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Abstract This chapter focuses on methodological issues related to investigating pre-
school teachers’ self-efficacy for teaching geometry. The first issue discussed is the
specificity, as opposed to the generality, of self-efficacy and the need to design instru-
ments which are sensitive to this aspect of self-efficacy. Specificity may be related to
content, in this case geometry and the specific figures under investigation. In other
words, self-efficacy for teaching triangles may differ from self-efficacy for teaching
pentagons. Self-efficacy may also be related to the specific action being performed,
such as designing tasks for promoting knowledge versus designing tasks for evaluating
knowledge. The chapter also investigates the relationship between preschool teachers’
knowledge and self-efficacy for identifying geometrical figures, presenting a method
for studying this relationship but also raising questions related to this method.
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Introduction

Research has shown that promoting young children’s mathematics knowledge is
important and that the preschool teacher has a significant role in supporting the
development of this knowledge (e.g., Ginsburg et al. 2008). Towards the aim of
promoting early childhood mathematics education, several position papers have
called for advancing preschool teachers’ knowledge for teaching mathematics. For
example, a joint position paper published in the United States by the National
Association for the Education of Young Children (NAEYC) and the National Council
for Teachers of Mathematics (NCTM) called for ongoing professional development
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that would “move beyond the one-time workshop to deeper exploration of key mathe-
matical topics as they connect with young children’s thinking and with classroom
practices” (NAEYC and NCTM 2002, p. 6). Teachers’ knowledge is one of several
factors affecting teachers’ actions in the classroom. Studies have also shown that
teachers with a high self-efficacy are more enthusiastic and more committed to
teaching (Allinder 1994; Coladarci 1992); thus, it is also important to investigate and
promote preschool teachers’ self-efficacy related to the teaching of mathematics.

For the past several years, our research team has investigated preschool teachers’
knowledge and self-efficacy for teaching number and geometry concepts. During
our investigation, several issues related to the research methods have arisen. One of
these issues relates to the specificity of self-efficacy. Research has shown that self-
efficacy is content specific. If so, how specific do the content areas have to be? Is it
enough to differentiate between preschool teachers’ self-efficacy for teaching num-
ber concepts and their self-efficacy to teach geometrical concepts or might there be
a difference within the domain of number and geometry, for example, between
teaching triangles and pentagons? The same question may be asked related to the
specificity of the actions being performed. Teaching mathematics in preschool
involves the coordination of several activities on the part of the teacher, among them
designing mathematical tasks for the children, holding discussions related to some
mathematical situation, and answering children’s mathematical questions. Is it
enough to differentiate between preschool teachers’ self-efficacy for designing
tasks and their self-efficacy for answering children’s mathematical questions?
Within the activity of designing tasks for children, might there be a difference
between teachers’ self-efficacy for designing tasks aimed at promoting children’s
knowledge versus designing tasks aimed at evaluating children’s knowledge? An
additional concern is the relationship between teachers’ knowledge and self-
efficacy. Theoretically, there are four combinations which may occur: high knowl-
edge together with high self-efficacy, high knowledge together with low self-efficacy,
low knowledge together with high self-efficacy, and low knowledge together with
low self-efficacy. In reality, do all of these combinations exist? Are knowledge and
self-efficacy for teaching mathematics in preschool related? Finally, we ask, how
might results of such research impact on professional development programs for
preschool teachers. These questions will be discussed in this chapter.

Teacher Self-Efficacy, Mathematics Self-Efficacy,
and Self-Efficacy for Teaching Mathematics

This paper discusses the study of preschool teachers’ self-efficacy for teaching
mathematics as well as the relationship between self-efficacy and knowledge for
teaching mathematics. In a sense, it draws on a combination of studies: studies
related to mathematics self-efficacy and studies related to teachers’ self-efficacy, as
well as studies related to teachers’ knowledge for teaching mathematics. This sec-
tion reviews studies related to self-efficacy. In the next section, when presenting the
framework of program, we refer to studies of teachers’ knowledge.
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According to Bandura’s (1986) social cognitive theory, there is a relationship
between psychodynamic and behavioristic influences, as well as personal beliefs
and self-perception, when explaining human behavior. Bandura defined self-efficacy
as “people’s judgments of their capabilities to organize and execute a course of
action required to attain designated types of performances” (1986, p. 391). It is dif-
ferent than self-concept, which is more related to judgments about one’s attributes,
rather than what a person can do. It is also important to stress that self-efficacy can-
not be measured by an all-purpose measure (Bandura 2006). Self-efficacy beliefs
are not only domain specific (e.g., mathematics, history, science) and content
specific (e.g., within the domain of mathematics there is numeracy, patterns,
geometry, etc.), but action specific (e.g., is the activity implemented in class, outside,
individually, in a group) (Pajares 1996; Zimmerman 2000).

Hackett and Betz (1989) defined mathematics self-efficacy as, “a situational or
problem-specific assessment of an individual’s confidence in her or his ability to
successfully perform or accomplish a particular [mathematics] task or problem”
(p. 262). With regard to mathematics self-efficacy, research has shown that regardless
of mathematical ability, students with a higher self-efficacy tend to expend more effort
on difficult mathematics tasks than students with lower self-efficacy (Collins 1982)
and that students’ self-efficacy beliefs are positively related to mathematics perfor-
mance (Bandura 1986; Pajares 1996). Even among 6-year old children, mathematics
self-efficacy and behavior were found to be positively related (Davis-Kean et al.
2008). Despite Bandura’s (1986) claim that self-efficacy cannot be globally measured
and that it is action-specific, and despite Hackett and Betz’s (1989) assertion that
mathematics self-efficacy is problem-specific, some studies which investigated math-
ematics self-efficacy included general items such as “I’'m doing well in mathematics
at school” (Merenluoto 2004, p. 299). Other studies were more specific. For example,
Pajares and Miller (1994) used a questionnaire which differentiated between domains
of mathematics, cognitive demands, and problem contexts. Pajares and Graham
(1999) used an even more problem-specific questionnaire where students were shown
specific mathematics questions and were then asked to assess their ability to solve
them. Likewise, the survey of the Programme for International Student Assessment
(PISA) which took place in 2003 assessed students’ mathematics self-efficacy by asking
them to what degree they felt confident solving each of eight specific mathematics
problems such as calculating how much cheaper a television would be after a 30 %
discount (Schulz 2005). In short, different studies included questionnaire items with
varying degrees of specificity, regarding both domain and problem specificity.

When relating theories of self-efficacy to teachers, Dellinger et al. (2008)
differentiated between teacher efficacy and teacher self-efficacy. The first, teacher
efficacy, “assesses teachers’ beliefs in their ability to affect student performance
(outcome)” (p. 752). These beliefs, however, may be confounded by a teacher’s
sense of control. Many factors affect students’ performance, some not within the
teacher’s control and not necessarily dependent on the teacher’s ability to teach.
This study does not focus on teacher efficacy but rather on teacher self-efficacy.
Teacher self-efficacy may be conceptualized as “what the individual teacher can
accomplish given the limitations caused by external factors” (Skaalvik and Skaalvik
2007, p. 612) or as “a teacher’s individual beliefs in their capabilities to perform
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specific teaching tasks at a specified level of quality in a specified situation”
(Dellinger et al. 2008, p. 752).

Several studies have investigated teachers’ self-efficacy. When constructing
items for questionnaires, some of those studies noted that teachers were consulted
with regard to identifying situations and tasks encountered in teachers’ daily school
activities and which were important to them. For example, in a study which took
place in Italy, two of the items included were “I can make my students respect rules
and codes of conduct” and “I am capable of engaging even the most reluctant and
difficult students in my class activities” (Caprara et al. 2006, p. 481). In Norway, a
study which investigated teacher self-efficacy and burnout, took into consideration
the national curriculum which stresses differential instruction (Skaalvik and
Skaalvik 2007). Thus, test items addressed the teacher’s belief in his or her ability
to “provide good guidance and instruction to all students regardless of their level of
ability” and “provide realistic challenge for all students even in mixed ability
classes” (Skaalvik and Skaalvik 2007, p. 624). The above mentioned studies inves-
tigated teachers’ self-efficacy without regard for a specific content domain. We now
turn to studies related to self-efficacy and teaching mathematics.

In order to discuss teachers’ self-efficacy for teaching mathematics, we differen-
tiate between teachers’ mathematics self-efficacy, i.e., self-efficacy related to solv-
ing mathematics problems, and teachers’ self-efficacy for teaching mathematics.
This differentiation was also pointed out by Bates et al. (2011) who investigated the
relationship between early childhood (pre-K to third grade) preservice teachers’
mathematics self-efficacy and their mathematics teaching self-efficacy. The instru-
ments used in the study conducted by Bates et al. (2011) were the Mathematics
Self-Efficacy Scale developed by Betz and Hackett (1993) and the Mathematics
Teaching Efficacy Belief Instrument, developed by Enochs et al. (2000). In general,
results of the study showed that teachers who reported higher mathematics self-
efficacy were more confident in their ability to teach mathematics than teachers with
a lower mathematics self-efficacy. Results also showed that teachers who had a
higher mathematics self-efficacy performed better on a basic mathematics skills test
than participants with a lower mathematics self-efficacy. However, participants with
a high mathematics teaching self-efficacy did not necessarily perform well on the
mathematics skills test. In other words, some teachers who scored low on the skills
test still felt confident to teach mathematics. While the authors pointed out that these
results could be due to the inexperience of the preservice teachers, we raise addi-
tional questions. For example, how well did the items on the skill test match the
items on the teacher self-efficacy questionnaire. The skills test measured partici-
pants’ ability to solve problems involving integers, fractions, algebra, and geometry.
The mathematics teaching efficacy questionnaire included general statements such
as “I will continually find better ways to teach mathematics” (Enochs et al. 2000). It
could be that in situations where the items on the two questionnaires are more closely
related, a correlation would be found. It could also be that early childhood teachers
may know that they cannot solve algebra problems but feel confident in their ability
to teach the mathematics necessary for young children. These issues are taken into
consideration in the next section which presents the framework of our program.
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Framework and Study Background

Our professional development program for preschool teachers is guided by the
Cognitive Affective Mathematics Teacher Education (CAMTE) framework (e.g.
Tirosh et al. 2011; Tsamir et al. 2014a). This framework takes into consideration the
interrelationship between knowledge and beliefs which can affect teachers’ profi-
ciency (Schoenfeld and Kilpatrick 2008).

The framework is presented in Table 1. In Cells 1-4, and in Cells 5-8, we address
teachers’ knowledge and self-efficacy respectively. The same framework guides our
research study.

In framing the mathematical knowledge preschool teachers need for teaching,
we draw on Shulman (1986) who identified subject-matter knowledge (SMK) and
pedagogical content knowledge (PCK) as two major components of teachers’
knowledge necessary for teaching. In our previous work with teachers, we found it
useful to differentiate between two components of teachers” SMK: being able to
produce solutions, strategies and explanations and being able to evaluate given solu-
tions, strategies and explanations (Tabach et al. 2010). Thus our framework takes
into consideration both of these aspects of SMK.

Regarding PCK, we draw on the works of Ball and her colleagues (2008) who
refined Shulman’s theory and differentiated between two aspects of PCK: knowl-
edge of content and students (KCS) and knowledge of content and teaching (KCT).
KCS is “knowledge that combines knowing about students and knowing about
mathematics” whereas KCT “combines knowing about teaching and knowing about
mathematics” (Ball et al. 2008, p. 401). Under this last category, we focus on the
design, evaluation, and implementation of mathematical tasks. In Israel, there is a
mandatory mathematics preschool curriculum (INMPC 2008), but few curricular
materials are available. Teachers often find themselves designing their own tasks to
implement in their classes and so it is especially important for them to appreciate
the design process and its implication for creating learning opportunities. For each
aspect of knowledge in the framework, there is a corresponding aspect of self-
efficacy. Thus, the CAMTE framework takes into consideration teachers’ mathematics

Table 1 The cognitive affective mathematics teacher education framework

Subject-matter Pedagogical-content
Solving Evaluating Students Tasks

Knowledge Cell 1: Producing | Cell 2: Cell 3: Knowledge | Cell 4: Designing
solutions Evaluating of students’ and evaluating tasks

solutions conceptions

Self-efficacy | Cell 5: Cell 6: Cell 7: Pedagogical- | Cell 8: Pedagogical-
Mathematics Mathematics | mathematics mathematics
self-efficacy self-efficacy | self-efficacy related | self-efficacy related
related to related to to children’s to designing and
producing evaluating conceptions evaluating tasks

solutions solutions
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self-efficacy (Table 1, Cells 5 and 6) as well as their pedagogical-mathematics
self-efficacy, i.e. their self-efficacy related to the pedagogy of teaching mathematics
(Table 1, Cells 7 and 8). What we term pedagogical-mathematics self-efficacy cor-
responds in a way to what was referred to in the previous section as self-efficacy for
teaching mathematics (Enochs et al. 2000). However, in accordance with Bandura
(1986) we relate to a more action-specific self-efficacy, i.e., self-efficacy is related
to specific, as opposed to general actions being performed. This will be illustrated
in the following section. In the following section we also show how the framework
was used to design tools to investigate knowledge and self-efficacy for teaching
geometry concepts.

Over the years we have gathered data from several groups of preschool teach-
ers who have participated in our professional development programs. The teach-
ers were all practicing teachers at the time they participated in the program,
teaching children ages 3-6 years old in municipal preschools, sometimes in
mixed-aged groups and sometimes in separate-aged groups. In Israel, children
begin first grade at age 6, so we consider kindergarten to be the last year before
elementary school. All teachers had a B.Ed., specializing in early childhood education,
obtained after completing a 4-year course of study in a teacher-education
college. Early childhood programs in these colleges focus mainly on psychology,
sociology, and general education, with less attention paid to teaching content
such as mathematics.

Two questionnaires were used in this study, one focusing on teaching two-
dimensional (2-D) shapes and one on three-dimensional (3-D) solids. The mathe-
matical content of each questionnaire and the subsequent items built for each
questionnaire were based on the mandatory Israel National Mathematics Preschool
Curriculum (INMPC 2008) which provides guidelines and standards for teaching
mathematics to children ages 3—6 years old and on our previous research with young
children (e.g., Tsamir et al. 2008). In the next sections we describe in more detail
different items of the specific questionnaires, how the data was analyzed, and related
results. The section “Preschool teachers’ pedagogical-mathematical self-efficacy:
content specificity” focuses on the question of self-efficacy being content and action
specific. The section “Relating self-efficacy to knowledge” focuses on the relation-
ship between self-efficacy and knowledge.

Preschool Teachers’ Pedagogical-Mathematical
Self-Efficacy: Content Specificity

In order to investigate the question of content and action specificity, we focus on
Cell 8 (pedagogical-mathematics self-efficacy related to designing and evaluating
tasks) of the CAMTE framework, describing related items and results from the 3-D
questionnaire.
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Tools and Data Analysis: Teachers’ Self-Efficacy
for Designing Tasks

Teachers design tasks for many purposes. In this study, we differentiated between
tasks used to promote children’s knowledge and tasks used to evaluate children’s
knowledge. A four-point Likert scale was used to rate participants’ agreements with
self-efficacy statements: (1) I do not agree that I am capable; (2) I somewhat agree
that I am capable; (3) I agree that I am capable; (4) I strongly agree that I am capable.
The statements which teachers were asked to rate their agreement with were:

1. T am capable of designing tasks to promote children’s knowledge of cones;
2. T am capable of designing tasks to evaluate children’s knowledge of cones;
3. I am capable of designing tasks to promote children’s knowledge of cylinders;
4. T am capable of designing tasks to evaluate children’s knowledge of cylinders.

Altogether, we collected questionnaires from 62 practicing preschool teach-
ers. The data collected from the above four questions led to four very specific
self-efficacy scores, referring to specific figures as well as to designing tasks for
specific purposes. We then calculated the mean self-efficacy score for questions
(1) and (2) and then questions (3) and (4), resulting in more general self-efficacy
scores for designing tasks for cones and cylinders. In other words, content speci-
ficity (i.e., separation of figures) was preserved but action specificity (i.e., sepa-
rating designing tasks for promoting knowledge from designing tasks for
evaluating knowledge) was generalized. We then calculated mean scores for
questions (1) and (3) and then questions (2) and (4), resulting in more general
self-efficacy scores for promoting children’s knowledge of 3-D figures and eval-
uating children’s knowledge of 3-D figures. In other words, we kept the activity
very specific and generalized the content.

Results: Specificity of Self-Efficacy for Designing
3-D Geometry Tasks

Taking into consideration that the self-efficacy scale ran from 1 (lowest) to 4 (very
high), in general, teachers did not have a very high self-efficacy when it came to
designing tasks related to three-dimensional figures (Table 2). This was true for
both cones and cylinders as well as for designing tasks for promoting knowledge
and designing tasks for evaluating knowledge. In general, it also seemed that
teachers’ self-efficacy related to designing cylinder tasks was greater than teach-
ers’ self-efficacy for designing cone tasks and that self-efficacy related to design-
ing tasks for promoting knowledge was greater than self-efficacy related to
designing evaluation tasks.



326 P. Tsamir et al.

Table 2 Self-efficacy for designing different types of tasks per figure

Designing tasks for... Promoting knowledge Evaluating knowledge
Figures M SD M SD
Cones (N=61) 2.33 .87 2.18 .85
Cylinders (N=60) 2.52 .79 2.45 .81

Table 3 Comparing self-efficacy: different figures and different activities

Mean
Cones versus cylinders difference | t-value |df |p-value
Designing tasks for promoting knowledge: cones versus | —.17 -1.80 59 1.077
cylinders
Designing tasks for evaluating knowledge: cones versus | —.22 -2.43 59 1.018
cylinders
Designing tasks in general: cylinders versus cones -.17 -1.92 60 |.060
Promoting knowledge versus evaluating knowledge
Cones: designing tasks for promoting knowledge versus 15 2.87 |60 |.006
tasks for evaluating knowledge
Cylinders: designing tasks for promoting knowledge .07 205 |59 |.045
versus tasks for evaluating knowledge
3-D figures: designing tasks for promoting knowledge 12 295 |61 |.004

versus tasks for evaluating knowledge

In order to analyze if the general results outlined above were significant,
paired-samples t-tests were carried out. Results are presented in Table 3.
Differentiating between cones and cylinders, we see that teachers had a signifi-
cantly lower self-efficacy for designing tasks to evaluate children’s knowledge
of cones than for designing tasks to evaluate children’s knowledge of cylinders.
However, when it came to designing tasks to promote knowledge or just designing
tasks in general, the specific figure, whether it was a cylinder or cone which was
the object being discussed, did not seem significant. Focusing on the types of
tasks being designed, significant differences were consistently found between
teachers’ self-efficacy for designing tasks to promote knowledge and their self-
efficacy for designing tasks to evaluate knowledge, regardless of the figures being
targeted. In other words, for this group of preschool teachers, task-specificity
seems to be more of an issue than the specific 3-D figure at stake. Furthermore, it
seems that teachers have a higher self-efficacy when it comes to designing tasks
for promoting knowledge than they do for designing tasks to evaluate knowledge.
That being said, although some of the results were significant, they were relatively
small. Thus, teacher educators should consider promoting teachers’ self-efficacy
for designing both types of tasks.
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Relating Self-Efficacy to Knowledge

Tools and Data Analysis: Identifying Two and Three
Dimensional Figures

In order to investigate the possible relationships between knowledge and self-efficacy,
we focus on items related to Cells 1 and 4 of the CAMTE framework (knowledge and
self-efficacy for solving problems) from the 2-D and 3-D questionnaires. Within the
context of two-dimensional shapes, we chose to focus on identifying triangles, penta-
gons, and circles. Within the context of three-dimensional figures, we focused on
cones and cylinders. Identifying these two and three-dimensional figures is mentioned
specifically in the preschool mathematics curriculum as a competency expected of
kindergarten children (INMPC 2008). Both of these questionnaires consisted of two
parts. The first part of the 2-D questionnaire began with the following self-efficacy
related questions: If I am shown a triangle, I will be able to identify it as a triangle. If
I am shown a figure which is not a triangle, I will be able to identify it as not being a
triangle. This was repeated for pentagons and circles. Likewise, the 3-D questionnaire
inquired about teachers’ ability to identify cones and cylinders as well as their ability
to identify nonexample of cones and nonexamples of cylinders. As previously
described, a four-point Likert scale was used for these questions, 1 meaning the
teacher was not in agreement that she was able to identify the figure and 4 meaning
that she was in complete agreement that she was able to identify the figure.

When analyzing the data from these items, a mean self-efficacy score was cre-
ated for each figure from the two self-efficacy questions related to identifying exam-
ples and nonexamples of that figure. A more general mean self-efficacy score was
then calculated reflecting self-efficacy for identifying two-dimensional figures and
for identifying three-dimensional figures.

After the first part of the questionnaire was collected, the second part was
handed out. The second part of each questionnaire consisted of a series of exam-
ples and nonexamples of different figures. Each figure was accompanied by a ques-
tion: Is this a triangle (or pentagon or cylinder) Yes/No? Figures 1, 2, and 3 present
the figures used when investigating triangles, pentagons, and circles. Figures 4 and
5 present the figures used when investigating cones and cylinders. In choosing the
figures, both mathematical and psycho-didactical dimensions were considered.
That is, we not only considered whether the figure is an example or a nonexample,
but whether or not it would intuitively be recognized as an example or a nonexample
(Tsamir et al. 2008). When considering triangles, for example, the equilateral
triangle may be considered a prototypical triangle and thus intuitively recognized
as a triangle, accepted immediately without the feeling that justification is required
(Hershkowitz 1990; Tsamir et al. 2008). The narrow and long scalene triangle may
be considered a non-intuitive example because of its “skinniness” (Tsamir et al.
2008). The nonexamples were chosen so that for each figure one critical attribute
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Is this a triangle?  Intuitive Non-intuitive
Examples Equilateral Scalene
triangle triangle /
Nonexamples Rounded-corner Pizza G
“triangle”

Long
Open "triangle" "triangle"

Fig. 1 Is this a triangle?

Is this a pentagon? Intuitive Non-intuitive
Examples Regular Concave pentagon
pentagon : ‘/_\l
Nonexamples Square Curved-sides Hexagon
“pentagon” t O
Open "pentagon" Rounded-corner

"pentagon"

Fig. 2 Is this a pentagon?

is contradicted. Thus, one figure is open, another has five sides; one has a curved
side and another has rounded corners. Whereas a circle may be considered an
intuitive nonexample of a triangle, the pizza-like “triangle” may be considered a
non-intuitive nonexample because of visual similarity to a prototypical triangle.
Similarly, the regular pentagon was thought to be easily recognized by children
who had been introduced to pentagons whereas, the concave pentagon is more
difficult to identify.

As few studies have investigated young children’s knowledge of solids, our
differentiation between intuitive and nonintuitive solids is based on our experience
and studies regarding how children identify them (Tirosh and Tsamir 2008) and
related studies with two-dimensional shapes. For example, studies have shown that
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Is this a circle? Intuitive Non-intuitive
Examples Circle Q
Nonexamples Triangle Spiral O Decagon

Ellipse ©

Fig. 3 Is this a circle?

Is this a cone? Intuitive Non-intuitive

Examples Cone Up-side down  Cone lying down
cone

Cone with its top Up-side down

Nonexamples cut off pyramid

Fig. 4 Is this a cone?

a circle may be considered as an intuitive nonexample of a triangle (Tsamir et al.
2008) and that for many children, being able to give a name to one shape guarantees
that it will not be some other shape. Likewise, because most children can name a
ball, we classified the ball as an intuitive nonexample of a cone.

When analyzing data from these items, a mean score was configured for identifying
each of the different figures. For example, when investigating identification of a
cone, six figures were presented. Thus, a participant who correctly identified (either
as an example or as a nonexample) three out of the six figures, received a score
of 50 %. As with the self-efficacy scores, a general mean knowledge score was
configured separately for the two and three-dimensional figures, reflecting teachers’
knowledge for identifying two-dimensional figures and their knowledge for
identifying three-dimensional figures.
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Is this a cylinder? Intuitive Non-intuitive
Examples Cylinder "Coin-like" Cylinder lying
— cylinder
down
Nonexamples Sphere Cone with its Cylinder cut on a

top cut off slant

Fig. 5 Is this a cylinder?

Table 4 Mean knowledge scores and self-efficacy scores per 2-D and 3-D figure

Correct identification Self-efficacy

M SD M SD
Triangle (N=19) 95 .14 3.82 .38
Pentagon (N=18) .88 13 3.47 .58
Circle (N=17) 98 .07 3.34 .58
General 2-D (N=19) 94 .08 3.55 43
Cone (N=63) 93 .14 3.04 73
Cylinder (N=62) .87 13 3.22 .58
General 3-D (N=63) .90 A1 3.10 .65

Results: Relating Knowledge and Self-Efficacy for Identifying
Two and Three Dimensional Figures

We begin by presenting overall results of participants’ self-efficacy and knowledge
for identifying the various specific figures. Recall that self-efficacy was rated on a
scale of 1-4, 1 being very low and 4 being very high. Results (Table 4) indicated
that in general, participants were able to identify two and three dimensional figures
and had a high self-efficacy regarding their ability to do so.

In order to investigate the question of whether preschool teachers’ knowledge for
identifying some figure is related to their self-efficacy for identifying that figure,
Pearson correlations were carried out for each figure. For example, we compared
teachers’ knowledge of identifying triangles with their self-efficacy for identifying
triangles. For the most part, knowledge and self-efficacy were not found to be



Preschool Teachers” Knowledge and Self-Efficacy Needed... 331

Table 5 Levels of knowledge versus self-efficacy — identifying cones

Self-efficacy knowledge Low High Total
Low 12 5 17
High 24 16 40
Total 36 21 57

Table 6 Levels of knowledge versus self-efficacy — identifying cylinders

Self-efficacy knowledge Low High Total
Low 25 8 33
High 12 11 23
Total 37 19 56

related. There were two exceptions. Results indicated a significant positive correla-
tion between teachers’ knowledge for identifying cylinders and their self-efficacy
for identifying cylinders (r=.30, p=.03) and for identifying, in general, 3-D figures
and their self-efficacy for identifying 3-D figures (r=.30, p=.02).

Being that significant results were only found related to 3-D figures, we decided
to further analyze the distribution of results for the cones and cylinders. Specifically,
we were interested in the possibility that teachers who were knowledgeable had a
low self-efficacy and/or teachers who were less knowledgeable, nevertheless had a
high self-efficacy.

Tables 5 and 6 describe the distribution of low and high knowledge scores for
identifying cones and cylinders, respectively, versus low and high self-efficacy,
where low and high was determined by the mean score for each variable. We
acknowledge that the mean knowledge scores for both the cones and cylinders were
above 85 % and that it might seem harsh to claim that a score of less than 85 % is
low. However, taking into consideration that all participants were already practicing
teachers, and that the means were indeed high, we feel that a score below the mean
may be considered in this case, to be low. In general, we see that for cones and
cylinders, all four possible combinations of high and low knowledge and self-
efficacy exist. We also note that for both figures, few teachers exhibited a low level
of knowledge with a high level of self-efficacy, meaning that there were few teachers
who could not identify the figures but thought that they could do so. Finally, we note
that the phenomenon of being able to correctly identify figures but yet not being
aware of this knowledge, was more prevalent for cones than for cylinders.

Discussion

There were two main issues investigated in this chapter: the specificity of self-
efficacy and the relationship between knowledge and self-efficacy. When organizing
this chapter, the dilemma arose regarding which section should be presented first,
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the section focusing on specificity or the section focusing on the relationship
between knowledge and self-efficacy. On the one hand, we felt that before discuss-
ing teachers’ self-efficacy for designing geometry tasks, we should first investigate
their geometric knowledge. After all, being able to identify cylinders is a prerequi-
site for being able to design tasks to promote children’s knowledge of cylinders.
And yet, as we began to design an instrument to investigate different elements of
teachers’ self-efficacy for teaching geometry, we found ourselves grappling with the
question of specificity. That is, yes, investigating knowledge is of prime importance
and the relationship between knowledge and self-efficacy is a relevant question. But
before this can be investigated, we have to address the issue of how specific the self-
efficacy instrument need be. And so, as the focus of this chapter is on methodologi-
cal questions, we decided to present the sections in the order of which we grappled
with the questions.

Two aspects of specificity were discussed in this paper. The first related to the
specific figure, cones versus cylinders, and the second related to the specific
activity, designing tasks for promoting knowledge versus tasks for evaluating
knowledge. Building very specific questions was carried out in accordance with
Bandura’s (1986) theory that self-efficacy cannot be measured globally. As
mentioned previously, Hackett and Betz (1989) asserted that mathematics self-
efficacy is problem specific.

The issue of specificity in self-efficacy also arose in other studies we conducted
with preschool teachers. For example, when studying teachers’ self-efficacy for
teaching number concepts, we differentiated between teachers’ self-efficacy for
teaching verbal counting versus their self-efficacy related to object counting (Tsamir
et al. 2014b). While both types of counting are related, they involve different skills.
Verbal counting includes being able to say the number words in the proper order and
knowing the principles and patterns in the number system as coded in one’s natural
language. Object counting refers to counting objects for the purpose of saying how
many. Gelman and Gallistel (1978) outlined five principles of counting objects: the
one-to-one correspondence principle, the stable-order principle, the cardinal prin-
ciple, the abstraction principle, and the order-irrelevance principle. Recognizing the
complexity of counting, one item addressed teachers’ self-efficacy to promote chil-
dren’s skill in verbally counting up to 30 while a different item addressed teachers’
self-efficacy to promote counting eight objects. Notice also, that in those two ques-
tions, the specific number to which children should count to and the specific number
of objects to be counted is also related. In other words, the question addressed very
specific counting skills and not general ones. In addition to differentiating between
self-efficacy related to verbal and object counting, we also related to the specific
skills involved with each type of counting. For example, saying which number
comes before and after a given number, are two separate important skills related to
verbal counting. Thus, one item investigated teachers’ self-efficacy related to pro-
moting children’s knowledge of which number follows each of the numbers from 0
to 9 while a separate item was directed at teachers’ self-efficacy for promoting the
skill of saying which number comes before each of the numbers 1-10. Other num-
ber skills promoted during preschool are composing and decomposing numbers and
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recognizing number symbols. Once again, a separate item on the questionnaire
addressed teachers’ self-efficacy for teaching each of these skills. Preliminary
results indicated that teachers’ self-efficacy varied with the items. For example,
teachers had a higher self-efficacy for building tasks that assess children’s knowl-
edge of enumerating eight items than they did for building tasks that assess chil-
dren’s knowledge related to the counting sequence up till 30.

In the current study, we separated not only between two and three-dimensional
figures but investigated self-efficacy related to specific figures, cones versus cylin-
ders. The issue of specificity arose, even in this case, when designing items to
investigate teachers’ self-efficacy related to identifying each of the figures. One
question was directed at teachers’ self-efficacy for identifying examples of, for
instance, a cone, while a separate question addressed teachers’ self-efficacy for
identifying nonexamples of a cone. No significant differences were found between
teachers’ self-efficacy for identifying examples and nonexamples of cones or of
cylinders and thus we configured a more general self-efficacy score for identifying
each shape. However, at the start, specificity of self-efficacy was taken into consid-
eration. The question which arises from these results is how many items ought to
be used in order to insure specificity, taking into consideration, perhaps, that the
more items there are on a test, the more general the test might be considered.
Hackett and Betz (1989) related to this issue by dividing mathematics self-efficacy
into three sub-scales, each containing between 16 and 18 items, in order to mea-
sure three sub-constructs of mathematics self-efficacy. This is an open question
which needs further investigation.

In general, for this group of preschool teachers, the type of activity (in this case,
designing tasks for promoting knowledge versus designing tasks for evaluating
knowledge) seemed to have more of an effect on self-efficacy than the specific figure
being discussed. Of course, we only differentiated between cones and cylinders.
A next step would be to investigate additional 3-D figures. It could also be that the
figure is less important when the action being taken is designing tasks, but for other
actions, such as responding to children’s questions, the specific figure may be very
relevant. In the case when a difference was noted between cones and cylinders,
designing tasks for promoting knowledge, teachers’ had a higher self-efficacy with
regard to cylinders. We take note of this as we consider the second issue of this
study, the relationship between knowledge and self-efficacy.

The relationship between knowledge and self-efficacy was investigated with
regard to identifying 2-D and 3-D figures. No correlations were found within the
group of 2-D figures. Within the group of 3-D figures, a significant correlation was
found between knowledge and self-efficacy for identifying cylinders. Once again,
significant results were found with regard to cylinders but not for cones. In general,
it seems that teachers were more aware of their knowledge of cylinders than of
cones. Perhaps it was this awareness which affected their higher self-efficacy with
regard to designing tasks for promoting knowledge of cylinders than for cones.
This is in line with Bates et al. (2011) who found that teachers with a higher math-
ematics self-efficacy were more confident in their ability to teach mathematics than
teachers with a lower mathematics self-efficacy. However, in that study, questionnaire
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items related to general teaching abilities. In our study, we attempted to pinpoint
the different activities a teacher must perform. A next step for us might be to
investigate the relationship between mathematics self-efficacy (Cell 5 of the CAMTE
framework, Table 1) and teachers’ pedagogical-mathematics self-efficacy related to
designing tasks (Cell 8 of the framework).

While some significant results were noted, for the most part, knowledge and self-
efficacy were not significantly correlated. Non-significant results could mean very
plainly that no correlation exists. However, as noted in the background, previous
studies found mathematics self-efficacy positively related to performance (Hackett
and Betz 1989; Bates et al. 2011). This raises methodological questions. Insignificant
correlations may be due to insufficient variance among the variables. While it could
very well be that teachers have no difficulties identifying various examples and
nonexamples of figures, it could also be that a questionnaire, with more examples
and nonexamples of the different figures, would differentiate more clearly between
levels of knowledge among teachers. When investigating self-efficacy, nearly all
teachers rated their self-efficacy for identifying figures as high (3) or very high (4).
It could be that a finer scale is necessary and that the results of this study were lim-
ited by a ceiling effect.

Another methodological issue which needs to be investigated is the order of the
presentation/administration of the self-efficacy and performance questions. In
accordance with previous studies which investigated self-efficacy and performance
(e.g. Hackett and Betz 1989) our questionnaire began with self-efficacy questions
and then proceeded to performance questions. On the one hand, this makes sense. If
I see that I can successfully complete a given activity then I will believe in my abil-
ity to complete the same activity again. Thus, if we placed the performance ques-
tions first, it could affect how teachers answered the self-efficacy questions. But
does that mean that the self-efficacy questions were not influenced by other factors?
According to Bandura (1986) one of the sources for self-efficacy beliefs are perfor-
mance attainments; success raises self-efficacy while failure lowers it. In other
words, it is possible that the teachers’ past experiences with geometric activities,
affected how they responded to the self-efficacy questions. For example, teachers
were asked to estimate their ability to identify nonexamples of circles. What nonex-
amples came to their mind when answering this self-efficacy question? Perhaps they
recalled a time when they incorrectly identified an ellipse as a circle. This would
then affect their self-efficacy to identify nonexamples of circles. Finally, we also
question the assumption that a person’s knowledge is unshakeable. Knowledge, or
performance on tasks, might be influenced by several factors other than the indi-
vidual’s ability to perform the activity. Might it be that answering the self-efficacy
questions affected teachers’ performance on the tasks that followed? This needs
further investigation.

To summarize, this chapter focused on methodological issues related to inves-
tigating teachers’ knowledge, self-efficacy, and the relationship between them.
We showed how one can design questionnaires that allow for different levels of
specificity, both in content and in actions. With relation to content, we began
with very specific items to investigate both knowledge and self-efficacy and
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gradually generalized the investigation. For example, we presented for identification
very specific examples and nonexamples of different figures and from the specific
items configured a general knowledge score for cones and cylinders. A similar
process was carried out with self-efficacy items. Likewise, we differentiated
between specific actions, for example, between designing tasks for promoting
knowledge and designing tasks for evaluating knowledge. In all cases, there is
also the issue of scaling self-efficacy. The scale we used ran from 1 to 4. Perhaps
a wider scale would have been more sensitive to differences in self-efficacy. All
of these issues influence the results of such an investigation, of knowledge, self-
efficacy, and the relationship between them. Our task, as mathematics educators
is to design questionnaires that are both specific enough and yet general enough
to investigate these issues.

How can the results of this study inform professional development programs for
preschool teachers? Teachers in this study were able to identify most of the exam-
ples and nonexamples presented to them. This presents a possible starting point
from which teachers can begin to explore additional aspects of geometric figures
such as definitions, critical and non-critical attributes, and an expanded example
space of these figures. In general, teachers’ self-efficacy with regard to 3-D figures
was lower than their self-efficacy for identifying 2-D figures. This might indicate
that during professional development more attention should be paid to promoting
teachers’ self-efficacy for identifying 3-D figures. Within the group of 3-D figures,
a correlation was found between teachers’ knowledge and self-efficacy for identify-
ing cylinders but not between their knowledge and self-efficacy for identifying
cones or two-dimensional figures. Some teachers were knowledgeable of cones, yet
their self-efficacy for identifying cones was low. Studies have shown that mathemat-
ics self-efficacy predicts children’s choices of the types of problems they prefer to
engage (Bandura and Schunk 1981). Likewise, teachers with a low self-efficacy
related to cones, may avoid planning activities that involve this figure. Professional
development may benefit these teachers by not only increasing their self-efficacy
but increasing their self-awareness. This would also benefit those few teachers who
had a low self-efficacy but nevertheless thought they were knowledgeable. Wheatley
(2002) claimed that teachers’ efficacy doubts may cause a feeling of disequilibrium
which in turn may foster teacher learning. Results of this study also indicated that
teachers had a higher self-efficacy when it comes to designing tasks for promoting
knowledge than they did for designing tasks to evaluate knowledge, regardless of
the specific figure being addressed. This might indicate that preschool teachers have
less experience with designing tasks to evaluate children’s knowledge. This issue
could be raised and explored during professional development. Teachers can be
encouraged, within the supporting environment of professional development pro-
grams, to design such tasks, implement them with children in their classes, and
discuss together the results. In conclusion, while this paper raised several method-
ological questions regarding the study of preschool teachers’ self-efficacy for teaching
geometry, it also led to results which may be used to inform professional develop-
ment aimed at promoting preschool teachers’ knowledge and self-efficacy for
teaching geometry.
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