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ABSTRACT
Augmented reality (AR) is growing in popularity in teaching and learning
due in part to powerful new technologies. What has yet to be well
established is when and with which learners and learning tasks AR is an
effective approach. Therefore, the aim of this study was to examine the
effectiveness of using AR-based formative assessment for improving
elementary students’ learning achievement and motivation in a unit of
instruction involving butterflies. A total of 70 students of Grade 4 were
selected from an elementary school in Taiwan. The experimental group
(35) underwent an AR-based intervention that involved formative
assessment using iPads whereas the control group (35) followed the
traditional teaching method and formative assessment. One-way
Analysis of Co-variance (ANCOVA) and multivariate analysis of variance
(MANOVA) were employed to analyze the data obtained. The results
indicated that using the AR-based formative assessment improved not
only students’ learning performance but also learning motivation
effectively compared with a traditional formative assessment approach.
Therefore, it is recommended to conduct further studies and to consider
integrating AR in formative assessments and feedback to improve
learning.
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Introduction

Taiwan, also known as the kingdom of butterflies, is home to more than 400 species of butterflies.
Identification of different butterflies based on their anatomy and physical characteristics is an impor-
tant part of the elementary school curriculum in Taiwan. For the development of identification skills,
students are instructed in a laboratory that uses different specimens of butterfly and pictures. While
the traditional method provides detailed information about butterflies and their environments, it
does not provide dynamic feedback of a student’s ability to identify particular butterflies. It is well
established that timely and formative feedback is a critical component of effective learning
(Gagné, 1985; Spector, 2015). However, there are limited research studies based on alternative teach-
ing methods for the identification of species (Conejo, Garcia-Viñas, Gastón, & Barros, 2016). This study
is aimed at providing dynamic formative feedback using AR to improve learning and contribute an
innovative use of augmented reality (AR) in formative feedback.
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The notion pursued in this study is that timely, informative feedback is known to enhance learning
outcomes (Gagné, 1985; Spector, 2015; Spector & Yuen, 2016). With regard to large class sizes and
complex learning tasks, providing timely and informative feedback becomes a challenge. Given
the existence of powerful digital technologies, which can support visualization, such as AR
systems, the general focus of this study was the degree to which using AR for formative assessment
might improve learning outcomes with regard to a challenging identification and classification task
with young learners. An AR system can provide real-time feedback, which addresses the timeliness of
the formative feedback. In addition, an AR system, if properly configured and constrained, can also
provide meaningful and informative feedback. Therefore, the focus of this study was to determine
how well AR-facilitated formative assessment could improve student performance and motivation
on common learning tasks involving identification and classification, which are basic intellectual
skills for young learners.

Literature review

Formative assessment

Chin and Teou (2009) define formative assessment as “assessment that informs teachers about what
students have learnt, indicates what students may be finding difficult, and helps teachers to adjust
their teaching to maximize students’ learning” (p. 1309). The general goal of formative feedback
and assessment is to help learners attain the instructional goal or objective. Formative assessment
is a central element of a learning activity and a core feature of many learning environments aimed
at improving students’ learning as they make progress in a course or program of study (Bell &
Cowie, 2001; Black & Wiliam, 1998; Redecker & Johannessen, 2013). Formative assessments enable
teachers to identify weaknesses and deficiencies in instructional activities, resources and approaches
that can be improved in subsequent lessons (Bell & Cowie, 2001); as a result, formative assessments
can also support the formative evaluation of lessons, courses and programs. More importantly, for-
mative assessments provide learners with help in attaining intended learning outcomes (Gagné,
1985; Spector & Yuen, 2016).

From an instructional design perspective, once a specific learning goal has been identified, it is
then possible to indicate how attainment of that goal will be determined (Larson & Lockee, 2014;
Merrill, 2013). A final indication of the degree to which a goal has been achieved, such as at the
end of a lesson or course or program, is known as summative assessment. Summative assessments
can be used to improve instruction over time as part of a formative evaluation of instruction and are
often used to judge individual learner performance at a point in time, such as the completion of a
course (Spector & Yuen, 2016). However, summative assessments do not help a learner achieve
the intended learning goal or objective, which is the purpose of formative assessments.

From a learning perspective, the purpose of a learning activity is to promote learning and success-
ful attainment of a particular learning goal or objective (Larson & Lockee, 2014). For example, if the
learning goal is to be able to identify various kinds of butterflies, then a particular learning activity
might be aimed at recognizing the distinguishing features associated with different kinds of but-
terflies. In such a learning activity, it is relevant to provide the learner with feedback to indicate
correct or incorrect identification, which is only partially informative feedback but typically the
kind used in a summative assessment. More meaningful feedback could involve the reason for
correct or incorrect identification, with the latter case being especially helpful in attaining the
intended competence and performance (Gagné, 1985). Providing such specific informative feedback
to each learner given the many possible kinds of errors and types of butterflies is a burdensome task
for a teacher in a confined context with many students and with limited time for practice with
feedback.

In addition to the value to timely and informative feedback, the issue of time on task is relevant to
attaining the intended outcome. Learning motivation and engagement are key factors in helping a
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learner spend productive time on a particular learning task, in this case identifying butterflies. In that
chain of reasoning, there is a place to involve visualization and an interactive digital technology to
enhance motivation and ensure meaningful engagement. In this study, the added value of AR is
that it supports visualization and is likely to ensure meaningful engagement in addition to being
able to provide timely and informative feedback.

Augmented reality and its effectiveness

Currently, AR is an emerging technology that is becoming ever more affordable and pervasive
(Johnson et al., 2012). Azuma (1997) defined AR as a system having three basic characteristics: AR
(a) combines reality with a virtual world, (b) is interactive in real time, and (c) supports 3-D visualiza-
tion. Chen (2013) listed some of the advantages of AR over virtual reality (VR):

λ Multimedia and multisensory display: AR not only provides multiple representations but also provides opportu-
nities to the users to touch, rotate, and manipulate the virtual objects; this feature is absent in VR.

λ Portable and cost-effective: VR environment requires expensive and heavy devices like head-mounted display
(HMD) and not easy to execute in general classroom. On the other hand, AR environment can be created
using cheaper and lighter smart devices like mobile phone, tablets, etc.

λ User friendly: In a VR environment, users sometime experience cyber sickness that they may not experience in an
AR environment.

λ Retain user’s proprioception: In an AR based learning environment, users are not isolated from the real world,
which results in proprioception (awareness of one’s own body) in relation to the user’s environment.
However, VR environment completely takes users out of the real world situation with a resulting loss of some
proprioception (e.g. when presented with a next step off a tall building in a VR environment, a user will typically
hesitate or not take that next step for fear of falling even though the user is on solid ground).

Previous research studies demonstrate the benefits of AR-applications on students’ learning achieve-
ment, engagement, and motivation. For example, Di Serio, Ibáñez, and Kloos (2013) examined the
effectiveness of AR technology on students’ motivation in visual art course. The authors found
that AR technology has advantage in grasping the attention of the students because of the multimo-
dal nature of the content. In addition, students found AR learning material more interactive com-
pared to the content based on the PowerPoint slides, which resulted in higher motivation. Cai,
Wang, and Chiang (2014) used an AR learning tool to teach chemistry course at junior high-school
level. The results showed that the AR tool significantly improved the learning outcome of the stu-
dents. In addition, they concluded that the AR tool was more for low-achievers compared to high-
achievers. Zhang, Sung, Hou, and Chang (2014) developed a mobile digital armillary sphere
(MDAS) using AR and embedded into an astronomical course. The results indicated that MDAS
improved astronomical skills, learning, and had a higher impact on retention. In another study, an
ARBOOK tool was developed by Ferrer-Torregrosa, Torralba, Jimenez, Garcia, and Barcia (2015) to
teach anatomy. The research pointed out that AR technology is helpful to enhance students’ motiv-
ation. Chang, Chung, and Huang (2016) conducted a quasi-experimental study in which they com-
pared an AR system (ARFlora) with digital video learning to understand the plant growth. The
results did not show any significant differences in learning achievement. However, they reported
that the AR system assisted the students in retaining knowledge learned more effectively compared
to video learning, and enhanced higher motivation, both of which can lead to improved learning over
time. Similarly, Akcayir, Akcayir, Pektas, and Ocak (2016) investigated the effectiveness AR technology
in enhancing science laboratory skills for first-year university students. The results pointed out that
the AR technology not only helped the students to improve their laboratory skills but also positively
affect their attitudes towards physics. In another study, Cai, Chiang, Sun, Lin, and Lee (2017)
implemented AR-based motion sensing software in learning and conducted a quasi-experimental
study. They found that AR helped to create active learning environment, which results into better
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learning outcome and motivation. Wang (2017) explored the effects of AR-based support system to
assist high-school students in developing their Chinese writing skills. The research findings showed
that the students in the AR-based learning system outperformed than those in the other group,
especially low-achievers. The results also revealed that students who were low-achievers showed
more positive attitude towards AR technology. Yilmaz and Goktas (2017) applied AR technology in
story telling activities and reported that AR technology helped in enhancing the students’ narrative
skills, engagement, and creativity.

Based on the above literature review, it is clear that AR technology can enhance learning out-
comes and motivation in different disciplines. However, a research study on the application of AR
in formative assessment has yet to be explored. To fill this gap, we developed an interactive formative
assessment system using augmented reality in environmental education for elementary students.
The following research questions guided this study:

λ To what extent can an AR-based formative assessment improve students’ learning performance?

λ To what extent can an AR-based formative assessment improve students’ learning motivation?

Design and illustration of AR-based formative assessment system

In the present study, we used the Unity software platform to develop AR-based formative assessment
system (see Figure 1) to improve students’ learning outcome and motivation in environmental edu-
cation. Figure 1(a) shows the user interface of our system. The assessment process includes two
different assessments. In assessment 1, user needs to identify different butterflies whereas in assessment
2, user needs to identify different parts of the butterfly. The assessment process includes four stages. In
the first stage, users need to login in the system using their username and password. In the second stage,
users are provided images of different butterfly. The user has to point the in-device camera at the target
image and, then the 3D AR butterfly will pop-up on the user’s interface with scientific names (see Figure
1(b)). This system allows users to rotate and view the 3D butterfly from different angles. The user then
needs to select the correct scientific name for the corresponding butterfly. The system records the user’s
answers and displays the corresponding results at the end of the assessment. In the third stage, the
system displays an image of butterfly and different body part names. Users need to drag the names
to the corresponding body parts of the butterfly (see Figures 1(c)) and 1(d)). In the final stage, the
system displays the scores earned by the user with feedback (see Figure 1(e)).

Methodology

Research design and sample

This study used a quasi-experimental research design. A total of 70 (Males = 40, Females = 30) stu-
dents of Grade 4, aged 9–10 years old were selected from an elementary school located in Taiwan
and divided into an experimental group and a control group. School and class choices were based
on convenience as available and willing to support the research. Groups were designed to be
similar in terms of past performance and gender rather than relying on random assignment in this
case due to the rather limited number of participants. The experimental group (35) underwent AR-
based formative assessment using iPad whereas the control group (35) followed the traditional
method of formative assessment.

Instruments
In this study, a pre-test, a post-test and the Instructional Materials Motivation Survey (IMMS) based on
Keller’s (2010) ARCS model were used as research instruments. A group of four subject experts with
relevant years of experience developed the pre- and post-test to determine and confirm the content
validity and difficulty level of the test items. The pre-test consisted of 5 multiple-choice questions
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(MCQ) to examine whether the students in both groups had similar achievement levels. The post-test
consisted of 10 MCQ isomorphic to pre-test items. The time allotted for the pre-test was 10 min
whereas for post-test 20 min. IMMS has four factors: attention, relevance, confidence, and satisfac-
tion. It consists of 36 items with a 5-point Likert-scale. The overall Cronbach’s α for the pre-test,
post-test and IMMS were 0.78, 0.75, and 0.85 respectively, which are acceptable.

Figure 1. The AR-based formative assessment system.
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Procedure

Figure 2 shows the experimental procedure of this study. The experiment consisted of four stages: (a)
initially, both groups took a pre-test to determine their previous knowledge of the 5 species randomly
selected from those available at the laboratory; (b) the students in both groups went to the laboratory
and spent the same amount of time studying 20 butterfly species and their different body parts, (c)
after the lesson, the experimental group used AR-based formative assessment to strengthen their
conceptual understanding whereas the control group had to complete a paper-based test used
for formative assessment; in the control group, the students received delayed feedback from the tea-
chers whereas in the experimental group real-time feedback was provided; (d) in the final stage, stu-
dents from the both groups completed a post-test and IMMS motivation questionnaire. The
objectives of the lesson includes: (1) identification of the different species of butterfly, and (2) identifi-
cation of the different parts of the butterfly.

Figure 2. The experimental procedure.
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Data analysis

All analyses were performed using the Statistical Package for the Social Sciences, Version 21 (SPSS 21).
The statistical significance level was set at p < 0.05. One-way ANCOVA was applied to compare the
learning performance of the students in the experimental group and the control group. With
respect to the motivation, one-way MANOVA was used to test the statistical significance difference
between the experimental group and the control group.

Results

Learning performance

A one-way Analysis of Co-variance (ANCOVA) was used to determine a statistically significant differ-
ence between groups on post-test scores controlling for pre-test scores. The assumption of hom-
ogeneity of regression was examined and no violation was found (F = 0.98, p > .05). Therefore,
ANCOVA was employed.

The mean value and standard deviation of the post-test scores were 8.08 and 0.85 for the exper-
imental group, and 6.77 and 0.54 for the control group, respectively. The difference was significant, F
(1, 67) =377.72, p < .05 (see Table 1). The calculated effect size (eta squared, η2) is 0.48 which is con-
sidered to be a large effect (Cohen, 1988). This result indicated that the students in the experimental
group performed better than those in the control group.

Learning motivation

Descriptive statistics (shown in Table 2), including means and standard deviation are provided for
dependent variables attention, relevance, confidence, and satisfaction. The results of MANOVA
revealed that there was significant difference for attention, relevance, confidence, and satisfaction
between the experimental and control groups, Wilk’s Λ=.58, F = 11.48, p < .05, η2 = .41. Therefore, uni-
variate F tests were conducted for attention, relevance, confidence, and satisfaction. The results of
univariate F tests indicated a significant difference between the groups for attention (p < .05,
η2 =.08), relevance (p < .05, η2 =.14), confidence (p < .05, η2 =.33), and satisfaction (p < .05, η2 =.23)
(see Table 3).

Discussion and conclusion

In this study, an AR-based formative assessment system was developed and evaluated for its impact
on learners’ learning performance and motivation. The experimental results showed that this AR-
based formative assessment is helpful in improving students’ learning achievement compared to
the conventional method. This result is consistent with previous research studies suggesting that
AR can improve learning, although those studies did not involve AR-based formative assessment
(Cai et al., 2017; Wang, 2017). The present system provides 3-D effects that simulate real-world experi-
ences of butterflies for learners. In addition, real-time elaborated feedback is one of the important
features of this system that helped students to understand the task and associated learning objec-
tives more clearly. This type of technology-enhanced assessment also provides opportunity for the

Table 1. ANCOVA results for post-test scores.

Source SS df MS F p η2

Pre-test 1.49 1 1.493 2.99 .08 .04
Group 31.67 1 31.67 63.50 .000 .48
Error 33.42 67 .49
Total 3928 70

*p < .05.
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students to practice more, which results in better retention of the conceptual knowledge. However, in
the traditional mode of assessment, students did not receive immediate feedback with proper elab-
oration. Therefore, AR-based formative assessment is recommended for teaching environmental edu-
cation and simple intellectual skills (e.g. discrimination and identification tasks) in elementary schools,
although more research is certainly warranted.

The present study also examined the effects of AR-based formative assessment system on stu-
dents’ motivation. The findings revealed positive effects on motivation with students who used
the AR-based system. This is in line with previous studies, such as Ferrer-Torregrosa et al. (2015),
who developed an ARBOOK to teach anatomy which enhanced students’ learning motivation and
similar results were also found by Chang et al. (2016) when using AR for primary presentations
rather than for formative assessment. This AR system provides feedback with positive reinforcement,
which motivated the students. This system provides interactive and active learning environment
which maybe another reason for students’ higher learning motivation.

AR provides support for visualization and real-time experience, both of which are likely to be criti-
cal learning factors with other tasks. Because AR is becoming ever more affordable and more power-
ful, as are many other digital technologies, now is the time to be exploring how well, with which
learning tasks and with which learners AR-based formative assessment is likely to be an effective
learning technology.

This study shows either that any dynamic, real-time feedback can make a significant difference or
that such feedback provided using AR like the one used in this case can make a significant difference
in terms of learning gains. Given prior research on feedback, the latter is more likely due to the time-
liness of the feedback combined with support for visualization. However, based on the Clark-Kozma
media debate (see http://edutechwiki.unige.ch/en/The_media_debate) in which it was acknowl-
edged that the design was more likely associated with outcomes while also acknowledging that
new technologies make possible new designs, such as AR-based formative assessment, we conclude
that AR at least indirectly contributed to improved learning. The advantage of AR-based feedback is
that it can be automated for many learners whereas other forms of formative feedback require more
time and effort on the part of the instructor. The visualization aspects of AR were especially suited for
the butterfly species identification task but may not support other learning tasks in which visualiza-
tion is not such a critical component. To sum up, the contribution of the present study is to provide
empirical evidences about the effectiveness of AR in assessment process, which has remained unex-
plored in the research area of AR technology. We believe that the present study extends the appli-
cation of AR technology in education.

Table 2. Descriptive statistics for IMMS motivational questionnaire.

Group N Mean SD

Attention CG 35 2.55 .48
EG 35 2.83 .49

Relevance CG 35 2.08 .46
EG 35 2.46 .45

Confidence CG 35 2.47 .55
EG 35 3.19 .47

Satisfaction CG 35 2.42 .52
EG 35 2.97 .47

Table 3. The one-way MANOVA results for IMMS motivational questionnaire.

DV SV SS df MS F η2

Attention Group 1.42 1 1.42 5.94* .08
Relevance 2.50 1 2.50 11.85* .14
Confidence 9.10 1 9.10 34.20* .33
Satisfaction 5.29 1 5.29 21.24* .23

*p < .05.
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Limitations and future directions

One limitation of this study is that it does not address the durability of learning. As Gagné (1985) and
Spector (2015) have argued, learning involves stable and persistent change in what a person knows
and can do. As there was no delayed post-test involved, the persistence of learning is unknown. As a
result, it is recommended that future studies include a delayed post-test (e.g. three or six months after
the end of the instructional sequence) to see to what extent the intervention (in this case, AR-based
formative assessment) resulted in stable and persistent learning outcomes.

A second limitation is that it is not clear to what extent the technology (AR-based formative assess-
ment) was the likely cause of improved learning or whether another kind of dynamic, real-time for-
mative feedback would be just as good (e.g. an interactive simulation with feedback, peer-coaching
and feedback, etc.). This limitation relates back to the Clark-Kozma debate mentioned earlier and to
the notion that it is the use of a technology or pedagogical approach that is likely to impact learning
rather than the technology or pedagogical approach itself.

A third kind of limitation goes to the issues of transfer and generalization. It is not known to what
extent AR-based formative assessment would be successful in other identification and learning tasks
with young learners, or whether the approach might also work with older learners or different kinds
of learning tasks.

A fourth limitation involves the relatively small number of participants and lack of investigation
into other identification and discrimination tasks involving young learners. Such studies will be
required to determined the likelihood of transfer and as a basis for generalization to other situations.

Finally, this study did not explore initial individual differences pertaining to interest in butterflies or
past performance relevant to butterfly identification. Along with timely and informative feedback and
time-on-task, it is also well-established that prior learner performance is generally predictive of future
performance. While this study attempted to create similar groups, the analysis did not explore the
extent to which various individual differences might impact AR-based formative assessment.
Another factor to examine in future studies in how a technology is being used or how any treatment
is being implemented. Controlling for use is a challenge in instructor led activities, so that variations
in use and implementation need to be observed and analyzed in future studies. In addition, AR-based
formative assessment is worth exploring for other learning tasks and with other learners at different
levels.

In short, there is certainly much more to investigate and explore with regard to AR-based forma-
tive assessment. This study is just a first, somewhat promising step in making effective use of an
emerging technology to provide much improved feedback during learning activities.
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