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Abstract

In this article the researchers report on the findings obtained from a sequential explanatory
mixed method study through testing and narratives in order to determine the extent to
which 24 prospective Mathematics educators at a South African university enrolled for a
BEd-degree possess cognitive skills, and to establish the potential of the Feuerstein
Instrumental Enrichment programme (FIE) to develop and improve the cognitive skills of
the said prospective educators. Results indicated that there is a need for improving the
cognitive skills of the prospective Mathematics educators and that the FIE programme
possesses the latent potential to improve and develop cognitive skills.

The significance of this research lies in the contribution it makes in particular to equip
lecturers involved in educator training with knowledge regarding the merits of the
Feuerstein FIE programme for improving cognitive performance.
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1. Introduction and problem statement

The critical outcomes, as formulated in the National Curriculum Statement of South Africa,
envisages learners who are, among others, competent in the solving of problems, effective in the
collection, organizing and managing of activities and successful in evaluating and applying
information critically (Department of Education, 2003a, p. 2). In achieving these critical
outcomes, the Government wishes to turn schools into “thriving centers of excellence” (Zuma,
quoted by Davis, 2009). This corresponds with an aim of the Constitution of the Republic of
South Africa, namely to “improve the quality of life of all citizens and free the potential of each
person” (Department of Education, 2003a, p. 1), to enable learners to think “smarter” than was
the case in the past (Pithers & Soden, 2000, p. 237) and to equip learners with skills to enable
them to decipher, question, validate and reason through the substantiality or validity of
information (Barnes, 2005, p.12).
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However, the poor performance of learners in South Africa is highlighted by the Third
International Mathematics and Science Study (TIMSS) and the Third International
Mathematics and Science Study-Repeat (TIMSS-R) which both report deficiencies with regard
to higher-order skills, inter alia including the ability to think critically. Maree, Molepo, Owen
and Ehlers (2005, p. 124), Howie (2007) and Van der Walt and Maree (2007, p. 223) indicate
that the aforementioned ideals have not yet become reality. The TIMSS studies revealed that
the South African Grade 8 learners had the lowest scores in Science and Mathematics, two
subjects which require well developed cognitive skills such as application and reasoning. The
strong cognitive focus required for performance in Mathematics is clear, according to the
National Curriculum Statement for Mathematics. Learners should demonstrate the ability to
think logically, analytically, holistically and laterally and be capable of applying knowledge from

familiar to unfamiliar situations (Department of Education, 2003a, p. 5).

In support of the argument of Feuerstein, (2007, p.5), the researchers agree that the inability of
learners to deal with the cognitive demands placed on them can inter alia be attributed to poorly
developed cognitive skills and that educators themselves need to possess cognitive skills before
they can nurture these skills among their learners (Lombard & Grosser, 2004, p. 213 ). As the
classroom is the most obvious place to deal with the development of cognitive skills, the poor
TIMSS results could indicate that educators are not succeeding in equipping learners with
cognitive skills (Lombard & Grosser, 2008, p. 572). Prospective educators therefore need to be
equipped with the necessary cognitive skills to enable them to develop these skills in their
learners.

The researchers’ own observations as ex-teachers and presently as lecturers revealed that most of
the learners and students do not possess adequate cognitive skills which attribute to learners
being unmotivated, negative and passive (Peretti & Austin, 1980, p. 225; Feuerstein, 1982, p.
37). Our observations informed our conclusion that purposeful efforts should be undertaken to
establish the cognitive skills of prospective educators and to recommend ways in which cognitive
skills could be enhanced. Haywood, Burns, Arbitman-Smith and Delclos (1984, p. 22),
Thornton (2002, p. 7-41), Bjorklund (2005, p. 58) and Bauer (2006: p. 128-131) are of the
opinion that cognitive skills can be acquired systematically over time even if these skills were
not developed during the pre-school years. This research set out to determine whether this
statement holds true.

2. Cognitive Development and the Feuerstein Instrumental Enrichment Programme

The aim of the teaching of thinking should be to teach learners to think independently and
effectively on their own (Beyer, 1991, p. 8; Engelbrecht, 1995, p.11-12; Schraw & Olafson,
2003, p.196; Feuerstein, 2008). It is therefore important that educators themselves should
function on an abstract level of thinking in order to create classroom climates conducive to the
development of cognitive skills (Wragg & Brown, 2001, p. 1). Learning should include
mediation and negotiations, and the educators should act as facilitators of learning to encourage
learners to become self-regulated and to construct knowledge with understanding independently
(Gouws, 1998, p. 72, 73; Doolittle, 2000; Eggen & Kauchak, 2004, p. 28; Woolfolk, 2004, p.
323; Bjorklund, 2005, p. 81; Langford, 2005, p. 234, 235; Kok, 2007, p. 64-44; Ormrod,
2008, p. 29, 196).

Cognitive development focuses among others, on the nurturing of skills to compare, classify,

categorize, analyse, synthesize, evaluate, solve problems, make decisions and reason (Sigel, 1991,

p. 43; Eggen & Kauchak, 2004, p. 335). The mentioned skills can be divided into two
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important components, namely cognitive and meta-cognitive thinking skills and strategies
(Beyer, 1987, p. 17; Monteith, 2002, p. 97; Halpern, 2007, p. 10). Cognitive thinking skills
are used to create meaning and involve complex strategies such as decision-making, problem-
solving and conceptualization, as well as more discrete, less complex skills like analysis or
synthesis, reasoning skills and more advanced critical thinking skills which are used to distinguish
between relevant and non-relevant information (Beyer, 1987, p. 17; Monteith, 2002, p. 97;
Halpern, 2007, p. 10). Meta-cognitive thinking skills are used to direct and control cognitive
skills (Ormrod, 2008, p. 266-277) and are linked to the reflective skills of planning, monitoring
and evaluating the learning progress (Thornton, 2002, p. 102; Grabe & Grabe, 2004, p. 47-49;
Van den Berg, 2004, p. 279-280; Gelter, 2005, p. 337; Bereiter, 2006, p. 14; Kok, 2007, p.
28-30).

Rudd (2007, p. 46) claims that thinking should be taught directly in order for learners to reach
their full potential, and therefore educators should be familiar with different approaches to the
development of thinking skills. With regard to the cognitive development of learners, the role of
the educator receives prominent attention. Educators should create safe environments, assist
learners to discover their own thinking abilities and reflect on them, teach mutual relationships
and create opportunities for learners to act on their own thinking (Wragg & Brown, 2001, p. 1;
Singh, Granville & Dika, 2002, p. 328, Le Roux, Olivier & Murray, 2004, p. 89; Winstead,
2004, p. 43). Many learners struggle to think independently of the teacher and to apply
knowledge outside the content of their text books (Engelbrecht, 1995, p. 11-12; Sonn, 2000, p.
259; Schraw & Olafson, 2003, p. 178-293; Elder & Paul, 2004, p. 36). More complex and
sophisticated ways of reasoning and problem-solving should therefore be developed (Pratt, 2005)
and learners should be granted the opportunity to explain their thinking and be active
participants who take responsibility for their own learning (Vakalisa, 2007, p. 5). Educators can
no longer be only the conveyers of knowledge, but should be aware of the way their learners
think and be able to build bridges from the way learners think to more complex and
sophisticated ways of thinking (Pratt, 2005). Haywood et al. (1984, p. 20) and Lombard and
Grosser (2004, p. 572) are of the opinion that educators do not possess the ability to utilize the
process of formal organized thinking and are therefore not capable of conveying it to their
learners.  Furthermore, educators should purposefully create learning environments which

cherish in-depth learning and higher-order thinking (Sing & Khine, 2008, p. 288, 289).

In addition to this, Fisher (1990. p. 4), Vygotsky (in Ormrod, 1995, p. 58-62), Schayer (2000,
p- 36-59), Eggen and Kauchak (2004, p. 55-57), Donald et al. (2004, p. 69), Woolfolk (2004,
p. 46-52), Langford (2005, p. 46-52), Ormrod (2008, p. 39-43) and Feuerstein (in Wittrock,
1991, p. 82) argue that cognitive structures can #nter alia be changed through a meditated
learning approach to teaching. Feuerstein, Miller, Hoffman, Rand, Mintzker and Jensen (1981,
p. 272) define mediated learning experiences as the conveyance of general cognitive structures
from the experienced to the inexperienced, less capable person. If learners are exposed to
mediated learning experience from a young age, they will have cognitive structures at their
disposal which will enable them to organize, join, connect and relate stimulus information
(Feuerstein et al., 1981, p. 272; Feuerstein, Hoffman, Jensen & Rand, 1985, p. 47; Fraser,
2006, p. 9). A mediated learning approach expects of learners to think actively and
independently (Cole, Hung, McCaslin & Hickley, quoted by Schraw & Olafson, 2003, p. 181).
In essence, mediation implies that teaching and learning should clarify the intent and meaning of
what is to be learned and enable learners to apply what they have learned. In addition to this,
teaching and learning should create individualized and challenging opportunities for learners to
become competent, self-regulated learners who can share information with others (Falik, 2001).
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Studies done at school level and Higher Education level in, inter alia, Israel (Feuerstein et al.,
1981, p. 282; Savell, Twohig & Rachford, 1986, p. 390; Kozulin, 2008), The United States of
America (Toomey, Smyth, Warner & Fraser, 2000), New Zealand (Sharron, 1987, p. 236),
Venezuela (Sharron, 1987, p. 15), Cleveland and Bahia (Kozulin, 2008) and in South Africa
(Feuerstein et al., 1981, p. 282; Savell et al., 1986, p. 390; Kozulin, 2008) have shown that the
mediated learning approach of Reuven Feuerstein possesses the latent potential to develop and
improve thinking skills. Reuven Feuerstein holds the belief that intelligence is not a fixed entity
and can be nurtured (in Matthews, 2001, p. 150). In addition to this, Feuerstein (2008) argues
that a mediated learning approach can equip learners of any age with concepts, strategies and
skills to repair cognitive deficiencies and to think independently (Feuerstein, 2008).
Furthermore, the relevance of the FIE programme for South African pre-service teachers is
documented in a study conducted by Skuy, Lomofsky, Fridjhon and Green (1993, p. 92-108).
This particular study reports on the merits of the FIE programme for educationally
disadvantaged students from a “coloured” community studying towards a teaching qualification
at a former teacher training college in South Africa (Skuy et al., 1993, p.95). However, no
studies documenting the success of Feuerstein’s mediated learning approach with pre-service
teachers studying towards a teaching qualification at university level could be located. Therefore
this research makes an important contribution by highlighting the merits that the FIE
programme hold for the training of educators studying towards a BEd-degree at a university.

Reuven Feuerstein structured his mediated learning approach to cognitive development in an
intervention programme, the FIE programme which consists of fourteen content-free
instruments that each comprise a number of pencil and paper exercises. The FIE programme is
not culturally biased, and no prior knowledge or subject knowledge is required for participating
in the programme. The programme creates a safe environment where intrinsic motivation is
developed and enhanced through reflective thinking (Egozi, 1994, p. 361). The posing of
questions during mediation plays an important role in the development of thinking (Rotterdam,
2000, p.6) and this technique is used in all the FIE lessons. The main purpose of the
instruments is to improve the cognitive functioning of the learner irrespective of age, culture and
socio-economic environment by increasing intrinsic motivation and promoting reflective
thinking through which autonomous cognitive behaviour is learned (Wittrock, 1991, p. 83).
The programme exercises address cognitive skills such as classification, spatial relationship,
planning, organizing, inductive and deductive reasoning (Link, 1991, p. 11; Feuerstein, Rand,
Hoffman & Miller, 1983, p.1 26). In particular, the programme focuses on the factors leading
to poor cognitive development and attempts to change the passive dependent cognitive style of
the learner into an active independent cognitive style (Feuerstein et al., 1983, p. 1). Learners
demonstrate cognitive deficiencies when they find it problematic to gather, organize and use
information, are impulsive and do not possess strategies or structures for thinking (Fisher, 1990,
p. 132; Feuerstein, 2007, p. 5). These deficiencies can impact on the input, elaboration or
output level of the learning process (Nickerson, Perkins & Smith, 1985, p. 152). Cognitive
deficiencies in the input phase imply blurred and sweeping perceptions that lead to unplanned,
impulsive, inaccurate and unsystematic learning. Furthermore, learners cannot work with two or
more sources of information at a time (Feuerstein et al., 1983, p. 73; Feuerstein et al., 1985, p.
52-53; Feuerstein, 2007, p. 5). Iflearners lack cognitive functions in the elaboration phase they
experience difficulties in planning their actions, defining problems and distinguishing between
relevant and irrelevant cues for solving a problem (Feuerstein et al., 1983, p. 73-74; Feuerstein
2007, p. 5). Impaired cognitive functions in the output phase are recognized by trial and error
responses and the inability to communicate responses accurately (Feuerstein et al., 1983, p. 74;
Feuerstein, 2007, p. 5).
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In the context of this study the researchers focused on two instruments in the FIE programme,
namely Organization of Dots and Analytic Perceptions. Organization of Dots aims at
empowering learners to organize, plan, categorize, analyse and summarize spontaneously, restrict
impulsive behaviour, improve problem-solving techniques and social interaction, and develop
reflexive processes. Cognitive functions which are developed by Analytic Perception are
spontaneous comparison, identifying relationships and categorizing (Feuerstein, 1996).

3. Research Framework and Design

Framed within a pragmatic paradigm, this pilot study was explanatory in nature. ~Sequential
explanatory mixed-method research involving a quantitative and qualitative method of data
collection was utilized (Ivankova, Creswell & Plano-Clark, 2007, p. 254-265). Quantitative
data collection by means of testing and qualitative data collection through participant narratives
characterized the research process. In the context of this study, the test results were obtained
and analysed where after the participants were requested to write down their personal
experiences with the FIE programme in the form of a narrative. The narratives were analysed
and used to gain a deeper understanding of the test results. Primarily, the focus was on the
quantitative data while the qualitative data was used in a secondary role to explain and better
understand the test results obtained (McMillan & Schumacher, 2006, p.28).

As part of the quantitative component, a pre-experimental pre-test post-test research design was
used with two groups of randomly assigned participants, namely Group 1 and Group 2. The
verbal and non-verbal reasoning tests of the DAT-L test battery were used to determine the
extent to which cognitive skills were developed among the participants. The pre-test was done
with the entire group of participants before the commencement of the study to determine the
cognitive skills of the group before the application of the FIE intervention programme. The
researchers personally exposed both groups to intervention with the FIE programme on
rotational basis for a period of twelve hours over six weeks in an attempt to develop and/or
improve thinking skills. After the implementation of the intervention, each of the groups was
tested again with the same verbal and nonverbal reasoning DAT-L tests to determine whether
the intervention programme had developed and/or improved thinking skills. Furthermore, after
the six week intervention implementation period with Group 2, Group 1 received a retention
test, to establish what happened to the thinking skills of Group 1 during the period in which
they were not exposed to the intervention. To explain the data gained through the test results,
participants were requested to record their perceptions of and experiences related to the FIE
programme in a narrative. This was used to determine more specifically which aspects of the
programme the participants regarded as important and valuable, as well as to support the
quantitative data obtained through the DAT-L tests.

The intervention period was geographically bound and kept short because Mouton (2009)
suggests that a shorter, bounded implementation timeframe for an intervention decreases the
influence of other factors on the research and enables one to make more reliable deductions
regarding the impact on the intervention before it is implemented with larger groups. The
elements of a plan as formulated by Feuerstein (1996, p. 33) were used as a basic point of
departure for all the lessons. Learners had to define goals, look at available information, decide
on the best strategy to be used, determine where to start, know the rules and check their work
(Feuerstein, 1996).  Manuals supplied with the instruments were used to guide the
implementation of the programme activities meticulously according to a fixed procedure to make
sure that both groups received the intervention in similar ways. Throughout, the principles of
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mediation were applied and learners were able to monitor, test and correct themselves.
Unknown vocabulary, concepts and instructions were clarified and learners had the opportunity
to work independently on the exercises. Learners had the opportunity to discuss problems in
order to improve problem-solving behaviour and more importantly to become aware of their
own cognitive behaviour during problem-solving (Savell et al., 1986, p. 386; Grosser, 1996, p.
77). Learners were encouraged to apply the knowledge gained from the instrument to real life
situations.

3.1 Population and sample

The research was conducted at a South African university with a purposefully and conveniently
selected sample consisting of all the second year education students with Mathematics as major
(n = 24). These students were chosen due to the fact that one of the researchers lectured
Mathematics to the students which made easy access to the students possible. Although
students with Mathematics as major subject were used, the focus of this research was on the
general development of cognitive skills irrespective of subject context. The students were
randomly grouped into two groups, Group 1 and Group 2, comprising eleven and thirteen
participants respectively. The participants were heterogeneous regarding the biographical
variables gender, language and culture. As these groups were too small, the impact of these
variables on the results was not determined. Only the impact of the independent variable, the
FIE programme, with respect to the dependent variable, cognitive development, was established.

3.2 Hypotheses

As the study was pre-experimental in nature, only the following tentative null and directional
and non-directional alternative hypotheses could be formulated.

(H,): The FIE programme of Reuven Feuerstein will have no statistical significant impact on

the cognitive skills of prospective Mathematics educators.

(H."): The FIE programme of Reuven Feuerstein will have a statistical significant impact on the
cognitive skills of prospective Mathematics educators.

(H.?): There is a relationship between the FIE programme of Reuven Feuerstein and the
cognitive skills of prospective educators.

3.3 Data collection instruments
3.3.1 DAT-L test

With the assistance of the Human Sciences Research Council, the DAT-L test was identified as
a suitable test to determine the cognitive development level of the participants (Owen &
Vosloo, 2008). The DAT-L test makes use of static assessment procedures, and supported the
focus of the study, namely to determine cognitive development as product after the
implementation of the intervention, in contrast to dynamic assessment procedures that rather
aim to determine the potential for cognitive development (Colman, 2001; Tzuriel, 2009).
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The DAT-L is a set of six differential aptitude tests which focus on the following facets of
cognitive functioning: vocabulary, verbal and non-verbal reasoning, computations,
comprehension, comparison, spatial visualization, memory and mechanical insight (Owen &
Vosloo, 2008). For this research, the tests for verbal (Test 2) and non-verbal reasoning (Test 3)
were used as they are related well to the skills used in the two instruments of the intervention
programme, namely Organization of Dots and Analytic Perception.

The rationale for using Test 2 rests upon the assumption that certain skills are required to
determine relationships and to solve problems which require logical thinking, and are required
for successful general reasoning (Owen & Vosloo, 2000: p.4). The test comprised twenty five
questions and required the participants to understand, logically process and solve verbal
problems. Feuerstein’s instrument Organization of Dots, although non-verbal in nature, aims at
helping learners to improve their skills to solve problems, organize information spontaneously,
understand relationships, think logically, plan, categorize, analyse and summarize all of which
can be applied across a variety of learning contexts (Feuerstein et al., 1983, p.140-141).

Test 3 aims to realize relationships between figures, to identify a missing figure and to follow
changes that a figure can undergo in a pattern of figures (Owen & Vosloo, 2000, p.5). This test
consists of twenty five questions divided into two sections, A and B. In Section A, learners have
to match figures and in section B, they are expected to identify a missing figure when there is a
change in figures. This test measures the skill to solve problems of a logical nature when no
words or numbers are given. The improvement of non-verbal reasoning skills is addressed in the
Feuerstein Instrument Analytic Perceptions (Feuerstein, 1996).

3.3.2  Narrative analysis

On completion of the research, all the participants wrote narratives that documented their
perceptions and experiences with the FIE programme. The narratives focused on obtaining
information regarding the four elements suggested by McMillan and Schumacher (2006, p. 62),
namely detail about personal experiences during the intervention, particular incidents or
experiences of importance during the intervention, the use of expressive language to describe
what the intervention achieved and how meaningful the intervention appeared to be. By means
of inductive analysis the researchers independently worked through the narratives and identified

codes related to the aforementioned elements after which codes were compared and common
themes identified (Cohen, Manion & Morrison, 2007, p. 476).

Reliability and validity of the DAT-L test

The reliability of the test instrument for South African learners varies between Cronbach alpha
coeflicients of 0.55 - 0.67 for verbal reasoning and 0.67 - 0.71 for non-verbal reasoning and are
regarded as satisfactory by the authors of the test (Owen, 2000, p. 43).

For the actual study Cronbach alpha coefficients of 0.59 and 0.24 were calculated for Test 2 and
Test 3 respectively. The reliability for Test 3 is quite low, which could possibly be attributed to
the fact that very few of the participants completed the test in the set time frame. If the last five
test items of the test are not considered when calculating the Cronbach alpha coeflicient, the
reliability coefficient that is reflected is 0.70. In most of the social sciences, a Cronbach alpha
between 0.7 and 0.8 is regarded as acceptable. Some researchers, however, argue that 0.75 and
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0.80 are acceptable, and in some instances 0.60 is regarded as in order for an initial exploratory
study, as was the case with this research (Garson, 2008; Simon, 2008).

In addition to the Cronbach alpha coefficients, reliability was also guaranteed by administering
and marking the tests meticulously according to the instructions in the test manual. All the
marks were checked twice to ensure reliability. There was only one correct answer and no
marks were deducted for wrong answers. Tests were taken in classroom environments familiar
to the learners to avoid the interference of unfamiliar circumstances (Cohen et al., 2007, p. 156-

160).

The following important aspects were considered to ensure reliability and validity for the test-
retest situation:

o The time interval between the two tests was short enough to prevent the possible
influence of external factors and long enough so as to prevent the learners from
remembering the questions from the first test.

o Tests were collected after administration and no answers were made available to the
participants. The test questions were in no way related to the subject content
whatsoever which could have benefitted the participants (Cohen et al., 2007, p. 146;
Pietersen & Maree, 2007a, p. 215; McMillan & Schumacher, 2006, p. 140).

Trustworthiness of the narratives

To ensure the trustworthiness of the narratives, the completion of which was a subjective
process, the following guidelines as indicated by Nieuwenhuis (2007, p. 113-115) were followed:
the coded data was verified by an independent coder to eliminate researcher bias. In addition to
this, the findings were not used to generalize to other populations. The researchers merely
wanted to determine the effect of the intervention and the experiences that the participants had
with the intervention in the bounded geographical context of a specific South African university.
An inductive process of data analysis was followed to ensure that meaning and understanding
were derived from the exact words of the participants.

3.4  Ethical considerations

The participants were informed about the nature of the study and what their involvement would
entail in order firstly to obtain their assent as to whether they would like to take part or not.
The participants were also assured that their responses would remain confidential and
anonymous and that they would be informed about the outcome of the study. After obtaining
assent, written consent was obtained from all the participants involved in the research.

4.  Data Analysis and Discussion

4.1  Data analysis and interpretation of the DAT-L pre-test and post-test results

Data analysis was conducted through standardized descriptive and inferential statistical
procedures by an independent statistician. Non-parametric statistical procedures were used due
to the small sample (n < 30) and due to the fact that it could not be presumed that the study
variables were normally distributed (McMillan & Schumacher, 2006, p. 308; Pietersen &
Maree, 2007b, p. 233). The Mann-Whitney test which is a non-parametric equivalent of the
parametric t-test was used to compare the pre-test and post-test results of the two independent

groups, Group 1 and Group 2 (Pietersen & Maree, 2007b, p. 233). The Mann-Whitney test
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uses ranks rather than real values. This implies that extreme values will have a lesser impact on
results than the parametric t-test (Pietersen & Maree, 2007b, p. 233). The Wilcoxon signed-
rank test, a non-parametric test similar to the parametric t-test, was used to compare the
differences between the pre-test and post-test results within the groups. Table 1 reports on the
pre- and post-test results of Group 1 and Group 2.

Group 1 N Mean (25) Standard deviation
Pre-test Test 2 11 14.0 4.754
Pre-test Test 3 11 9.6 3.613
Post-test Test 2 11 15.8 4.792
Post-test Test 3 11 11.2 3.894
Retention test Test 2* 11 15.8 5.016
Retention test Test3* 11 15.0 4.195
Group 2 N Mean (25) Standard deviation
Pre-test Test 2 13 12.9 2.929
Pre-test Test 3 13 10.3 3.966
Post-test Test 2 13 15.4 2.434
Post-test Test 3 13 13.5 4.594

Table 1: Pre- and post-test results of participants

* Retention test only applicable to Group 1

The standard deviation is an indication of the variance of scores around the mean (Coolidge,
2006, p. 76). The larger the standard deviations, the further the values lie from the arithmetic
mean (Steyn, Smit, Du Toit & Strasheim, 2004, p.137). The standard deviations revealed that
there was not a large variance in the pre- and post-test results for both groups, which indicated
that the participants were more or less on the same cognitive developmental level and thus
comparable.

Although the researchers did not focus on Mathematics as a subject in particular, the low mean
scores obtained in the pre-tests by the participants is distressing when taking into consideration
that these were second-year education students with Mathematics as major, a subject that, as
prerequisite for effective learning, expects learners to have a variety of well developed cognitive
skills (Winicki-Landman, 2001, p. 30; Sing et al., 2002, p. 324; Winstead, 2004, p. 44,
Department of Education, 2007, p. 4; Sezer, 2008, p. 351).

The mean of the-pre test for Group 1 (14.0) is higher than the mean of the pre-test of Group 2
(12.9) for test 2. Although the results for Group 1 were better than those of Group 2, it
appeared as if participants in both groups could improve regarding cognitive skills such as logical
thinking and general reasoning which were tested with Test 2. The mean of the post-test of
Group 1 for Test 2 (15.8) was higher than that of Group 2 (15.4), and when comparing this
with the pre-test results, it seemed as if there was an improvement in the application of cognitive

skills.

The mean of the post-test of both groups was greater than the mean of the pre-test, which might
point out that the intervention programme possibly, has the potential to improve the cognitive
skills.  This augurs well for findings in the literature that highlight the merits of the FIE
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programme for improving cognitive development (Feuerstein et al., 1981, p. 282; Savell et al.,
1986, p. 390; Toomey et al., 2000; Kozulin, 2008).

Regarding the pre- and post-test results of both groups for test 3, it is important to mention that
the means of the post-test were very low at 9.6 and 10.3 respectively. It seems as if the non-
verbal skills were more problematic than the verbal skills. An improvement was, however, noted
for both groups in the post-tests with means of 11.2 and 13.5 respectively. The improvement of
the means of Group 1 regarding Test 3, from the post-test (11.2) to the retention test (15.0), as
well as the fact that the post-test mean for Test 2, remained the same during the retention test.
This result could point in the direction that Feuerstein’s intervention programme possibly has
the potential to improve the application of cognitive skills, but also that these skills, when
established, could be retained in the absence of direct mediation and result in autonomous
cognitive behaviour (Feuerstein et al., 1983, p. 115-118).

Inferential statistics assisted the researchers to provide deeper dimensions to the results and to
ultimately accept or reject the hypotheses. The Mann Whitney test, a non-parametric t-test for
independent groups was used (Pietersen & Maree, 2007b:, p. 233) to indicate significant
differences between groups 1 and 2. Table 2 reports the results for the differences between the
different test occasions for Group 1 and Group 2.

Median Maxfn- Z (Mann- Statistical
N cank Whitney | Whitney significance (p)

U statistics) 8 P
Pre-test Test 2 Group 1 11 | 12.68

69.500 -.117 910
Pre-test Test 2: Group 2 13 | 12.35
Pre-test Test 3: Group 1 11 | 11.77

63.500 -.468 .649
Pre-test Test 3: Group 2 13 | 13.121
Post-test Test 2 Group 1 11 | 12.50

71.500 .000 1.000
Post-test Test 2: Group 2 13 | 12.50
Post-test Test 3: Group 1 11 |10.73

52.000 -1.142 277
Post-test Test 3: Group 2 13 | 14.00

Table 2: Significance of differences between the pre- and post-test means when using
the Mann-Whitney test

Statistical significance: * p <0.05

The data tabled above, indicate that there was no statistical significance between Groups 1 and
2, as p > 0.05 for all the different test occasions. This implies that not one of the groups
benefitted more than the other from the intervention programme.
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The non-parametric Wilcoxon Signed ranks test was used to compare the improvement of
cognitive skills within the groups. The results are reported in Table 3.

Group 1 N Mean .rank _ 7 S.tatl.stlcal

Negative | Positive significance
Pre-test Test 2 11

2. .64 -1.946 | .052
Retention test Test 2 11 83 6.6 946 05
Pre-test Test 3 11 *
Retention test Test 3 11 00 5.50 -2.810 .005
Post-test Test 2 11
Retention test Test 2 11 6.75 4.67 -.052 959
Post-test Test 3 11 *

2. : 2. 01
Retention test Test 3 11 00 6.89 585 010
Pre-test Test 2 11 *

2. : 2414 | .01
Post-test Test 2 11 00 6.38 016
Pre-test Test 3 11 *
Post-test Test 3 11 2.00 6.38 -2.434 | .015
Group 2 N Mean .rank _ 7 S.tatl.stlcal

Negative | Positive significance
Pre-test Test 2 13 *

. . -3.1 .001
Post-test Test 2 13 00 7.00 3.198 00
Pre-test Test 3 13 500 o1 005 "
Post-test Test 3 13 : . -2. .

Table 3: Significance of differences between pre- and post-test means within groups
as measured by the Wilcoxon Signed ranks test

Statistical significance: * p <0.05

From the results reported in Tables 2 and 3 it is clear that the statistical significant differences in
test results did not occur between the two groups, but mainly within the two groups. Regarding
Group 1, the post-test results of Test 2 were statistically significantly better than the pre-test
results for Test 2 of Group 1, as p = 0.016. The same applied for Test 3, where a statistical
significant improvement was noted for the post-test results, as p = 0.015. No statistical
significant difference was noted between the retention test and the post-test results for Test 2
and the retention and pre-test results of Test 2. The cognitive skills did not weaken or improve
further during the retention period. A statistically significant difference is again noted between
the retention test and the pre-test results of Test 3 (p = 0.005), as well as between the retention
test and the post-test of Test 3 (p =0.010), in favour of the retention test results. This implies
that once the cognitive skills were established, they were retained and improved, possibly
through continuous use.

1D, 6(2), December 2010, pp. 359 — 378.

369



Kloppers & Grosser

A similar trend was noted for Group 2. There was a statistically significant difference between
the pre- and post-test results of Group 2 for Test 2, p = 0.001, as well as between the pre- and
post-tests of Test 3, p = 0.004. The statistically significant differences confirm that the FIE
programme possesses the latent potential to improve cognitive ability (Toomey et al., 2000;
Kozulin, 2008).

The test results of Group 1 and Group 2 indicate that cognitive development does not happen
at once. Cognitive development takes time and requires purposeful efforts for extensive practice
in applying acquired cognitive skills (Van den Berg, 2004, p. 280; Rudd, 2007, p. 46). It is
disturbing that the test results for the pre-test indicated that the participants lacked verbal and
non-verbal cognitive and meta-cognitive skills and strategies (Beyer, 1987, p. 17; Monteith,
2002: p. 97; Thornton, 2002, p.102; Grabe & Grabe, 2004, p. 47-49; Van den Berg, 2004, p.
279-280; Gelter, 2003, p. 337; Bereiter, 2006, p. 14; Halpern, 2007, p. 10; Kok, 2007, p.
28-30). Without well developed cognitive and meta-cognitive skills and strategies, the
participants would not be able to function as self-regulated learners who can independently
construct knowledge with understanding (Gouws, 1998, p. 72, 73; Doolittle, 2000; Eggen &
Kauchak, 2004, p. 28; Woolfolk, 2004, p. 323; Bjorklund, 2005, p. 81; Langford, 2005, p.
234, 235; Kok, 2007, p. 64-44; Ormrod, 2008, p. 29, 196). In support of Lombard and
Grosser (2004, p.213), the researchers argue that, if the participants are not equipped with
these skills, they will not be able to nurture these skills among their learners one day, and the
critical outcomes of the National Curriculum Statement, which envisage all learners as
competent in the solving of problems, effective in the collection, organizing and managing of
activities and successful in evaluating and applying information critically (Department of
Education, 2003a, p. 2), will not become a reality.

The improvement in the post-test results supports the view of Feuerstein et al. (1983, p. 59)
who argue that the cognitive potential of learners is not static and fixed, but dynamic in nature.

4.2 Data analysis and interpretation of the narratives

After the intervention period, the participants were asked to write down their perceptions of and
experiences with the FIE programme. The aim was to determine whether the narratives
confirmed the quantitative test results before final conclusions could be made. An inductive
analysis procedure was used to analyse information obtained from the participant’s experiences
of the intervention. Main ideas or codes from each participant’s narrative were identified and
themes were developed regarding person, incidents, language and experiences from the
intervention. The participants indicated inter alia that they could manage themselves better,
that their self-confidence increased and that their problem-solving and decision-making skills
improved. In addition to this, their speed in the execution of tasks improved, they considered
more than one solution to a problem, could change their strategies, did not give up in difficult
situations, thought about the steps involved in problem-solving, could apply the cognitive skills
addressed in the instruments to real life situations, worked less impulsively, thought a problem
through, avoided mistakes, paid attention to detail, checked their work, considered what was
given before starting with their tasks, thought critically about information, defined a goal and
admitted that planning plays an important role in success. Participants were positive about the
programme and commented that it also helped them to reflect on their own lives because they
would now be able to identify mistakes they have made in their own lives and think about their
mistakes differently. They also mentioned that the programme helped them with intrinsic
motivation and persistence on tasks.
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The participants’ personal experiences indicate changes and improvement with regard to the
cognitive functions that are required in the input, elaboration and output phases of the learning
process, as highlighted by Feuerstein et al. (1983, p. 73); Feuerstein et al. (1985, p. 52-53) and
Feuerstein (2007, p. 5). Furthermore, the researchers argue that the improved cognitive
functions as documented by the participants in their narratives could have attributed to the
improvement noted in the post-test results of the participants. The researchers link their
argument to the views of Fisher (1990, p. 132) and Feuerstein (2007, p. 5) who indicate that
cognitive development and improvement occur when cognitive deficiencies linked to the input,
elaboration and output phases of the learning process are ameliorated.

The researchers cautiously assumed that the participants lacked exposure to mediated learning
experiences. They base their argument on the fact that the narratives indicated that the
participants acquired important cognitive and meta-cognitive skills and strategies that are
necessary for cognitive development through the mediated learning approach on which the
intervention was based. Participants mentioned in their narratives that they now realise the
importance of planning their work, using different strategies to solve problems, reflecting on
their work and linking what they have learned to real life situations, which links well with what
Fraser (2006, p.9) indicates as some of the merits of mediated learning,

4.3 Accepting/rejecting hypotheses

At the onset of the study tentative null and alternative hypotheses were formulated. Based on
the statistically significant results that were obtained, and acknowledging the fact that other
biographical variables could have impacted on the results, the researchers cautiously reject the
null and non- directional alternative hypothesis. They accept the directional alternative
hypothesis as statistically significant improvement after the implementation of the intervention
was noted between Group 1 and Group 2 for all the test occasions, with the exception of pre-
test 2 and the retention test 2, as well as post-test 2 and the retention test 2 results for Group 1.

5. Findings

Although this research was an exploratory pilot study with a number of limitations linked to the
sampling procedure and the type of experimental design used, a number of important
conclusions can be derived from this research that should be followed up in more comprehensive
studies.

The researchers argue that, in a competitive society, intelligence on its own is not sufficient and
learners need to purposely develop cognitive skills in order to solve problems and reason in a
rapidly changing world. Educators need to support learners in the development of these skills
and they should therefore acquire skills like analysis, synthesis, reasoning and problem-solving
themselves before conveying these skills to their learners.

Our aim was to establish whether prospective educators possess cognitive skills as well as the
potential of the FIE programme to develop and improve cognitive skills. The pre-test results
revealed that the prospective Mathematics educators who took part in the study, did not possess
adequate cognitive and meta-cognitive skills and strategies. These results create reason for
concern as it appears that the educators who taught these learners at school, as well as the
lecturing they received during their first year at university, did not purposefully create
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opportunities to enhance their cognitive development. Based on the results of this research, it is
clear that educator training should devote much more attention to the cognitive development of
prospective educators.

This research revealed that low cognitive performance is reversible through mediation. This
implies that instead of labelling the cognitive skills of prospective educators as inadequate,
emergent or latent, a pro-active mediated learning approach during the training of these
educators should be adopted to improve their cognitive skills. Prospective educators who
experience problems in executing cognitive skills for the completion of academic tasks, should
be exposed to mediated learning on a more frequent basis, as well developed cognitive skills are
regarded as pivotal to educators’ teaching effectiveness (Birjandi & Bagherkazemi, 2010, pp.
135-145; Elizabeth, May & Chee, 2008, pp. 43-57; Hashemi, 2008; Korthagen, 2004, pp. 77-
79; Tamblyn, 2000, pp. 16-19). In addition to this, well developed cognitive skills are needed
to avoid student educators falling into working ways which are disorganized, overly simplistic,
spotty about getting facts, apt to apply unreasonable criteria and then becoming easily
distracted, ready to give up at the least hint of difficulty and being intent on a solution that is
more detailed than possible or being satisfied with an overly generalized and uselessly vague
response (Facione, 2009, p. 10).

According to a mediated learning approach the purpose of teaching and learning should focus on
teaching prospective educators how to think and not what to think. It is imperative that skills
such as analysis, reflection, evaluation, making valid conclusions and problem-solving need to be
nurtured among prospective educators. In addition to this, prospective educators need to be
made aware of the fact that deficient cognitive skills can contribute to poor academic
performance. These deficient cognitive skills refer inter alia to impulsive ways of working,
inaccuracy, the inability to distinguish between relevant and irrelevant facts, and a lack of self-
regulation during learning (Feuerstein, 2007, p. 5). In essence, when complying with the
aforementioned important challenges, educator training will equip teachers to lay the foundation
for enhancing cognitive development among learners at school.

6. Conclusion

In order to provide quality education at school level and to develop learners to become
competent thinkers and problem solvers, a qualitative improvement in the training of educators
will have to take place. Teacher education institutions are therefore faced with a two folded
challenge, namely (a) to motivate student educators that the teaching of thinking skills is
important and that it can be done, and (b) to equip student educators with skills so that they
become effective thinkers themselves. It could be argued that educators should become effective
thinkers themselves before they can teach learners how to become effective thinkers. The
researchers are convinced that the FIE programme has the potential to enhance cognitive
development, and should therefore be utilized during the training of educators.
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