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Curiosity and open inquiry learning

Asking questions is an activity central to inquiry learning. This research examined documents created during an open 
inquiry learning process of the Biomind programme for Israeli high school students. In addition, to understand how 
students express and develop curiosity in learning, we observed students during a molecular biology lesson, a subject 
not included in their inquiry project. We performed a grounded theory qualitative approach, based on content analysis. 
This paper presents four models for establishing logical associations between inquiry questions, and these can serve 
as a framework for the open inquiry plan. We found that students develop an open inquiry process on the basis of these 
models. In addition, we found that curious students conduct their inquiries by using the model providing the least degree 
of certainty, but a high degree of dynamic inquiry.
Key words: Biomind; Curiosity; Inquiry learning; Inquiry questions; Open inquiry

“He simply had one of the most penetrating minds I’ve ever 
encountered,” says the neuroscientist Colin Blakemore, “He 
was childlike in his curiosity.” That curiosity helped Crick 
secure his place in history 51 years ago when he and James 
Watson, working at Cambridge’s Cavendish Laboratory, 
cracked the nut that many had been hammering – the struc-
ture of DNA (Pincock, 2004, p576).

Introduction
Teaching students how to learn and how to develop their 
sense of curiosity are goals of educators in general and science 
teachers in particular. Biology, concerned with the wonders of 
life, offers many fascinating natural phenomena that provoke 
thought and stimulate curiosity. “Students are likely to begin 
to understand the natural world if they work directly with 
natural phenomena, using their senses to observe and using 
instruments to extend the power of their senses” (National 
Science Board, 1991, p27).  Novak (1964) suggested that in-
quiry involves human beings in the struggle for reasonable 
explanations of phenomena about which they are curious. In 
order to satisfy curiosity, inquiry should involve activity and 
skills, but should focus on the active search for knowledge 
and understanding of unusual elements in the environment 
(Haury, 1993; Maw and Maw, 1965). 

Teachers vary in how they attempt to engage students in 
the active and systematic search for scientific knowledge. The 
National Research Council (NRC) (2000) considers three 
levels of inquiry, which are mainly distinguished by student 
involvement at the planning stage of the inquiry process. 
Structured inquiry is the first level, in which the teacher sets 
up the problems and processes. The next level of complexity 
is guided inquiry in which the teacher poses the problem 
and the students determine both processes and solutions. The 
third and most demanding level is open inquiry, in which 
the teacher merely provides the context for solving problems 
that students then identify and solve. 

In recent years, more and more evidence indicates that 

structured inquiry, systematically guiding the student to 
solve one predetermined question, is not sufficient in devel-
oping critical and scientific thinking (Berg, Bergendahl and 
Lundberg, 2003; Yen and Huang, 2001). Science educators 
are searching for ways to encourage students to understand 
the dynamic and ever-changing nature of the scientific process 
(Khishfe and Abd-El-Khalick, 2002; Zion et al, 2004b). 

Since the purpose of inquiry is to lead students to construct 
their own knowledge, and since questioning is an important 
skill, developing curricula that emphasise open inquiry learning 
and questioning during the process is considered an important 
challenge. Moreover, students motivated by curiosity enjoyed 
learning in open-ended situations such as inquiry laboratory 
activities (Hofstein, Ben-Zvi, and Welch, 1981; Hofstein and 
Lunetta, 2003). The Biomind Curriculum, developed within 
this orientation, is based on the assumption that coping with 
three open-inquiry questions related to a given phenomenon 
has great potential to encourage students’ scientific thinking 
within the timeframe of a single school year.  

The Biomind Curriculum
In 2000, a group of Israeli biology teachers created a novel in-
quiry-based curriculum called Biomind: the aim was to devel-
op scientific knowledge through inquiry teaching among 11th 
and 12th grade students (Zion et al, 2004a).  This curriculum, 
in which students must demonstrate self-direction, personal 
initiative and teamwork, is structured around students’ ac-
tive learning processes. The end-point is an autonomous and 
authentic inquiry/learning task; open inquiry according to the 
NRC classification (NRC, 2000). In this, students organised 
themselves into groups of two or three, and were involved 
in a dynamic learning process (Zion et al, 2004b). This proc-
ess emphasised critical thinking and change, reflective think-
ing about the process and affective aspects such as curiosity 
which were expressed in situations of change and uncertainty 
(Zion et al, 2004b). 

The open inquiry task relates to a biological phenomenon 
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that can be observed in the field, and can be checked by both 
controlled laboratory and field experimentation and observa-
tions. Students were instructed to develop an inquiry plan 
which was based on three inter-connected questions.  

Theoretically, four models may serve as the framework 
for an inquiry plan based on three interconnected questions 
(Figure 1).  

The Sequential Model (SM) requires students to formulate 
an inquiry question at the beginning of the inquiry process. 
By performing the inquiry and observing the results obtained 
during the first phase, a second question is formulated, and an 
open inquiry plan consolidated. Results of the second ques-
tion may help to formulate the third question. In this model, 
the inquiry plan is developed during the progression of the 
inquiry process. As such, this process provides a low degree 
of certainty and a high degree of dynamic.  

In the Parallel Model (PM), students plan three inquiry 
questions which may lead to an understanding of different 
aspects of the problem under consideration, in parallel. In ad-
dition, students must ensure that each aspect contributes to 
an understanding of all other aspects. The PM model presents 
a situation in which the inquiry plan is known at the beginning 
of the inquiry process. The process provides a high degree of 
certainty and a low degree of dynamics. 

The third and the forth models integrate the first two mod-

els. In the third model, The Semi-Sequential Model (SSM), stu-
dents initiate the inquiry process by formulating one question. 
By inquiry and observation of the results obtained during the 
first phase, students then formulate two new questions.  

In the fourth model, The Semi-Parallel Model (SPM), students 
initiate the inquiry process by formulating two simultaneous 
questions. By inquiry, and by observing and discussing the 
results obtained from these two questions, students then for-
mulate a third inquiry question.

This paper examines whether these models of logical associ-
ations between inquiry questions are relevant to the Biomind 
inquiry process. In addition, we set out to examine which 
inquiry model is most popular among curious students.

                                                          
Method
In this paper, we followed an authentic inquiry process con-
ducted by 12 Biomind students. The students participating in 
the Biomind programme majored in biology and were guided 
by a teacher holding a MSc degree in botany. The students 
whose inquiry plans are presented here are high achievers. 
They were honoured at the end of the 11th grade for achieving 
a general grade average higher than 85 (out of a maximum 
100). In a test examining inquiry skills independent of content, 
these students achieved scores averaging close to 90. The stu-
dents learned three core topics: ecology, human biology and 

Phenomenon 1st questionPhenomenon Phenomenon1st conclusion

2nd question Phenomenon2nd conclusion

3rd question Phenomenon3rd conclusion

SM Model: The answer (conclusion) to one inquiry question is the basis for an additional inquiry question.

Phenomenon

1st question

Phenomenon

Phenomenon1st conclusion

2nd question Phenomenon2nd conclusion

3rd question Phenomenon3rd conclusion

PM Model: The results and conclusions of one inquiry question help to explain
the results/conclusions of an additional inquiry question.

Phenomenon 1st questionPhenomenon Phenomenon1st conclusion

SMM Model: The answer (conclusion) of one inquiry question is the basis for two additional inquiry questions.

2nd question Phenomenon2nd conclusion

3rd question Phenomenon3rd conclusion

SPM Model: The results and conclusions of two inquiry questions help to explain
the results/conclusions of one another and raisee a new inquiry.

PhenomenonPhenomenon

1st question Phenomenon1st conclusion

2nd question Phenomenon2nd conclusion

3rd question Phenomenon3rd conclusion

Figure 1.  Models for logical associations between inquiry questions
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the cell, following the Israeli syllabus. They did not have bio-
logical knowledge specifically related to their inquiry project 
in advance. 

The following documentation was used to characterise the 
students’ organisation of the open inquiry process: a work 
log for documenting activities and ideas; an inquiry proposal 
in which students detailed the scientific background of their 
subject, including the intriguing phenomenon they observed 
and expected to examine; the rationale for the first inquiry 
question or questions (depending on the model selected); 
and the proposed experiments and/or observations. The docu-
mentation also included the summaries of the students’ in-
quiries, written as scientific papers together with a personal 
reflection sheet describing the inquiry process each student 
performed throughout the project. The students were inter-
viewed to examine features relating to their curiosity at the 
completion of the Biomind project. 

In addition, to learn how students express and develop cu-
riosity in learning, we decided to examine this phenomenon 
in a non-inquiry learning environment. We observed students 
during a molecular biology lesson, a subject not included in 
their inquiry project. In addition, two non-biology teachers 
(a class tutor and a history teacher) reported how students 
expressed curiosity in their lessons. The history grades of the 
students whose inquiry plans are presented here ranged from 
90 to 100. 

We analysed the research results using a grounded theory 
qualitative approach. The basis for this is that theory was 
developed inductively from the data, being generated (or 
grounded) in a process of continual sampling and analysis of 
data (Strauss and Corbin, 1990; Pidgeon, 1996). The dynamic 
relationship between data analysis and data collection was a 
significant characteristic of our grounded theory approach. 

We performed arrangement and construction of information 
by content analysis in order to interpret and understand the 
meaning of the data (Pidgeon, 1996). The content analysis 
concentrated on the students’ logical associations between 
inquiry questions, the students’ organisation of the open in-
quiry process, and the degree of curiosity and initiative they 
expressed throughout the learning process. Data collection 
through the triangulation of sources, long-term data and the 
rich description, contributed to the validity of the research 
(Anfara, Brown and Mangino, 2002). 

Results
The students’ inquiry work covers the range of models for 
logical associations between open inquiry questions. This sec-
tion also presents evidence characterising the sense of curios-
ity among students, and explores the model curious students 
prefer.

Examples of models 
The Sequential Model (SM)
In the Sequential Model (SM), the answer to one inquiry 
question serves as a basis for formulating a second inquiry 
question. A group of students (Lev, Loni and Rina1) exam-
ined food preferences among ants.  They observed a trail of 
ants carrying seeds, some of which weighed several times the 
ants’ bodyweight. 

The first inquiry question focused on the link between 
types of plants available around the ants’ nest and the ants’ 
preference for specific seeds: “What is the link between the 
types of plants in the nest vicinity and the types of seeds 
collected by the ants?” The students discovered a preference 
for oat seeds regardless of their availability in the vicinity of the 
nest. After noting this, the students conducted a controlled 
field experiment examining whether this seed preference 
prevails when other seeds are available within the same dis-
tance from the nest. The students discovered that of all the 
seeds placed around the nest at equal distances, the ants col-
lected oat seeds more than any other type. 

With this finding, the students then examined how distance 
affects the ants’ collection of seeds. Here, the students exam-
ined the link between seed preference and the efforts exerted 
in obtaining seeds, as expressed by the distance the ants travel 
to obtain them.  The seeds were placed at an increasing distance 
from the nest, with the least preferable seeds closest and the 
most preferable furthest from the nest. Other seeds were 
placed between these positions, according to the ants’ prefer-
ence. The results showed the ants’ preference is affected by 
food type, and not by the distance of food from the nest. 
This conclusion was reached by observing the ants travelling 
greater distances to obtain the preferred food.  

At this stage of the experiment, the students had completed 
the formal requirements of the Biomind programme. However, 
the students were curious about the link between the scent 
of a food substance and the ants’ preference for a particular 
food. The students hypothesised that the ants rely on their 
sense of smell to locate their preferred food, even when it is 
far from the nest. Based on this assumption, the students sug-
gested an experiment.

The dynamics of the students’ inquiry shows that results of 
one experiment led to another question. Furthermore, results 
of previous experiments were considered when conducting 
later experiments.

The Parallel Model (PM)
In the Parallel Model (PM), results and conclusions of one 
inquiry question help to explain the results/conclusions of 
a second inquiry question. A group of students (Nir, Kaly and 
Tali) noticed a biological phenomenon in the field: bees 
flying among different flowers, ‘searching’ for a preferred 
flower. They noticed many bees and a great abundance of 
colours, shapes, and scents among the flowers. They decided 
to examine the characteristics of flowers that attract bees. 
The students decided to examine in parallel, the effect of 
colour, shape and size on the bees’ preference for flowers. 
Once the students obtained results, they attempted to con-
struct a specific picture for each flower, explaining which of 
the three factors was relevant for the bees’ preference for a 
specific flower.

The Semi-Sequential Model (SSM)
In the Semi-Sequential Model (SSM), a group of students 
(Shelley, Sofi and Lin) noticed an intriguing phenomenon in 
the field: several plant species were growing without leaves. 
The students hypothesised that these plants are adapted to a 
dry habitat and have a low transpiration rate. At the beginning 
of their inquiry, the students asked how these plants com-
pared with leaf-bearing plants in terms of transpiration rate. 

Having discovered that non-leaf plants had the lowest 
1Students’ names have been changed. The real names appear in the research 
files.
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transpiration rate, students decided to examine in parallel the 
effect of two abiotic variables on the transpiration rate of the 
non-leaf plants: the degree of luminosity and the variance of 
radiation wavelengths. The dynamics of the students’ inquiry 
shows that the first question helped them focus on a specific 
phenomenon. This inquiry led to two parallel experiments 
attempting to draw an extensive comparison between the 
two groups of plants. 

The Semi-Parallel Model (SPM)
In the Semi-Parallel Model (SPM), a group of students (Miri, 
Dina and Lili) noticed that less vegetation grew under Inula 
viscosa (L.) Aiton bushes in comparison to other plants found 
in the same area. These observations occurred in a field lo-
cated far from the Mediterranean sea. The students hypoth-
esised that allelopathy2 inhibits plant growth under Inula vis-
cosa (L.) Aiton.  They also hypothesised that the allelopathy 
phenomenon increases as the harmful effect of the sea salt 
diminishes.

Following these hypotheses, the students raised two com-
plementary inquiry questions: one question refers to the effect 
of allelopathy of the entire plant and the other question refers 
to the allelopathic effect of a plant’s extraction:  
1.  What is the allelopathic effect of Inula viscosa (L.) Aiton, 

collected at different distances from the sea, on the 
sprouting of small radish seeds?

2.  What is the allelopathic effect of Inula viscosa (L.) Aiton ex-
tracts, prepared from plants collected at different distanc-
es from the sea, on the sprouting of small radish seeds?

The students claimed that while conducting both experi-
ments in parallel, they had good chance to obtain some indi-
cation of allelopathy. The usage of a non-crushed plant helped 
in getting positive results in the first experiment, while the 
high percentage of an active chemical material in the plant’s 
extract was the advantage of the second experiment. The 
experimental results confirmed the existence of allelopathic 
chemicals in the Inula viscosa (L.) Aiton extract. The students 
then raised a third question focussing on the Inula viscosa 
(L.) Aiton bushes which grew further away from the sea, 
examining the allelopathic effect of different plant organs’ 
extracts on the sprouting of radish seeds.

Evidence regarding student curiosity
Student attitudes to the inquiry model
Despite the similarity in students’ learning achievements, the 
students differed in their attitudes toward the inquiry model, 
and in the degree of curiosity and initiative they expressed 
throughout the learning process. Lev, from the SM Group, 
said in an interview: “It is very interesting to advance from 
stage to stage, to discover something, or obtain an answer 
and research deeper into the subject. If I had more time, I 
would examine more issues regarding ants’ food preferences. 
I would also like to have examined the link between the ants’ 
food preferences and their internal sensory organs. We con-
tacted Dr Ofer, who wrote a field guide about ants, and con-
sulted with him as to their time of activity (Ofer, 2000). Dr. 
Ofer was skeptical about finding ants in winter. I was really 
glad we persevered and found ants. It was exemplary of how 
the expert does not always know everything. We were able to 

make innovations. This is at least relevant regarding ants living 
in the Iris Reservation.3” Lev’s statements show an interest 
in inquiring further into the subject. His curiosity led him to 
persevere with his chosen subject and to continue inquiring 
although he had completed his assignments.

Shelley, from the SSM group, said: “It was quite stressful, 
talking about the inquiry. We observed so many phenomena 
on our excursion, and I found it difficult to choose a subject. I 
wanted to do something original. It seemed that transpiration 
rates in plants would be a good topic and we had recently 
conducted laboratory activity about transpiration rates in the 
celery plant. It was weird seeing these great bushes in the res-
ervation, without any leaves on them. I know some students 
chose a subject where it was easiest to come up with questions, 
but we wanted to begin and see where our work would lead 
us. It was a tough decision how to proceed. So many factors 
affect transpiration. After observing that light does influence 
the transpiration rate, we were not surprised, and it was nice 
delving into the subject. We have not yet completed the rep-
etition of the experiment examining the influence of wave-
length, but it is fun that books don’t have answers to every-
thing and we would make some sort of discovery. Perhaps 
high-school students can make a new discovery.” Shelley’s 
statements show she had the patience to wait for results rel-
evant to the inquiry question, results which could lead her to 
the second inquiry question. She enjoyed the unexpectedness 
of the inquiry process.

Tali, from the PM Group, exhibited an attitude toward the 
inquiry process that differs from the two students mentioned 
above. She said: “I wanted to study something that moves. I 
asked my colleagues if they wanted to do the Biomind project 
on bees, and they agreed. We knew that we had to come up 
with three questions, and formulated these questions to meet 
the requirements of Biomind. The teacher wanted us to begin 
with just one question and decide how to proceed once we 
obtain results, but that seemed too risky for us. What if we 
don’t find a way to continue? We might get stuck. We pre-
ferred taking a safe approach, knowing exactly what we were 
doing.” Tali’s statements show almost no room for curiosity 
in her inquiry work. Tali preferred to obtain results on which 
she could base a written report, lacking the joy of discovery.

At the end of their inquiry work, all the students were 
asked to answer several reflective questions. One of these 
questions ask students to choose two of the following state-
ments and describe how these characterised their personal 
experience during the inquiry project:
A.  Curiosity increases especially on obtaining unexpected 

results.
B.  Disappointment and surprise occur during the inquiry 

process.
C. Persistence is important during the inquiry work.
D. I learned to cope with unexpected results.
E.  The inquiry process requires great initiative (from both 

the student and the teacher).
Nine of the 12 students selected C. As for the second state-

ment, the six who learnt according the SM and SSM models 
selected statement A, concerned with curiosity. None of the 
six students who participated in the PM and SPM groups 
selected A. Of these PM and SPM students, five of the six se-
lected statement E, regarding initiative, and stressed in their 

2Chemically induced growth inhibition affected by a specific plant on other 
plant species which grow nearby (Kinchin, 1999). 3The inquiry location site is situated in Netanya, a city in the centre of Israel. 
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replies the role of teacher initiative: “The teacher helped us 
a lot”, “The teacher reminded us that we should…”, “The 
teacher showed initiative by asking us to a meeting.”

Student activity in the biology classroom
Table 1 presents remarks made by students who studied 
theoretical biology in a lesson discussing the lactose operon. 
We discovered that students from the SM and SSM groups 
raised ‘curious’ remarks regarding both the class curriculum 
and issues of biology that emerged in the media. These re-
marks implemented learning topics from other biology les-
sons, attempting to deduct and expand what was studied in 
class. Students from the PM and SPM groups also made re-
marks from time to time. Their comments related directly to 
the subject matter discussed in class, in an attempt to clarify 
terms and processes.

Student activity not related to science lessons – impressions of the 
form tutor and the history teacher 
The class tutor, who had guided the class for more than two 
years, was asked to reflect on the students’ involvement in 
class and the interests they expressed during class discussions. 
She stated that all students were involved and contributed to 
class discussions, except for one shy student (Nir, PM group). 
Students were willing to assist and respond to her requests. 
They were all leading students in class.  

The class tutor mentioned several differences: the students 
Lev, Loni, Rina, Shelley, Sofi and Lin (from the SM and SSM 

groups) often came up with their own propositions, and 
when the teacher asked a question or suggested an idea, these 
students would often question her, asking: “Why so and so?” 
They usually accepted her answers but they also raised addi-
tional suggestions and ideas, attempting to suggest improve-
ments. The others (Lili, Nir, Tali and Kaly – from the PM 
and SPM groups) accepted the teacher’s suggestions without 
questioning. Miri (SPM) was an exception; she often raised 
questions and suggested improvements.

The history teacher reflected on the students’ involvement 
in history lessons. The history teacher said that high-school 
students tended to ask for information regarding terms dur-
ing history and civics lessons. Students asked for repeat defi-
nitions, explanations of them, and examples of laws passed. 
Among those were the students discussed in this paper: Tali 
(PM), Lili, Dina (SPM) and sometimes Lin (SSM). The history 
teacher reported, however, that students made remarks that 
indicated a higher level of interest and curiosity. For exam-
ple, Rina, Loni, Lev (SM), and sometimes, Lin (SSM) asked: 
“What would happen if …?” “Can this occur in a different 
place?”  A remark by Miri (SPM) could be characterised as curi-
ous rather than purely a request for information. She said it 
would be interesting to consider when a person is responsible 
for his friends’ actions. Lev and Loni (SM) sometimes brought 
newspaper clippings regarding the subject discussed in class 
and asked the history teacher to react to these articles. 

In conclusion, the general learning activity of students who 
adopted the SM and SSM models is characterised by curiosity 
and initiative. Students who chose to work using PM and SPM 
models did not exhibit such characteristics.

Discussion
Open inquiry learning is a great and difficult challenge (Ger-
mann, Haskins and Auls, 1996).  The four models described 
here, which establish logical associations between inquiry 
questions, served as an infrastructure for the open inquiry 
plan. We found that students can develop an open inquiry 
process on the basis of these models. 

Each model expresses the importance of posing several in-
quiry questions about a chosen phenomenon, and the impor-
tance of determining the logical association between these 
questions. The model type can be adjusted to accommodate 
both the subject matter and the creativity and curiosity of the 
student. As noted, the curious student prefers to use the SM 
and SSM models which are characterised by greater uncer-
tainty during the inquiry process. Due to the small number 
of students under investigation, it is important to check these 
claims on a larger scale in the future.

In any case, according to Opdal (2001), there is a need to 
distinguish between curiosity, conceived as a confident and 
focussed interest to find something out, and the state of mind 
called wonder, where one is struck by the strangeness or pe-
culiarity of the things encountered. We may assume that curi-
ous students seek the challenge and enjoy modifying their 
inquiry as they progress throughout the inquiry progress. 

Students who used the SM and SSM models expressed 
their curiosity as the driving force for their inquiry, a curios-
ity which increased when unexpected results were obtained.  
Furthermore, unexpected results can fuel their inquisitive 
passion. A less curious student, requiring a clear predeter-
mined framework, preferred the PM and SPM models. Stu-
dents who used the SPM model preferred to implement 

Table 1. Remarks posed by students in a lesson discussing the lactose 
operon.

Inquiry Model which 
served as a basis for the 
students inquiry process

SM

PM

SSM

SPM

Students’ Remarks

Lev: ‘So how does the lactose affect the 
inhibitor, if it is outside the cell?’  And 
‘Could there be another inductor 
affecting the inhibitor in this operon?  
Is it possible that two molecules that 
are similar in their spatial structure 
play a role in this case, just as they do 
in the case of the competitive inhibition 
of enzymes?’

Rina: ‘Could there be some mechanism 
that demonstrates the reverse effect?  
Will attaching a protein to a molecule 
set the mechanism in motion?’

Loni: ‘Do we also have operon 
mechanisms?’

Tali: ‘What is the name of the other 
enzyme?’

Kaly: ‘What does the third enzyme 
do? … I don’t get it … what should I 
write?’

Shelley: ‘If we take the operon sequence 
and combine it into the plant genome 
by genetic engineering, will the plant 
then dissolve lactose?’

Dina: ‘What is the inductor? The 
lactose?’
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their inquiry process knowing the process in advance. The 
less curious students began the open inquiry process knowing 
where the process was headed. 

At the heart of inquiry is the ability to ask questions and 
identify a solvable problem (Main and Eggen, 1991; Mac-
Kenzie, 2001).  Minstrell and Van Zee (2000) claimed that 
students need to learn how to question phenomena. We pro-
pose to encourage students to ask questions according to the 
four inquiry models. Curious students are drawn to the SM 
and SSM models spontaneously. Less curious students can be 
encouraged through the SPM model, in which the students 
raise two questions leading to results and discussion. The results 
and discussion of the first two questions may provide a sense 
of confidence by which the students can be encouraged to 
raise a third question based on results obtained.  

Furthermore, it is important to focus on how the student 
copes with the inquiry process and not on the quality of the 
inquiry results. This teaching strategy will encourage students 
to cope with SM, SSM, and SPM models, which contain sev-
eral levels of uncertainty. As such, researchers and educators 
need to develop a re-thinking of assessment parameters for 
inquiry learning and rules for successful implementation. 

 
Educational implications
“Our aim should be to develop in students a lifelong thirst for 
inquiry and independence in learning. To nurture this spirit 
in students, teachers need to establish clear inquiry priorities 
and habits of mind so that thoughtful questions are the norm 
and students become good questioners” (Rop, 2003, p32). 
The Biomind curriculum and the four models presented here 
offer programmatic responses to the challenge set by Rop. 
The notion of a logical association between inquiry questions 
as the core structure, around which the inquiry plan is con-
structed, emphasises the importance of questioning, of logi-
cal thinking, and of appreciating curiosity as the trigger for 
formulating questions. But as Rop emphasised, “a good test 
for the modern curriculum is whether it enables students to 
see how knowledge grows out of thoughtful questions.  … 
The real test is in the development of a spirit of thoughtful 
curiosity and the disciplined habits of inquiry to support it” 
(p32). In addition, Rop claimed that “more attention should 
be given to the perspectives of the students themselves and 
the source of the curiosity that drives the scientific question-
ing” (p17).  

The evidence presented in this paper is encouraging, as it 
indicates that curious students can express their curiosity in 
open inquiry. Using the models presented here, teachers are 
able to help students more practically channel their curiosity in 
planning and conducting open inquiry. Instructing students 
to follow one of the models can assist students in compre-
hending both the essence of the open inquiry process and the 
strategic location of questions in that process. 

For future research, we propose to investigate how Biomind 
students understand the mechanism by which scientific 
knowledge is constructed. An intriguing path for further re-
search would be to examine the existence of a correlation 
between the students’ preferred model for open inquiry, the 
development of inquiry skills and the comprehension of the 
essence of science. Students less curious by nature tend to 
prefer the PM and SPM models. These students will likely 
show a greater improvement of their inquiry skills and com-
prehension of the essence of science once they adopt SM and 

SSM models. On the other hand, practising inquiry through 
the PM and SPM models may suffice to develop scientific 
thinking, at least because these models emphasise the impor-
tance of the logical associations between inquiry questions.

The four models and their potential relationship to stu-
dents’ scientific curiosity may serve as a basis for further re-
search. For example, the idea that students use the question-
ing route offering the least degree of certainty is consistent 
with some of the literature on neuropsychology and gaming 
theory (e.g. Atkinson, 1957; Shizgal and Arvanitogiannis, 
2003). We look forward to examining the four models for 
logical association between inquiry questions in terms of 
neuropsychology. 

In another context, Pedrosa de Jesus et al (2006) studies how 
questioning styles fit with students’ orientations to learning. 
From this research it will be interesting to check how does 
the quality of the individual questions vary and whether this 
varies with structure. For example, are there questions need-
ed for acquisition, for specialisation and for integration? One 
might hypothesis that the PM model equates to more acqui-
sitional questions; the SM model might equate to specialisa-
tion questions and the third question in the SPM model might 
be an integration type of question. In order to check these 
issues it will be better to encourage students to perform their 
inquiries individually and not as part of a group of students 
(as currently occurs in the Biomind programme).

Students are not expected to cope with the challenge of 
open inquiry on their own, as teachers play a critical role 
in open inquiry learning. This role encompasses facilitating, 
focussing, challenging and encouraging students to engage in 
this kind of activity (Zion and Slezak, 2005). Zion, Cohen and 
Amir (2007) found out that attitudes of teachers to dynamic 
inquiry teaching are not homogenous and do not consist-
ently reflect the open inquiry principles which are described 
in detail in the Biomind programme’s instructions. Teachers’ 
attitudes to dynamic inquiry teaching cover a spectrum of 
attitudes, from structured inquiry through guided inquiry to 
open inquiry. It will be interesting to find out in the future if 
there is a correlation between teachers’ attitudes to dynamic 
inquiry teaching and teachers’ and students’ scientific curiosity.
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