimuli intensifies and recruits additional neu-
rocognitive resources, and may lead to limitations on attention span and cognitive load management17,20. Also, 
bilingual bimodal individuals might have experienced here the processing of code-blending stimuli (speech and 
sign simultaneously) which is analogous to a cognitive demanding sociolinguistic code-switching in commu-
nication i.e., it is harder to suppress a second language when that second language uses a different modality15,41. 
PSL individuals might have tried to suppress PSL to pay attention to the oral language (or the opposite), trying 
a complete suppression of the non-selected language and thus experiencing higher levels of fatigue.

According to the literature, visuospatial attention is altered by early deafness but, interestingly, research 
about the gaming experience with DHH adults has proven that training visual peripherical responses in gam-
ing (videogames) have an important role in the achievement of better visuospatial attention control, that is, the 
type of response to gaming challenges might contribute to minor potential visuospatial distractions. However, 
in our online class, which strongly differs from a traditional classroom context, we acknowledge the inherent 
problems of the distribution of visual attention, since all the information conveyed was relevant, contrary to the 
studied effect of the video game experience, which manages to train visuospatial attention by a combination of 
relevant-irrelevant visual stimuli using Flanker tasks42.

We consider that, in our research, the augmentation of the attention stray and split-attention effect occurred 
in tandem with poorly designed instructional/educational materials, namely the inadequate design of multimedia 
instructional resource17–20. In fact, this effect was confirmed by the VAS fatigue scores, as we consider having 
presented an ecological e-learning situation which hardly meets the needs of DHH students, due to its problematic 
simultaneous stimuli input, with no concern for interactivity situations between presenter and participant, pauses 
between contents, opportunities to evoke and consolidate information and diversity in the designed modality 
for content presentation (e.g., screen display elements).

Also emphasized before, test performance times were, on average, similar in the 3 groups. These data lead 
to an unavoidable analysis of the issue of the duration of assessment moments in classes with DHH students as, 
in this case, no time limit was imposed to complete the task, and an extension period would not have positively 
influenced test scores for the DHH: this group performed the worst of the 3 groups and presented the highest 
fatigue rates.

From our analysis, the consistency of results between DHH and PSL group also stands out: the levels of mental 
and physical fatigue in post-task effort relates with lower performance scores, i.e., PSL nonusers feel less fatigue 
and achieve better performance scores.

Interestingly, an innovative dimension of our study emphasizes the situation of the hearing participants PSL 
users, mostly working as Sign Language Interpreters. We showed that for slight non-significant lower levels of 
daily fatigue (FAS), similar fatigue levels are obtained at post-task, when compared to DHH, as well as lower 
performance scores in the performance test. It is possible that this group (PSL) might have felt a similar cognitive 
overload and a subsequent fatigue sensation due to the limitations of the divided attentional mechanisms. That 
is, as they are PSL users and fluent in the dimension of oral Portuguese, the integration of information through 
simultaneous multimodal channels made it difficult to grasp the contents of the online class.

It should be noted that the relationship between stress and burnout in Sign Language Interpreters has been 
established in the literature confirming burnout dimensions such as emotional exhaustion, depersonalization, 
and personal accomplishment43. Although interpreters work situation may vary (e.g., daily working hours, dif-
ferent schedules, working location/setting), research has looked closely to some occupational demands that 
suggest possible predictors of stress and burnout in educational interpreters, such as workload, responsibility, 
perceived control, and co-workers support, among others. Investigation shows that educational interpreters 
experience high work demands, which are congruent with our experiment results, as these 2 groups might have 
been impacted by levels of distractibility with subsequent out-turn on both fatigue and test performance scores.

Concomitantly, our results are consistent with the literature review regarding the risk of ineffectiveness of poor 
or inadequate multimedia resources for the DHH population17, 20. We have also confirmed the need, according to 
the available literature, of optimizing interactive cognitive tasks in multimedia instructional design, as they help 
in creating more flexible and engaging learning dynamics, different cognitive demands as well as the opportunity 
to control fatigue through breaks and recovery time8,22–25.

Overall, our results indicate levels of mental and physical fatigue consistent with research in the field of deaf-
ness and cognitive load19,21,23,24, and the consequent constraints on the maintenance of attentional mechanisms10,12 
in demanding cognitive tasks. Together, our results seem to show that, when DHH are asked to visualize the mul-
timedia stimulus in the format presented in our research, there is a combination of factors that negatively affect 
both the apprehension of the conveyed information and simultaneously lead to an increase in levels of mental 
and physical fatigue. In line with previous research, our study sheds light into the attentional split mechanism 
affecting hearing participants who use PSL (bimodal and bilingual) but that does not seem to interfere with PSL 
non-users, on post task fatigue rates or performance scores41.

Given the frequent exposure of learning situations in the e-learning modality during the last two years with 
periods of confinement due to pandemic for COVID-19, we are aligned with research in the field of communi-
cation technologies and multimedia instructional material for DHH students, that assert the need to reconsider 
the limitation imposed by the combination of audio/video channels as unquestionable assumptions on which 
multimedia design theories and principles are based14,17,18. Our findings state a clear association between cogni-
tive load and low achievement i.e., whenever cognitive load increases, the apprehension and memorization of 
the conveyed concepts decreases. In our study, in addition to the mental dimension, CL is also self-reported in 



9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:9346  | https://doi.org/10.1038/s41598-022-13542-1

www.nature.com/scientificreports/

terms of physical fatigue. These results are confirmed by the principles of Cognitive Load theory and outline the 
importance of prioritizing the assumptions upon which Cognitive theory of multimedia learning stands on the 
design of educational materials that reduce CL, enhancing effective learning17,20,21,24,25.

Conclusion
The e-learning reality is not an unprecedented reality, namely in the educational field. Given the great adhesion 
to information and communication technologies, the DHH population is generally elected for distance learn-
ing modalities. However, during the pandemic period triggered by Covid-19 and the post-pandemic transition, 
there was an exponential increase in this type of knowledge transmission, whose benefits, in certain situations, 
outweigh the losses of in-person training, class or lecture22. For the DHH population, these benefits are not 
evident, and here we demonstrate different levels of possible harm. Faced with higher fatigue rates and lower 
performances, the DHH population might be at disadvantage in the several dimensions of academic challenges, 
leading to further inequalities and constraints that affect well-being and participation opportunities. With this 
research we hope to contribute to the discussion concerning the pros and cons of digital migration and shed new 
light that might help redesign more accessible and equitable methodologies and approaches, especially in the 
DHH educational field, ultimately supporting policymakers in redefining optimal learning strategies.

Data availability
All relevant data are within the manuscript and its Supporting Information files.

Received: 23 November 2021; Accepted: 17 May 2022

References
	 1.	 Holman, J. A., Drummond, A. & Graham, N. The effect of hearing loss and hearing device fitting on fatigue in adults: A systematic 

review. Ear Hear. 42, 1–11. https://​doi.​org/​10.​1097/​AUD.​00000​00000​000909 (2020).
	 2.	 Holman, J. A., Drummond, A. & Graham, N. Hearing impairment and daily-life fatigue: A qualitative study. Int. J. Audiol. 58, 

408–416. https://​doi.​org/​10.​1080/​14992​027.​2019.​15972​84 (2019).
	 3.	 McGarrigle, R. et al. Listening effort and fatigue: What exactly are we measuring? A British Society of audiology cognition in 

hearing special interest group ’white paper’. Int. J. Audiol. 53, 433–440. https://​doi.​org/​10.​3109/​14992​027.​2014.​890296 (2014).
	 4.	 Hockey, R. The Psychology of Fatigue: Work, Effort and Control (Cambridge University Press, 2013). https://​doi.​org/​10.​1017/​CBO97​

81139​015394.
	 5.	 Hétu, R., Riverin, L., Lalande, N., Getty, L. & St-Cyr, C. Qualitative analysis of the handicap associated with occupational hearing 

loss. Br. J. Audiol. 22, 251–264. https://​doi.​org/​10.​3109/​03005​36880​90764​62 (1988).
	 6.	 Hornsby, B. W. The effects of hearing aid use on listening effort and mental fatigue associated with sustained speech processing 

demands. Ear Hear. 34, 523–534. https://​doi.​org/​10.​1097/​AUD.​0b013​e3182​8003d8 (2013).
	 7.	 Csathó, A., Linden, D., Hernádi, I., Buzás, P. & Kalmár, G. Effects of mental fatigue on the capacity limits of visual attention. J. 

Cogn. Psychol. https://​doi.​org/​10.​1080/​20445​911.​2012.​658039 (2012).
	 8.	 Rodrigues, F. M., Rato, J. R., Mineiro, A. & Holmström, I. Unveiling teachers’ beliefs on visual cognition and learning styles of deaf 

and hard of hearing students: A Portuguese-Swedish study. PLoS ONE https://​doi.​org/​10.​1371/​journ​al.​pone.​02632​16 (2022).
	 9.	 DeLuca, J. Fatigue as a Window to the Brain. Issues in Clinical and Cognitive Neuropsychology (MIT Press, 2005).
	10.	 Boksem, M. A., Meijman, T. F. & Lorist, M. M. Effects of mental fatigue on attention: An ERP study. Cogn. Brain Res. 25, 107–116. 

https://​doi.​org/​10.​1016/j.​cogbr​ainres.​2005.​04.​011 (2005).
	11.	 Tanaka, M. & Watanabe, Y. A new hypothesis of chronic fatigue syndrome: Co-conditioning theory. Med. Hypotheses 75, 244–249. 

https://​doi.​org/​10.​1016/j.​mehy.​2010.​02.​032 (2010).
	12.	 Langner, R. & Eickhoff, S. B. Sustaining attention to simple tasks: A meta-analytic review of the neural mechanisms of vigilant 

attention. Psychol. Bull. 139, 870–900. https://​doi.​org/​10.​1037/​a0030​694 (2013).
	13.	 Holman, J. A. et al. Can listening-related fatigue influence well-being? Examining associations between hearing loss, fatigue, 

activity levels and well-being. Int. J. Audiol. 60, 47–59. https://​doi.​org/​10.​1080/​14992​027.​2020.​18532​61 (2021).
	14.	 Dye, M. W. G., Hauser, P. C. & Bavelier, D. Visual attention in deaf children and adults: Implications for learning environments. 

In Deaf Cognition: Foundations and Outcomes (eds Marschark, M. & Hauser, P. C.) 250–263 (Oxford University Press, 2008).
	15.	 Kusters, A. Deaf and hearing signers’ multimodal and translingual practices: Editorial. Appl. Linguist. Rev. 10, 1–8. https://​doi.​

org/​10.​1515/​appli​rev-​2017-​0086 (2019).
	16.	 Debevc, M. & Peljhan, Z. The role of video technology in on-line lectures for the deaf. Disabil. Rehabil. 26, 1048–1059. https://​doi.​

org/​10.​1080/​09638​28041​00017​02441 (2004).
	17.	 Mayer, R. E. & Moreno, R. Nine ways to reduce cognitive load in multimedia learning. Educ. Psychol. 38, 43–52. https://​doi.​org/​

10.​1207/​S1532​6985E​P3801_6 (2003).
	18.	 Paas, F., Renkl, A. & Sweller, J. Cognitive load theory: Instructional implications of the interaction between information structures 

and cognitive architecture. Instr. Sci. 32, 1–8. https://​doi.​org/​10.​1023/B:​TRUC.​00000​21806.​17516.​d0 (2004).
	19.	 Borragán, G., Slama, H., Destrebecqz, A. & Peigneux, P. Cognitive fatigue facilitates procedural sequence learning. Front. Hum. 

Neurosci. 10, 86. https://​doi.​org/​10.​3389/​fnhum.​2016.​00086 (2016).
	20.	 Mayer, R. E. Cognitive theory of multimedia learning. In The Cambridge Handbook of Multimedia Learning (ed. Mayer, R. E.) 

31–48 (Cambridge University Press, 2005). https://​doi.​org/​10.​1017/​CBO97​80511​816819.​004.
	21.	 Al-Atiyat, A. M. The effect of multi-media instructional design based on Sweller’s theory on reducing cognitive load and developing 

scientific concepts among deaf primary students. J. Educ. Psychol. Stud. 12, 67. https://​doi.​org/​10.​24200/​jeps.​vol12​iss4p​p672-​685 
(2018).

	22.	 Alshawabkeha, A. A., Woolseyb, M. L. & Kharbat, F. F. Using online information technology for deaf students during COVID-19: 
A closer look from experience. Heliyon https://​doi.​org/​10.​1016/j.​heliy​on.​2021.​e06915 (2021).

	23.	 Alkahtani, M. et al. Multitasking trends and impact on education: A literature review. Int. J. Soc. Behav. Educ. Econ. Bus. Ind. Eng. 
10, 987–993 (2016).

	24.	 Fichten, C. S. et al. Disabilities and e-Learning problems and solutions: An exploratory study. Educ. Technol. Soc. 12, 241–256 
(2009).

	25.	 Hashim, H., Tasir, Z. & Mohamad, S. K. E-learning environment for hearing impaired students. Turk. Online J. Educ. Technol. 12, 
67–70 (2013).

	26.	 Drent, M., Lower, E. E. & De Vries, J. Sarcoidosis-associated fatigue. Eur. Respir. J. 40(1), 255–263. https://​doi.​org/​10.​1183/​09031​
936.​00002​512 (2012).

https://doi.org/10.1097/AUD.0000000000000909
https://doi.org/10.1080/14992027.2019.1597284
https://doi.org/10.3109/14992027.2014.890296
https://doi.org/10.1017/CBO9781139015394
https://doi.org/10.1017/CBO9781139015394
https://doi.org/10.3109/03005368809076462
https://doi.org/10.1097/AUD.0b013e31828003d8
https://doi.org/10.1080/20445911.2012.658039
https://doi.org/10.1371/journal.pone.0263216
https://doi.org/10.1016/j.cogbrainres.2005.04.011
https://doi.org/10.1016/j.mehy.2010.02.032
https://doi.org/10.1037/a0030694
https://doi.org/10.1080/14992027.2020.1853261
https://doi.org/10.1515/applirev-2017-0086
https://doi.org/10.1515/applirev-2017-0086
https://doi.org/10.1080/09638280410001702441
https://doi.org/10.1080/09638280410001702441
https://doi.org/10.1207/S15326985EP3801_6
https://doi.org/10.1207/S15326985EP3801_6
https://doi.org/10.1023/B:TRUC.0000021806.17516.d0
https://doi.org/10.3389/fnhum.2016.00086
https://doi.org/10.1017/CBO9780511816819.004
https://doi.org/10.24200/jeps.vol12iss4pp672-685
https://doi.org/10.1016/j.heliyon.2021.e06915
https://doi.org/10.1183/09031936.00002512
https://doi.org/10.1183/09031936.00002512


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:9346  | https://doi.org/10.1038/s41598-022-13542-1

www.nature.com/scientificreports/

	27.	 Kleijn, W. P. E., De Vries, J., Wijnen, P. A. H. M. & Drent, M. Minimal (clinically) important differences for the Fatigue Assessment 
Scale in sarcoidosis. Respir. Med. 105(9), 1388–1395. https://​doi.​org/​10.​1016/j.​rmed.​2011.​05.​004 (2011).

	28.	 De Vries, J., Michielsen, H., Van Heck, G. L. & Drent, M. Measuring fatigue in sarcoidosis: The Fatigue Assessment Scale (FAS). 
Br. J. Health Psychol. 9(Pt3), 279–291. https://​doi.​org/​10.​1348/​13591​07041​557048 (2004).

	29.	 Wewers, M. E. & Lowe, N. K. A critical review of visual analogue scales in the measurement of clinical phenomena. Res. Nurs. 
Health 13, 227–236. https://​doi.​org/​10.​1002/​nur.​47701​30405 (1990).

	30.	 Bijur, P. E., Silver, W. & Gallagher, E. J. Reliability of the visual analog scale for measurement of acute pain. Acad. Emerg. Med. 8, 
1153–1157. https://​doi.​org/​10.​1111/j.​1553-​2712.​2001.​tb011​32.x (2001).

	31.	 Begum, M. R. Validity and reliability of visual analogue scale (VAS) for pain measurement. J. Med. Case Rep. Rev. 2. Retrieved 
from https://​jmcrr.​info/​index.​php/​jmcrr/​artic​le/​view/​113 (2019).

	32.	 Klimek, L. et al. Visual analogue scales (VAS): Measuring instruments for the documentation of symptoms and therapy monitoring 
in cases of allergic rhinitis in everyday health care. Allergo J. Int. 26, 16–24. https://​doi.​org/​10.​1007/​s40629-​016-​0006-7 (2017).

	33.	 Kannan, S. & Gowri, S. Visual analog scale: Verify appropriate statistics. Perspect. Clin. Res. 6, 120. https://​doi.​org/​10.​4103/​2229-​
3485.​154020 (2015).

	34.	 Frost, J. Introduction to Statistics: An Intuitive Guide for Analyzing Data and Unlocking Discoveries (2019).
	35.	 Haines, A. & Scheelbeek, P. European Green Deal: A major opportunity for health improvement. Lancet 395, 1327–1329. https://​

doi.​org/​10.​1016/​S0140-​6736(20)​30109-4 (2020).
	36.	 Alves, B. A. Validação da fatigue assessment scale para a população portuguesa. Masters Dissertation in Psicologia Clínica e da 

Saúde). Universidade Lusófona de Humanidades e Tecnologias. https://​recil.​ensin​oluso​fona.​pt/​bitst​ream/​10437/​8629/1/​barba​ra%​
20Alv​es%​20-%​20Dis​serta​cao.​pdf (2017).

	37.	 Fróis, J. P., Gonçalves, R. M. & Marques, E. Primeiro olhar: Programa integrado de artes visuais: caderno do professor (Fundação 
Calouste Gulbenkian, 2011).

	38.	 Price, C. I., Curless, R. H. & Rodgers, H. Can stroke patients use visual analogue scales?. Stroke 30, 1357–1361. https://​doi.​org/​10.​
1161/​01.​str.​30.7.​1357 (1999).

	39.	 Alhanbali, S., Dawes, P., Lloyd, S. & Munro, K. J. Self-reported listening-related effort and fatigue in hearing-impaired adults. Ear 
Hear. https://​doi.​org/​10.​1097/​AUD.​00000​00000​000361 (2017).

	40.	 Hahn, B. et al. Divided versus selective attention: Evidence for common processing mechanisms. Brain Res. 1215, 137–146. https://​
doi.​org/​10.​1016/j.​brain​res.​2008.​03.​058 (2008).

	41.	 Lillo-Martin, D. et al. Language choice in bimodal bilingual development. Front. Psychol. 5, 1664–1078. https://​doi.​org/​10.​3389/​
fpsyg.​2014.​01163 (2014).

	42.	 Holmer, E., Rudner, M., Schönström, K. & Andin, J. Evidence of an effect of gaming experience on visuospatial attention in deaf 
but not in hearing individuals. Front. Psychol. 11, 1664–1078. https://​doi.​org/​10.​3389/​fpsyg.​2020.​534741 (2020).

	43.	 Schwenke, T. et al. Sign language interpreters and burnout. J. Interpret. 20, 32–54 (2012).

Acknowledgements
We gratefully acknowledge all participants in this research. We would also like to thank Cláudia Ribeiro da Silva 
for her support and help with the data analyses, and to Valentina Carvalho for her valuable suggestions and 
contribution to the PSL translation.

Author contributions
F.R. has set up experimental procedures, performed data processing, and analysis, and drafted all the manu-
script components. A.M.A. and A.M. co-supervised the experimental design, the data processing, and statistical 
analysis and contributed to the discussion of all sections of the manuscript. I.H. supervised all stages of the work, 
contributed to the discussion of the results. All authors contributed to the manuscript’s revision and approved 
its final version.

Funding
This work is financially supported by National Funds through FCT—Fundação para a Ciência e a Tecnologia, 
I.P., under the project UIDB/04279/2020.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​13542-1.

Correspondence and requests for materials should be addressed to F.M.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1016/j.rmed.2011.05.004
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1002/nur.4770130405
https://doi.org/10.1111/j.1553-2712.2001.tb01132.x
https://jmcrr.info/index.php/jmcrr/article/view/113
https://doi.org/10.1007/s40629-016-0006-7
https://doi.org/10.4103/2229-3485.154020
https://doi.org/10.4103/2229-3485.154020
https://doi.org/10.1016/S0140-6736(20)30109-4
https://doi.org/10.1016/S0140-6736(20)30109-4
https://recil.ensinolusofona.pt/bitstream/10437/8629/1/barbara%20Alves%20-%20Dissertacao.pdf
https://recil.ensinolusofona.pt/bitstream/10437/8629/1/barbara%20Alves%20-%20Dissertacao.pdf
https://doi.org/10.1161/01.str.30.7.1357
https://doi.org/10.1161/01.str.30.7.1357
https://doi.org/10.1097/AUD.0000000000000361
https://doi.org/10.1016/j.brainres.2008.03.058
https://doi.org/10.1016/j.brainres.2008.03.058
https://doi.org/10.3389/fpsyg.2014.01163
https://doi.org/10.3389/fpsyg.2014.01163
https://doi.org/10.3389/fpsyg.2020.534741
https://doi.org/10.1038/s41598-022-13542-1
https://doi.org/10.1038/s41598-022-13542-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	E-learning is a burden for the deaf and hard of hearing
	Methods
	Participants. 
	Task design and procedure. 
	Visual art literacy test. 
	The Fatigue Assessment Scale (FAS). 
	The Videographic stimuli. 
	The Visual Analogue Scale (VAS). 
	The performance test. 

	Data analysis
	Visual art literacy test. 
	Fatigue Assessment Scale. 
	Visual Analogue Scale (VAS). 
	The multiple-choice performance test. 

	Discussion
	Conclusion
	References
	Acknowledgements


