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Mobile Virtual Reality as an Educational Platform: A Pilot Study
on the Impact of Immersion and Positive Emotion Induction in the
Learning Process
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ABSTRACT

The purpose of this study is to evaluate the influence of emotional induction and level
of immersion on knowledge acquisition and motivation. Two conditions were used for
immersion modulation: a high immersive condition, which consisted of the viewing of
educational content through a head-mounted-display; and a low immersive condition,
which was achieved through direct viewing on a tablet. The emotional conditions,
created through video simulation, consisted of a positive versus neutral mood
induction procedure. The participants were 56 high school students enrolled on a social
science course. The results indicate a significant effect of the positive emotion/high
immersive condition in knowledge acquisition while positive emotion induction had a
positive effect on the interest subscale of the motivation assessment tool used for both
immersive conditions.

Keywords: immersion, emotion induction, motivation, knowledge acquisition, head-
mounted display

INTRODUCTION

The popularisation and accessibility of mobile Virtual Reality (mVR) technology in the coming years is likely to
have a significant impact on educational contexts and the overall development of students as lifelong learners.
Proposed by Motiwalla (2007) as a new technological approach for teaching, there are extensive opportunities for
both traditional and distance education in the design of fully immersive experiences with high-quality visualisation
and in combining them with the advanced interactive capabilities and connectivity offered by modern
smartphones. As Jerald (2015) notes, Virtual Reality (VR) “has turned a corner, transitioning from a specialized
laboratory instrument available only to the technically elite, to a mainstream mode of content consumption
available to any consumer” (Jerald, 2015).

LITERATURE REVIEW

Although research in the area of virtual reality technology has been ongoing for many years, its actual use and
implementation in experiments in educational contexts are extremely limited, partly due to the high cost of this
technology prior to the arrival of smartphone-based solutions (Google Cardboard was introduced in June 2014 and
the first version of the Samsung Gear VR became available in December 2014). This is one of the reasons why
Merchant et al. (2014) focused their meta-analysis on “desktop VR” (3D visualisations on a computer screen). They
justified this in the light of the many practical concerns and limitations that restricted the widespread use of true
Virtual Reality technology in educational settings. One of the many reasons why this technology was beyond the
reach of schools was that it was not financially feasible. In addition, users were found to experience significant
physical and psychological discomfort when using previous generations of VR hardware.
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Contribution of this paper to the literature

e  Thisis the first article to evaluate the influence of emotional induction and level of immersion on knowledge
acquisition and motivation using mobile virtual reality hardware.

e  The results indicate a significant effect of the positive emotion/high immersive condition on knowledge
acquisition while positive emotion induction had a positive effect on participants” interest in both immersive
conditions.

e Positive emotion is a stronger modulator than immersive condition for both knowledge acquisition and
motivation, although the high immersive condition increases this positive effect.

True Educational Virtual Environments (EVEs) provide an immersive experience (Slater, 2009), contextualize
content and support problem-solving inside the virtual environment (Tzuriel, 2000). We understand, in this context,
“immersion” as being aligned with Slater’s (1999) view that considers it as an objective measurable aspect of a
Virtual Reality system (for example, the field of view could serve to compare to VR systems in terms of immersion).
It represents the extent to which the system produces a surrounding environment, disconnecting us from ‘real
world” and providing a sharp panoramic vision of the virtual environment.

Other elements that can improve the effectiveness of EVEs have been inspired by video games in which events
are experienced by the viewer (Bavelier et al., 2012). The visual complexity of videogames and the quantity of
stimuli are factors that must also be considered (Bavelier et al., 2012). In addition, interaction with the individual’s
whole body and multisensorial inputs can also increase learning effectiveness (Fowler, 2014). Dalgarno and Lee
(2010) also see the interaction capabilities and the high level of realism (both in the environment and in user actions)
as strengths. Immersion in a digital environment can improve learning in three ways: it can provide multiple
perspectives, it can contextualise the environment and it can help the transferability of learned material (Dede,
2009).

Most previous applications of EVEs have centred on mathematics and sciences (Mikropoulos & Natsis, 2011).
This can be explained because immersive technologies make it easier to understand abstract concepts. As examples,
we have chemistry experiments with students from secondary schools (Bell & Fogler, 1995), specific educational
content for mathematical concepts with avatars personifying teachers and students (Taxén & Naeve, 2001), and in
physics a study about mass gravity in the solar system (Civelek, et al., 2014). The results showed higher
comprehensibility, achievement and retention over time.

There are a limited number of works applying this technology to the social sciences. It has been used to expose
students to places and situations they couldn’t possibly experience in real life, for example, the solar system (Bakas
& Mikropoulos, 2003); and taking care of, being responsible for, the life cycle of a plant (Roussos et al., 1999).
Ecology is another area which is open to the use of virtual environments. Wrzesien and Alcafiiz (2010) compared
an immersive environment with a non-immersive using a sample of primary students. The results were not
significant, although the users described the immersive environment as being more enjoyable than the non-
immersive one. Rupp et al. (2016), with the aim of evaluating the influence of immersion technology on expectation
and degree of information recall of university students, developed a study comparing the results of a NASA film
viewed variously on a Smartphone, a Google Cardboard and the Oculus Rift DK2. In this specific case, the use of
the higher immersion hardware, when used by a higher expectation subject, resulted in the remembering of fewer
details about the video. However, the research did highlight that the video was, in fact, inappropriate for the study
as it included too many distractors.

Moreno’s (2006) framework for the Cognitive-Affective Theory of Learning with Media postulates that the
multimedia learning process is mediated by the learner’s mood. Hascher (2010) provided a good overview of the
state of the art at that point about the interaction of learning and emotion, proposing a general framework for theory
and research in the field and showing the complexity of the topic. She makes emphasis that, despite the evidence
of the positive effects of positive mood and emotions in the learning process, additional research is needed to
advance the understanding of the complex relationship between emotion and learning.

Many works have contributed to the study of the relationship between learning and emotion. For example,
Brand et al. (2007) provide findings showing that both positive and negative moods may hinder or promote
information processing. In a first experiment, participants in a negative mood solved the transfer tasks poorly. In a
second experiment, mood affected performance if it was induced before the learning phase; participants in a
negative mood needed more attempts to reach the level required in the experiment. In other work, Park et al. (2015)
demonstrated that learners with positive emotional states show better learning outcomes. Liew and Su-Mae (2016)
developed an experimental work around learning a basic programming algorithm whose results revealed that
negative mood enhanced intrinsic motivation and germane load, while reducing learning transfer. Nadler et al.
(2010) induced positive, neutral, and negative moods in subjects learning either a rule-described or a non-rule-
described category set. Subjects in the positive-mood condition performed better than subjects in the neutral- or
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negative-mood conditions in classifying stimuli from rule-described categories. Positive mood also affected the
strategy of subjects who classified stimuli from non-rule-described categories.

These previous works show that an important factor to consider in the development of virtual learning
experiences is the “emotional feeling” that can be generated through interaction with the virtual environment.
Learning tasks should develop positive emotions. It is important to note that information transmitted by the senses
is easily retained in the limbic system, which is connected to the frontal cortex, both of which are involved in
emotion.

Positive emotion stimulates curiosity, heightens attention and arouses interest in the topic being learned. The
absence of emotion has consequences for learning and knowledge retention in academic life (Mora, 2013).

In order to contribute to a deeper understanding of the effects of immersion levels and emotional induction on
the learning process when students are experiencing a learning activity inside an Educational Virtual Environment,
the present study will analyse two experimental conditions: level of immersion (low/high) and emotional
induction (neutral/positive) to evaluate their influence on short-term (knowledge acquisition) and medium-term
knowledge retention (in our case, a week after conducting the experiment). The high immersion (HI) condition was
obtained by creating sensory isolation from the surroundings via a head-mounted display (HMD), while the low
immersion (LI) condition was achieved using a tablet. There were no substantial differences in the educational
content presented in both conditions, either in terms of navigation or in the interaction interfaces. Therefore, we
manipulated only one of the conditions that has traditionally proved to be necessary for increasing immersion to
“remove the participant from the external world through self-contained plots and narratives” (Slater & Wilbur,
1997). Secondly, as previously described, we examined the effect of positive emotional induction and motivation
on learning.

MATERIALS AND METHODS

Subjects

The experimental sample included 56 students, 23 girls and 33 boys, between the ages of 14-16 years, recruited
from two private schools in Valencia (Spain), both of which use the same pedagogical approach. All the participants
were in the same year at secondary school and had a history of academic failure. They were all from the same
socioeconomic level. They had a maximum of 55 minutes to complete the entire activity (including questionnaires,
emotional induction procedures and interaction with the educational content). The experiment was conducted
during school times, mainly during the mornings.

Participants’ parents were provided with written information about the study and were required to give written
consent for their children to take part. Only the parents completed the written consents. However, the teachers and
the parents explained the activity to the participants.

Psychological Assessment and Emotional Induction

The following questionnaires were presented to each participant:

e Knowledge Questionnaire (KQ): An ad hoc ten-item questionnaire was created by teachers to measure
participant learning. Some sample questions are:

0 In the 14th century there was an important decrease of the population due to:
a) Wars
b) Lack of famine
c) The plague
0 Agriculture first appeared in:
a) Europe
b) Asia
¢) Asia and America
0 The Industrial Revolution meant an increase in the population because of...
a) Technological advances and health improvements
b) Migration

¢) Increase in the birth rate
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e Self-Assessment Manikin (SAM): This is a well-validated, non-verbal questionnaire assessing the three
affective dimensions: valence (positive or negative feeling caused by a situation: 1 = unhappy to 5 = happy),
arousal (psychological posture of a person when faced with a condition: 1 = excited to 5 = sleepy) and
dominance (measure of personal control: 1 = controlled to 5 = submissive). (Bradley & Lang, 1994).

e Intrinsic Motivation Inventory (IMI): This is a well-validated questionnaire, assessing the intrinsic
motivation related to a specific activity. The questionnaire used a Likert scale (1 = disagree; 5 = agree)
consisting of three subscales: competence (5 items), interest (5 items) and effort (4 items) (Ryan & Deci, 2000).
The post-test and pre-test questionnaires has similar items. These items assess Competence using statements
such as “I think I was good in making/playing this game” or “I am satisfied with my performance while
making/playing the game”. Interest was assessed with statements such as “I think school is quite enjoyable”
or “I think school is fun” and Effort with items such as “I put much effort into school” or “It was important
to me to do well in making/playing this game”.

For emotional induction, we selected two movie clips, short film scenes with happy (3.56 minutes) and neutral
(2.19 minutes) content. The happy scene was a snippet from “Singing in the Rain”. Specifically, a man is singing
and dancing in the street. For the neutral content we used a snippet with a man driving a van along a road. Both
snippets have been validated by Bafios et al. (2004).

Experimental Design

A 2x2 factorial design was applied. Two factors were considered: emotional induction (with two levels, positive
and neutral) and immersion (with two levels, low and high). Participants were randomly assigned to one of the
four experimental groups. Each of the four groups had 14 subjects to cover the four possible combinations of the
factors.

The presentation order of each exposure condition (high and low immersive), as well as the order of appearance
of each emotional stimuli category (emotional induction), in the two different conditions, was counterbalanced for
each group. The participants completed a Knowledge Questionnaire (KQ) one week before the experiment. They
were also asked to complete the IMI and the Self-Assessment Manikin (SAM) test (working baseline).

The experimental session started with the SAM questionnaire to measure the baseline, follow by the emotional
induction. Then a SAM questionnaire was administered again to measure the effect of this induction. Participants
were told to freely examine the educational content and undertake activities related to both learning environments
(head-mounted display and tablet).

To measure the variation of each exposure condition, at the end of the experiment subjects completed the
Intrinsic Motivation Inventory, the Self-Assessment Manikin and the Knowledge Questionnaires (short-term
knowledge retention). Finally, after one week, participants again completed the Knowledge Questionnaire to
measure their medium-term knowledge retention.

Educational Content

Two educational apps were developed on the Android platform with almost exactly the same learning
experience. The only difference was that one app was installed on an Android-powered tablet and the other was
installed on a Samsung Gear VR headset powered by a smartphone. The activity was composed of 2D multimedia
content in which students were guided through the app by a narrator.

At the beginning of the experiment, the narrator explained the task to the participants and they were shown a
world map. Then the participants were asked to observe, focus their attention on, and prepare themselves to go on
a trip in which a series of geographically-related topics were presented. The participants were exposed to the
content for 8 minutes.

The topics explained in the application were:

1. The birth of agriculture. The audio narration explained where agriculture first appeared while this
information was represented graphically to show its geographical location.

2. Plagues in Europe. The second module dealt with the theme of epidemics. The European continent was
highlighted. Death was represented by a death doll moving over the continent with the colour changing to
black as the narrator speaks about the medieval plagues in Europe.

3. The Industrial Revolution. The map focused on Great Britain (Figure 1) and the illustrations that appeared
show how industry expanded. The module explained how this phenomenon happened and how it spread
to the rest of Europe.
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Figure 1. Screenshot from the Industrial Revolution module

Figure 2. Screenshot of the most highly populated areas in America

4. Population distribution and the evolution of the phenomenon. The principal aim of this module was to
highlight the facts (physical, economic and demographical) which influence population distribution. The
narrator pointed out the most highly populated areas in the world; and the images of these countries was
highlighted with a different colour and with relevant photographs of individuals (Figure 2).

5. Why we cannot live in some places? The principal aim of this topic was to describe the reasons that lead
people to live in specific geographical areas.

6. Population movements. This module taught students the formulae of births, deaths and the rate of natural
increase. It studied population movements, their causes and consequences. Furthermore, in this section, the
population pyramid concept was explained (Figure 3).
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Figure 3. Screenshot of the Spanish population pyramid

Figure 4. High immersion condition

After each learning module, participants had to answer some questions in two ways:

e High immersion condition: students used a red point in the middle of the virtual environment. This could
be moved by turning the head towards the desired location to give the correct answer. Or the area of a map
could be highlighted by putting a finger on the touchpad on the right side of the headset. (Figure 4)

¢ Low immersion condition: students had to choose the correct answer by touching the tablet screen. (Figure
5)
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Hardware

The hardware used in the experiment was a Samsung Gear VR headset equipped with a Samsung Galaxy Note
4 smartphone featuring a 5.7 inch Quad-HD display (2560 x 1440 pixels) with 515 dpi resolution and an Android
tablet featuring a 10-inch touch screen.

RESULTS

The analyses were performed using SPSS version 22.0 (Statistical Package for the Social Sciences for Windows,
Chicago, IL) for PC. Independent tests were conducted to verify the baseline homogeneity of the sample in terms
of age. Since the sample was characterised by statistically significant baseline differences, psychological differences
were calculated in the Intrinsic Motivation Inventory (IMI) and SAM data measured after exposure compared to
the corresponding baseline. Next, mixed ANOVAs (and ANCOVAs) were conducted to test whether the
psychological responses changed according to the exposure condition (High Immersive or Low Immersive), or the
type of emotional induction (Positive or Neutral). The level of significance was set at a = .05.

Intrinsic Motivation Inventory (IMI)

Cronbach’s alphas for pre- and post-test questionnaires were calculated to evaluate the internal consistency of
the competence, effort and interest scales of the intrinsic motivation inventory. As can be seen in Table 1, subscale
homogeneity was assessed using the corrected item-total correlation. The internal consistency for the pre- and post-
competence scales was found to be good (.84 and .78, respectively). For the pre-test effort questionnaire, reliability
was good (.85), while for the post-test effort questionnaire it was poor (.59). For the interest questionnaire, the
reliability of neither pre- nor post-test questionnaires was acceptable (.41 for the pre-test and .43 for the post-test).
In both interest questionnaires, the internal consistency was found to be good (.81 for both pre- and post-test
questionnaires) when the “I think school is boring” item in the pre-test questionnaire and “I think doing this activity
is boring” item in the post-test questionnaire were eliminated. Therefore, these items were not included in the
follow up analysis.
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Table 1. Format of the intrinsic motivation scales (IMI) and the corrected item total correlations for pre- and post-tests.

IMI Scales  Pre-test Corrected |te.m "~ Post-test Corrected It?m_
total correlation total correlation C
| think | am good at school .66 ! thimik | was good in doing this .62
activity
| think | do pretty well at school, 68 I think | did pretty well in doing this 30
compared to others ) activity, compared to others )
| am pretty skilled at school .57 ! was pretty skilled at doing this 74
Competence activity
| think | am pretty good at I think | was pretty good in doing
.68 . . .65
school this activity
| am satisfied with my 62 | am satisfied with my performance 56
performance at school ) while doing the activity )
Reliability (Cronbach's o) 84 Reliability (Cronbach's o) .80
| try very hard to do well at 66 | tried very hard to do well in doing 38
school ) this activity )
| do my best at school 80 | d|q4my best while | was doing the 39
activity
Effort It is important to me to do well 59 It was important to me to do well in 0
at school ) doing this activity )
| put much effort in school .79 ! pL.Jt.mUCh effort in doing this 37
activity
Reliability (Cronbach'’s a) .86 Reliability (Cronbach'’s a) .62
At school | often think about While | was doing the activity, | often
L 46 . . 49
how much | enjoy it thought about how much | enjoyed it
| think school is boring -.55 I think doing this activity was boring -.69
I think school is quite enjoyable 61 | think doing this activity was quite 59
Interest enjoyable ) enjoyable )
| think school is very interesting A7 I think c'Iomg this activity was .53
interesting
| think school is fun .62 | think doing this activity was fun .56
Reliability (Cronbach's o) 45/ .812 Reliability (Cronbach's o) 43/ .812

We carried out Pearson correlations to investigate the measurement stability of the scales. The pre-test
questionnaires aimed at measuring general intrinsic motivation at school while the post-test questionnaires aimed
at measuring lesson-specific intrinsic motivation; thus the latter measure diverged from the former. None of the
competence, effort or interest post-test scales had significant correlations with their respective pre-test scales (r =
.20, r=-.83, r =14, and p > .05, respectively). Due to this divergence, we examined the differences between the pre-
test and post-test scores on the intrinsic motivation scales for the four conditions using a mixed ANOVA with the
evaluation time (pre- and post-test) as a repeated measure, and the emotional induction and learning environment
as factors.

For the competence scale, we found only one main effect of evaluation time, F(1,52) = 45.02, p <.001, np2 = .46.
In the pre-test questionnaire about school, students rated themselves as being less competent in the specific lesson
(Mean * Standard Deviation: 3.13+0.85) than in the post-test questionnaire (3.9940.58). For the other main and
interaction effects the score was p >.05.

Students rated their level of effort in the specific lesson (4.35+0.81) as being higher than in their general effort
made at school (3.91+0.51), F(1,52) = 13.23, p = .001, np2 = .20. The interaction of evaluation time and level of
immersion was marginally significant, F(1,52) = 3.88, p = .07, np2 = .07. Pairwise-comparisons yielded significant
differences in the rated effort between pre- and post-test scores (3.85+0.85 and 4.37+0.44), but only in the high
immersion group, p < .001. For the low immersion group, these score were, respectively, 3.96+0.78 vs. 4.30+0.57,
and p> .05. All the other main and interaction effects were non-significant, p > .05.

Students were more interested in the map activity (3.98+0.70) than in school (3.31.£0.82), F(1,52) = 20.08, p <
.001, np2 = .28 (see Figure 6). We also found that the interaction of evaluation time with emotional induction was
marginally significant, F(1,52) = 3.37, p = .072, np2 = .06. In the pre-test scores about school there was no difference
between the positive and neutral groups (3.39+0.89 vs. 3.79+0.75, respectively), p > .05, but in the post-test score
about the activity, interest was higher in the positive group than in the neutral group (4.17£0.59 vs. 3.23+0.75), p =
.041. None of the other main and interaction effects were significant (p >.05).
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Figure 6. Mean scores on the intrinsic motivation scales: a) effect of evaluation time for the competence scale; b) Evaluation time

x learning environment interaction for the effort scale; c) Evaluation time x emotional induction interaction for the interest scale.
Bars represent standard errors of the mean.

Self-Assessment Manikin (SAM) Test

To measure the students’” emotional responses, we analysed the valence scale of the SAM test. Because the
baseline test scores (before the emotional induction) were correlated with the pre-test scores (after the emotional
induction and before the lesson, r = .44, p = .001) and post-test scores (after the lesson, r = .38, p <.001), this baseline
was used as a covariate in a subsequent mixed ANCOVA carried out to investigate the effect of the emotional
induction in conjunction with the different levels of immersion. We used the valence SAM scores of each evaluation
as repeated measures and the type of emotional induction and level of immersion as factors. The baseline effect
was the only main effect which was significant, F(1,51) = 13.73, p< .001, showing that the pre-induction scores
predicted the subsequent scores. When this effect was removed, we found that interaction between the level of
immersion x emotional induction was marginally significant, F(1,51) = 3.94, p= .053, np2 = .07. Students’ scores
were higher in the positive group (7.68+1.70) than in the neutral (6.86+1.90), but only in the high immersion group
(pairwise-comparisons, p=.021; for the low immersion group, the scores were, respectively, 6.04+2.53 vs. 6.96+1.23,
and p> .05).

Moreover, the evaluation x level of immersion, and the evaluation x emotional induction effects were found to
be significant, F(1,51) = 6.98, p=.011, np2 = .12, and F(1,51) = 19.01, p< .001, np2 = .27, respectively. Valence scores
were higher in the high immersion group (7.54+1.73) than in the low immersion group (6.25+22.07), but only after
the lesson (post-test scores, pairwise-comparisons, p = .017) and there was no difference between them (7.00+1.92
vs. 6.75+1.99) after the emotional induction (pre-test scores, pairwise-comparisons, p > .05). Valence scores were
also higher for the positive induction group (7.2942.17) than for the neutral induction group (7.14£1.41) after the
emotional induction (pairwise-comparisons, p = .013), although this difference disappeared after the lesson
(6.43+2.36 vs. 6.4611.62, p > .05) (Figure 7).
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Figure 7. Mean scores of the different interactions in valence scores: a) Learning environment x emotional induction interaction;

b) evaluation time x learning environment interaction; c) evaluation time x emotional induction interaction. Bars represent standard
errors of the mean.

Knowledge Acquisition

In order to determine whether changing the level of immersion and emotional induction yielded differences in
terms of knowledge acquisition, we analysed the gains and losses of knowledge between the Knowledge
Questionnaire scores from the pre-test, the immediate post-test and the delayed post-test. The pre-test Knowledge
Questionnaire scores were the baseline for the immediate post-test ones, and the immediate post-test Knowledge
Questionnaire scores were the baseline for the delayed post-test scores. To achieve this, we carried out a mixed
ANOVA including level of immersion and emotional induction as factors, and the knowledge gain in each post-
test time as repeated measures with two levels. The first level was the immediate post-test Knowledge
Questionnaire scores minus the pre-test scores (immediate knowledge gain), and the second was the delayed post-
test Knowledge Questionnaire scores minus the immediate post-test ones (delayed knowledge gain).

The main effect of knowledge gain, F(1,52) = 45.53, p<.001, np2 = .45, and of emotional induction were
significant, F(1,52) = 5.37, p = .024, np2 = .06, while level of immersion was marginally significant, F(1,52) = 3.09,
p=.085, np2 = .06. The knowledge gain was higher among students who received positive emotional induction
(0.73£1.83) compared to students in the neutral induction group (0.14+2.18), and was marginally higher in the high
immersion group (0.66%+2.42) compared to the low immersion group (0.21+1.51). The knowledge gain was also
higher just after the lesson (.50+1.81) compared to the delayed post-test, in which there was actually a knowledge
loss (-0.63+1.64). This gain was mediated by the level of immersion, F(1,52) =20.69, p < .001, np2 = .29. The difference
between the immediate gain (2.46+1.68) and the delayed gain (1.14+1.53) was only significant in the high immersion
group (pairwise-comparison, p < .001; for the low immersion group, 0.54+1.37 vs. -0.11+1.59, p>.05, respectively).
The other interactions were not significant with p>.05. (Figure 8).

Effect of Emotional Induction

We found a higher effect of positive emotion compared to neutral in the different assessments:

1) The assessment of participants” interest after the lesson, the positive group being more interested than the
neutral one.

2) Students’ valence scores were higher for the positive induction group than for the neutral induction group
after the emotional induction but not after the lesson. In addition, valence scores were higher in the positive
group than in the neutral but only for the high immersion group.

3) Finally, the knowledge gain was higher among students who received positive emotional induction
compared to students in the neutral induction group.
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DISCUSSION

Regarding the first objective of this study (influence in short-term knowledge retention by comparing high
immersion versus low immersion states), we can conclude that the immersive condition influences knowledge
retention when delivering educational content. In the short term, participants have better retention when there is
positive emotional induction and high immersion. The statistical analysis showed increased medium-term learning
in the high immersion condition.

These results are in line with the previous work of Kort et al. (2001), which highlighted the existence of
interaction between emotion and learning. Their research focused on student emotions during the learning process.
Feelings of amazement, satisfaction, curiosity, hope, and inquiry were identified as good emotions which were
associated with a higher level of learning. Our results also agree with Reschly et al. (2012), who studied the impact
of positive emotion on student engagement. We can conclude that positive emotion increases engagement, and this
can be seen as a multidimensional construct related to academic improvement, as proposed by Lyubomirsky et al.
(2005).

Regarding the second main aim of this experimental work (analysing whether manipulating an emotion affects
participant motivation), a psychological assessment analysis revealed a significant difference in the interest
subscale between the pre-tests and post-tests in the high immersion condition.

This result is also aligned with previous works. For example, Turner, Meyer, and Schweinle (2003) analysed the
learning process based on three elements: cognition, emotion and learning. They observed that emotion was an
essential component for student motivation. This was also noted by Tiiziin et al. (2009), when they compared
student motivation in a primary school using a game-based learning approach as against a traditional schoolroom
based approach. They observed that students demonstrated statistically significant higher intrinsic motivation and
lower extrinsic motivation when learning in the game-based environment. Wrzesien and Alcafiz (2010) observed
a similar effect in a study of the learning of natural sciences and ecology in a primary school. One group of students
carried out a learning activity in an immersive environment while the other group used a 2D representation. Results
showed that the students using the immersive environment were more satisfied with their learning experience. The
authors concluded that immersive environments have the ability to improve students’ intrinsic motivation.

Finally, considering the third objective of this work (determining whether positive emotion helps students
retain educational content), we observed that valence scale values were higher when there was positive emotional
induction and high immersion. This statistically significant difference was found after the task but not after the
emotional induction, meaning that high immersion can be used as a tool to enhance the influence of emotions. This
is an interesting fact, especially when considered in conjunction with the ideas of Dirkx (2001) about the importance
of emotions as elements that can either impede or motivate learning.

There are some limitations to the study that should be highlighted. Although there were 56 participants, each
experimental condition was covered by only 14 subjects (2x2 design). More significant interactions between the
experimental conditions would probably have been detected in a larger sample. It is also worth mentioning that
the emotional induction procedure applied should be analysed in greater detail. There are factors related to
sociocultural background and the age of the subjects that could have an impact on the effectiveness of the induction
procedure. This would require more specific fine-tuning of the process to select select the most relevant film to
obtain the desired emotional induction.
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ABSTRACT

This study was conducted by integrating Atayal culture into CPS education strategy to
develop spatial concept courses, teaching materials, and assessment tests that served
to analyze the effectiveness of spatial concept learning on indigenous students after
two years of course. The participants of this study were 16 5th grade students from an
Atayal elementary school located in Nan'ao, Yilan County. The period of study spanned
from 2015 to 2016, and was conducted by gathering data through teaching
demonstrations and tests. The tests developed for this study were used as the research
tool, and had been examined and pretested by 3 content specialists. The finalized tests
included a total of 19 segments (59 problems) on 6 spatial concepts: “rotation”,
“reflection”, “folding”, “perspective”, “stacking”, and “cubic enumeration”. The tests
were conducted before and after the study and verified against sample t to examine if
the indigenous students’ spatial concepts exhibited significant changes. Study results
showed that with regard to the 6 different spatial concept tests, indigenous students
performed significantly better in the after-tests than in the pre-tests. The integration
of Atayal culture into CPS spatial concept courses was therefore determined to have
significant positive impact on the spatial concepts of indigenous students.

Keywords: indigenous elementary children, spatial concept, Atayal culture,
collaborative problem solving

INTRODUCTION

This study comprises the partial research outcomes of the “Development and Implementation of a Teaching
Platform for Indigenous Student CPS Spatial Conceptualization Learning Courses and Assessments--Main Project”
funded by the Ministry of Science and Technology, Taiwan. A spatial conceptualization CPS teaching course and
corresponding assessment test were designed in accordance with the context of Atayal culture to improve
indigenous student’ learning motivation toward spatial concepts so as to improve their learning outcomes and
problem-solving skills. Student also acquired a better understanding of their culture.

Among Taiwanese indigenous peoples, the population of the Atayal tribe is about eighty thousand people,
making them the third largest indigenous group after the Amis and the Payuan peoples (Department of Statistics,
Ministry of the Interior, 2015). In particular, Nan’ao Township and its northwest neighbor Datong Township are
the only two highland indigenous townships within Yilan County. Residents comprise mostly of Taiwanese
indigenous people, the Atayal tribe, who have established a very unique culture. Since most of the indigenous
students from Yilan County, Taiwan, who participated in this study were Atayal, the course incorporated the
cultural features of the Atayal tribe so that the students are better able to connect emotionally with their tribal
culture.

The objectives of this study are as follows: To learn whether or not there is significant improvement on the
learning outcome of Atayal indigenous students in terms of six spatial concepts, namely, “Rotation,” “Reflection,”
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Contribution of this paper to the literature

e  There is significant improvement on the learning outcome of Atayal indigenous students in terms of six
spatial concepts, namely, “Rotation,” “Reflection,” “Folding,” “Perspective,” “Stacking,” and “Cubic
enumeration,” after CPS coursework.

e This study is to improve the motivation for learning and learning outcomes of indigenous students. By
integrating course design with indigenous culture and formulating appropriate CPS teaching strategies,
both instructors and indigenous students can be empowered.

e The lifestyle-oriented assessment questions were incorporated indigenous cultural elements and utilized
interactive digital materials designed by this study for CPS teaching demonstrations. This enabled us to
understand the spatial intelligence of indigenous students and to improve their scientific, mathematic, and
collaborative problem-solving skills.

“Folding,” “Perspective,” “Stacking,” and “Cubic enumeration,” after two years of coursework. The research
question is as follows: Is there significant progress between pre-test and post-test scores in the six spatial concepts?

LITERATURE

The Learning Difficulties of Indigenous Students

Alleviating the difficulties faced by indigenous students has always been a focus of indigenous education. John
Ogpbu (as cited in Ho, 2015) , an anthropologist of education, once mentioned that one of the reasons why minority
students perform poorly was that the education they received was not compatible with their cultural backgrounds.
This is a keen observation of the difficulties faced by indigenous students today in a Han-dominated culture.
Moreover, indigenous populations in remote regions have relatively fewer economic, cultural, and educational
resources. Lack of cultural stimulus and estrangement from mainstream culture has caused indigenous students to
be less motivated in learning and thus exhibit poorer learning outcomes. In the long run, being disadvantaged both
academically and in terms of career development restricts the social mobility of indigenous populations and
prevents them from pursuing professional careers, creating a vicious cycle.

Upon the compilation of domestic studies on indigenous student learning patterns, it was found that cultural
differences between the indigenous and Han populations have contributed to the differences in learning patterns
and characteristics of the two groups. Taking the Atayal students of this study as an example, it was found that
“peer-oriented learning” with an emphasis the values of cooperation and sharing was characteristic of their
learning. They also enjoyed a stress-free learning atmosphere that had no competition pressure, and a dynamic,
investigation-oriented learning environment with hands-on experiences. These characteristics made it difficult for
Atayal students to become accustomed to the education system that was formulated based on Han culture. Atayal
students disliked the lifeless instruction methods and learning materials comprised of symbols and abstractions
(Chi & Liu, 2000).

Studies on the learning of indigenous students have pointed out that the gap between indigenous students and
traditional teaching and the mainstream Han culture has not only affected their learning, but has also been the
primary factor resulting in learning difficulties and poor learning outcomes (Chou et al., 2015). If culture is indeed
the primary factor affecting the learning process of indigenous students, then, according to learning theories,
teaching activities could be designed based on students” characteristics so as to increase their potential and resolve
the issues encountered. Both domestic and foreign scholars have suggested that the learning characteristics of
student should be taken into consideration in the formulation of methods, designs, and strategies for teaching
indigenous students. Their cultural and living experiences should be incorporated, and instruction should be given
according to how the students learn best so that their motivation for learning and learning outcomes can be
improved.

Spatial Ability and Scientific Learning

Indigenous education and culture are both issues of the research concern. Our research focus on the indigenous
student science education all the time, and has been devoted to improving the motivation for learning and learning
outcomes of indigenous students. By integrating course design with indigenous culture and formulating
appropriate teaching strategies, both instructors and indigenous students can be empowered.

It has be found, however, that due to the influence of their living environment, indigenous students may not
express their spatial concepts precisely enough, which, in turn, affects their performance in the natural sciences
(Chao et al., 2014). There is also a significant gap between the spatial test results of indigenous students and of Han
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students; in short, indigenous students in general have poorer spatial intelligence. It can be seen from the above
observation that, in the process of helping indigenous students achieve better performances in scientific learning,
their spatial concepts must also be improved (Chao et al., 2012, 2015).

In a recent domestic study, Lin (1994) pointed out that spatial intelligence is a basic capability for learning all
sorts of knowledge. Wu (2001) also believes that those who have a higher spatial intelligence perform better in
terms of learning ability, ability in scientific deduction, and creativity. Moreover, they are more proactive,
aggressive and willing to challenge themselves. Wang and Chen (2016), on the other hand, suggested that to help
a child overcome difficulties in the learning of mathematics (geometry, in particular), the instructor should begin
from building the child’s spatial ability.

Psychologists from earlier eras used factor analysis to discover the so-called “spatial ability” as one of the
human mental abilities, which was not thought to affect the learning of academic subjects. It was not until the 1970s
that many scholars started to study the relation between “spatial ability” and “scientific learning;” many subsequent
studies pointed out that “spatial ability” clearly has an influence on a student’s scientific learning (Lord, 1985a,
1985b; Weckbacher & Okamoto, 2014). Researchers each have their individual perspectives and stances, and have
also formulated different definitions and interpretations of “spatial ability.” For example, for McGee (1979), Linn
and Peterson (1985), and Lohman (1988), a “spatial ability” refers to the ability to re-order, turn, and manipulate
objects. Even though all these three studies proposed that “spatial visualization” is one of the spatial abilities, each
proposed varying definitions for the concept of “spatial visualization.”

McGee’s “spatial visualization” has a relatively broader scope. “Spatial perception,” according to Linn and
Peterson, is close in meaning to “spatial orientation,” whereas another two factors, “mental spin “and “spatial
visualization” are closer in meaning to their definition of “spatial visualization.” Therefore, in this study McGee’s
categorization of spatial capacity was adopted, including the six concepts of “Rotation,” “Reflection,”
“Perspective,” “Folding,” “Stacking,” and “Cubic enumeration.” Digital teaching materials and assessment tests
were all developed using these six general categories.

Collaborative Problem Solving (CPS) and PISA

As mentioned above, indigenous education should take students’ learning characteristics into account and their
culture and background should be integrated. Teaching methods that cater to how students learn best is
indispensable for improving their motivation for learning and learning outcomes. Other than preference for team
work, hands-on experience, and learning with the senses, Fu (2004) also pointed out that within the traditional
indigenous lifestyle, interpersonal relations include not only interactions between humans, but also between
humans and plants, animals, and other substances. Therefore, indigenous people tend to learn via cooperation. The
design of natural science instruction should adopt cooperative learning in place of individual competition, and be
conducted primarily through outdoor rather than indoor learning activities.

Cooperative learning theories began to proliferate in the 1970s. These theories, based on democratic learning
theory, theories of motivation, cognitive development theory, theories of social construction, and multiple
Intelligence theory. Scholars have moreover developed many learning strategies for group collaborative work--at
least eighty types have been identified abroad (Chang, 2010). Cooperative learning is mostly commonly utilized for
group-based teaching, and is applicable to all sorts of subject and fields.

Problem-based learning (PBL) is another learning activity that enables students to solve problems structurally
through group-based learning. In the process of problem-solving, not only do learners acquire and develop
deductive creativity and cognitive ability, but can also exchange and build up their knowledge in the interactive
process of group learning. Ultimately, information can be integrated into an effective action plan. Thereafter,
Nelson (1999) proposed another teaching strategy, the collaborative problem solving (CPS) strategy, which
combines the two methods of collaborative learning and problem-based learning to create an improved teaching
strategy. This teaching strategy emphasizes a collaborative learning environment that is learner-oriented,
integrable, and real. It encourages students to learn from doing and become active participants of the learning
process. It stresses critical thinking and problem-solving abilities, helps cultivate social interaction and cooperation
skills, and encourages the discovery and analysis of learning content from various perspectives.

DeWitt et al. (2017) referred that CPS can support online learning by enabling interactions for social and
cognitive processes. The pretests and posttests of this study were conducted to determine whether the learning
outcomes were achieved. The findings suggest that the module could be used to improve outcomes of learning and
encourage interactions for cognitive processes and online presences. Although the subject and topic were not the
same as ours, they still have similar views about that CPS strategies were effective in science education and enabled
interactions for social and cognitive processes. It also mentioned that social interaction prompted cognitive
processes such as concept-formation, resolving differences and critical thinking in the process of CPS, and it would

2061



Chao et al. / Analysis of Learning Effect of CPS Space Concept

help students to obtain knowledge and skills (DeWitt et al.,2017; Huang, Yang, Chiang, & Tzeng, 2012; Chao et al.,
2016a, 2016b; Karpov & Haywood, 1998; Kim & Song, 2006).

Chan and Clarke (2017) observed the students’ social interactions and collaborative problem solving skills while
completing open-ended mathematical tasks. It provided distinct entry points for teacher instructional intervention
(or scaffolding) in the promotion of CPS skill. The researchers considered that open-ended mathematical tasks were
workable in class. However, the novice teachers were not equipped to utilize it in a pedagogically meaningful way,
experienced teachers were suggested to be more suitable. This study also mentioned that both collaborative
problem solving and negotiated skills should be developed for the contemporary curriculum.

Furthermore, in recent year, the nation has been placing increasing emphasis on the importance of developing
student capabilities that are applicable in their daily lives. The OECD (Organization for Economic Co-operation
and Development) has stated that from 2015 onward, PISA (the Programme for International Student Assessment)
will be assessing students’ collaborative problem-solving skills (Serda, 2012). This shows that collaborative
problem-solving is an important skill in today’s international society. A scientific evaluation emphasizes a student’s
ability to “explain phenomena scientifically,” “identify scientific issues,” and “use scientific evidence.” Advanced
nations are taking PISA results more and more seriously because it serves to compare students” problem-solving
abilities on an international scale and can be utilized to inspect the effectiveness of each nation’s education policies.
Unlike other international competitions on academic subjects, the focuses of PISA are the abilities in life skill

application, logical thinking, and problem-solving.

For the aforementioned reasons, this study referenced the key components of the PISA CPS assessment, the
content fields for assessing mathematical ability, and key points of implementation for the exclusive design of a
PISA evaluative assessment featuring the six key concepts of spatial ability, “Rotation,” “Reflection,” “Perspective,”
“Folding,” “Stacking,” and “Cubic enumeration.” The lifestyle-oriented assessment questions incorporated
indigenous cultural elements and utilized interactive digital materials designed by the researchers for CPS teaching
demonstrations. This enabled the researchers to understand the spatial intelligence of indigenous students and to
in turn improve their scientific, mathematic, and collaborative problem-solving skills.

RESEARCH METHOD

This study is experimental design, and the design of Pre-test and Post-test comparison was used. Students were
given pre- and post-test assessments on Atayal culture-based CPS spatial concept teaching activities, the results of
which were compiled into data for quantified research. A single group pre- and post-test experimental setup was
adopted. The assessment questions were evaluated for effectiveness and reliability and pre-tested by experts to
improve the reliability of the lifestyle-oriented assessment questions developed exclusively by the research team.

Course Planning

Based on CPS teaching strategy, the course developed in this study was divided into the nine following steps:
(A) Preparation: preparation by the instructor and learners for team collaboration; (B) the instructors or the learners
formed small and heterogeneous working groups to plan the basic procedures for conducting group work; (C) in
the initial process, the group would define the problem being solved; (D) each team defined and distributed the
roles necessary for the completion of the project; (E) the teams devoted to the main, repetitive CPS processes; (F)
the teams started to make a conclusion on a solution or a project; (G) the lesson designer and the learners devoted
themselves to activities that helped them reflect upon and integrate their experiences; (H) the instructors and the
learners evaluated their achievement and process; (I) the instructors and the learners ended their activities for the
learning event.

Six sessions conducted over the course of twelve class hours were taught; each class was 100 minutes in length
and consisted of two sections. The six spatial ability concepts, “Rotation,” “Reflection,” “Perspective,” “Folding,”
“Stacking,” and “Cubic enumeration” were included in these courses. Through heterogeneous grouping, each team
discussed and learned one specific spatial concept together, after which they presented their findings. Afterwards,
instructors assisted the students in reflecting on and integrating their learning experiences. Finally, the learning
outcomes were assessed via self-evaluation and teachers” assessments (PISA assessment content, class observation,
observation of the use of interactive digital materials).

Research Subject

The main research subjects were sixteen fifth-grade Atayal elementary students from Nan’ao Township, Yilan
County, Taiwan. A lifestyle-oriented assessment test of the students was conducted prior to the teaching
demonstration, and another was carried out after completion of the teaching activity. The results underwent
dependent Wilcoxon signed-rank test analysis.
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Table 1. Rank of the six spatial concepts

N Mean Rank Sum of Rank
Native rank 0? .00 .00
. Positive rank 10P 5.50 55.00
Rotation post -pre Ties >
Total 12
Native rank 19 1.50 1.50
Reflection post -pre P'ositive rank 13¢ 7.96 103.50
Ties 0f
Total 14
Native rank 09 .00 .00
bi ) Positive rank 13" 7.00 91.00
Cubic enumeration post -pre Ties 2
Total 15
Native rank 0 .00 .00
Stacking post -pre P'ositive rank 14% 7.50 105.00
Ties 1!
Total 15
Native rank om .00 .00
. Positive rank 6" 3.50 21.00
Perspective post -pre Ties 8
Total 14
Native rank oP .00 .00
Folding post -pre PQsitive rank 119 6.00 66.00
Ties 3"
Total 14
Native rank 0% .00 .00
. ial Positive rank 15¢ 8.00 120.00
Six spatial concept post -pre Ties 0
Total 15

a. Rotation _post < Rotation _pre b. Rotation _post > Rotation _pre c. Rotation _post = Rotation _pre

d. Reflection _post < Reflection _pre e. Reflection _post > Reflection _pre f. Reflection _post = R Reflection _pre

g. Cubic enumeration _post < Cubic enumeration _pre h. Cubic enumeration _post > Cubic enumeration _pre

i. Cubic enumeration _post = Cubic enumeration _pre

j. Stacking _post < Stacking _pre k. Stacking _post > Stacking _pre I. Stacking _post = Stacking _pre

m. Perspective _post < Perspective _pre n. Perspective _post >Perspective _pre o. Perspective _post =Perspective _pre

p. Folding _post < Folding _pre g. Folding _post> Folding _pre r. Folding _post =Folding _pre

s. Six spatial concept _post < Six spatial concept _pre t. Six spatial concept _post >Six spatial concept _pre u. Six spatial concept _post = Six spatial
concept _pr

Research Tools

The research tool was a test battery assessment that had been approved and pre-tested (Cronbach a = 0.947) by
three subject matter experts, and comprised of a formal test sheet on the six spatial concepts, “Rotation,”
“Reflection,” “Folding,” “Perspective,” and “Cubic enumeration” with a total of 19 question sets (59 individual
questions). Dependent Wilcoxon signed-rank test was conducted on the results of the pre- and post-tests to analyze
whether or not significant changes in the spatial conceptualization of indigenous school children had occurred.

RESEARCH RESULT

A total of sixteen fifth-grade indigenous students participated in the pre- and post-tests of the teaching
demonstration and completed the formal assessment test with a total of 19 question sets on the six spatial concepts.
The full mark for each test was 100 points. Out of the 19 question sets, nine questions were on “Rotation,” fourteen
questions on “Reflection,” seven on “Folding,” twelve on “Perspective,” six on “Stacking,” and eleven on “Cubic
enumeration,” totaling 59 individual questions.

Because of the small sample size, the Wilcoxon signed-rank test was used to analyze the data. It was found that
after the courses conducted for this study, fifth-grade indigenous students improved test grades both individually
and as a group. Their post-test scores were clearly better than the pre-test scores (Table 1). According to the results
of the Wilcoxon signed-rank test analysis (Table 2), the six spatial concept score was z=-3.41 and p= 0.001, showing
that a significant difference was achieved between pre- and post-tests in this study. In particular, the difference was
extremely remarkable in terms of these three concepts: “Reflection,” “Cubic enumeration,” and “Stacking.”
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Table 2. Test statistic of the six spatial concepts

Rotation Reflection Cubic enumeration Stacking Perspective Folding Six spatial concept
post -pre post -pre post -pre post -pre post -pre post -pre post -pre
Z test -2.85 -3.21 -3.19 -3.32 -2.21 -3.02 -3.41
ASymp. SIg- - e 001 0071%* 0071%* 027+ 003** 0071%*
(two tailed)

***p<0.001, **p<0.01, *p<0.05

DISCUSSION

In the processing of research, it truly proved the reference about the learning style and characteristics of
indigenous children. The indigenous children enjoyed a dynamic, investigation-oriented learning environment
with hands-on experiences and cooperation (Tan et al., 2008). Atayal students disliked the lifeless instruction
methods and learning materials comprised of symbols and abstractions (Chi & Liu, 2000). It is important to the
teachers in tribe elementary schools to apply suitable teaching strategy to fit characteristics of indigenous children.

This study is an idiographic case, the main subjects are Atayal elementary school students in Nan'ao. We
designed the CPS spatial concept course and assessment for them according to their culture and environment.
Hence, there was the limitations of the area and subjects. Although the learning style and characteristics of
indigenous children were common in principle, the researchers who might want to research the same topic should
adjust CPS Curriculum design and assessment depending on different area and tribe.

Apart from this, interestingly, indigenous children preferred to complete the classwork by cooperation, but they
did not know how to start group discussion and work assignments at beginning of course. It took us a lot of time
to lead them to learn teamwork and CPS skills. Because of this, it caused the less efficiency of the course. Our study
data also reflected this situation. The course of “Rotation” was the first course, and the difference between pre and
post-test was small. As students” CPS skills enhanced, the improvement were more significant.

CONCLUSION AND SUGGESTION

Conclusion

This study incorporated the contexts of Atayal culture and took into consideration the learning characteristics
of indigenous students in the exclusive design of a course on CPS spatial concepts. At the same time, the accuracy
of student performance assessment was also duly considered. As such, a lifestyle-oriented PISA test battery
assessment with questions that incorporated indigenous cultural elements and utilized interactive digital materials
was exclusively designed by the researchers for CPS teaching demonstrations. This enabled the researchers to
understand the spatial intelligence of indigenous students and to in turn improve their scientific learning and
problem-solving skills.

After two years of learning, the Atayal indigenous students who participated in the courses improved their
scores on the six spatial concepts, “Rotation,” “Reflection,” “Folding,” “Perspective,” “Stacking,” and “Cubic
enumeration.” Their learning outcomes showed significant improvement.

Suggestion

It can be found from literature review that many scholars have been focusing on mitigating the learning
difficulties of indigenous students, enhancing their motivation for learning, and improving their learning
outcomes. This research project has been conducted at Atayal indigenous schools for many years, and research and
development of courses on CPS spatial concepts that incorporate Atayal culture continues to this date. We suggests
those who wish to conduct relevant research to consider the learning characteristics of indigenous students and the
different cultural contexts of each tribe in combination with currently utilized textbook units for the design of
courses that integrate indigenous cultures and appropriate teaching strategies.

In addition, according to the data of this study in the conclusions, CPS strategies of the spatial concept course
were effective. But the students didn’t know how to make group discussion and work assignments at beginning of
course, they spent two years learning by doing and got used to crop with problem by using cps nine steps. In
consideration of above, we suggested designing the pre-course about how to do group discussion and work
assignments before the beginning of spatial concept course. The pre-course could help students to increases their
ability of teamwork and CPS skill. If students already have ability of teamwork and expression, it will make CPS
strategies more effective in the process.
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Finally, in terms of assessments, an exclusively designed lifestyle-oriented PISA test battery assessment
included elements from indigenous culture was utilized. When retrieving the tests, it was found that some
indigenous students still lacked patience and answered in a haste, therefore invaliding the assessment results. We
suggests that researchers factor in this issue when implementing the assessment; for example, implementing the
test over several sittings or selecting the most representative questions could potentially reduce the number of null
values.
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ABSTRACT

The concept of probability has a unique characteristic that causes confusion when a
sample space is not clearly defined. This inherent nature of probability has been
demonstrated in Bertrand’s chord problem, which is well-known as the paradox of
probability theory. This study demonstrated that a single probability in Bertrand’s
chord problem can be obtained by modifying it to clearly redescribe its sample space,
and examined that how college students clarify the sample space. To this end, five
modified questions were formed using Bertrand’s chord problem to ensure that the
sample space of each question was clearly expressed and were used to develop a
survey questionnaire. The participants of the survey were 68 college students studying
mathematics or mathematics education. The results of this study demonstrated that
many college students have difficulty to seek out the sample spaces in some probability
problems. Thus we suggested the importance of emphasizing to clarify the sample
space in probability education.

Keywords: Bertrand’'s chord problem, paradox, college students, five modified
Bertrand's questions, probability, sample space

INTRODUCTION

Probability is a relatively familiar term that is widely used in this information age. For instance, the question ‘what
is the probability of obtaining heads when flipping a coin?’ is asked ordinarily and most people answer “%”. This is

because most people approach the question by thinking that a coin has a heads side and a tails side and the chance
of the coin falling either heads or tails is the same.

However, it is debatable whether the heads and tails sides of a coin are indeed obtained under the same
condition or not. The designs on the heads and tails sides of a coin are different and it is uncertain whether the
specific gravity in the coin is evenly distributed. One aspect that must be understood in the experiment of flipping
a coin is that the assessment “the probability of each side is the same because they exist under the same condition”
is not an absolute truth, but a selected assumption. In other words, the % probability of obtaining heads is not a

transcendental and absolute truth, but it results from the assumption that each case has the same chance of
occurring (Batanero, Henry, & Parzysz, 2005; Kim, 2008; Rubel, 2007; Woo, 1998).

Accordingly, the concept of transcendental and absolute probability does not exist. The classical definition of
probability provided by Laplace in the 19t century, the so-called mathematical probability, is based on the
fundamental premise that each element within a sample space has the same chance of occurring (Alexander &
Kelly, 1999; Gauvrit & Morsanyi, 2014; Gillies, 2000; Woo, 1998). According to the classical interpretation,
probability is defined as the ratio of the number of elements of a certain event to the number of the elements of the
sample space, and geometrical probability typically fits this interpretation as well (Lee, 1997). Considering this
classical interpretation of probability, the importance of clarifying whether each element within the sample space
is under the same condition has been widely recognized and is highlighted in school education (Batanero &
Borovcenik, 2016; Garfield & Ahlgren, 1988). Many studies reported important results on students” probabilistic
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Contribution of this paper to the literature

e  This study provides a new perspective on Bertrand’s chord problem in that it approaches as a sample space.
e  We highlight the importance of guiding to clarify sample space in probability education.

e This study shows some limits to the mathematical definition of probability can be overcome by clearly
defining fundamental events with equiprobability.

thinking (e.g., Agus, Per6-Cebollero, Penna, & Guardia-Olmos, 2015; Fischbein & Gazit, 1984; Fischbein & Schnarch,
1997; Green, 1983; Hawkins & Kapadia, 1984; Konold, 1989; Kwon & Lee, 2015; Kwon, Kim, & Lee, 2014; Rubel,
2007; Shaughnessy, 1977). Some researchers emphasized and focused on sample space that plays an important role
in probabilistic tasks and situations (e.g., Chernoff, 2009; Chernoff & Zazkis, 2011; Jones, Langrall, & Mooney, 2007;
Jones, Langrall, Thornton, & Mogill, 1997, 1999; Shaughnessy, 1998).

Despite these researchers’ emphasizing the sample space, recently, Choi, Yun, and Hwang (2014) reported that
pre-service mathematics teachers still have the difficulty to understand the sample space. They proposed that
students should be provided with the opportunity to think about the sample space in probability and statistics
education. We suggest that teacher educators and teachers would use Bertrand’s chord problem as one of these
opportunities. That's because we saw both groups of pre-service and in-service mathematics teachers who didn’t
understand the solutions of Bertrand’s chord problem in our classrooms. Many college students and mathematics
teachers didn’t understand why there exist three solutions for this problem and why it is called a paradox. We
thought that’s because they didn’t have the chance to meet its solutions exposing the term sample space although
each solution represents chance and inherent equiprobability. Like this, the mathematical definition of probability
can cause further confusion unless clearly defining the fundamental events that have equiprobability in probability
space. Lee (1997) and Woo (1998) noted that this paradox is the limits to the mathematical interpretation of
probability with its classical definition. In this article, we would represent the term Bertrand’s chord problem
instead of Bertrand’s paradox.

With this backdrop, this study used Bertrand’s chord problem to demonstrate that the limits to the mathematical
definition of probability in some probability problems can be overcome by clarifying the sample space, and to
emphasize that it is important to teach students to clearly define the sample space in probability problem. To this
end, each solution of Bertrand’s chord problem was represented using the term sample space and this problem was
modified in five ways to ensure the existence of only one sample space. These modified problems were given to
college students studying mathematics and mathematics education to demonstrate that how well they could clarify
the sample spaces and obtain a single probability.

BACKGROUND

Discussion of Bertrand’s Chord Problem

Bertrand’s chord problem has been discussed by many researchers (Aerts & Sassoli de Bianchi, 2014; Borovenik,
Bentz, & Kapadia, 1991; Drory, 2015; Gyenis & Rédei, 2014; Jaynes, 1973; Klyve, 2013; Marinoff, 1994; Porto,
Crosignani, Ciattoni, & Liu, 2011; Rowbottom, 2013) since Bertrand introduced it in 1889. Bertrand’s chord problem
using Bertrand’s words is as follows.

Bertrand’s chord problem. We draw at random a chord onto a circle. What is the probability that it
is longer than the side of the inscribed equilateral triangle? (Aerts & Sassoli de Bianchi, 2014, p. 1)

Bertrand (1989) proposed this problem which leads to the different results P(A) = 21, P(B) = %, and P(C) = %
These probabilities are according to each of the three assignments for ‘equally possible situations’; (A) the linear
line between centers of chord and circle, (B) angles of intersections of the chord on the circumference, and (C) the
center of the chord over the interior area of the circle (Jaynes, 1973). Even though Bertrand presented three answers
for it, Jaynes (1973) concluded that Bertrand’s chord problem is well posed and has the unique probability P(A) =
= This conclusion was followed by his viewpoint toward probability theory that “the only valid basis for assigning
probabilities is frequency in some random experiment (p. 2)”. Using an analogy with a cylindrical cake cutting,
Rowbottom (2013) also insisted that Bertrand’s original problem is vague and all Bertrand’s three solutions are not
the effective potential ways.

Other researchers who had referenced Bertrand’s problem supported Bertrand’s three different solutions.
Borovcenik, Bentz, and Kapadia (1991) described that each of the three solutions shows chance determined by the
equiprobability of Laplace’s definition through its individual random generator. Marinoff (1994) showed Bertrand’s
chord problem is equivocally brought up but the many versions of Bertrand’s original problem by clearly stated
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Figure 1. A chord vertical to diameter AB

variations lead to different solutions can be solved. Porto, Crosignani, Ciattoni, and Liu (2011) basically accepted
that Bertrand’s results are all correct as well as many other possible ones because a chord drawing randomly cannot
be uniquely defined. They provided a realistic physical experiment associating with it as alternative to Bertrand’s
chord problem. Furthermore, Klyve (2013) defended Bertrand’s intention against Rowbottom (2013)’s
interpretation of Bertrand’s chord problem. Klyve noted that Rowbottom misinterpreted what Bertrand said about
the random chord although his conclusion is correct according to his own description. Drory (2015) discussed that
it has inherent ambiguity and depends on explicitly defining the selection procedure for the random chords.

Meanwhile, Aerts and Sassoli de Bianchi (2014) showed that Bertrand’s chord problem includes an easy
problem and a hard problem. They reported that the easy problem is solvable by clarifying Bertrand’s chord
problem in precise terms. They presented one example for a specific physical realization of Bertrand’s chord
problem which has the same to three different answers proposed by Bertrand, and then insisted that Bertrand’s
three solutions should be more easily explained via three different conditional probabilities. Thus, Aerts and Sassoli
de Bianchi concluded that Bertrand’s chord problem should not anymore be considered as a paradox. Also, they
remade the hard problem using modified Bertrand’s chord problem in that two points instead of a straight line are
randomized. This hard problem became solvable by calculating a uniform average, which they called a universal
average, over all possible ways of selecting an interaction.

Unlike above researchers who focused on Bertrand’s chord problem’s solutions and answers, Gyenis and Rédei
(2014) suggested a new interpretation of it and investigated the relation between Bertrand’s chord problem and the
classical interpretation of probability. They argued that this paradox is harmonized with how the science uses
mathematical probability theory to model phenomena, without making any damage the principle of indifference
and the classical interpretation of probability.

Solutions to Bertrand’s Chord Problem using the Term Sample Space

In general, many researchers and practitioners cited three typical solution methods that lead to the results 21, %,

% (see, Aerts & Sassoli de Bianchi, 2014; Borovcnik, & Bentz, 1991, Drory, 2015; Lee, 1997; Marinoff, 1994; Porto et

al., 2011; Woo, 1998). Kim (2008) introduced other two other solutions which lead to the results of impossibility and
indefinite, respectively. However, they described the results and probabilities without using the term sample space
in three different solutions for it. In this section, we tried below five solutions to help mathematics teachers and
students understand the solutions of Bertrand’s chord problem in terms of sample space. Also, these were supposed
to be the basis of five modified Bertrand’s chord questions given as testing tool in the next section.

Solution 1. Suppose that a line segment passes through midpoint D of the opposite side of the vertex A of an
equilateral triangle inscribed in a circle, as shown in Figure 1 and that the point where the line segment meets with
the circle is B. Assume that the set of all chords that are perpendicular to line segment AB is the sample space. The
length of such perpendicular chords in this probability space is determined by the location of point P, which is
defined by the intersection of line segment AB with a perpendicular chord.

Suppose that C is a point where line segment AB meets with a chord that has the same length as the triangle side
within the sample space and that C is not located on the opposite side of vertex A. When a point Plies on line segment
CD, the length of the chord is greater than the side of the equilateral triangle inscribed in the circle. In other words,
the probability in this case is the same as the probability that point P is on line segment CD. Therefore, the length of
line segment CD is % of the length of diameter AB. Therefore, we obtain a probability of %
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Figure 2. A chord fixed at point A

Figure 3. A chord with a midpoint M

Solution 2. As a chord is determined by two points on a circumference, consider the vertex A of an equilateral
triangle inscribed in a circle as one endpoint of a chord, as shown in Figure 2. Suppose that the set of all chords that
are drawn from vertex A is the sample space of a probability space. The chords included in this probability space
are determined by the location of their other endpoints Ps.

Suppose that the other two vertices of the triangle inscribed in the circle are B and C. When the endpoint P of a
chord is on arc BC, the length of the chord is greater than the side of the triangle inscribed in the circle. In other
words, the probability in this problem is the same as the probability that point P is on arc BC. Therefore, the length

of arc BC is % of the length of the circumference. Therefore, the probability is %

Solution 3. Suppose that the midpoint of a randomly drawn chord is M, as shown in Figure 3, and that the
radius of a circle inscribed in an equilateral triangle is r’. A circle circumscribed about the equilateral triangle is
denoted by 0 and the circle with radius r’ by 0'. The probability of the question is the same as the probability that
the midpoint M is within the circle 0’ in a probability space of which a sample space is defined as a set of midpoints

M of randomly drawn chords. Therefore, the area of circle 0’ is % of the area of circle 0. Therefore, this probability
is %.

Solution 4. Suppose that a line segment passes through the midpoint of the opposite side of the vertex A of an
equilateral triangle inscribed in a circle and that this line segment meets the circle at point B, as shown in Figure 4.
Draw a tangent line [ that passes through point B. Suppose that an extension of chord AP having A as one endpoint
meets with tangent line [ at the point P'. Each chord AP has a one-to-one correspondence with each point P’ on
tangent line [. In other words, the statement “draw chord AP from vertex A” is equivalent with “select point P’ on
tangent line [”. Therefore, suppose that the set of all points defined by the intersections of the extensions of all
chords drawn from vertex A of the triangle with tangent line [ is the sample space of a probability space. The chords
contained in this probability space are determined by the locations of points P’s.

Suppose an equilateral triangle ACD inscribed in a circle and that the contact points of the extensions of the two
chords AC and AD with tangent line [ are C' and D’, respectively. When the contact point of the extension of a chord
with tangent line [ lies on line segment C'D’, the length of the chord is greater than the side of the equilateral triangle.
In this case, however, the length of the line of the sample space is infinite; thus, if its probability is defined by the
length, this leads to a contradiction. Therefore, it is impossible to solve the problem under this condition.
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Figure 4. A point where the extension of a chord fixed at a point on a circle meets with a tangent line

A

Figure 5. A point where an extended line of a chord fixed at a point on a circle meets with a closed curve

Solution 5. Suppose that a closed curve with length L is circumscribed in a circle and touches the circle at the
vertex A of an equilateral triangle, as shown in Figure 5. As the extension of a chord has a one-to-one
correspondence with the contact point on the closed curve, like in Solution 4, suppose that the sample space of a
probability space is the set of all points defined by the intersections of the extensions of all chords drawn from A
with the closed curve. The chords included in this probability space are determined by the locations of points P’s.

Consider an equilateral triangle ABC inscribed in a circle and that the contact points of the extensions of the two
chords AC and ADwith the closed curve are C’' and D’, respectively. When the contact point of the extension of a
chord with the closed curve is on curve segment C'D’, the length of the chord is greater than the side of A ABC.
Suppose that the length of curve segment C'D’ is [, the length of the closed curve is L, and the length of a partial
curve is [. Therefore, the probability is % However, considering that the closed curve circumscribed from point Acan
be randomly drawn, the lengths L and [ can vary. Therefore, the answer is indefinite.

As shown by the five solutions above, the cause of confusion in Bertrand’s chord problem results from the
ambiguous expression ‘a chord randomly drawn’, which does not clarify ‘in which probability space its probability
distribution is provided” or “which fundamental events occur under the same condition’. In other words, this shows
the importance of clarifying the premise of a sample space under the same condition in Bertrand’s chord problem.
Against this backdrop, we discussed below how well college students clarify each sample space in five modified
Bertrand’s chord questions asking a single answer.

METHODS

Testing Tool

We modified Bertrand’s chord problem to clearly show five fundamental events that have the same possibility
to occur; in other words, to clearly find out the sample space which was intended in each question. Using the testing
tools shown in Table 1, this study investigated how well the college students could correctly determine the sample
space and the probability that satisfies the conditions of individual questions. We provided appropriate figure in
each modified problem to help students find out all chords which were intended as the elements of the sample
space.

The sample spaces designed in five modified questions in Table are as follows. In question No. 1, the sample
space is defined as the set of all chords perpendicular to a fixed diameter of a circle. In question No. 2, the sample
space is defined as the set of all chords drawn from one fixed vertex of a triangle. In question No. 3, the sample
space is defined as a set collecting all midpoints Ms of randomly drawn chords. In question No. 4, the sample space
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Table 1. Testing questions

Questions

1. Suppose that a line segment passes through the midpoint D of the opposite side of the vertex A of an
equilateral triangle inscribedin a circle and that the line segment meets the circle at point B, as shown in
the figure on the right. What is the probability that the length of a chord whose extension is drawn
perpendicularly to diameter AB is longer than the side of the triangle?

2. Suppose a chord that defined by a random point P on the circumference of a circle and by the vertex A
of an equilateral triangle inscribed in the circle, as shown in the figure. What is the probability that the
length of a chord is greater than the side of the triangle inscribed in the circle?

inside circle 0"?

3. Suppose an equilateral triangle inscribed in circle 0 and another circle 0" inscribed in the triangle. What
is the probability that the midpoint M of a random chord of circle 0, as shown in the figure, is located / A

4. Consider an equilateral triangle ACD inscribed in a circle, as shown in the figure, and the A
tangent line [ that is parallel to side CD. Suppose that the contact points of sides AC and AD

with tangent line [ are C’ and D', respectively. If a chord AP starts from vertex A and passes

through a random point P on the circumference of the circle, what is the probability that the

contact point P’ of line AP with tangent line [ is located on line segment C'D’?

5. Consider an equilateral triangle ACD inscribed in a circle, as shown in the figure, and a random
closed curve L circumscribed in a circle that contacts the circle at vertex A. Suppose that the
contact points of lines AC and AD with curve L are C' and D', respectively. If line AP starts from
vertex A and passes through a random point P on the circumference of the circle, what is the
probability that the contact point P’ of line AP with the closed curve is located on curve segment
c'D"?

is presented as the set of all intersection points where the extensions of all chords drawn from vertex A of the
triangle meet with tangent line 1. In question No. 5, the sample space is the set of all intersection points where the
extensions of all chords drawn from the fixed vertex A of a triangle meet with the closed curve.

Participants

An offline survey using the above testing tools was planned to be conducted for the 3rd- and 4th-year students
who major mathematics or mathematics education at the J national university. We recruited 68 volunteered
students to participate in this survey using two department bulletin boards during one week. Table 2 shows the
information of the survey participants, including their major subject, grade, and gender. Among the participants,
the numbers of the 3rd- and 4th-year college students were 45 and 23, respectively. Three of the 68 participants
responded that they had studied Bertrand’s chord problem before and the remaining 65 students that they had not
studied it yet.
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Table 2. Participants

Year Gender

Major 3rd 4th Male Female Total
Mathematics 28 23 28 23 51
Mathematics Education 17 0 7 10 17
Total 45 23 35 33 68

Table 3. Distribution of responses to modified Question No. 1

Other incorrect Non

Answers 1/2 1/3 1/4 Total
answers Response

Frequency 49 4 4 7 4 68

Percentage 72 6 6 10 6 100

Data Collection and Analysis

The survey was conducted in their department lecture rooms in October 2014. The survey date depended on
grades and major. The participants were supplied with the survey questionnaire and were instructed to solve the
questions in the given order and not to change their solution process and answers; this method was intended to
clarify how well they approach individual questions. The total response time for the five questions was unlimited
to ensure that the students could provide their answers without restrictions.

To analyze how well the students responded on the five modified Bertrand’s chord questions, we input their
all answers in Microsoft Office Excel and calculated the frequency and the response percentage on each answer.
We also qualitatively analyzed their incorrect answers to interpret how they approached to each question and to
infer whether they had errors in selecting a sample space or in the concept of probability itself. We presented the
students” wrong solutions as real examples.

RESULTS AND DISCUSSION

Responses to Modified Question No. 1

Question No. 1 was modified to define a set containing all chords perpendicular to a fixed diameter of a circle
as the sample space. The distribution of the students’ responses was as shown in Table 3. Approximately 72% of

the surveyed students answered that the probability was% . In addition, two of the three students who responded

that they had studied Bertrand’s chord problem before answered % and the rest did not respond to Question No.

1. This indicated that most of the surveyed students could solve the probability question without much confusion
when the sample space was defined as the set of all chords perpendicular to a fixed diameter of the circle.

Because all incorrect answers, except one incorrect answer of 0, were presented without any information on the
solution process, it was difficult to determine the causes of errors. We just could infer that they would have any
difficulty to solve some geometrical probability problems or to understand some mathematical concepts involved
in this question. The student who answered “0” considered a right-angled triangle inscribed in the circle instead of
an equilateral triangle, owing to a lack of understanding of the question.

Modified Question No. 2

Question No. 2 was modified to define the sample space as a set of all chords drawn from one vertex of a
triangle. The participants’ response distribution was as shown in Table 4. Approximately 72% of the surveyed

students answered that the probability was % In addition, all three students who had studied Bertrand’s chord

problem before answered % Among the 49 students who answered correctly to Question No. 1, 40 students

answered correctly again. In other words, approximately 59% of the total surveyed students answered correctly
both to Questions Nos. 1 and 2. This indicated that the surveyed students could solve the probability question
without much confusion when its sample space was defined as the set of all chords drawn from one vertex of the
triangle.
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Table 4. Distribution of responses to modified Question No. 2

Answers 1/2 1/3 1/4 Other incorrect Non Total
answers Response

Frequency 3 49 2 9 5 68

Percentage 5 72 3 13 7 100

Table 5. The case of a student who answered correctly to Question No. 1 and incorrectly to Question No. 2

Correct answer to No.1 Incorrect answer to No.2
AB=1 When P is moving on arc BC,
b = l - ! * is satisfied.
2 . Put radius: r,
When P moves on CD, the circumference: 27r.
* is satisfied. ArcBC: 2nr x 1=
Therefore, the correct answer w3
is < 3 1
2 2nr 6
Table 6. Distribution of responses to modified Question No. 3
Answers 1/2 1/3 1/4 Other incorrect Non Total
answers Response
Frequency 30 7 13 13 5 68
Percentage 44 10 19 19 7 100

To determine the causes of the incorrect answers to Question No. 2 of those who answered correctly to Question
No. 1, their processes of solving the two questions were reviewed. Table 5 shows the answers of one student who
answered correctly to Question No. 1 but incorrectly to Question No. 2. This shows that some students made an
error in calculating the length of the partial curve that meets the conditions, not in selecting a sample space or one
related to the concept of probability.

Modified Question No. 3

Question No. 3 was modified to define a set containing the midpoints of all random chords as the sample space;
the response distribution is shown in Table 6. The number of students who correctly answered % to Question No.
3 was a mere 19% of the total sample. In addition, only one of the three students who had studied Bertrand’s chord
problem before answered % and the other two answered % and § In particular, only seven of the 13

participants who answered correctly to Question No. 3 also answered correctly both to Questions No. 1 and No. 2.
This indicates that more than 80% of the surveyed students calculated the probability in Question No. 3 incorrectly.

Unlike the two previous questions, Question No. 3 showed a relatively high incorrect answer rate. To determine
the cause of this observation, some notable incorrect cases were reviewed, as shown in Table 7.

The cases (A) and (B) were the most common as participants” answers of this question. It was possible to assume
that most of the students who incorrectly answered had a difficulty in finding the sample space of this question.
These students revealed the error of recognizing only a part of the sample space intended in this question because
they did not consider all random chords and limited it to the set of some chords. In other words, these students
could understand the concept of probability but had difficulty to clarify the sample space satisfying the condition.
From this result, we could reconfirm the reason why many pre-service and in-service mathematics teachers had
difficulty to focus on the position of midpoint M which uniquely determines the chord among original three
solutions of Bertrand’s chord problem. It can be inferred that they had difficulty to seek out the set to all midpoints
because of not considering all random chords.

In the cases (C) and (D), only one student answered incorrectly, as shown in the Table 7; the student succeeded
in defining the sample space but made errors in calculating probability and in determining the figure of the event.
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Table 7. Cases of incorrect answers to Question No. 3

Cases

Error analysis
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Consider chords that are parallel with the chord shown in the figure. The
probability that the midpoints of these chords are located within circle 0:

diameter of the small circle 1

diameter of the large circle

T2

It shows error in determining the
sample space and event. The
participant failed to consider random
chords and defined a set of the
midpoints of chords that are parallel
with the chord shown in the figure as
the sample space.

®

60°
Therefore, — = -
180°

Ay AL R Mk et ’}*Eﬂﬁ‘;tq
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When defining chords that pass through point 4,
chords should be located between AB and AC
to have their midpoints located within circle 0.

1
3

It shows error in determining the
sample space and events like the case
(A). The participant failed to consider
random chords and defined the
sample space as a set of the midpoints
of the chords that had one endpoint
fixed at one vertex of the triangle.

M is located within circle 0'.

The area of a circle with radius ais ar?.
. . 1

The area of circle 0" is gazn.

.. Probability: é

Participant successfully determined
the sample space and event but made
an error in the process of calculating
the area of the circle inscribed in the
triangle.

(D)

Al e G oo
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4

The midpoints of the chords correspond one-to-one with the chords.

If the radius of circles 0 and 0 are r, v/, respectively, then r: 7' = 2: 1

Thus, the areas of the circles are S(0):S(0") = 4: 1.

The probability that the midpoints of the chords are located within the 0 —
0' range is%

The participant succeeded in defining
the sample space but made an error in
the process of calculating the figure of
the event.

Considering these results, we conclude that most of the students who answered incorrectly had difficulties in
defining the sample space and event in this question, which is essential to calculate geometrical probability.

Modified Question No. 4

Regarding modified Question No. 4, it is impossible to define the probability owing to the infinite length of a

line of the sample space. The response distribution of the surveyed students was as shown in Table 8.
Approximately 74% of the participants answered ”%” incorrectly. No student answered that it was impossible to
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Table 8. Distribution of responses to modified Question No. 4

Other incorrect Non

1/2 1/3 1/4

Answers / / / answers Response Total
Frequency 1 50 3 7 7 68
Percentage 2 74 4 10 10 100

When mudpoint P islocated onarc CD, point P’

1s located onarc C’D’. Therefore, probability 15 :7
Figure 6. Case of incorrect answer Question No. 4
Figure 7. Case of correctly finding the sample space Question No. 4
Table 9. Distribution of responses to modified Question No. 5
Answers 1/3 Similar answers Other incorrect Non Total

answers Response

Frequency 45 1 10 12 68

Percentage 66 2 14 18 100

define a sample space satisfying the axiom of probability in this question. This result seems to be attributable to the
fact that cases with infinite length and the area of a sample space had not been addressed in the process of teaching
the concept of probability.

The case shown in Figure 6 indicates the reason why most of the surveyed students answered “%” to this

question. This case shows that most of participants failed to recognize the set of the contact points P’ between lines
AP and tangent lines [ as the sample space of this problem. In other words, they made an error in recognizing the
set of the endpoints of all the chords drawn from the vertex A of the triangle as the sample space, like in modified
Question No. 2.

However, one student determined the sample space and event correctly, as shown in Figure 7. The student
understood that the sample space in this question was the line segment C'D’' on the tangent line but failed to
calculate the probability because the length of the line starting from vertex A was oo and the length of the line
segment was finite.

Modified Question No.5

In terms of modified Question No. 5, the probability is indefinite because the closed curve, the sample space in
this case, is circumscribed at point A and it can be randomly drawn. The response distribution of the surveyed

students was as shown in Table 9. Approximately 66% of the participants answered ”%” incorrectly and most of

them failed to correctly determine the sample space and event, like in modified Question No. 4. Unlike in Question
No. 4, some students correctly described the probability as a generalized ratio of the length of the figure of the
sample space to the figure of the event.

The reason why most of the surveyed students answered “%” to this question can be assumed from the case

shown in Figure 8. This case shows that most of the participants failed to recognize the set of the contact points P’s
between lines AP and the closed curve as the sample space in this case, like in Question No. 4. In other words, they
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Same with the probability that point P 1slocated
onarc CD, thus the probability 1s :7 :

Figure 8. Case of incorrect answer Question No. 5

Figure 9. Case of correctly finding the sample space Question No. 5

made the same error as in Question No. 4. However, some students determined the sample space and event
correctly and generalized the probability, as shown in Figure 9.

In Figure 9, the student correctly understood that the sample space was a random closed curve and that the
event was the union of partial curves of this closed curve. This particular student also correctly determined the
sample space in Question No. 4 and had not studied Bertrand’s chord problem before. These results show that most
of the students had difficulties in seeking out the sample space which was intended in the question, which is
essential for defining the probability in some cases.

CONCLUSION AND IMPLICATIONS

The concept of probability has a unique characteristic that causes confusion when no clear definition is
provided for the sample space, which is a universal set of elements with the same chance to occur. We can identify
this inherent nature of probability via Bertrand’s chord problem, which is known as a probability paradox. This
problem has three solutions because it doesn’t clarify sample space which is intended. So, we modified Bertrand's
chord problem to have the single probability, and we examined how college students studying mathematics and
mathematics education seek out the sample spaces represented in five modified Bertrand’s chord questions.
Additionally the study highlighted the importance of clarifying the sample space in defining the probability space.
From the results of the survey, the following implications for probability education were obtained.

First, in some modified Bertrand’s chord questions (No. 1 & No. 2) in which the sample space is clearly defined,
approximately 70% of the surveyed college students correctly determined the sample space and event and
calculated its probability. These results imply that many students can get a single probability by clarifying the
sample spaces in some questions without any confusion. We suggest that it is necessary to clearly expose the sample
space in probability questions unless we does not use Bertrand’s chord problem as an open-ended question that
can generate multiple answers with various approaches.

Second, in questions with clearly defined sample spaces (No. 3, No. 4, & No. 5), approximately 80% of the
surveyed students failed to determine the sample spaces and events correctly. This means that many students still
have difficulty in determining all possible outcomes that could occur in some probabilistic tasks even though they
understand the concept of probability. It is in agreement with previous studies which suggested that many students
have difficulty in seeking out the sample space (e.g., Borovcnik & Bentz, 1991; Borovcnik, & Kapadia, 2009; Konold,
1989; Speiser & Walter, 1998). Probability causes many controversies every moment when students accept it
(Freudenthal, 1973) and students' probabilistic thinking improves by education (Fischbein, 1975; Fischbein &
Schnarch, 1997; Kwon, Kim, & Lee, 2014; Rubel, 2007). With these reports, the result of this study indicates that the
importance of the sample space should be highlighted in probability education and that the process of clearly
recognizing sample spaces should be introduced. Under the current secondary school curriculum, probability
questions are limited only to sample spaces with finite numbers of elements; however, it is necessary to highlight
the importance of clearly recognizing sample spaces when teaching the concept of probability. At this stage, it is
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recommended to use Simpson’s paradox (Borovcnik et al., 1991) when considering sample spaces with finite
numbers of elements.

Finally, we are looking forward that this study helps mathematics teachers and students to understand
Bertrand’s chord problem and its solutions in terms of sample space. In particular, we suggest that the modified
question No. 4 and No. 5 may be used to help a deeper understanding of the probability and its sample space
because most of students had difficulties to clarify the sample spaces and to calculate probability in these questions.
Also we agreed with the conclusion of Aerts and Sassoli de Bianchi (2004) that Bertrand’s chord problem is not
anymore a paradox.
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ABSTRACT

Incorporation of aims for learning 21st century competencies in subject-specific
curricula and education has been an important issue worldwide. This study explored
the integration of aims for learning such competencies into the National Primary
Science Curricula in China and Finland. Both Curricula showed an emphasis on aims
related to science education, such as inquiry and information literacy. Yet the density
of appearance of competencies for the 21st century in the Chinese Curriculum is lower
than in the Finnish Curriculum. Additionally, the Chinese Curriculum illustrates the
shortage of aims in the Living in the World category. The significant differences
between the Curricula have to do with the educational theories underpinning each
national curriculum. The Chinese Curriculum has a tendency to align with the Anglo-
American curriculum tradition, whereas the Finnish Curriculum is more closely aligned
with the German Bildung-Didaktik tradition. A national curriculum in different subject
areas could be designed whose central purpose would be cultivating holistic individuals
and targeting goals for disciplinary knowledge and skills. Merits of the different
educational traditions need to be examined and considered in the curriculum design
process.
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INTRODUCTION

The purpose of this article is to investigate how aims for learning 21st century competencies are incorporated into
the Chinese and the Finnish National Primary Science Curricula. We also wish to identify and explain similarities
and differences between the two science Curricula in terms of the elements of these competencies from the
perspective of the different educational traditions that underpin the curriculum documents.

Goals for Teaching and Learning 21st Century Competencies Worldwide

Reforming education for 21st century needs has been an important topic of discussion worldwide (European
Union, 2008; Finnish National Board of Education, 2016; National Research Council, 2012; Voogt & Roblin, 2012).
International organizations, such as the European Union, have declared education to be the means by which we
ensure that citizens acquire the key competencies needed to live in our changing world (European Union, 2008;
Voogt & Roblin, 2012). The term 21st century competencies refers to redefining the aims for education or learning
outcomes according to the capabilities needed in the 21st century (Binkley, Erstad, Herman, Raizen, Ripley, Miller-
Ricci & Rumble, 2012; Trilling & Fadel, 2009). Even though different terminologies are used to describe 21st century
competencies (for example, key competencies or competences, generic competencies, transversal competences,
interdisciplinary skills), all have similar connotations and compositions (Wang, Lavonen & Tirri, in press). The
need for holistic education in the 21st century, not only naturalizing the cognitive domain, but also promoting values
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Contribution of this paper to the literature

e In general, most of the 21st century competencies listed in the framework have been integrated into the
Curriculum in both countries.

e Both the Chinese and the Finnish Science Curricula show an emphasis on aims for science-related
competencies, information literacy and inquiry.

e  The Chinese Science Curriculum illustrates a significant deficiency in integrating competencies related to
aims for moral and rational individual living.

and worldviews along with a growth mindset for learning and ethical skills has been discussed (Ornstein &
Hunkins, 2013; Tirri, 2016). In the present research 21st century competencies are defined as an integration of the
knowledge, skills, attitudes, and values that all young people of our time are required to have (Ananiadou & Claro,
2009; European Union, 2008; National Research Council, 2012; Voogt & Roblin, 2012).

Changes in the Chinese and the Finnish Curricula Echo Recent International Changes

With the emergence of educational goals for 21st century competencies, countries around the world have
developed their own frameworks for teaching these skills, including China and Finland. In June of 2016, China
published the latest version of its document “Core Competencies for Student Development”” after four years of
research and discussion among researchers, educators, policymakers and teachers. The essence of the document is
to cultivate the individual as a whole by emphasising “core competencies” in the following areas: 1) learning to
learn, 2) living in a healthy way, 3) taking responsibility as a citizen, 4) practice, creativity and innovation, 5)
knowledge of one’s cultural heritage, and 6) scientific literacy. In Finland seven areas of core competencies (called
“transversal competences” in the Finnish National Core Curriculum 2014) have been proposed, including 1)
thinking and learning to learn, 2) cultural competence, interaction, and self-expression, 3) taking care of oneself,
managing daily life, 4) multi-literacy (“Multi-literacy is the competence to interpret, produce and make a value
judgement across a variety of different texts, which will help the pupils to understand diverse modes of cultural
communication and to build their personal identity”’), 5) competence in information and communication
technology, 6) working-life competence and entrepreneurship, and 7) participation, involvement and building a
sustainable future (Finnish National Board of Education, 2016).

The questions of how to integrate 21st century competencies into a national curriculum and into school subjects
and how to teach these competencies through learning activities are some of the most important challenges in
education today (Benade, 2014; Burden & Hall, 2005; National Research Council, 2012; Finnish National Board of
Education, 2016; Reimers & Chung, 2016). The Chinese national curriculum is revised about every ten years, as is
the Finnish national curriculum. The previous Chinese National Curriculum (an experimental version) was
published in 2001 and revised in 2011. Since 2016, a new round of revisions has been in progress whose purpose is
to integrate the newly published core competencies into different subjects. Curricula for different subjects at each
level have been officially published one by one. However, the new National Primary Science Curriculum officially
published in 2017 has not yet been written with the intention of integrating 21st century competencies.

By contrast, the seven areas of transversal competences in the Finnish National Core Curriculum for Basic
Education 2014 were integrated into every level of education and into every subject, including science at the
primary school level (Finnish National Board of Education, 2016; Vahtivuori-Hénninen et al., 2014). Moreover, the
momentum for cultivating generic competencies in the Finnish curriculum began gathering steam in the 1970s.
Objectives such as cross-curricular themes of “cultural identity and internationality” and “well-being and
sustainable future” were proposed and integrated into different subjects in the Finnish National Core Curriculum
in 2004 (Autio, Kaivola & Lavonen, 2007). However, Finland faces challenges in fulfilling the aims for 21st century
competencies in reality.

Curriculum Stability and Changes in China and Finland

A national curriculum is a plan of study outlining the goals for education at a national level, and as such, it
guides and regulates the instructional processes throughout a country (Oliva, 1997; Ornstein & Hunkins, 2013). A
national curriculum includes subject matters, skills and values that policymakers expect students to learn (Cuban,
1992). It is not a neutral document; rather, ““it is produced out of the cultural, political, and economic conflicts,
tensions and compromises” (Apple, 1993, p. 1) of a given country and reflects national values (van den Akker,
2003). Although the national curriculum changes with a society’s changing demands and the development of
psychological and educational theories, the constancy of culture, values and theories, and traditions of schooling,
teaching and learning are deeply embedded in a country’s curriculum (Cuban, 1992).
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The European-Scandinavian Bildung-Didaktik and the Anglo-American curriculum are two major curriculum
theories and practices embedded in western countries (Autio, 2014; Westbury, 2000). American curriculum theory
today and Didaktik are not far apart from the perspective of the present, because they are concerned with similar
issues in education, for instance, teaching and learning goals. They have also developed dynamically through
increasing interaction and globalized influences. In this research, Bildung-Didaktik and the Anglo-American
curriculum refer to a traditional perspective, and the arguments are built on their differences. Nevertheless, this
research does not aim to dichotomize the two traditions. To be specific, these two traditions are fundamentally
different in their aims for teaching and learning, in the functions of a national curriculum within the institutional
systems and in the roles of individual teachers (Panti¢ & Wubbels, 2012; Westbury, 2000). The Bildung-Didaktik
tradition aims at cultivating individuals to be competent to live successfully and participate in society and, ideally,
to reconstruct the society (Autio, 2014). It is a tradition that highlights the discourse or conversations between the
teacher and students about the subject matter in each lesson and shows respect for teachers” academic freedom and
autonomy (Autio, 2014; Hopmann, 2007; Saari, Salmela & Vilkkild, 2014; Sahlberg, 2015; Westbury, 2000). Thus,
although there is a Lehrplan (literally, a teaching plan) in the Bildung-Didaktik tradition, such a plan could only be
meaningful and educative when implemented by well-trained teachers (Autio, 2014; Hopmann, 2007; Panti¢ &
Wubbels, 2012; Westbury, 2000). Teachers are considered to be professional experts with complete freedom within
the framework of an illustrated Lehrplan and are not assessed solely on the basis of students’ learning outcomes
(Westbury, 2000). By contrast, the development of the Anglo-American curriculum has been based on Tyler’s
Rationale and theories of psychology, which involve standardization and accountability in the educational system.
Educational practices developed from this tradition focus on “transmission of knowledge” from society to learners,
rather than on educating the whole person (Panti¢ & Wubbels, 2012; Westbury, 2000). The curriculum and the
teaching plans are well-articulated in this tradition, and the educational goals in schools are meant to achieve the
stated objectives and the illustrated contents. The teachers are considered passive agents of the system: they can be
trained and certified, and they are assessed by the students’ learning outcomes (Autio, 2014; Westbury, 2000). Their
responsibilities are to follow and implement the requirements of the national curriculum.

The Finnish curriculum developed as a hybrid of the Bildung-Didaktik and Anglo-American curriculum
traditions (Autio, 2014; Hopmann, 2007; Saari, Salmela & Vilkkild, 2014; Sahlberg, 2015). Bildung, which means
educating the whole person, is a fundamental premise of Finnish education, although after the Second World War
the Finnish curriculum was influenced by the Anglo-American curriculum tradition and psychology theories from
the United States (Autio, 2014; Lampiselké, Ahtee, Pehkonen, Meri & Eloranta, 2007; Saari et al., 2014). The Finnish
tradition highlights the individual’s subjectivity as well as intersubjectivity, which considers both the rights and
duties of citizens. Citizenship has been considered as part of the school curriculum in Finland, thanks to the
distinguished statesman and philosopher Johan Vilhelm Snellman (Saari et al., 2014). Since the curriculum reforms
in the 1990s, Finland’s national school administration has been transformed from a centrally governed system to a
decentralized system, and Finnish teachers have been given more and more autonomy (Lampiselki et al., 2007).
The national curriculum turns out to be a guideline for teaching instead of a complete set of requirements with
goals and prepared materials. The teachers themselves participate in the development of national, local and school
curricula. They can choose content and textbooks and can organize classes as they want.

The development of the Chinese curriculum has taken cues from America, the Soviet Union and other foreign
countries, such as Japan (Zhang & Gao, 2014). Curriculum theory in China has been affiliated with the two western
theories mentioned above and developed into a new pedagogical field called “Curriculum and Didactics” (Ding &
Wang, 2013). Since the 1990s, the Chinese curriculum has been significantly affected by the Anglo-American
curriculum, for instance in its standards of science (Ding, 2015), which like the American curriculum explain the
aims of science education in detail. However, since the curriculum reforms in the early 2000s, studies of Chinese
curriculum theory have pointed up the merits of Chinese traditional educational theories, including ideas from
Confucianism, Taoism, and Buddhism, and the value of combining these with experiences and theories learned
from western and other Asian countries (Autio, 2014; Pinar, 2014; Zhang & Gao, 2014). Similar to the concept of
Bildung, Chinese education has a tradition of targeting the development of the whole person based on Chinese
traditional wisdom, including Confucianism, Buddhism and Taoism. For example, from the perspective of
Confucianism, the ultimate aim of education should be to cultivate a human being’s virtue. Although the Chinese
have been trying to change from a centralized to a decentralized educational system that gives teachers more
autonomy, the national curriculum still plays a main part in curriculum implementation. Teachers follow the
national curriculum faithfully step by step. For example, primary school science teachers struggle to follow the
well-organized but large amount of content called for by the national curriculum within the prescribed, limited
number of weekly lessons (Zhong & Gao, 2007). This means that in reality teachers seldom have the freedom they
are encouraged to have.
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Science Education in China and Finland

Science education is an unavoidable part of modern education (Millar, 2006). The Finnish Science Curriculum
is part of the Core Curriculum, which includes all subjects at different levels. By contrast, the Chinese National
Primary Science Curriculum (referred to below simply as “Finnish/ Chinese Curriculum”) is an independent
document. In both China and Finland, “science” is taught in primary schools as an integrated subject that includes
different topics, such as physics, chemistry and biology. However, topic coverage differs in each country. The
Chinese Curriculum includes physics, chemistry, biology and geography, as well as technology and engineering.
The Finnish Curriculum includes biology, geography, physics, chemistry, health education and, not least,
technology as integrated topics. In the Chinese context geography means natural geography only, whereas in the
Finnish context, it includes human or cultural geography as well as natural geography.

In Finland, all the subjects are seen as equal and all are important, because the education aims at the
development of the whole individual (Lavonen & Laaksonen, 2009; Sahlberg, 2015). In Finnish primary schools,
science is called environmental studies and is taught by a class teacher in two lessons (45 minutes per lesson) a
week in Grades 1-2, and on average in 2.5 lessons a week in Grades 3-6. By contrast, Chinese primary science
education is peripheral in comparison to the Chinese languages and mathematics, taught by a subject teacher in
science. Two lessons per week (45 minutes per lesson) are required in Grades 3-6. However, in reality, schools often
lack the time to arrange a sufficient number of courses. The status of science education at the primary level has been
changing in Chinese schools. Beginning in the autumn of 2018, primary science education will be compulsory from
Grade 1 to Grade 6, parallel with the implementation of the new National Primary Science Curriculum.

Significance of the Research and the Research Questions

Comparing the curricula in China and Finland is worthwhile. Comparative research can help identify
similarities and differences and may even reveal the “power” system and system of ideas (Goedegebuure & Van
Vught, 1996; Trohler, 2013). The two countries are based on different educational cultures, yet perform similarly in
international assessments. Both have exhibited high levels of performance followed by a decline in international
assessments with educational reforms (for example, the OECD Programme for International Student Assessment
or PISA; see OECD, 2014; OECD, 2016). Disciplinary knowledge in science has been regarded as a powerful source
of intellectual and moral capabilities, which could fulfil the task for teaching and learning 21st century competencies
(Aktamis & Ergin, 2008; Boh Podgornik, Dolnicar, & Glazar, 2017; Deng, 2015; Kind & Kind, 2007). Hence, research
on science curricula has significance.

In the current paper, we address the following research questions:

1. How are 21st century competencies described in the Chinese and the Finnish National Primary Science
Curricula?

2. What are the similarities and what are the differences in the elements of 21st century competencies in the
Primary Science Curricula of China and Finland?

3. How can we explain the similarities and differences in the integration of 21st century competencies found in
the two Curricula?

ANALYTICAL FRAMEWORK

The analytical framework used in this research was developed in a pilot project that compared frameworks of
21st century competencies (Wang et al., in press). The framework has been revised by purposefully considering the
intersection between the cultivation of generic competencies and science education.

Twelve competencies were identified, which were grouped into four categories that follow the Assessment and
Teaching of 21st Century Skills (ATC21S) framework (Binkley et al., 2012); these are called Ways of Thinking, Ways
of Working, Tools for Working and Living in the World (see Table 1). Ways of Thinking includes competencies
focused on the cognitive domain (Cropley, 2011; Fisher, 1991; Hoskins & Fredriksson, 2008; Mason, 2007; Villalba,
2011). Ways of Working consists of competencies needed to carry out a project, including cognitive-based manners
(Inquiry and Problem solving) and social-based manners (Communication and Collaboration) (Anderson, 2007;
John-Steiner, 2011; Merriam-Webster online Dictionary; Ward, 2011). “Inquiry” and “Problem solving”” were
specifically revised in this research by considering their close relationship to science education (Abd-El-Khalick et
al., 2004; Eylon & Linn, 1988). The category Tools for Working includes the competencies in comprehending or using
“tools”. Since “Information literacy” is the ability to recognize, locate and use information (concepts) needed for a
certain context efficiently and effectively (Eisenberg, Lowe, & Spitzer, 2004), it can be seen as a “tool” in science-
related issues. Living in the World includes the competencies to negotiate the changing world with respect to life,
social and cultural responsibilities.
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Table 1. Analytical Framework for 21st Century Competencies

Category

Subcategory

Operational definition

Example

Creative thinking

Imaginative (thinking from various novel aspects), inventive competency,
which involves the generation of new ideas (connecting and summarizing
information or ideas in novel ways) (Fisher, 1991) and the production of
relevant and effective novelty (Cropley, 2011).

[The curriculum is designed to] cultivate
students’ awareness of innovation,
awareness of environmental protection
and social responsibility, and learning to
cooperate with others.

Involves the evaluation, analysis, synthesis and interpretation of
something to provide a judgement or promotes thinking or valuing ideas,

Ways of  Critical thinkin . . . Cultivate critical thinking skills.
Thir{kin 9 facts and methods from different perspectives, usually from an opposite 9
9 perspective (Mason, 2007; Villalba, 2011).
Using metacognition refers to the ability to pursue and persist in
Usin learning, to organize one's own learning, reflecting on the learning, and
mete?co nition adjusting the learning process, including through effective management
°9 of time and information, both individually and in groups (Hoskins & Makes students learn to regulate study
(Learning to . . . S
learn) Fredriksson, 2008). Learning to learn refers to the competency for lifelong by themselves and study individually.
learning. (In this research, the main characteristic of the metacognition
competency is seen as the manifestation of the Learning to learn
competency.)
Refers to a systematic action process in investigating, collecting, and The multidisciplinary nature of
Inquir examining issues in a situation. environmental studies requires students
quiry In a science inquiry (science practice), it means that one is asking to learn to acquire, process, produce,
questions, planning and carrying out investigations; analysing and present, evaluate, and appraise
interpreting data; and developing explanations (Anderson, 2007). information in different situations.
Refers to a systematic process whereby the person overcomes obstacles
Problem-solving and moves from a beginning state to a goal state (Ward, 2011). The To make students learn to solve
Ways of problem can be science- or technology-related knowledge or life- practical problems in life.
Working situation related.
A competency in studying or working with one or more individuals in
Collaboration groups, where participants help and support each other with
complementary skills, interacting to create a shared understanding that ~ Learning to co-operate with others
none had previously possessed or could have come to on their own
(John-Steiner, 2011).
The competency of using words, sounds, signs, or other behaviours to Students should learn to present the
Communication  express or exchange information, such as ideas, thoughts and feelings, to inquiry process and results and to
someone else with respect or listening to other people (Merriam-Webster discuss and communicate these with
online Dictionary). classmates.
. The ability to recognize and comprehend scientific concept, then locate, . . . .
Information 4 °9 P ; P L In chemistry, it is central to explain their
. and use information (concepts) needed for a certain context efficiently .
literacy . . . L properties, structures and changes that
and effectively, for example, to explain phenomena using scientific .
. . take place in them.
Tools for concepts (Eisenberg, Lowe & Spitzer, 2004).
Working To instruct the pupil to use information
- . . . and communication technolo
. Refers to the ability to recognize, locate and use information needed for ) v
ICT literacy . . . s . responsibly, safely and ergonomically
a certain context efficiently and effectively via information and . . .
o for acquiring, processing and presenting
communication technology. . .
information and as a means of
interaction.
Refers to competency in participating in civic activities/ in society-related .
L mp ymnp pating R / ISty Improve the [students’] ability to
L . activities. It includes, but is not limited to environmentally-friendly - .
Citizenship . ; L . facilitate the development of society
activities, the economy or society development activities, energy-saving
. and the economy.
activities.
Life and career A set of different competencies in understanding unstable situations, Promote the development of
Living in settling the challenges in a changeable world with intentions for a good, competence that supports health, well-
the V?/orld rational and moral life. being and safety.

Personal and
Social
responsibility

Refers to competency in tolerance and respect for people different from
themselves and of other backgrounds, for example, in race, ethnicity,
lifestyles. It includes cultural and global awareness and sensitivity and

The pupils practise their emotional skills
and promote mental well-being, such as

cultural ) e . R R respecting themselves and others
( personal identification (Musil, 2009). It manifests in aspects of culture, p . 9 X
awareness and . Lo . according to their age.
humanity, and morality in science education.
competence)

METHODS

The study went through the stages of defining categories and coding rules, a pilot test, a revision of the coding
guidelines and a final coding of the text. The deductive content analysis process followed the examples of Weber
(1990), Mayring (2015) and Schwarz (2015). The framework above offers an objective and neutral perspective for
comparing the two Curricula. The coding examples and the approach to coding are shown below (for more
examples, see Table 1). Each coding unit includes one idea. To increase validity and reliability, three authors
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worked together and were involved in the pilot analysis. The first author is a doctoral student in Finland who is
familiar with Chinese education and the Chinese curriculum and is doing research on science education and
curriculum studies. The second author is a professor of science education and has 25 years of experience in science
education research. He has participated in preparing the Finnish national level curriculum since the 1990s and has
written several papers, supervised PhD theses and examined theses in curriculum research. Moreover, he has
evaluated several foreign curricula in science and teacher education. The third author is a Finnish full professor in
education who has done comparative research in teaching and learning for 25 years and whose expertise is
comparing the educational aims of diverse countries. The first author translated the Chinese Curriculum into
English. The first two authors then carried out a pilot analysis. Based on the pilot coding, the three authors further
discussed and revised the categories and coding rules. Half the Finnish Curriculum was analysed independently
by the first two authors. The agreement was 0.5. Then the description of categories was further clarified, and the
units difficult to code were discussed by the three analysts. After the revision Cohen’s kappa representing inter-
rating agreement reached 0.87; as 0.81-0.89 is an almost perfect agreement (Viera & Garrett, 2005), the number
demonstrates the reliability of the analysis.

Examples from the Chinese Curriculum:

[The curriculum is designed to] cultivate students’” awareness of innovation, awareness of environmental
protection and social responsibility, and learn to co-operate with others. (Chinese Curriculum, p. 2)

- Creative thinking (“Innovation”” connects with the creative ideas and awareness, demonstrating the competency of
creative thinking.)

- Citizenship (Both “environmental protection” and “'social responsibility”’ demonstrate the requirements for
competency of living as a responsible citizen.)

- Collaboration (*“Co-operation with others” demonstrates working together with others or peers, belonging to the
competency of collaboration.)

Examples from the Finnish Curriculum:

The multidisciplinary nature of environmental studies requires [students] to learn to acquire, process, produce,
present, evaluate, and appraise information in different situations (Finnish Curriculum, p. 5).

’ 7

- Inquiry (“Acquire”, “’process”’, “produce”, “observe”, or “‘conduct research’’ demonstrate the competency of inquiry)
- Communication (To “present’” or “’discuss”” demonstrates the competency of communication)

In chemistry, it is central to: ... explain [different substances’] properties, structures, and changes that take place
(Finnish Curriculum, p. 1).

- Information literacy (“Explain” is based on the usage of concepts, demonstrating the competency of information
literacy)

In health education, it is essential to understand factors in the environment and in human activities that support
and protect health and promote the competence that supports health, well-being and safety (Finnish Curriculum,
p-1).

- Life and career (Usually, ““well-being”’ demonstrates the competency of life and career. Well-being means competency

for living in a wellness way in a changeable world.)

After the coding process, we calculated the observed frequencies and percentages for each category and
subcategory to demonstrate how often the competencies appeared. The distributions between subcategory
frequencies in the Chinese and Finnish Curricula were compared, using a Chi-Square Test (x2), which tests the
hypothesis that the row and column variables are independent without indicating strength or direction of the
relationship. The Chi-Square Test was done via an online tool (Preacher, 2001). The direct quotations from both
curricula were shown to demonstrate how the aims of learning the competencies are presented similarly or
differently in aspects of content (whether the description of a specific competency belongs to a similar area) or
mode of description (what specific words used or from whose/ which viewpoint the aims for a specific competency
were described).

RESULTS

Distribution of the Competencies as a Whole in the Two Curricula

Based on the total number, the Chinese Curriculum included more units of 21st century competencies (N=397)
than the Finnish Curriculum (N=295). However, the length of the Finnish Curriculum text (9 pages, 3,942 words
analysed) is much shorter than the Chinese (38 pages, 25,692 words analysed), which demonstrates that the density
of appearance of 21st century competencies is higher in the Finnish Curriculum than in the Chinese.
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Table 2. Frequencies and percentages of different 215 century competencies

Categories/ Subcategories China Ranking Finland Ranking
Ways of Thinking 67 (15.4%) 47 (13.9%)

Critical thinking 20 (5.0%) 6 11 (3.7%) 8
Creative thinking 15 (3.8%) 8 10 (3.4%) 10
Using metacognition (Learning to learn) 26 (6.6%) 4 20 (6.8%) 5
Ways of Working 155 (39.0%) 116 (39.3%)

Inquiry 102 (25.7%) 2 82 (27.8%) 1
Problem solving 23 (5.8%) 5 6 (2.0%) 12
Collaboration 11 (2.8%) 9 17 (5.8%) 6
Communication 19 (4.8%) 7 11 (3.7%) 8
Tools for Working 157 (38.0%) 59 (20.0%)

ICT 1(0.2%) 10 7 (2.4%) 11
Information literacy 150 (37.8%) 1 52 (17.6%) 2
Living in the World 30 (7.6%) 79 (26.8%)

Citizenship 29 (7.3%) 3 36 (12.2%) 3
Life and career 0 (0.0%) 12 27 (9.2%) 4
Personal and social responsibility 1(0.2%) 10 16 (5.4%) 7
Total 397 295

x?>=58.1, p<0.05 (according to the distribution of frequencies in each category)

The frequency distributions of 21st century competencies are, in general, significantly different in the two
primary science Curricula (x2=58.1, p<0.05; see Table 2). In the Chinese Curriculum, the frequencies and
distribution of the competencies/subcategories are from 0 (Life and Career, 0%) to 150 (Information Literacy,
37.8%); the distribution of the main categories is from 7.6% (Living in the World) to about 39% (Ways of Working
and Tools for Working) (see Table 2). It demonstrates a large gap between the categories, especially a minor
emphasis on Living in the World category. In the Finnish Curriculum, the frequencies and distribution of the
competencies are from 6 (Problem Solving, 2%) to 82 (Inquiry, 27.8%); the distribution of the main categories is
from 13.9% (Ways of Thinking) to 39.3% (Ways of Working), the Tools for Working (20%) and Living in the World
(26.8%) categories are compositions with numbers in the middle. As a whole, the spread of the distribution in the
Finnish Curriculum is not as large as in the Chinese Curriculum.

The Curricula in both countries emphasized learning the competencies needed in inquiry-orientated work and
information literacy. Ways of Thinking and Ways of Working are the two categories similarly weighted in both.
The most emphasized feature was “Inquiry” in Ways of Working. The difference in emphasis is most strikingly
manifested in the categories Tools for Working and Living in the World. “Information literacy” takes up the largest
share of the Tools for Working category, which demonstrates that learning concepts are highly valued in Chinese
science education. In the Finnish Curriculum, Tools for Working ranks third and has a significantly lower
percentage (20%) than in the Chinese Curriculum (38%).

Similarities and Differences in Competencies in the Ways of Thinking Category

The distribution of frequencies in the Ways of Thinking subcategories in the two countries is not significant
(x=0.49, p=0.78; see Table 3). “Using metacognition (Learning to learn)” is the most highly emphasized
competency in both Curricula (42.6% in the Chinese Curriculum, 48.8% in the Finnish Curriculum). There are both
similarities and differences in the descriptions of using metacognition in the two Curricula. Both described using
metacognition from a general perspective as well as from a subject-based perspective. In the general perspective,
using metacognition is described as ““lifelong learning” in the Chinese Curriculum and “’sustainable development”
or “sustainable future” in the Finnish Curriculum. Persistence in working is mentioned as a “Using metacognition”
subcategory in both Curricula. In the subject-based perspective, learning to make plans and reflect on one’s own
research are highlighted in both Curricula. For example, “[teachers should] guide and encourage the pupil to set
personal study goals and make persistent efforts to achieve them and recognize his or her own competence in
environmental studies” (Finnish Curriculum, p. 6); “The students should learn to reflect on their own inquiry
process, methods, and results, as well as make self-evaluation and revise the research plan” (Chinese Curriculum,

p-7).
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Table 3. Distribution of subcategories in Ways of Thinking

Subcategory China Finland
Critical thinking 20 (32.8%) 11 (26.8 %)
Creative thinking 15 (24.6%) 10 (24.4%)
Using metacognition (Learning to learn) 26 (42.6%) 20 (48.8%)
x>=0.49, p=0.78

Table 4. Distribution of subcategories in Ways of Working

Subcategory China Finland
Inquiry 102 (65.8%) 82 (70.7%)
Problem solving 23 (14.8%) 6 (5.2%)
Collaboration 11 (7.1%) 17 (14.7%)
Communication 19 (12.3%) 11 (9.5%)

x>=10.2, p<0.05

Critical thinking is highlighted almost equally in each Curriculum (32.8% in the Chinese and 26.8% in the
Finnish; see Table 3). Critical thinking is typically mentioned in science contexts in both Curricula. Students are
encouraged to ask questions and to think deeply, based on activities or assignments related to the science context.
For example, in the Finnish Curriculum, ““[Teachers] encourage the pupil to wonder, ask questions, and use
collaborative discussions as the basis for small research assignments and other activities” (p. 2); in the Chinese

’r

Curriculum, “in studying science, students learn to be critical and ask questions...” (p. 8).

Creative thinking is referred to with the words “creativity” and “innovation” and has a percentage of around
24% in both science Curricula (see Table 3). Creative thinking is illustrated as encouraging students to think from
different perspectives or to find different ways to solve a problem. “Creative”, “different” and their derivatives are
the typical keywords used to describe this competency. For example, “[Teachers] inspire pupils to experiment,
invent, and be creative together” (Finnish Curriculum, p. 6); “[Students] experiment and find different alternatives
and solutions to everyday problems” (Finnish Curriculum, p. 3); “[Students] try to use different materials,
strategies, methods in conducting scientific inquiry and experience the joy of creativity and innovation” (Chinese
Curriculum, p.8). Both Curricula encourage students to transform their creative ideas into innovations that will
connect science with technology or handiwork. For example, “[Students] try to make models or real objects based
on their creative ideas”” (Chinese Curriculum, p. 38); “’[Teachers need] to inspire the pupils to experiment, invent,
build, and innovate together with other pupils” (Finnish Curriculum, p. 2).

Similarities and Differences in Competencies in the Ways of Working Category

The distribution of frequencies in the Ways of Working subcategories is significantly different in the two
countries (x2=10.2, p<0.05). In both Curricula inquiry is the most highly emphasized competency in this category,
and is well integrated into the science contexts (see Table 4). During the coding process, Inquiry is closely related
to scientific literacy, such as the ability to explore or observe (Anderson, 2007). For example, “Pupils observe motion
and consider the reasons for changes in motion” (Finnish Curriculum, p. 3). Some examples illustrating the different
descriptions in the Chinese and Finnish Curricula involve the notion of “scientific inquiry”. In the Chinese
Curriculum, “scientific inquiry”” as a word appears 26 times, whereas at no time is “scientific inquiry”” mentioned
in the Finnish Curriculum, although “inquiry-based” is mentioned twice. For example, “Differentiation to meet
individual needs may be supported by an inquiry-based working method and exercises completed at various levels
of thinking skills” (Finnish Curriculum, p. 9). Although the Chinese Curriculum describes the goals of inquiry as
including such competencies as observation - for example, “students learn to observe and compare phenomena
and objectives, and propose scientific questions in which they are interested (p. 7)"” - it also mentions inquiry as a
general word. However, the Finnish Curriculum presents the goals with specific verbs belonging to inquiry; for
example, “the pupils observe motion and consider the reasons for changes in motion” (p. 3).

Problem solving ranks as the second highest subcategory in the Chinese Curriculum (N=23, 14.8%), but it is the
lowest subcategory in the Finnish Curriculum (N=6, 5.2%; see Table 4). In the Chinese Curriculum, Problem solving
is not only described as a general concept, but also is integrated into content in the area of technology and
engineering. For example, “Students can use a lever, pulley, slope, axle, or other simple machines to solve practical
problems in daily life” (Chinese Curriculum, p. 37). However, in the Finnish Curriculum, Problem solving appears
only as a general concept. For example, ““[Students] experiment and find different alternatives and solutions to
everyday problems” (Finnish Curriculum, p. 3).

The Chinese and Finnish Curricula show different emphases on the competencies of collaboration and
communication. The Chinese Curriculum places more emphasis on communication (N=19, 12.3% in
Communication, N=11, 7.1% in Collaboration; see Table 4). By contrast, the Finnish Curriculum places more
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Table 5. Distribution of subcategories in Tools for Working

Subcategory China Finland
ICT 1(0.7%) 7 (11.9%)
Information literacy (concepts) 150 (99.3%) 52 (88.1%)

X2=14.5, p<0.05

emphasis on collaboration (N=17, 14.7% in Collaboration, N=11, 9.5% in Communication). But the total frequency
of Communication and Collaboration mentioned in both Curricula is much lower than the total number of times
Inquiry and Problem solving are mentioned. Both Curricula describe collaboration and communication from the
perspectives of general competency and science-based content. Communication and collaboration are integrated
as competencies in presenting the results of scientific research or as a process of doing research as part of a team.
From this perspective, both Curricula present the goals similarly; for example, “Students should learn to present
the inquiry process and results, and discuss and communicate these with classmates”” (Chinese Curriculum, p. 7);
“To guide the pupil to recognize causal relationships, draw conclusions from his or her results, and present the
results and research in different ways” (Finnish Curriculum, p. 6). By comparison, the Finnish Curriculum also
presents a different view of communication and collaboration. In describing collaboration, the Finnish Curriculum
refers to “community” and “well-being”, thereby demonstrating sustainable expectations of students and of
society; for example, “Working as a community supports learning together and drawing on different strengths”
(Finnish Curriculum, p. 4). In describing communication, the Finnish Curriculum lists goals for cultivating the
whole person; for example, ““to inspire the pupil to express himself or herself and listen to others as well as to
support the pupil in recognizing, expressing, and regulating his or her emotions” (Finnish Curriculum, p. 6). This
describes the goals for encouraging students to express not only their views, but also their emotions and attitudes.
However, the Chinese Curriculum encourages the expression of views or ideas only, although both Curricula are
pedagogically student-centred.

Similarities and Differences in Competencies in the Tools for Working Category

The Chi-Square tests for differences in distribution in the Tools for Working category are significantly different
in the Finnish and Chinese Curricula (x2=14.5, p<0.05). Compared to the frequencies of Information literacy, ICT is
seldom mentioned in either Curriculum (see Table 5).

In the Chinese Curriculum, ICT was mentioned once as a tool with which students could present what they had
learned. “Students learn to present their ideas via language or digital images, such as photos, videos, pictures...”
(Chinese Curriculum, p. 38). ICT was described in three ways in the Finnish Curriculum. One is the same as in the
Chinese Curriculum, namely to present the results of student learning in different ways, for example, “guide the
pupil to recognise causal relationships, to draw conclusions from his or her results, and to present the results and
research in different ways” (Finnish Curriculum, p. 6). Elsewhere, ICT is described as a learning environment, as
in this example: “In addition to school facilities and the teaching group, the learning environments include a
versatile range of local natural and built environments, various communities and interaction situations, ICT
environments as well as local opportunities, including cooperation with ‘nature schools’, museums, companies,
non-governmental organizations, and nature and science centres” (Finnish Curriculum, p. 8). The third mention
points directly to the goals and ethics of using ICT: “to instruct the pupil to use information and communication
technology responsibly, safely, and ergonomically for acquiring, processing, and presenting information and as a
means of interaction” (Finnish Curriculum, p. 6).

Verbs such as “describe” and “explain” are identified as symbols of Information literacy. For example, “describe
the property of some material, such as magnetism and transparency...” (Chinese Curriculum, p. 11). In only one
instance are the information literacy competencies apparently not closely related to a specific science content in the
Chinese Curriculum: “Stress learning by doing and cultivate students’ ability in collecting and processing

information about science” (Chinese Curriculum, p. 6). One example from the Finnish Curriculum is the following;:

[Teachers should] guide the pupil in perceiving the environment, human activities, and related
phenomena using the concepts of environmental studies and developing his or her conceptual
structures from preconceptions toward accurate use of concepts (Finnish Curriculum, p. 7).

Similarities and Differences in Competencies in the Living in the World Category

Based on the total frequencies, the Finnish Curriculum (N=79) places a much higher value on Living in the
World than the Chinese Curriculum (N=30). The Chi-Square tests comparing distribution differences in these
subcategories are significant (x2=23.8, p<0.05). In the Chinese Curriculum, Citizenship is the most heavily weighted
factor (N=29, 96.7%), while Life and career (N=0, 0%) and Personal and social responsibility (N=1, 3.3%) appear
only rarely. In the Finnish Curriculum, the Citizenship subcategory is also the most highly ranked (N=36, 45.6%).
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Table 6. Distribution of subcategories in Living in the World

Subcategory China Finland

Citizenship 29 (96.7%) 36 (45.6%)
Life and career 0 (0.0%) 27 (34.2%)
Personal and social responsibility 1(3.3%) 16 (20.2%)

x%=23.8, p<0.05

Yet the apparent frequency of Citizenship, life and career (N=27, 34.2%), and Personal and social responsibility
(N=16, 20.2%) varies less than in the Chinese Curriculum (see Table 6).

Citizenship as described in the science curriculum can be grouped in one of two categories: one is general, while
the other is related to environmental issues. Both categories appear in both the Chinese and Finnish Curricula.
Citizenship means knowledge, skills and attitudes open to participating in civic-related activities (van den Akker,
2003). From the perspective of the general category, the Chinese Curriculum typically describes citizens as being
responsible for “society’’; for example, “Improve the [students’] ability to facilitate the development of society and
the economy” (Chinese Curriculum, p. 2), whereas the Finnish Curriculum normally holds citizens responsible for
“community”’; for example, “[The students] participate in improving the state of their surroundings and in
promoting the well-being of the school community” (Finnish Curriculum, p. 4). From the perspective of
environmental issues, one description in the Chinese Curriculum specifically connects citizenship with
environmental issues: ““[Students] should be aware of their responsibility in protecting the environment and saving
resources” (p. 9). A description of environmental responsibility in the Finnish Curriculum reads, “[To make
students] become acquainted with the rights and duties associated with acting in the environment” (p. 8). The
difference is that the Chinese Curriculum only demonstrates the duties of an individual, whereas the Finnish
Curriculum contains both personal duties and individual rights.

Life and career are competencies that target happiness and working life in a changeable world. In the Finnish
Curriculum, “well-being” is widely used in connection with “health” or “safety”’; for example, “in health
education, it is essential to learn to understand the factors in the environment and in human activities that support
and protect health and promote the development of competence that supports health, well-being, and safety”
(Finnish Curriculum, p. 5). Concern for a healthy mental development is one of the most frequently mentioned
aspects of Life and Career in the Finnish Curriculum; for example, “... support the pupil in recognising, expressing,
and regulating his or her emotions” (Finnish Curriculum, p. 6). But all of the descriptions have a general meaning
that is not specifically applicable to a science-related career. In the Chinese Curriculum, this subcategory is
completely missing (N=0).

Personal and global social responsibilities involve tolerance and respect for people of other backgrounds, races,
ethnicities and lifestyles; respect for one’s own cultural heritage and the heritage of others; and expanded cultural
and global awareness and sensitivity (Musil, 2009; van den Akker, 2003). This subcategory is lacking in the Chinese
Curriculum (N=1, 3.3%), where we find only this description: “Respect other persons” emotions and attitudes in
inquiry activities” (Chinese Curriculum, p. 8). In the Finnish Curriculum, Personal and social responsibility is
mentioned 16 times, and different perspectives are illustrated. For example, this statement - “‘using versatile
regional examples and topical news items, the pupils learn to perceive the natural environment and human
activities in Finland, the Nordic countries, Europe, and other continents” (Finnish Curriculum, p. 8) - implies the
need to understand other cultures and foster global awareness. The Finnish Curriculum also highlights the
importance of respecting oneself and others: ““the pupils practise their emotional skills and promote mental well-
being, such as respecting themselves and others according to their age” (Finnish Curriculum, p. 3).

DISCUSSION

The length of the Chinese text is much longer than the Finnish text. Moreover, the Chinese Curriculum includes
detailed and well-organized objectives closely related to a specific content of a scientific discipline. Although the
Finnish Curriculum does outline objectives and goals (Lehrplan) as does the Chinese Curriculum, it does not provide
a detailed list of requirements for specific science content. The Chinese Curriculum is written from the desired
outcomes of student learning, which usually starts with the words “Students should ...” By contrast, the Finnish
Curriculum usually starts with the teachers” objectives, using the words “Teachers should ...” These differences
reflect the different functions of the national curriculum and the role of teachers in each country. The Chinese
Curriculum is more closely aligned with the American curriculum tradition, in which teacher instructions follow
precise checklists that describe students” expected outcomes. By contrast, the Finnish Curriculum adheres to the
Didaktik tradition. Teachers are treated as active professionals, and given only a guideline for teaching; they
themselves select the content and construct a meaningful curriculum for their students.
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The quantitative data give the following results: the density of appearance of competencies for the 21st century
in the Chinese Curriculum is lower than in the Finnish Curriculum; the variance between the frequencies of each
competency in the Chinese Curriculum is greater than in the Finnish Curriculum. These quantity differences
illustrate potentially different aims of teaching and learning, which connect with different educational traditions.
In Finland there has been a long tradition of having a short national level curriculum in order to give more
autonomy to the local level for planning and implementation, thereby leaning to the Didaktik educational tradition.
In addition, the Finnish Curriculum with its relatively balanced statements of the different competencies shows a
conformity with the idea of Bildung, which seeks to develop the whole person, even in a subject curriculum. By
contrast, the character of the Chinese Curriculum appears to be closer to the Anglo-American curriculum tradition,
whose tendency has been to guide and systematize school education, with an emphasis on aims in science itself
with limited linkage to the broader goals of Living in the World and insufficient values in personality aspects.

The shortage of aims in the Living in the World category in the Chinese Curriculum makes the argument above
stronger, as the category Living in the World is the one intended to highlight the non-instrumental domain in
science education, thus revealing the expectation of holistic individual development. In this category, Life and
career and personal and social responsibilities are almost totally absent from the Chinese Curriculum, although in
Chinese educational systems rational living and moral aspects of education are usually discussed. This feature
implies the influence of an Anglo-American curriculum, which concentrates on the instrumental aspect of
education, instead of regarding science education as a means to develop the whole person. However, since “Society
and Moral Education” is an independent subject in Chinese primary schools, it makes the failure to integrate the
moral and cultural aspects into the science Curriculum to some extent reasonable.

The Living in the World category is well balanced in the Finnish Curriculum, which shows that non-
instrumental aspects have been considered in its development. This aligns closely with Bildung-Didaktik, in which
moral values are among the key features (Autio, 2014). Yet the Bildung-Didaktik tradition per se cannot fully explain
the emphasis on competencies in Living in the World in the Finnish Curriculum. For example, most units belonging
to its subcategory “Personal and social responsibility” relate to goals for learning cultural geography. The subject
area of cultural geography is not covered at all in the Chinese Curriculum. In fact, there are many historical and
social reasons that account for the differences in subject area coverage in both Curricula. Thus, quantitative data
alone cannot fully explain these divergences or, in some cases, even cover the underlying differences.

Nevertheless, how words are used in the texts could help explain some of the variants in emphases and tentative
alignments of the curriculum theories. In the Chinese Curriculum terms or key words used to describe general
objectives are “scientific literacy” and “scientific inquiry”. In the Finnish Curriculum, “well-being”, “community”
and “sustainable development” are the terms that appear as broad aims. This distinction suggests that the Chinese
Curriculum was designed to achieve specific outcomes in knowledge and skills. The aims of science education have
been emphasised but mainly limited to the domain of science in the Chinese Curriculum. By contrast, the Finnish
Curriculum includes aims for cultivating individuality and the student as a whole, with complementary aims
outside science per se. Overall, the Chinese Curriculum is written from the perspective of “transferring knowledge
to the learner”, instead of emphasising the holistic development of students in society and for society. This indicates
that the Chinese Curriculum tends to align with the Anglo-American tradition, while the Finnish Curriculum
follows the Bildung-Didaktik tradition.

Coverage of aspects in the same competency differs in the two Curricula, although similarities are also found
in the quantitative data. For example, ICT is only described as a tool for student presentation in the Chinese
Curriculum. But in the Finnish Curriculum, goals for ethical use of ICT have been mentioned, revealing an
underlying difference in educational ideology. This relates to the moral aspect of the Bildung-Didaktik tradition.
Another example is seen in the category of Communication. Here the Chinese Curriculum is concerned only with
the knowledge and skill to communicate information, whereas the Finnish Curriculum includes how to
communicate emotion. This implies that the Finnish Curriculum has given consideration to the formation of the
students themselves and how they are linked it to the world, ideas that adhere to the tradition of Bildung-Didaktik.
The limitation of the Chinese Curriculum to instrumental means of communication and its focus on knowledge or
skills alone suggests a limited connection with the Bildung-Didaktik and the heritage of Chinese wisdom, both of
which include moral and self-development considerations.

Each Curriculum shares similar emphasis on Critical thinking and Creative thinking in quantity. However, this
apparent similarity originates from different historical backgrounds. In a Bildung-Didaktik culture, critical thinking
and creative thinking have been encouraged for a long time (Autio, 2014). It is an educational culture that values
dialogue in each lesson and encourages critical thinking and creative thinking in class. Moreover, these
competencies are considered the founding rationale for developing the holistic individual. By contrast, in
traditional Chinese educational cultures, for example, that of Confucius in the Song Dynasty, education was
intended to cultivate obedient citizens or to be a tool for society. With the modernization of Chinese education after
1900, and extensively after the 1980s, the curriculum aims started to change, and critical thinking and creativity

2091



Wang et al. / 21st Century Competencies in Science Curricula

became valued. In particular, the pursuit and discussion of cultivating citizens with critical and creative thinking
competencies started from societal needs in the new century, especially the needs of talented global-level Chinese
scientists. Thus, needs outside society or needs for political reasons were the starting points for the emphasis on
these cognitive skills in the new Chinese Curriculum. Emphasis on the interaction of education and society is one
of the features of the Anglo-American curriculum tradition. By contrast, the Finnish Curriculum can trace its origins
back to Bildung culture, with its aims of cultivating holistic, moral individuals and individual rationality, even if
the emphasis is inevitably influenced by current societal needs learned from the Anglo-American curriculum
tradition.

The quantitative results of the present research show that aims for “Citizenship” in the Chinese Curriculum are
only a few degrees lower than in the Finnish Curriculum. However, citizenship is typically described in the Chinese
Curriculum as being the duties each person owes society. In the Finnish Curriculum the description of citizenship
begins with both the rights and duties of an individual to society. These similarities and differences are related to
how citizenship and freedom are understood in each country. Science education in Finland is seen as a tool that
enables the development of the learners” individuality, which is consistent with the aims of the Bildung-Didaktik
tradition. Finnish education has for years discussed the role of an active citizenry, whereby an individual lives in
society and actively participates in constructing that society. It was Snellman who, in the nineteenth century,
emphasised the role of Bildung and introduced questions related to citizenship into the Finnish education. By
contrast, the Chinese Curriculum indicates that science education itself is the goal, and learning science is for
educating the individual, who is expected to be a tool in building the society. However, the duty aspects of
citizenship in both Curricula demonstrate a similarity. In Finland and China the idea of freedom is inward and
limited: it rests on the premise that an individual lives in a society and must take responsibility for that society.
However, the understanding of freedom in each country has evolved from different cultural traditions. The concept
of freedom in the Finnish Curriculum derives from the Bildung culture. In China this understanding arises from
traditional wisdom, such as Taoism.

Some similar features in the two Curricula show the resemblance of tasks or routes in designing a subject-based
curriculum. “Inquiry” and “Information literacy” are the two major competencies appearing in both the Chinese
and the Finnish Curricula, and are the competencies most closely related to knowledge and skills in science. This
feature also relates with the aim changes of science education. Modern science education aims at cultivating
reflective citizens with the ideas of science, understanding the nature of science, and ability to engage with science
related issues at personal and social levels, instead of merely knowledge of science itself (Ferreira & Morais, 2013;
OECD, 2013). Competency in the use of ICT is not emphasized in either primary science Curriculum, and the
frequency of competency in ICT use is low in both, perhaps because ICT is a tool for building a learning and
teaching environment or for supporting students’ learning processes and outcomes or products. It is
understandable that it is only a minor component of both Curricula. Moreover, ICT itself is an important discipline
in the Chinese education as a whole, which dilutes the emphasis of ICT in the science Curriculum. Although there
is no specific subject teaching of ICT in the Finnish educational system, the national curriculum has declared the
importance of ICT as one of the “seven transversal competences” in the core curriculum and the aims of ICT are
integrated into each subject. These similarities illustrate that, although many generic competencies are integrated,
instruction in the competencies related to certain subjects is still the main task in each disciplinary area.

CONCLUDING REMARKS

This study investigated the integration of aims for learning 21st century competencies in the National Primary
Science Curricula of China and Finland. Features that are both similar and different were found. In general, most
of the 21st century competencies listed in the framework have been integrated into the Curriculum in both countries.
Both Curricula showed an emphasis on aims related to science education, such as inquiry and information literacy.
This echoes the aim changes of science education, which have been developed from narrow aims of knowledge or
competencies within science itself to goals for understanding the nature of science, as well as being scientific literate.

But the results demonstrate more differences in the integration of the aims of 21st century competencies based
on the adherence to different curriculum theories. The Chinese Curriculum has a tendency to align with the Anglo-
American curriculum tradition, whereas the Finnish Curriculum is more aligned with the Bildung-Didaktik
tradition. The aims for learning 21st century competencies that are integrated into the Finnish Curriculum are under
the educational aims for development of a moral and holistic individual, which regards learning science as a means
to that ends. However, the aims for learning 21st century competencies are not well integrated into the Chinese
Curriculum. There is not enough consideration of cultivating the whole person in the science context. Formulating
aims for scientific literacy is the main theme in the Chinese Curriculum, where a significant deficiency appears in
the Living in the World category.

If we want to teach 21st century competencies by means of a disciplinary educational approach, it is important
to clarify the purpose of education, which in our view should centre on cultivating a holistic individual. With that
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purpose, moral, cognitive, aesthetic and practical elements all need to be considered in designing a curriculum. For
example, in science education, both the Chinese and the Finnish Curricula show a shortage of aesthetic elements.
Disciplinary knowledge and skills should not be left behind, but they must be seen as powerful resources for the
ultimate educational ends. The Anglo-American traditions show an operational approach to implementing the
teaching of 21st century competencies, and the Anglo-American national curriculum lists clearly expected
outcomes. This could be helpful for subject teachers who lack experience in teaching these competencies. But the
central purpose of education should be remembered as teachers become sophisticated in subject contents and skills.
Countries can learn ways to achieve educational goals from each other. But ultimately, each country needs to
develop its own theories and its practices in accordance with its particular history, society and traditions.
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ABSTRACT

This article presents qualitative research of a case study type, carried out with a group
of 27 educators who were strengthening their knowledge of online education to a
greater depth. Online education requires pedagogical mediation and the skills and
competencies to work with technological resources which promote interaction,
collaboration, and co-learning. From this perspective, the following research question
was posed: what is the knowledge needed for educators to work in online education
in order to promote knowledge production? The data collected was analysed according
to Bardin (2011) and the assistance of Atlas Ti software. Based on the research findings
it was possible to identify three main knowledge areas for mediating teaching and
learning processes designed to produce knowledge, essential for teaching online.

Keywords: online competencies and skills, distance education, online education,
knowledge production, teaching

INTRODUCTION

The strong influence that the information and the knowledge society exert in social contexts is a consequence of the
rapid technological progress and evolution of the networked society; consequently, this influence has greatly
affected education, especially the way to communicate and propose methodologies that foster meaningful learning.
However, the use of just information and communication technologies (ICT) in education does not guarantee
innovation and effective learning for students. As such, we begin this paper with the premise that pedagogical
knowledge allied with technological knowledge is essential for teachers who work or intend to work with online
education.

Online education can refer to completely virtual lessons, meaning there is no physical contact involved, but it
can also include blended courses that mix face-to-face and virtual meetings, such as face-to-face courses with
complementary activities performed on the Internet outside the classroom, which are common today. In online
education, there is an integration of “face-to-face classes with virtual classes and activities”, as Moran explains,
“making time and space more flexible, extending the teaching and learning spaces that were until now practically
confined to the classroom!” (Moran, 2006, p. 42). Online education offered by means of the Internet surpasses the
conservative vision of distance education (DE), in which courses are delivered by post and are designed to reach
people who live in distant places.

As a result of the social changes of the 21st century and the strong presence of ICTs, contemporary society
requires professionals who are prepared to employ technological resources from a critical and ethical perspective.
This approach means that methodologies capable of accommodating these technological innovations must be
offered and, for this, teachers must use them with discernment in the teaching and learning process. The university,

1 All quotes in this paper were translated into English from the source in Portuguese or Spanish by the authors.
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Contribution of this paper to the literature

e  The methodological process, data and findings of the qualitative research are analysed in a well-grounded
and original way.

e Research findings identified the necessary knowledge for online teaching.

e The study can have both a pedagogical, practical and technological impact on teacher training courses and
can directly influence online teaching and teachers.

among other educational institutions, also becomes responsible for responding to this demand to prepare
professionals, but teachers must be aware and ready to respond to this demand.

In Brazil and around the world, there have been several changes in teaching and learning methods in
institutions of higher education that offer distance learning courses (Torres & Siqueira, 2012). Some of these changes
include the growing number of: (a) students enrolling in distance learning courses; (b) courses being offered online;
(c) universities adopting this modality; (d) governmental regulations and (e) marketing actions. Besides, several of
these programs are being internationalised. These developments have reflected on face-to-face teaching activities,
with an increasing number of online episodes being incorporated into curriculums and into teachers” planning
(Siqueira, Hilu, & Torres, 2015).

Initial and continuing teachers” education has seen a significant growth in the last decade in Brazil, which has
even disproved the theory that these courses would be of less value in education. It is believed that the reason this
education is now so popular is because Article 62 of Brazil’'s own National Education Guidelines Law - LDBEN
9394 /96, clearly states that initial and continuing teachers” education can be accomplished through the use of DE
resources and technologies. Article 80 highlights that “Public power will encourage the development and delivery
of DE programs at all levels and modalities of education and continuing education” (Brasil, 1996). The effects of
this law could be felt from 2009 with a significant increase in the number of enrolments for distance courses.

DE presents different forms of teaching and learning that carry specific terminologies such as online learning, e-
learning, blended learning, mobile learning, and MOOC. Online education is a form of DE which involves the Internet,
and is usually accessed through a number of devices, such as a computer, tablet, or smartphone. Through
interaction and communication in synchronous or asynchronous ways, online education can overcome the feeling
of isolation, typical of many distance courses, by allowing students to experience a sense of belonging to a virtual
class (Torres, 2004).

From this perspective of online education, this article will discuss the findings presented by educators involved
in research on the use of online education in the process of teaching and learning. Qualitative research, of the case-
study type, was conducted on a group of 27 master’s and doctoral students who work at different levels of
education and who were attending meetings of the research group Pedagogical Practice in Teaching and Learning
with Educational Technologies (PRAPETEC) at the Catholic University of Parana (PUCPR), in Brazil.

In the research group, students discussed and reflected on issues related to online education and teaching
practices, deepening their understanding, exchanging and producing knowledge in debates that were conducted
in person and online. Online activities were performed in the Eureka virtual learning environment (VLE). In the
face-to-face meetings, researchers reflected on topics, raised questions from the assigned readings and elaborated
synthesis of the relevant points covered by the research group. From the readings and the syntheses performed,
they created concept maps to organise and represent knowledge and to find possible solutions to the problem being
researched. Concept mapping was used in order to promote meaningful learning as the creation of concept maps
can significantly contribute to promote a shift from rote-mode learning to meaningful learning, encouraging
analysis, synthesis, and critical thinking (Marriott & Torres, 2014). In the online meetings, the researchers developed
activities in the VLE and established discussion forums on the subject. The research group held 15 meetings during
the first half of 2016 and eight online activities, one of which concerned a discussion forum about online education.

The discussions and reflections presented in this article were extracted from the thematic forum on online
education hosted on Eureka in which the following research question was posed: what is the knowledge necessary
for educators to work in online education in order to promote knowledge production? The objective of the research
was to analyse course participants’ perceptions of online education in regard to the related teaching and learning
processes focused on the production of knowledge.

ONLINE EDUCATION

Online education has democratised information and communication, bringing knowledge and learning to
students who are geographically separated from the teacher, thus allowing knowledge to overcome physical
distances. Among many existing technologies, videoconferencing, teleconferencing, and VLEs can be highlighted
as the most used didactic resources in online education. It is in these online teaching and learning circumstances
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that many training processes occur across Brazil, and this ensures the education and professional development of
many teachers who seek to strengthen their pedagogical practice. The cultural and technological reality of Brazil is
vast and much differentiated, and online education must be provided in a meaningful, innovative, and qualitative
manner.

Online education has been assisting “the teacher who works in online courses, where new teaching
temporalities need to be considered so that he/she can plan, develop and execute the planned classes” (Kenski,
2013, p. 119). Nevertheless, online teachers are being faced with a new paradigm in which the students, mediated
by their teachers, produce their knowledge in an autonomous way and are able to ‘learn how to learn” and to learn
collaboratively. As such, for teachers to act in an emerging context based on virtuality and interactivity, both
pedagogical and technological knowledge is necessary, but are only these two types of knowledge enough?

KNOWLEDGE NEEDED FOR ONLINE EDUCATION

Given the new educational paradigm in which today’s students enjoy the connectivity and the sharing of
information, the different modalities of education bring challenges to pedagogical practice and encourage teachers
to seek professional development so that they can work in online education with relevance, quality, and
commitment. In this sense, there is a need to determine the necessary knowledge that enables teachers to work with
online education in a competent way in relation to the process of teaching and learning.

Teachers’ academic education is influenced by the paradigms of education and, as a result, educational practice
is determined according to the paradigm that the teacher establishes in his/her teaching. According to Behrens
(2005), educational paradigms may be defined as conservative or innovative/emerging. The complexity presented
by Morin (2000) appears as an innovative paradigm that proposes a reform of conventional thinking, and this has
been much discussed in education, mainly in regard to its relation with technology.

Moreover, the complexity paradigm brings us a model of circularity that “is favoured by the possibilities of
effective self-organising and self-creative processes that information and communication technologies can provide,
more specifically by Web 2.0, the collaborative web.” Online education with the support of ICT based on
collaboration allows co-creation and co-learning that “privileges circularity and feedback inherent to a complex
approach” (Torres & Hilu, 2017, p. 28).

Just as in face-to-face teaching, in which the teacher uses technology, mainly a VLE, as a resource to store slides
of classroom lessons, the complexity approach seeks to overcome conservative actions in online education. The
complexity view is essential for pedagogical mediation in online education, as it allows the teacher to transcend
complex knowledge relating to online education without dismissing the need to overcome the contradictions and
difficulties found in this type of teaching modality. On the other hand, the teacher cannot simply adopt the
technological resources in a conservative way and be a mere instructor or someone only passing on contents
because, in order to boost the production of knowledge, the teacher must acquire a form of knowledge that, in
Tardif’s vision (2010, p. 10), is called “professional practice”:

An online education teacher must explore and use all of the technological possibilities related to the process of
teaching and learning, and have a clear understanding of the knowledge embedded in this network. Therefore,
when using technological resources, the teacher must clearly understand that these resources are designed to foster
learning, in the same way that ICT fosters socialisation and collaboration in the production of knowledge. However,
itis necessary that the teacher masters the technologies used in DE, especially in online education. The technological
knowledge of a teacher is related to his/her technical knowledge, his ability to interact with and adopt technologies
as resources in his/her teaching activity.

Online education enables various technological resources to be used to explore a wide range of information and
knowledge. It is important to highlight that learning in online education can happen in any time and circumstance,
depending on the technology and pedagogical proposal used.

It is also imperative to draw attention to a knowledge-related skill that must be constantly applied in
conjunction with the knowledge required for online education: the skill of learning throughout life and from new
scenarios that are presented from the different relations created through working with this type of education. This
skill prioritises new methods of autonomous learning, collaborative learning, interactivity, and connectivity, all of
which arise in the complex role of being a teacher of online education.

METHODOLOGICAL RESEARCH APPROACH

The objective of this research was to analyse educators’ perceptions about online education in regard to teaching
and learning processes focused on producing knowledge. The developed research presents a qualitative approach
of a case-study type and of an interpretive nature. Qualitative research allows the researcher to interpret the
phenomena of education in relation to their environment. From this perspective, the researcher is able to establish
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a true interpretation of occurrences and educational facts in the search to understand the complexity of the
education and the educational processes.

The research in question is of the case-study type, as this format allows researching a case in detail, specifically
linking the thematic to the theory and pedagogical practice of teachers” education proposed by the PRAPETEC
research group. Case-study research allows the researcher to delve deeper into details of specific situations.
According to Bogdan and Biklen (1994, p. 89) “[...] the case study consists of the detailed observation of a context
or individual, of a single source of documents or of a specific event.”

The sample used to conduct the research and apply the data collection methods was made up of 27 educators
who were masters or doctoral students belonging to the research group PRAPETEC. They were mainly women
over the age of thirty who work at different levels of education (from kindergarten to higher education). Of the 27
subjects, 23 had experience in DE, 25 were female (15 pedagogues and 10 with another teaching degree?) and two
were male (one pedagogue and one with another teaching degree).

All subjects of the research participated in several of the online forums; however, for this article, only the
discussion forum concerning online education was investigated because, in this forum, the educators could discuss
online education and the essential knowledge teachers required to be able to work in this model of teaching.

The data collection was performed based on the contributions in the online discussion forum, which enabled
the participants’ responses to be surveyed. Two questions about online education were presented and these
generated discussion in the VLE. The subjects remained anonymous during all phases of data collection and data
analysis. Free and informed consent forms were made available to the research subjects during the research group’s
face-to-face meetings. All educators involved were over the age of 18 and freely agreed to participate in the study.
The research developed in this article was approved by the Research Ethics Committee at the Pontifical Catholic
University of Parana (PUCPR) under the legal number 852.829.

The responses made in the forum were copied from the VLE and pasted into a Microsoft Word document; this
was in order to enable content analysis and to maintain research ethics standards. The answers that the educators
gave in the forum were coded as follows:

- The acronym “RFD” stands for a Response in the Discussion forum.

- The letter “E” next to a numeric expression such as “01” corresponds to the identification number for each
Educator who participated in the research.

Combining this information creates a specific code; for example, “RFDE01,” which has the following meaning;:
“Response in the Discussion Forum from Educator 01.” A code with this information was created for each forum
response. After forum responses were assigned identifying codes in the text of the Word document, the responses
were entered into Atlas Ti qualitative-data-analysis software (the Mac version of this software) in order to begin
performing the content analysis process recommended by Bardin (2011). This process of identification and coding
was performed for the 27 responses in the discussion forum provided by the research subjects.

BARDIN’S CONTENT ANALYSES PERSPECTIVE

Data analysis is a very important part of research, as it allows the researcher to organise and interpret the data
collected. At this stage, the researcher seeks to organise and structure the data in order to discern meanings that
can be used as research evidence. The qualitative approach to data analysis is dynamic and varied; the researcher
may choose to perform different types of data analysis in order to obtain a better answer to his research problem.
The researcher, while performing the data analysis, must possess theoretical knowledge about the analysis
technique that will be performed. Currently, there are different techniques for organising and analysing qualitative
data; in this article, the content analysis method recommended by Bardin (2011) was employed to the responses of
the discussion forum that was held on Eureka.

Content analysis as a qualitative analysis technique can be performed on various text materials from any source.
To Bardin (2011, p. 37), content analysis “[...] is a set of communication analysis techniques. It is not a tool, but a
range of implements; or, more precisely, it can be described as a single instrument, but one that allows for a great
disparity of forms and is adaptable to a very wide field of application [...].” Content analysis can also be performed
on images and sounds and it can be conducted in different ways; there is no rule to be followed to complete an
analysis process. Considering the many ways of performing content analysis, the technique proposed by Bardin
(2011) was used as a guide. From Bardin’s perspective, the stages of content analysis are the following: pre-analysis,

2 In Brazil, the holder of a teaching degree is entitled to be a teacher in kindergarten, elementary, secondary and high schools in
the area of knowledge the degree was taken, such as: biology, mathematics, physics, chemistry, languages, history, philosophy,
pedagogy, social sciences, arts, and physical education.
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Figure 1. Stages of the content analysis process, which was performed with the help of Atlas Ti software on the discussion forum
responses

material exploration, and treatment of results. The first stage, the pre-analysis, corresponds to the organisation of
the collected material.

The objective of the pre-analysis is to organise the data; to choose the documents that will be part of the data
analysis, to create code indicators to facilitate the analysis. At this stage of the content analysis, the responses from
the discussion forum were organised and a code was created to identify each response made by the educators in
the discussion forum. For the corpus (the set of documents used) of the content analysis, all of the answers posted
on the discussion forum were used. The exploration stage of the material is the moment in which the researcher
performs the content analysis: a systematic application of the analysis technique. In this stage, coding was
performed, which concerns the reading of the responses given and the creation of codes to differentiate them in the
data-collection instrument. Coding involves the systematic organisation of data for later classification and
categorisation. Therefore, after coding, the next step is categorisation which, according to Bardin (2011, p. 133) “[...]
corresponds to a transformation - made according to precise rules - of the raw text data, which is processed by
clipping, aggregation and enumeration, and achieves a representation of the content or its expression, which is
likely to clarify to the analyst the characteristics of the text.” Categorisation is presented as a process that allows
codes to be grouped, segregated, or regrouped with the purpose of consolidating a meaning.

At the treatment of results stage, according to Bardin (2011, p. 131), “[...] the raw results are treated in such a
way as to become meaningful and valid [...] and the researcher [...] having at his/her disposal meaningful and
trustworthy results, can then propose inferences and interpretations in advance towards the intended objectives -
or that concern other unexpected discoveries.”

We now present the analysis of data collected in this investigation following Bardin’s perspective.

ANALYSIS PROCESS FOR THE COLLECTED DATA

In our research, the content analysis of the discussion forum responses was performed using the Atlas Ti
software, which allows the researcher to perform qualitative analysis of the collected data. According to Gibbs
(2009), qualitative data analysis software provide ease-of-use and advantages for organising and analysing data,
making it easier and more accurate; however, the software itself does not perform data analysis, this is done by the
researcher, along with the job of establishing its relationship with the object of study. Atlas Ti is a qualitative data
analysis software tool widely used for research in the field of education; it affords the management, organisation,
grouping, and regrouping of data.

To clarify the steps of the content analysis performed on the discussion forum responses using Atlas Ti software,
Figure 1 is presented, illustrating the steps of the data-analysis process and providing an explanation for each.
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Step 1. Pre-analysis - Data Organisation: At this first stage, the data entered into the software was sourced from
the discussion forum that was held on Eureka, which had the objective of discussing online education and the
knowledge necessary for its teaching. The 27 answers given by the educators in the discussion forum were entered
into the software.

Step 2. Use of the Atlas Ti Software: At the second stage, the answers from the discussion forum were identified
by a code that followed the following format: “RFDE(01” - “Response on the Discussion Forum from Educator 01,”
where educator 01 represents one of the subjects who participated in the Eureka activity. For example, the code
“RFDE13” means that the following is a response on the discussion forum from educator 13. The coded discussion
forum responses were saved in Word format and inserted into the Atlas Ti software to begin the analysis process.

Step 3. Material Exploration: In the material exploration stage, the answers from the discussion forum followed
two stages: coding and categorisation; these steps correspond to the analysis of the answers made by the educators
involved in the research. A code was created for each questionnaire response.

Step 3.1 Coding: The coding stage was performed by creating codes for later categorisation. The codes represent
a system of symbols that allow the representation of information. The codes were created chronologically as the
reading of the responses in the discussion forum was being performed. For each response, a code was created, and
identical or similar responses received the same previously created code.

Step 3.2 Categorisation: At this stage, we placed codes in a set in regard to occurrence or similarity. This allowed
the researcher to group the data to consolidate a meaning. The codes that were grouped by similarity and
occurrence gave rise to the categories of analysis.

After the coding was completed, the code that presented the highest occurrence and similarity of responses was
visualised in Atlas Ti. All codes with high rates of occurrence and similarity of responses were analysed by the
researchers. The analysis of the code was conducted as follows: 1 - Careful reading of the answers of the
participants; 2- Reflection by the researchers on each response; 3- The identification and creation of groups with
points of convergence between the answers in order to consolidate a meaning; 4- The creation of categories from
the educators’ answers.

Step 4. Treatment of Results: We then reached the last stage. After the educators’ responses were learnt, they
became indicators for creating categories. In order to create the categories, the researchers sought the meaning of
the educators” answers and, as they were also interested in discerning the intensity of logical semantic meanings,
they decided to quantify the absolute and relative frequencies of the answers. For content analysis to be performed
in the responses of the discussion forum, a table was drawn to present the created categories and some of their
indicators (answers). The table below presents three responses that were used as examples for the creation of
categories and the total responses for each category. The question asked in the discussion forum on Eureka was as
follows:

Problematization presented in the discussion forum: (1) What is the importance of online education for
contemporary education? And (2) What knowledge is essential in order for an educator to work in this type of
education before beginning the process of teaching and learning to produce knowledge?

For the first question on the discussion forum, the answer that had the highest rate of occurrence (21) was that
online education is important to education because it allows collaboration. The questionnaire was designed to
identify the relevance of online education today. Table 1 presents the categories that were created from the
participants” answers:
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Table 1. Some reasons highlighted by the surveyed educators to justify the importance of collaboration in online Education

Answers Teachers
(CATEGORY) - In Collaboration to obtain Knowledge Total of answers: 6
“Online education allows students to learn more and more about using technology, social RFDEO3
networks, etc. | use social networks a lot to collaborate in regard to information and learning [...]."

“In this type of DE, online education allows interaction between teachers and students and, in

particular, collaboration conducted through various technologies in regard to information and RFDE19
knowledge that can contribute to the education of many people. In online education | try to

collaborate with all involved, as this affords better interaction.”

“In online education, we have the possibility to interact, integrate and collaborate with all those RFDE25
involved, disseminating information and knowledge.”

(CATEGORY) - In Learning Total of answers: 15
“Online education enables a collaboration of the teacher and student’s knowledge, both

interacting and exchanging information and knowledge mediated by information and RFDEO8
communication technologies. Online education allows learning to be shared openly and

dynamically.”

“Online education offers a wide range of resources for teachers, allowing them to be more closely

integrated with students, thus breaking the physical barriers of the classroom and allowing RFDE022

learning to be mediated by technologies. The interaction between teachers and students allows

collaboration; in my point of view, this is very important, but the collaboration of all involved in

the process allows, without a doubt, a form of learning in which there is exchange and sharing,

something that many times does not occur in face-to-face teaching.”

“[...] collaboration is of great relevance in online education, the teacher and the student share RFDE13
knowledge and life experiences. Collaboration, when done by everyone online, promotes

collaborative learning.”

Source: table built from data collected

In Table 1, it is possible to verify that 15 educators mentioned that the existing collaboration in online education
assists learning. Given the educators’ responses, the relationship between collaboration and learning becomes
evident. In this study, the researchers understand that collaboration in online education is fundamental to learning,
making it necessary knowledge for online teaching. In this sense, “Online learning is a social and individual activity
at the same time. Social skills are an important aspect of Internet interaction, especially when they involve
collaboration” (Kearsley, 2011, p. 66). The collaboration that occurs in this type of education, also called
collaborative learning, is generated in learning situations in which students, in pairs or groups, not only assist each
other but also share goals and meaningful exchanges amongst themselves and the teacher (Torres & Irala, 2014).

In online education, collaborative learning can occur in interfaces such as forums, messenger applications, e-
mails, and social media, among others. According to Okada, Mikroyannidis, Meister, and Little (2012), social media
provides co-learning, open, and collaborative learning. The co-learning used in online education can provide
increased opportunities for co-authoring, the creation of open-education resources (OER), the promotion and
exchange of feedback and comments, motivation for users to share their productions and their learning processes,
contributions to disseminate knowledge, practices and paths for co-learning, instant answers and editing,
availability for any web user to contribute, ease of communication; and low costs (Okada et al., 2012).

Considering the analysis made, it is important for online education teachers to plan and offer to students
methodologies that allow collaboration, which will give them opportunities to discuss, argue, present points of
view, collaborate, and share and produce knowledge, both individually and collectively. This can be performed
through existing collaboration in online education, using technology to disseminate knowledge in a collaborative
and open way. This can become a recurring practice in education, especially in teachers’ education and, in the case
of online education, in its pedagogical mediation.

In relation to the second question asked on the discussion forum, the answer that had the highest occurrence
(23) was that the essential knowledge required for teachers to work in online education before beginning the process
of teaching and learning is for the teachers themselves to have already been educated in online education. The
question in the forum aimed to identify the knowledge required for online teaching. We agree with this research
evidence, because it is very important for teachers who work in this modality of education to have specific training.
In many educational institutions, in the start of teachers’” education there is no subject which addresses online
teaching, a type of education that is becoming more popular every day and one which from which many teachers
graduate from in Brazil. In relation to DE, Brazilian undergraduate teaching courses have seen a significant increase
in this type of education. Table 2 shows the categories that were created based on participants” answers:
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Table 2. Some reasons highlighted by the surveyed educators to justify the importance of training to build essential knowledge
for teaching in online education courses

Answers Teachers
(CATEGORY) - Technological knowledge Total of answers: 05

“[...] one type of knowledge is related to technological knowledge, and concerns the ability to use

and mediate online education. | believe that this knowledge must be provided through specific RFDEOT
education in this modality of teaching.”

“It is important for the teacher to receive training in online education. [...] a type of knowledge RFDE12
that | consider essential is the technological knowledge of the teacher. It is fundamental, and

without it, the teacher cannot teach online education.”

“I believe that in order to obtain knowledge about online education, it is necessary to have a RFDE11

good training in this modality of DE. Therefore, | believe that many types of knowledge are
essential, such as ICT-related knowledge.”

(CATEGORY) - Practical Knowledge Total of answers: 6
“I am a teacher of several distance-learning courses, but | have never had any training in this
modality of teaching. | think it is very pertinent that universities provide teachers with education

related to DE. | did not learn to be a DE teacher at university; | became a teacher in this modality RFDE27

of teaching through practice, employing trial and error in regard to the process of teaching and

learning in online education.”

“Training to work in online education is fundamental, whether it is initial or continuing. My RFDEO7
experience as a teacher in DE is completely practical, as | obtained no theoretical knowledge from

my initial formation.”

“Teacher education is essential for online education. | have become a teacher of DE due to hands- RFDE19

on experience. | used to clarify doubts with colleagues who work in online education” [...]

(CATEGORY) - Pedagogical Knowledge Total of answers: 12
“Teacher education is essential to those who want to work with teaching. Pedagogical knowledge RFDEO3

is paramount for the teacher to teach in both face-to-face and distance learning.”

“[...] Tardif mentions vocational knowledge as one of the skills that is part of teachers’ education.

Online education is no different, the teacher needs to have training about online education; RFDE24
knowledge of this type of DE is required to teach and learn and, thus, produce knowledge. The
knowledge acquired from teachers’ education is essential.”

"Having solid education to work in online education helps the process of teaching and learning in
this context; without this, the teacher will not be able to deliver quality work to produce
knowledge.”

Source: Table built from data collected

RFDE15

In Table 2, it is possible to verify that 12 educators mentioned that the knowledge required to teach online must
be acquired from teacher education, with pedagogical knowledge being central for online teaching. Given the
evidence gained from the analysis conducted, it can be agreed that pedagogical knowledge related to the teaching
and learning process is essential for online education, as well as for any educational principle.

Teaching knowledge is built through the professionalisation and professional development of teachers. It is a
“plural knowledge, formed of diverse knowledge types from training institutions, vocational training, curriculums
and daily practice.” (Tardif, 2010, p. 54) The necessary knowledge required for a teacher to work in online education
must stem from the same premise expressed by Tardif; however, it is believed that the necessary knowledge for the
online education teacher should be given during education, whether it is initial or continuing.

Considering the categories created from the teachers’ responses, it was possible to identify the different types
of knowledge required by the online education teacher, among which are: technological knowledge; professional
practical knowledge; and pedagogical knowledge, such as essential knowledge to mediate the process of teaching
and learning,.

FINAL CONSIDERATIONS

This research on the importance of online education and the essential knowledge that teachers require to work
in this modality of education presents an advancement that needs to be considered in regard to the teaching and
learning process to produce knowledge. However, it is necessary to consider that the findings of this case study
research originated from a group of educators doing their master’s or doctoral studies on a post-graduate Education
program. The collaboration of the research participants and the deepening of the theoretical research made it
possible to see that, in the online modality, the types of knowledge required include major fields of pedagogical,
practical, and technological dimensions. In a true network that generates learning, this alliance between these forms
of knowledge compose a weave, each one with its own importance, but all forms of knowledge need to manifest
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themselves in the educational process, in particular by generating methodologies that embrace different
procedures, such as the much needed problematization and contextualisation required to produce knowledge.

Once the relevance of each dimension is safeguarded, the pedagogical knowledge becomes directly linked to an
epistemological view, as it portrays one’s teaching choice, which is linked to one’s approach to humanity, society,
and the world. At this moment, the overcoming of the conservative view points towards the new complexity
paradigm (Morin, 2000) which implies considering the student as an entity, that is, as a whole. So, in order to learn,
it is necessary to consider multiple factors, like reason, but also to consider emotions, subjectivity, and lovingness,
among others. In this respect, pedagogical knowledge offers methodological processes that involve both interactivity
and collaboration, as indicated by the participants of this research. Such care becomes relevant and essential for
bringing teachers and students increasingly closer together in regard to the expressive use of sharing and
collaborative interfaces in the search to produce knowledge.

Practical knowledge involves considering the experiences of teachers, which they acquired throughout their
lives as students and were further enhanced when they chose to become professionals in education. Practical
knowledge is produced from experience as a teacher and from critical reflection from daily work in the classroom.
Practical knowledge also depends on epistemological views allied with pedagogical knowledge, which is essential
in the initial and continuing teacher education and involves choosing a conception or approach that ensures the
ability to teach and to learn. Teaching methodologies, in some cases called active methodologies, have been widely
discussed in an effort to meet new demands, including procedures that embrace interaction and collaboration in
peer learning and involve the use of virtual resources.

In the alliance between pedagogical knowledge and practical knowledge, technological knowledge is added by
those educators who wish to develop skills and competences in online or face-to-face teaching. Technological
knowledge is knowledge that the teacher must apply in the use and adoption of virtual environments, their
resources, and their interfaces. In this online network, participants are senders, receivers, and knowledge producers
and, in this process, students must access information and resources to develop collaborative activities, engage in
dialogue with each other, and establish connections. Students can enter new information or take it over in order to
transform it in something new. The new complexity paradigm requires more than memorising contents. It concerns
the addressing of real problems, leading to the search and elaboration of information to transform it into knowledge
and in this process produce meaningful knowledge that encourages learning for life and not only learning to pass
a test. The idea is to educate students and teachers as conscious, critical beings, capable of managing the available
information and transforming it into relevant knowledge.

Pedagogical, practical, and technological knowledge, among others, involve performing the necessary research,
analysis, preparation, reflection, and actions to form critical and thinking citizens required for this century,
fostering a networked and interconnected circulation of thoughts, stimulating information not merely for
communication’s sake, but also to solve possible problems that humanity is facing.

REFERENCES

Bardin, L. (2011). Andlise de Contetido [Content Analysis]. Sao Paulo: Edicoes 70.

Behrens, M. A. (2005). O Paradigma Emergente e a Pritica Pedagdgica [The Emerging Paradigma and Teaching Practice].
Petrépolis, R]: Vozes.

Bogdan, R. C., & Biklen, S. K. (1994). Investigacio Qualitativa em Educacio [Qualitative Investigation in Education].
Porto: Editora Porto.

Brasil. (1996). Lei de Diretrizes e Bases da Educacio Nacional. Lei no 9.394, de 20 de Dezembro de 1996. Estabelece
as diretrizes e bases da educacdo nacional [National Brazilian Guidelines for Education]. Didrio Oficial da
Unido, Brasilia, DF, 23 dez.

Gibbs, G. (2009). Andlise de dados Qualitativos [Analysis of Qualitative Data]. Porto Alegre: Artmed.

Kearsley, G. (2011). Educacio Online: aprendendo e ensinando [Online education; learning and teaching]. Sdo Paulo:
Cengage Learning.

Kenski, V. M. (2013). Tecnologias e Tempo Docente [Technologies and teachers’ time]. Campinas, SP: Papirus.

Marriott, R. de C. V., & Torres, P. L. (2014). Mapas Conceituais uma ferramenta para a constru¢do de uma
cartografia do conhecimento [Concept maps - a tool for the construction of knowledge cartography]. In:
Torres, Patricia (Ed.) Complexidade - Redes e Conexdes na Produgio do Conhecimento. Curitiba: SENAR-PR. P.
173-221.

Moran, J. M. (2006). Contribui¢des para uma pedagogia da educagdo on-line [Contributions for online pedagogy]

In M. Silva Educagio Online: teorias, priticas, legislacdo, formagdo corporativa (2nd Ed.), Sdo Paulo: Loyola. p. 41-
53.

2105



Marriott et al. / The Necessary Knowledge for Online Education

Morin, E. (2000). Os sete saberes necessdrios a Educacio do Futuro [The seven necessary knowledges for future education] (2.
ed.), Sao Paulo: Cortez; Brasilia, DF: UNESCO.

Okada, A., Mikroyannidis, A., Meister, 1., & Little, S. (2012). Coaprendizagem através de REA e Redes Sociais
[Colearning via OER and Social Networks]. In: Okada, Alexandra. Open Educational Resources and Social
Networks: Co-Learning and Professional Development. London: Scholio Educational Research & Publishing.

Siqueira, L. M. M., Hilu, L., & Torres, P. L. (2015). Formando professores universitarios para o uso de redes sociais
na aprendizagem [Education university teachers to use social networks for learning]. In: Miguel, Maria
Elisabeth Blanck; Ferreira, Jacques de Lima. (Eds.). Formagio de professores: historia, politicas educacionais e
priticas pedagdgicas (1 ed.), Curitiba: Appris, v. 1, p. 281-295.

Tardif, M. (2010). Saberes docentes e formagio profissional [Teaching knowledge and professional education]. Petrépolis:
Vozes.

Torres, P. L. (2004). Laboratério on line de aprendizagem: uma proposta critica de aprendizagem colaborativa para a educagio
[Online learning lab: a critical proposal of collaborative learning for education]. Tubarao: Editora Unisul.

Torres, P. L., & Hilu, L. (2017). O paradigma da complexidade e o desafio da virtualizagdo e da transformagao da
educacdo [The complexity paradigme and the challenge of vistualization and the transformation of
education]. In: Ntfiez, Maria Elena Chan e Rama, Claudio (Eds.). Futuro de los sistemas y ambientes educativos
mediados por TIC. Guadalajara: Ed. Universidad de Guadalajara. p. 25-39.

Torres, P. L., & Irala, E. (2014). Aprendizagem Colaborativa: teoria e pratica [Collaborative learning: theory and
practice]. In: Torres, Patricia Lupion (Ed.). Complexidade: redes e conexdes na producio do conhecimento. Curitiba:
SENAR - PR, p. 61-94.

Torres, P., & Siqueira, L. (2012). Educacdo virtual nas universidades: as contribui¢des da aprendizagem
Colaborativa [Virtual education in universities: the contribution of collaborative learning]. Revista da historia
da educagdo latino-americana, 14(19), 175-204. https:/ /doi.org/10.19053 /01227238.1991

http://www.ejmste.com

2106


https://doi.org/10.19053/01227238.1991

M EURASIA Journal of Mathematics, Science and Technology Education, 2018, 14(6), 2107-2119
ISSN:1305-8223 (online) 1305-8215 (print)
Research Paper https://doi.org/10.29333/ejmste/86467

MODESTUM

Designing a System for English Evaluation and Teaching Devices:
A PZB and TAM Model Analysis

Paul Juinn Bing Tan °, Ming-Hung Hsu
National Penghu University of Science and Technology, Makung, TAIWAN

Received 10 April 2017 = Revised 24 December 2017 = Accepted 17 January 2018

ABSTRACT

This paper discusses an English evaluation and teaching system consisting of several
parts. The first part is a database comprising numerous subdatabases, which store login
data and various levels of test questions of different levels. The second part is an
arithmetic processing unit with a login module that produces a login interface to
receive users’ accounts and passwords. The login module is electronically connected to
the database system so that the module can verify the input accounts and passwords
with the login data stored in the database. The unit also randomly selects questions
from different levels to form evaluation sets and generates an evaluation interface. In
addition, the device features an input unit for inputting instructions and a display unit
to display interfaces during use. Knowledge innovation and management accelerates
with the prevalence of online assessment and learning because it has no difficulties in
breaking through the limits of both space and time. Previous studies developing
English evaluation and teaching device systems have rarely been researched from the
dual perspective of developing the information technology system and learning and
teaching language. Utilising the technology acceptance model as our fundamental
theory to design the use of learning system is a must for the English e-learners.

Keywords: technology acceptance model, online learning behaviour, computer-
assisted language learning, learning management system, artificial intelligence,
semantics, cognitive science

INTRODUCTION

Most English-learning websites provide self-learning, online teaching, and adult education services. Although
common English-testing websites provide tests, they could be considerably improved. Currently, tests in many
online testing systems have fixed questions. They appear to differ only because of the random order in which the
questions are organised, rather than because questions are selected or organised according to the needs of users. In
other words, test levels and difficulties cannot be customised according to the needs of users. To address this
problem, our device offers an effective alternative. (Tan, 2013a; Tan, 2013b; Tan, 2015; Tan & Hsu, 2017a).
Standardised testing mainly involves group tests. Depending on their compilation and design, these tests can be
used to evaluate aspects such as achievements, interests, and capabilities. Test items are revised in accordance with
test objectives and project preparations. Effective testing requires an emphasis on reliability and validity (Retrieved
from http://edglossary.org/standardisedtest/). Various computer-based grading models have been created as a
substitute to manual grading and have become a product for research and development. Although such systems
are at the initial stage, an increasing number of people are joining the debates regarding the issue of digitalisation.
Consideration must be given to the costs, markets, functions, innovative technologies, customer needs, marketing
channels, quality, and sustainability of digital products. Designers of digital products must integrate the given
company’s internal ideas and the ideas of different customers in order to strengthen the technological capability of
a digital product’s innovative aesthetic design, assist in design-related problem solving, and provide an optimal
blueprint for the digital product. Furthermore, research on the product’s structure and an evaluation of its system
development costs are required. With regard to digital product design, stable design methods and optimal

© 2018 by the authors; licensee Modestum Ltd., UK. This article is an open access article distributed under the
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Contribution of this paper to the literature

e Provides a better learning system for language courses.

e System designers can perform knowledge management functions and fulfill interface requirements for
students, thus enabling them to operate these systems.

e  Examines the efficiency of e-learning and e-assessment systems from different perspectives, such as system
development and web-design quality.

platforms for digital product design must be utilized under optimal resource allocation limitations. Furthermore,
artificial intelligence technologies should be used to achieve optimal customisation. The optimal design of a digital
product may be achieved by using the function of three-dimensional diagrams. The challenges faced by innovative
digital products must be identified by looking at market and corporate business trends in markets where digital
products are sold. With respect to digital product design, market strategies must be determined and market
competition strategies and channel arrangements must be formulated. Costs and profits related to digital products
must be effectively controlled in order to prevent or reduce losses and achieve innovation. As such, a company will
play an important role in digital product models, colours, materials, service quality, and overall aesthetics. Each
company seeks to increase aesthetic appreciation in its customers in order to improve its competitiveness (Tan &
Hsu, 2017b).

DESIGN OF UTILITY MODEL CONTENT

This system is an English evaluation and teaching device that enables administrators and users to log in and
complete tests. The database includes tests with various levels of difficulty, the questions for which are randomly
drawn from the different levels; administrators or users can also alter the difficulty level of tests.

To achieve its teaching and evaluation objective, this system consists of the following parts:
(1) A database comprising numerous sub databases that store login data and test questions.

(2) An arithmetic processing unit with a login module that produces a login interface to receive users” accounts
and passwords. The login module is electronically connected with the database system to verify input
accounts and passwords with the login data stored in the database. The unit also randomly selects test
questions from different levels to form evaluation sets and generates an evaluation interface.

(3) An input unit electronically connected to the arithmetic processing unit that enables users to input
instructions.

(4) A display unit electronically connected to the arithmetic processing unit that displays interfaces during use.

(5) A notification interface, which is generated when the accounts and passwords received by the login module
do not match with those stored in the database system.

(6) An administrator’s interface that is generated when the account and password of an administrator are
entered.

The overall structure and specifications should be determined in digital product design, based on which the
overall system layout is defined. Thus, digital product design is important as it involves the butterfly effect: if a
digital product’s design lacks a production concept, large expenses will be needed in the production process to
regulate and replace equipment, materials, and labour. In contrast, the good design of a digital product is reflected
not only in functional advantages but also in its ease of manufacture and low production costs, which increase the
product’s sustainability and competitiveness. Many leading companies in the digital product market emphasise
digital product design and aim to design digital products with low fabrication costs and unique functions.

Digital Product Research and Development Framework

Digital product research and development aims at innovative design and requires the integration of digital
product design technologies and users, understanding of trends in the service industry and technological
developments, user earned value management, coordination of internal and external resources, and construction
of the product organisational framework. Thus, creation of the optimal value of digital products and customers
must be considered in enterprise transformation.

SYSTEM INSTALLATION METHOD

Clients can acquire a profound understanding of the objective and benefits of this system from the illustrations
provided in the figures. Figure 1 presents a schematic outline of the system. The system has a database (1) that is
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Figure 1. Outline of the proposed English evaluation and teaching device
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Figure 2. Evaluation procedures initiated by the system when a general user is logged in

divided into numerous subdatabases including a login database that stores login data (11) and a test question
database (12) that stores test questions. The login database stores all the login accounts (e.g., student number or
identification number) and passwords of users and administrators. The questions in the database are classified into
advanced, intermediate, and basic levels.

The system also has an arithmetic processing unit (2) with a login module (21) that produces a login interface
to receive the accounts and passwords of users. This unit is electronically connected to an input unit (3) and a
display unit (4). The input unit (e.g., a keyboard or mouse) enables commands, such as accounts and passwords, to
be entered, and the display unit (e.g. computer monitor) presents interfaces during use. In addition, the login
module (21) is electronically connected to the database (1). As shown in Figure 2, this electronic connection enables
the module to verify the input accounts and passwords with the login data stored in the database. If the verification
result is valid, the system proceeds to the next step; by contrast, if the login account does not exist or the password
is invalid, a notification interface is generated to notify the user of such errors, and the user is redirected to the login
interface to reenter the account and password.
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Figure 3. Overview of the administrator interface after the account and password are verified

Finally, Figure 3 depicts how the login module generates an administrator interface after the administrator
enters his or her account and password in the login interface and they are verified as valid. The administrator can
then modify parameters in the system as follows:

(1) Add, edit, or delete data in the login data database.

(2) Add, edit, or delete data in the test question database.

(3) Search evaluation results according to the class, department, college, school, or person.
4)

4) Modify the settings of evaluations, such as randomly generating tests for different student groups or
modifying the time of evaluations, method of selecting questions for different levels, or number of levels.

(5) Group students into levels according to the settings and levels.

The updated parameters are subsequently stored in the administrator’s parameter database (13) in the database
system (1) (Figure 1).

Figure 2 indicates that when a general user, not including the administrator, is logged in, the system initiates
evaluation procedures. The arithmetic processing unit randomly selects questions of different difficulty levels from
the test question database (12) to form evaluation sets, and an evaluation interface is generated for the user to
answer the questions through the input unit (3). An administrator can change the percentage of questions that are
selected from the different difficulty levels by modifying the parameters. In the evaluation interface, users select
and submit answers within the set evaluation time, after which their scores are calculated and announced by the
arithmetic processing unit (2); questions that users have not answered are scored 0. Finally, the results are
transmitted to the student database (14) in the database system (1).

As indicated by the aforementioned discussion, the English evaluation system is easy to operate. Moreover,
because the questions can be varied according to the level of difficulty, the evaluation results have validity and
credibility and can precisely differentiate students” knowledge levels (Table 1). By using this system, students can
be properly grouped according to their level of academic performance and be enrolled in courses suitable to their
needs. Overall, this system can enhance the student learning.
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Table 1. Basic Characteristics (Tan, 2013a; Tan, 2013b; Tan, 2015)

Characteristics Traditional classroom learning E-learning 5W1H
Location and time Place and time dependent Can take place anywhere and at anytime ~ When and
limits Physical evidence is limited Free Where

Teaching and

. Teacher-centred Learner-centred Who
learning content
Push method Pull method How and
Personalisation One learning path (lowest common Learning pace and path determined by Which
denominator) learner
Learning methods Inflexible Flexible What

ENGLISH E-LEARNING FOR COMPUTER-AIDED LANGUAGE LEARNING IN
THE GLOBAL COMMUNITY

English has become the universal language for communicating on an international scale. With the growing
numbers of foreign students enrolling in U.S. universities and colleges, several higher-education English as a
second language (ESL) learning programmes have been developed. Many of these programmes use learning
management systems (LMSs) as their computer-aided language learning tool to design e-learning courses. Liu
(2013) suggested that this learning community deserves more attention because it contributes to U.S. academic
practices. Irrespective of whether it is for academic research, pedagogical practice, or navigating in everyday life,
it is crucial to understand the adaptability of other countries and help students succeed in their learning activities.
English is currently the primary language for communication at many international conferences and is closely
related to most programming languages, which ensures the widespread use of the language within various global
communities.

Learning Management System (LMS) Designing

LMS is a high-level strategic solution applicable to the planning, submission, and management of learning
activities in organisations. LMS includes online, virtual classroom, and teacher-guided learning. The solution
involves system evaluation and improvement of the overall organisation’s abilities and performance and presents
an alternative to isolated and scattered learning. LMS focuses on management learners and tracks their progress
and performance in all types of training activities. It is used for serious management tasks, such as human resource
and ERP system reporting. However, it is not applied to the building of course content.

EDUCATIONAL PROGRAMMES OF ENGLISH LEARNING IN TAIWAN

English is a compulsory course for elementary, middle, and junior high school students in Taiwan. College
students also usually need to achieve a certain level of English proficiency to get a well-paying job, because
Taiwanese universities often use original-copy English textbooks in their classes. However, English is not only a
required course for students, but an important international language; as Huang (2005) pointed out, ‘English skills
are a major factor in the educational success of Taiwanese students, and programmes are provided to prepare
students for future career prospects. Thus, more and more young learners are receiving ESL lessons in school.”

Learning Content Management System (LCMS) Designing

LCMS focuses on learning content. It helps authors, educational designers, and subject experts more effectively
develop e-learning content. The main business problem solved by LCMS is the timely development of sufficient
content, which aims to satisfy individual and group learners” needs. LCMS features include the utilization of
learning objects to form the system’s basic framework, the availability of all learning content in a database, and the
ability to reuse and restructure learning content in various ways (Tan & Hsu, 2017ab).

DESIGNING SYSTEMS AND TOOLS FOR ENGLISH E-LEARNING AND ONLINE
ASSESSMENT

Currently, there are various methods and tools geared towards ESL learning, which are generally divided into
two types: traditional learning and e-learning. In traditional approaches, students have their own space in a
classroom, where they learn English from teachers and textbooks within a set time. Students can only receive the
information from their teacher and cannot receive any additional information they require. By contrast, in e-
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Table 2. Disadvantages and Advantages of Traditional and E-learning Approaches (Zhang et al, 2004; Tan, 2013a; Tan, 2013b;
Tan, 2015)

Traditional approaches E-learning approaches

© User-centred and self-paced

© Place- and time-flexible

© Potentially provided to universal learners

© Cost-effective for users

© Archival ability for information resharing and reusing
© Lack of immediate direct feedback in a synchronous

© Familiar to both teachers and students
© Direct feedback

© Cultivation of a social community

© Motivates users

Advantages

© Teacher-centred learning environment
. © Place- and time-limited © Uncomfortable for some users
Disadvantages . .
© More expensive (learner resources and © Can be expensive (hardware system)
teacher wages) © Potentially more confusion, frustration, and anxiety

© Increased preparation time required by learners

learning approaches, students can learn from teachers or computers to receive more information immediately.
There are also no time constraints in e-learning situations, and students do not even need a teacher. Furthermore,
students can learn English by themselves because language e-learning systems provide whatever information they
need. Table 1 presents an overview of the main differences between the traditional and e-learning methods.

With the advent of English e-learning technology over the past decade, accessibility to training, teaching, and
learning has increased substantially. The challenge currently encountered by education enterprises is attracting
students to their English e-learning services. In this study, we developed a technical system to help clarify learners’
intentions and their continued desire to use the system in order to assist them with English e-learning and online
assessment.

As indicated in Table 1, e-learning and traditional approaches offer different learning methods. For example,
in traditional approaches, students only learn from their teachers and cannot access the newest information
immediately. However, in e-learning approaches, students use a computer to learn English and can search the
Internet to efficiently obtain other information not provided by the programme (Table 1). The disadvantages and
advantages of the e-learning and traditional approaches are listed in Table 2.

ENGLISH LEARNERS IN TAIWAN

In Taiwan, English is viewed as a key language that connects the Taiwanese with the rest of the world. In
particular, English has an important role in Taiwan’s economy because it is vital for success in the financial and
technology sectors. Technology in our lives that is the case, we can solve a lot of problems through this method
(Joiner, 1981). In a study on applied linguistics, Krashen, Long, and Scarcella (1979) pointed out that younger
learners can learn languages more effectively. Thus, Taiwanese English learners begin as children and learn English
through various avenues, including online learning sites, language schools, and talking with foreigners in person.
Although some debates and questions about English learning in Taiwan remain, it is undeniable that learning
English is a critical and effective way for Taiwan to establish a foothold in international communities.

ENGLISH LEARNERS IN MALAYSIA

Teo, Wong, Thammetar, and Chattiwat (2011) studied the self-reported intentions of 245 Malaysian teachers
and students’ intention to use (ITU) computer behaviour, and they found that perceived usefulness (PU) of
computer technology, perceived ease of use (PEOU), and attitudes towards computer use were essential
determinants of teachers” and students’ ITU. Furthermore, their research confirmed that the technology acceptance
model (TAM) is suitable for predicting the technical acceptance among students and teachers; overall, technology
was well-accepted by the studied population in Malaysia.

E-LEARNING AND E-ASSESSMENT

E-learning is changing the way education is conducted and is recognised as the most convenient and effective
method for learning. Thus, educational institutions have begun to realise that e-learning can help them enhance
their teaching; moreover, the benefits of an effective education strategy can outweigh its costs (Urdan, 2000).

Some previous studies on learner acceptance of LMSs have been conducted using the unified theory of
acceptance and use of technology (UTAUT) model. For example, Yoo, Han, and Huang (2012) found that employers
in South Korea were positively influenced by factors such as effort expectancy and attitude towards e-learning in
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Perceived
Usefulness
(PU)

Attitude Behavioral Actual
Toward Intention to System
Using(ATU) Use(BIU) Use(ASU)

Perceived

Ease of

Use(PEOU)

Figure 4. Technology acceptance model (TAM) (Davis, 1986; Davis, 1989a Davis et al, 1989b; Venkatesh et al, 2003)

the workplace. Additionally, Chiu and Wang (2008) confirmed that performance expectancy, effort expectancy, and
positive subjective task value can lead to the success of college students who take web-based courses.

Regardless of the benefits, some users change their learning attitude towards e-learning during their learning
procedures and activities if the results are not what they expected. E-learning typically requires more self-
motivation, and learners who work alone can easily become frustrated. Thus, previous studies have indicated that
designers and researchers should regularly check for any inconveniences or system errors and fix them quickly to
provide a better e-learning environment for their users.

Most e-learning systems provides services for searching, downloading, and delivering content (Tan, 2013a; Tan,
2013b; Tan, 2017a). They also provide e-users with various learning tools, such as systems, e-books, audio files, e-
content, and videos to enhance their teaching and learning performance.

Differences between LMS and LCMS Development

Both tools allow for the management and tracking of content with regard to learning objects. However, LMS
can manage and track fused curriculums that combine online content, classroom activities, virtual classroom
meetings, and other sources. Although LCMS does not manage fused learning, it manages content at a lower
intensity level compared to that used for learning objects, which in turn allows for the reorganization and reuse of
online content. Furthermore, high-level LCMS can dynamically create learning objects based on user configuration
files and learning styles. If both systems follow XML standards, information can be easily transmitted from the
object level to the LMS level (Greenberg, 2013).

ADOPTION THEORIES TO DEVELOP A SYSTEM

For the past decade, scholars and practitioners have explored people’s interest in new technologies and have
tried to predict or affect their likely use. Overall, their finding demonstrate that intention positively influences e-
learning acceptance (Chen, 2011; Liao & Lu, 2008; Padilla-Meléndez, Garrido-Moreno, & Del Aguila-Obra, 2008;
Tan, 2013a; Tan, 2013b; Tan, 2015; Toral, Barrero, & Martinez-Torres, 2007). As Davis (1986, 1989) and Davis,
Bagozzi, and Warshaw (1989) noted, ‘A wide body of research focuses on identifying factors affecting people’s
intentions to use new technologies and how these intentions predict actual usage (Figure 4).”

The TAM was developed from another psychological construct, the theory of reasoned action (TRA) (Urdan,
2000), which was developed by Davis (1986). The TAM comprises two main factors, PU and PEOU, which are
believed to positively affect attitudes towards using and subsequently positively affect behavioural ITU and actual
system use (Tan, 2013a; Tan, 2013b; Tan, 2015; Chen, 2011).

PREVIOUS STUDIES

Adopting the concept of IS (information system) acceptance to identify behavioural determinants is useful for
designing and implementing the guiding systems of theoretical models. The TAM posits that IS acceptance is
primarily determined by two systemic beliefs: PEOU and PU (Davis, 1986, 1989; Davis et al, 1989).
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Table 3. Review of Previous Studies (Tan, 2013a; Tan, 2013b; Tan, 2015)

Author(s) Theory  Major Findings

Fishbein and TAM. TRA TAM is a psychological theory that explains how an individual’s action is decided by his or her BI

Ajzen (1975) ' to perform and assumes the strength of the TRA.

Davis (1989a) TAM TAM has been adopted in various studies to examine the user acceptance of information
technology.

Taylor and TAM. TPB The role of prior experience, as well as combined social influences and behavioural control, were

Todd (1995) ' investigated using the TAM.

Agarwal and TAM and IDT were used to examine the behaviours of pre- and post-adoption attitudes towards

IDT, TAM . .

Prasad (1997) information technology.

Venkatesh and TAM Utilising a particular system can help with job performance. The degree to which a person

Davis (2000) strongly believes

Venkatesh et From the current specification, the TAM was simplified by changing the attitude structure found

TAM, TRA .

al. (2003) in the TRA.

Wixom and TAM The antecedents and moderators of PU and PEOU and additional or alternative belief elements

Todd (2005) were examined. The TAM was expanded by introducing elements from related models.

Liaw et al. TAM The basic guidelines for expanding e-learning systems and environments were described, and

(2007) instructors’ and learners’ attitudes towards e-learning methods were examined.

King and He Meta-analysis as a rigorogs aIternatiye to narrative and qualitative literature rgviewsA was

(2006) TAM explored. In total, 88 published studies and learners as surrogates for professionals in the TAM
studies were reviewed.
The effects of e-content quality and e-course attributes on PU were found to be significant and

Lee (2006) TAM significantly negative, respectively. In addition, computer self-efficacy was shown to have a
significant influence on PEOU.

Polancic et al. TAM The successful use of frameworks was found to be dependent on two major factors: the PU of the

(2010) framework and a continued ITU.

English e-learning websites can help users increase their knowledge and are easy to use;
however, system designers should continue to work to improve these sites.
Four core constructs have a significantly positive influence on behavioural intention. E-placement
tests are more appreciated by the students and are more likely to be used by them. Furthermore,
administrators intending to encourage e-placement tests in their schools should include such
constructs in the placement testing implementation.
The suggestions proposed at the BIU desktop video conference focused on the factors most
TAM, UTAUT critical for administrators and faculties in higher education to consider when they implement
academic online courses.
System designer must focus on e-users' demands when developing e-learning and online
Tan (2015) TAM assessment systems. If LMSs are provided for e-users and meet the criteria for pragmatic learning
purposes, such provisions can help maintain and enhance e-users' satisfaction and loyalty.
Digital products must be manufactured based on consumer demands and satisfactions for fast
PZB & TAM and high quality products, and digital product designers must incorporate ideas from different
consumers.

Tan (2013a) TAM, UTAUT

Tan (2013b) TAM, UTAUT

Lakhal et al.
(2013)

Tan & Hsu
(2017a)

MOTIVATION FOR DEVELOPING A NEW SYSTEM

English is not an official language in Taiwan, and in the past, it was not widely spoken in the country. However,
because of globalisation, the Taiwanese have begun to learn English and speak with people from other countries.
English is one of the most used languages in the world, and it has many learners. Considering the global importance
of English, we aimed to create a system that would help the e-learners who prefer to learn through online
techniques. We expect that entrepreneurs will appreciate an assessment of learners” interest in e-learning, because
understanding the factors that affect their attitudes and behaviours is key to creating a high-quality and satisfactory
system; it is crucial to design new learning technologies for e-users (Table 3).

PURPOSES OF THE DESIGN

This study examined English learners” attitudes towards English evaluation and teaching devices. The system
developed herein quantifies people’s perception, intentions, and attitudes towards the use of e-learning
technologies to verify the significance of PU and PEOU when people decide to utilise a new system. We contend
that appreciating the factors that influence people’s use of new technologies will help improve these technologies.

The specific purposes of this study were:
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Evaluation of digital product Accordance with the Digital innovation

market scale needs of e-users technologies

|

Digital Market

|

Digital system
Consumer needs
development &

production l

Functions Price Practicality

Niche Market
Figure 5. Digital system product (e-content) research and development procedure

1. To understand the value of a newly developed system and the reasons learners decide to continue using a
particular tool.

To understand the types of skills e-learners want to obtain from a learning system.
To understand the attitudes of learners towards a system.
To design a system that can assist e-learners with obtaining improved learning results.

To judge if a system is likely to play a substantial role in e-learners knowledge development.

S O LN

To determine the factors that influence e-learners’ intentions and behaviours to utilise systems as the
primary learning resources.

IMPLICATIONS FOR PRACTICE IN INDUSTRIES

E-learning systems must address e-users’” demands; responding to their concerns and feedback is useful for
maintaining and enhancing the e-users’ loyalty towards particular English e-learning LMS systems. Moreover, if
PU does not significantly correlate with attitudes towards usage, it can appear that the informative nature of the
systems has no effect on learners’ usage attitudes. In other words, PU was significantly correlated with both PEOU
and attitudes towards usage, which can diminish the apparent impact of PU and may be more important for the
PU. Furthermore, PU continues to have a significant impact on usage, regardless of its failure to affect attitudes.
Thus, if systems designers want more e-users to use and feel satisfied with their system, they should work to
improve the e-content quality. Quality is critical to the whole system, and studies have revealed that system
designers should improve knowledge management functions and improve user interfaces to render them easier to
operate (i.e., ‘design the right systems, design the systems right’) (Figure 5) (Tan, 2013a; Huang, 2005; Parasuraman,
Zeithaml, & Berry, 1985).

SERVICE QUALITY GAP MODEL

The quality revolution of the 1980s was not only limited to manufacturing but also influenced all organisations,
services, and levels of government. Thus, the importance of quality management since then can be deduced
(Niranjan & Metri, 2008). The first model had only a few key structures, and it was used to improve the basic
competition for improving the quality, urging services, companies and their competitors could provide better
services.
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The service quality gap model (also known as the PZB model) was developed by Parasuraman et al. (1985).
Quality is considered the highest priority for companies to meet the desired outcome of their services and is related
to high expectations from clients. Parasuraman et al. (1985) identified 10 criteria to evaluate the initial quality of a
service, which is defined as the difference between the expected and received service. The 10 criteria are as follows:

(1) Understanding: making an effort to understand clients’ needs

(2) Reliability: offering dependable and reliable services

(3) Responsiveness: being willing to provide services to clients

(4) Tangibles: physical evidence of the service

(5) Courtesy: providing consideration, respect, friendliness, and politeness to clients
(6) Communication: listening and responding to clients” requests and feedback

(7) Credibility: ensuring honesty, trustworthiness, and believability

(8) Competence: having the knowledge and skills necessary to provide services

(9) Access: ensuring ease of contact and approachability for clients

(10) Security: ensuring that danger, doubt, and risk are minimised

Notably, these criteria include the five main dimensions for measuring, delivering, and anticipating a
company’s service: reliability, responsiveness, assurance, empathy, and tangibility. In this model, the client sets
expectations according to their perceptions of a company’s performance or behavioural decisions (Kang & James,
2004). These criteria and the PZB model were later applied to develop the SERVQUAL scale, which measures the
discrepancy between received and expected service quality and is widely cited in the marketing literature (Bronn,
2012; Kang & James, 2004). Currently, both the PZB and SERVQUAL models are widely utilised in the industry.

RECOMMENDATIONS FOR FUTURE DESIGN AND RESEARCH

Further research and system designs should widen the scope of the current study, which was designed focus
on restricted to this particular system development field. Future studies and system designs can use the following
suggestions:

1. Collect data from domains other than language learning to increase external validity.

2. Examine the efficiency of e-learning and e-assessment systems from different perspectives, such as system
development and web-design quality.

3. Test the system with participating e-learners from different locations.
Use the plan-do-check-act model to re-examine the quality of the system developed in the present study.

5. Use the PZB model to re-examine client satisfaction with the system developed in the present study.

CONCLUSION
Design the right systems and design the systems right; do the right things and do the things right (Figure 6).

Digital product research and development:
(1) Digital product designers must consider the company’s internal ideas and the ideas of different customers.

(2) Strengthen technological capability of the digital product’s innovative aesthetic design, assist in design-
related problem-solving, provide a comprehensive product blueprint.

(3) Research on digital product structure and evaluation of design costs.

(4) Steady design methods must be obtained through an optimal platform for digital product design under
optimal resource allocation limitations (ERP concept).

(5) Use artificial intelligence technologies to achieve optimal customization. Use the function of three-
dimensional diagrams to achieve optimal digital product design.

(6) Identify the challenges faced by innovative digital products by looking at market and corporate trends in
markets where digital products are sold.

(7) With respect to digital product design, market strategies must be determined and market competition
strategies and channel arrangements must be formulated.

(8) Costs and profits related to digital products must be effectively controlled in a reasonable manner in order
to prevent or reduce losses, achieve innovation, and overcome business difficulties. As such, a company will
play an important role in digital product models, colours, materials, service quality, and overall aesthetics.
This will increase aesthetic appreciation in a company’s customers and improve its competitiveness.
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Figure 6. Digital product research and development processes

Digital products must be manufactured based on consumer demands and satisfactions for fast and high quality
products, and digital product designers must incorporate ideas from different consumers. The technological
capability of digital products’ creative and aesthetic design should be improved. Assistance must be given to digital
product consumers in solving system issues, and comprehensive digital product design services must be provided
(Figure 5 and Figure 6).

Knowledge management and basic concepts in digital product design include four essential factors:

(1) Social and natural environment factors: Social factors include politics, culture, and religion. Natural
environment factors include resources and energy and other materials obtained from nature.

(2) Technological factors: Technological factors include energy, processing techniques, and functions. It can be
said that these are the factors that most directly restrict the implementation of a design.

(3) Aesthetic factors: Aesthetics-related solutions are multifaceted and include the object’s social environment,
educational level, value system, personality, etc.

(4) Human factors: Looking at the design history of digital system products, it can be seen that the genuine
emergence of the “people-oriented” approach occurred only during the digital age. In the future, the
development of digital design will focus more on the coordinated development of human, technological,
and environmental elements.

The design of a digital product must consider all four types of factors so that the digital product meets the
digital market demand and adapts to social development and production (Retrieved from MBALib wiki:
http//WlklmballeOm/thW/ %E4%BA % A7 %E5 %93 %81 %E8 % AE %BE %ES OOAEOuAl).

A company’s overall digitalisation requires support from information technologies. It is necessary to determine
whether one concept or system is applied (William & Michael, 2002), to establish the direction of digitalisation
users, to define the knowledge management of product innovation, to use optimal purposes of the digital product,
and to determine the product innovation’s basic knowledge and abilities.
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ABSTRACT

University education should highlight the cultivation of students’ capability to make
them qualified for meeting the social market requirements. University students, who
major in GIS, in addition to abilities and qualities equipped generally, are supposed to
have abilities in GIS basic theory and cutting-edge technologies, GIS software
operation and data collection and processing, spatial data modeling and analysis,
independent learning as well as GIS scientific research and innovation. The paper takes
the spatial analysis of Fujian telecommunications consumption data as the example,
attempts a new perspective that introduces ESDA, an analytic method, into the research
of telecommunications consumption, thus combining perceptual and conceptual
knowledge, qualitative and quantitative analysis, so as to not only improve the
competency of GIS majors, but also cultivate their spatial analysis capability, develop
favorable thinking mode, therefore laying a solid basis for their future study and work.

Keywords: students’ specialism, ESDA, communication expenditure, scatter plot

INTRODUCTION

According to the needs of subject penetration and practical teaching, teachers of various disciplines in modern
colleges and universities should constantly enrich their own theoretical knowledge and teaching methods of data
analysis. Through the effective development of permeation teaching, the theory and method of data analysis are
implemented in the teaching and practical activities of various subjects. Through the training concept of data
analysis ability which runs through the whole process of teaching, students can gradually improve their own ability
of data analysis and cultivate the systematic thinking mode of data analysis, and promote the improvement of
students’ comprehensive quality and professional competitiveness in the four years of studying and living in the
university. This paper takes Fujian communication consumption data analysis as an example, uses spatial
autocorrelation analysis method from county scale, as well as explores relationship between spatial differentiation
law of communication consumption and economic development. This not only makes GIS students” master basic
knowledge of spatial autocorrelation, but also cultivate their spatial analysis ability, form a good mode of thinking,
and lay a solid foundation for future study and work.

In some cases, spatial autocorrelation is a special and very effective technique that can effectively answer
questions, such as spatial distribution of phenomena. Around 1950, Moran’s spatial analysis based on biological
phenomena extended correlation coefficient of one-dimensional spatial concept to two-dimensional space, thus
defining Moran exponent (Moran, 1950). Shortly thereafter, Geary proposed concept of Geary coefficient, analogous
to Durbin-Watson statistics of regression analysis (Geary, 1954). After decades, through efforts of vast number of
geologists, especially related work of Cliff and Ord, spatial autocorrelation has gradually developed into one of
important topics in geospatial analysis. Another prominent theme is Wilson’s spatial interaction theory and model.
On basis of Moran exponent and Geary coefficient, Anselin developed a local analysis method of spatial
autocorrelation. Getis et al. proposed a spatial relation index based on distance statistics (Getis & Ord, 1992). In
particular, creation of Mo ran scatter plot analysis method represents a significant progress in spatial
autocorrelation analysis. In China, research papers and works on spatial autocorrelation are in ascendant, covering

© 2018 by the authors; licensee Modestum Ltd., UK. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).
B shiliangzh@163.com (*Correspondence) <l DejingLin@163.com B4 18250922163@163.com


https://doi.org/10.29333/ejmste/86468
http://creativecommons.org/licenses/by/4.0/
mailto:shiliangzh@163.com
mailto:DejingLin@163.com
mailto:18250922163@163.com

Zhang et al. / Improving GIS Students” Specialism

Contribution of this paper to the literature

e  The main contribution of this paper to the literature is related to how the level of economic development
influences training/support the respondents’ willingness to expend the money during the telecom
communication.

e The special issue shows the need for diverse research approaches. The broad range of research foci for
statistical methods of fostering the mathematics learning, under a classroom learning perspective, and under
a professional development perspective, goes hand in hand with a broad range of approaches.

theories, methods and techniques with more practice and application (Tobler, 2014). The rest of the paper is
organized as follows: In section 2, we introduce research methods, global autocorrelation, and the local
autocorrelation. The Data sources and preprocessing are shown in section3. Section 4 describes the analysis of the
case. Finally, conclusions are presented in section 5.

RESEARCH METHODS

Exploratory Spatial Data Analysis (ESDA)

Following Anselin (1998), ESDA (exploratory spatial data analysis) is a collection of techniques to describe and
visualize spatial distributions (Anselin, 1999; Anselin, Sridharan, & Gholston, 2007); identify atypical locations or
spatial outliers; discover patterns of spatial association, clusters or hot-spots; and suggest spatial regimes or other
forms of spatial heterogeneity. Central to this conceptualization is the notion of spatial autocorrelation or spatial
association, i.e., the phenomenon where locational similarity (observations in spatial proximity) is matched by
value similarity (attribute correlation). True ESDA pays attention to both spatial and attribute association. ESDA is
a subset of EDA (exploratory data analysis) methods that focus on the distinguishing characteristics of geographical
data, specifically, on spatial autocorrelation and spatial heterogeneity. Exploratory Data Analysis graphical and
visual methods are used to identify data properties for purposes of pattern detection in data. ESDA techniques can
help detect spatial patterns in data, lead to the formulation of hypotheses based on the geography of the data, and
in assessing spatial models. ESDA requires that numerical and graphical procedures be linked with a map.

ESDA is focuses on the description and interpretation of the spatial relationships of regionalized variables,
particularly spatial autocorrelation and spatial heterogeneity. ESDA is also used to describe and visualize spatial
distributions, identify atypical locations or spatial outliers, discover patterns of spatial association and suggest all
types of spatial heterogeneity. ESDA analysis include the construction of spatial weight matrix, scatterplot, global
spatial autocorrelation measure, and local spatial correlation identification.

Global Autocorrelation

SA (spatial autocorrelation) studies the potential interdependence of variables among observational data in the
same distribution area (Yang & Wong, 2013; Zhang et al., 2011), which aims to study whether the communication
consumption expenditure of the county area covered by 9 cities in Fujian province will be affected by neighboring
regions. Firstly, the study calculates the global and local indexes of the spatial autocorrelation of the communication
consumption expenditure, and the global index is used to detect the relation of the spatial distribution state of the
whole consumption, that is, to use Moran’s I to reflect the autocorrelation degree of the region, and also uses the
local Moran’s I to adopt local indicators from the unit part, thereby determining the degree of relevance of
consumption of each space unit and adjacent units. If the approximate region is close to the value, then the spatial
autocorrelation is strong, conversely, the spatial autocorrelation is weak. The formula is:
N X Xwy (X - X)) - X) M

2 Xjwij Yi(X; — X)?

where n represents the number of county domain objects, i and j represent two counties, x means communication
consumption expenditure, i.e. phone bill. w;; is the space weight matrix, which represents the proximity between
the space position i and j. When i and j are adjacent to the space position, using the Euclidean distance between the
county points, and when the distance is greater than the set value, w;; = 1. On the country, when w;;=0, under the
condition that significant level is given, if the Moran’ s I is significantly positive, the higher or lower the
communication consumption of the districts in space, and the more closer to 1 the value is. And the overall space
difference is smaller. Conversely, if Moran’s I is significantly negative, it shows that the distribution of
communication between the county and its surrounding counties has a significant spatial difference, if the value of
which is nearer to 1, the overall spatial difference is larger. Only when Moran’s I is close to expected -1/ (n-1), the
observed values are independent of each other and randomly distributed in space.

I
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Local Autocorrelation

Global spatial autocorrelation analysis is a spatial data analyzing method measuring inter-region spatial
difference and correlation as a whole, which reflects the average clustering degree of intra-region similarity.
However, when the sample data is enormous, global spatial correlation might black out the randomness of subset
data. To uncover some local spatial clustering high-low values or anomalous patterns, local spatial autocorrelation
method is introduced.

Global Moran’s I statistic (Cervero & Kang, 2011; Su, Xiao, Jiang, & Zhang, 2012) is a general statistical index,
indicating the average degree of spatial difference between counties. In the case that the overall spatial difference
between districts and counties are shrinking, the spatial difference of the local area may be enlarged. In order to
reflect the change trend of the spatial difference of the communication consumption, the ESDA local area analysis
method is also needed. In order to recognize the autocorrelation of local space, the value of local spatial
autocorrelation statistic of each spatial position is computed, and the formula of local Moran’s I with space position

asiis as such:
X -X)
Iy = (X = X)ZZW”(X X )

The standardized statistic of local Moran index test is:
I [ E (I i)

JVAR() ©)

E(l;) and VAR(I;) are its theoretical expectation and theoretical variance, and w;; is the spatial weight. Among
them, if ;>0 and Z;> 0, the district i is located in the H-H quadrant, which indicates that the communication
consumption value of the districts and counties themselves is higher, and the spatial difference degree is small;
if ;>0 and Z;< 0, the district i is located in the L-L quadrant, indicating that the communication consumption value
of the county itself and surrounding counties is lower, and the spatial difference degree of the two is more
insignificant. ;<0 and Z;> 0, the district i is located in H-L quadrant, which indicates that the communication
consumption value of the district is higher, the surrounding counties is lower, and the spatial difference degree of
the two is larger; I;<0 and Z; <0, the district i is located in the L-H quadrant, indicating that the county and district’s
own communication consumption value is lower, that of the surrounding counties are higher, and the spatial
difference between the two is higher.

Z(L) =

GIS Spatial Analysis

GIS (Geographic Information System), that is, the geographic information system. Spatial analysis is one of the
core functions of geographic information system (Sanchez-Garcia, Canga, Tolosana, & Majada, 2015; Wang & Chen,
2015). It is unique to the extraction, representation and transmission of geographic information (especially implicit
information), which is the main function characteristic of geographic information system different from general
information system. In this paper, GIS spatial analysis technology (Gimpel et al., 2015) is used to analyze the GDP
and communication consumption clustering of 84 urban residents in Fujian Province, and the regional distribution
map is formed to explore the regional differences. Global Moran’s I statistic was used for spatial autocorrelation
analysis in ArcGIS 10.0. Moran’s I, p value and Z score were calculated to test the spatially clustered tendency
between Communication Consumption of urban resident and GDP cases. Confidence level of 99% was selected.
Values of P < 0.01 were considered statistically significant.

CASE ANALYSIS

Study Area and Data Source

Fujian Province is located on the southeastern coast of China, facing Taiwan across the Taiwan Straits. The
province is mostly mountainous, and is traditionally described to be “Eight Parts Mountain, one part water, and
one part farmland”. The northwest is higher in altitude, with the Wuyi Mountains forming the border between
Fujian and Jiangxi. It is the most forested provincial level administrative region in China, with a 65.95% forest
coverage rate in 2013.The highest point of Fujian is Mount Huanggang in the Wuyi Mountains, with an altitude of
2157 m. Fujian has a subtropical climate, with mild winters. In January the coastal regions average around 7-10 °C
(45-50 °F) while the hills average 6-8 °C (43-46 °F). In the summer, temperatures are high, and the province is
threatened by typhoons coming in from the Pacific. Average annual precipitation is 1,400-2,000 millimeters (55-79
in). Although Fujian is one of the wealthier provinces of China, its GDP (Gross Domestic Product) per capita is only
about the average of China’s coastal administrative divisions. In 2011, Fujian’s nominal GDP was 1.74 trillion Yuan,
a rise of 13 percent from the previous year. Its GDP per capita was 46,802 Yuan. By 2015 Fujian expects to have at
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Figure 1. Average daily data distribution of communication consumer expenditure
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Figure 2. Hourly data distribution of communication consumer expenditure

least 50 enterprises that have over 10 billion RMB in annual revenues. The government also expects 55 percent of
GDP growth to come from the industrial sector.

In order to better reveal the difference of economic space between counties in Fujian province, in the exploratory
spatial data analysis, the spatial analysis scale is defined as the county domain, including 9 prefecture-level cities,
a total of 84 districts. By acquiring China’s 1:1 million county area administrative division electronic map as the
basic graphic data, with the application of GIS technology, the visual simulation and research of relevant statistical
data are carried out. From the Fujian operator system, the masking data of the payment of operator agent office
(dealer) from January to March, 2017 is extracted. After the data pre-processing (such as the deletion of the monthly
consumption behavior of the irrational, incomplete field data, etc.), finally the qualified data of a total of 4,307,570
items are obtained and the GDP data mainly from the 2016 “Fujian Statistical Yearbook -2016”. The data distribution
is shown in Figure 1 and Figure 2.

From Figure 1 and Figure 2, it can be seen that the difference in the volume of communication consumer
spending in different months is not significant. At the beginning and the end of the month, the trading volume
appears a relatively high peak. The operator system conducts centralized checkout at the beginning and the end of
the month, resulting in bulks of customer with no phone balance at the end of the month, thereby they need to top
up. From the point of view of the transaction number of the consumer spending, the trading trend is basically the
same, and the peak of the transaction occurs between 9 and 12. There is another small peak at 15 o’clock in the
afternoon as well.

Empirical Analysis

It is well known that the 3o regular or the z-fraction method based on normal distribution assumes that the data
obeys the normal distribution, but the actual data is often not strictly obey the normal distribution. Their criteria
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Figure 3. Communication Consumption of the Resident in Fujian County

for judging outliers are based on the mean and standard deviation of the data batches, and the robustness of the
mean and standard deviation is very small, and the exception value itself will have a large impact on them, resulting
in a number of outliers not exceeding 0.7%. It is obvious that the effectiveness of this method is limited in judging
abnormal values in non-normal data. The drawing of the box-plot diagram relies on the actual data and does not
require prior assumption that the data is subject to a specific distribution form. Without any restrictive
requirements for data, it is just a true and intuitive representation of the original shape of the data; the standard of
judging anomaly value of Box line chart is based on four-bit and four-bit distance, four-digit number has certain
robustness, up to 25% Data can become arbitrarily far without disturbing the four-bit number, so the anomaly value
cannot be affected by this standard, the result of the identification of the abnormal value of the box line diagram is
more objective. Therefore, in order to improve the research accuracy, we use the box-plot diagram to find out the
outliers, Upper four quartile Q1 smaller than 1.5 * four quartile range: Q3-Q1 or lower four quartile Q3 larger than
1.5+IQR is used as the outlier; from January to March in 2017, the box line of communication consumption of Fujian
counties is shown in Figure 3.
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Figure 4. The Relationship between Communication Expenditure and GDP

For an example, we remove the 3 outliers from the Quanzhou and Zhangzhou in 201701 (Figure3 (a)). After
removing the outliers, we can explore the relationship between communication consumption and GDP, because
different variable data dimensions differ, they are uniformly normalized to 0 and 1, and then the contrast curves
are made. As shown in Figure 4.

It can be seen from Figure 4, those counties that GDP is higher, the residents of the average communication
expenditure is more, which indicates that the communication consumption expenditures in the county area of the
province are positively correlated. In order to further clarify the regional differences between 84 counties in Fujian
Province, the GDP and the communication consumption index of each county in the year of 2017 were clustered
separately.

The Moran's I values of communication consumption expenditure during the January to March in 2017 are all
above 0.48 under the significance level of p<0.001 by computing, which denotes a significant positive spatial
correlation exists. This means that counties with high values are spatial adjacent to areas with high values, and
counties with low values are also spatial adjacent to that with low values.

If we want to examine the correlation between multiple variables at the same time, it is very troublesome to
draw a simple scatter plot between them. The scatterplot matrix can be used to plot the scatter plots of the variables
to find out the main correlation between variables quickly. Scatterplot matrix can assign the binary relationship
between variables, the junction of two variables is their scatterplots, and the plots are the same and below the main
diagonal. We can only demonstrate the upper triangular or lower triangular figures by adjusting parameters. There
are kernel density figures in the main diagonal, while the others have linear or smoothly fitted curves.

We explore the relationship between the cost of each month’s communications expenses and other factors,
including GDP, number of transactions, and regional length (which can be used as a regional area). As can be seen
from the Figure 5, the monthly communication expenditure presents a single peak curve, and each prediction
variable is skewed in some degree. Communication consumption increases with the increase of GDP, and the
change trend of trading times is basically the same, but with the increase of area, it has a certain decrease. This
shows that the region with high economic level has correspondingly higher communication consumption, but with
the increase of regional area, this is because the area of the western counties in Fujian province is larger, the
economy is relatively backward, and the amount of communication is less.
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Figure 5. The Results of Scatter Plot Matrix

2127



Zhang et al. / Improving GIS Students” Specialism

Scatter Plot Matrix via 201703

Oe+00 3e+05 6Ge+l5

month03

1
e
______——_L_
S
=,
a B
e I
Y o i -
T records3
(T
(u] (u]
= res— = ")
i e =
[=]
0 1000000 0 2 4 & B8

Figure 6 (continued). The Results of Scatter Plot Matrix

Table 1. Cluster distribution of communication expenditure

(c) Scatter Plot Matrix via variable of 201703

1500000

0

Time 201701 201702 201703
HH 4 3
LL 5 5
LH 4 3
HL 0 0

When the distance matrix is applied, the appropriate distance thresholds shall be chosen to obtain the
appropriate number of adjacent regions, thereby better describing the distribution of the data in this case. If the
distance threshold is too large or too small, it is possible to obtain data space autocorrelation that is rather

insignificant.

It can be seen from Table 1 and Figure 6, among three months in 2017, it is a very small number of counties and
cities in the HH, LH and LL quadrant, most of them show a not significant. The” high-high” are also referred to as
“hot spots”, whereas the “low-low” are referred to as “cold spots”.
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Figure 7. The autocorrelation clustering of communication expenditure
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Significant differences were found in the local evolution of the distribution pattern of characteristic factors of
average communication expenditure in Fujian over the three months. The communication consumption
expenditure of each county inhabitant has the spatial correlation, which manifests as follows: Gulou District, Jimei
District, Licheng District and the East Coast’s communication expends concentrate in a high degree. While the
Northwest region has Low gathering degree; simultaneously, there also appears spatial heterogeneity and non-
stationary, that is, the urban inhabitant correspondence consumption expenditure has obvious difference. The
results from LISA (Local Indicators of Spatial Association) in Figure 4 shows that the county area with p value
equal to 0.05, such as Jinan District and Changle area, has a significant high value agglomeration, that is, local and
peripheral communication consumption expenditure are both higher. There is no region with P value less than
0.0001, there is no significant low concentration area, which indicates that there is a certain correlation between
each county and GDP. “Hot spots” and “cold spots” are both very prominent. 7 areas including Lianjiang County,
Changle City, Jinan District, Minhou County, Fuqing City, Xianyou County and the Xiuyu District of Putian City
are clustering in HH-type, which are the “hot spot” area where the expenditure of communication consumption is
concentrated; there are 16 “cold spot” areas, mainly located on the northwestern edge, such as Ninghua County,
Jianning County, Taining County, Shaowu City, Guangze County and so on, with the factors clustering in LL-type.
In addition, there are 3 distinct “singular value” county domains, which are in contrast to the surrounding counties,
considered as significant HL or LH-type heterogeneous regions, such as Yongan City, Luoyuan County and Pingtan
County.

From Figure 7 we can see that the spatial distribution of urban residents’ communication expenditure behavior
in different counties of Fujian province is not scattered, but has some inherent regularity, that is, they have positive
autocorrelation relationship. However, this kind of regularity manifests as a kind of cluster phenomenon in the
space of communication consumption expenditure of certain county area, that is, high ones tend to be adjacent, and
low ones tend to be adjacent, which indicate that the county area with higher consumption ability is relatively close
to the county area with higher consumption ability, or the county area with lower consumption ability is relatively
closer to the county with lower consumption ability. In the comparison between the GDP distribution in the county
and the monthly expenditure of the communication consumption, the amount of GDP increase will, in some degree,
result in the increase of the residents’” communication consumption expenditure, and there is a certain correlation
between GDP and the communication consumption. But the communication consumption expenditure and the
economic development degree are not completely positively related, which is due to that the consuming ability and
the expense tendency of different groups are different. Thus, this generated a significant difference in their
communication consumer expense. For example, the Yanping District of Nanping City and Yongan City have high
GDP figure, however, the communication consumption expenditure and its surrounding counties and districts are
not much. Meanwhile, in the western region of Fujian, it also shows that the consumption expenditure of the
residents still has a considerable space to improve, and the consumer demand for communications is not completely
released. Contributed by the rising income level, the communication expenditure per person will increase. And the
communication market still has great potential. This paper uses three-month long period as our time scale, if a
longer time period was utilized, the research results would be more precise and convincing. During the study
process, county-level areas of Fujian province are our study units, whether or not finer township level study units
lead to a different research result is conductive for future discussions.
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Figure 8. The relationship between consumer spending and GDP

CONCLUSIONS

In the information age, there is a higher demand for the ability of data analysis of talents, which is different
from the requirement of cultivating the ability of data analysis in teaching. Students of modern specialties need to
have a certain ability of data analysis and collation, so as to meet the actual work of the collection, collation, analysis
of all kinds of data needs. Therefore, modern colleges and universities must make clear the importance of training
students” ability of data analysis, in order to train the thinking of the ability of data analysis throughout the teaching
process, and implement the theory and practice of data analysis into the teaching process of various subjects. On
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the basis of subject content, we should carry out practical teaching activities, improve students’ ability of data
analysis and promote students’ comprehensive quality and employment competitiveness.

Geography not only studies spatial distribution and characteristics of geographical things, but also clarifies
spatial differences and spatial relations. It is devoted to revealing spatial movement and law of spatial change of
geographical things. GIS can help learners develop spatial ability, solve geospatial problems, and improve learners’
spatial reasoning ability and spatial thinking level. In this paper, we use exploratory data analysis, spatial weight
matrix, scatterplot, global spatial autocorrelation analysis, and local spatial autocorrelation analysis to study Fujian
communication consumption expenditure, and explore and analyze some of characteristics and anomalies. Since
all kinds of data taken from real world of life exist on a certain spatial location, it is difficult to satisfy idealized
condition of mutual independence between data in adjacent spatial position of a variable. Therefore, application
and development of spatial autocorrelation index analysis in field of national economy has a very broad application
prospect. For students majoring in GIS, mastering this analysis method is of great significance to help students
learn geography knowledge, to understand relationship between people and environment, and to solve
geographical problems. However, use of ESDA method to cultivate learners’ spatial ability also needs curriculum
support, so it is necessary to develop high-quality and challenging GIS classroom learning model.
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ABSTRACT

The environment can be defined as the whole system where the history and culture of
people who live is constantly utilized while forming them with all natural beings in
relation and interaction with each other. The ecosystem has changed with the impact
of occasional natural events, and has reached a balance. However, since the first
existence of people, they started to increasingly form the natural habitat in the way
they desired, which led to a fast deterioration in the natural balance of the ecosystems.
In the beginning. Such impacts were very limited; however, they had reached a
momentum after the industrial revolution.

Keywords: modular curriculum, environmental education, environment

INTRODUCTION

The balance had started to be on the negative side of nature in the relationship between nature and mankind. Due
to the production, methods and mechanisms of mankind, it had become very difficult for nature to protect itself
and stay within the tolerance levels through the regeneration opportunities; and it even reached an irrevocable
process. Additionally, there are many examples. The seasons are changing, the glaciers are melting, the forests are
destroyed wildly, the air that we breathe is loaded with poison and our ears, eyes and brain are being filled with
noise, concrete and metal pollution. The basis of environmental education is the protection of nature and natural
resources. In addition to providing information, environmental education should influence human behaviour. The
main objective of environmental education is to provide positive and permanent behavioural changes and ensure
the active participation of individuals in the problem solution. An effective environmental education program is
only possible with qualified teachers with positive environmental attitude and who are sensitive to environmental
problems. Only such teachers can give knowledge, raise awareness of students about the environment in addition
to contributing to the development of values and attitudes of students (Yildirim, 1996). The students with negative
attitudes towards the environment are considered to be less sensitive to environmental problems and even create
problems against the environment (Uzun & Saglam, 2006).

Another reason that leads the students to a negative attitude might be their lack of knowledge on the
environment. The students have very little knowledge about the concepts of environmental education; they do not
know the meanings of concepts and they do not completely perceive such concepts (Atasoy & Ertiirk, 2008).
Students learn the correct information from the printed and visual media rather than their families or at schools,
which might be another reason for the lack of knowledge among students on the environmental (Darcin, Bozkurt,
Hamalosmanoglu & Kose, 2006).

There are a total number of five scenarios regarding the problem solving skills of students. These include
Environmental awareness Ecosystem, Environmental events and Environment and humans. The problem “what is
the impact on the problem solving skills of students?” was discussed based on the findings generated from the
scenarios in relation to the problem solving skills of students. The high level of total scores among groups indicates
the effectiveness of the curriculum since the application of activities was in accordance with the 5E learning model.
The students were familiar with the topics via activities and the scenarios and topics were interesting for the
students (Balgopal & Wallace, 2009; Giil & Yesilyurt, 2011; Ozsevgeg & Artun, 2012c). The scenarios were
interesting, suitable to the levels and related with the everyday life problems. Through the modular curriculum,
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Contribution of this paper to the literature

e  The developed environmental education modular curriculum would provide more chances to students in
the class environment so that they would be more effective, and would facilitate them to think on the
environmental problems that they would encounter throughout their lives, generate solutions and lead to
solving such problems.

e  The modular curriculum would help students to work towards a solution for of the environmental problems
around them, and become individuals with environmental literacy through increasing their knowledge of
environmental topics.

e  The environmental education modular curriculum would provide guidance to teachers with regard to the
environmental education with the activities developed suitable for students effective in the learning process
of students, economical as well as being easy-to-use, and lead them to appreciate environmental education.

students had the chance to do research within the framework of various projects and ensure the correct description
of existing problems, and to reach effective outcomes by following a systematic order such as the options required
for solution and selection of the most suitable method.

Such circumstances might cause the development of negative attitudes towards the environmental among
students. The abovementioned problem shows that the activities and practices at schools, which would ensure
environmental awareness among students, help them to solve environmental problems and develop their problem
solving skills, are not sufficient (Ozsevgeg & Artun, 2012a; Simsekli, 2001). At this level, all efforts would not go
beyond the identification of environmental problems and transfer of theoretical information about the reasons for
such problems to the students. As a natural outcome, the students would not create solutions for the environmental
problems, would not form environmental awareness, would not maintain their conceptual learning and attitude
change, and hence would not develop their problem solving skills as they would not have active participation in
the solution of environmental problems (Tayct & Uysal, 2009). The 5E methods is believed to be useful for these
kind of tasks.

The following paragraphs include explanations of both the 5E Learning Cycle phases and the major tasks for
the teacher and students in each phase (Bybee & Landes, 1988; Stamp & O’Brien, 2005). As for the 5E methods, it
represent five stages of a sequence for teaching and learning: Engage, Explore, Explain, Extend and Evaluate. As
The 5E learning cycle leads students through a sequence of learning in which they become engaged in a topic,
explore that topic, are given an explanation for their experiences, elaborate on their learning, and are evaluated.
(Wilder & Shuttleworth, 2005).

Engagement phase (E1): The teacher assesses students” prior knowledge and engages students in learning a
new concept. The teacher also helps students make connections between prior and present knowledge, and helps
to organize students” thoughts about the learning outcomes of present activities.

Exploration phase (E2): The teacher provides students with a common base of activities reflective of present
concepts and skills. Students complete activities by using their prior knowledge to generate new ideas, to explore
questions and possibilities, and to execute a preliminary investigation.

Explanation phase (E3): The teacher focuses students’ attention on a specific aspect of their “engagement” and
“exploration” experiences, and provides opportunities for students to demonstrate their understanding or skills.
The teacher can also use direct instruction and guide the students toward a deeper understanding of a concept.

Elaboration phase (E4): The teacher challenges and extends students” conceptual understanding and skills.
Students learn to develop broader and deeper understanding and skills, through the above three phases.

Evaluation phase (E5): The teacher evaluates students’ progress toward achieving the instructional goals.
Students learn to assess their understanding and abilities.

A modular curriculum organises multi-dimensional activities covering plant and animals. The modular
curriculum allows the 6th and 7th grade students to observe the features of plants and animals around them just
like a scientist, to take notes and share those notes in the classroom, all of which contribute to the understanding of
such concepts. Another significant component of the designed curriculum is that during the learning process,
students are always active, namely students actively participate to the activities, observations and in-class
discussions. Within the framework of the designed curriculum, the achievement tests were utilised to identify the
products of students while projects and self-assessment were used to reflect the performances of students, as the
aim is to demonstrate to the students all aspects and allow them to assess themselves. Hence, the curriculum might
have allowed the students to constantly review themselves to identify their deficiencies (Ozsevgeg, 2007) and
improve themselves. Such a feature of the modular curriculum might have improved their conceptual
understanding. It is easy to interpret this as the more suitable education strategies are, the better it is for students.
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Table 1. Sample Size and Applications of Research
Process Activities
Identification of research problem
Design of Environmental Literature review
Education Modular Identification of acquisitions
Curriculum Description of chapters
Development of data collection tools
Preliminary and final tests of achievement tests
Preliminary and final tests of environmental education attitude scale
Pilot Study Final test of environmental education self-assessment form
Validity analysis of data collection tools
Reliability and validity analyses of data
Preliminary and final tests of environmental education attitude scale
Pilot applications based on the problem solving skills
Final test of environmental education self-assessment form
Final test of integrated learning environment survey

Original Study

With that feature, the utilisation of methods and techniques like group work, brainstorming and discussion during
the same lesson might have improved the conceptual understanding of students (Coca, 2013).

Despite of the fact that there is no significant difference between the environmental attitudes of students, the
provision of an interactive education process opportunity to the students via the designed curriculum (Sariay, 2008;
Tas & Secken, 2009) and application of students oriented practice together with various features might cause a
change in the attitudes of students. The outcome of the designed curriculum supports such studies; and the use of
different methods and techniques in the application might have increased the attitudes of students (Ergin &
Okutmus, 2007). The lack of supplementary education tools cause a major deficiency in environmental education,
as such tools cover the relevant benefits/topics, support the environmental education concepts with enriched
activities and facilitate the students to generate solutions to environmental problems.

Therefore, the aim of the environmental education modular curriculum designed in the study is to identify the
impact on the conceptual understanding and academic success of 6t and 7t grade students in North Cyprus.

MATERIAL AND METHODS

Data Collection Tool

The data collection tools of this research are “ Achievement Test Based on Chapters”, “Environmental Education
Attitude Scale”, and “Environmental Activities Assessment Survey” based on the sub-problems.

“The Integrated Multiple Case” pattern, which reviews all data as a whole, is a part of a specific case suitable
for the nature of the study, and is used in the five different chapters under the modular curriculum designed for
this study had formed multiple variable. Each chapter is analysed separately to understand the internal changes
and process, and then to understand the efficiency of the implementation process (Cohen & Manion, 1989; Cepni,
2010).

Research Sample

During the pilot and original implementation of the research, it was ensured that the researcher would perform
the research much easier; the researcher would be enthusiastic and voluntary during the application; the students
would show similar characteristics from every aspect and the physical facilities of school would be suitable for the
research. The sample of the study comprised of a 30-person sample group from two schools selected using the
random sampling method. The sample size and implementation of the study are given in Table 1.

Prior to the performance of the pilot study, the teacher, who would help the in the implementation was
discussed with in relation to the guide materials and assessment tools and provided with the information on the
guide materials, assessment tolls and period of administration. Information exchange was also conducted with the
teacher that would help in the administration prior to and after the lesson about what would be done. As the pilot
and original study were both conducted by the same teacher, the related teacher was observed to be more
experienced during the original study. It is known that the teacher had knowledge on the 5E learning method and
was giving consideration to apply such a model in his classes and conducting activities accordingly.

The willingness of the assistant teacher in such activities contributed to bringing the guide materials and data
collection tools to the final shape as the teacher adopted the pilot and original study, was helpful as much as
possible and in providing information about the status of the students.
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Validity and Reliability

The reliability and validity of data collection tools of this study are crucial. Therefore, the reliability and validity
of data collection tools must be conducted. The data collection tools were tested through a pilot study on the 6t
and 7th grade students of Atleks Sanverler and Turk Maarif Koleji located in North Cyprus.

In consideration of the evaluation of collected data, the data collection tools were found to be valid and could
be used in the study. Under the modular curriculum, there are achievement tests for five different chapters. As a
result of the pilot study, the Cronbach’s alpha reliability coefficients of tests were .791 for the “Environmental
Awareness Chapter”, .743 for the “Ecosystem Chapter”, .891 for the “Plants and Animals Chapter”, .816 for the
“Environmental Events Chapter” and .823 for the “Environment and Human Chapter” respectively. Such reliability
coefficients can be considered as good and suitable for the study (Buiytikoztiirk et al., 2017). The Cronbach’s alpha
reliability coefficient of the environmental education attitude scale was calculated as .892, which could be
considered as at a good level (Cepni, 2010). The Cronbach’s alpha reliability coefficient of the environmental
activities assessment survey was calculated as .761.

Data Analysis

The research data were collected through the environmental education attitude scale, environmental activities
which included assessment surveys, scenarios on problem solving skills and achievement test. In order to identify
the variance in the environmental attitudes of students, t-test, frequency of answers in the environmental activities
assessment and daily notes of researcher for the observations were analysed.

The SPSS 20 program was utilised to statistically analyse the findings from the environmental attitude scale and
achievement tests. The achievement tests, which would be used as preliminary and final tests of chapters, were
conducted to measure the change aspect of knowledge levels of students for each chapter. T-test analysis was
conducted for the identification of whether or not there is any significant relation between the final test scores of
the five chapters in the modular curriculum. The views of students regarding the activities of student guide
materials were identified through the environmental activities assessment survey. Pilot activities were performed
for the guide materials developed in the study and an assessment was undertaken accordingly. Evaluation of the
pilot study results, the guide materials and assessment tools prepared for the original study were administered on
the last 2 hours of lessons during the 5 weeks as the complete 2nd semester of 2016-2017 academic year was the
original study period. Firstly the research problem was determined for the application of the environmental
education modular curriculum. A literature review was conducted. Chapters were described as; environmental
awareness, ecosystem, plants and animals, environmental events, environment and humans. Guide materials were
developed and environmental education attitude scale, scenarios on the problem solving skills and an achievement
test were administered. The preliminary and final tests were conducted and then finally the results were reported.

Data Collection Tools

A

The achievement test developed for the five chapters of the research “Environmental Awareness”, “Ecosystem”,
“Plants and Animals”, “Environmental Events” and “Environment and Humans” were used in the analysis. For
each of the chapters, the analysis results of the achievement test results were identified. After the evaluation of the
preliminary and final test results of the achievement tests were administered to the sample group, a t-test was
performed to identify whether or not the difference between the preliminary and final tests were statistically
significant. The related results are given in Table 2.

FINDINGS

As seen in Table 2, there is a statistical significant difference in favour of the final test For the Environmental
Awareness Chapter, p = .000, p<0.05), for the Ecosystem Chapter, p = .003, p<0.05); for the Plants and Animals
Chapter, p = .005, p<0.05); for the Environmental EventsChapter, p = .001, p<0.05); and for the Environment and
Humans Chapter, p = .003, p<0.05.
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Table 2. T-Test results on the achievement test

Chapters Group N Standard Deviation t p
. Prelimi ry test

1. Environmental Awareness Chapter 're Iminary tes 30 6.23 7.22 .000

Final test
—

2. Ecosystem Chapter Preliminary test 5 6.79 6.51 003
Final test

3. Plants and Animals Chapter Preliminary test g, 347 6.13 005
Final test

4. Environmental Events Chapter M 30 8.29 7.39 .001
Final test

5.Environment and Humans Chapter M 30 10.69 4.63 .003
Final test

Table 3. T-test results on the environmental attitude scale

Group N Arithmetic Average Standard Deviation t p

Preliminary test 30 126.75 19.25 9.23 007

Final test

The problem of study was “Is there a significant effect of the designed environmental education modular
curriculum on the environmental attitudes of 6th and 7th grade students from the schools in North Cyprus?” The
objective in using such assessment tools is to reflect the changes in the environmental attitudes of students in detail.
After the evaluation of the preliminary and final test results of achievement tests administered to the sample group,
a t-test was performed to identify whether or not the difference between the preliminary and final tests are
statistically significant. The related results are given in Table 3.

As seen in Table 3, there is no statistical significant difference in favour of final test among the preliminary and
final test results of students (p =.007, p>0.05).

The problem of the study was identified as “What is the effect of the designed environmental education modular
curriculum on the problem solving skills of 6 and 7t grade students from the schools in North Cyprus?” There
were a total number of 5 scenarios regarding the problem solving skills of students in the “Environmental
Awareness Chapter”, the “Ecosystem Chapter”, the “Environmental Events Chapter” and the “Environment and
Humans Chapter". The findings with regard to the application of scenarios on the 6t and 7th grade student groups
in the North Cyprus are given in Table 4.

During the application of this skill, we used five steps. The first step was “determine the problem”, second step
was “collection of information”, third step was “investigation of probing solutions”, fourth step was
“determination of solutions “, and the final step was “problem solving. “
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Table 4. Total scores from the application of “Scenarios In Relation With The problem Solving Skills” on the student groups

Name of I. Step: 1l. Step: 11l. Step: IV. Step: V. Step:
Chapters Groups Identification of Information Searching for Identification Problem Total Score
Problem Collection Problem Solving of Solution  Solving
CB1 6 5 3 5 5 24
“Environmental CB2 3 3 3 4 4 20
Awareness” CB3 5 5 4 6 3 23
Chapter CB4 4 3 4 5 5 21
CB5 4 5 5 6 6 26
EK1 5 3 3 5 4 21
" Y EK2 3 4 5 3 5 20
cfgl’:ty::em EK3 4 2 2 3 5 16
EK4 3 2 6 2 4 17
EK5 3 5 5 4 2 19
BH1 3 2 4 5 3 17
" BH2 5 3 4 4 6 22
A':iar:::'n:hapter BH3 6 2 4 3 3 18
BH4 3 4 4 3 3 17
BH5 5 5 6 2 5 23
CO1 5 5 3 3 4 20
“Environmental o2 2 3 2 > 3 15
" Co3 6 2 5 4 5 17
Events” Chapter
CO4 3 6 5 3 4 21
CO5 5 4 6 5 3 23
Ci1 4 4 5 6 4 23
“Environment Ci2 5 2 4 5 5 21
and Humans” Ci3 5 2 6 3 2 18
Chapter Ci4 3 5 3 4 4 19
Ci5 4 3 6 2 5 20

Students can only get 7 points as the lowest and 27 points as the highest

As seen from Table 4, the CB group got 114 points in total, the EK group 93 points, the BH group 97 points, the
CO group 96 points and the CI group 101 points.

The environmental activities assessment survey was conducted to identify the views of 6th and 7th grade
students from the schools in North Cyprus about the activities in the student guide material. The survey has a total
of 22 items and is in the form of a 5-point likert scale as ranging from “Strongly Agree”, “Agree”, “Neutral”, “Strongly
Disagree” and “Disagree”. The complete arithmetic averages of data generated from the environmental activities
assessment survey are given in Table 5.
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Table 5. Arithmetic Averages of Environmental Activities Assessment Survey
Chapter Chapter Chapter Chapter Chapter
(CB) (EK) (BH) (€O) (ch

No Items

The group activities have made us more environmentally

1 . 3.21 3.36 3.65 3.56 343
conscious.

2 | couldn’t understand the topic in the activities requiring 317 365 3.41 321 346
group work.

3 The environment was good in group work activities 3.21 3.54 3.18 3.45 3.65

4 | enjoyed the activities of the chapter. 3.63 3.21 3.56 3.23 3.49

5 | urjndgrstand the environmental problems more with the 317 347 307 365 357
activity.

6 |l am ngt'nj\terested in the environmental problems given in 304 352 334 354 345
the activities.

7 | haygmore faith in the environmental problems with the 366 382 329 343 365
activities.

3 | have more opinions on ‘Fhe soAIutlon of enV|ron'm'e4ntaI 314 341 337 361 322
problems based on the discussions at of the activities.

9 I couldn't understand a lot from the activities. 3.66 3.54 3.28 3.17 3.42

10 | had aAbAeFter chance to communicate with our teacher about 329 325 366 3.49 355
the activities.

11 | found the discussions during the activities boring. 3.17 3.47 3.56 3.43 3.56

12 The activities in the chapter are taught in a similar way to the 356 304 3.41 3.9 366

other chapters.
13 The evaluations in the activities were good. 3.22 3.49 3.66 3.19 3.49
The topics that | saw in this chapter made me like the

14 . . 342 349 3.26 3.33 3.51
environmental education lesson more.

15 | hgvep t used the information about the environment in my 353 342 319 334 347
daily life that much.

16 Sth actlyltles made the environmental education lesson 322 337 351 3.49 366
quite boring.

17 | want the environmental education lesson to be always 323 341 334 354 355

taught like this.
18 | can use the information that | learnt in the lesson to discuss 319 314 3.5 351 343
such matters.
The activities during the lesson made the class environment
more enjoyable.
| started to get along with my friends better through the
activities in the environmental education lesson.
21 \N.ha.t | learnt from the enyironmental education lesson 317 347 363 333 339
eliminated the unclear points for me.
With the environmental education lesson, | learnt that nature

22 protects itself against humans. 32T 333 355 3:29 3:55

19 343 3.21 3.31 3.58 3.66

20 3.56 3.29 3.17 3.26 3.51

According to Table 5 showing the arithmetic average of environmental activities assessment surveys, the
average of the CB chapter is between 3.17 and 3.66, that of the EK chapter between 3.21 and 3.82; that of the BH
chapter between 3.17 and 3.66, that of the CO chapter between 3.17 and 3.65 and lastly that of the CI chapter between
3.22 and 3.66.

DISCUSSION AND CONCLUSION

After the evaluation of the preliminary and final test results of the achievement tests administered to the sample
group, a t-test was performed to identify whether or not the difference between the preliminary and final tests were
statistically significant. There was a statistical significant difference between the preliminary and final test scores
of the 6t and 7t grade students in favour of final test: Environmental Awareness Chapter, p = .000, p<0.05),
Ecosystem, p = .003, p<0.05); Plants and Animals, p = .005, p<0.05); Environmental Events, p = .001, p<0.05);
Environment and Humans, p = .003, p<0.05.

Following the assessment of the preliminary and final tests in relation with the achievement test applied on the
students for the “Environmental Awareness Chapter”, the statistically significant difference between the preliminary
and final test scores of students in favour of the final test indicated that the modular curriculum leads to an increase
in the academic success of students and the clarity of related outcomes of the modular curriculum for the students
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contributed to the learning process of concepts and enhancement of academic success. The designed curriculum
created a discussion environment for students and led them to organize discussion activities on the concepts. This
discussion can be considered as a contribution of the students to discuss the current issues and help them to reach
solutions. Therefore, the modular curriculum enabled the effective learning environment given in the literature and
thus would improve in the future. The environment, environmental pollution, waste and prevention of
environmental pollution are the topics on the agenda. The modular curriculum emphasizes the issues of recycling
and waste; gives sufficient time to learn such concepts and leads to a positive change in the conceptual
understanding and academic success of students by constituting unique outcomes in relation with recycling. Such
a situation can be interpreted as a separate environmental education lesson that is effective in improving success
in terms of conceptual understanding and academic success (Akyol & Kahyaoglu, 2012). Since the activities are in
compliance with the 5E learning model, the students are able to recycle paper and understand the concept of
recycling in addition to facilitating better understanding of concepts conducted under “the problem solving” step
(Ozsevgeg & Artun, 2012b; Sahin, 2010).

Following the assessment of the preliminary and final tests in relation to the achievement test administered to
the students for the “Ecosystem Chapter”, the statistically significant difference between the preliminary and final
test scores of students in favour of the final test indicated that the modular curriculum leads an increase in the
academic success of students using the modular curriculum. The modular curriculum and studies of Ramadoss
and Poyyamoli (2011) and Lindemann-Matthies, P. (2002) regarding the importance of bio-diversity and its
provision within a curriculum have similarities. The designed curriculum provides bio-diversity under a
curriculum together with the outcomes and activities, which might find solutions for the deficiencies of related
studies and improve the conceptual understanding of students. Since the modular curriculum allows students to
merge different activities and correlate the concepts, it is considered as contributing to the realization of learning
by bringing the mental functions of students to the high levels. The efficient use of the 5E learning model can be
interpreted as improving the conceptual understanding (Artun & Costu, 2013; Giil & Yesilyurt, 2001). On the other
hand, another feature of the designed curriculum is that the activities are suitable for students and they are able to
understand the concepts themselves. The modular curriculum enables the use of alternative teaching methods and
techniques that are more efficient in environmental education rather than the traditional teaching methods (Coca,
2013; Lindemann-Matthies, 2002; Manolas & Leal Filho, 2011; Ramadoss & Poyyamoli, 2011). The longer and more
comprehensive learning environment provided to the students through the modular curriculum allows students
to improve their critical thinking skills and contributes in finding solutions to the problems. Therefore, a good
learning environment of students have a major place in learning concepts (Bukova-Giizel, 2008; Tafrova-Grigorova,
Boiadjieva, Emilov, & Kirova, 2012).

Following the assessment of preliminary and final tests in relation with the achievement test administered to
the students for the “Environmental Events Chapter”, the statistically significant difference between the preliminary
and final test scores of students in favour of the final test indicated that the modular curriculum leads an increase
in the academic success of students in terms of the Environmental Events Chapter. The study of Thornber,
Stanisstreet, and Boyes (1999) stated that the knowledge of students in relation to air pollution and damages caused
by air pollution, and such a concept must have a major place in the curriculum. The modular curriculum widely
covers the outcomes of air pollutions while correlating the events of air pollutions and elaborating the main reasons
of air pollution, which allows students to understand the air pollution concepts better. Additionally, the designed
curriculum provides information about the other types of pollution in addition to air pollution that might be a
reason of for improvement in the conceptual understanding as concepts complement each other and ensure
correlation. This can be interpreted that the modular curriculum is significant for learning about the concept of air
pollution. The activities of the modular curriculum led to group discussions and changes in the perspective of
students towards environmental events. Such circumstance can be interpreted as allowing questioning concepts
and improving critical thinking. The modular curriculum allowed students to see the environmental events in more
concrete ways through its activities and materials (Dag & Kirikkaya, 2012).

Following the assessment of the preliminary and final tests in relation to the achievement test that was
administered to the students for the “Plants and Animals Chapter”, there was a statistically significant difference
between the preliminary and final test scores in favour of the final test. In consideration of the answers given by
the students at the last interview, the majority were mainly about the solution to problems in relation to planst and
animals and taking measures, which were both covered in a limited number of references in the literature (Atasoy
& Ertiirk, 2008; Se¢gin, Yalvag, & Cetin, 2010).

Following the assessment of the preliminary and final tests in relation with to the achievement test that was
administered to the students for the “Environment and Humans Chapter”, the statistically significant difference
between the preliminary and final test scores of students in favour of the final test indicated that the modular
curriculum leads to an increase in the academic success of students. The relation between the environment and
humans is the least known subjects of environmental education. While there are almost no studies on this matter
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in the literature, the level of conceptual understanding is also not clearly known in terms of the relation between
the environment and humans. The designed curriculum covers studies regarding such concepts and eliminates any
deficiencies. It can be explicitly noted that the students must know such topics, yet they don’t have sufficient
knowledge. Due to the nature of the designed curriculum, it covers the relation between the environment and
humans, which is not included in other curricula. It also supports the problem solving process to the problems such
as people causing environmental deterioration and allows the implementation of solutions through the use of
knowledge.

Lastly, the results reflected that there was a positive change in the conceptual understanding and academic
success among students. The students started to understand the concepts related with environmental education
more easily and much more clearly. The students now gave more consideration to environmental problems. The
modular curriculum allowed students to learn much detailed information about the concepts of environmental
education and improved their critical thinking skills through the provision of group activities allowing the
discussion of environmental education concepts, which were taught in the modular curriculum.

The outcomes of the modular curriculum was that students liked environmental education and that the
curriculum implemented student oriented practices, which positively changed the environmental attitudes of
students, provided sulfficient time for the improvement of positive environmental attitudes, contributed to the
improvement of environmental attitudes through providing a multi learning environment with reading texts and
posters related with environmental education that improved the environmental awareness of students and
positively changed their environmental attitudes. Similarly, Akkor and Giindiiz (2017) offers to be focusing rather
than on the concern of the students with regard to future environmental problems. The importance of the individual
studies should be pointed out for the resolution of the environmental problems, and the students should be
encouraged in this direction.

The aim of this study was to identify “Is there any significant effect of the designed environmental education
modular curriculum on the environmental attitudes of 6th and 7th grade students from the schools in the North
Cyprus?” The environmental education attitude scale was used in the study. The objective in using such assessment
tools was to reflect the changes in the environmental attitudes of students in detail. After the evaluation of the
preliminary and final test results of the environmental education attitude scale a t-test was performed to identify
whether or not the difference between the preliminary and final tests were statistically significant. There is no
statistically significant difference (p = .007, p>0.05) between the preliminary and final test scores of students in
favour of final test.

In consideration of the high total scores from the scenarios in relation to the problem solving skills of students,
the designed modular curriculum created a positive contribution on the improvement of problem solving skills of
students. Since the activities of the curriculum were in accordance with the 5E learning model and to allow the
improvement of research skills among students; hence it is not effective for the students to understand the existing
environmental problems around them and to attract as well as lead the students in problem solving through the
developed scenarios.
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ABSTRACT

Classification is the arrangement of objects such as e.g. organisms, ideas, or
information into groups. Its purpose is to make things easier to identify, describe,
organize, find and study. Although classification itself is meant to help people to unify
or clarify objects they are interested in, publications show that students might find it
difficult to classify plants, animals and other organisms. The goal of the study has been
to investigate Polish students’ conceptions and attitudes towards animal classification
and reveal the gaps between these and current scientific knowledge. The study has
been conducted by surveys and in-depth interviews of 34 pupils, from primary schools.
The research shows that students have similar conceptions about animal classification
and also that children see the purpose behind animal classification but find it hard to
apply in practice. Moreover, students were using different factors to distinguish animal
classes from the ones used by scientific community. For example, they differentiated
animals on the basis of: food they consume, respiratory system and utility for humans.
Authors suggest that more stress should be put on these aspects during designing
lessons about animal classification.

Keywords: animal classification, primary student’s conceptions

INTRODUCTION

Cultural Influences

From an early age children try to differentiate animate objects from inanimate ones so they could create their own
picture of nature (Reiss & Tunnicliffe, 1999). According to human the nature theory, the way of classifying the
world which surrounds us is similar for all the humankind, and sometimes it might be naive and inaccurate,
regardless of whether someone is an adult or a child (Linquist, Machery, Griffiths, & Stotz, 2011). Moreover,
humans like to categorize and create lists of very different things and elements, no matter if they are realistic or not,
as noticed by Eco (2009). However, children’s concepts about classification of the world might be a problem even
at the elementary level, when differentiating what a living organism is and what is not (Bell, 1981). In Japan,
children tend to think about stones as living creature - partially because according to some Japanese beliefs, stones
can have a soul (Inagaki & Hatano, 1993). Also, defining what an animal is, can be difficult for students. Trowbridge
and Mintzes (1988) while studying this issue, showed that for many pupils, the only known animals are their own
pets - e.g. dogs, cats (mostly mammals). Such findings can be linked with earlier works of Barrow (2002) who noted
that the classification of insects and their life cycles is a major challenge for students. He demonstrated that, when
talking about insects without the context of insects” habitat, respondents were unable to give the correct answer
about their taxonomy or ecology. Furthermore, Kattman (2001) showed that when children know the animals and
rules how to classify them - they still prefer to do it by their own characteristics such as locomotion or environment.

Psychological Perspective

From the work of Gelman (2009) it is known that children are essentialists and will look at the idea of animals
from the perspective of their essence. Although there have been no research relating to Polish children at this age.
One of them is the work of Rybska, Tunnicliffe and Sajkowska, who investigated children ideas about internal
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Contribution of this paper to the literature

e  Connects human nature framework with the topic of animal classification, which could lead to development
of tools that would make it more accessible in the classroom.

e Gives us deeper insight into attributes used innately by children to classify animals on which teachers
should focus, while teaching about animal classification.

e  Presents the gap between adults” and children’s perception of animal classification.

anatomy of trees (2017), snails (2014) and earthworms (2015). What is interesting in connection with Gelman (2009)
work is that as children draw their representation of these living organism and their internal structure, they often
do not draw internal organs, but their essence - for example their usefulness - home for animals inside tree trunk
(Rybska et al., 2017), or furniture in snails shell (Rybska et al., 2014).

In its nature, the classification is similar to the process described by psychologists and called categorization.
People are do this in their minds, by building concepts and trying to find similarity to the prototype or expanding
the network of the concept. Rosch, Mervis, Gray, Johnson, and Boyes-Braem (1976) has distinguished three levels
of categories into which people classify objects in their surroundings - superordinate, basic and subordinate. Basic
objects are the most inclusive categories whose members: (a) possess significant numbers of attributes in common,
(b) have motor programs which are similar to one another, (c) have similar shapes, and (d) can be identified by
average shapes of members of the class (Rosch et al., 1976). Usually objects that belong to this category are
perceptual, and classification of an object to the basic category does not involve lots of cognitive effort.
Superordinate categories are located at the top of a categorization processes. They show a high degree of generality
and offer abstract, non - perceptual information (that is why they are called a category wide attribute). They show
a low degree of inclusion and include basic level categories. Subordinate level categories are located at the bottom
of the folk taxonomy. They are very detailed, show particularity of the objects and a low degree of class inclusion.
They have clearly recognizable, identifiable and highly detailed characters and numerous individuating specific
features.

According to Trzebinski (1985), based on Rosch et al.’s research one might conclude that the basic concept
consists of two elements - a prototype and a set of representations of many examples that belong to the same
concept. The collection of represents possesses a different degree of similarity to the prototype, and the smaller the
similarity is, the weaker the relation of “being a referent” between the basic concept and the represented object.
Taylor (1989) states that “the clear boundaries of natural categories depend on both the way the world is and what
we know about it.” Categorizations of concepts are culturally conditioned. Both concept and category, despite their
core character, are dynamic beings that extend their reach. It would appear that not only the selection of terms used
during educational events is important, but also the educational environment created by the teacher, the choice of
didactic agents affecting the body of students and the ways of contact, cognition and experience of the means.

Concepts, as well as categorization of core characteristics, are dynamic beings with expanding ranges. From this
perspective, we are trying to find the attributes used by students to make categorization such as biological
classification, in order to find a prototype objects that are important for them in the process. For example, if we
want to help students to create the concept of an amphibian, primarily we should let them observe and experience
an animal, which is most commonly collocated with the concept of an amphibian, for e.g. a frog - with all of the
specific details for this group: delicate and thin skin with slime, specific and primitive motor skills on the land,
hyperventilation with help of the mouth cavity (buccopharyngeal cavity, buccal pump), as they do not have chest,
reproduction dependent on the water etc. By this example, students construct their basic concept. Next, we can
introduce them less typical animals like common newt - which may have similar characteristics as frog but is a
little bit different - have a tail and live mostly in the water. In the end, fire salamander, as the most untypically
looking Polish amphibian should be presented this way, students might be able to create abstract construct of the
group of amphibians - which is the superordinate level (Rosch et al., 1976).

Polish Educational System

In Polish education system, the idea of animal classification, other than from essentialist and utilitarian
perspective, is introduced in primary school as an adaptation of specific species to the environment, without special
focus on the idea of animal classification, the rules which apply, the meaning of each range and taxon etc. After the
recent reform, introduced this year, students will be familiarized with the idea of animal classification at similar
age of eleven. Equally, pre and post reform concept of animal classification is treated similarly, and children
encounter this concept for the first time during their formal education.

Taxonomy, as a branch of biology, is important as it shows interconnections between groups of organisms. But
to know something and therefore to understand its value, reasons and means to protect it, one has to be interested
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in the topic. Accordingly, the textbooks should contain representations of animals typical and native for a given
country and these animals should also be presented by a teacher during lessons. However, due to their appeal, the
photographs in textbooks more frequently show exotic and more colorful species, frequently omitting visually
attractive native ones. Authors, in their research, show that teachers prefer attractiveness of the textbooks more
than their essential correctness (Sajkowska & Rybska, 2014). Other publication on the matter of protecting
amphibians and reptiles touch on them only from the perspective of protective actions such as cleaning
environment for living animals, species inventories or safe transfer of individual through communication areas
during mating season (Lewandowska, 2013; Zielinski, 2007). One of the few publications in Poland, which deals
with protecting amphibians through the process of education, is work of Kolenda (2011) who proposes didactical
intervention is a small city in Poland and after that, organizes cyclical annual actions of cleaning amphibians’
environment (Kolenda, 2014).

Human Nature - Framework

The animal classification, which appears in folk biology, is usually very complex, but in general, we can
distinguish two parts. The first part, corresponding with human nature, is a classification based on describing the
surrounding world (Linquist et al., 2011). In this case, the description of an animal is very accurate as in the past
centuries, humans were closer to the nature, and plants’ and animals’ morphology or behavior were quite
commonly known. The second part is mainly tentative as it consists of various beliefs and superstitions. In this case,
humans tend to anthropomorphize animals attributing them some human characteristics. It is popular to say that
someone is hard-working as an ant or a bee, or strong as an oak, brave like a lion, or sensitive as mimosa, or even
when the name of an animal is synonymous to some behavior as in the case of chicken (Kean, 2012; Lakoff, 1993;
Linquist et al., 2011).

Since children usually have their own (mental) version of folk biology, the whole concepts become even more
inquiring (Atran, 1998; Medin & Atran, 1999). Children much more often ascribe human template to plants and
animals (Gould, 1977). In 1977, Gould presented the idea that ontogeny of children up to 10 years old and their
development of concepts mimic cultural evolution of humans, where the spiritual elements and believes in nature
phenomenon are gradually getting replaced by scientific discoveries through the centuries (in that case of humans
as a species), or gained through the education (in case of children).

Previous researches in the field of animal classification was conducted in New Zealand (Bell, 1981), USA
(Trowbridge & Mintzes, 1988), Slovakia (Prokop & Tunnicliffe, 2008) or Taiwan (Yen, Yao & Chiu, 2004), however
none of these papers focus on children from central European farmland landscape, such as Poland. In Balmford,
Clegg, Coulson, and Taylor (2002) students from Great Britain were given the task to classify both animals present
in their neighborhood and Pokemons (fictional creatures from popular children’s cartoon) into appropriate groups.
Results show that students were more efficient in assigning Pokemons to appropriate groups and classes (as they
were classified in the cartoon) then in classifying animals present in their environment to appropriate classes. This
example suggests that it is not impossible for young people to apply an artificial classification - they just have to be
interested in it (Balmford et al., 2002). The topic has recently been reapproached by many researchers, thanks to an
enormous popularity of the interactive mobile game Pokemon Go, and some researchers argue that this application,
or other social media applications, such as Facebook, might increase outdoor movement of the youngest and may
lead to an increasing number of encounters with some of the species - like hedgehogs (Dorward, Mittermeier,
Sandbrook, & Spooner, 2016) or even to discovering new species (Skejo & Caballero, 2016). These attitudes could
potentially be used for rising environmental awareness.

Nevertheless, among numerous investigations about animals and attitudes towards them, none of the
researches was specifically focused on students’ attitudes toward animal classification together with describing the
attributes and the prototypes they find important or valid while classifying organisms. For example, Trowbridge
and Mintzes (1988) widely investigated animal classification phenomena, but only focusing on students’
conceptions about it, not considering the attitudes and whether students see the sense in the animal classification
or not.

Following research has the goal to show the gap between scientific knowledge of animal classification and
students’ conceptions about it by asking open questions about the topic and usefulness of the animal classification
for humans within a framework of human nature.

METHODS

The instruction for the interviews were based on initial surveys carried out before by authors. The
interviews/the surveys were conducted in 5 primary schools from the urban area in Poznan attended by pupils
between 6 and 13 (K1-6) as suggested by (Bizzo & Caravita, 2012). The in-depth interviews were conducted in a
separate room or in the corner of a classroom. A total number of 34 pupils were interviewed (one from K4 - 10yo,
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seventeen from K5-av. 11yo, seventeen from K6-av. 12yo), 22 of them were girls and 13 were boys. All of them were
summoned individually while they were engaged in their regular work for the interviews and teachers were asked
to ensure that pupils of an equal range of abilities were interviewed (equal numbers at each age range classified by
their teachers as “above average’, ‘average” and ‘below average”).

What we would like to find out is whatever kids will ascribe the human-cultural classification to biological
taxonomy. Therefore, the major problems addressed by the interviews were: 1) How do students understand
animal classification - and if they see it as something connected more with physical or functional similarities and
not the biological kinship? 2) What activities in the classroom, should we undertake to change found folk taxonomy
into scientifically correct concepts? 3) Are students aware of the gap between their concepts and scientific
knowledge about animal classification? To resolve these problems, and for the better understanding of students’
concepts of animal classification, four major questions were asked to students in accordance with instructions
without any prompts:

1. Do you like animals? Do you have any pets?
2. Is there any goal of animal classification? If there is, what is it?

3. What would happen if there were no animal classification? Their prediction of not having animal
classification at all.

4. How would you classify animals? On the base of what predicament/attributes?

The first questions was asked to state students” attitudes toward animals - as Prokop and Tunnicliffe’s (2010)
work shows, having a pet, or liking one, might influence answers of students, and authors wanted to know if in the
interviewed group, there are students who do not like animals, which might make results inconclusive.

Questions from two to four referred directly to students” knowledge and attitudes towards animal classification.

Moreover, we were interested in observing the differences in the students” answers in relation to their gender
or age.

Pupils’ answers were audio recorded. The questions were asked in predesigned order to each pupil. If the pupils
did not understand any of the questions, researcher explained them in detail. Pupils were chosen from the class
without any previous notice and consequently, they were not able to prepare themselves for the interviews. To
motivate pupils, each of them received a verbal encouragement and a praise. In cited transcripts “R” means
Researcher, “B” stands for boys, and “G” for a girls.

Statistical Analysis

Recordings were analyzed by two researchers, whom has made content analysis and categorization of data.
Data were implemented to Excel program separately for each student, and then were measured results of frequency
in each category.

RESULTS

Results are presented in order in which questions were asked in interviews.
1. Do you like animals? Do you have any pets?

IAs a response to the first question, majority of respondents claimed that they liked animals (96%) and they
owned one (82%). Most of them had a dog as a pet.

2. Is there any goal of animal classification? If there is, what is it?

In the response for the second question, all of the pupils claimed that animal classification was important (100%
of respondents). But, when asked about the goal of animal classification and why we do it, the children’s answers
varied. About 60% of pupils claimed that the goal of animal classification was to differentiate animals from each
other, rest of the respondents had no idea what the purpose was, but the question number three helped them to
express themselves.

3. What would happen if there weren’t any animal classification? Their prediction of not having animal classification at
all.

The question number three in the survey was: what would happen if we removed animal classification? This,
in contrast with question number two, encouraged students to use their imagination. All of the answers were
divided on 10 categories. In the answers - one of the students claimed, that if we did not use animal classification,
animals would not exist (2%- one boy), there would be mess and animals would get mixed up (43%), or that it
would be hard to differentiate them (26%). Some students pointed out, that it would be hard to talk about animals
without misunderstandings (7%) or recognize them just on the basis of morphological features (5%). Other ideas
were also worth mentioning. There were pupils who said that in that situation it would not be easy to remember
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Figure 1. Percentage of responses to the question: Based on what category, can we classify animals? (N=34)

animals (5% - one girl and one boy) or that without animal classification all animals would be in one large uniform
group and therefore, they might end up fighting each other (2% - one girl). In last two categories, students claimed
more anthropocentric and practical ideas like - there wouldn’t be any topic to learn (2%) or it would be hard to buy
animals in the shop (2%). All of the answers are presented in Figure 1.

4. How would you classify animals? On the base of what predicament/attributes?

Last question concerned the categories used in classification asking what key students would use to divide
animals into different groups. The answers varied but we grouped them into 8 categories: morphology (28% of
responses), environment (23% of responses), reproduction (16% of responses), behavior (9% of responses), ecology
(mostly level in food chain) (9% of responses), type of locomotion (7% of responses), adaptation (5% of responses),
organ of respiration (5% of responses). All of the answers are presented in Figure 2.
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Figure 2. Percentage of responses to the question: Base on what attributes, can we classify animals? (N=34)

Table 1. Differences between genders in claimed categories to classify animals (G — girls, B — boys, G% - percentage of answers
for girls, B% - percentage of answers for boys)

Categories FG MB FG% MB%
Morphology 7 5 16.3% 11.6%
Environment 7 3 16.3% 7.0%
Reproduction 7 0 16.3% 0.0%
Behavior 3 1 7.0% 2.3%
Nutrition 4 0 9.3% 0.0%
Movement 2 1 4.7% 2.3%
Adaptation 1 1 2.3% 2.3%
Organ of respiration 0 1 0.0% 2.3%

There were differences between girls and boys - for example, in the category of morphology, 7 girls and 5 boys
claimed that it was an important issue for animal classification, on the other hand, 7 girls said that reproduction
was important to divide animals and none of the boys had similar ideas. All differences between gender are

presented in Table 1.

Qualitative Analysis

The first question, which focused directly on the animal classification was the one which asked whatever
students see any goal of animal classification. In this case, more boys (100%) than girls (93%) were convinced about
that. When students started to explain their reasoning, one boy from 6 grade, said that:

“B: We differentiate animals, to recognize morphological features of an animal more easily.
R: What features?
B: Oh, for example what hide they have, where they live...”

However, that was the only one response which refer to significance of animal classification. Most of the boys
claimed, that classification is based on animal anatomy:
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“B: We differentiate animals because of how they look and what they have inside.
R: What do animals have inside?

B: Lungs, or heart...

R: And how can it be the key for classification?

B: Because, we can look at the different animals, check if they have hearts for example, and if they have
something in common”.

In this case, it can be observed, that this boy was more thorough with his observation and was aware of anatomy
of animals and differences between them. This type of explanation was not observed in younger groups.

Another issue, raised only by boys, was adaptation, which was explained, for example, in such a way:

“B: I think, the classification of animals should be created on the basis of their adaptation,

R: Can you explain what adaptation is?

B: It is how they take care of themselves in the environment where they live.

R: And how can it be crucial for taxonomy?

B: Because if they are in the same environment, they can be close to each other, like family”

The idea of adaptation was quite interesting, although only one boy referred to this issue.

On the other hand, girls were more focused on such ideas as reproduction:

“G: We can differentiate animals, by the way how they reproduce and what the eggs look like,

R: Can you describe it?

G: Some animals have transparent eggs, some not, and some are born alive, without eggs.”.

In this response, a girl focused on a very important issue in differentiation of species, which is reproduction.
These were very insightful, and in the future, this collection might be very useful to construct more complex
concepts about animals.

Moreover, two girls were focused on the way how animals move:

“G: Animals move differently, snakes can wriggle and others can run,

R: What others?

G: Others, such as horses.

R: And beside horses?

G: There are frogs, which jump or birds which fly.”

From this conversation, an assumption can be made, that girl claims snakes cannot run, which is correct. She
also assigns the right kind of movement to other animals.

One of the girls, puts stress on utility of the animals for humans:

“G: Animals can be differentiated because of the use for humans. For example cows for milk or chickens for
eggs”.

This sentence showed that this girl had a pragmatic approach to animals, but also that she was aware that some
food is provided by animals.

Differences in Groups

The answers to first question shows differences between genders. The main difference that we observed, was
students” explanation of the goal of animal classification. Girls had different ideas about it than boys. Authors
divided students’ answers into four categories: communication, kinship, key to classify and behavior.

The differences between genders were also observed in the answers to the second question. Majority of the boys
(with the exception of two of them) responded that without animal classification there would be a disorder. On the
other hand, girls had more varied replies. More girls than boys claimed that without classification it would be
harder to memorize the animals, the lack of classification can lead to a conflict between animals, or that the animals
would simply vanish. This result might show that girls are more empathic than boys. One of the girls compared
the outcome to mixing two different groups in schools - if we merged two classes, students would be not happy to
interact with some girls and boys from the outside of their class. All the categories, with specific examples are
presented in Table 2.
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Table 2. Differences in categories in particular groups of students

Categories Boys Girls
Communication - Different animals from different groups might fight with
each other
Kinshi adaptation and origin is important in animal animal kinship based on similarity of their external
P classification appearance

Key to classify environment, anatomy, adaptation and respiration. differentiation, reproduction, movement and food
Animals in the same groups interact with each other, if we
mix animals from different groups, they will be mainly
exposed to negative consequences

Animals despite being in the same group do not

Behavior interact with each other

DISCUSSION

Our research shows that students were interested in animals and at the same time they failed to define animal
classification scientifically. Having that in mind, researchers should look at other factors which might influence
these results such as: social context, motivation or utilitarianism.

An important factor in the acquisition of information should be its social context. It is significant to draw
attention to the conflict between the knowledge passed on us, for example, by parents and society, and scientific
knowledge, which is given to us by teachers and textbooks (Mji & Makgato, 2006). Often, information provided by
media, parents or textbooks, can be conflicted with scientific knowledge and leads to students” misconceptions
(Barrow, 2002; Gericke, 2009; Sajkowska & Rybska, 2014). All of the above mentioned papers agreed that the
motivation and interests of students is what we should be focused on. In our study, majority of the students
declared their interests in animals and even owned some pets. In researched group, there was only one student
who declared that he did not like animals and did not have any interests in them. To analyze how their interest
influence their ideas towards animal classification further research should be conducted in a group with lower
interests in animals.

The other factor which may have influence is motivation of students towards animal classification. Despite the
age, humans - children and adults - have to see the purpose of their actions. When we are assigned to the task
which, in our opinion has no goal, we are not motivated to do it, and also information gained in this way (after
learning to exam in the subject which is useless for us) will be forgotten in a very short time (Rabinowitz & Vastag,
2012). And only when students are interested in something, gained knowledge will remain in their memory and
will be used by them. Also, some of previously published works, had concluded that the interests of students are
what researchers and teachers should focus on (Arends & Kilcher, 2010; Doyle, 1977; Marsh & Roche, 1997).

Our results show that for students, the utilitarian approach is most important, as they were thinking about
animal classification as a tool. For example, as presented in works of Balmford et al. (2002) and Dorward et al. (2017)
about Pokemons, children are able to learn classification when they are interested and see the purpose, as they
knew that water Pokemons can defeat fire Pokemons, and that their strength depends on how big and evolutionary
advanced they are. This was similar in both papers that students knew how to classify and how to use the Pokemon.
What is also in agreement with our results, is that students” answers were always human centered - as they also
referred how they can use animal classification for their purposes. It was evident, especially in question concerning
what would happen without animal classification, as the answers were “It would be harder to learn” or “we
couldn’t divide them” or “there would be a mess”. All of the respondents failed to notice the use of the classification
for the research and protection of animals. But this result is not unexpected as it is linked with human nature theory,
where human is in the center of everything. This is an important implication for researchers and teachers how to
turn attention of students towards different aspects of classification and present them with a more holistic
ecological view. In this way, we could teach them to think not only from human perspective but also from
environmental perspective. The approach to build their own classification presented by Rosch and coworkers (1976)
might be easier for students to understand. For example, if we want students to be able to create abstract and
artificial concept of group of amphibians, teachers and textbooks might help with constructing a basic level by use
of example of a frog with details and then gradually introduce more complicated native amphibians (like a newt
or salamander), and allow them to create a superordinate level which is a general and abstract concept of higher
taxonomy group. In our opinion, didactics should take these findings into consideration and try to apply them in
their teaching processes.

While taking a closer look to gender differences, our results stays with agreement with Spelke (2005), that
cognitive abilities of boys and girls (or male and female), from birth to maturity, do not support the claim that men
have greater intrinsic aptitude for science. Both groups are able to learn scientific concepts at a superordinate level,
they are able to use these concepts and possess common abilities to represent objects, numbers, language, and space
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etc. What we can observe, are differences in so called cognitive profile, the example of which can be a more empathic
approach in classification represented by girls than boys. Also, girls seems to pay bigger attention to the aspects of
relations (eg. with the environment) while boys, in their explanations, are more focused on the organizational
aspects. Baron-Cohen (2002) in their work suggest two kinds of approaches: empathizing and systematizing, and
in our studies, girls presented more empathizing dimension then systematizing one, despite that, in their research,
they did not tend to prescribe it to gender (Baron-Cohen, 2002; Zeyer, 2010). Developing future research in that
direction is needed.

Nevertheless, looking at the aspects of taxonomy - one major question may arise - how should taxonomy be
taught in order to put more pressure on its use in the environment research and study? For example, the modern
taxonomy of animals is based on the phylogenetic origin and is often supported by genetic and morphological data,
however, the research shows that students better memorize things connected with ecology or behavior (Cardak,
2009; Kattman, 2001). On the other hand, if a particular student learns about different animal taxons far away from
wildlife, and their only source of information are textbooks, it is not surprising that their mental models are
incomplete or just wrong (Bizzo, Monteiro, Lucas, & Bianco, 2012; Gericke, 2009; Sajkowska & Rybska, 2014).
Therefore, it can be assumed that a lack of direct experience can be an important obstacle in understanding animal
classifications. It was shown that contextual teaching is far more effective than teaching and learning without
context (Ruiz-Mallen, Barraza, Bodenhorn, & Reyes-Garcia, 2009). The obtained results help us to more deeply and
holistically understand the idea of teaching about animal classification, by proving educational implications that it
should be based on/and relate to students” ideas and interests about it.
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ABSTRACT

This study aims to determine the effects of creative drama as a teaching method on
undergraduates’ academic achievement and on the permanence of knowledge
acquired in both theoretical and applied courses in architectural education. The study,
which employed a pre-test/post-test control group design, was conducted as part of
the bachelor’s degree courses Environmental Behavioral Knowledge and Basic Design
in the architecture department of Karadeniz Technical University. The study involved
26 undergraduates in the Environmental Behavioral Knowledge course and 48 in Basic
Design. From the results of this study, we concluded that undergraduates in the
experimental group instructed using the creative drama method showed higher levels
of achievement than those in the control group instructed using conventional teaching
methods. These results suggest that the creative drama method should be used in
architectural education and that further study is needed in this area.

Keywords: architectural education, conventional teaching, creative drama, academic
success, permanence of knowledge

INTRODUCTION

Architectural education incorporates several disciplines, from science to art to technology. However, to
accommodate unstable social and economic circumstances, architectural education requires changes in program
content, learning-teaching strategy and methods. The purpose of creating different and original products and trying
for a better one results in constant novelty-seeking in architectural education. An analysis of the recent systems of
architectural education shows the emergence of alternative approaches to expression and presentation (Anthony,
2002; Fasli & Hassanpour, 2016; Rodriguez Bernal, 2016).

Architecture students require a holistic perspective and the ability to identify cause-effect relationships, and
cultivating these qualities in students throughout architectural education will enable them to use these skills
instinctively when seeking new information (Aydinli, 2003). This has been corroborated by Anderson (2011), who
stated that learning by practising enables students to generate better solutions to the problems they will encounter
by seeing their visual and physical consequences. Architectural education aims to transmit ways of creative
thinking and cultivate individuals who would be able to perceive and generate creative ideas.

According to Piaget, the most important purpose of education is to cultivate individuals able to do and generate
new things without repeating what has been done before (Fisher, 2005). Most education programs aim to enhance
students’ thinking ability as well as their physical and mental health and enable them to experience their own
generative power (McCaslin, 1990). Teacher-centred methods, which are frequently preferred in educational
environments and based on one-way communication, include activities in which teachers directly convey
knowledge to students, and students listen and take notes. However, modern education aims to develop
individuals by acknowledging their own cognitive, affective and psychomotor behaviours. DeVries and Zan (2005)
noted that teaching how to learn has been gaining importance while the popularity of simply transmitting
knowledge to students and other traditional methods have been declining in importance. The quests for active
learning related to the teacher-student relationship base on the experiential learning or hands-on learning approach
set forth by the educational theorist Dewey (1933). Dewey argues that students should play an active role in the
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Contribution of this paper to the literature

e  The creative drama method based on the principle of “learning by doing” seems to correspond to design
process and stages in terms of the containing concepts and be employable in architectural education.

e [tcanbesaid that creative drama is an efficient method which has an impact on architecture students” ability
to see, comprehend, evaluate and express themselves.

e To adopt creative drama as an alternative method in the theoretical and applied courses in architectural
education will give a significant point of view to this scientific field.

learning process by criticizing the students playing a role of the passive audience (Anthony, 2012). Hence, the need
for student-centered architectural education is evident for fulfilling the academic and social needs.

On the document entitled “UIA and Architectural Education: Thoughts, Recommendations”, prepared by the
Union of International Associations (UIA), the purpose of architectural education is defined as the development of
characteristic methods of architecture and design, by combining the methods of various disciplines and arts that
would contribute to the creativity. In this context, it is specified that research and testing of innovations in
architectural education should be encouraged in order to fulfill the requirements of fluctuating social and
technological conditions (UIA Mimarlik Egitimi Komisyonu, 2002). NAAB (National Architectural Accrediting
Board) specifies the skills and competencies that architecture students must acquire as follows; critical thinking and
representation; building construction; technical skills and knowledge; integrated architectural solutions and finally
professional practice (The National Architectural Accrediting Board, 2014).

Most of the current architectural education practices are carried out by traditional methods, ignoring
contemporary developments, and thus, default information is transferred to the students. However, according to
today’s modern developments, the learning process should allow the student and the teacher to work together to
generate new information (Ciravoglu, 2003). Similarly, Chickering and Gamson (1987) argue that the students
should use in their daily life whatever they learn by linking them with previous experiences since the education
process, in which the students would only listen to the teacher by sitting in the classroom and learn by memorizing
the information would be insufficient.

In addition, the acquisition of conceptual ways of thinking can sometimes be realized more easily by using the
body language. In this context, we may give the example of the Schweder’s studies, advocating that the architecture
is influenced by the energy of the human body, by examining the performance-based applications on concepts
body, perception, and gender. In addition, we may give example the studies of School of Architecture and Design
in Valparaiso in the 1970s, suggesting that the architectural thoughts are based on the poems (Schweder, n.d.; Galan,
2015; Colomina, Choi, Galan, & Meister, 2012). Hence, it is possible to state that the architectural education process
is now transformed into an atmosphere benefiting from the different ways of thinking and interactive methods,
and an environment, for which, the process is more important than the outcome. This process evolving from the
“teacher” to the “student”, gives the prominence to the individual and his/her ability to design.

The design is a discipline that depends on the culture and conditions, in which the individuals are live. The
design, which can be defined as a creative problem solving, forms the basis of all human activities (Cross, 1995;
Papanek, 1997; Schon, 2003). Rapoport (2004), as one the pioneers of researchers studying the relationship between
people, environment, and behavior, emphasizes the importance of keeping in mind that basic decisions are almost
always given in advance, by advocating that the design is for the users. Rittel (1985) defines the designing action as
a “decision-making process” oriented for the purpose, while defines the design as a “plan” to fulfill the desired
conditions. Hence, it is possible to respond to a problem with many different solutions. As in all problem-solving
activities, the design process includes some inductions, containing following stages; decision making, expressing
ideas, validating recommendations and evaluation (Cross, 1995; Do & Gross, 1996). Schon (1985) mentions that the
designing action may be learned by doing it, hence, both the learning process and the design should enable the
student to learn to design. De Bono (1992) points out the prominence of group work in creative education and
suggests that both group and individual studies should be addressed.

This study argues that the creative drama method offers a different perspective on architectural education and
can be effectively used in both theoretical and applied courses in architectural education. We believe that creative
drama, as a student-centred approach, impacts individuals” awareness of their knowledge, skills and experiences
and enable them to apply these skills in their courses by making students more active in their courses and in solving
problems by using new knowledge. Additionally, this method offers students a learning environment distinct from
a conventional classroom and course format. Creative drama methods also allow for a supportive learning
environment that cultivates individuals’ characteristics and experiences. Design matters involve all group members
rather than just individuals, enabling all students to actively participate in courses through self-study and group
studies. This helps students become aware of problems, generate solutions to these problems and realise that they
can find alternative solutions to problems. Therefore, this method enables students to acquire information, improve
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Table 1. Research design

Before experiment During experiment After experiment 3 months after
Groups . E i tal . . .

P Applied scales xperlm.en a Period Applied scales Applied scales
operations

Experimental group Pre-test Creative drama 14 weeks Post-test Permanence test
Conventional

Control group Pre-test . 14 weeks Post-test Permanence test

teaching

upon it and develop skills in applying new knowledge. We thus assume that creative drama is an effective teaching
and learning method that allows students of architecture to enhance skills including sight, perception, evaluation
and self-expression. Thus, using creative drama as an alternative teaching method contributes a useful new
perspective to architectural education.

This is an experimental study to determine the effects of creative drama as a teaching method on architecture
students” academic success and permanence of acquired knowledge. Towards this end, we seek to answer the
following questions related to our topic:

1) Are there any significant discrepancies between the academic achievements of the experimental group in a
theoretical course, Environment-Behavior Knowledge, employing the creative drama method and the
control group employing a conventional teaching method?

2) Are there any significant discrepancies between the academic achievements of the experimental group in an
applied course, Basic Design, employing the creative drama method and the control groups employing
conventional teaching methods?

3) Did the effects of the creative drama method have a significant impact on the levels of permanence of
knowledge acquired by the experimental group students?

METHOD

Research Model

The pre-test-post-test control group model was used in this study. The independent variable, whose effect was
analysed for the experimental groups, was the creative drama method. For the control groups, the conventional
teaching method was used. Dependent variables in the study (academic achievement and permanence of
knowledge) were analysed by comparing students’ pre-test/post-test scores, midterm exam scores and
permanence test scores (Table 1).

Both groups took a pre-test before the experiment and a post-test after the experiment. Three months after the
experiment, a permanence test was also given to compare the permanence of knowledge acquired by the students
in the two groups.

The experimental groups employed creative drama in their lessons while the control groups did not. None of
the students in the control groups had taken a drama course before.

Study Groups

Study group of environment-behavior knowledge course

The group consisted of 26 students in total; 22 females and 4 males. It was broken into a control and an
experimental group, each of which comprised 13 students. Students were grouped according to their previous
scores in architectural projects. After determining the groups of students who got approximate scores, the students
who got involved in the study were divided into the experimental and the control groups with unbiased
assignment.

The basic design course group

This group comprised a total of 48 students; 31 females and 17 males. It was further divided into a control and
an experimental group, each of which included 24 students. Because the students were undergraduates and thus
had no grade point average, the groups were selected randomly from the class list counting 1, 2, 3 and 4 in
succession. Participants in the study were randomly divided into experimental and control groups.
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Data Collection Tools

The achievement test

For each of the courses (Environment-Behavior Knowledge and Basic Design), an achievement test was
prepared to be used as a pre-test and post-test before and after the courses. The pre-tests aimed to determine the
participants’ initial levels of knowledge while the post-tests measured any discrepancies between the groups’
achievement.

The achievement test drafts comprised 20 multiple-choice items proposed by the researcher. The content
validity of the tests was confirmed by expert opinion. For the item analysis, split-half reliability was used. Questions
whose discrimination index was low according to item analysis were removed from the tests and made ready for
the application.

Means of midterm scores

The means of participants’ midterm scores were used to compare achievement levels. In Environment-Behavior
Knowledge, students took midterm exam 1, midterm exam 2 and the final exam during the semester. Midterm
exam 1 included nine open-end questions while the midterm exam 2 included four and the final exam included
seven. The questions on the main topics of the courses were jointly prepared by the course instructors and a domain
expert to provide the content validity.

For Basic Design, 17 design exercises were conducted during the midterm period and 17 homework topics were
given to the students to be returned by the end of the following course period. The contents of the design exercises
and the homework subjects were prepared by the course conductors.

Permanence test

A permanence test was conducted three months after the experiment to compare the knowledge permanence
of the experimental and control groups. A pool of twelve questions was generated from the open-ended questions
in the midterm examinations for the permanence test. The prepared questions are presented to the course director
and a specialist for getting their opinions. The validity of the test was ensured by eliminating the questions, which
are not found appropriate. Five open-ended questions selected from the collected questions were prepared for the
implementation.

Data collection and experimentation period

In this study, creative drama activities developed by the researcher were carried out by the experimental
groups. These activities had three phases; warm-up/preparation, impersonation and evaluation-discussion.
Theoretical knowledge on class topics was presented through creative drama activities focused on these contents.
Activities included warm-up works, plays, improvisations and evaluations.

Activities in the Environment-Behavior Knowledge Course

This course is a compulsory second-year course in architectural education. Course content is based on a book
by Giir (1996). In this course, the instructor is active, and the classic teaching method is effective. The activities were
carried out in the spring term of 2011-2012. The course took four hours a week and students in the experimental
group used the creative drama method. The students in the control group were taught with conventional teaching
methods. The creative drama activities performed in the course is exemplified in Table 2.

Activities in the Basic Design course

Basic Design is a compulsory first-year course in architectural education. This course, which has a significant
impact on architectural education, was developed in Bauhaus, Germany, as an introductory course for artists and
designers (Lang, 1998). In Basic Design, an applied course, students create designs in response to problems; the
course has been taught using conventional teaching methods. Activities for the current study took place in fall
semester of 2012-2013. The theoretical part of the course, including the first two hours, was presented to the
students in the experiment group through the creative drama method. The students in the control group learned
this material through conventional teaching methods. The creative drama activities performed in the course is
exemplified in Table 3.
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Table 2. The course activities for Environment-Behavior Knowledge
Subjects Gains
1. Behavior system

2. Requirement

3. Perception

4. Cognition
Warm-up/preparation

1. Being knowledgeable with behaviour system
2. By experience, perceiving the concepts; requirement, perception
and cognition

Walking activities concerning requirements and actions of individuals at

Twosome walking activities in which body gestures are examined the age of 5, 20, 40 and 70

el -
i | | T
1Bt b . 7 .
Finding out twosomes/foursomes performing the same body Producing compositions for ‘Gestalt perception theory’ with the help of

gestures identified before several geometric figures

Ne e
Students’ compositions for ‘Gestalt perception theory’

’ 11 “(y‘.V’
) B4

X

Group improvisations relating to the subjects, behavior system and
requirement

Impersonation

Group improvisations relating to the subject; requirement
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Table 3. The course activities for Basic Design
Subjects Gains

1. Being informed of the concepts review and symmetry

; zer\:?n\l\;tr 2. Comprehending the concepts harmony and contrast and the
3‘ H);rmonyy discrepancy between both
4. Contrast 3. Being informed of significance of the concepts harmony and

contrast on the composition

Warm-up/preparation
Twosome activities of harmonic and contrast walking

Play of 'harmonies-contrasts’

Generating 'symmetric’ formations with individual and group Producing anecdotes for four symmetric formations, pictures of which
performance are examined

Impersonation
Twosome improvisations of full review, harmony and contrast

Evaluation-discussion

Making arrangements concerning types of review (full review,
rotating review, variable review) by using several images

Data Analysis

The T-test was used to determine whether there was a statistically significant difference between the
experimental groups in which the creative drama method was used and the control groups in which the traditional
teaching method was used, between pre-test, post-test, semester grade average and permanence test achievement
scores. The t-test is used to test whether the difference between the average of sample groups is significant. For T-

2162



EURASIA | Math Sci and Tech Ed

Table 4. Normal distribution test of experimental and control groups
Kolmogorov-Smirnov (a)

Statistics df p
Pre-test 0.170 26 0.053
Post-test 0.167 26 0.059
First midterm exam 0.089 26 0.200
Second midterm exam 0.133 26 0.200
Final exam 0.168 26 0.057
Permanence test 0.096 26 0.200
Table 5. Results for pre-test points
Groups N X S sd t p
Experimental 13 66.23 17.48 24 -.243 0.81
Control 13 67.92 18.02
Total 26
Table 6. Results for post-test points
Groups N X S sd t p
Experimental 13 80.54 7.39 24 2.81 0.010
Control 13 71.00 9.73

Total 26

test can be applicable, it is a prerequisite that the difference scores of the two related sets of measures are normally
distributed. If the group size is less than 50, the normality of the scores is examined by the Kolmogorov-Smirnov

test. If the calculated value “p” is greater than 0.05, the set is interpreted as having a normal distribution of scores
(Buytukoztiirk, 2011).

FINDINGS

Findings Related to Environment-Behavior Knowledge Course

The normal distribution of data obtained from Environment-Behavior Knowledge course was determined by
the Kolmogorov-Smirnov test. 95% of the confidence interval was found in data analysis and the significance level
was accepted as 0.05. According to the tests performed, the scores of the sets show a normal distribution (Table 4).

Achievement Test Results for Environment-Behavior Knowledge

The average pre-test points for participants in the experimental and control groups were calculated as part of
our efforts to answer our research questions. The results of the T-test used to determine if there was a significant
discrepancy between the averages of the groups are presented in Table 5.

No statistically significant discrepancy between pre-test point averages (p=0.81; p > 0.05) emerged. This
indicates that the experimental and control groups had similar levels of proficiency before the study. This can be
important for determining the effects of creative drama activities in Environment-Behavior Knowledge.

An achievement test was given as a post-test to the experimental and control groups after the application. The
results of the T-test used to detect any significant discrepancy between the groups” achievements are presented in
Table 6.

A clear statistically significant discrepancy emerged, with the experimental group showing higher average post-
test scores (p=0.010; p<0.05). The average achievement score of the experimental group was 80.54 while the control
group average was 71.00. These results show that the creative drama method used with the experimental group
improved students’ levels of performance in the course Environment-Behavior Knowledge.

Midterm Point Averages in Environment-Behavior Knowledge

A T-test was used to determine if a statistically significant discrepancy existed between first midterm exam
averages in the experimental and control groups in Environment-Behavior Knowledge. The results are presented
in Table 7.
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Table 7. First midterm exam point averages

Groups N X S sd t p
Experimental 13 75.46 13.30 24 3.41 0.002
Control 13 57.00 14.28

Total 26

Table 8. Results concerning the second midterm exam point averages

Groups N X S sd t p
Experimental 13 85.77 11.69 24 2.72 0.012
Control 13 69.61 17.93

Total 26

Table 9. Results concerning the final exam point averages

Groups N X S sd t p
Experimental 13 72.31 5.72 24 5.50 0.000
Control 13 54.46 10.20

Total 26

Table 10. Results concerning the permanence test point averages

Groups N X S sd t p
Experimental 13 63.00 14.97 24 4.65 0.000
Control 13 35.77 14.92

Total 26

An obvious statistically significant discrepancy emerged, with the experimental group showing notably higher
first midterm exam averages (p=0.002; p<0.05). The achievement average of the experimental group was 75.46 while
the control group average was 57.00.

A T-test was used to determine if a statistically significant discrepancy held between the second midterm exam
averages of the experimental and control groups in Environment-Behavior Knowledge. Results are presented in
Table 8.

A clear statistically significant discrepancy emerged, with the experimental group showing higher second
midterm averages (p=0.012; p<0.05). The achievement average of the experimental group was 85.77 while the
control group average was 69.61.

A T-test was used to determine if a statistically significant discrepancy held between the final exam averages of
the experimental and control groups in Environment-Behavior Knowledge. Results are presented in Table 9.

An obvious statistically significant discrepancy emerged, with the experiment group showing higher second
midterm exam averages (p=0.000; p < 0.05). The achievement average of the experimental group was 72.31 while
that of the control group was 54.46. Thus, the experimental group employing creative drama had higher
achievement levels on the final exam than the control group.

Permanence Test Results for Environment-Behavior Knowledge

The T-test was used to identify in the experimental and the control groups for Environment-Behavior
Knowledge. Results are presented in Table 10.

An obvious statistically significant discrepancy emerged in the permanence test point averages (p=0.000;
p<0.05), with the experimental group showing notably higher scores. The achievement average of the experimental
group was 63.00 while that of the control group was 35.77. Thus, the experimental group taught with creative drama
showed higher scores on the permanence test than the control group taught with conventional teaching.

Findings Related to Basic Design course

The normal distribution of data obtained from Basic Design course was determined by the Kolmogorov-
Smirnov test. 95% of the confidence interval was found in data analysis and the significance level was accepted as
0.05. According to the tests performed, the scores of the sets show a normal distribution (Table 11).
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Table 11. Normal distribution test of experimental and control groups
Kolmogorov-Smirnov (a)

Statistics df p
Pre-test 0.126 48 0.056
Post-test 0.108 48 0.200
Midterm averages 0.096 48 0.200
Permanence test 0.090 48 0.200

Table 12. Results concerning the pre-test points

Groups N X S sd t p
Experimental 24 61.46 9.83 46 0.962 0.341
Control 24 58.21 13.31

Total 48

Table 13. Results concerning the post-test points

Groups N X S sd t p
Experimental 24 65.75 12.35 46 2.041 0.047
Control 24 57.62 15.09

Total 48

Table 14. Results for the midterm point averages

Groups N X S sd t p
Experimental 24 63.42 12.43 46 2.586 0.013
Control 24 55.67 7.81

Total 48

Achievement Test Results for Basic Design

The pre-test averages of the experimental and the control groups were calculated, and the T-test was used to
determine if any significant discrepancy held between the groups. Findings are presented in Table 12.

No statistically significant difference between the pre-test averages emerged (p=0.341; p>0.05). This indicates
that the experimental and control groups had similar proficiency levels before the study.

An achievement test was given as post-test to the students in the experimental and control groups after the
experiment. The T-test was used to determine if any significant discrepancy held between the groups’ post-test
scores. The results are presented in Table 13.

A statistically significant discrepancy was found between the groups, with the experiment group showing
higher post-test point averages (p = 0.047; p < 0.05). The average score of the experimental group was 65.75 while
that of the control group was 57.62. Thus, the group taught with creative drama showed higher post-test scores
than the control group taught with conventional teaching.

Midterm Averages in Basic Design

The T-test was used to determine if a statistically significant discrepancy held between the midterm averages
of the experimental and the control groups in Basic Design. The results are presented in Table 14.

A statistically significant discrepancy was found, with the experimental group showing higher midterm scores
averages (p=0.013; p<0.05). The average score for the experimental group was 63.42 while that for the control group
was 55.67. Thus, the experimental group taught with creative drama showed higher midterm scores than the control
group taught with conventional teaching methods.

Permanence Test Results for Basic Design

The T-test was used to determine if any statistically significant discrepancy held between the permanence test
point averages of the experimental and control groups in Basic Design. The results are presented in Table 15.
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Table 15. Results concerning the permanence test point averages

Groups N X S sd t p
Experimental 24 55.12 13.41 46 6.939 0.000
Control 24 26.54 15.08

Total 48

A statistically significant discrepancy was found, with the experimental group showing higher permanence test
point averages (p = 0.000; p < 0.05). The average score for the experimental group was 55.12 while that of the control
group was 26.54. This suggests that the creative drama method used with the experimental group positively
impacted their academic achievement in the Basic Design course.

Overall, the study found that the experimental groups showed higher achievement levels than the control
groups, suggesting that the creative drama method had a positive impact on academic achievement in both
Environment-Behavior Knowledge and Basic Design. In addition, the creative drama method had a positive impact
on the permanence of knowledge acquired in these courses.

DISCUSSION

Architectural education puts the responsibility for learning on students and thus requires them to actively
participate in learning activities. The creative drama process likewise requires active participation. Students bring
their own affective qualities, lifestyles and experiences to creative drama activities. These activities motivated
students by facilitating empathy, interest and increased attention in class. The creative drama method thus fostered
an educational environment that was attractive, encouraging and interactive. In this learning process, knowledge
that wasn’t acquired at a purely cognitive level went through mental processes and was evaluated by means of
affective concepts. The students thus learned by experience, which enabled them to acquire knowledge more
efficiently and permanently. These findings all indicate that the creative drama method can improve the students’
academic achievement.

Hence, we have shown the effectiveness of the creative drama method and argue that it should be used to
achieve the target goals of architectural education. We predict that it will be more beneficial to integrate the creative
drama method into courses related to the design process rather than narrow its scope to only two courses, as
exemplified in the study. It should be integrated into courses with consideration for the curriculum and weekly
course hours of undergraduate courses. It can be used, for example, in courses such as Architectural Design Project,
Building Construction or History of Architecture. Warm-up/preparation exercises can be used to get the students
to adopt the subject. Through impersonation exercises, activities related to the space-user relation can be conducted
involving relevant characters and roles. Activities related to reflection on historical processes for communal living
and architectural structures. Warm-up activities/plays can dramatise visual works and impersonations of historic
buildings or their architects can be performed. All of these activities enable students to observe and examine
structures and immediate surroundings and understand from experience how form and structure are perceived on
a human scale. Such activities can facilitate learning through personal engagement with the space; they thus foster
permanent learning that will form the basis for the knowledge to be used in the design phase. Thus, subjects that
are taught with the creative drama method will not be limited to textbooks but will integrate students” experiences
and daily activities. These group activities will provide an unusual and interactive learning environment by
requiring students to learn actively.

Architectural education and creative drama have several common aims and targets. Hence, the creative drama
method can contribute to architectural education by enabling students to learn by seeing, doing and experiencing.

However, the use of the creative drama method in architectural education also presents challenges and
limitations related to curriculum, classroom size and physical conditions. For future studies, the teaching
environment must be made suitable for creative drama process by minimising these challenges and limitations.

Creative drama also seems to be effective in the fields other than architectural education. Thus, future studies
can examine if the creative drama method itself, students’ attitudes towards their courses or their motivation levels
have an impact on their academic achievements. In addition, studies should be conducted within longer-term
programs, which will make it possible to determine if the method impacts students’ creative thinking or overall
academic performance.
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ABSTRACT

This article analyzes the factors that influence low-carbon consumption of college
students, with the purpose of guiding environmental education in Chinese universities.
To that end, a theoretical framework is proposed on the basis of interviews with several
groups incombination with literature analysis using grounded theory and empirical
verification methods. The study finds that external environment changes, individual
psychological awareness, individual living habit, product technology development and
low-carbon consumption intention are positively related to low-carbon consumption
patterns. Finally, this paper points out that cultivating environmental education
concepts of college students should make full use of different policy tools and adhere
to the following principles: the combination of various policies and measures, the
participation of multiple stakeholders, the popularization of low-carbon concepts, the
demonstration of governments, the effectiveness of mass media, clearly defined laws
and regulations and informal system construction.

Keywords: low-carbon consumption, environmental education, grounded theory

INTRODUCTION

Reducing carbon emissions, coping with climate change, and educating the public about desirable environmental
behaviors are the focus of international community. Faced with increasingly serious environmental problems
around the world, the Stockholm Conference on Human Environment was held in 1972. It was the starting point
of global environmental education campaigns. In 1977, United Nations Educational, Scientific and Cultural
Organization (UNESCO) and the United Nations (UN) Environment Program initiated a conference on
environmental education in Thilisi, the former Soviet Union. In 1987, the World Commission on Environment and
Development released the report of Our Common Future. In 1992, the Earth Summit put forward the Agenda 21.
Recently, environmental education has become necessary general knowledge for citizens, as well as common
international responsibilities. In 2007, the UN Climate Change Conference held in Bali, Indonesia is a milestone
that formulated the “Bali Roadmap” concerning how to combat climate change and played a positive role in moving
the world towards a low-carbon economy. In 2008, there was a discussion about accelerating the low-carbon society
development at the Forum of Ministers of Environment in Monaco. In the same year, United Nations Environment
Programme (UNEP) set the theme of World Environment Day as “changing traditional concepts and promoting a
low-carbon economy.”

Since 2013, Beijing Environmental Monitoring Center has repeatedly reported the smog index of “Out of range”.
As the smog and haze weather aggravate, residents are gradually realizing that carbon emissions have adverse
effects on human health. As an international topic, the Energy White Paper came up with the concept of low-carbon
economy in 2003. In particular, it calls for actions to control greenhouse gas emissions, promote a low-carbon
transition in economic development and develop energy conservation technologies at a Copenhagen conference in
the next few years. Furthermore, the 18th National Congress of the Communist Party of China described the
ecological protection issue as a single section for the first time. It proposed a basket of long-term strategies for low-
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Contribution of this paper to the literature

e  Explaining low-carbon consumptions behavior through grounded theory, exploring specific causes of low-
carbon consumption behaviors of college students, clarifying factors between subject and object,
establishing a theoretical framework, and then using questionnaire as the basis for quantitative analysis to
verify the previous theoretical framework.

e Analyzing the stability and validity of factor loading, factor covariance and path coefficient in terms of
theoretical framework model and empirical framework. It contributes to cross-cultural research on related
topics. The study comprehensively applies multiple questionnaire designs, and innovatively combines with
institutional analysis and the framework of model analysis.

e  Through identifying factors of low-carbon consumption, the study builds a low-carbon consumption model
and put forward feasible suggestions and policies for public sectors to guide low-carbon intentions and
environmental education of college students.

carbon economic development, developing emerging industries and new technologies. In addition, it is necessary
to improve fiscal and taxation policy support for low-carbon development, formulate low-carbon development
laws and regulations, establish low-carbon consumption concepts, encourage green-travelling modes, and launch
the “Five Provinces and Eight Cities” project for low-carbon development pilots. China’s 13t Five-Year Plan also
stressed the unprecedented opportunities and challenges of environmental protection. We must strengthen
environmental regulation and assessment, formulate carbon emission standards for key industries, achieve
environmental quality improvement and reduce emissions of pollutants, which in turn has led to a transition in the
mode of economic development to low-carbon economy. The chairman of Xi Jinping believes that “Environmental
development results in prosperity of civilization”. Therefore, the economic and social development evaluation
system should reflect the ecological protection and construction indicators. The country should promote green
development, low-carbon development and recycling development to form a good economic development model
and establish a resource-saving and environment-friendly society. Constructing low-carbon countries and
developing low-carbon cities are the requirements of sustainable development and represent the human well-being
and responsibilities. There are more than 200 cities adopting low-carbon policies as the goal of economic
development in China, such as Shanghai where the World Expo2010 reflecting the concept of low-carbon
development from site selection to the operation. Hangzhou also introduced 50 “Low-carbon Deals” to promote
the six in one Construction. Under the globally background of actively exploring low-carbon development mode
and improving environmental quality, policy supports from home and abroad, contributions from consumers of
low-carbon consumption to create sustainable and healthy environmental education, are all the requirements for
developing a low-carbon economy. In response to global warming, energy conservation and emission reduction
have become important parts of the global social, economic and environmental sustainability discourse. The
construction of low-carbon consumption mode is an important means to promote environmental education.

Beijing is an important economic and political city in China, but one of the cities suffering from pollution
seriously. The media has paid significant attention to this subject. Studying low-carbon consumption behaviors of
Beijing will contribute to providing references for low-carbon development mode in other cities, thereby promote
the overall performance of low-carbon society. In addition, as a special group of consumers, college students have
incredible demand for consumption. Their consumption behaviors have radioactive and demonstrative effects on
the community, family and society. This study has great benefits in guiding low-carbon consumption behaviors of
college students. Simultaneously, we could revisit the many problems associated with environmental education
concerning the economic, social and political structure, social justice, natural processes, natural systems, and other
factors, while cultivating future citizens who have the awareness of environmental civilization. It also provides an
effective and complete educational model for school education, and promotes the innovation of modern
educational tools.

LITERATURE REVIEW

The Subjective Value of Environmental Education via Behavioral Intentions in Low-
Carbon Consumption

Environmental education aims to promote multiple and complex educational goals - knowledge, meaningful
understanding of self and environment, pro-environmental attitudes and values, and readiness for environmental
action (Granit-Dgani, Kaplan, & Flum, 2017). The importance of knowledge of behavior and level of skill
notwithstanding, people’s actual behavior is undergirded, most proximally, by their behavioral intentions.
Nevertheless, extensive research suggests that behavioral intentions are fundamental for the behavior to be enacted
and constitute ‘the best single predictor of behavior’ (Granit-Dgani et al., 2017). Thus, rather than a primary focus
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on the goals of behavioral change, current environmental education programs should aspire to achieve goals that
combine environmental knowledge and readiness for environmentally-oriented behaviors with self-reflection and
identity exploration about environmental issues, thus promoting students’ identities around environmental values,
goals, self-perceptions and their associated actions (Stevenson, Dillon, Wals, & Brody, 2013).

As the advanced stage of ecological awareness, low-carbon intention emphasizes on maintaining environment
bases for social development. It pays attention to overall optimization of social economic development and
ecological environment to comprehend and pursue human development. It stresses that examining the relationship
between human and nature from the perspective of low-carbon value, the relationship between human and human
as well as the development of human beings themselves is the reflection of human’s conception from low-carbon
dominant rules and low-carbon restrictive conditions. The connection of low-carbon intention and environmental
education are homologous, inherited and innovative. 1) Low-carbon intention and environmental education have
somethings in common. Environmental problems are caused by the rapid growth of population, modern science-
technology and productivity. Concerns about the deterioration of living environment have led to the emergence of
environmental education. The original motivation comes from caring and cherishing of human lives. To some
extent, the low-carbon intention is an innovative achievement of environmental education. Both are concentrated
on the relationships between human beings and the environment, and aimed to solve environmental problems and
achieve sustainable development. Their tasks are to improve human environmental awareness and effective
participation, to popularize the knowledge and skills of environmental protection, and to cultivate environmental
protection talents. They are social practice activities through specific means. 2) The low-carbon intention provides
an innovative environment for environmental education. Nowadays, developing low-carbon economy has become
a great issue at all levels of government, enterprises and the public. The inputs from policies, technologies and
resources have increased unprecedentedly. Aimed to protect the ecological environment and improve
environmental quality, environmental education requires policy supports from governments, technical supports
from enterprises. It also requires general public to put into practice through daily behaviors. The appeal of low-
carbon economy intention in communities provides an innovative environment for environmental education at a
deeper level. 3) Environmental education provides a platform for low-carbon intention. Through imparting
environmental knowledge, demonstration of environmental protection skills and training of environmental
protection attitudes, from the three levels of knowledge, awareness and behavior, people are guided to protect the
environment and preserve environment in line with the philosophy of “3L” (low energy consumption, low
emission and low pollution). Environmental education provides a psychologically platform for low-carbon
intention.

The Factors of Low-Carbon Consumption Behavior and Low-Carbon Intention

The previous fragmented research identifies some factors of low-carbon consumption. The findings are that
personal statistic variables (Abrahamse, Steg, Vlek, & Rothengatter, 2005; Henion, 1972; Muetzelfeldt, Robertson,
Bundy, & Uschold, 1989), psychological awareness (Chen, 2007; Fraj & Martinez, 2007; Poortinga, Steg, Vlek, &
Wiersma, 2003) and other factors may be positively related to on low-carbon consumption.

Among demographic variables, most studies focus on the notion that younger, more educated and wider
environmental knowledge groups prefer low-carbon consumption. But there is still no agreement. Henion (1972)
argues that there is a positive correlation between education and consumption behavior, and that the higher the
education level and the higher the sensitivity to environment, the more consumers tend to buy low-carbon and
other green products. Muetzelfeldt et al. (1989), however, points out that there is no correlation between educational
attainment and the impact of consuming intention. Bohlen, Schlegelmilch, and Diamantopoulos (1993) argues that
environmental knowledge (general knowledge and specific knowledge) has a significant correlation with low-
carbon consumption. Conversely, an empirical analysis by Pickett et al, shows that environmental knowledge has
no effect on the consumption behavior of consumers. Abrahamse et al. (2005) identifies demographic variables such
as the age, education, and profession of the population, which impact on energy using behavior and willingness,
and that impacts of different demographic indicators are different. According to Steg (2008), the accumulation of
personal knowledge influences on low-carbon consumption.

Concerning factors of personal life attitude and psychological awareness, individual living habits and
psychological awareness have impacts on low-carbon consumption intention and affect low-carbon consumption
behavior in further. Through the survey of social status quo, Poortinga et al. (2003) finds that the lifestyle and
attitude of residents are not significantly related to consumption behavior. Chen (2007) considers that personal
motivation influences attitudes and therefore can be regarded as the function of policy value, environmental
perception, personal willingness and other factors. Fraj and Martinez (2007) divides the cognitive, affective and
intentional components into three dimensions of environmental attitudes and uses the Structural Equation
Modeling (SEM) model to demonstrate that environmental attitudes are directly related to actual environmental
behavior. Steg (2008) also identifies the impacts of consumer motivation on consumption intention, and divides
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energy behavior into two aspects: psychological strategy and structural strategy. Psychological strategy (access to
information, etc.) affects individual willingness and motivation. The effective change of structural strategy (laws
and regulations, etc.) will affect personal consumption behavior to a large extent. Abrahamse (2005) concludes that
reward approaches will stimulate individual consumption behavior, which has a short duration. Additionally,
Michaelidou and Hassan (2010) uses models to prove that consumer behaviors impacted by price, environmental
perception and living habit, which lead consumers to choose between organic and stocked products differently.

From the perspective of external influence and product technology, most studies find that the maturity of
product evolution and the attitudes of surrounding consumer behaviors will have different degrees of impact on
their own low-carbon consumption behavior. In other words, if setting series of promotional measures or
improving product quality, it will be likely to stimulate low-carbon consumption behavior. As reported by Winett
et al. (1985), the publicity of mass media has a significant effect on shaping the consumption behavior of consumers,
and the high strength of publicity will facilitate public consumption and thus increase consumer benefits. Bohlen
et al. (1993) also proves that there is a significant correlation between behavior and environmental attitudes in the
dimensions of purchasing behavior and recycling behavior. Lane and Potter (2007) emphasizes the factor of the
technology of product evolution. If the performance and technical conditions of the product tend to mature,
consumers would tend to make positive comments on the product, thus forming purchasing behaviors. Steg (2008)
considers that the model power in energy behavioral strategies, the infrastructure in structural strategies, and the
level of service delivery potentially impact on consuming behavior. Wang and He (2011) applies the grounded
theory to build a model of Consciousness-Situation-Behavior from the perspective of qualitative analysis, then
concludes that the attitude of individual behavior and social factors together lead to low-carbon consumption
behavior of residents.

To sum up, (1) from the perspective of research methods, most literatures mainly focus on the test of single
hypothesis design and series of models for testing empirical hypothesis, which lacks theoretical summary; (2) from
the research results concerning factors of low-carbon consumption of college students, there is no consensus, and
even some studies have direct conflicts; and (3) most research proves the direct influence of independent
explanatory variables on low-carbon consumption, ignoring the indirect effect of pre-variables.

RESEARCH QUESTION

By studying key factors of low-carbon consumption behavior, this study explores low-carbon environmental
education, strengthens the role of low-carbon environmental education, and promotes social responsibility for
environmental protection. Exploring factors of low-carbon consumption of college students is the main task of this
study, which uses a combination of research methods, such as the field survey and questionnaire survey. The
extensive and effective surveys cover humanities colleges, scientific engineering universities, key universities and
ordinary colleges, thereby choosing Beihang University, Renmin University of China, Capital Medical University,
Beijing City University as examples. First of all, carrying out qualitative research on the factors of low-carbon
consumption, the study sets open questions for investigation and multi-level codes to establish a theoretical
framework based on the grounded theory. Then, we quantify previous qualitative research on the low-carbon
consumption of college students through survey with large samples from four universities. After removing
irrelevant elements and explaining relevant elements, this study proposes feasible advices for low-carbon
education. The purpose of this research is to explain the following questions:

Research Question 1: What factors influence the formation of environmental sustainability education in the
process of low-carbon consumption behavior?

Research Question 2: In the process of influencing low-carbon consumption behaviors, what is the nexus of
these factors?

MATERIALS AND METHODS

The Research of Grounded Theory

As an inductive research paradigm, the grounded theory is mostly used in qualitative analysis. It emphasizes a
natural process from proposing problems to theory constructions, which advocates a number of raw materials
processing and induction system without any assumption, thus, to obtain the “social reality” theory. By multiple
coding structure, this theory often requires objective and comprehensive accesses to information, so that the
collected information will have characteristics of authenticity, representative and extensive. It breaks through the
“procedural” style of empirical paradigms and prevents the influence of experiences and notions on actual
investigations (Glaser, 2017). Grounded theory emphasizes conceptualization and theorizing original realistic
materials and preventing preconceived thinking, aiming to form an objective and accurate understanding of social
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issues by social process analysis. It attaches the utmost importance to the procedures of organizing materials and
recording notes after an interview. The classic grounded theory includes substantial coding and theoretical coding,
which correspond to two levels of data processing and theoretical structure. The program grounded theory includes
open coding, spindle coding, and selective coding designed to understand the true thoughts of their hearts by
communicating with the interviewee (Glaser, 2017).

This article applies the method of programmatic grounded theory coding. Firstly, the open coding is based on
the central issue of “affecting the low-carbon consumption of college students.” By designing less than 10 open
questions for respondents, after the interview, researchers obtain no less than 600 original sentences according to
the arrangement of notes and recordings, and then refine research concepts. Due to the existence of a certain degree
of cross-meaning between the meanings of sentences, they need to be categorized. The concepts of similarities,
existing relationships, and causal relationships should be merged into one category. The inconsistency and less
frequent conceptions should be excluded. The original initial concept would be transferred into fewer categories
(generally less than 50). The second is the spindle encoding. Due to a large number of categories, the relationship
between categories is not clear. Under the full understanding of the research objects and research contexts,
researchers should explore primary categories in the initial categories based on the logical order and the
relationships between the primary categories. The third is selective coding. Selective coding is to further select the
core category in the spindle coding, analyze the relationships between the core categories and the main categories
and sub-categories, finally describe and analyze the phenomenon.

After previous three rounds of coding processes, the core category is assumed as “factors for low-carbon
consumption of college students”. If the main category has covered essential elements of the core category and
there are no other constituent factors between the main categories, then researchers are not necessary to collect
more information. Therefore, the study could construct a theoretical model consisting of several dimensions for
explanation and elaboration.

Empirical Verification-SEM Model Analysis

In contrast to qualitative research, quantitative research quantifies multiple dimensions of the theoretical
framework according to the grounded theory. With questionnaire survey, this study adopts a combination of
empirical investigations, literature research, comprehensive induction and other methods to conduct the empirical
quantitative research. The questionnaire method is on the basis of literature reading, mainly introducing the
scientific sampling questionnaire method, exploring factors of low-carbon consumption of four universities in
Beijing as case studies. The questionnaire includes information on the basic status (gender, grade, educational level,
place of birth and monthly consumption) of the respondents and psychological awareness of the college students,
living habits, external influence factors and product performance, etc.

Firstly, SPSS is adopted for statistical analysis. We use descriptive statistics to do basic frequency analysis on
the demographic variables of respondents in five aspects, including gender, grade, educational background,
birthplace and monthly consumption status. Accordingly, we can make basic descriptions and grasp of the factors
that affect the low-carbon consumption of college students.

Secondly, factor analysis method is introduced to summarize and integrate independent variables to simplify
the data. The original sequence variables are converted into fixed variables by factor scores, and logistic regression
analysis and multiple regression analysis are conducted. Factor-Payload variables are transcoded into dummy
variables, along with the factor scores obtained previously as independent variables, select “If there is a product of
the same function, will you give priority to buy low-carbon products?” as a dependent variable for logistic
regression analysis. Then we choose low-carbon consumption behavior which is convenient for regression analysis
to establish the multiple regression model. Following these steps, we can compare and analyze the results.

Finally, the AMOS software is applied for SEM model analysis. Through P value observation of the structural
path, we conduct the verification of relationship between the P value and path coefficient, and track the overall
effect and indirect effects of standardized estimates of the two-tailed test results to examine factors of low-carbon
consumption by the dependent variables under the influence of mediating variables.

Research Hypotheses

On the basis of related elements detected by the grounded theory, the hypotheses are built upon quantitative
analysis. From the scope of low-carbon products, this article explores the main factors of purchasing behavior
regarding psychological awareness of consumers, as well as the effect path of low-carbon products consumption
behavior affecting by external influence, the degree of product development, individual living habit and other
factors.
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Psychological awareness and low-carbon consumption

With the energy conservation and low-carbon economy, individual psychological awareness will form the
demand preference and individual evaluation when choosing low-carbon products. According to previous studies,
individual psychological awareness can be further decomposed into multiple levels of individual awareness of
environmental responsibility, individual environmental concerns, individual perception of behavioral effect and
the low-carbon knowledge. This is can be proved and illustrated by Michaelidou and Hassan (2010), who discuss
the factors of psychological awareness. Based on previous researches, we put forward the following hypothesis:

Hi: The positive low-carbon psychological awareness has positive impacts on the consumption of low-carbon
products.

Individual living habit and low-carbon consumption

Individual living habit is defined as the daily performance beyond the consuming purchase, which can be
measured as turning off lights, using low-power appliances, etc. Individual living habit potentially affects the
consumption behavior of college students. This view has been described and explained by Poortinga, Steg, Vlek,
and Wiersma (2003), Wang and He (2011). When individuals living habits tend to environmental care and energy
conservation, they are more likely to generate green consumption and low-carbon consumption. Therefore, the
following hypothesis is formed:

H»: A Good individual living habit has positive impacts on low-carbon consumption.

External influence and low-carbon consumption

External factors, such as surrounding people, media, policies, governmental demonstration and social ethos,
positively affect college students in society. College students can use the Internet and mobile phones to comprehend
the systemic protection and preferential policies of low-carbon products. Additionally, promotional patterns of
advertisements will also influence the consumer psychology of college students, resulting in low-carbon products
consumption behavior. Steg (2008) and Winett et al. (1985) hold different attitudes towards this issue. For purpose
of exploring external influence factors, the following hypothesis is formed:

Hjz: Positive word-of-mouth publicities have positive impacts on low-carbon consumption.

The degree of product evolution and low-carbon consumption

The technical conditions as the evolution of low-carbon products, related facilities, product diversity etc., have
affected the consumption of college students to a certain extent. College students would produce the purchase
behavior of products or not, through the low-carbon products and other products in the economic benefits,
recycling convenience comparisons. When the functions and benefits of low-carbon products exceed ordinary
products, concerns and purchases of low-carbon products will be generated. These relevant factors can be found in
Winett et al. (1985) and Wang and He (2011). Therefore, this article proposes the following hypothesis:

Hy:  The better the low-carbon product evolution, the more positive effect it has on low-carbon consumption
of college students.

Population and Sample Selection

The respondents of the questionnaire encompass a wide range of college students with different ages,
educational backgrounds, and occupations. The survey adopts on-site and online forms to ensure reliable and
scientific samples. The locations of the survey include Beihang University, Renmin University of China, Capital
Medical University and Beijing City University. Renmin University and Beihang University are national key
universities.

Data Collection

In the qualitative research, based on literature research, we collect first-hand information through opening
questions and panel discussions. The first is purpose sampling. Selecting seven students of Beihang University as
separate interview samples, begin theoretical sampling

The next step is to take Renmin University of China, Capital Medical University, and Beijing City University as
examples to meet the basic requirements from the sample of the grounded theory. In the process of quantitative
research, a complete random sampling method is introduced to collect a large number of samples for data analysis
and verification of relevant elements of the interview. A total of 500 questionnaires are sent to collect 420 valid
questionnaires, the recycling rate of 84.0%. The data collection is shown in the Table 1. In addition, the
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Table 1. Sample Features

Features Classification Number Percentage (%) Features Classification Number Percentage (%)
1 108 25.71 Major Humanities 188 44.76
2 178 42.38 Science and 218 519
Grade Engineering
3/4 109 25.96 Arts 14 3.33
Postgraduates 25 5.95 Origins City 315 75
Male 198 48.33 Countryside 105 25
Gender Female 206 5167

questionnaire recycling excludes the questionnaires with obvious wrong answers and high similarity of answers to
ensure the accuracy and validity of the data. From the qualitative research and in-depth understanding of small
samples, to quantitative studies and data interpretation of large samples, this study achieves scientific and rigid

problem research.

RESULTS

Grounded Theory of the Framework of Construction

Deviations may easily occur in the encoding process due to personal preferences and result bias. Hence, this
encoding involves three people. Results are compared during the encoding process. If similarity is above 75%, then
the process will continue. If similarity is below 75%, then recoding will be conducted to ensure the scientificity and
comprehensiveness of samples.

Table 2. Open coding

Category

Initial concepts

Consumption
concepts

+ Firstly, personal consciousness and concept of responsibility are not clear. They contend that low carbon is mainly the

concern of the government.

- They haven't formed the belief or habit in not choosing low-carbon products.
- Correct concept of consumption plays an important role in guiding people’s behaviors.

Government initiative

+ The government itself failed in low-carbon consumption. As university students, if they follow the good example set by the

government, it will be of great assistance.

- The government plays quite a significant role. If government takes the initiative, other people will pay more attention to this

matter at least.

- If government officials take part in the practice themselves, university students will be very touched.

Understanding on
severity of
environmental issues

- Carbon dioxide has become a serious issue. So university students should focus on low-carbon consumption.
- If the current amount of CO; is controlled, green GDP growth is quite difficult to be achieved.

Knowledge of low-
carbon consumption

- University students can understand the benefits of low-carbon consumption, so it is necessary to publicize some knowledge

of low-carbon consumption.

+ Due to the lack of knowledge on what low carbon is, people don't have the standards of selection.
- In fact, everyone is aware of low-carbon lifestyle, but the knowledge on low-carbon consumption is not quite popular yet.

Social atmosphere

+ Although university students know the necessity of doing this, they don't have the favorable atmosphere of guidance.
- The social context of low-carbon consumption and energy conservation should be developed.

Influence of people
around

- Current publicity about low carbon merely stays on paper. If schools implement some practice, it will play an important role.
- Parents don't pay much attention to low-carbon consumption, so | don't care much about it either.

Media publicity

- Now that media are so developed, repeated publicity and propagation can make people aware of serious issues and change

their own behaviors.

+ Mass media don't conduct adequate publicity, so people tend to ignore this problem in purchasing.
- There is shortage of publicity and effectiveness.

University students’
sense of
responsibility

- University students don't have the awareness to protect the society and assume social obligations.
- For them, changing the thinking pattern is rather important. It should pose unconsciously impacts and influence on

students’ faith.

+ University students’ values haven't completely developed. It is necessary to start with their sense of responsibility.

Personal effects

+ Even a drop of water is still use. University students, as individuals of the nation, should become aware their own roles in the

society.

- Due to shortage of current resources, individuals play significant and important roles in cherishing every little bit of

resources.

- The general public doesn't realize the severity and operability of low-carbon consumption.
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Table 2 (continued). Open coding

Category Initial concepts
+ Parents tend to drive cars more often, as they don't think the public transportation is comprehensively developed yet.
Infrastructure + Now, it is necessary to build up some basic infrastructure and facilities to make people think that low-carbon products are

well-developed.

- There seems no useful ways to recycle things like used batteries.

Product Evolution

+ Although companies are also doing this thing, it is still not enough to develop low carbon products.
+ Currently, low carbon products haven't developed that many categories, it is not convenient to buy them.
- Development and popularization of low-carbon products are quite important to the consumption of university students.

Living habit

- Go out with a stack of paper. The Japanese have a sense of conservation when talking about these details.
- Living habit play an important role in personal behavior.

Economic
development

- Now that economic development and conditions have become much better, people are also more boastful.
+ Rich students seldom care about the low carbon products.

Comfort level

+ Low-carbon lifestyle involves a lot of trouble. We also need to know what low carbon is. Life won't be easy that way.
+ As for computers, we don’t shut them down often quite, we can still use them on the next day.
- It is not quite convenient to recycle and reuse.

Pressure from people
around

- Other people may despise me if | pick up a waste bottle in the campus.
- Most people tend to give gifts with nice packaging. If gifts are poorly packaged, it won't be good for the friendship.

Constraint
conditions

+ There is no specific punishment for not using low carbon products, so there is no restriction.
- A limit should be set for extra charges or usage restriction of high-carbon products.

Laws and regulations

+ The current laws and regulations are not comprehensive and targeted for low-carbon consumption.
- The government lacks adequate executive ability. It is also related to people’s lack of focus on low-carbon consumption.
- If the government can enact some policies and laws about low-carbon consumption, they will at least establish authority

and effects of deterrent forces.

Exaggerated effects

+ When | bought something at the duty-free airport in Taiwan, | saw black lungs on the packages of cigarette. It is quite good

for the current environmental protection.

- Proper intimidation is a good thing. At least it is beneficial to everyone.

Emotional resonance

- Current patterns of publicity only focus on benefits of products rather than true implementation of national policies.
- Propagation of environmental protection doesn't cause resonance. It needs to focus more on aspects and things in close

relations with people’s daily life.

Association publicity

+ Association plays an important in universities today. Associations like Green Wing can conduct some activities on a regular

basis.

Students’
organization

- Nowadays, associations rarely pay attention to low-carbon consumption. | live in Shahe. To a large extent, students’

environmental organization in the school seldom implement activities in this regard. They only conduct activities about
singing and dancing.

- Students’ association union once conducted an activity about low-carbon consumption, and it produced positive effects.

Form innovation

+ Now, people aren’t willing to take part mainly because the activities are not quite interesting.
- If activities are conducted in interesting ways, many people are expected to participate.

Face factors

+ Many people tend to buy things with nice packages as they want to keep up appearances.
- Ostentation and extravagance do exist in universities and colleges.
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Table 3. Axial Coding

Main category

Corresponding Scope

Gist of scope

Influence of other people

Families and friends' points of views on low carbon

Social influence

Social assessments and pressure on low-carbon consumption behaviors

External influence  Policy influence

Influence of policy changes on low-carbon consumption of university
students

Media influence

Propagation forms, intensity and resonance, effects of spreading terrors by
the media

Product innovation capability Corporate competence in developing low-carbon products

Development of basic

Product Evolution infrastructure

Defective recycling system. Impacts of backward designs

Product and hardware

development

Bad product quality and less categories impact people’s concept of low-
carbon consumption

Consumption possibility

University students’ viewpoints on low-carbon product consumption

Consumption

Intention in participating in

University students’ consumption intention on low-carbon activities and

intention low-carbon consumption L
o sense of participation in products
activities
Taking public transport University students’ viewpoints on green transportation impact consumption
Usage of low-carbon University students’ habits of using low-carbon products impact low-carbon
Living habit products consumption

The awareness of reusing

products

Costs of product recycling impact costs of low-carbon consumption

Understanding of
environment subjects

Necessity and feasibility of low carbon implementation

Psychological

awareness responsibility

Individual consciousness of

University students’ sense of responsibility of low-carbon consumption and
environment

Knowledge system

Personal knowledge on what low carbon involves

Individual effects

University students’ cognition on giving play to personal effects

Table 4. Relationship structure of open coding

Relationship structure

Structural gist

External influence—Consumption
intention—Consumption behavior

External influence can pose influence on consumption intention, and low-carbon
consumption behaviors of university students.

Product Evolution—Consumption
intention—Consumption behavior

Development of product infrastructure and capability of recycling are external factors to
low-carbon consumption behaviors. But interactions of different factors may pose impact
consumption behaviors on consumption intention.

Consumption intention—
Consumption behavior

Consumption possibility is the intervening variable. It can direct impact consumption
behaviors

Living habit—Consumption
intention—Consumption behavior

Living habit is the internal condition to cause consumption behavior. It poses impacts on
consumption intention through the level of consumption behaviors

Psychological awareness—
Consumption intention—
Consumption behavior

Individual sense of liability and knowledge on low carbon pose direct influence on low-
carbon consumption intention. They also become important conditions to influence
consumption behavior.
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Environmental Subject Sense of Responsibility Public Transportation Low-Carbon Product Usage

Psychological Attribution Living Habit
Awareness of Recycle and Reuse
Low Carbon Knowledge Individual Functions ¥
Consumption Intention ——— Consumption Behavior
Product Innovation Infrastructure Development Policy Influence Media Influence

\A
/V V\

Social Impacts Impacts of Other People

Product Evolution

Product Hardware Development

Figure 1. Theoretical Framework of Low-carbon Consumption

Empirical Validation Based on Questionnaire

Questionnaires consist of surveys and scoring scales of basic situation. Basic situation surveys include
demographic variables, observation and utilization of daily consumption. Scales are developed on basis of scholars’
research and studies, including psychological awareness, external influence, product evolution, living habit, usage
intention and usage behaviors. Likert scale and 5 points scoring method are adopted mark scores of 1 to 5 based on
“Don’t quite agree”, “Don’t agree”, “Agree”, “Relatively agree”, and “Quite agree”. 500 copies of questionnaires

are released. 420 copies of valid questionnaires are collected. The rate of collection is 84%.

Psychological awareness indexes setting consulted research and studies by Michaelidou and Hassan (2010),
including sense of responsibility (x1), knowledge on low carbon (x2), focus on the environment (x3), behavioral
effects (x4). External influence indexes setting consulted research and studies by Steg (2008) and Winett et al. (1985),
including government example (xs), policies (xg), media (x7), social atmosphere (xg) and influence of other people
(x9). Product evolution designs consulted research and studies by Winett et al. (1985) and Wang and He (2011),
including infrastructure (x10), recycle outlets (x11), product categories (xi2) and product quality (xi3). Besides,
according to relevant life situation, the paper also discusses whether other indexes, such as product appearance
and price tolerance, is related to consumption behaviors of university students. Living habit index setting consulted
research and studies by Poortinga et al. (2003), Wang and He (2011), including traffic (x14), usage of low carbon
products (x15), usage habits (x16) and product reuse (x17). Consumption behavior is set as the explanatory variable,
which mainly consulted question designs by Lane and Potter (2007), Poortinga et al. (2003). The intervening variable
of purchase intention consulted index designs by Lao and Wu (2013). Tests are conducted based on the following
indexes: low-carbon product propagation intention (mi), low carbon purchasing intention (mp), intention of
participating in low-carbon activities (m3), intention of low-carbon transport (my).

The scale reliability is tested by Gronbach coefficient. Most scholars tend to accept that scientific scale reliability
a is greater than 0.7. According to reliability analysis results, the reliability value of total scale is 0.921. Coefficient
of other dimension is also greater than 0.7. Construct validity uses confirmatory factor analysis to set up PA-LV
models. After using the AMOS21.0 software analysis, results are shown in Table 5. Null hypothesis includes many
independent variables. The paper extracts the common factor through maximum variance method, and conducts
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Table 5. Variable Measurement

Latent . .. Cronb-ach’s
. Main theme Problem description No.
variable o
Time tolerance Spend extra time to purchase low-carbon products
Price tolerance Pay higher prices for some low-carbon products.
Product Willing to purchase low-carbon products in nearby supermarkets and
Consumption rchasin stores.
umption - pUrcnasing 0.799 Y
behavior Product . . .
. Seldom purchase products with excessive packaging
purchasing
Product .
. Seldom purchase disposable products
purchasing
publicity intention Become volunteers for low carbon consumption mi
purchase intention Purchase low carbon products within financial and time limits m2
Consumption  Participation . .
. . b . 'p Take the bus to work to realize low-carbon society. ms
intention intention
S . L. . . - 0.851
Activity intention  Participate in low-carbon and energy-conserving abilities. My
Sense of . . .
o Feel obligated to practice low-carbon consumption and save energy. X1
responsibility
Knowledge on
9 Know what products can be recycled. X2
. low-carbon
Psychological 0.750
awareness . Understand that low-carbon consumption behavior is consumption X3
Behavior effects. . . . .
pattern with low energy consumption, low pollution and discharge. X4
Focus on . . . .
. Carbon dioxide emissions exceed standard levels in the city. Xa
environment
Government If government officials take part in low-carbon consumption, other «
examples people will also engage in the practice. §
External Policy influence  In the case of policy subsidies, you will purchase low-carbon products. X6
. Influence of other i . .
influence people Families may impact your low-carbon consumption. 0.739 X7
Social context . L X
The social context of low carbon conservation is not developed yet ¢
Modern infrastructure is not comprehensive, so people throw garbage X9
Infrastructure S
around. Newspaper and TV publicity influence low carbon
consumption. X10
. ) . X
ProduFt Recycling outlets  Can't find the outlets for recycling low carbon products "
Evolution
. Less categories of low carbon products can't meet demands of
Product categories °9 P 0.701 X12
purchasing.
Product quality Bad product quality also impacts purchasing intention X13
Transport You will choose public transport to go out, such as subway and buses X14
Article usage You use household appliances with low electricity consumption. Xi5
living habit Usage habits You turn off lights, electric appliance and water taps when leaving. 0.828 X16
You may dispose things rather them throw them away after the
Recycle and reuse y disp 9 y y X17

break down.

factor analysis with SPS520.0 software. On condition that KMO value is 0.920 and Bartlett sphericity test results
conform to standards, the paper conducts factor analysis on measurement indexes of the scale, and retains the items
with factor loads greater than 0.5.

Considering the correlation between consumption intention and low-carbon consumption behavior, this paper
firstly analyzes the correlation between variables and consumption intention as well as consumption behavior,
laying the foundation for regression analysis and structural equation modeling. Results indicate that variables like
psychological awareness, external influence, living habit, product evolution have significant correlation with
consumption intention and consumption behavior, and sig.=0.000. Therefore, it can be found a strong association
between independent variables measured in four dimensions and dependence variables and intervening variables.
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Table 6. Correlation Analysis

Psychological External .. . Product consumption
. Living habit . . .
awareness influence Evolution intention
Consumption intention 0.545*** 0.609*** 0.599*** 0.457*** 1%
Consumption behavior 0.474*** 0.507*** 0.498*** 0.417*** 0.679***

Note 1 : * signify p<0.05, **signify p<0.01, *** signify p<<0.001

Table 7. Multiple Regression Analysis

Variable sequence R R? AR? F Value B Sig

1. Consumption intention 0.679 0.460 0.458 356.604*** 0.630 0.000
2. Psychological awareness 0.690 0476 0473 189.235*** 0.132 0.002
3. Product Evolution 0.697 0.486 0.483 131.370%*** 0.153 0.003

Table 8. Main Effect and Interaction Analysis of Psychological Awareness, External Influence and Living Habit

Variable df MS Sig.
Psychological awareness 17 18.848 0.000
External influence 12 3.182 0.000
Living habit 12 18.329 0.000
Psychological awareness * External influence 71 12.250 0.000
Psychological awareness * Living habit 61 8.035 0.107
External influence *Living habit 48 6.433 0416
Psychological awareness * External influence * Living habit 36 11.923 0.000

In order to understand different influences exerted by low-carbon consumption factors, this paper adopts
multiple stepwise regression method to explore the impact of predictors, such as consumption intention and
psychological awareness on dependent variables. As the multivariate regression model should be constructed
when there are no multiple collinearity and autocorrelation among variables, correlation tests and statistical tables
are adopted to examine the overall conditions. Results show that the overall residual of model satisfies normal
assumption and the model can be build. In order to examine whether this model has autocorrelation, this paper
conducts Durbin-Watson testing with DW coefficient 1.905, and it can be concluded that random error term has no
autocorrelation. Furthermore, through the measurement of tolerance and Variance Inflation Factor (VIF), the
influence of multiple collinearity is also excluded as results indicate that VIF value (<2) and tolerance (>0.6) all
meet the requirements of modeling. Therefore, those selected indicators are reasonable and multivariate regression
model can be constructed. In addition, this paper uses Wald stepwise regression method to prevent multiple lineal
model problem caused by all highly correlated variables entering a general lineal model. Then, apart from
population statistics, putting living habit, consumption intention, psychological awareness, product evolution,
external influence into the equation, it can be concluded that the multiple correlation coefficient between three
predictors and the dependence variable is 0.697, the determination coefficient 0.486 and F test significant. The
regression coefficient of consumption intentions is the highest, reaching 0.630.

According to the predicated explanatory power, production evolution has the best forecasting performance
towards consumption behavior and the explanatory power is 48.6%. According to regression coefficient,
consumption intention has a positive P, thus it can be seen that the explanations consumption intention,
psychological awareness and product evolution towards consumption behavior are all positive and the constant is
2.56. Therefore, we can build a model as Y=2.560+0.630X; +0.132X,+0.153X.

When it comes to the contributory factors of low-carbon consumption, considering that interaction may occur
among psychological awareness, external influence and living habit, thus we conduct multivariate analysis of
variance by taking these three variables as fixed factors and consumption behavior as a dependent variable to
examine this assumption. According to the result, psychological awareness, external influence and living habit have
significant main effects and there is an interaction among psychological awareness and external influence (p <0.01),
psychological awareness as well as external influence and living habit (p<0.05). Therefore, undergraduates’
perception for external environment and living habit is still influenced by living habit (Table 8).

We build a low-carbon consumption behavior SEM by taking items in low-carbon consumption quantity table
as observed variables and low-carbon consumption behavior, consumption, external environmental influence,
psychological awareness, production evolution, living habit as latent variables. The normality test of every single
indicator is the absolute value of the value of kurtosis and skewness, all meeting criteria. Therefore, it is reasonable
for this paper to analyze consumption behavior by using maximum likelihood method. SEM is constructed as:
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Table 9. Consumption Behavior SEM Equation PNFI

Index CMIN/DF GFI CFI IFI PGFI PNFI RMSEA
First model 5.785 0.823 0.756 0.896 0.632 0.617 0.107
Revised model 2.437 0.933 0.950 0.951 0.613 0.628 0.059

Table 10. Research Hypothesis Testing

Standardized

Research Hypothesis Path Coefficient P-value Conclusion
Psychologicalawareness->Consumption intention 0.10 0.04 Support
Product evolution ->Consumption behavior 0.16 0.04 Support
External influence->Consumption intention 0.63 < 0.001 Support
Living habit-> consumption intention 0.12 0.03 Support
Psychological awareness-> External influence 0.72 < 0.001 Support
Psychological awareness->Living habit 0.79 < 0.001 Support
Psychological awareness-> Product Evolution 0.50 < 0.001 Support
Living habit-> External influence 0.76 < 0.001 Support
Product Evolution -> External influence 0.61 < 0.001 Support
Living habit-> Product Evolution 0.60 < 0.001 Support

-22

7

il
22

Figure 2. Low-carbon Consumption Behavior SEM Model

n=pm+TIE+g @
x = xéE+ 48 2
y=2n+e ®)

where x represents the observed explanatory variable; y the observed explained variable; Ax and Ay contrasted
coefficient matrix; ¢ the structural independent variable; 71 the structural dependent variable; § and ¢ are
corresponding error terms.

According to the statistics in the Table 9, most indicators in the first model are not ideal and far from fit criteria.
Then we revise this model in accordance with correlation and it can be seen that product evolution can exert direct
influence on consumption behavior without the help of consumption intention, thus both variables are directly
related. What's more, considering that there may be a correlation among independent variables, we associate them
with each other and confirm the validity of this assumption.

SEM is revised in accordance with the M.I value, CR value and LR value, and correlates residual errors in related
terms with each other. After revised, the model fits well and coefficients of its paths are significant: esis correlated
with es, es with e, e11 with ey, e14 with ejsand ejs with ey9. The path graph can be seen in Figure 2, and fit index of
SEM is shown in Table 9.
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According to the path graph, for use intention, external influence has the largest standardized coefficient,
reaching 0.44, and the second is living habit, stands at 0.35 while psychological awareness has the smallest
standardized coefficient, which is only 0.18. It can be conclude that the influence degree of contributory factors on
low-carbon consumption behavior is external influence > living habit > psychological awareness.

DISCUSSIONS AND CONCLUSIONS

First, the changing external environment and sustainable environmental education are primary drivers for
undergraduates to perform low-carbon consumption. The university is a kind of small society, and the attitude and
behavior of individuals are prone to be influenced by each other. What’s more, the freedom to dispose of time
makes it possible for the public to have access to the mass media, an important way to disseminate information. By
perceiving behaviors of reference group, people may change their own behaviors unconsciously, thus the external
environment is of great significance for people to adapt to low-carbon consumption. According to the Attribution
Theory proposed by Heider, reasons of individual behavior can be classified into two parts: Internal Attribution
(Individual Attributes) and External Attribution (Environmental Attributes). The former includes individual
personality, motivation, emotion, attitude and effort while the latter includes surrounding environment and luck
(Heider, 2013). In in-depth interviews, some interviewees tend to attribute their inappropriate behaviors (such as
not adopt low-carbon consumption pattern) to contextual factors (external attribution). The study in this paper
indicates that the influence of external factors, such as surrounding people and the government’s leadership, are
the most important stimulator of low-carbon consumption. It is noted that most televisions and online media that
people are exposed to be advocating luxurious lifestyle and consumption patterns. Under such circumstances, the
public tend to pursue conformity. Therefore, relevant government authorities should restrict properly the spread
of information concerning materialism and make efforts to promote civilized, frugal, environmental friendly and
low-carbon consumption pattern. In the process of environmental education, the government should correctly
publicize the idea about environmental protection and the government officials should take the leading role and
guide the public to maintain a positive attitude towards low-carbon consumption, so as to foster a sustainable
development idea that is consistent with the development of our times.

Second, internal factors, which include psychological awareness and living habit, provide reference for
undergraduates’ environmental education concept. An individual’s living habit and psychological awareness,
including environmental possibility awareness and personal knowledge, will exert varying influence on low-
carbon consumption. As the independent individual, the public have their awareness of tendentiousness and their
choices of behaviors are made through their psychological awareness. When this awareness comes more from
personal experiences and practices, the foresting performance (includes short-term performance and long-term
performance) of low-carbon psychological awareness towards low-carbon consumption pattern will be enhanced
dramatically. In contrast, when this awareness comes more from boring textbooks, this kind of foresting
performance will decrease and the effects of environmental education concept will be compromised, thus having
an adverse effect on guiding undergraduates to a healthy and environmentally friendly lifestyle. However, many
people are now still lacking understanding of environmental crises, such as climate change. Some people, though
realizing these issues, take a negative attitude and even choose to “ignore” it. We call this kind of phenomenon as
“ostrich mentality”. It is only when low-carbon psychological awareness reaches a “tipping point” that it can help
establish the low-carbon consumption pattern. When awareness is consistent with behavior, the low-carbon
consumption education concept will be built naturally. Therefore, policymakers should work to enable the public
to realize their individual responsibility for mitigating climate change, so as to encourage preferable transitions in
consumption patterns and raise consciousness of environmental sustainability.

Finally, the development of low-carbon products and technologies, including innovative capability, degree of
product recall, variety and quantity of products, provides guarantee for undergraduates to establish sustainable
environmental education concept. Policymakers should make changes in situational and structural factors, such as
infrastructure, product and technology conditions as well as policies and regulations. According to our in-depth
interviews and empirical studies in this paper, infrastructure (public transportation, recall network and charging
station etc.), product and technology conditions (accessibility of low-carbon products and maturity of technologies),
policies and regulations (government policies and their enforcement) and other situational and structural factors
have differing influences on the cost and benefit of low-carbon consumption pattern. In the process of environment
education, we should improve infrastructure and multi-dimensionally reduce the individual cost of practicing low-
carbon consumption, so as to encourage the public to establish the environmentally friendly ideology. Consumers
often rank products in accordance with their criteria, thus those products which are simple and convenient can
meet the public’s needs. Reduced opportunity cost means that, driven by satisficing, the public can exchange for
the maximum income with the minimum cost, leading to low-carbon consumption behavior. Therefore, the
development of low-carbon products plays an important role in support of low-carbon products.
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ABSTRACT

At present, many engineering students have failed to start a business due to the lack
of good entrepreneurial ability and quality. The main crux is that colleges and
universities only pay attention to the professional knowledge and skills for the
cultivation of engineering students, but ignore the entrepreneurship education. With
the popularization of higher education and employment situation of graduates in our
country becoming more and more serious, college student’s entrepreneurship has
become a new trend of employment of college graduates. It is imperative to cultivate
the entrepreneurial ability of college students. At present, scholars in our country have
done a lot of research on entrepreneurship education, but seldom integrate the
research of entrepreneurship education into the engineering talents training program.
Therefore, this paper analyzes the existing problems of engineering education in
colleges and universities in our country through literature research and questionnaire
survey, and based on previous studies, puts forward a new type of engineering students
training program that combines entrepreneurial education and specific strategies for
training entrepreneurship ability of engineering talents. Looking forward to provide
reference for engineering education in our country.

Keywords: engineering education, entrepreneurship construction system, applied
talents

INTRODUCTION

Engineering education is the activity of teaching knowledge and principles to the professional practice of
engineering. It includes the initial education for becoming an engineer, and any advanced education and
specializations that follow. Since the central government put forward the “mass entrepreneurship and innovation”
in 2013, the central and local governments have published a series of specific measures to promote
entrepreneurship. These policies provide college students with a good entrepreneurial opportunity. The rate of
entrepreneurship for Chinese university graduates rose from 2.3% in 2013 to 3% in 2017 .Statistics show that most
of the students who choose to start their own businesses are graduates of economics, management and marketing.
There are few engineering students who choose to start their business after graduation. Moreover, although the
entrepreneurial rate has shown a significant upward trend, but according to statistical data, the entrepreneurial
success rate of college students in China is only 2.4%. Therefore, how to build the engineering applied talents
entrepreneurship education system has become an urgent problem to be solved.

The connotation structure of entrepreneurial quality is divided into physical quality, entrepreneurial awareness,
adventurous spirit, willpower, and ability to capture business opportunities. I counted out the survey results of
College Students” entrepreneurial awareness as shown in Figure 1 by the way of distributing the questionnaire
through the Internet. The research shows that about 85% of college students have entrepreneurial intention. But the
real proportion of students engaged in entrepreneurial activities during the university is not high. Domestic scholar
(Lin & Si, 2014) has shown that the success factors of college students” entrepreneurial include objective factors and
subjective factors. Objective factors mainly include resources and entrepreneurial opportunities. Subjective factors
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Contribution of this paper to the literature

e The research is of certain theoretical value in reforming engineering education school’s courses for
enhancing engineering graduates’ comprehensive accomplishment and employability, and further
strengthening school’s competitiveness.

e At present, a majority of engineering graduates have lower entrepreneurial ability and employability in our
country, which has been becoming more and more serious, which should be brought to the forefront
seriously.

e Based on engineering students training program combining entrepreneurial education and specific
strategies for training entrepreneurship ability of engineering talents, the school should perform systematic
and sulfficient training on students.

3.10%

m very interested ® notinterested not very interested

have no feelings = more interested

Figure 1. Statistical chart of entrepreneurial intention of college students

mainly include college students” entrepreneurial intention and entrepreneurial ability. At present, the researches
on the construction of the entrepreneurship training system in China is mainly focused on what the entrepreneurial
resources have done to the entrepreneurial achievements, or on what the entrepreneurship has done to the
entrepreneurial achievement. They have not put forward a complete system of cultivating the entrepreneurship of
engineering applied talents, which is adapt to China’s national conditions. This paper intends to use the
questionnaire survey and literature research method to put forward a new model of cultivating the talents of
engineering applied, which is suitable for our nation conditions.

LITERATURES AND REVIEWS

The Current Situation of Entrepreneurship Education for Foreign Students

Early start and rapid development

In the United States, the Harvard Business School’s Myles Mace pioneered the entrepreneurial training course
“Management of New Enterprises” in 1947 (Ting et al., 2017). New York University and Stanford University opened
the MBA entrepreneurship education curriculum system in 1967 (Yongbo et al., 2017). At present, there are already
more than 500 American colleges offering entrepreneurial courses. Entrepreneurship education is included in
formal education. In the UK, the government has set up a science center to manage and carry out entrepreneurship
education. Later, they built a National Committee for college students’ Entrepreneurship to implement
entrepreneurship education (Zhang, Duysters, & Cloodt, 2014). It is known that the British entrepreneurship course
is divided into two categories: “for entrepreneurship” and “about entrepreneurship” (Guerrero, Cunningham, &
Urbano, 2014).
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Hiring experienced teachers to teach

American college teachers are not all full-time. The school will hire some entrepreneurs who have some research
results in academia. These teachers not only educate students, but also their own teachers for entrepreneurial
training. Like the United States, British universities employed a number of academic entrepreneurs as part time
teachers (Zhu, Zhang, & Ogbodo, 2017). Almost all of these teachers have entrepreneurial experience and have
achieved some results. Universities in Germany specifically employ successful or experienced entrepreneurs to
train students for entrepreneurship. And in the school, as long as the content associated to innovation and
entrepreneurship, it will be taught by the economic and management related teachers. Japanese universities
encourage teachers to do part-time jobs in Enterprises. They encourage teachers to practice in front of the
production (Feng et al., 2011). At the same time, they also hire entrepreneurs to serve as teachers in colleges and
universities (Chang & Chen, 2014).

Professional education mode

Entrepreneurship training model in American colleges and universities is divided into the focus mode, the
radiation mode and the magnet mode (Chang & Chen, 2014). The focus mode is mainly used to cultivate students
in business institutes and management institutes to be professional entrepreneurial talents (Bo, 2017). The magnet
model is aimed at the students of the whole school, which is used to explore the students’ entrepreneurial
awareness and entrepreneurial spirit. While, the radiation mode combines the focus mode with the magnet mode.
Not only providing entrepreneurship education for non-business and management students, but also encourage
teachers from different institutes to participate in entrepreneurship education. Students in engineering applied
majors can participate in the entrepreneurial education of magnet mode or radiation mode. The entrepreneurial
education models in UK include the integration model, the intermediary model and the external support model
(Guerrero et al., 2015). The integration mode refers to the infiltration of entrepreneurship education in all aspects
of personnel training in colleges and universities. This is a relatively recessive educational model. The intermediary
mode drives the students to accept the entrepreneurship education through the form of the project. And the external
support education mode needs the employer, community and other stakeholders to take part in the enterprise
education, and to implement the entrepreneurship education activities with students. Engineering students can
obtain entrepreneurship education through intermediary and external support models.

Current Situation of Entrepreneurship Education in Domestic Colleges and Universities

Compared with the developed countries, entrepreneurship education in China started relatively late. In 1988,
Tsinghua University pioneered the eight courses associated with entrepreneurship education for MBA. At the same
time, it has opened the course of “high-tech entrepreneurship management” for undergraduate education (Feng et
al., 2011). And since 1988, Tsinghua University student entrepreneurship program competition has been held every
year. During the competition, the school will organize various lectures and training focused on entrepreneurship
knowledge. After more than ten years of development, although China has made some achievements in
entrepreneurship education and the rate of entrepreneurship is also rising, but entrepreneurship education has not
formed a system yet. It is still in the experimental phase. Most of the courses offered by the schools are elective
courses, and the teaching contents are mainly theoretical and empirical. Entrepreneurship education teachers are
mostly teachers of the school administration positions. After years of development, the current mode of
entrepreneurship education in our country has gradually formed the entrepreneurship education focused on
professional knowledge and skills and the entrepreneurship education and comprehensive education focused on
knowledge and skills of entrepreneurship (Guerrero et al., 2015). There is a lack of training system for the
entrepreneurial skills of engineering applied talents.

RESEARCH DESIGN

In order to solve the problem of constructing educational system for engineering talents, we have adopted the
research methods of literature research and questionnaire survey. First of all, we use the literature research method
to look up a large number of research achievements on entrepreneurship education of domestic and foreign
country. And it is concluded that the following problems exist in the entrepreneurship education of engineering
applied talents in China.

Entrepreneurship Education Lacks Relevance

Statistics shows that the teachers of entrepreneurship education in various colleges and universities are
administrative personnel. They not only have no entrepreneurial experience, but also do not know the direction of
entrepreneurship that adapted to the major. While, entrepreneurial activities have different requirements for
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Table 1. Basic situation of the questionnaire survey

Essential information Proportion (%)
Male 45.8
Gender Female 54.2
Freshman 20
Sophomore 18.5
Junior 15.2
Grade Senior 126
Master 21.2
Doctor 12.5
Major categories Arts 473
) 9 Science 52.7

entrepreneurs in different industries. Therefore, entrepreneurship education in colleges and universities does not
play a role in practice.

Lacking of Entrepreneurship Practice Teaching

In the process of entrepreneurship education in Colleges and universities, the teaching content is mainly
theoretical. Practice teaching is mostly the experiment that assists to proof theory, which is carried out in a
simulation space. It has seriously constrained the students’” innovative thinking because of the lack of practice in
the actual environment. Students can not physically understand the entire operating process of a company that
relies on technical support. And they can’t communicate with the market and consumers, so that they do not
understand the real needs of the market. Under such conditions, students will become rigid and not adapted to the
market demands. It is likely to lead to the failure of entrepreneurship.

The Weak Teacher Resources

Compared with the teachers of entrepreneurship education in developed countries, the number of teachers in
our country is less. Most of our entrepreneurial training teachers are full-time teachers in our school’s
administrative personnel. They do not have entrepreneurial experience, and do not know the professional
knowledge and skills associated with students. So they are not helpful to the entrepreneurship of students.
Therefore, the weak faculty has become the main factor restricting the development of college students’
entrepreneurial ability.

Meanwhile, on the basis of reading related literature, the author makes some assumptions about the problem
of entrepreneurship education in China. We designed a questionnaire based on the hypothesis. The content of the
questionnaire includes entrepreneurial intention, the content of entrepreneurship education in Colleges and
universities, the ways for college students to accept entrepreneurship education, and the quality of
entrepreneurship education in Colleges and Universities. We interviewed 452 students in the form of a network
questionnaire. These students came from 45 universities in 17 provinces (or municipalities directly under the central
government). The basic situation of questionnaire survey is shown in Table 1. The survey result shows that most
of the schools have set up employment guidance courses for engineering applied students. But there are nearly no
schools offering specialized entrepreneurship programs. The training aim for engineering applied talents is focused
on the professional knowledge and skills, and the training for entrepreneurial ability is not included. They neglect
the entrepreneur education because of laying too much stress on cultivating employees. Although there are elective
courses in colleges and universities which are entrepreneurial associated, the teaching content is not scientific and
systematic. And there is no clear syllabus and teaching objectives. Without a perfect talent training objective and
curriculum system, the entrepreneurship education just stays on the surface and thus there is no practical
significance. If students want to learn the knowledge of entrepreneurship, they can only participate in the
entrepreneurship competition organized by the students” association or entrepreneurship training class es after
school. In a few schools that offer entrepreneurship courses, most of them arrange the course of entrepreneurship
education for senior students. And at this stage, students are busy with the livelihood problems after graduation,
no time to plan for entrepreneurship. The timing of entrepreneurship education is lagging behind.

DISCUSSION

In recent years, domestic experts and scholars have done a lot of researches on the topic of entrepreneurship
education, and have achieved some results. Han, Huiling, and Li (2017) proposed the innovative practice education
system construction idea named “five in one”. They believe that establishing the “five in one” entrepreneurship
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Figure 2. Model of engineering-oriented talents entrepreneurship education

education system, which is policy support, curriculum-based, project-driven, yard support and multiple
communication, will be helped. The “five in one” synthesizing the resources of class, school, social and
international. And developed a knowledge system merged the professional education. It is of far-reaching
significance to the construction of entrepreneurship education system in China. Jing and Zhanren (2017) proposed
the “inner together and external connection” entrepreneurship education ecosystem. The “inner together” refers to
that the universities and colleges put the institutes, teaching resources, research resources and practice platform
and other factors together, to provide students with education, training and service systematically and pertinently.
The “external connection” is to build a bridge between the universities and government, the enterprises and society,
to provide guarantee and service for the development of entrepreneurship education and entrepreneurship
activities. They are drawing on the successful experience of foreign countries. And paying attention to the subjective
and objective conditions of entrepreneurship. But they just put forward an overall framework, without specific
implementation process. Such as the description on how to construct the curriculum system. We agree that in the
composition of college students” entrepreneurial ability, the top four are the professional knowledge, practical
experience, innovative ability and management ability. In order to start a business, the entrepreneur must be
professional both in majors and entrepreneurial knowledge. Therefore, for the entrepreneurship education of
engineering applied talents, it is particularly important to have a training plan which can be referred to. According
to the model of engineering ability training proposed by our country’s scholar (Tianlong, 2011), we put forward
the project of engineering-oriented talents entrepreneurship education, as shown in Figure 2.

On the basis of the above research, this paper puts forward the following suggestions on the construction of the
entrepreneurship education system for engineering applied talents.

Improving the Structure of Teachers

As one of the three elements of education, teachers play a very important role in the whole educational activities.
At present, the teachers of entrepreneurship education in local colleges and universities are mostly teachers in
administrative positions. They don’t know much about entrepreneurship and students” expertise. Therefore, in
order to help students start their own business and improve their entrepreneurial ability, colleges and universities
must pay attention to the teaching staffs of entrepreneurship education. Colleges and universities should dedicate
to introduce entrepreneurs who are associated with engineering majors.

Improving the Curriculum System

According to the statistical chart which is about college students’ expectation on entrepreneurship courses
published by Tencent, as shown in Figure 3, we propose to increase the basic courses of entrepreneurship
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Figure 3. Students' expectation statistics on entrepreneurship courses

education, such as economics, management, and other related courses in economics and management. Laying the
knowledge foundation of entrepreneurship for students who are potential entrepreneurs and also unearthing the
students’ entrepreneurial awareness and enthusiasm. After two years of study, students have a certain
understanding of their professional and entrepreneurial foundations. Therefore, the “project driven” curriculum
can be used to encourage students to combine professional knowledge with entrepreneurial knowledge and theory
with practice.

Carrying out Outdoor Activities for Quality Development

Entrepreneurship is a tough process. It requires entrepreneurs not only to be tough, but also strong. Most of the
students now do not suffer any bitter, life is also relatively leisurely. Most of them lack the spirit of hard work,
perseverance and so on. While, in the process of entrepreneurship, regardless of the psychological and physical
which first collapsed, will lead to the failure of entrepreneurship. Therefore, it is necessary to set up outdoor quality
development activities.

Vigorously Support Innovation and Entrepreneurship Projects

Colleges and universities should set up special funds to support students to do innovative project experiments.
For engineering application majors, the most ideal business is technological entrepreneurship. And innovation
project is a common way for engineering applied talents to realize technological innovation.

Building a bridge for students” Entrepreneurship

Only in the enterprise can the value of technology be maximized. Therefore, when students make progress in
innovative projects, colleges and universities should build channels for students to communicate or cooperate with
enterprises.

CONCLUSION AND RECOMMENDATION

After studying a large number of academic works on entrepreneurship education both at home and abroad, this
paper analyzes and summarizes the shortcomings of entrepreneurship education of engineering applied talents in
China. And through the methods of literature research and questionnaire survey, this paper builds an
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entrepreneurship training program for application-oriented talents. Based on that, this paper puts forward some
strategies for the construction of the entrepreneurship education system for engineering applied talents in local
colleges and universities. In practice, we should combine entrepreneurial education with professional education of
engineering talents instead of entrepreneurship education or engineering education. Only in this way can we meet
the development needs of our country and the individual needs of our students.
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ABSTRACT

In the knowledge-based economy era, new firms need dynamic capability to adapt to
the rapidly changing environment with increasing uncertainties in the competitive
environment. A lot of researchers concern about the significant effects of knowledge
accumulation on capability enhancement, systematic research on the effect of
organizational learning on dynamic capability is still short. With questionnaire survey,
223 enterprises established within the past 8 years are selected as the research subjects
for exploring the relationship among learning orientation, ambidextrous learning, and
dynamic capability as well as testing the moderation effect of environmental
uncertainty. The results reveal positive effects of learning orientation on dynamic
capability, partial mediation of exploratory learning (exploitative learning) on learning
orientation to dynamic capability, and moderated-mediation of environmental
uncertainty on the exploratory learning (exploitative learning) to learning orientation-
dynamic capability. The research proves the function of learning orientation to dynamic
capability and provides beneficial inspiration for new firms promoting dynamic
capability.

Keywords: new firm, learning orientation, ambidextrous learning, dynamic capability,
environmental uncertainty

INTRODUCTION

In the knowledge-based economy era, the increasing uncertainties in the competitive environment have new firms
with short resources and insufficient competence encounter greater challenge (Goodman, 2011). For the survival,
new firms stress on learning and innovation and the dynamic capability and development speed are higher than
general enterprises. The organizational competence promoted through creative learning would affect the overall
competitive advantage through product, process, and service innovation. Researchers proposed that an enterprise
could absorb new knowledge through internal/external learning to enhance other capabilities (Christensen, 1995;
Clammer, 2009; Drucker, 1985). It is a practice difficulty in new firms’ survival and continuous development to
accumulate knowledge, update knowledge, and construct the core competence. It is also the research focus in
academia.

Teece and Pisano (1994) proposed dynamic capability as a key source of an enterprise forming competitive
advantages (Teece, Pisano, & Shuen, 1997). Teece (1997) defined dynamic capability as the ability of an enterprise
integrating, establishing, and reconstructing internal/external resources. Current research on dynamic capability
focuses on two dimensions, including the effect of dynamic capability on corporate performance or competitive
advantage (Fainshmidt, Pezeshkan, Lance Frazier, Nair, & Markowski, 2016; Teece, 2007; Zott, 2003) and the effects
of entrepreneurial orientation, strategic orientation, and knowledge or relationship network on dynamic capability
(Blyler & Coff, 2003; Helfat & Peteraf, 2015, Hodgkinson & Healey, 2011, Monteiro, Soares & Rua, 2017).
Nevertheless, learning orientation is normally informal and non-linear in new firms and does not construct a system
or is incomplete among other variables. Current research does not completely explain the dynamic capability
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Contribution of this paper to the literature

e Anew firm should devote to constructing the organizational culture with common vision, open mind, and
commitment to learning and broadly spread such learning culture into individuals, teams, and the
organization to enhance the dynamic capability.

e  Exploratory learning and exploitative learning behaviors are affected by internal learning atmosphere of a
new firm, i.e. learning orientation.

e A learning-oriented organizational culture is mediated by ambidextrous learning to enhance a new firm’s
dynamic capability.

construction process, and the effect of learning orientation on corporate dynamic capability has not obtained a
systematic theory and empirical study.

It is expected to complete the theoretical influence mechanism on new firms” dynamic capability, enrich the
practice of organizational learning theory under different cultural background, and provide practical reference for
new firms, under the situation in China, promoting dynamic capability through learning.

LITERATURE REVIEW AND THEORETICAL HYPOTHESIS

Effects of Learning Orientation on Dynamic Capability

Learning orientation, being an important learning value and culture, is a primary drive of organizational
learning behaviors and affects the capability of an organization absorbing, integrating, and creating resources
(Baker & Sinkula, 1999; Guardia, Freixa, Per6, Turbany, Cosculluela, Barrios, & Rifa, 2006). Some researchers also
study the effects of learning orientation on organizational performance or new firms’ competitive advantage
through the mediation effects of knowledge innovation, team trust, product innovation, and knowledge integration
(Baba, 2015; Haryanto, Haryono, & Sawitri, 2017; Huang & Li, 2017; Mahmoud & Yusif, 2012; Sikora, Nybakk, &
Panwar, 2016; Wu, Tsai, & Tai, 2016).

Learning organization theory indicated that an enterprise had to enhance the innovation capability through
constantly learning for the long-term survival and development under the competitive environment with high
uncertainties (Comlek, Kitapgi, Celik & Ozsahin, 2012; Guardia et al., 2006). Zollo and Winter (2002) regarded
dynamic capability as the result of learning mechanism. In comparison with other enterprises, new firms
encountered more uncertainties and the acquisition of knowledge and resources required organizational loop
learning; the learning-oriented cultural atmosphere therefore became extremely important for new firms (Hung,
Yang, Lien, Mclean, & Kuo, 2010). To fulfill the development, new firms had to absorb and cultivate new knowledge
through commitment to learning, allowing the employees sharing the responsibility with the enterprise through
organizational vision, advancing the devotion, and contributing new ideas with creative and open mind to enhance
the capability of the organization adapting to external environment (Gomes & Wojahn, 2017).

Managers and employees of new firms, from dynamic aspect, integrate resources to enhance the organizational
learning ability and the capabilities of sensing external environment changes and coping with risks. In fact, learning
orientation drives an enterprise actively pursuing new knowledge and challenging current situations to enhance
the innovation capability. The above analyses reveal the critical function of learning orientation for an enterprise
keeping matching with dynamic environment (Sirmon, Hitt, & Ireland, 2007). Consequently, it is considered in this
study that learning-oriented cultural atmosphere in an organization might benefit the enterprise acquiring and
promoting dynamic capability. Especially, rooted learning orientation might assist new firms, which present
insufficient resources and capability, in the continuous survival in the uncertain environment. The following
hypothesis is therefore proposed in this study.

H1: New firms’ learning orientation presents positive effects on dynamic capability.

Effects of Learning Orientation on Ambidextrous Learning

March (1991) first proposed the balance of exploitative learning and exploratory learning when studying the
problems of organizational adaptability and development. Exploratory learning was the learning behavior of new
knowledge trial and test; exploitative learning, on the other hand, was the learning behavior to conclude and
sublimate existing knowledge in the organization, i.e. deepening the knowledge which presented significant
meaning on the survival of the organization. Research revealed that a learning-oriented organization with common
vision, open mind, and commitment to learning would show the following characteristics. The members presented
common vision to induce the learning intention to further expand the ambidextrous learning (exploitative learning,
exploratory learning) of the enterprise; and, open mind would advance the internal communication & exchange
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and mutual correction in the organization (Baker & Sinkula, 1999; Mahmoud, Blankson, Owusu-Frimpong,
Nwankwo, & Trang, 2015).

The development of ambidextrous learning and the function is affected by learning orientation. An enterprise
could make progress through learning and even create innovative changes (Lin, Peng, & Kao, 2008; Maggioni &
Roncari, 2009). When learning orientation enhances an enterprise thoroughly utilizing the knowledge and
resources for learning, it also promotes the exploratory learning (Swart, Kinnie & Lund, 2007). Exploratory learning
stresses on the acquisition of new knowledge and reflects the intention of an enterprise constantly seeking for new
knowledge and challenge (Kaya & Patton, 2011). Research discovered that learning orientation had enterprises
stress more on exploratory learning and encourage organizational members “thinking outside a box” (Baker &
Sinkula, 1999). With limited resources and capability, a new firm might pay more attention to the development of
exploratory learning. Accordingly, the following hypotheses are proposed in this study.

H2a: New firms’ learning orientation shows positive effects on exploratory learning.

H2b: New firms’ learning orientation reveals positive effects on exploitative learning,.

Ambidextrous Learning as Mediator

Research showed that exploratory learning and exploitative learning could remarkably enhance the dynamic
capability of an organization (Easterby-Smith & Prieto, 2008). Droge, Claycomb, and Germain (2003) proved that
learning orientation would enhance organizational learning and further advance new firms more effectively
allocating resources and constantly enhancing knowledge management capability. Learning orientation was a key
factor in organizational learning as well as the capability to affect an organization absorbing, integrating, and
creating resources. Teece and Leih (2016) indicated that dynamic capability required the accumulation of
organizational learning, but could not directly acquire externally. Learning was the major mechanism to create and
develop dynamic capability (Zollo & Winter, 2002), which was developed through repeated practice, records,
mistakes, continuous learning, and experience accumulation.

In comparison with mature enterprises, new firms’ ambidextrous learning appears more remarkable effects on
organizational resources and capability. On one hand, the exploration and exploitation of external knowledge
present extremely importance on new firms’ promotion of existing resources and recreation of new resources. On
the other hand, the characteristic of “new” reflects that existing knowledge of a new firm might not be able to satisfy
the current development, but require the information and technology acquired through ambidextrous learning for
transforming into organizational resources. It is considered in this study that learning orientation affects dynamic
capability with ambidextrous learning as the mediator and the mediation effect of new firms’ ambidextrous
learning is significant. The following hypotheses are therefore proposed in this study.

H3a: Exploratory learning appears mediation effects between new firm learning orientation and dynamic
capability.

H3b: Exploitative learning presents mediation effects between new firm learning orientation and dynamic
capability.

Moderation of Environmental Uncertainty

Environmental uncertainty refers to the unstable state of the external environment in which an enterprise is.
Uncertain environment refers to fiercely external competitive environment and constantly changing customer
needs (Teece, 2007). In the research on the root and mechanism of organizational learning, a lot of researchers
regarded the changes of external environment as the cause of an enterprise’ learning behavior that external
environment was a key factor in organizational learning. An organization would reduce the learning intention and
behavior when the environment is relatively stable, but enhance with increasing environmental uncertainty. High-
level environmental uncertainty has the survival and development of an enterprise become more difficult that the
enterprise has to make more efforts to enhance the dynamic capability so as to cope with such test. Under low-level
environmental uncertainty, an enterprise with learning-oriented cultural atmosphere might not be aware of threats
from the environment to keenly sense external opportunities and pay attention to the promotion of capabilities. For
this reason, the following hypotheses are proposed in this study.

H4a: Environmental uncertainty shows positive moderation between learning orientation and dynamic
capability.

H4b: Environmental uncertainty reveals positive moderation between learning orientation and exploratory
learning.

H4c: Environmental uncertainty appears positive moderation between learning orientation and exploitative
learning.
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Environmental
uncertainty Ambidextrous
Exploratory
Learning > Dynamic
orientation Exploitative capability

Figure 1. Theoretical model

The previous hypotheses infer the mediation effects of exploratory learning and exploitative learning between
learning orientation and dynamic capability; meanwhile, environmental uncertainty positively advances the effect
of learning orientation on ambidextrous learning and dynamic capability. In this case, it is necessary to test whether
the mediation effect of ambidextrous learning on learning orientation->dynamic capability is moderated by
environmental uncertainty. They following hypotheses are further proposed in this study.

H5a: Environmental uncertainty presents moderated-mediation on exploratory learning between learning
orientation and dynamic capability.

H5b: Environmental uncertainty shows moderated-mediation on exploitative learning between learning
orientation and dynamic capability.

RESEARCH DESIGN

Research Sample and Data Collection

The research data are acquired from new firms, which are established within 8 years, in the eastern, western,
and central China, and the top and middle managers are surveyed with the questionnaire. Total 400 copies of
questionnaire are distributed, and 256 copies are collected. Deducting 33 copies with incomplete information, 223
valid copies are retrieved, with the retrieval rate 55.75%. Among the 223 enterprises, the firm size shows 10.31%
with 1-10 employees, 16.14% with 11-50 employees, 12.56 % with 51-100 employees, and 60.99% with more than 100
employees. The firm age reveals 3.14% enterprises being established within 1 year, 13.00% in 1-3 years, 15.70% in
3-5 years, and 68.16% in 5-8 years. The industry belonged shows 35.00% of manufacturing, 10.31% of information
transmission, software and information technology service, 15.70% of finance, 3.60% of transport, warehouse, and
post, 6.73% of wholesale and retail, 7.17% of building, 2.70% of real estate & accommodation and food service, and
16.09% of others.

Measurement of Variable

The questionnaire in this study is developed by referring to previous theories and relevant literatures. For the
conscientiousness, 30 enterprises are selected for the questionnaire pretest to ensure the accuracy, adaptability, and
convenience. The formal questionnaire is completed after repeatedly revising unsuitable semantic meanings. The
questionnaire is measured with Likert 5-point scale and contains four dimensions of learning orientation,
ambidextrous learning, dynamic capability, and environmental uncertainty. The operational definitions and
measurement of variables in the research structure as well as the reference for research scales are explained as
below.

The measurement of learning orientation combines the scales developed by Sinkula et al. (1997) and Farrell and
Mavondo (2004), including three dimensions of commitment to learning, common vision, and open mind. Each
dimension contains 3 questions and the Cronbach’ a coefficient of the scale appears 0.858. The measurement of
exploratory learning and exploitative learning combines the scales developed by Atuahene-Gima and Murray
(2007) and Su, Li, Yang, and Li (2011), and 3 questions are adopted. The Cronbach’ a coefficients of exploratory
learning and exploitative learning are 0.760 and 0.841, respectively. Referring to Teece (2007), sensibility, acquisition
capability, and reconstruction capability are covered for measuring dynamic capability. Based on the scale
developed by Wilden, Gudergan, Bo, and Lings (2013), 12 questions are covered and the Cronbach” a coefficient
presents 0.920. Referring to Miller and Friesen (1983) and Tan and Litschert (1994), two dimensions of dynamic and
hostile, total 6 questions, are used for measuring environmental uncertainty. The Cronbach” a coefficients appear
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Table 1. Mean, standard deviation, and correlation coefficient matrix of variable

Variable Mean Standard deviation 1 2 3 4 5 6 7 8
1 learning orientation 3.810 0.611 1
2 exploratory 3.550 0.762 0594 1
learning
3 exploitative o "
. 3.528 0.751 0.489 0.614 1
learning
4 dynamic capability  3.788 0.616 0.667** 0.707*" 0.635™ 1
> environmental 2.986 0.802 0159" 0214" 0243" 0282° 1
uncertainty
6 industry 3.830 2.945 0.051 0.027 -0.12 -0.039 -0.011 1
7 size 3.240 1.063 -0.215" -0.238" -0.198#* -0.204 0.001 -0.102 1
8 age 3.490 0.838 -0.071 -0.068 -0.109 -0.076 -0.085 -0.140" 0.635" 1

Note: N=223; *p<.05; **p<.01; ***p<.001 (two-tailed test)

0.764 and 0.799, respectively. Furthermore, the number of employees is generally used for measuring firm size.
Enterprises with different sizes would present distinct learning methods. Firm age, firm size, and industry belonged
are therefore selected as control variables in this study (Wu, Tsai, & Yeh, 2014).

EMPIRICAL RESULT AND ANALYSIS

Descriptive Statistics and Common Method Variance Bias

SPSS523.0 and AMOS24.0 are used in this study for the statistical analyses of data. The mean, standard deviation,
and correlation coefficient of variables are shown in Table 1, in which the correlation coefficients of learning
orientation, exploratory learning, exploitative learning, dynamic capability, and environmental uncertainty appear
in 0.16-0.71, achieving the significance. It reveals the moderately positive correlation between various dimensions
and dynamic capability.

Harman'’s single factor method is used for solving the Common Method Variance bias. From the analysis of the
entire questionnaire, the first factor, without rotation, explains 35.8% variance, showing that the Common Method
Variance bias would not affect the research result.

Confirmatory Factor Analysis is utilized for testing the reliability, convergent validity, discriminant validity,
and model fit of the questionnaire to understand the consistency between the hypothesis model and the observed
data. The Confirmatory Factor Analysis result reveals the model fit reaching the standard (df=1.98 (p<0.001),
RMR=0.046, CF1=0.910, IFI=0.911, and RMSEA=0.067) that the questionnaire presents better reliability and validity,
with good fit.

Hypothesis Test

Main effect and mediation effect

Multiple Regression Analysis is used for the test in this study. In Table 2, Model 2 reveals the significant effects
of learning orientation on dynamic capability (r=0.656, p<0.001) that H1 is proved. Model 8 presents the remarkably
positive effects of learning orientation on exploratory learning (r=0.564, p<0.001) that H2a is supported. Similarly,
Model 12 shows the notable effects of learning orientation on exploitative learning (r=0.476, p<0.001) that H2b is
supported. Model 4 reveals significant coefficients of learning orientation, exploratory learning, and exploitative
learning, i.e. partial mediation effects of exploratory learning and exploitative learning on learning orientation and
dynamic capability, that H3a and H3b are proved.
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Table 2. Hierarchical Regression Analysis result
Dynamic capability Exploratory learning Exploitative learning
Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10 Model11 Model12 Model13 Model14

Variable

control variable

industry -0.054 -0079 -0.016  -0.037 -0073 -0.072  0.014  -0.008  -0.004 0.000 -0.141*  -0.159**  -0.155" -0.152"*
size -0.262"* -0.076  -0.027  0.004  -0.102  -0.106 -0.326"* -0.166" -0.185* -0.191*  -0.220*  -0.085 -0.108 -0.114
age 0.083  0.008 0.008  -0.009  0.038 0.037 0.141 0.076 0.099 0.096 0.011 -0.043 -0.016  -0.018
parameter

learning orientation 0.656"" 0.337** 0.623*** 0.602"** 0.564** 0.540**  0.505*** 0476 0.446"* 0416
mediator

exploratory learning 0.507*** 0.357**

exploitative learning 0.317***  0.246***

moderator

environmental certainty 0.186**  0.164** 0.136" 0.098 0.169** 0.137*
interaction 0.111* 0.193*** 0.163**
R? 0.049 0456 0.565 0.635 0.489 0.500 0.068 0.369 0.387 0.421 0.059 0.274 0.301 0.326
AR? 0.036  0.446 0.555 0.625 0477 0.486 0.055 0.358 0.373 0.405 0.046 0.260 0.285 0.307
F 3.777* 45615 56.396"* 62.559*"* 41.474** 36.009*** 5.343"* 31.928"* 27.413"* 26.208"* 4.608" 20.547*** 18.712"** 17.392"*

Note: N=223; *p<.05; **p<.01; ***p<.001 (two-tailed test)

Bootstrap is utilized for testing the significance of mediation effects. Setting the macro test of 5000 times of
mediation effects with Bootstrap, the learning orientation-exploratory learning-dynamic capability Sobel test shows
the remarkably indirect effect 0.203 (Z=4.765, p<0.001). It reveals that 95% confidence interval (CI) of above indirect
effect is [0.128, 0.296], where 0 is not included. The indirect effect is therefore significant. The learning orientation-
exploitative learning-dynamic capability Sobel test appears the indirect effect 0.118 (Z=3.568, p<0.001), achieving
the significance. The Bootstrap test shows that 95% confidence interval (CI) of above indirect effect is [0.063, 0.197],
in which 0 is not included, that the indirect effect is significant.

Test of moderation effect

The test result of moderation effect is shown in Table 2. Model 6 presents the remarkable coefficient of the
product of learning orientation and environmental uncertainty (r=0.111, p<0.05), showing the notable moderation
effect of environmental uncertainty on learning orientation and dynamic capability that H4a is supported. Model
10 reveals the notable coefficient of the product (r=0.193, p<0.001), explaining the significant moderation effect of
environmental uncertainty on learning orientation and exploratory learning that H4b is supported. Model 14
presents the remarkable coefficient of the product (r=0.163, p<0.01), revealing the significant moderation effect of
environmental uncertainty on learning orientation and exploitative learning that H4c is supported.

To test moderated-mediation effects, according to the suggestion of Edwards and Lambert (2007), setting the
macro test of 5000 times of indirect effects with Bootstrap, the results are shown in Table 3. From Table 3, when
environmental uncertainty appears the lower level (mean-1 standard deviation), learning orientation shows notable
effects on dynamic capability through exploratory learning (r=0.117,p<0.001). The confidence interval (ClI) is [0.040,
0.198], in which 0 is not included. When environmental uncertainty presents higher level (mean+1 standard
deviation), learning orientation shows effects on dynamic capability through exploratory learning (r=0.237,
p<0.001). The confidence interval (CI) is [0.131, 0.372], where 0 is not included. As a result, in comparison with low-
level environmental uncertainty, exploratory learning presents stronger mediation effects between learning
orientation and dynamic capability when higher-level environmental uncertainty appears. Hba is therefore
supported. Similarly, learning orientation shows remarkable effects on dynamic capability through exploitative
learning (r=0.060, p<0.001) when there is lower-level environmental uncertainty (mean-1 standard deviation). The
confidence interval (CI) is [0.016, 0.132], where 0 is not included. When the level of environmental uncertainty is
high (mean+1 standard deviation), learning orientation presents notable effects on dynamic capability through
exploitative learning (r=0.131, p<0.001). The confidence interval (CI) appears [0.060, 0.241], where 0 is not included.
It is therefore considered that exploitative learning shows stronger mediation effects between learning orientation
and dynamic capability when higher-level environmental uncertainty appears that H5b is supported. To present
the mediation effects of exploratory learning and exploitative learning under different environmental uncertainty
levels, the relationship between learning orientation and dynamic capability is shown in Figure 2. When
exploratory learning and exploitative learning are mediators, the stronger relationship appears between learning
orientation and dynamic capability with the higher environmental uncertainty level.
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Table 3. Mediation effects and the confidence interval of Bootstrap on different moderator standards

environmental dynamic capability

uncertainty indirect effects SE LLCI ULCI
exploratory learning 2.184 0.117* 0.040 0.040 0.198
exploratory learning 2.986 0.175™ 0.039 0.104 0.261
exploratory learning 3.788 0.237" 0.060 0.131 0.372
exploitative learning 2.184 0.060"" 0.029 0.016 0.132
exploitative learning 2.986 0.096™* 0.030 0.047 0.166
exploitative learning 3.788 0.131" 0.044 0.060 0.241

Note: N=223; *p<.05; **p<.01; ***p<.001 (two-tailed test)

Dynamic

Capability 1 e--e LowEU

+— HighEU

Learning orientation
Figure 2. Learning orientation and dynamic capability: moderation of environmental uncertainty

RESEARCH CONCLUSION AND OUTLOOK

Result Discussion

The theoretical model of learning orientation and dynamic capability in this study is constructed based on
organizational learning theory to propose relevant hypotheses, and new firms in China, the developing country,
are regarded as the research objects. The research is concluded as followings.

First, learning orientation could effectively drive new firms forming dynamic capability. A new firm should
devote to constructing the organizational culture with common vision, open mind, and commitment to learning
and broadly spread such learning culture into individuals, teams, and the organization to enhance the dynamic
capability. It explains a new firm’s timely sensing external opportunities and risks, grasping opportunities, and
timely adjusting and integrating resources. Second, exploratory learning and exploitative learning behaviors are
affected by internal learning atmosphere of a new firm, i.e. learning orientation. The cognition of the importance of
learning culture could promote an enterprise’s exploratory learning and exploitative learning. Third, a learning-
oriented organizational culture is mediated by ambidextrous learning to enhance a new firm’s dynamic capability.
For a new firm, exploratory learning presents more significantly positive effects on dynamic capability than the
effect of exploitative learning on dynamic capability. It explains the critical effect of exploratory learning on a new
firm forming dynamic capability. Fourth, environmental uncertainty positively moderates the relationship between
learning orientation and dynamic capability as well as the relationship between learning orientation and
exploratory learning, exploitative learning. Moreover, the moderation of environmental uncertainty on the
relationship between organizational learning culture and learning behavior is especially remarkable. When external
environmental uncertainty appears high level, the ambidextrous learning behavior of an organization is active;
otherwise, the ambidextrous learning behavior is inhibited. Research also finds out the moderation of
environmental uncertainty on exploratory learning behavior, which is more significant than the moderation on
exploitative learning. It might be determined by a new firm’s characteristics. Fifth, the mediation effect of
ambidextrous learning between learning orientation and dynamic capability is moderated by environmental
uncertainty. When environmental uncertainty is enhanced, the mediation effect of either exploratory learning or
exploitative learning is enhanced. Sixth, the survey data reveal that increasing firm size would reduce an
organization’s learning orientation, ambidextrous learning behavior, and dynamic capability. It is an important
alert for entrepreneurs that organizational learning culture, learning behavior protection mechanism, and dynamic
capability should be emphasized when expanding the firm size.
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Theoretical Contribution

The major theoretical contribution of this study is summarized as below. First, organizational learning theory
and dynamic capability theory are integrated, and learning orientation and ambidextrous learning are applied to
entrepreneurship to explain the effects form learning orientation to dynamic capability that an enterprise should
pay attention to the cultivation of learning orientation atmosphere, and develop organizational learning culture.
Second, from the aspect of organizational learning, exploratory learning and exploitative learning, as mediators,
are included in the model to study the effect of learning orientation on dynamic capability through ambidextrous
learning. Sorting out organizational culture and enriching learning orientation and the result as well as the mutual
function through the route of organizational behavior driving dynamic capability instruct a new firm constructing
the dynamic capability. Finally, new firms are selected as the research objects because they appear larger differences
from mature enterprises, under static and dynamic environment. New firms require the support of new resources
that environment uncertainty shows larger function on the learning activity and dynamic capability. By introducing
environmental uncertainty as the moderator, the empirical analysis reveals the significant moderation of
environmental uncertainty to enrich the theoretical model as well as provide theoretical supports of timely,
positive, and active exploratory learning and exploitative learning for new firms, under the turmoil environment.

Research Restriction and Future Outlook

This study presents the following shortage. (1) Although sample structure is taken into account for the selection
of samples, the number of effective samples is limited that the research result might exist in bias. (2) Exploratory
learning and exploitative learning are taken as mediators for the research on effects on learning orientation and
dynamic capability. The result proves partial mediation effects of exploratory learning and exploitative learning
between learning orientation and dynamic capability. It implies that there might be other variables with mediation
effects between learning orientation and dynamic capability. In this case, successive research should further dig
out various potential mediators to more completely disclose the internal mechanism between the two. (3)
Environmental uncertainty is regarded as the moderator in this study. The results prove the moderation of
environmental uncertainty between learning orientation, ambidextrous learning and dynamic capability. The
future research could take environmental uncertainty as the antecedent to study the effect of environmental
uncertainty on an organization’s learning orientation and dynamic capability. (4) Ambidextrous learning covers
individuals, teams, and the organization. This study merely discusses organizational ambidextrous learning. The
future research could thoroughly discuss the relationship among learning orientation, ambidextrous learning, and
dynamic capability of an enterprise from different aspects to comprehensively understand the effect of learning
orientation on dynamic capability in a new firm.
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ABSTRACT

Lacquer art is the essence of Chinese culture; however the teaching of lacquer art is
unpopular due to the complicated production process. There is little opportunity for
primary and secondary school students to access relevant knowledge, and this has
resulted in a weak foundation of Chinese lacquer art knowledge. This study researched
the lacquer art teaching in primary and secondary education and exerted digital
information resources to explore a new learning mode. This study measured the
teaching outcomes and summarized the advantages and disadvantages of the teaching
methods based on the author's participatory observations and students’ after-class
questionnaire feedback. The most significant aspect of the study was the hope that
Chinese teenagers could have a comparatively early acquaintance of the cultural
knowledge for lacquer art and provide more positive social factors for the inheritance
and development of future lacquer design.

Keywords: design teaching, digital platform, lacquer design

INTRODUCTION

Research Background

Within the category of lacquer design teaching, courses are mostly presented in colleges and universities, and there
is little lacquer teaching for students under those ages. There are three main factors for this: 1) due to the intensive
arrangement of the main cultural courses, art courses are condensed, and it is difficult to realize independent class
periods; 2) due to the enormous quantity of knowledge involved in lacquer art, expected teaching results cannot
be achieved through traditional methods and classroom facilities; and 3) due to the high specialization of lacquer
art, common teachers are not capable of taking over the class, while teachers who are knowledgeable in this field
have been in short supply for a long time. In sum, it is mainly restricted by teaching time and classroom conditions,
which has led to the long absence of traditional Chinese lacquer culture in primary and secondary school education
and relatively low social cognition.

With the development of modern science and technology, according to the “Statistical Communiqué of the
People’s Republic of China on the 2016 National Economic and Social Development” (National Bureau of Statistics
of China, 2017), the popularization rate of mobile telephones increased to 96.2 sets per hundred people and the
internet population increased by 42.99 million people to 0.731 billion people, of which those accessing the internet
via mobile phones increased by 75.50 million people to 0.695 billion people. Thus, it can be seen that there is
increasing improvement in the popularization of networking and communications. The convenience of information
transfer emancipates the constraint of time, strengthens flexibility and leads to variations in learning models, which
has been regularly restricted in classrooms. Furthermore, the objective condition of aiding teaching via digital
platform is mature, and the basic condition for strengthening lacquer design teaching using information technology
has already been formed.

© 2018 by the authors; licensee Modestum Ltd., UK. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).
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Contribution of this paper to the literature

e As for the lacquer teaching for middle and primary periods, the study probes into a new learning mode
upon the flexibility and popularity of today's network and communication.

e  This study achieved the initial comparative research between traditional teaching method and the mode of
utilizing digital platform resources.

e As presented by the writer's teaching practice and students' questionnaire data, the lacquer teaching via
digital platform obtains more satisfied teaching effects.

Research Purpose

This study was carried out based on the current background condition of China’s technological development from
the perspective of a teaching-study researcher. The research purpose of this study was to explore a more flexible
and interesting learning model via the information superiority of contemporary science and technology and the
advanced equipment of digital platform to give primary and secondary school students access to information and
to realize the charm and characteristics of lacquer culture, improve the aesthetic abilities, and further enhance the
sense of national pride.

LITERATURE REVIEW

In recent years, the art-design teaching in China features increasing popularization but still has some
shortcomings. Among those, the more obvious issues are the deficient flexibility in outdated teaching method, short
of special courses construction, neglect of traditional culture education, as well as the ignoring of creative thinking
training in traditional close-end classroom teaching, which is the main status in quo. Not only the solid systematic
basic training, but also the diversity of teaching mode should be focused during the course teaching of art design
specialty (Zhu, 2014). The education of design in China has been emphasized on the skill training for a long period,
thus generating the shortage of individual creative thinking ability. The emergence of computer enables the
diversified development of design, while the traditional design mode is still under various restrictions and
requirements (Jiang, 2013).

The increasing influence of computer technology has allowed it to become an effective way for teachers to
achieve the combination of computer technology and teaching to enhance learning outcomes (Kirschner, 2015).
Mobile digital devices with high popularization improve the variance of learning time, break the limits of
traditional academic environments, and effectively maintain the potential learning consistency (Milrad et al., 2013).
Practical explorations on aiding teaching via high-tech conditions have centered on design categories, such as
construction, and exhibitions have been conducted and summari