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ABSTRACT

The study presents the results from a project in which subjects related with history were taught to 
high school students using spherical videos, viewed by means of smartphones and Google 
Cardboard compatible HMDs. The target group was 105, 14-15 years old students, divided into 
three groups. The first used printed material, the second web pages, and the third the HMDs. The 
project lasted for 12 two-teaching-hours sessions (four for each tool), and data were collected 
using evaluation sheets and a questionnaire for recording student views and attitudes. The results 
suggested that students who used the HMDs outperformed students who used the other tools. All 
tools were considered equally effective and the participating students considered the web pages as 
easier to use. Then again, the combination of spherical videos, smartphones, and HMDs was more 
enjoyable and motivating. Though the findings highlighted the educational potential of spherical 
videos when viewed through HMDs, they also point to the need for finding innovative teaching 
methods/frameworks for better exploiting their potential.  
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INTRODUCTION

The study of history is essential in a democracy, as it allows citizens to reach an understanding of the 
society they live in, of the human relations through the course of time, and of the reasons things do 
not remain static (Bradley Commission on History in the Schools, 1989). History education provides 
the context within which citizens, by drawing knowledge from the past, can shape their decisions for 
the present. To achieve that, certain skills and patterns of mind are required, such as (i) to perceive 
the events as they were experienced/perceived by the people of the time these events took place, (ii) 
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to be able to constructively question, debate upon, and interpret past texts and artifacts, and (iii) to 
understand that our views for historical events are constantly evolving depending on the available 
sources and their interpretations (National Council for History Education, n.d.). Then again, it seems 
that conventional teaching methods (e.g., lecturing) and tools (e.g., printed material), have failed to 
achieve the above. Students not only have trouble understanding the importance of historical events, 
but they also find the teaching of history boring and with little relevance to their interests (Angeli & 
Tsaggari, 2016; Barton & Levstik, 2004). Consequently, new teaching tools and methods are needed 
for raising students’ interest in history and for achieving better learning outcomes.

Videos are widely used as entertaining media as well as educational tools. Much of their success 
is attributed to the fact that viewers get emotionally involved with what they see (Carr-Chellman 
& Duchastel, 2001). Then again, videos have certain limitations that do not allow them to become 
even more interesting or effective. One such is that viewers are confined to a single point-of-view; 
they cannot view the video content from a different angle/perspective. Yet, another form of videos, 
known as 360o or spherical videos (SVs), surpasses this limitation. SVs are recorded using panoramic 
cameras able to capture images from a whole sphere and not just from a limited field of view. They 
can then be displayed in computers, smartphones, or head-mounted displays (HMDs). In case of the 
two latter devices, the viewers can turn their heads in any direction they like and watch the portion 
of the SV corresponding to the direction they “see.” The dynamic nature of SVs is further enhanced 
with the use of embedded hotspots that can trigger events/interactions (e.g., the display of images, 
text, and regular videos). Because of the realism and the innovative way the content is displayed, 
SVs are increasingly used in areas such as engineering and health sciences and for the presentation 
of cultural events, museums, and historical sites. They also found their way in education. In this 
case, the relevant research reported promising learning outcomes (e.g. Pham et al., 2018), a positive 
impact on motivation to learn, as well as elevated levels of enjoyment when learning (e.g., Lee et 
al., 2017; Xie et al., 2019).

In light of the above, it was considered interesting to examine whether the above positive effects 
resulting from the educational use of SVs can also be achieved when teaching history-related subjects. 
Thus, a project was implemented, having as an objective to comparatively examine the learning 
outcomes from the use of SVs, web pages, and printed material. Details for the project are presented 
in the coming sections.

HISTORY AS A LEARNING/TEACHING SUBJECT

Τhe teaching of history, at all levels of education, is particularly important, as it allows students 
to understand contemporary national, political, social, religious, and economic issues (Zin et al., 
2009). However, it is noted that, compared with other courses, history has always been considered 
uninteresting and boring. That is because it is usually conducted using conventional methods/means 
(i.e., lecturing and printed material) and few teaching aids (e.g., maps), putting emphasis on the 
memorization of an assortment of names, places, events, and chronological sequences (Angeli & 
Tsaggari, 2016). In contrast, far less emphasis is put on making connections between past events, 
between past events and the places they took place, and between past events and the present day. 
These result in historical data being perceived as uncorrelated (Barton & Levstik, 2004) and also 
cause a rift in the connection between reality and learning (Wong & Ghavifekr, 2018). Moreover, 
as the emphasis is on memorization, parroting already “processed” knowledge, and conducting 
standardized activities, neither critical thinking is encouraged, nor the formation of historical and/
or cultural identity is nurtured.

The above also holds true for the Greek educational system (Angeli & Tsaggari, 2016). The 
problem is even more severe in the Greek history curriculum for secondary education. The syllabus 
is voluminous, fragmented into discrete/independent parts, each taught at a different high-school 
grade. In essence, there is no unified corpus that would allow students to critically examine it; students 
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form the -wrong- impression that history is just a linear juxtaposition of disconnected periods/events 
(Vakaloudi & Dagdilelis, 2016).

Many historical sites have properties that can awe the observers as they come into contact with 
their colors, sounds, and size. As a result, the understanding of the site’s history and importance is 
enhanced (Zin et al., 2009). The same applies to the emotions certain historical events can evoke to 
a person. In this respect, the intellectual and emotional embroilment historical sites and events can 
generate to students, if used during teaching, can probably increase their interest and their need to 
further explore them (Rasheed et al., 2015). In essence, what is suggested is that there is the need for 
an instructive premutation; from viewing history as a series of -mostly unconnected- events, to history 
teaching that is based on reflection and emotions. To the above, technology can play a decisive role 
as it has the potential to overturn the traditional narrative form of history. Indeed, ICTs contribute 
to history teaching by allowing direct access to (historical) sources, by providing collaborative 
learning environments, and by offering rich visualizations and experiences to students (e.g., through 
simulations) (Sutherland et al., 2004).

It seems that all the most common and widely accepted for their educational value technologies 
and ICT applications have been used -to a varying degree- for history teaching. In fact, there are 
numerous online resources available for school use that can be accessed through web pages and their 
use has been studied extensively (e.g., Lim et al., 2013; Klein, 2017). Quite common is the use of 
digital games (Nor Azan, 2013; Senrick, 2013; Watson et al., 2011), as well as serious games (e.g., 
Mortara et al. 2014). The relevant literature also reports the use of smartphones and augmented reality 
applications (e.g., Kysela and Štorková 2015; Magro et al. 2014), simulations, and virtual reality (e.g., 
Wright‐Maley et al., 2018; Yildirim et al., 2018).

SPHERICAL VIDEOS

The most basic devices for viewing SVs are smartphones. However, Google Cardboard offered an 
extremely low-cost solution for experiencing SVs more immersively. It is an HMD-like device made 
out of Cardboard or plastic with just two lenses contained within the enclosure, in which a smartphone 
is inserted (because it does not have its own displays as the standard HMDs have). The built-in 
gyroscope of the smartphone tracks the user head movements, displaying, in turn, the portion of the 
SV corresponding to the orientation of the device. Given that smartphones have limited processing 
power, the quality of the video is inferior to that of standard HMDs. For triggering interactions and 
for navigating, users have to focus on hotspots embedded in the scene and hold that position for about 
two seconds. Although users do not have trouble using this interaction mode, some raised usability 
concerns, as they supported that hand tracking devices allowed for a more natural interaction (Miller 
& Bugnariu, 2016). Probably the most significant issue of HMDs, but mostly of devices similar to 
Google Cardboard, is simulator sickness. As the viewer is static but the SV depicts moving objects or 
even the camera is moving, this results in sensorimotor contingencies (the eyes and the body provide 
conflicting information to the brain), affecting the vestibular system (the system responsible for the 
sense of balance, motion, and spatial orientation), which, in turn, causes nausea and/or vomiting 
(Lawson, 2014). Understandably, this situation severely impairs one’s cognitive abilities and learning 
experience (Rupp et al., 2019).

Quite reasonably, SVs attracted the interest of researchers and professionals from a variety of 
disciplines. For example, they are used for virtual tours to museums and sites of cultural and historical 
interest (e.g., Argyriou et al., 2017; Minocha et al., 2017), as well as for the demonstration of lab 
experiments (e.g., Ardisara & Fung, 2018), or surgical procedures (e.g., Pulijala et al., 2018). SVs are 
also used for the teaching of courses/subjects at all levels of education, such as science, Geography 
(e.g., Minocha et al., 2017; Wu et al., 2019), first and second language (e.g., Blyth 2018; Xie et al. 
2019), for construction-safety (e.g., Pham et al. 2018) or healthcare education (Ulrich et al., 2019), 
and for delivering university lectures (McKenzie et al., 2019).
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Notwithstanding the broad scope of applications, research regarding the educational uses of SVs 
is still at its infant stage. Consequently, there are research gaps and contradictory results. In general, 
users/students found that SVs offered them enjoying (Lee et al., 2017) and interesting (Xie et al., 
2019) experiences that motivated them to learn (Karageorgakis & Nisiforou, 2018) and engaged 
them with the learning content (Broeck et al., 2017). While most reported positive learning outcomes 
(e.g., Karageorgakis & Nisiforou, 2018; Pham et al., 2018), noting benefits even for students of 
poor performance (e.g., Wu et al., 2019), others reported no significant differences (e.g., Lee et al. 
2017) or even worst learning outcomes compared with traditional teaching (Ulrich et al., 2019). The 
lack of a well-developed pedagogical framework for their use was also noted (Sultan et al., 2019). 
Disorientation, distraction, and lack of focus are still unresolved issues. For example, presence, the 
feeling of being/living inside the virtual environment (Falah et al., 2014), was found to be strong in SVs 
(Rupp et al., 2016,2019). Then again, this led to less information recall, as users were overwhelmed 
by the novelty of the experience and got distracted (Rupp et al., 2016). Besides users being easily 
disorientated (Ardisara & Fung, 2018), it is not easy to draw their attention and keep them focused on 
what is important; they might be interesting to a certain part of the scene while something important 
takes place at a different part.

STATEMENT OF THE PROBLEM AND HYPOTHESES FORMATION

The brief literature review presented above highlighted certain important issues. First, students have 
difficulties in history related learning subjects. Second, there are many uncertainties regarding the 
impact of SVs on learning, as they constitute an emerging study field, not yet systemized. Also, 
methodological issues (e.g., small sample sizes and few interventions) are not uncommon. Although 
SVs can be viewed on computers as well, very few studies contrasted their impact of this medium 
and HMDs. Most importantly, the use of SVs for history teaching remains outside the main concern 
of research; to the best of the authors’ knowledge, there are no relevant studies. Therefore, the 
objective of the paper is to draw attention to the possibilities that SVs offer in this field, by testing 
the following hypotheses:

H1: When teaching subjects related to history to high school students, the use of smartphones and 
HMDs similar to Google Cardboard for viewing SVs yields better learning outcomes compared 
with other teaching tools, such as printed material or web pages.

H2a-d: Compared with printed material and web pages, high school students consider the use of 
smartphones and HMDs similar to Google Cardboard for viewing SVs as (a) more enjoyable, 
(b) more useful, (c) easier to use, and (d) more motivating.

METHOD

For testing the above hypotheses, a between-subjects experimental design with one experimental 
(SVs, viewed using HMDs similar to Google Cardboard) and two control groups (printed material 
and web pages) was applied, Details for the project are presented in the coming sections.

Participants and Duration
The Greek program of study for the teaching of history in high school includes subjects related to 
ancient Greece (first grade), the Byzantine Empire (second grade), and the main historical events 
between the late fifteenth century until today (third grade). Out of these subjects, the latter period was 
considered as being the closest to students’ interests. Thus, the study’s target group was third-grade 
high school students (ages fourteen to fifteen).



International Journal of Smart Education and Urban Society
Volume 11 • Issue 4 • October-December 2020

22

In line with the recommendations for achieving an ordinary/typical sample (Creswell & Poth, 
2017) the following selection criteria were applied for forming the study sample: (i) students to attend 
urban public high schools, (ii) to have never before been taught subjects similar to the ones in the 
project, (iii) to have never before used HMDs, and (iv) their spread of ability and the ratio of boys 
and girls not to be far off of a typical Greek third high school grade. Several history teachers working 
in high schools in Athens, Greece were conducted and interviewed for determining whether their 
students met the above criteria. As a result, six classes were selected, having a total of 117 students. 
In order to comply with rules for conducting research with minors: (i) a research approval was granted 
from the University’s ethical committee and (ii) students’ parents provided their written consent.

It was decided sessions to last for two teaching-hours each. Several reasons lead to this decision; 
the teaching procedure (presented in a later section) -by default- requires a lot of time given that 
students work in groups, additional activities are included, and their active participation is encouraged 
through the exchange of ideas and discussions. Moreover, it was essential to making provisions for 
extra time, as some delays and technical issues are -in most cases- expected when students use ICT 
tools. Four sessions for each group were considered enough to form a rather comprehensive idea 
on the impact of each tool in student knowledge. Therefore, the project lasted for a total of twelve 
sessions, from mid-October to mid-November 2019.

Materials
An important concern was the learning material to discuss/present subjects suitable for filming. While 
a number of units included in the third grade’s history textbook met this criterion, very few were 
-even remotely- related to each other; thus, it was very hard to form a coherent learning material to 
be used in a sequence of interventions. After reflecting on the mater, it was decided to select different 
parts of the textbook, but all to revolve around a central theme, namely the history of the Palamidi 
fortress, in Nafplio, Greece. It is a typical baroque fortress, built during the second occupation of 
the city by the Venetians (1686-1715). It was captured by the Ottomans in 1715 and part of it was 
destroyed. In fact, Lasalle (one of the engineers who designed the fortress) helped them during its 
siege. Palamidi remained under Ottoman control until 1822. During the uprising of Greeks against the 
Ottoman Empire, it was captured by Staikopoulos (a Greek hero) and his men. In 1834, Kolokotronis 
(probably the most prominent figure of the Greek uprising) was accused of high treason and he was 
imprisoned for eleven months in Palamidi, before being pardoned. According to the local legend, 
his cell (which nowadays attracts a significant number of visitors) was a hole in one of the fortress’s 
bastions, occupying a space of no more than 1.05 X 0.69 meters. In later years, until 1926, Palamidi 
became an infamous prison for long-term convicts.

The above four distinct periods of the fortress’s history became the basis for an equal number of 
teaching units. A low-cost 360o camera was used for recording the necessary SVs and 360o photos. 
Several editing stages followed, including video stabilization (using CyberLink’s PowerDirector 17), 
narration recording, video-music-narration synchronization, and exporting the resulting videos in 
4K resolution. Following that, four guided virtual tours (one for each teaching unit) were developed 
using Unity. In these tours, interactive hotspots were embedded which allowed the transitions between 
videos and the presentation of information in the form of texts, photos, and simple videos (in addition 
to the narration). The hotspots were triggered using the gazing system, meaning that users had to 
center their view to a hotspot and hold still for at least two seconds. For reasons further elaborated 
in the “Procedure” section, each tour consisted of two parts, one which presented the main learning 
material and one presenting the additional one. Finally, the virtual tours were exported as Android 
apps (Figure. 1). The participating students viewed the apps using smartphones and HMDs similar 
to Google Cardboard (one for each student), provided by the project (Figure. 2).

A booklet was written and Google sites were used for the development of a web site. Although 
sequences of photos replaced the videos in the booklet, both the booklet and the web site presented 
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the exact same learning material included in the virtual tours and were also split into two parts. 
Finally, a series of worksheets were written, including in-classroom activities, tasks, and exercises.

Instruments
Four evaluation sheets/tests together with a pre- and a delayed post-test were devised for assessing 
the learning outcomes. Each evaluation sheet was administered right after the end of a session, 
the pre-test was administered a week prior to the beginning of the project, and the delayed post-
test was administered three weeks after its end. Around a third of the questions included in these 
tests examined the acquisition of declarative knowledge (e.g., facts, dates, figures, definitions of 
terms/concepts). The remaining two-thirds examined the acquisition of procedural and conditional 
knowledge. Indeed, these questions were rather “difficult;” they required critical thinking, 
attention to detail, and making connections with different pieces of knowledge. For example, 

Figure 1. Screenshots from the SVs

Figure 2. Screenshots from the lessons
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students were asked to make concept maps, analyze the relationship between key players in the 
Greek uprising, give their own explanations for the outcome of certain events, and make educated 
guesses on what the outcomes might have been if the conditions were different. An initial pool 
of questions was suggested by both the authors and the teachers, followed by the assembly of 
draft evaluation sheets. In a series of face-to-face meetings, the drafts were assessed, revisions 
were made, and the final versions were established.

A modular scale designed for examining digital educational applications (Fokides et al., 2019) 
was used for examining H2a-d. Four of its factors were selected, namely, ease of use (six items), 
motivation (three items), subjective usefulness (six items), and fun/enjoyment (six items). All items 
were presented on a five-point Likert-type scale (ranging from 1 = strongly disagree to 5 = strongly 
agree). At the end of the questionnaire, there was also an open-ended question prompting students 
to report cases of simulator sickness or any kind of discomfort when using the HMDs.

Procedure
A rather important concern was the teaching procedure, described below, to be accurately followed 
in all groups. For that matter, during a meeting, it was demonstrated to the participating teachers who 
were then asked to strictly follow it. Except when wearing the HMDs, students worked in groups of 
four, following the suggestions for constructivist learning (Boyle, 1977; Bruner, 1966). Although 
Bybee et al.’s (2006) 5Es is a teaching framework most commonly used in science-related subjects, 
it was decided that, with minor adaptations, it could suit the study’s needs. Thus:

•	 The purpose of the Engage stage is to excite students’ interest in the learning subject. Following 
a short introduction outlining the main topic, the teachers prompted students to discuss among 
themselves what they already knew about it (e.g., relationships between key players and facts 
related to the subject);

•	 The Explore stage, as its name implies, allows students to explore the learning subject. Depending 
on the group that students belonged to, they studied the material included in the first part of the 
booklet/ web pages/virtual tours. Following that, they recorded their views and opinions in the 
unit’s corresponding worksheet;

•	 The Explain stage allows students to communicate, with the rest of the class, the ideas and 
opinions they recorded during the previous stage. The objective of the discussions that followed 
was to reach a common consensus. If necessary, the groups revised their worksheets;

•	 The purpose of the Extend stage is to allow students to further explore ideas, facts, and issues 
presented during the Explore stage. The participating students studied/viewed the second part 
of the booklet/web pages/virtual tours. Once again, the worksheets were used for recording their 
views and opinions, followed by their presentation and another round of discussions with the 
other groups;

•	 During the Evaluation stage, in order for teachers to evaluate how much their students learned, 
they initiated a last round of discussions. These discussions focused, mainly, on the impact of the 
historical events presented in the lesson, on the present state of political/economical/social affairs 
in Greece and on Greece’s relationship (or problems) with other countries. The reason for not 
asking/discussing topics directly connected to the lesson’s subject matter was to avoid an impact 
on the results of the evaluation sheets that were administered right after the end of this stage.

During all stages, the teachers avoided direct lecturing. Instead, they acted as coordinators of 
student discussions and facilitated the whole process. When students were in need of some guidance, 
it was provided indirectly through hints or by drawing their attention to important aspects of what 
they were learning.
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RESULTS

Although the initial sample size was 117 students, twelve were removed from the subsequent data 
analysis as they were absent in one or more sessions. As a result, Group1 (printed material) had 34 
students, Group 2 (web pages) had 36, and Group3 (SVs) had 35. The evaluation sheets, as well as 
the pre- and delayed post-tests were graded on a 1-100 scale and the resulting data were imputed into 
SPSS 25 for further analysis. Table 1 presents the mean scores per group and per test.

Prior to conducting a series of one-way ANOVA tests for examining H1, the data were checked 
for violations of the assumptions for this type of test. No issues were found, as the data were normally 
distributed, there were no outliers, and the assumption for the homogeneity of variance was not 
violated. Although the three groups did not have equal sample sizes, this was considered a rather 
minor deviation, given that their sizes were not that different and one-way ANOVA is robust is such 
cases (Keppel & Wickens, 2004). The results of these tests indicated that there were no statistically 
significant differences in the pre-test [F(2,102) = 0.30, p = .739]. On the other hand, there were 
statistically significant differences in the (i) evaluation sheet 1 [F(2,102) = 11.00, p < .001], (ii) 
evaluation sheet 2 [F(2,102) = 8.25, p < .001], (iii) evaluation sheet 3 [F(2,102) = 4.35, p = .0.15], (iv) 
evaluation sheet 4 [F(2,102) = 12.23, p < .001], and (v) delayed post-test [F(2,102) = 7.80, p = .001].

As series of post-hoc comparisons followed on all pairwise contrasts, in order to examine the 
differences between pairs of groups. The results are presented in Table 2. From this table the following 
can be inferred:

•	 Evaluation Sheet 1: Group3 (M = 68.09, SD = 11.82) outperformed both Group1 (M = 52.62, 
SD = 12.38, p < .001, d = 1.28) and Group2 (M = 60.78, SD = 13.03, p = .039, d = 0.59). Also, 
Group2 outperformed Group1 (p = .019, d = 0.64);

•	 Evaluation Sheet 2: Students in Group3 (M = 70.40, SD = 8.28) achieved better results compared 
with students in Group1 (M = 58.88, SD = 14.11, p < .001, d = 1.39) and Group2 (M = 62.50, SD 
= 13.06, p = .019, d = 0.72). There were no differences between Group2 and Group1 (p = .425);

•	 Evaluation Sheet 3: Group3 (M =66.97, SD = 14.62) outperformed Group1 (M = 56.94, SD = 
14.07, p = .014, d = 0.70) but not Group2 (M = 64.03, SD = 14.81, p = 670). Also, there were 
no differences between Group2 and Group1 (p = .107);

•	 Evaluation Sheet 4: Group3 (M = 78.37, SD = 12.92) had better results compared with both 
Group1 (M = 60.26, SD = 17.26, p < .001, d = 1.19) and Group2 (M = 69.53, SD = 14.48, p = 
.038, d = 0.64). Also, Group2 outperformed Group1 (p = .029, d = 0.58);

Table 1. Tests means and standard deviations

Tests
Group1 
n = 34

Group2 
n = 36

Group3 
n = 35

M SD M SD M SD

Pre-test 26.65 13.14 24.28 13.42 25.03 12.32

ES1 52.62 12.38 60.78 13.03 68.09 11.82

ES2 58.88 14.11 62.50 13.06 70.40 8.28

ES3 56.94 14.07 64.03 14.81 66.97 14.62

ES4 60.26 17.26 69.53 14.48 78.37 12.92

Delayed post-test 46.38 11.54 49.19 11.52 57.34 12.50

Note. ES = evaluation sheet
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•	 Delayed Post-Test: Students in Group3 (M = 57.34, SD = 12.50) achieved better results compared 
with students in Group1 (M = 46.38, SD = 11.54, p = .001, d = 0.91) and Group2 (M = 49.19, SD 
= 11.52, p = .013, d = 0.68). There were no differences between Group2 and Group1 (p = .584).

Given that students in Group3 outperformed (i) students in Group1 in all the evaluation sheets 
and in the delayed post-test and (ii) students in Group2 in three out of four evaluation sheets and 
in the delayed post-test, H1 is confirmed; when teaching subjects related to history to high school 
students, the use of SVs, yields better learning outcomes compared with other teaching tools, such 
as printed material or web pages.

Coming to the questionnaire, its overall internal consistency, as well as the reliability of the 
four factors, were assessed using Cronbach’s alpha. In all cases, α was found to be very good as it 
was well above the recommended value of .70 (DeVellis, 2003) (ranging from α = .805 to .821 for 
the factors and αoverlall = .808). For examining H2a-d, eleven variables were calculated, representing 
the averages of students’ responses in each factor (three factors X three groups, plus one factor X 
two groups because for Group1 the factor labeled as “Ease of use” was not applicable). Descriptive 
statists for the questionnaire’s factors are presented in Table 3. As with the evaluation sheets, a series 
of one-way ANOVA tests were to be conducted for examining the differences among groups. Given 
that in almost all cases the data were not normally distributed and the homogeneity of variances was 
violated, it was decided to proceed using Kruskal-Wallis H test (the non-parametric equivalent of 
one-way ANOVA test). No statistically significant differences were observed in subjective usefulness 
[H(2) = 1.23, p = .540]. Thus, H2b is rejected; high school students consider printed material, web 
pages, and SVs, as equally useful.

Table 2. Post-hoc pairwise comparisons

Evaluation 
Sheet

Group 
(x)

Group 
(y)

Mean 
Difference 

(x-y)

Std. 
Error p d

95% Confidence 
Interval for 
Difference

Lower 
Bound

Upper 
Bound

ES1
Group1

Group2 -8.160 2.972 .019 0.64 (medium) -15.23 -1.09

Group3 -15.468 2.992 < .001 1.28 (very large) -22.58 -8.35

Group2 Group3 -7.308 2.950 .039 0.59 (medium) -14.32 -.29

ES2
Group1

Group2 -3.62 2.887 .425 - -10.48 3.25

Group3 -11.52 2.907 < .001 1.39 (very large) -18.43 -4.60

Group2 Group3 -7.90 2.866 .019 0.72 (medium) -14.72 -1.08

ES3
Group1

Group2 -7.09 3.470 .107 - -15.34 1.17

Group3 -10.03 3.494 .014 0.70 (medium) -18.34 -1.72

Group2 Group3 -2.94 3.444 .670 - -11.14 5.25

ES4
Group1

Group2 -9.26 3.579 .029 0.58 (medium) -17.77 -.75

Group3 -18.11 3.603 < .001 1.19 (very large) -26.68 -9.54

Group2 Group3 -8.84 3.552 .038 0.64 (medium) -17.29 -.40

Post-test
Group1

Group2 -2.81 2.836 .584 - -9.56 3.93

Group3 -10.96 2.856 .001 0.91 (large) -17.75 -4.17

Group2 Group3 -8.15 2.815 .013 0.68 (medium) -14.84 -1.45

Notes. - = not applicable; d = effect size, Cohen’s d
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In all the other factors there was strong evidence of a difference between the mean ranks (at least 
in one pair of groups) [H(2)enjoyment = 28.54, p < .001; H(2)motivation = 17.68, p < .001; and H(1)ease of use 
= 20.10, p < .001]. A series of Dunn’s (1964) pairwise post-hoc tests were carried out for examining 
the differences between groups (Table 4). Note that Bonferroni adjusted p-values are reported, which 
conservatively adjust the significance level depending on the number of repeated analyses being 
conducted (Bland & Altman, 1995).

From the results in Table 4, it can be concluded that:

•	 Enjoyment: Students considered SVs as being more enjoyable than the printed material (p < 
.001, d = 1.57) and web pages (p = .011, d = 0.80). In addition, students enjoyed the use of web 
pages more than the use of the printed material (p = .039, d = 0.67). Thus, H2a is confirmed;

•	 Ease of Use: According to the participating students, the web pages were easier to use compared 
with SVs (p < .001, d = 1.27). Given that, H2c is rejected;

•	 Motivation: When contrasting the results of groups 1 and 2 no statistically significant differences 
were found (p = 1.000). Then again, the SVs were more motivating than both the printed material 
(p < .001, d = 0.91) and web pages (p < .001, d = 1.01). Therefore, H2d is confirmed.

Table 3. Factor means and standard deviations

Factor
Group1 
n = 34

Group2 
n = 36

Group3 
n = 35

M SD M SD M SD

Enjoyment 3.32 1.04 3.98 0.86 4.56 0.48

Motivation 3.34 1.05 3.48 0.83 4.18 0.54

Ease of use - - 4.35 0.58 3.41 0.90

Subjective usefulness 3.50 1.10 3.83 0.86 3.75 0.67

Note. - = not applicable

Table 4. Factor post-hoc comparisons

Factor Pair Std. Test 
Statistic

Mean Ranks 
Group A, B p d

Enjoyment

1-2 -2.48 28.90 41.74 .039 0.67 (medium)

1-3 -5.35 22.46 47.19 < .001 1.57 (very large)

2-3 -2.91 28.60 43.61 .011 0.80 (large)

Motivation

1-2 -0.291 34.12 36.81 1.000 -

1-3 -3.76 26.49 43.27 .001 0.91 (large)

2-3 -3.52 26.92 45.34 .001 1.01 (large)

Ease of use

1-2 - - - - -

1-3 - - - - -

2-3 20.10 46.79 24.90 < .001 1.27 (very large)

Notes. - = not applicable; p = Bonferroni adjusted significance level (when using this correction, it is possible to obtain p values equal to or greater than 
1.000); d = Cohen’s d
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As for the open-ended question, the majority of students in Group3 (n = 20) reported simulator 
sickness (ranging from light to severe). In addition, around a third of them (n = 13) reported some 
discomfort (e.g., facial skin irritation and eyestrain). While students stated that simulator sickness 
manifested after a couple of minutes of viewing the videos, the problems related to discomfort were 
noted when the HMDs were used for an extended period of time (about twenty minutes or more).

DISCUSSION

Student’s prior knowledge about the history subjects included in the project was rather limited, given 
that, regardless of the group they belonged to, they were able to answer correctly just a quarter of 
the questions in the pre-test. In the delayed post-test, although the percentage of the correct answers 
remained somehow low (around 46% to 57%), there was a significant positive change in students’ 
performance (74% for the printed material, 103% for the web pages, and 129% for the SVs). Whether 
the learning outcomes each tool was able to produce are satisfactory or not is debatable. However, there 
are some facts that have to be accounted for. First, one has to keep in mind that the evaluation sheets, 
as well as the pre- and post-tests, were rather difficult (see “Instruments” section). Consequently, 
low scores were to be expected. Second, as all tools had a significant positive impact, they can all be 
considered effective. This logical assumption is consistent with the views of the participating students. 
Indeed, because there were no statistically significant difference in subjective usefulness, this means 
that they considered all tools as equally useful; to their view, they all helped them to learn. Third, it 
is true that the development of the virtual tours was significantly more time consuming compared 
with the development of the web pages (or the printed material for that matter). Given that, a skeptic 
might argue that considering the trouble for developing such apps on one hand and their added value 
(in terms of their impact on learning) on the other, their introduction into everyday teaching is not 
essential. Yet, equally valid is the argument that even small advantages that a teaching tool might have 
over other tools are crucial if we want to ensure that we deliver high-quality education to students. 
These arguments and counterarguments reflect the broader debate for the role of ICTs in education 
and it is not among the ones that can be easily settled. Nevertheless, on the basis of the results and 
strictly statistically speaking, significant differences between the three tools were noted. Further 
analysis revealed that the SVs surpassed the other tools in most cases, pointing to the valid conclusion 
that they were more effective. This finding is, more or less, consistent with previous research which 
suggested that SVs had a positive impact on learning (e.g., Karageorgakis & Nisiforou, 2018; Pham 
et al., 2018; Wu et al., 2019). Not only that but also the effect sizes were found to be mostly very 
large when the SVs were compared with printed material and medium when compared with web 
pages, reinforcing the validity of this conclusion.

Thus, what remains to be discussed is why the SVs had a larger positive impact on student 
knowledge. The results in the questionnaire indicated that students considered the SVs a fun experience. 
There was also strong evidence that students in the SVs group were highly motivated to learn. Both 
findings concur with the conclusions of past research suggesting that enjoyment when learning and 
motivation to learn, are key advantages of SVs (e.g., Broeck et al., 2017; Karageorgakis & Nisiforou, 
2018; Lee et al., 2017; Xie et al., 2019). As both are linked with higher academic performance (Fokides 
et al., 2019), they provide a solid explanation for the better learning outcomes of the SVs group. There 
is another interesting conclusion that can be drawn by examining the results in enjoyment side-by-
side with the learning outcomes. Several researchers advised caution about the role of enjoyment 
resulting from the novelty of the experience when students learn with SVs, suggesting that it can 
distract them from what they are supposed to learn (e.g., Ardisara & Fung, 2018; Rupp et al., 2016). 
Yet, in this study, although enjoyment was significantly higher in the SVs group (and the effect 
sizes were noteworthy), at the same time the performance of this group was better. It seems that the 
“wow” effect did not have a negative impact noted by others. The teaching framework, namely Bybee 
et al.’s 5Es (2006), might offer a creditable explanation for this outcome. It has to be stressed that, 
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by itself, the teaching framework cannot explain the learning outcomes in the SVs group. That is 
because the same framework was applied to all groups; therefore, it is a probable explanation for the 
positive results in all of them. Then again, it can be assumed, that by engaging students with other 
meaningful in-classroom activities, directly connected with the content of the SVs, it allowed the 
SVs to be better integrated into teaching. Students knew beforehand that they had to be focused on 
what they were watching, because, at a later stage, they were going to discuss and draw conclusions 
on issues related to what they watched.

Besides the factors that might have had a positive impact, there are factors that might have had 
a negative one. Indeed, there were some cases of students in the SVs group that reported minor 
discomfort caused by the use of the HMDs. Not only that, but students also reported several cases of 
simulator sickness (some of which were severe). Although the SVs in this study were mostly recorded 
while the camera was fixed on a tripod, there were certain scenes recorded with the camera following 
the narrator. According to students’ comments, the latter scenes were the ones causing most of the 
problems. As Rupp et al. (2019) suggested, simulator sickness has a strong negative impact on the 
learning experience and, quite reasonably, on the learning outcomes. Moreover, students considered 
the web pages as being easier to use and the effect size was very large. Usability is a factor that also 
affects the quality of the learning experience. An easy to use system does not disturb the flow of the 
learning experience, allowing users to be more focused on what they are trying to learn (Fokides & 
Atsikpasi, 2018). In contrast, a hard to use system forces users to allocate valuable cognitive resources 
in trying to master it. Given that despite the above problems, the group of students that used the SVs 
had better results compared with the other groups, it is probable that the outcomes would have been 
even better if these issues were resolved.

Implications for Research and Practice
The study at hand contributes to the relevant literature provided that (i) the use of SVs and HMDs 
is rather uncommon in history teaching and (ii) the impact of the above tools was quantified and 
comparatively examined with the impact of two other tools. The study’s findings might be useful 
to software developers. Not only in SVs but also in other ICT related teaching tools, the increased 
fun/enjoyment positively impacts motivation to learn, and, in turn, this has a positive impact on the 
learning outcomes (Fokides & Atsikpasi, 2018). As the study results demonstrated that enjoyment and 
motivation are indeed important factors, developers should consider methods to increase both even 
further. A method to achieve that is to add game-like features, an advise applicable to all ICT related 
teaching tools (e.g., Faiola et al., 2013). The web pages proved to be easier to use than the HMDs, 
probably because, to the latter, navigation and triggering of interactions were done by focusing on 
the embedded hotspots. In this respect, an alternative and more natural way of interacting is through 
hand-tracking devices as Miller and Bugnariu (2016) suggested (although this adds to the total cost 
for the end-user).

Given the results, it can be recommended educators to integrate SVs and HMDs into their teaching. 
On the other hand, this suggestion has to be considered with some caution. The presentation of the 
learning content through SVs and HMDs does not necessarily mean that positive learning outcomes 
are to be expected; the context in which they are used is equally important. In this respect, for any 
teaching subject, educators have to make sure that the SVs are suitable and that their advantages over 
other teaching tools are strong. A well-defined teaching framework is also a prerequisite as noted by 
others (Sultan et al., 2019). That is because in-classroom meaningful and engaging activities might 
help to avoid the derailment of the learning process due to the novelty of the technology used. On the 
basis of the results, the teaching framework suggested in this study can provide a good starting point. 
Third, a familiarization period is advised when students use technology tools (Fernández-López et al., 
2013). It has to be reminded that students found the use of web pages easier that the use of HMDs. 
This might not have been the case if students were more adept in the use of the navigation/triggering 
system. Finally, all the above require time that is not always available. Although two-teaching-hours per 



International Journal of Smart Education and Urban Society
Volume 11 • Issue 4 • October-December 2020

30

session proved to be enough, it was rather hard to fit them in the existing school timetable. Education 
policymakers should consider revisions to the program of study and to the teaching hours allocated 
for each subject, that will encourage innovative, technology-based teaching.

Limitations and Future Work
Even though the results were encouraging, the study is not without certain limitations that bear 
mentioning. While the sample size was adequate for statistical analysis, a larger one would have allowed 
for more confidence in the study’s conclusions. The target group could have been more diverse; for 
example, other age groups could have been considered. Given that there are a lot of events associated 
with the historical period that was examined, one might argue that the number of sessions was rather 
limited. Therefore, concerns for the result generalizability are not totally unjustified. A significant 
limitation of the study is that it did not examine the impact of presence. Then again, presence is limited 
(if not non-existent) in web pages and printed material. Thus, it would have been unwise to compare 
the effects of these tools with the effects of HMDs and SVs. In addition, one has to take into account 
the study’s exploratory nature; as the literature is both limited and spread across diverse disciplines, 
the most important goal was to shape a general idea on the pros and cons of HMDs and SVs in the 
context of history teaching. On the basis of the conclusions drawn by this study, future research can 
target students of all ages (ranging from primary school to university students). Other historical periods 
can be considered as well. Another interesting research path is to examine teachers’ views and their 
willingness to integrate SVs and HMDs into their everyday teaching. Long-term interventions and 
the use of qualitative research tools could also be of help.

CONCLUSION

In the context of history teaching, high school students used smartphones and Google Cardboard 
compatible HMDs for viewing SVs. The learning outcomes were compared with that of printed 
material and web pages. On the basis of the results, it can be supported that the use of HMDs together 
with SVs proved to be effective tools for promoting high school students’ knowledge about history. 
Their effectiveness can be attributed to fun and enjoyment, as well as to their positive impact on student 
motivation to learn. The instructional framework which was proposed and tested might have also 
contributed. On the other hand, more research is needed on what features to include in applications 
utilizing SVs and how to integrate them into teaching, that would allow researchers and educators 
alike to fully exploit their potential.
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