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a  b  s  t  r  a  c  t

Problem  finding  is  an  important  component  of creativity,  but  research  on  it does  not  offer
much  guidance  to teaching.  The  present  research  takes  a step  in that  direction  with  two
investigations.  The  first  was  a between-subjects  evaluation  of  a  short-term  classroom  teach-
ing process,  using  creative  Chinese  problem  finding  (CCPF)  to assess  the  impact.  The  second
was  a long–term,  mixed-design  of creative  scientific  problem  finding  (CSPF)  as it developed
in response  to teaching  that  emphasized  problem  finding.  Results  showed  that  there  were
improvements,  but different  teaching  methods  had  varied  impact  on  students’  creative
problem  finding  (CPF)  performance.  A  mixed  teaching  method  that  included  both  lecture-
and inquiry-based  teaching  was  superior  to the lecture-based  or inquiry-based  methods
when used  separately.  The  mixed  teaching  showed  the  strongest  improvements  in  stu-
dents’ flexibility  and  originality  on  the problem  finding  tasks.  Finally,  there  was  a significant
interaction  between  teaching  methods  and instructional  type  (opened,  closed)  in flexibility
and originality  of  CPF.  Practical  implications  and  limitations  are discussed.

© 2017  Elsevier  Ltd.  All rights  reserved.

The strength of the Chinese educational system is probably that it provides students with factual knowledge. The weakness
is no doubt that it does little to teach students to think. Yuan (1999), who was  previously the Deputy Director of the Normal
Education Department of Ministry of Education, said that the educational evaluation system of China was disabling students
from having questions and was attempting to insure that students master everything. Education is very different in Western
cultures, including America (Kim, 2005; Kumar, Daniel, Doig, & Agamanolis, 1998; Ng, 2003; Walczyk, Griffith-Ross, Tobacyk,
& Walczyk, 2006). There is more emphasis on asking questions, independent thought, and creative problem solving.

Problem finding is an important component of creativity (Chand & Runco, 1993; Hu, Shi, Han, Wang, & Adey, 2010;
Wakefield, 1985) and has received a great deal of attention in psychology and education. Definitions of problem finding vary.
It is sometimes viewed as a kind of cognitive strategy and tied to effective learning (Graesse, 1992; Torres, 1998), but is
also viewed as reflection of cognitive development (Kelley & Sigel, 1986). In the present study, problem finding was  defined

as a thinking activity that utilizes existing contexts and experience to produce and express new questions. It is cognitive,
meta-cognitive, and even affective.
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In order to enhance the development of students’ problem finding skills, attention must be directed not only to the
uantity of problems posed, but also problem diversity (Yoshioka et al., 2005), problem quality (Kalady, Elikkottil, & Das,
010), and the creative process (Hu, Adey, Shen, & Lin, 2004; Hu et al., 2010; Paletz & Peng, 2009). School experiences can

nfluence problem finding as well, such as teaching methods, teachers’ knowledge, teachers’ attitudes towards questions,
he classroom atmosphere, the evaluation system used and so on (Han, Hu, & Zou, 2005).

Teaching methods may  play the most important role in promoting students’ creativity (Hu, 2010). In traditional lecture-
ased teaching (LBT) there is usually a curriculum of disciplinization where each subject had relatively fixed structure
nd sequence, and a standard text book are used (Jayawickramarajah, 1996; Phil, 2000). The aim of LBT is to expose all
tudents to identical knowledge (Finch, 1999). Teachers using such curricula are there to provide learning objectives and
ssignments, lectures (Albanese & Mitchell, 1993; Cariaga-Lo, Richards, Hollingsworth, & Camp, 1996; Enarson & Cariaga-
o, 2001). Lecturing remains a crucial component in virtually all models of teaching methods, including problem-based
eaching (Daine, Beverly & Barbara, 1989; Kusum et al., 1998). LBT is advantageous for students who  have low levels of
elf-awareness (Cariaga-Lo et al., 1996), because frequent examinations provide regular feedback, which can compensate
or low self-awareness.

Yet there are concerns about LBT. Knowledge may  be blindly memorized, and thus transfer and generalization is difficult.
hen students encounter new problems they are unable to adapt what they have learned, they are not flexible and will

end to rely on inappropriate strategies or rote knowledge. Students often complain that some teachers dislike questions
egarding the topic being taught (Abdul-Ghaffar, Ken, & Usha, 1999; Diaz & Cartnal, 1999; Guilbert, 1998; McCrorie, 2001;
emmen et al., 1998; Ronchetto, Budkles, TBarath, & Perry, 1992). Also problematic is the fact that LBT may  not take the
aried learners’ perspectives into account. The LBT conveys information and content while lacking sufficient development
f critical thinking skills and problem solving (Stetzik, Deeter, Parker, & Yukech, 2015).

Not surprisingly, Inquiry-based teaching (IBT) has become more and more popular. IBT focuses on students’ critical think-
ng, hands-on ability, and problem solving ability (Kitot, Ahmad, & Seman, 2010). NRC describes inquiry as ‘a multifaceted
ctivity that involves making observations; posing questions; examining books and other sources of information to see what
s already known; . . .;  and communicating results’ (Alake-Tuenter et al., 2012; NRC, 1996, p.23). Inquiry teaching is defined
s a pedagogical method combining higher order questioning with student-centered discussion and discovery of central
oncepts through laboratory activities (Damnjanovic, 1999; NRC, 1996). Some aspects of inquiry are individual efforts, but
any are not, and teachers need to experience the value and benefits of cooperative work (NRC, 1996, p.61), and design
any activities for group learning, not simply as an exercise but as collaboration essential to inquiry (NRC, 1996, p.50).
orking in groups enables students to appreciate the availability of alternative solutions as proposed by their classmates.

n IBT students are encouraged to not only learn the details of the knowledge, but also learn to apply them in the solution of
elevant problems. Thus, students can be accessed on the basis of their understanding and ability to apply knowledge, rather
imply their skill at reciting facts. There is an additional benefit: their transfer into other subjects. For example, this approach
f teaching information retrieval was successfully implemented in an undergraduate module where students were assessed

n a written examination and a written assignment (Jones, 2009).
Previous researches, which investigated the effectiveness of IBT method on critical thinking of primary school students

Kazempour, 2013), secondary school students (Kitot et al., 2010) or undergraduates (Gao & Quitadamo, 2015; Greenwald &
uitadamo 2014; Magnussen, Ishida, & Itano, 2000; Thaiposri & Wannapiroon, 2015) in different disciplines such as history,
iology, science and so on, had showed that IBT was effective in enhancing students’ critical thinking, which is an extremely

mportant aspect of creativity (Gao & Quitadamo, 2015; Greenwald & Quitadamo 2014; Kazempour, 2013; Kitot et al., 2010;
agnussen et al., 2000; Thaiposri & Wannapiroon, 2015). IBT has also proven to be more effective in promoting the teaching

f information technology than traditional teaching methods (Lu, Liu, & Chen, 2012). A comparative study of problem-
nd lecture-based learning in junior secondary school science showed that seemingly problem-based learning was favored
or knowledge retention, compared to a more conventional teaching method (Wong & Day, 2009). Knowledge is another
mportant component of creativity (David, 1998; Hayes, 1989).

As to the effect of combined of two teaching methods, evidence from some teaching researches showed that combination
f LBT and IBT can strengthen the teaching effect—improve the students’ academic achievement on Chemistry lessons (Shen,
009) and Idelogical-Political lessons (Zhou, 2012). According to Babansky’s Optimization of the Teaching Process (Babansky,
973a, 1973b; as cited in Wang, 2012), in the process of teaching teachers should adopt diversified teaching methods: each
eaching method has its advantages and disadvantages, teachers should choose appropriate teaching methods according to
he concrete situation and pay attention to the integrated use of a variety of methods, in order to achieve the optimization
f teaching process.

A current review of literature did not offer much guidance to whether teaching methods have impact on students’ creative
roblem finding (CPF).With this in mind the present investigation compared LBT and IBT in terms of creative problem finding.

 combined version, or hybrid, of LBT and IBT was also examined, given that both LBT and IBT may  contribute, in different
ays, to CPF. The purpose of this study was to explore, over short- and long-term classroom experiences, the impact of LBT,

BT, and mixed teaching on students’ CPF performance. The hypotheses were as follows: Different teaching methods differ

ignificantly in terms of the impact on CPF performance. Mixed teaching would be significantly more effective than LBT and
BT, not only in improving the three indices of students’ CPF performance, but also in improving students’ CPF performance
f different instruction type.
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This investigation was original in that it was the first time to investigate the relationship between a combination of
two teaching methods and students’ CPF performance. Quite possibly the blended advantages of the two teaching methods
would improve students’ CPF.

1. Experiment 1

Experiment 1 was designed to test over a short-term classroom teaching process whether teaching methods had a
significant impact in improving students’ creative Chinese problem finding (CCPF) performance.

1.1. Method

1.1.1. Design and participants
A between-subjects design was used in this experiment. Before the experiment, 150 students from the sixth-grade of

a Chinese school were chosen to receive the Creative Scientific Problem Finding Test of Primary Students (CSPF; Hu et al.,
2010) to make sure that the three groups of students had no significant differences in CSPF. After controlling for CSPF scores,
90 students were assigned to three groups (30 students each), with equal representation of boys and girls. Then, each group
was randomly assigned to one of the three types of teaching methods.

1.1.2. Materials
The Creative Scientific Problem Finding Test of Primary Students (Hu et al., 2010), which showed reliability and validity,

was used as a pre-test. Two open-ended questions were included in the test, with one open question “According to the
phenomena observed in everyday life, list the questions you can think of as many as possible,” and the other closed question
that instructed students to list questions related to a picture of an astronaut standing on the moon.

For the post-test, a self-designed questionnaire named Creative Chinese Problem Finding (CCPF) Test was utilized, in
which require students to list questions according to the teaching material named Blue Leaves.  The Cronbach’s alpha was
0.78, the inter-rater reliability was 0.69 and the correlations between CCPF total score and each of the three dimensions’
score were higher than the correlations between each two of the three dimensions.

The CSPF/CCPF responses were rated for fluency, flexibility, and originality. The number of questions generated was the
fluency score. The number of categories across which a subject’s questions were distributed was the flexibility score. The
Originality score was based on the frequency of occurrence of a question (i.e., its percentage in the total sample). The student
gained a score of 2 if the response frequency percentage was smaller than 5%; 1 point if the response frequency was between
5 and 10%; and 0 if above 10% (Chen, Hu, & Plucker, 2016; Hu et al., 2010). The total CSPF score was simply the sum of scores
of the three dimensions.

1.1.3. Teaching materials
As to choosing the teaching materials, the following factors were considered: firstly, material is interesting; secondly,

be familiar with, which is also concrete and comprehensible; thirdly, with rich information, which is beneficial for students
thinking or asking questions from multiple angles; lastly, suitable difficulty. Finally, the Blue Leaves was  chosen from 18
materials with the help of primary school teachers who  teach Chinese, which tells a story about painting and borrowing
colored pencils.

1.1.4. Procedure
Three identical groups of students were selected using scores on the Creative Scientific Problem Finding Test of Primary

Students. All three groups then received a 40-min class with the teaching content Blue Leaves,  with each group receiving a
different teaching method. It is worth mentioning that both the teaching content and teacher were same in each of the three
groups.

In the LBT condition, the teacher instructed the students to read through the learning materials, solve the basic problem
of the understanding of materials, and to recognize new words. Then, the teacher explained paragraph-by-paragraph and
guided students to the answers of their questions.

In the IBT condition, the teacher devoted the first 5 min  to the creation of problem situations, inspiring students to think
about the material content. The teacher then arranged the students to read the text in the form of a sub-group cooperation,
recognizing new words in this process and afterwards discussed the content of the material. After discussion, every sub-group
had chances to express their views and the teacher would give a conclusion.

In the mixed teaching condition, the teacher began with an effort to guide the students to the creation of problem

situations. Students subsequently read through the text with a teacher’s assistance and discussed in the form of sub-group,
assigning a group leader to make a conclusion of their views and exchange views with other groups.

In the last 10 min  of the classes, the students were asked to raise questions about the content of the learning material.
Their performance was recorded. Scoring rules was  same as the pre-test.
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Fig. 1. Comparison of different teaching methods on fluency. Error bars represent standard errors of the mean. **p < 0.01; *p < 0.05.
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Fig. 2. Comparison of different teaching methods on flexibility. Error bars represent standard errors of the mean. **p < 0.01; *p < 0.05.

.2. Results

MANOVA showed a significant effect of teaching methods on CCPF (F [6, 110] = 2.22, p < 0.05, Partial �2 = 0.108). Univariate
ests indicated that there was a significant difference of post-test scores of fluency (F [2, 87] = 4.33, p < 0.05, Partial �2 = 0.132),
exibility (F [2, 87] = 3.68, p < 0.05, Partial �2 = 0.114) originality (F [2, 87] = 6.08, p < 0.01, Partial �2 = 0.176) of CCPF. It indi-
ated that teaching methods had a significant difference in improving students’ CCPF performance by improving the three
imensions of CCPF.

Multiple comparisons adjusted by Bonferroni showed that in mixed teaching situation scores of fluency and originality
as significantly higher than that of LBT (ps < 0.01) and IBT (p < 0.05, p < 0.01, respectively). And in mixed teaching situation

cores of flexibility was significantly higher than that of LBT (p < 0.05), while there was no significant difference between
ixed teaching and IBT in flexibility (see Fig. 1–3).

. Experiment 2

Experiment 2 was designed to explore over a long-term classroom-teaching process, in order to establish whether
eaching methods had a significant influence on improving students’ CSPF performance.

.1. Method
.1.1. Design and participants
This study utilized a 2 (type of question: opened or closed) x 3 (teaching methods: mixed, LBT, IBT) experimental design.

eaching method and type of question (open vs. closed) were between- and within-subjects variables, respectively.
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Fig. 3. Comparison of different teaching methods on originality. Error bars represent standard errors of the mean. **p < 0.01; *p < 0.05.

Three of the eight classes of 6th-grade children from a Chinese primary school participated. The classes were each
randomly assigned to one of three different teaching methods to be conducted. To ensure that the three classes had no
significant difference in CSPF, we administered a pre-test and then matched three homogeneous groups with 40 students
to each of the three groups (20 boys and 20 girls), for a total of 120 students.

2.1.2. Materials
The Creative Scientific Problem Finding Test of Primary Students (Hu et al., 2010) was  used as the pre-test, the same as

used in Experiment 1. In the post-test, a self-designed parallel questionnaire was utilized, of which Cronbach’s alpha was
0.80 and inter-rater reliability was 0.91. Items in this parallel test were similar to the pre-test, also including two  open-
ended questions, with one open question which is same as the pre-test “According to the phenomena observed in everyday
life, list the questions you can think of as many as possible,” and the other closed question that instructed students to list
questions related to a picture of a rainy sky with thunderstorm and lightning. Scoring rules was  same as that of the pre-test
in experiment 1. Table 1 showed the mean scores and correlations among the pretest and posttest scores.

2.1.3. Procedure
First, the three groups of students were selected via pre-test to make sure that the three groups of students had no

significant difference at initial CSPF performance. Then each group had a lesson with 40 min  once a week, totally 10 lessons.
The teaching content was knowledge about science and was  same across all three groups. Teaching methods of the three
groups were mixed teaching, LBT and IBT respectively.

After the intervention of the 10 classes, the self-designed parallel questionnaire was utilized as the post-test to rate the
students’ final CSPF.

2.4. Results

A repeated measures MANOVA was used to test the main and interaction effects of Teaching Methods (3), Time (pre-test,
post-test) (2) and Type of Instruction (2) on CSPF scores, in which Teaching Methods was one between-subject variable and
Time and Type of Instruction were two within-subject variables. Results showed a significant main effect of teaching methods
(F[6, 230] = 10.76, p < 0.001, Partial �2 = 0.219), significant main effect of type of instruction (F[3, 115] = 86.06, p < 0.001, Partial
�2 = 0.692), of time (F [3, 115]= 32.93, p < 0.001, Partial �2 = 0.462), as well as a significant interaction effect among time,
teaching methods, and type of instruction, (F[6, 230] = 4.6, p < 0.001, Partial �2 = 0.107).

Univariate tests suggested that there was a significant main effect of teaching methods on fluency (F [2, 117] = 8.72,
p < 0.001, Partial �2 = 0.13), flexibility (F [2, 117]= 5.14, p < 0.01, Partial �2 = 0.08), and originality (F [2, 117] = 7.95, p < 0.01,
Partial �2 = 0.12). Further analysis showed that in a mixed teaching situation scores of flexibility and originality were signifi-
cantly higher than that IBT (p < 0.001, p < 0.01, respectively), originality scores in mixed teaching was  also significantly higher
than that of LBT (p < 0.01). Fluency scores in mixed teaching and LBT were significantly higher than that of IBT (p < 0.001,
p < 0.01, respectively), while there was no significant difference within mixed teaching and LBT.

2
Also there was a significant main effect of type of instruction on fluency (F [2, 117]= 176.58, p < 0.001, Partial � = 0.601),
flexibility (F [2, 117] = 175.69, p < 0.001, Partial �2 = 0.600) and originality (F [2, 117] = 257.47, p < 0.001, Partial �2 = 0.688).

There was a significant main effect of time on fluency (F [2, 117] = 16.63, p < 0.001, Partial �2 = 0.12), flexibility (F [2,
117] = 47.13, p < 0.001, Partial �2 = 0.28), and originality (F [2, 117] = 9.53, p < 0.01, Partial �2 = 0.08).
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Table 1
Mean scores on Creative Scientific Problem Finding Test of Experiment 2 and correlations among the pretest and posttest scores.

Teaching
Methods

Type of
Instruction

Time n Fluency Flexibility Originality

M SD r p M SD r p M SD r p

Mixed Open Pre-test 40 14.90 5.00 0.308 0.053 9.62 3.09 0.225 0.162 8.55 3.57 0.258 0.108
Post-test 22.22 5.89 15.67 4.43 11.60 3.40

Closed Pre-test 13.92 3.39 0.357 0.024 8.73 2.83 0.283 0.077 6.50 2.10 0.167 0.303
Post-test 13.12 5.11 9.80 3.55 5.88 3.25

Lecture-
based

Open Pre-test 40 15.27 3.38 0.376 0.017 10.35 2.39 0.190 0.240 7.43 2.30 0.229 0.156
Post-test 20.55 6.31 13.50 3.89 8.22 2.55

Closed Pre-test 13.58 3.35 0.336 0.034 8.83 2.56 0.260 0.105 5.55 2.17 −0.085 0.604
Post-test 12.23 4.42 9.20 3.06 5.20 2.43

Inquiry-
based

Open Pre-test 40 13.18 6.32 0.156 0.338 9.05 4.08 0.088 0.588 7.30 3.66 0.308 0.053
Post-test 17.78 5.56 13.70 3.67 9.73 3.15

Closed Pre-test 12.22 5.41 0.174 0.283 8.32 3.11 0.002 0.990 5.02 2.41 −0.018 0.914
Post-test 8.78 5.58 6.62 3.64 4.92 2.96
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Fig. 4. Scores of flexibility of different instruction type under different teaching methods. Error bars represent standard errors of the mean.
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Fig. 5. Scores of originality of different instruction type under different teaching methods. Error bars represent standard errors of the mean.

Additionally, significant interaction effects among time, teaching methods, and type of instruction were found both on
flexibility (F [2, 117] = 5.03, p < 0.01, Partial �2 = 0.08) and originality (F [2, 117] = 3.75, p < 0.05, Partial �2 = 0.06) scores. Further
analysis showed that in the open instruction condition of post-test, scores of flexibility and originality in mixed teaching
situation were significantly higher than that of LBT (p < 0.05, p < 0.001, respectively) and IBT (p < 0.05, p < 0.01, respectively).
In the closed instruction condition of post-test, scores of flexibility in mixed and LBT situation were significantly higher than
that of IBT (ps < 0.001), while there was no significant difference within mixed teaching and LBT (see Fig. 4 and 5).

3. Discussion

The results showed that mixed teaching methods promoted the development of students’ CPF more than the two separate
teaching methods, especially in terms of flexibility and originality. Why  did mixed teaching methods show more efficient
in improving students’ CPF? No doubt both LBT and IBT contribute, albeit in different ways, to creativity and CPF.

LBT is highly efficient at imparting structured knowledge. It has been repeatedly demonstrated that knowledge con-
tributes to creativity (David, 1998; Hayes, 1989). Thus, it is a given that even though LBT is conventional and structured, it is
probably also crucial to creativity. LBT is, however, not interactive. This is a concern because interaction provides students

with opportunities to creative meaning for themselves. Previous research demonstrated that a Science and Technology course
supported with active learning methods significantly increased students’ creative thinking levels (Selda, 2011). This is one
reason that IBT plays an important role in improving students’ creativity; it is an interactive teaching method. Other research
has demonstrated that inquiry-based science instruction assists students in discovering knowledge for themselves instead
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f simply being asked to recall information. Inquiry learning probably also promotes creativity by increasing motivation,
onderment, and curiosity (Christopher, 2010).

Previous studies have shown that IBT was stronger than many conventional teaching methods in improving students’
reativity, and other skills as well, but no previous research has mixed the different types of teaching methods and tested
he effect of the mixture on CPF. One previous study showed that inquiry was  the key to enhancing creativity, while still

eeting the demands of standardized testing (Christopher, 2010). Others have pointed to a complementary relationship
etween LBT and IBT, which supports our results that showed an optimized combination of the two  teaching methods, each
ith their own  advantages, can strengthen the teaching effect, and that neither should be omitted (Shen, 2009; Zhou, 2012).

Certainly, different teaching goals need different teaching methods. For example, when teaching declarative science
nowledge or normative operation skills, LBT can take advantage of its high efficiency in transferring relatively settled
nowledge (Finch, 1999; Stetzik, Deeter, Parker, & Yukech, 2015). It is widely believed that IBT is of low in efficiency when
ransferring such kinds of knowledge. But when the knowledge is closely connected with real situation, where students’
ritical thinking, hands-on ability, and their dominant role are pivotal, IBT stimulates students’ interest in learning (Gao  &
uitadamo, 2015; Greenwald & Quitadamo 2014; Kazempour, 2013; Kitot et al., 2010; Magnussen et al., 2000; Thaiposri &
annapiroon, 2015). What’s more, the knowledge constructed through inquiry activity can keep away the dull and inert,

nd is easier to apply and transform to other situations (Jones, 2009).
There is no one best teaching method. The present research indicates that relying on LBT or IBT does not by itself guarantee

nhanced CPF. IBT may  be questioned because it is time-consuming and not highly efficient nor highly structured. This makes
mplementation in the classroom difficult. Perhaps in the future teachers can master the teaching ideas and goals of IBT to

ake it more efficient. It should be possible to create an optimal fusion of LBT and IBT for the classroom. Future research is
ertainly warranted.
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