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Abstract
Learning in virtual reality laboratories (VR labs) has become an important method in experimental teaching but can increase 
individuals’ cognitive load compared with traditional laboratories. This study analysed the effect of introducing an attentional 
guidance mechanism into a VR lab on students’ cognitive load and academic performance. We designed and developed two 
VR labs, one with and one without this attentional guidance stimulus (a 3D yellow arrow). A quasi-experimental design was 
adopted, and the data obtained were analysed using one-way ANOVA and linear regression. The experiment was conducted 
with 80 students majoring in digital media art at two universities. The results indicated that the students in the VR lab with 
the attentional guidance mechanism included exhibited lower cognitive load and higher academic performance than the 
control group. The regression analyses revealed that cognitive load negatively predicted learning outcomes; that is, academic 
performance improved as cognitive load decreased. In conclusion, as VR labs are increasingly used in education, supplement-
ing them with attentional guidance stimuli can improve students’ academic performance by reducing their cognitive load.
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1  Introduction

Learning invirtual reality laboratories (VR labs) has become 
an important method in experimental teaching (Achuthan 
et al. 2020; Grivokostopoulou et al. 2020). VR labs have a 
positive impact on the learning experience, while also bring-
ing more entertainment value and engagement to the learn-
ing process (Höhner et al. 2020; Janonis et al. 2020). VR labs 
are characterised by the three main features of interactivity, 

immersion, and imagination (Mikropoulos and Natsis 2011; 
Skulmowski and Xu 2022; Yang et al. 2022). Such virtual 
environments enable learners to engage at a deeper level (El 
Kabtane et al. 2020). In particular, they develop a sense of 
immersion owing to the multi-sensory stimuli they experi-
ence via VR (Park and Lee 2020), while the tracking of 
their head and hand positions enables them to explore and 
increase their perception of the virtual environment through 
body movements (Shin 2017; Wenk et al. 2023).

Despite these advantages and theoretical support, the 
three characteristics of VR labs can also increase individu-
als’ cognitive load compared with traditional laboratories 
(Juliano et al. 2022; Makransky et al. 2019; Parong and 
Mayer 2018; Skulmowski et al. 2016). For example, the 
characteristic of immersion, while presenting novel and 
attractive experiences, raises participants’ cognitive load 
(Frederiksen et al. 2020). Moreover, to make the scene more 
realistic, VR labs may present details that distract learners 
from their intended objective (Brucker et al. 2014). Simul-
taneously, the high level of interactivity leads to further 
distractions, which can quickly drain cognitive resources 
(Skulmowski and Rey 2018).
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The design of VR labs is considered to be the main fac-
tor influencing users’ cognitive load (Albus et al. 2021; Du 
et al. 2022; Kehrwald and Bentley 2020; Skulmowski and 
Xu 2022). Therefore, an effective design of VR labs used for 
teaching is the main way to reduce cognitive load. In particu-
lar, attentional guidance mechanisms can be incorporated 
into the design to reduce the excessive distractions found in 
VR labs (De Koning et al. 2009).

1.1 � VR labs and cognitive load

According to cognitive load theory (Paaset al. 2003a, b; 
Sweller 2011), the main function of teaching is to store 
information in long-term memory. Knowledge is stored 
in long-term memory in the form of a schema; however, 
to construct a schema, information must be processed in 
working memory, which has a limited capacity (Paas et al. 
2004; Pollock et al. 2002; Sweller 2010, 2011; van Mer-
riënboer and Sweller 2005), whereas long-term memory is 
regarded as infinite (Gathercole et al. 2008). In other words, 
because of its impact on engagement and attention, there is 
an optimal load for information learning. Therefore, teaching 
must be designed to present information efficiently to reduce 
the load on working memory and facilitate the transfer of 
information from working memory to long-term memory 
(Guadagnoli and Lee 2004; Kirschner 2002; Sweller 2016). 
Consequently, the factors influencing cognitive load must be 
examined when considering the design of VR labs.

When designing a VR lab, realistic graphics are often 
used to create an authentic digital environment. Since such 
graphics may contain small distractions (Brucker et  al. 
2014), realistic visualisation can be considered to be the 
opposite of simplified schematics (Höffler 2010). A VR lab’s 
increased realism is a source of its higher cognitive load 
(Brucker et al. 2014; Skulmowski and Rey 2020a). Mean-
while, comparative studies on different types of immer-
sion show that stronger immersion increases cognitive 
load (Frederiksen et al. 2020). Therefore, immersion may 
actually drain learners’ cognitive resources instead of posi-
tively contributing to their learning (Frederiksen et al. 2020; 
Makransky et al. 2019).Moreover, under high levels of inter-
activity, cognitive resources are easily exhausted because 
of excessive distractions (Skulmowski and Rey 2018), with 
some studies finding that moderate interactivity results in 
the strongest learning effects (Kalet et al. 2012). Therefore, 
the design of the interactivity element should consider users’ 
cognitive load (Skulmowski and Rey 2020b).

The above discussion shows that the characteristics of a 
VR lab both help and hinder learning, with the main obstacle 
being their effect on individuals’ cognitive load. Therefore, 
studying the impact of cognitive load on a VR lab’s effec-
tiveness necessitates considering these problems from the 
perspective of working memory. Working memory, as noted 

earlier, has a limited capacity to temporarily store and pro-
cess information (Baddeley and Hitch 1974; Baddeley 1992) 
and is paramount in several advanced cognitive activities 
(e.g. learning, reasoning, and information search) (Badde-
ley 2003). Working memory is also involved in selecting 
the underlying information, which can influence the infor-
mation selection of cognitive systems through attentional 
guidance (Downing 2000; Olivers et al. 2006; Soto et al. 
2005). Hence, it plays an important role in the learning pro-
cess in VR labs. In virtual chemistry labs, using arrow-text 
assistance can reduce cognitive load and improve students’ 
performance in terms of completing experiments, reducing 
time, and generating fewer errors (Ali et al. 2022). Hence, 
cognitive load and learning performance are the focus of 
research in VR labs. Therefore, the focus of attention can be 
guided by the design of VR labs to enable the management 
of cognitive load.

1.2 � Attentional guidance

A VR lab’s characteristics of immersion and interactivity 
mainly affect the storage of information in working memory; 
thus, they affect cognitive load (Skulmowski and Xu 2022). 
An excessive focus on attention will lead to an excessive 
storage of information in working memory, ultimately nega-
tively affecting learners’ cognitive load and learning results 
(Frederiksen et al. 2020; Parong and Mayer 2021). Thus, 
guiding learners’ attention in a VR lab may be an effective 
solution to this issue. Desimone and Duncan’s (1995) biased 
competition theory can be used to analyse attentional guid-
ance. This theory states that the neural representations of 
different objects in visual scenes compete to obtain higher 
levels of processing while inhibiting each other. The acti-
vation of working memory towards specific visual features 
promotes biased neural activity in the corresponding brain 
areas, which gives the features matching the memory storage 
information in the visual scenes a competitive advantage; 
thus, the phenomenon where memory storage representa-
tions guide attention may be observed.

What type of attentional guidance can attract perceptual 
attention in VR labs? Humans’ visual perception is highly 
selective. Some studies have indicated that learners can 
focus their visual attention on only a few visual elements 
displayed simultaneously and only process a small amount 
of information in their working memory (Baddeley 1992). 
Therefore, the most prominent characteristics of VR labs 
conducive to perceiving information on the features of their 
visual elements must be identified. Previous research on the 
identification of visual perceptual features in real space can 
be used as a reference to identify the perceptual features of 
the elements in a VR lab. Schnotz and Lowe (2008) pro-
posed two features that affect the perceptibility of different 
elements: visual/space contrast and dynamic contrast. First, 
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according to visual/space contrast, an element stands out 
among others because of its unique visual features such as 
size or colour. Second, dynamic contrast occurs when the 
movement and temporal changes of an element establish a 
difference between the graph and background, which attracts 
learners’ attention.

In research on attentional guidance and visual search 
and cues, various suggestions on which object features may 
attract attention and facilitate object or event recognition 
have been provided. First, objects with unique features show 
significant differences in the visual/space contrast of their 
properties (e.g. colour and shape). In various visual search 
paradigms, the distinct features of an object, which hold 
greater significance in vision, expedite the identification 
process by creating a contrast with one or more perceptual 
attributes (Treisman and Gelade 1980; Treisman and Gor-
mican 1988). For example, using such features can reduce 
the time spent on detecting a green number among several 
red numbers (i.e. the colour of the target distinguishes it 
from the red distractors). This pattern has been found to be 
task-related (Yantis and Egeth 1999). In particular, unique 
colours (Nagy and Winterbottom 2000; Turatto and Galfano 
2000, 2001; Turatto et al. 2004) and brightness levels (Enns 
et al. 2001) seem to be effective in attracting learners’ atten-
tion. Attentional guidance methods can sift through large 
amounts of information to select the key portions. Focusing 
helps process key information faster, which increases pro-
cessing efficiency.

Lee et al. (2021) added visual stimuli into a VR lab to 
guide users to participate in learning and proved that visual 
stimuli affect learning in VR labs. However, while their 
results showed that visual attentional guidance does not 
affect users’ performance, they did not explain its effect 
on cognitive load. Conversely, Moon and Ryu (2021) used 
animation teaching agents to perform immersive VR video 
teaching and the conversational gestures of animation teach-
ing agents to guide visual attention. Their results showed 
that learners exhibited lower learning comprehension scores 
despite easily perceiving information, while cognitive cues 
helped reduce the external cognitive load.

Wallgrün et al. (2020) studied the mechanisms of visual 
attentional guidance (e.g. arrows) and proved that adding 
these to VR methods improves users’ target-seeking perfor-
mance. However, whether the application of such mecha-
nisms in education impacts students’ learning outcomes 
and cognitive load needs more data and empirical support. 
Harada and Ohyama (2022) analysed the mechanisms of 
attentional guidance in VR and compared attentional guid-
ance with cognitive load. They performed a visual search 
task in an immersive environment, setting the guidance 
mechanism as a moving window, 3D arrow, radiation, spher-
ical gradation, or 3D radar to measure the search time for 
the target and time spent identifying the guidance design. In 

different orientations, the effects of various guiding mecha-
nisms vary. The 3D arrows are positioned at a central level 
in all orientations, which may not only facilitate attention 
guidance but also enhance perspective acquisition.

In summary, VR labs not only broaden the field of vision 
and enhance students’ immersion but also increase their 
cognitive load, as learners must find useful learning content 
from among several useless details (Makransky et al. 2021). 
Therefore, it is important to help students find useful learn-
ing information in an immersive environment, and this must 
be considered in the design of VR labs.

1.3 � Present study

Previous research has discussed the potential cognitive load 
of using VR labs in education (Achuthan et al. 2015; Mayer 
2005). Further, studies have proposed that guiding learn-
ers’ attention can raise their understanding and problem-
solving skills and thus improve their academic performance 
(Canham and Hegarty 2010; Ge et al. 2017). However, few 
experimental studies have investigated the impact of atten-
tional guidance mechanisms on students’ cognitive load and 
academic performance in digital camera courses. It is thus 
important to study the functions and effects of the increased 
use of attentional guidance methods in VR labs. Through 
attentional guidance, learners can first be guided to pay 
attention to key information on learning tasks and simplify 
their visual search process. Second, they can be guided to 
find important information and make space for their working 
memory to integrate information and construct psychologi-
cal representations, thereby improving students’ academic 
performance.

To extend the extant literature, this study tests whether 
adding attentional guidance stimuli into a VR lab influences 
cognitive load and students’ academic performance. Specifi-
cally, the research questions (RQs) are as follows:

RQ1	 Is there a significant difference in cognitive load in 
a VR lab with and in one without attentional guidance?

RQ2	 Is there a significant difference in academic perfor-
mance in a VR lab with and in one without attentional 
guidance?

RQ3	 In VR labs, under conditions of attention guidance, 
is there a significant relationship between cognitive load 
and learning performance?

2 � Methodology

2.1 � Participants

The research participants comprised 80 students from the 
schools of art and design of two universities; they were in 
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the fourth semester and majoring in digital media art. The 
students were aged between 19 and 22 years. The partici-
pants were not randomly assigned to each group; a quasi-
experimental design was adopted and each class was consid-
ered a group of 40 students. One class was the control group, 
and the other one was the experimental group. One group of 
students from each university took part in the study, and each 
group had an experimental class in a digital camera course 
using a VR lab in a controlled laboratory environment. In 
addition, students from the two universities had similar lev-
els of academic achievement tests at the time of admission. 
Before the research began, the participants were given the 
application instructions of the VR lab and measurement 
instruments. Consent was obtained from all the participants.

2.2 � Experimental design

We designed and developed two VR labs: one with an atten-
tional guidance mechanism and one without it (Fig. 1). We 
first determined the teaching objectives according to the 
teaching content in four ways: (i) Master the layout and plan 
the scene space, (ii) Master the scheduling of the characters, 
(iii) Master the application and scheduling of the shot sizes 
of the camera, and (iv) Master the lighting design. The stu-
dents’ task was to output the split lens and scene scheduling 
diagrams (e.g. top view), including the character, camera, 
and lighting equipment). The contents of both labs were the 
same; the only difference was whether this attentional guid-
ance mechanism was used or not. The design and devel-
opment of the VR labs strictly followed the principles of 
multimedia design. Two technical, two teaching, and two 
educational psychology experts participated in the evalua-
tion and verification of the development process.

Previous studies have shown that typical attentional guid-
ance mechanisms in education include arrows and colours. 
Arrows, as guiding symbols, can play an important role in 
guidance. Arrows are also suitable for attentional guidance 

in VR labs. Colour is another important cue in attention 
research, and many experiments have used colour as a cue 
to attract attention (Ansorge and Becker 2014; Burnham 
2020; Harris et al. 2015). The colours of attentional guid-
ance mechanisms tend to be striking. Since such symbols 
serve to remind and guide participants, striking colours can 
attract their attention more easily and lead them to focus 
their eyes on a target that requires attention more quickly.

Based on the above discussion as well as the background 
colour of the scene in the VR lab, a 3D yellow arrow was 
selected as the attentional guidance mechanism in this study. 
Since using 2D symbols in a VR scene hinders immersion, 
which is crucial (Liberatore and Wagner 2021), and because 
a 2D arrow cannot be seen on the Z-axis of the 3D space, it 
was important to use a 3D arrow. The arrow was designed 
to hang directly above the characters, cameras, and lights 
during the experiment to allow the participants to easily 
distinguish them from the props in the scene and serve as 
a reminder and guide. The arrow was suspended above the 
object being manipulated. When the object changed, the 
position of the arrow changed accordingly.

2.3 � Measurement instruments

2.3.1 � Cognitive load

The NASA-TLX is an important tool for developing new 
measures and models (Hart 2006). It contains six subscales 
that measure cognitive load: mental demand, physical 
demand, temporal demand, frustration, effort, and perfor-
mance. Each subscale is scored from 1 to 100.Previous stud-
ies have analysed the reliability, validity, and sensitivity of 
the NASA-TLX to measure cognitive load, mainly in the 
field of education. The NASA-TLX is reliable, with a Cron-
bach’s alpha coefficient of 0.73. As this is above the sug-
gested threshold of 0.6, it suggests its inherently good relia-
bility (Longo and Orru 2018). In particular, the NASA-TLX 

Fig. 1   VR labs with and without attentional guidance
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has proven to be effective and user-friendly for measuring 
the effects of cognitive load on learning outcomes in several 
experimental studies involving VR environments (Papachris-
tos et al. 2018; Shin and Park 2019; Zhao et al. 2020).

2.3.2 � Academic performance

The participants rated the effectiveness of the characters, 
cameras, and lights used in the VR labs. Ten items were 
measured, each on a scale of 1 to 10 (Table 1). A lecturer 
graded their scores and the total score (out of 100) served as 
the measure of the students’ academic performance.

2.4 � Procedure

Before the experiment, the lecturer explained to all the par-
ticipants the use of the hardware and operation of the soft-
ware in the VR labs. This took approximately 5 min. Each 
student was also provided with an operating manual. Follow-
ing the lecturer’s explanation, the participants operated the 
system manually for 10 min. Next, the participants watched 
a 10-min presentation on how to use the VR lab for the digi-
tal camera experiments. This presentation was prepared in 
advance and played on a VR laptop by each group of par-
ticipants. They then performed an experiment that lasted 
for 30 min. After the participants had submitted their tasks, 
they answered the NASA-TLX questionnaire. The lecturer 
provided no verbal or physical guidance during the experi-
ment. The total duration was approximately 60 min.

2.5 � Data analysis

SPSS was used to analyse the data, including the descriptive 
statistics and inferential statistics. The descriptive statistics 
mainly analysed the mean and standard deviation of the 

cognitive load and academic performance of the two groups 
of participants (the experimental group with the atten-
tional guidance mechanism and the control group with no 
attentional guidance mechanism). The inferential statistics 
used one-way analysis of variance (ANOVA) to determine 
whether the VR lab with attentional guidance significantly 
impacted the cognitive load and academic performance of 
the students in the experimental group. Furthermore, the 
relationship between their cognitive load and academic per-
formance was analysed using linear regression.

3 � Results

The results for the equality of error variances (Levene 1960) 
for cognitive load (F [1,78] = 0.77, p > 0.05) and academic 
performance(F [1,78] = 3.56, p > 0.05) revealed no signifi-
cant differences. Thus, the homogeneity hypothesis was not 
violated, and an ANOVA could be conducted.

As shown in Table 2, the control group (i.e. without atten-
tional guidance) had higher mean cognitive load (M = 72.16, 
SD = 2.2, N = 40) than the experimental group (i.e. with 
attentional guidance; M = 69.08, SD = 2.52, N = 40). Fur-
thermore, the results of the one-way ANOVA showed a sig-
nificant difference between the two groups (F [1,78] = 33.73, 
p < 0.05, partial eta squared = 0.30, provided that the effect 
size is large, according to Cohen (2013)). Taken together, 
these results suggest that the VR lab with attentional guid-
ance had a significant impact on cognitive load.

The one-way ANOVA results in Table 2 show the sig-
nificant difference between the academic performance of 
the experimental group (F [1,78] = 7.31, p < 0.05, partial 
eta squared = 0.09), showing a medium effect size (Cohen 
2013), and the control group. Table 2 also shows that the 
experimental group had higher mean academic performance 

Table 1   Data collection sheet Criterion Evaluation Mark

Characters
Does the creation of character 1 fit the script? 0–10
Does the creation of character 2 fit the script? 0–10
Is the relationship between the characters’ positions reasonable? 0–10
Cameras
Is Camera 1 in a reasonable position? 0–10
Is Camera 2 in a reasonable position? 0–10
Is Camera 3 in a reasonable position? 0–10
Is the overall composition appropriate? 0–10
Lights
Is the position of light 1 appropriate? 0–10
Is the position of light 2 appropriate? 0–10
Do light and natural light combine to create the right mood? 0–10
Total 0–100
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(M = 81.03, SD = 4.35) than the control group (M = 78.15, 
SD = 5.13). Therefore, the attentional guidance stimulus had 
a significant effect on students’ academic performance.

Finally, linear regression analysis was conducted to pre-
dict and analyse the relationship between cognitive load 
and students’ academic performance. Before the regression 
analysis, the correlation between cognitive load and aca-
demic performance was found to be significantly negative 
(r = − 0.41, p < 0.01). The results revealed a significant linear 
correlation between cognitive load and students’ academic 
performance. The Pearson correlation analysis demonstrated 
a moderate correlation between variables. When the abso-
lute value of the correlation coefficient is 0.1–0.3, 0.3–0.5, 
and > 0.5, it is generally considered that there is a weak, 
moderate, and strong correlation between the variables, 
respectively. Therefore, a significant moderately negative 
correlation was observed between cognitive load and stu-
dents’ academic performance.

Table 3 shows the relationship between cognitive load 
and students’ academic performance, and a linear function 
is used to express the degree of deviation between them. 
As shown in Table 3, cognitive load had a significant effect 
on academic performance (F [1,78] = 15.38, p < 0.05). 
Moreover, the regression coefficient of cognitive load was 
β = − 0.41 (p < 0.05), which was statistically significant, indi-
cating that cognitive load was significantly negatively related 
to academic performance (Table 4). The Durbin–Watson test 
was applied to assess the independence of the model residu-
als, and the test statistic was close to 2 (d = 2.17), indicating 
that the model had a tendency not to be auto correlated. In 
addition, the R2 value calculated in the analysis was 0.17. In 
education studies, an R2 value above 0.1 is considered to be 
substantial. This suggests that about 17% of the variance in 
academic performance could be explained by cognitive load.

4 � Discussion

Regarding RQ1, it was found that the cognitive load of the 
experimental group decreased significantly. The capacity 
and duration of working memory are extremely limited. 
Working memory can also be short term, with a capacity 
to store only five to nine basic pieces of data or data blocks 
simultaneously. Moreover, it can process only two or three 
pieces of information simultaneously because the interac-
tions between the elements stored in it also require work-
ing memory space, thereby reducing the overall amount 
of information that can be processed. In our study, the 
intrinsic nature of the materials, their presentation, and 
the students’ activities influenced the load on the partici-
pants’ working memory; hence, introducing the attentional 
guidance mechanism reduced the mental effort and time 
that the visual search consumed, allowing the students to 
use working memory to process other data. The conver-
sion of working memory into long-term memory enables 
working memory to be retained in the brain. Further, in 
contrast to that of working memory, the capacity of long-
term memory is almost unlimited. Stored information can 
be small and fragmentary facts or large, complex, interac-
tive, and serialised information. In other words, long-term 
memory is at the centre of learning. Therefore, learning 
content is eventually stored in long-term memory through 
working memory.

Regarding RQ2, we found that the academic perfor-
mance of the experimental group was better than that of 
the control group. This is partially consistent with the find-
ings of De Koning et al. (2009), who showed that atten-
tional guidance can promote the selection of information 
in animations and sometimes improve learning. Atten-
tional guidance can guide attention to a specific location 

Table 2   Results of the one-way 
ANOVA for cognitive load and 
academic performance

Variable Group N Mean SD F p Partial 
eta 
squared

Cognitive load Experimental group 40 69.08 2.53 33.73 0.00 0.30
Control group 40 72.16 2.20

Academic performance Experimental group 40 81.03 4.35 7.31 0.01 0.09
Control group 40 78.15 5.13

Table 3   Results of the one-way ANOVA

Dependent variable: scores; predictors: (constant), overall workload

Model Sum of squares df Mean square F p

Regression 317.68 1 317.68 15.38 0.00b

Residual 1,611.70 78 20.66
Total 1,929.39 79

Table 4   Results of the regression analysis

R2 = 0.17, Adjusted R2 = 0.15

B SE β t p

(Constant) 129.84 12.83 10.12 0.00
Overall workload − 0.71 0.18 − 0.41 − 3.92 0.00
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or element in a VR environment, where a clue is set as a 
highlighting stimulus that guides the learner’s attention 
to the area in which important information appears. Col-
our and shape are the main attentional guidance stimuli 
in VR lab designs. In this study, attentional guidance was 
achieved using a yellow arrow—a hue of yellow that does 
not appear elsewhere in the VR lab and an obvious colour 
cue that can function as a highlighting stimulus. Along 
with the shape of the arrow, which also acts as a reminder, 
colour also accomplishes attentional guidance to record 
the eye movement process while learning. Ozcelik et al. 
(2010) found that the more times subjects gaze at rele-
vant information, the longer the total fixation time. When 
considering attentional guidance mechanisms, designers 
should thus highlight those elements of the visual space 
in a VR lab and clearly differentiate them from other 
spatial elements to direct learners’ attention to the rel-
evant elements. This result supports the implementation 
of attentional guidance mechanisms in the design of VR 
labs, which would especially suit experimental courses for 
digital media art majors.

Finally, the results for RQ3 are consistent with those of 
Andersen et al. (2016), who posited that reducing cognitive 
load in VR experiments leads to improved performance and 
learning outcomes. In contrast to those previous studies that 
have found no correlation between cognitive load and aca-
demic performance (Tugtekin and Odabasi 2022), this study 
found a relationship, which may be due to the boundary con-
ditions, including age, gender, and prior knowledge. Mayer 
(2010) found that certain boundary conditions or regulating 
variables in the principles are applicable to multimedia learn-
ing or the activation of instructional design techniques. In other 
words, adopting certain design methods or learning materials 
for certain learners enables multimedia learning principles to 
function more effectively. Therefore, discussing the boundary 
conditions of instructional design in a VR lab would not only 
ensure a more rational application of these principles but also 
have great theoretical and applicable value. Specific methods 
of incorporating interactivity can also serve as boundary con-
ditions in VR labs. The design and control of these bound-
ary conditions can then function as research variables; thus, 
measuring cognitive load can enable the study of the learning 
outcomes. Finally, cognitive load is not only highly correlated 
with the design of teaching materials, but it has also been iden-
tified as a key component in the field of usability research (De 
Jong 2010; Mohamad Ali and Hassan 2019).

5 � Conclusion

This study examined the cognitive load and academic per-
formance of students conducting experiments in two types of 
VR labs (one with and one without an attentional guidance 

mechanism) as well as analysed the relationship between 
cognitive load and academic performance. The findings indi-
cated a significant difference between the two groups, with 
the students in the attentional guidance group having lower 
cognitive load and higher academic performance on average. 
The regression analysis revealed that cognitive load has a 
negative effect on academic performance. Taken together, 
these results suggested that introducing an attentional guid-
ance mechanism into the studied digital camera course 
reduces cognitive load and improves students’ academic 
performance significantly. Furthermore, the findings also 
highlighted the importance of cognitive load for academic 
performance. The empirical findings in this study reinforced 
the importance of designing a method of attentional guid-
ance in a VR lab that is different from traditional multime-
dia teaching. Although the study’s findings were based on 
a small sample size, which is a limitation of the study, they 
confirmed the effective design of the VR lab in question. 
Thus, supplementing VR labs, which are increasingly used 
in education, with attentional guidance mechanisms can 
improve students’ academic performance.

6 � Limitations and future directions

This study has some limitations. First, learners’ previous 
learning experience and the complexity of learning tasks 
produce intrinsic cognitive load. Rich learning experience 
is associated with perceiving learning task as easy and 
experiencing small intrinsic cognitive loads, and vice versa. 
Therefore, this study did not consider learning task com-
plexity. Future research on attentional guidance in VR labs 
should examine the influence of learning task complexity 
on learners. In addition, owing to the quasi-experimental 
design, the selection of samples was limited by majors and 
classes. Future studies could extend the object of experi-
mental research to other majors. This would improve the 
universality and extensibility of the findings and provide 
more accurate guidance for education and teaching practice. 
Furthermore, this study did not test students’ academic per-
formance at the beginning of the experiment, which could 
have resulted in a significant gap in academic level between 
students in the two groups. Therefore, future research should 
use a pre-test to assess the learning performance of both 
groups of students. Finally, more variables, such as motiva-
tion and satisfaction, could be included in future studies to 
improve the model of attention guidance mechanism.

Author contributions  All the authors contributed to the study concep-
tion and design. Material preparation, data collection, and analysis: 
PingpingWen, Fei Lu. Writing—review and editing: Ahmad Zam-
zuri Mohamad Ali. The first draft of the manuscript was written by 



	 Virtual Reality          (2024) 28:110   110   Page 8 of 10

Pingping Wen and all the authors commented on previous versions of 
the manuscript. All the authors read and approved the final manuscript.

Funding  The authors gratefully acknowledge the financial support 
provided by the Research and Social Service Project of Chong-
qing City Vocational College (XJSK202301008)、Education and 
Teaching Reform Research Project of Chongqing City Vocational 
College(XJJG20231003)、Annual Program of National Social Science 
Foundation（22BMZ168）、Open Project for Think Tanks in Higher 
Education Institutions in Heilongjiang Province（ZKKF2022045).

Data availability  The authors do not have permission to share the data.

Declarations 

Conflict of interests  We declare that there are no known conflicts of 
interest associated with this research.

Consent to participate  Consent was obtained from all the participants.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

Achuthan K, Brahmanandan S, Bose LS (2015) Cognitive load man-
agement in multimedia enhanced interactive virtual laborato-
ries. In: El-Alfy E-SM, Thampi SM, Takagi H, Piramuthu S, 
Hanne T (eds) Advances in intelligent informatics. Springer 
International Publishing, Cham, pp 143–155. https://​doi.​org/​
10.​1007/​978-3-​319-​11218-3_​15

Achuthan K, Nedungadi P, Kolil VK, Diwakar S, Raman R (2020) 
Innovation adoption and diffusion of virtual laboratories. Int J 
Onl Eng 16(9):4–25. https://​doi.​org/​10.​3991/​ijoe.​v16i09.​11685

Albus P, Vogt A, Seufert T (2021) Signaling in virtual reality influ-
ences learning outcome and cognitive load. Comput Educ 
166:104154. https://​doi.​org/​10.​1016/j.​compe​du.​2021.​104154

Ali N, Ullah S, Khan D (2022) Minimization of students’ cognitive 
load in a virtual chemistry laboratory via contents optimiza-
tion and arrow-textual aids. Educ Inf Technol 27(6):7629–7652. 
https://​doi.​org/​10.​1007/​s10639-​022-​10936-6

Andersen SAW, Mikkelsen PT, Konge L, Cayé-Thomasen P, 
Sørensen MS (2016) The effect of implementing cognitive 
load theory-based design principles in virtual reality simula-
tion training of surgical skills: a randomized controlled trial. 
Adv Simul 1(1):20. https://​doi.​org/​10.​1186/​s41077-​016-​0022-1

Ansorge U, Becker SI (2014) Contingent capture in cueing: the role 
of color search templates and cue-target color relations. Psychol 
Res 78(2):209–221. https://​doi.​org/​10.​1007/​s00426-​013-​0497-5

Baddeley A (1992) Working memory. Science 255(5044):556–559. 
https://​doi.​org/​10.​1126/​scien​ce.​17363​59

Baddeley A (2003) Working memory: looking back and looking for-
ward. Nat Rev Neurosci 4(10):829–839. https://​doi.​org/​10.​1038/​
nrn12​01

Baddeley AD, Hitch G (1974) Working memory. In: Bower GH (ed) 
Psychology of learning and motivation. Academic Press, Cam-
bridge, pp 47–89

Brucker B, Scheiter K, Gerjets P (2014) Learning with dynamic and 
static visualizations: realistic details only benefit learners with 
high visuospatial abilities. Comput Hum Behav 36:330–339. 
https://​doi.​org/​10.​1016/j.​chb.​2014.​03.​077

Burnham BR (2020) Evidence for early top-down modulation of 
attention to salient visual cues through probe detection. Atten 
Percept Psychophys 82(3):1003–1023. https://​doi.​org/​10.​3758/​
s13414-​019-​01850-0

Canham M, Hegarty M (2010) Effects of knowledge and display 
design on comprehension of complex graphics. Learn Instruction 
20(2):155–166. https://​doi.​org/​10.​1016/j.​learn​instr​uc.​2009.​02.​014

Cohen J (2013) Statistical power analysis for the behavioral sciences. 
Milton Park Abingdon-on-Thames, Oxfordshire, Routledge

De Jong T (2010) Cognitive load theory, educational research, and 
instructional design: some food for thought. Instr Sci 38(2):105–
134. https://​doi.​org/​10.​1007/​s11251-​009-​9110-0

De Koning BB, Tabbers HK, Rikers RMJP, Paas F (2009) Towards a 
framework for attention cueing in instructional animations: Guide-
lines for research and design. Educ Psychol Rev 21(2):113–140. 
https://​doi.​org/​10.​1007/​s10648-​009-​9098-7

Desimone R, Duncan J (1995) Neural mechanisms of selective visual 
attention. Annu Rev Neurosci 18(1):193–222. https://​doi.​org/​10.​
1146/​annur​ev.​ne.​18.​030195.​001205

Downing PE (2000) Interactions between visual working memory and 
selective attention. Psychol Sci 11(6):467–473. https://​doi.​org/​10.​
1111/​1467-​9280.​00290

Du X, Dai M, Tang H, Hung JL, Li H, Zheng J (2022) A multimodal 
analysis of college students’ collaborative problem solving in 
virtual experimentation activities: a perspective of cognitive 
load. J Comput High Educ 35:272–295. https://​doi.​org/​10.​1007/​
s12528-​022-​09311-8

El Kabtane H, El Adnani M, Sadgal M, Mourdi Y (2020) Virtual reality 
and augmented reality at the service of increasing interactivity in 
MOOCs. Educ Inf Technol 25(4):2871–2897. https://​doi.​org/​10.​
1007/​s10639-​019-​10054-w

Enns JT, Austen EL, Di Lollo VD, Rauschenberger R, Yantis S (2001) 
New objects dominate luminance transients in setting attentional 
priority. J Exp Psychol Hum Percept Perform 27(6):1287–1302. 
https://​doi.​org/​10.​1037/​0096-​1523.​27.6.​1287

Frederiksen JG, Sørensen SMD, Konge L, Svendsen MBS, Nobel-
Jørgensen M, Bjerrum F, Andersen SAW (2020) Cognitive load 
and performance in immersive virtual reality versus conventional 
virtual reality simulation training of laparoscopic surgery: a ran-
domized trial. Surg Endosc 34(3):1244–1252. https://​doi.​org/​10.​
1007/​s00464-​019-​06887-8

Gathercole SE, Alloway TP, Kirkwood HJ, Elliott JG, Holmes J, Hilton 
KA (2008) Attentional and executive function behaviours in chil-
dren with poor working memory. Learn Individ Differ 18(2):214–
223. https://​doi.​org/​10.​1016/j.​lindif.​2007.​10.​003

Ge Y-P, Unsworth L, Wang K-H (2017) The effects of explicit visual 
cues in reading biological diagrams. Int J Sci Educ 39(5):605–
626. https://​doi.​org/​10.​1080/​09500​693.​2017.​12975​49

Grivokostopoulou F, Kovas K, Perikos I (2020) The effectiveness of 
embodied pedagogical agents and their impact on students learn-
ing in virtual worlds. Appl Sci 10(5):1739. https://​doi.​org/​10.​
3390/​app10​051739

Guadagnoli MA, Lee TD (2004) Challenge point: a framework for 
conceptualizing the effects of various practice conditions in motor 
learning. J Mot Behav 36(2):212–224. https://​doi.​org/​10.​3200/​
JMBR.​36.2.​212-​224

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-3-319-11218-3_15
https://doi.org/10.1007/978-3-319-11218-3_15
https://doi.org/10.3991/ijoe.v16i09.11685
https://doi.org/10.1016/j.compedu.2021.104154
https://doi.org/10.1007/s10639-022-10936-6
https://doi.org/10.1186/s41077-016-0022-1
https://doi.org/10.1007/s00426-013-0497-5
https://doi.org/10.1126/science.1736359
https://doi.org/10.1038/nrn1201
https://doi.org/10.1038/nrn1201
https://doi.org/10.1016/j.chb.2014.03.077
https://doi.org/10.3758/s13414-019-01850-0
https://doi.org/10.3758/s13414-019-01850-0
https://doi.org/10.1016/j.learninstruc.2009.02.014
https://doi.org/10.1007/s11251-009-9110-0
https://doi.org/10.1007/s10648-009-9098-7
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1111/1467-9280.00290
https://doi.org/10.1111/1467-9280.00290
https://doi.org/10.1007/s12528-022-09311-8
https://doi.org/10.1007/s12528-022-09311-8
https://doi.org/10.1007/s10639-019-10054-w
https://doi.org/10.1007/s10639-019-10054-w
https://doi.org/10.1037/0096-1523.27.6.1287
https://doi.org/10.1007/s00464-019-06887-8
https://doi.org/10.1007/s00464-019-06887-8
https://doi.org/10.1016/j.lindif.2007.10.003
https://doi.org/10.1080/09500693.2017.1297549
https://doi.org/10.3390/app10051739
https://doi.org/10.3390/app10051739
https://doi.org/10.3200/JMBR.36.2.212-224
https://doi.org/10.3200/JMBR.36.2.212-224


Virtual Reality          (2024) 28:110 	 Page 9 of 10    110 

Harada Y, Ohyama J (2022) Quantitative evaluation of visual guidance 
effects for 360-degree directions. Virtual Real 26(2):759–770. 
https://​doi.​org/​10.​1007/​s10055-​021-​00574-7

Harris AM, Becker SI, Remington RW (2015) Capture by colour: 
evidence for dimension-specific singleton capture. Atten Per-
cept Psychophys 77(7):2305–2321. https://​doi.​org/​10.​3758/​
s13414-​015-​0927-0

Hart SG (2006) NASA-task load index (NASA-TLX); 20 years later. 
Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting. Sage Publications, Santa Monica, pp 904–908. 
https://​doi.​org/​10.​1177/​15419​31206​05000​909

Höffler TN (2010) Spatial ability: its influence on learning with visual-
izations—A meta-analytic review. Educ Psychol Rev 22(3):245–
269. https://​doi.​org/​10.​1007/​s10648-​010-​9126-7

Höhner N, Mints MO, Rodewald J, Pfeiffer A, Kutzner K, Burghardt 
M, Schepkowski D, Ferdinand P (2020) Integrating virtual reality 
in a lab based learning environment. In: Bourdot P, Interrante V, 
Kopper R, Olivier AH, Saito H, Zachmann G (eds) Virtual Reality 
and Augmented Reality: 17th EuroVR International Conference, 
EuroVR 2020, Valencia, Spain, November 25–27, 2020, Proceed-
ings. Springer International Publishing, Cham, pp 99–114. https://​
doi.​org/​10.​1007/​978-3-​030-​62655-6_6

Janonis A, Kiudys E, Girdžiūna M, Blažauskas T, Paulauskas L, 
Andrejevas A (2020) Escape the lab: Chemical experiments in 
virtual reality. In: Lopata A, Butkienė R, Gudonienė D, Sukackė V 
(eds) Information and Software Technologies: 26th International 
Conference, ICIST 2020, Kaunas, Lithuania, October 15–17, 
2020, Proceedings. Springer International Publishing, Cham, pp 
273–282. https://​doi.​org/​10.​1007/​978-3-​030-​59506-7_​22

Juliano JM, Schweighofer N, Liew SL (2022) Increased cognitive 
load in immersive virtual reality during visuomotor adaptation 
is associated with decreased long-term retention and context 
transfer. J Neuroeng Rehabil 19(1):106. https://​doi.​org/​10.​1186/​
s12984-​022-​01084-6

Kalet AL, Song HS, Sarpel U, Schwartz R, Brenner J, Ark TK, Plass 
J (2012) Just enough, but not too much interactivity leads to bet-
ter clinical skills performance after a computer assisted learning 
module. Med Teach 34(10):833–839. https://​doi.​org/​10.​3109/​
01421​59X.​2012.​706727

Kehrwald BA, Bentley BP (2020) Understanding and identifying cog-
nitive load in networked learning. In: Dohn NB, Jandrić P, Ryberg 
T, de Laat M (eds) Mobility, data and learner agency in networked 
learning. Springer International Publishing, Cham, pp 103–115. 
https://​doi.​org/​10.​1007/​978-3-​030-​36911-8_7

Kirschner PA (2002) Cognitive load theory: implications of cognitive 
load theory on the design of learning. Learn Instruction 12(1):1–
10. https://​doi.​org/​10.​1016/​S0959-​4752(01)​00014-7

Lee H, Jung J, Lee HK, Yang HS (2021) Discipline vs guidance: com-
parison of visual engagement approaches in immersive virtual 
environments. Multimedia Tool Appl 80(20):31239–31261. 
https://​doi.​org/​10.​1007/​s11042-​020-​10267-z

Liberatore MJ, Wagner WP (2021) Virtual, mixed, and augmented real-
ity: a systematic review for immersive systems research. Virtual 
Real 25(3):773–799. https://​doi.​org/​10.​1007/​s10055-​020-​00492-0

Longo L, Orru G (2018) An evaluation of the reliability, validity and 
sensitivity of three human mental workload measures under dif-
ferent instructional conditions in third-level education. Computer 
supported education: 10th international conference. Springer, 
Cham, pp 384–413

Makransky G, Terkildsen TS, Mayer RE (2019) Adding immersive 
virtual reality to a science lab simulation causes more presence 
but less learning. Learn Instruction 60:225–236. https://​doi.​org/​
10.​1016/j.​learn​instr​uc.​2017.​12.​007

Makransky G, Andreasen NK, Baceviciute S, Mayer RE (2021) 
Immersive virtual reality increases liking but not learning 
with a science simulation and generative learning strategies 

promote learning in immersive virtual reality. J Educ Psychol 
113(4):719–735. https://​doi.​org/​10.​1037/​edu00​00473

Mayer RE (2005) The Cambridge handbook of multimedia learning. 
Cambridge University Press, Cambridge

Mayer RE (2010) Unique contributions of eye-tracking research 
to the study of learning with graphics. Learn Instruction 
20(2):167–171. https://​doi.​org/​10.​1016/j.​learn​instr​uc.​2009.​
02.​012

Mikropoulos TA, Natsis A (2011) Educational virtual environments: 
a ten-year review of empirical research (1999–2009). Comput 
Educ 56(3):769–780. https://​doi.​org/​10.​1016/j.​compe​du.​2010.​
10.​020

Mohamad Ali AZ, Hassan A (2019) Segmented animation, user-control 
strategy and cognition. Int J Hum Comput Interact 35(12):1125–
1134. https://​doi.​org/​10.​1080/​10447​318.​2018.​15111​80

Moon J, Ryu J (2021) The effects of social and cognitive cues on learn-
ing comprehension, eye-gaze pattern, and cognitive load in video 
instruction. J Comput High Educ 33(1):39–63. https://​doi.​org/​10.​
1007/​s12528-​020-​09255-x

Nagy AL, Winterbottom M (2000) The achromatic mechanism and 
mechanisms tuned to chromaticity and luminance in visual search. 
J Opt Soc Am AOpt Image Sci vis 17(3):369–379. https://​doi.​org/​
10.​1364/​JOSAA.​17.​000369

Olivers CN, Meijer F, Theeuwes J (2006) Feature-based memory-
driven attentional capture: visual working memory content affects 
visual attention. J Exp Psychol Hum Percept Perform 32(5):1243–
1265. https://​doi.​org/​10.​1037/​0096-​1523.​32.5.​1243

Ozcelik E, Arslan-Ari I, Cagiltay K (2010) Why does signaling 
enhance multimedia learning? Evidence from eye movements. 
Comput Hum Behav 26(1):110–117. https://​doi.​org/​10.​1016/j.​
chb.​2009.​09.​001

Paas F, Renkl A, Sweller J (2003a) Cognitive load theory and instruc-
tional design: recent developments. Educ Psychol 38(1):1–4. 
https://​doi.​org/​10.​1207/​S1532​6985E​P3801_1

Paas F, Tuovinen JE, Tabbers H, Van Gerven PWM (2003b) Cognitive 
load measurement as a means to advance cognitive load theory. 
Educ Psychol 38(1):63–71. https://​doi.​org/​10.​1207/​S1532​6985E​
P3801_8

Paas F, Renkl A, Sweller J (2004) Cognitive load theory: Instructional 
implications of the interaction between information structures and 
cognitive architecture. Instr Sci 32(1/2):1–8. https://​doi.​org/​10.​
1023/B:​TRUC.​00000​21806.​17516.​d0

Papachristos NM, Ntalakas G, Vrellis I, Mikropoulos TA (2018) A 
virtual environment for training in culinary education: Immer-
sion and user experience. In: Mikropoulos T (ed) Research on 
e-learning and ICT in education. Springer, Cham, pp 367–380

Park S, Lee G (2020) Full-immersion virtual reality: adverse effects 
related to static balance. Neurosci Lett 733:134974. https://​doi.​
org/​10.​1016/j.​neulet.​2020.​134974

Parong J, Mayer RE (2018) Learning science in immersive virtual 
reality. J Educ Psychol 110(6):785–797. https://​doi.​org/​10.​1037/​
edu00​00241

Parong J, Mayer RE (2021) Learning about history in immersive virtual 
reality: does immersion facilitate learning? Educ Technol Res Dev 
69(3):1433–1451. https://​doi.​org/​10.​1007/​s11423-​021-​09999-y

Pollock E, Chandler P, Sweller J (2002) Assimilating complex infor-
mation. Learn Instruction 12(1):61–86. https://​doi.​org/​10.​1016/​
S0959-​4752(01)​00016-0

Schnotz W, Lowe R (2008) A unified view of learning from animated 
and static graphics. In: Schnotz W, Lowe R (eds) Learning with 
animation: Research implications for design. Cambridge Univer-
sity Press, Cambridge, pp 304–356

Shin D-H (2017) The role of affordance in the experience of virtual 
reality learning: technological and affective affordances in vir-
tual reality. Telemat Inform 34(8):1826–1836. https://​doi.​org/​10.​
1016/j.​tele.​2017.​05.​013

https://doi.org/10.1007/s10055-021-00574-7
https://doi.org/10.3758/s13414-015-0927-0
https://doi.org/10.3758/s13414-015-0927-0
https://doi.org/10.1177/154193120605000909
https://doi.org/10.1007/s10648-010-9126-7
https://doi.org/10.1007/978-3-030-62655-6_6
https://doi.org/10.1007/978-3-030-62655-6_6
https://doi.org/10.1007/978-3-030-59506-7_22
https://doi.org/10.1186/s12984-022-01084-6
https://doi.org/10.1186/s12984-022-01084-6
https://doi.org/10.3109/0142159X.2012.706727
https://doi.org/10.3109/0142159X.2012.706727
https://doi.org/10.1007/978-3-030-36911-8_7
https://doi.org/10.1016/S0959-4752(01)00014-7
https://doi.org/10.1007/s11042-020-10267-z
https://doi.org/10.1007/s10055-020-00492-0
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1037/edu0000473
https://doi.org/10.1016/j.learninstruc.2009.02.012
https://doi.org/10.1016/j.learninstruc.2009.02.012
https://doi.org/10.1016/j.compedu.2010.10.020
https://doi.org/10.1016/j.compedu.2010.10.020
https://doi.org/10.1080/10447318.2018.1511180
https://doi.org/10.1007/s12528-020-09255-x
https://doi.org/10.1007/s12528-020-09255-x
https://doi.org/10.1364/JOSAA.17.000369
https://doi.org/10.1364/JOSAA.17.000369
https://doi.org/10.1037/0096-1523.32.5.1243
https://doi.org/10.1016/j.chb.2009.09.001
https://doi.org/10.1016/j.chb.2009.09.001
https://doi.org/10.1207/S15326985EP3801_1
https://doi.org/10.1207/S15326985EP3801_8
https://doi.org/10.1207/S15326985EP3801_8
https://doi.org/10.1023/B:TRUC.0000021806.17516.d0
https://doi.org/10.1023/B:TRUC.0000021806.17516.d0
https://doi.org/10.1016/j.neulet.2020.134974
https://doi.org/10.1016/j.neulet.2020.134974
https://doi.org/10.1037/edu0000241
https://doi.org/10.1037/edu0000241
https://doi.org/10.1007/s11423-021-09999-y
https://doi.org/10.1016/S0959-4752(01)00016-0
https://doi.org/10.1016/S0959-4752(01)00016-0
https://doi.org/10.1016/j.tele.2017.05.013
https://doi.org/10.1016/j.tele.2017.05.013


	 Virtual Reality          (2024) 28:110   110   Page 10 of 10

Shin D, Park S (2019) 3D learning spaces and activities fostering 
users’ learning, acceptance, and creativity. J Comput High Educ 
31(1):210–228. https://​doi.​org/​10.​1007/​s12528-​019-​09205-2

Skulmowski A, Rey GD (2018) Embodied learning: introducing 
a taxonomy based on bodily engagement and task integra-
tion. Cogn Res Princ Implic 3(1):6. https://​doi.​org/​10.​1186/​
s41235-​018-​0092-9

Skulmowski A, Rey GD (2020a) The realism paradox: realism can 
act as a form of signaling despite being associated with cognitive 
load. Hum Behav Emerg Technol 2(3):251–258. https://​doi.​org/​
10.​1002/​hbe2.​190

Skulmowski A, Rey GD (2020b) Subjective cognitive load surveys lead 
to divergent results for interactive learning media. Hum Behav 
Emerg Technol 2(2):149–157. https://​doi.​org/​10.​1002/​hbe2.​184

Skulmowski A, Xu KM (2022) Understanding cognitive load in digital 
and online learning: a new perspective on extraneous cognitive 
load. Educ Psychol Rev 34(1):171–196. https://​doi.​org/​10.​1007/​
s10648-​021-​09624-7

Skulmowski A, Pradel S, Kühnert T, Brunnett G, Rey GD (2016) 
Embodied learning using a tangible user interface: the effects of 
haptic perception and selective pointing on a spatial learning task. 
Comput Educ 92–93:64–75. https://​doi.​org/​10.​1016/j.​compe​du.​
2015.​10.​011

Soto D, Heinke D, Humphreys GW, Blanco MJ (2005) Early, involun-
tary top-down guidance of attention from working memory. J Exp 
Psychol Hum Percept Perform 31(2):248–261. https://​doi.​org/​10.​
1037/​0096-​1523.​31.2.​248

Sweller J (2010) Element interactivity and intrinsic, extraneous, and 
germane cognitive load. Educ Psychol Rev 22(2):123–138. https://​
doi.​org/​10.​1007/​s10648-​010-​9128-5

Sweller J (2011) Cognitive load theory. In: Mestre JP, Ross BH (eds) 
Psychology of learning and motivation. Academic Press, Cam-
bridge. https://​doi.​org/​10.​1016/​B978-0-​12-​387691-​1.​00002-8

Sweller J (2016) Working memory, long-term memory, and instruc-
tional design. J Appl Res Mem Cogn 5(4):360–367. https://​doi.​
org/​10.​1016/j.​jarmac.​2015.​12.​002

Treisman AM, Gelade G (1980) A feature-integration theory of atten-
tion. Cogn Psychol 12(1):97–136. https://​doi.​org/​10.​1016/​0010-​
0285(80)​90005-5

Treisman A, Gormican S (1988) Feature analysis in early vision: evi-
dence from search asymmetries. Psychol Rev 95(1):15–48. https://​
doi.​org/​10.​1037/​0033-​295x.​95.1.​15

Tugtekin U, Odabasi HF (2022) Do interactive learning environ-
ments have an effect on learning outcomes, cognitive load and 

metacognitive judgments? Educ Inf Technol 27(5):7019–7058. 
https://​doi.​org/​10.​1007/​s10639-​022-​10912-0

Turatto M, Galfano G (2000) Color, form and luminance capture atten-
tion in visual search. Vision Res 40(13):1639–1643. https://​doi.​
org/​10.​1016/​S0042-​6989(00)​00061-4

Turatto M, Galfano G (2001) Attentional capture by color without 
any relevant attentional set. Percept Psychophys 63(2):286–297. 
https://​doi.​org/​10.​3758/​BF031​94469

Turatto M, Galfano G, Gardini S, Mascetti GG (2004) Stimulus-driven 
attentional capture: an empirical comparison of display-size and 
distance methods. Q J Exp Psychol A57(2):297–324. https://​doi.​
org/​10.​1080/​02724​98034​30002​42

van Merriënboer JJG, Sweller J (2005) Cognitive load theory and 
complex learning: recent developments and future directions. 
Educ Psychol Rev 17(2):147–177. https://​doi.​org/​10.​1007/​
s10648-​005-​3951-0

Wallgrün JO, Bagher MM, Sajjadi P, Klippel A (2020) A comparison 
of visual attention guiding approaches for 360° image-based VR 
tours. In: 2020 IEEE conference on virtual reality and 3D user 
interfaces (VR). IEEE Publications, Atlanta, pp 83–91. https://​
doi.​org/​10.​1109/​VR462​66.​2020.​00026

Wenk N, Penalver-Andres J, Buetler KA, Nef T, Müri RM, Marchal-
Crespo L (2023) Effect of immersive visualization technologies 
on cognitive load, motivation, usability, and embodiment. Virtual 
Real 27(1):307–331. https://​doi.​org/​10.​1007/​s10055-​021-​00565-8

Yang E, Park S, Ryu J, Lim T (2022) How does Dental Students’ exper-
tise influence their clinical performance and Perceived Task load 
in a virtual Dental Lab? J Comput High Educ 34(1):245–271. 
https://​doi.​org/​10.​1007/​s12528-​022-​09314-5

Yantis S, Egeth HE (1999) On the distinction between visual salience 
and stimulus-driven attentional capture. J Exp Psychol Hum Per-
cept Perform 25(3):661–676. https://​doi.​org/​10.​1037//​0096-​1523.​
25.3.​661

Zhao J, Lin L, Sun J, Liao Y (2020) Using the summarizing strategy 
to engage learners: empirical evidence in an immersive virtual 
reality environment. Asia-Pacific Edu Res 29(5):473–482. https://​
doi.​org/​10.​1007/​s40299-​020-​00499-w

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

https://doi.org/10.1007/s12528-019-09205-2
https://doi.org/10.1186/s41235-018-0092-9
https://doi.org/10.1186/s41235-018-0092-9
https://doi.org/10.1002/hbe2.190
https://doi.org/10.1002/hbe2.190
https://doi.org/10.1002/hbe2.184
https://doi.org/10.1007/s10648-021-09624-7
https://doi.org/10.1007/s10648-021-09624-7
https://doi.org/10.1016/j.compedu.2015.10.011
https://doi.org/10.1016/j.compedu.2015.10.011
https://doi.org/10.1037/0096-1523.31.2.248
https://doi.org/10.1037/0096-1523.31.2.248
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1016/B978-0-12-387691-1.00002-8
https://doi.org/10.1016/j.jarmac.2015.12.002
https://doi.org/10.1016/j.jarmac.2015.12.002
https://doi.org/10.1016/0010-0285(80)90005-5
https://doi.org/10.1016/0010-0285(80)90005-5
https://doi.org/10.1037/0033-295x.95.1.15
https://doi.org/10.1037/0033-295x.95.1.15
https://doi.org/10.1007/s10639-022-10912-0
https://doi.org/10.1016/S0042-6989(00)00061-4
https://doi.org/10.1016/S0042-6989(00)00061-4
https://doi.org/10.3758/BF03194469
https://doi.org/10.1080/02724980343000242
https://doi.org/10.1080/02724980343000242
https://doi.org/10.1007/s10648-005-3951-0
https://doi.org/10.1007/s10648-005-3951-0
https://doi.org/10.1109/VR46266.2020.00026
https://doi.org/10.1109/VR46266.2020.00026
https://doi.org/10.1007/s10055-021-00565-8
https://doi.org/10.1007/s12528-022-09314-5
https://doi.org/10.1037//0096-1523.25.3.661
https://doi.org/10.1037//0096-1523.25.3.661
https://doi.org/10.1007/s40299-020-00499-w
https://doi.org/10.1007/s40299-020-00499-w

	Using attentional guidance methods in virtual reality laboratories reduces students’ cognitive load and improves their academic performance
	Abstract
	1 Introduction
	1.1 VR labs and cognitive load
	1.2 Attentional guidance
	1.3 Present study

	2 Methodology
	2.1 Participants
	2.2 Experimental design
	2.3 Measurement instruments
	2.3.1 Cognitive load
	2.3.2 Academic performance

	2.4 Procedure
	2.5 Data analysis

	3 Results
	4 Discussion
	5 Conclusion
	6 Limitations and future directions
	References


