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Abstract We investigated whether the introduction of a variety of activity-based

teaching strategies into college-level mathematics classes in the United Arab Emirates was

effective in terms of the nature of the classroom learning environment and students’

satisfaction. In addition, we investigated how the use of personally-relevant and concrete

activities changed the learning environment in ways that were perceived to be beneficial by

adults who had experienced failure. For a sample of 84 students from eight classes in the

Higher Colleges of Technology, the learning environment was assessed with a modified

Arabic version of four scales (Involvement, Task Orientation, Personalisation and Indi-

vidualisation) from the College and University Classroom Environment Inventory (CU-

CEI) and Satisfaction was also measured with a scale from the same instrument. As well,

five case-study students were involved in assessing the learning environment through

observations, semi-structured interviews and focus-group interviews in order to link

qualitative information with the constructs assessed by the CUCEI.

Keywords Activity-based teaching � Adult learners � College and University

Classroom Environment Inventory (CUCEI) � Learning environment � Satisfaction �
United Arab Emirates

Introduction

In our experience, students often lack enthusiasm when it comes to learning mathe-

matics and this, in turn, can affect their success. Therefore, we implemented activity-
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based classrooms in which students were positioned as inquirers rather than as receptors

of facts and procedures. In this respect, activity-based learning aimed to provide stu-

dents with the opportunity to make significant decisions about their learning (Nayak

and Rao 2002).

We investigated the effectiveness of these teaching strategies for engaging college

students who had experienced childhood difficulties in learning mathematics in the

United Arab Emirates (UAE) in terms of the nature of the classroom learning envi-

ronment and students’ satisfaction. It has been noted, with concern, that poor-quality

instruction exists in some tertiary institutions in the UAE and that, on the whole,

teaching methods are based on rote memorisation (Gaad et al. 2006; Shaw et al. 1995).

The development of the activity-based strategies that were evaluated in our study drew

on the results of past studies that suggest that using games, puzzle worksheets and

hands-on activities in mathematics can improve students’ outlook (Bragg 2007; Massey

et al. 2005). Past research also indicates that activity-based strategies that involve

playing games and solving problems related to real-life situations have the potential to

draw students into the learning process and to reassure them by allowing them to

participate in a more collaborative environment (Gosen and Washbush 2004; Proserpio

and Gioia 2007; Zantow et al. 2005).

Tolman (1999) suggests that activity-based methods encourage hands-on discovery,

which can enhance the development of valuable learning skills through direct experiences.

This method of teaching requires that all students, whatever their age, be active mentally

and/or physically during the entire lesson (Rowland and Birkett 1992). According to

Hendricks (1997), during activity-based teaching, the classroom environment is considered

to be authentic because it is based on activities that are planned with the students’ interests

in mind. During the process of activity-based learning, it is important that the teacher

respects students by upholding their rights to their feelings, ideas and opinions. An

important component of activity-based learning is the need to provide scope for students to

inquire and to interact (Hendricks 1997).

Although research supports the notion that activity-based teaching strategies can

encourage students’ interest and enthusiasm (Gough 1999; Owens 2005), only a few

studies have been carried out to investigate the effectiveness of these teaching strategies at

the tertiary level and none of these studies were conducted in the UAE. Therefore we

undertook this evaluation of the use of activity-based mathematics instruction in terms of

its impact on the learning environment and students’ satisfaction, which were measured

using the College and Classroom Environment Inventory (CUCEI).

Aims of the study

1. Is a modified Arabic version of the CUCEI valid for assessing classroom environment

among tertiary students in the UAE?

2. Are activity-based teaching strategies effective in terms of:

a. the nature of the classroom learning environment

b. students’ satisfaction?

3. Can qualitative research methods be used to examine how using a range of personally-

relevant and concrete activities change the learning environment in ways that are

perceived to be beneficial by adults who had experienced failure?
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Background

Field of learning environments

The learning environment involves the psychological and emotional conditions of the

classroom, as well as social and cultural impacts. The concept of a human environment has

existed since Lewin’s (1936) seminal work in non-educational settings recognised that both

the environment and its interaction with characteristics of the individual are potent

determinants of human behaviour. Past studies conducted over the previous 40 years had

consistently confirmed that the quality of the classroom environment is an important

determinant of student learning (Dorman and Fraser 2009; Fraser 2007, 2012).

The study of learning environments grew out of earlier work in social psychology in the

USA. In the 1920s, researchers such as Hartshorne and May (1928) proposed that

behaviour is specific to the situation, which is a central concept in learning environments

research. The idea that behaviour is situational is the very reason why contemporary

researchers often investigate people within their environment rather than either in isolation.

Researchers have developed and validated numerous questionnaires for measuring

perceptions of a range of dimensions pertinent to the learning environment (Fraser 1998),

including the Constructivist Learning Environment Survey (CLES; Taylor et al. 1997), the

What Is Happening In this Class? (WIHIC; Aldridge et al. 1999), My Class Inventory

(MCI; Fisher and Fraser 1981) and the College and University Classroom Environment

Inventory (CUCEI; Fraser and Treagust 1986; Fraser et al. 1986). Our study involved the

use of five of the seven CUCEI scales, namely, Involvement, Task Orientation, Person-

alisation, Individualisation and Satisfaction.

Our study was inspired by past evaluations of educational innovations (Maor and Fraser

1996; Wolf and Fraser 2008; Nix et al. 2005; Martin-Dunlop and Fraser 2008) that drew on

the field of learning environments. However, our research was the first investigation of the

effectiveness of activity-based teaching strategies in mathematics with adult male students

in the UAE in terms of the nature of the classroom learning environment and student

satisfaction.

Adult learners

Adult learning is a process through which adults go to learn a new concept or skill. This

can be through formal learning situations such as colleges or workplace training, or more

informally through reading a daily newspaper or life experiences. McCannon and Crews

(2000) reported that, once an adult educator is aware of the theories associated with adult

learning principles, he/she might implement these in the classroom, therefore creating a

better learning environment for the adult student. Adult learning theories have profound

implications for the content of mathematics instruction, its pedagogy and how learning

should be assessed (Forman and Steen 1999). Definition, theory and instruction are thus

tied together. That is, one’s view of what numeracy is leads to a theory of learning and this

theory affects preferred approaches to instruction. According to Forman and Steen (1999),

however, there remains some controversy with respect to how theory should be translated

into practice because there is little empirical research which demonstrates the effects of an

instructional approach on how adults learn. Our study attempted to fill this gap by

investigating the effectiveness of using teaching strategies with adult males as they learned

mathematics.
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Over the last 30 years or so, it has become generally accepted that, both in official

reports (Cockcroft 1982; Her Majesty’s Inspectorate [HMI] 1985) and in academic writing

related to ‘good practice’ (Cooper 2001; Cooper and Dunne 2000; Hayman 1975), the

teaching and learning of mathematics should be related to its uses in everyday life and

work settings. According to Cooper (2001), the majority of students find mathematics more

interesting and relevant when it is set in and related to realistic settings and contexts.

According to Knowles (1984), adult learners quite often need to know why they are

learning new knowledge before they are willing to participate. Unlike youth, who tend to

have a more subject-centred orientation to learning (in which they focus on learning

content to pass a test), by virtue of their life and work experiences, adults tend to

develop a task-centred or problem-centred orientation to learning (Knowles 1984). It has

also been proposed that adults, unlike children, are more likely to take responsibility for

their own learning and would prefer not to be directed by the lecturer during class

(McGrath 2009).

Research methods

Sample

Our study involved Work Readiness Program (WRP) students in one of the Higher Col-

leges of Technology (HCT) in the UAE. From this college, a sample of 84 adult male

students in 8 classes participated in the study. The participants’ ages ranged from 19 to

45 years. Potential participants were invited by their lecturer to volunteer to be involved in

the study, and only those wishing to be involved were included.

The instrument that was used to gather data for this study was a modified version of the

CUCEI (Fraser et al. 1986) which assesses students’ perceptions of their classroom

learning environment and their satisfaction. Qualitative methods, including observations

and interviews, were also used to provide more in-depth information about how the use of

personally-relevant, concrete activities changed the learning environment in ways that

were perceived to be beneficial by the adult male students.

Qualitative case studies were used to enable us to study complex phenomena within the

context of mathematics class (Baxter and Jack 2008). The use of qualitative case studies

facilitated evaluation of the activity-based strategies within this unique context, ensuring

that the effectiveness of using multiple instructional strategies was not explored only

through one lens, but rather using a variety of lenses to allow multiple facets of the

phenomenon to be revealed and understood. In addition, a variety of other data sources was

utilised, such as semi-structured interviews, observations and focus-group interviews.

The five case-study students, one student from each of five classes, were purposefully

selected. These five students were 22, 29, 30, 35 and 41 years of age. All of the students in

the five classes were studying the same course and were all taught using the same activity-

based strategies. As recommended by Patton (1990), we carefully selected case-study

students who tended to be confident and verbally skilful in order to maximise our chances

of obtaining information-rich and insightful comments.

The case studies were built upon interviews, focus-group interviews and observations,

including a request for students to ‘tell their stories’ about the new teaching methods

compared with previous methods. Interviews were conducted by a teacher–researcher and

were based on observations and answers to initial and simple questions (e.g. ‘‘Did you like

mathematics at school?’’).
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College and University Classroom Environment Inventory (CUCEI)

Our study involved modifying the CUCEI for use in tertiary-level mathematics classroom

in the United Arab Emirates and then translating it into Arabic. The original version of the

CUCEI has seven items in each of seven scales. The CUCEI was first validated in Western

Australia (Fraser et al. 1986) and has been cross-validated subsequently in further research

in Australia (Fraser et al. 1987) and New Zealand (Logan et al. 2006). Modifications were

made to the CUCEI to ensure its suitability for use in our study (e.g. the scales of Student

Cohesiveness and Innovation subsequently were omitted in the light of factor analyses

reported later in this article).

As a first step, the scales and items of the CUCEI were examined to make certain

that they were suitable for examining the effectiveness of activity-based teaching

strategies in mathematics at the tertiary level. The learning environment in our study

was assessed with a modified Arabic version of all scales of the CUCEI (Personali-

sation, Involvement, Student Cohesiveness, Task Orientation, Innovation and Individ-

ualisation) that were administered as both a pretest and a posttest. However, the two

scales of Student Cohesiveness and Innovation were omitted later because they

appeared to be problematic during the factor analyses described later and their elimi-

nation enhanced the reliability and factor structure of the instrument. Satisfaction was

measured with a modified Arabic version of this scale from the CUCEI. As a second

step, each item was scrutinised to ensure the suitability of its language and phrasing for

the UAE setting.

Table 1 clarifies the meaning and nature of the original form of the CUCEI by pro-

viding, for each scale, both a scale description and a sample item. As indicated in the

footnote to this table, items are scored using a five-point Likert agreement scale and some

items are negatively worded and require reverse scoring.

Translation of CUCEI into Arabic and back translation

The CUCEI was originally developed in English. Because all participants involved in our

study spoke English as a second language, an Arabic translation was created to ensure that

students were able to understand the items. The questionnaire was translated into the

Arabic language using a standard research method involving translation, back-translation,

modification and verification as recommended by Ercikan (1998) and Warwick and

Osherson (1973). Each item was translated into Arabic by a professional translator. The

next step involved an independent back-translation of the Arabic version into English by

another translator who was fluent in both English and Arabic but had not been involved in

the original translation. Items of the original English version and the back-translated

version were then compared by the authors to ensure that the Arabic version maintained the

meanings and concepts in the original English version. Historically, in studies in which

both English and a translated versions of a questionnaire are used, researchers have

administered separate English and translated versions (MacLeod and Fraser 2010).

Because the first language of the HCT students in the UAE is Arabic, but they are taught in

English, it was felt that having both languages presented to the students using a dual layout

would increase the comprehensibility and reliability of the questionnaire. This approach

has been used successfully in learning environment research in South Africa by Aldridge

et al. (2006). Therefore, each item in Arabic was placed beneath the corresponding English

item in our questionnaire.
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Analyses and results

Validity and reliability of modified CUCEI

To examine the validity of the modified CUCEI when translated into Arabic and used at the

tertiary level in the UAE, principal axis factoring with oblique rotation was used. Oblique

rotation was selected because one can assume that the scales of the CUCEI are related

(Coakes and Steed 2005). As a first step, factor analysis identified those items whose

removal would improve the factorial validity of the CUCEI scales. The criteria for

retaining any item were that its factor loading must be at least 0.40 with its own scale and

less than 0.40 with all other scales. The application of these criteria led to the deletion of

numerous items, including all items in the two scales of Student Cohesiveness and Inno-

vation. The optimal factor solution was found for a refined version of the CUCEI with four

items each in the four scales of Involvement, Task Orientation, Personalisation and

Individualisation.

The factor analysis results in Table 2 for the learning environment scales from the

modified CUCEI revealed that all 16 items had a factor loading of at least 0.40 on their

own scale and less than 0.40 on the other three scales. The total proportion of variance

accounted for was 58.65 %, with the variance for the different scales ranging from 7.92 to

38.11 %. The eigenvalue for different scales ranged from 1.27 to 5.30.

The Cronbach alpha reliability coefficient was used as an index of scale internal con-

sistency. Table 2 reports that the Cronbach alpha coefficient for each of the learning

environment scales ranged from 0.64 to 0.79 for the posttest with the students as the unit of

analysis. For Satisfaction, the alpha reliability (not reported in Table 2) was 0.68.

Evaluation of teaching strategies in terms of pretest–posttest changes

To reduce the Type I error rate, the statistical significance of pretest–posttest changes

initially was explored using Multivariate Analysis of Variance (MANOVA) with repeated

measure. Because the multivariate test yielded significant results overall for the set of five

dependent variables using Wilks’ lambda criterion, the univariate ANOVA was interpreted

separately for each of the five scales. Table 3 reports the ANOVA results together with two

descriptive statistics: the average item mean and the average item standard deviation for

each group. The average item mean, or the scale mean divided by the number of items in

that scale, provides a basis for comparing the average scores from scales which could have

different numbers of items.

Whereas MANOVA was used to investigate the statistical significance of changes

between pretest and posttest, effect sizes were used to describe the magnitude, or educa-

tional importance, of those differences, as recommended by Thompson (1998) and Cohen

(1977). The effect size, which is calculated by dividing the difference between means by

the pooled standard deviation, expresses a difference in standard deviation units. Table 3

includes effect sizes.

Table 3 shows that, for each of the five scales, pretest–posttest differences were sta-

tistically significant (p \ 0.01) for all scales. Furthermore, the effect size was very large

for each scale and ranged from 1.40 standard deviations for Individualisation to 2.88

standard deviations for Satisfaction. These are large magnitudes according to Cohen

(1977). These large improvements between pretest and posttest support the effectiveness of

using the activity-based teaching strategies.
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Case studies

The results obtained from using the CUCEI were supplemented by qualitative information

collected from case-study students through class observations, interviews with participants

Table 2 Factor loadings, percentage of variance, eigenvalue and internal consistency reliability (Cronbach
alpha coefficient) for the modified CUCEI

Item Factor loadings

Involvement Task Orientation Personalisation Individualisation

INV9 0.41

INV23 0.65

INV37 0.71

INV44 0.47

TO5 0.46

TO12 0.44

TO33 0.40

TO47 0.42

PERS1 0.41

PERS8 0.61

PERS15 0.53

PERS22 0.46

IND14 0.45

IND21 0.72

IND28 0.48

IND35 0.40

% Variance 33.11 9.44 8.18 7.92

Eigenvalue 5.30 1.27 3.24 2.01

a reliability 0.64 0.79 0.71 0.62

N = 84

Factor loadings smaller than 0.40 have been omitted from the table. Principal axis factoring with varimax
rotation and Kaiser normalisation

Table 3 Average item mean and average item standard deviation for pretest and posttest and pretest–
posttest difference (effect size and ANOVA result) for each learning environment and satisfaction scale

Scale Average item mean Average item standard deviation Difference

Pretest Posttest Pretest Posttest Effect size F

Involvement 2.82 4.32 0.72 0.51 2.40 3.74**

Task Orientation 2.71 4.34 0.81 0.53 2.38 3.82**

Personalisation 2.58 4.43 0.97 0.46 2.44 4.00**

Individualisation 2.91 3.93 0.75 0.71 1.40 2.89**

Satisfaction 2.47 4.59 0.94 0.45 2.88 4.27**

N = 84

** p \ 0.01
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and narrative stories which allowed us to triangulate these insights with results from using

the CUCEI in Table 3. The interpretation of the quantitative data became more meaningful

when combined with data gathered using other research methods (e.g. a narrative indicated

that students at school were experiencing teacher-centred lessons during which they

appeared to play a very passive role). However, when students experienced activity-based

teaching strategies, they had opportunities to discuss their ideas and they became more

engaged in the learning process (pre-post changes for Involvement = 2.40 standard

deviations in Table 3).

All students interviewed had similar opinions about being on task because the activity-

based teaching strategies allowed them to acquire mathematical thought through collecting

information, making notes of facts and hypotheses and discussing the results with their

peers or teacher (pre-post changes on Task Orientation = 2.38 standard deviations in

Table 3).

The feedback that we received from these students is that we created a supportive

learning environment for them through being friendly and approachable, which led to

effective learning (pre-post changes on Personalisation = 2.44 standard deviations in

Table 3).

One of the intentions of applying the activity-based teaching strategies was to overcome

the fear and anxiety that students had towards mathematics. Interviews revealed that

students felt relaxed and enthusiastic during the activities and that we were careful in

ensuring that each student could work at his own pace and to apply strategies that work for

each individual (pre-post changes on Individualisation = 1.40 standard deviations in

Table 3). In general, students were satisfied with the activity-based teaching strategies

because they felt that they were enjoyable, engaging, motivating, interesting and encour-

aging and were satisfied with the mathematics learning process (pre-post changes on

Satisfaction = 2.88 standard deviations).

The qualitative data provided valuable insights about how the activity-based teaching

strategies changed adult male students’ perceptions towards learning mathematics after

experiencing failure in the past. The magnitudes and statistical significance of pre-post

changes in the quantitative questionnaire data, together with qualitative data, supported the

effectiveness of the activity-based teaching strategies.

Conclusion

A major contribution of this study is that the College and University Classroom Envi-

ronment Inventory (CUCEI) was translated into the Arabic language and validated. The

modified Arabic version of the CUCEI has 16 items in four scales (four items per scale)

assessing four learning environments dimensions that are important in mathematics

classrooms, namely, Involvement, Task Orientation, Personalisation and Individualisation.

A Satisfaction scale from the CUCEI also was translated into Arabic and used in our study.

The main purpose of this study was to investigate the effectiveness of teaching strat-

egies that engage college students who had experienced childhood difficulties in learning

mathematics in the UAE in terms of the nature of the classroom learning environment and

students’ satisfaction. In addition, we investigated how the use of personally-relevant and

concrete activities changed the learning environment in ways that were perceived to be

beneficial by adults who had experienced failure.

A sample of 84 students from eight classes in the Higher Colleges of Technology (HCT)

responded to the CUCEI as both a pretest and a posttest. Satisfaction was measured with a

Learning Environ Res (2015) 18:1–13 9
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modified Arabic version of this scale from the CUCEI. Moreover, five case studies students

were conducted to assess the learning environment through observations, semi-structured

interviews and focus-group interviews and to link qualitative information with findings for

the constructs assessed by the CUCEI.

Principal axis factoring with varimax rotation and Kaiser normalisation supported an

optimal factor structure for a 16-item four-scale version (four items per scale) of the

CUCEI assessing Involvement, Task Orientation, Personalisation and Individualisation.

The total percentage of variance accounted for by the four CUCEI scales was nearly 60 %.

The internal consistency reliability, using Cronbach’s alpha coefficient, was calculated for

each learning environment scale and Satisfaction for two units of analysis (the individual

student and the class mean) and separately for pretest and posttest data. Alpha coefficients

for the four scales ranged from 0.61 to 0.75 for the pretest and from 0.64 to 0.79 for the

posttest with the student as the unit of analysis. With the class mean as the unit of analysis,

alpha coefficients ranged from 0.61 to 0.77 for the pretest and from 0.63 to 0.82 for the

posttest.

MANOVA and effect sizes were used to provide information about the statistical sig-

nificance and magnitude of the pretest–posttest changes for each of the five scales. Changes

were statistically significant and large in magnitude for Involvement (effect size of 2.40

standard deviations), Task Orientation (2.38 standard deviations), Personalisation (2.44

standard deviations), Individualisation (1.40 standard deviations) and Satisfaction (2.88

standard deviations).

Data from the CUCEI were complemented by qualitative information gathered from

case-study students through class observations, interviews with participants and narratives,

which allowed triangulating the results from the two methods. The qualitative data pro-

vided valuable insights about how the activity-based teaching strategies changed adult

male students’ perceptions towards learning mathematics after experiencing failure in the

past. Overall, the effectiveness of the activity-based teaching strategies was supported by

the magnitudes and statistical significance of pre–post changes in the quantitative ques-

tionnaire data, together with the qualitative data.

This research is significant because it is one of the first studies of learning environments

conducted in the UAE and because a carefully modified and translated version of the

CUCEI was validated and made available to educators and researchers in the UAE. The

research also represents one of the few learning environment studies anywhere in the world

that focused on the effectiveness of activity-based teaching strategies in mathematics in

terms of the classroom environment perceived by adult male students.

Educators’ enthusiasm to integrate activity-based teaching strategies into their lessons

was a key to success in enhancing the classroom learning environment and students’

satisfaction towards mathematics. However, some teachers find these strategies time

consuming and prefer traditional activities, such as paper-and-pencil worksheets, because

they perceive the inflexibility of the curriculum and time pressures as major impediments.

Hopefully, the outcomes of the present research will motivate educators of mathematics to

use more creative pedagogical practices that can help to improve the classroom learning

environment and students’ satisfaction.

Activity-based teaching strategies which involve games, puzzles and hands-on activities

provide students with experience in experimentation, exploration, simulation, imagination

and trial-and-error (Khine and Saleh 2009). Also researchers draw attention to the potential

of activities to support participation, competencies and collaboration (Kirriemuir and

McFarlane 2004). Khine and Saleh (2009) suggest that the challenges that lie ahead for

educators are to draw on teaching strategies to alter traditional approaches to a new
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learning model that involves the use of activities that involve educational games and

simulations in the formal curriculum. They also recommend that teachers capitalise on the

motivational power of activities in the classrooms to promote a more enjoyable learning

environment.

Educators are likely to be interested in our finding that our Arabic version of the CUCEI

was valid and reliable when used with college adult male students in the United Arab

Emirates. This study could guide educators in the future in assessing and improving

learning environments and students’ satisfaction in mathematics in colleges in the UAE

and elsewhere.

Our study adds to the richness of learning environment research with a primary focus on

the mathematics learning environment classroom (e.g. Chionh and Fraser 2009; Dorman

2001; Kilgour 2006; Majeed et al. 2002; Mink and Fraser 2005; Moldavan 2007; Ogbuehi

and Fraser 2007; Spinner and Fraser 2005). Relatively few past learning environment

studies have focused specifically on mathematics classes, and none of these focused on

college-level adult male students who had experienced difficulties learning mathematics

when they attended school.

References

Aldridge, J. M., Fraser, B. J., & Huang, I. T. C. (1999). Investigating classroom environments in Taiwan and
Australia with multiple research methods. Journal of Educational Research, 93, 48–62.

Aldridge, J. M., Laugksch, R. C., & Fraser, B. J. (2006). School-level environment and outcomes-based
education in South Africa. Learning Environments Research, 9, 123–147.

Baxter, P., & Jack, S. (2008). Qualitative case study methodology: Study design and implementation for
novice researchers. The Qualitative Report, 13, 544–559.

Bragg, L. A. (2007). Students’ conflicting attitudes towards games as a vehicle for learning mathematics: A
methodological dilemma. Mathematics Education Research Journal, 19, 29–44.

Chionh, Y. H., & Fraser, B. J. (2009). Classroom environment, achievement, attitudes and self-esteem in
geography and mathematics in Singapore. International Research in Geographical and Environmental
Education, 18, 29–44.

Coakes, S., & Steed, L. (2005). SPSS: Analysis without anguish: Version 12.0 for Windows. Milton: Wiley.
Cockcroft, W. (1982). Mathematics counts: Report of the committee of inquiry into the teaching of math-

ematics in school. London: HMSO.
Cohen, J. (1977). Statistical power analysis for the behaviorial sciences. New York: Academic Press.
Cooper, B. (2001). Social class and ‘real-life’ mathematics assessments. In P. Gates (Ed.), Issues in

mathematics teaching (pp. 245–258). London: Routledge-Falmer.
Cooper, B., & Dunne, M. (2000). Assessing children’s mathematical knowledge: Social class, sex and

problem solving. Buckingham: Open University Press.
Dorman, J. P. (2001). Associations between classroom environment and academic efficacy. Learning

Environments Research, 4, 243–257.
Dorman, J. P., & Fraser, B. J. (2009). Psychological environment and affective outcomes in technology-rich

classrooms: Testing a causal model. Social Psychology of Education, 12, 77–99.
Ercikan, K. (1998). Translation effects in international assessments. International Journal of Educational

Research, 29, 543–553.
Fisher, D. L., & Fraser, B. J. (1981). Validity and use of my class inventory. Science Education, 65,

145–156.
Forman, S. L., & Steen, L. (1999). Beyond eighth grade: Functional mathematics for life and work.

Berkeley, CA: National Center for Research in Vocational Education.
Fraser, B. J. (1998). Classroom environment instruments: Development, validity and applications. Learning

Environments Research, 1, 7–33.
Fraser, B. J. (2007). Classroom learning environments. In S. K. Abell & N. G. Lederman (Eds.), Handbook

of research on science education (pp. 103–124). Mahwah, NJ: Lawrence Erlbaum.
Fraser, B. J. (2012). Classroom learning environments: Retrospect, context and prospect. In B. J. Fraser, K.

G. Tobin, & C. J. McRobbie (Eds.), Second international handbook of science education (pp.
1191–1239). New York: Springer.

Learning Environ Res (2015) 18:1–13 11

123



Fraser, B. J., & Treagust, D. F. (1986). Validity and use of an instrument for assessing classroom psy-
chosocial environment in higher education. Higher Education, 15, 37–57.

Fraser, B. J., Treagust, D. F., & Dennis, (1986). Development of an instrument for assessing classroom
psychosocial environment in universities and colleges. Studies in Higher Education, 11, 43–54.

Fraser, B. J., Williamson, J. C., & Tobin, K. (1987). Use of classroom and school climate scales in
evaluating alternative high schools. Teaching and Teacher Education, 3, 219–231.

Gaad, E., Arif, M., & Scott, F. (2006). Systems analysis of the UAE education system. International Journal
of Educational Management, 20, 291–303.

Gosen, J., & Washbush, J. (2004). A review of scholarship on assessing experiential learning effectiveness.
Simulation and Gaming, 35, 270–293.

Gough, J. (1999). Playing (mathematics) games: When is a game not a game? Australian Primary Math-
ematics Classroom, 4(2), 12–17.

Hartshorne, H., & May, M. (1928). Deceit measures. New York: Macmillan.
Hayman, M. (1975). To each according to his needs. Mathematical Gazette, 59, 17–153.
Hendricks, J. (1997). First step towards teaching. Columbus, OH: Merrill.
Her Majesty’s Inspectorate. (1985). Mathematics 5–16: Curriculum matters. London: HMSO.
Khine, M. S., & Saleh, I. H. (2009). Gameplay habits among middle school students: A descriptive study.

Journal of Educational Technology Systems, 34, 431–440.
Kilgour, P. W. (2006). Student, teacher and parent perceptions of classroom environment in streamed and

unstreamed mathematics classrooms. Unpublished doctoral thesis, Curtin University of Technology,
Perth.

Kirriemuir, J., & McFarlane, A. (2004). Literature review in games and learning. Bristol, UK: Futurelab.
Knowles, M. S. (1984). Andragogy in action. San Francisco: Jossey-Bass.
Lewin, K. (1936). Principles of topological psychology. New York: McGraw.
Logan, K. A., Crump, B. J., & Rennie, L. J. (2006). Measuring the computer classroom environment:

Lessons learned from using a new instrument. Learning Environments Research, 9, 67–93.
MacLeod, C., & Fraser, B. J. (2010). Development, validation and application of a modified Arabic

translation of the What Is Happening In This Class? (WIHIC) questionnaire. Learning Environments
Research, 13, 105–125.

Majeed, A., Fraser, B. J., & Aldridge, J. M. (2002). Learning environment and its association with student
satisfaction among mathematics students in Brunei Darussalam. Learning Environments Research, 5,
203–226.

Maor, D., & Fraser, B. J. (1996). Use of classroom environment perceptions in evaluating inquiry based
computer assisted learning. International Journal of Science Education, 18, 401–421.

Martin-Dunlop, C., & Fraser, B. J. (2008). Learning environment and attitudes associated with an innovative
course designed for prospective elementary teachers. International Journal of Science and Mathe-
matics Education, 6, 163–190.

Massey, A. P., Brown, S. A., & Johnston, J. D. (2005). It’s all fun and games…Until students learn. Journal
of Information Systems Education, 16, 9–14.

McCannon, M., & Crews, T. B. (2000). Assessing the technology needs of elementary school teachers.
Journal of Technology and Teacher Education, 8, 111–121.

McGrath, V. (2009). Reviewing the evidence on how adult students learn: An examination of Knowles’
model of andragogy. The Irish Journal of Adult and Community Education, 99–110. (ERIC Document
Reproduction Service No. ED860562).

Mink, D. V., & Fraser, B. J. (2005). Evaluation of a K–5 mathematics program which integrates children’s
literature: Classroom environment and attitudes. International Journal of Science and Mathematics
Education, 3, 59–85.

Moldavan, C. C. (2007). Attitudes towards mathematics of precalculus and calculus students. Focus on
learning problems in mathematics. Retrieved October 08, 2012, from http://www.thefreelibrary.com/
Attitudes?towards?mathematics?.

Nayak, A. K., & Rao, V. K. (2002). Classroom teaching methods and practices. New Delhi: Nangia &
A.P.H. Publishers.

Nix, R. K., Fraser, B. J., & Ledbetter, C. E. (2005). Evaluating an integrated science learning environment
using the Constructivist Learning Environment Survey. Learning Environments Research, 8, 109–133.

Ogbuehi, P. I., & Fraser, B. J. (2007). Learning environment, attitudes and conceptual development asso-
ciated with innovative strategies in middle-school mathematics. Learning Environments Research, 10,
101–114.

Owens, K. (2005). Substantive communication of space mathematics in upper primary school. In H.
L. Chick & J. I. Vincent (Eds.), Proceedings of the 29th annual conference of the international group
for the psychology of mathematics education (Vol. 4, pp. 33–40). Melbourne: PME.

12 Learning Environ Res (2015) 18:1–13

123

http://www.thefreelibrary.com/Attitudes%2btowards%2bmathematics%2b
http://www.thefreelibrary.com/Attitudes%2btowards%2bmathematics%2b


Patton, M. Q. (1990). Qualitative evaluation and research methods (2nd ed.). Newbury Park, CA: Sage
Publications.

Proserpio, L., & Gioia, D. (2007). Teaching the virtual generation. Academy of Management Learning and
Education, 6, 69–80.

Rowland, V., & Birkett, K. (1992). Personal effectiveness for teacher. Hempstead: Simon and Schuster.
Shaw, K. E., Badri, A. A., & Hukul, A. (1995). Management concerns in the United Arab Emirates state

school. International Journal of Educational Management, 9, 8–13.
Spinner, H., & Fraser, B. J. (2005). Evaluation of an innovative mathematics program in terms of classroom

environment, student attitudes, and conceptual development. International Journal of Science and
Mathematics Education, 3, 267–293.

Taylor, P. C., Fraser, B. J., & Fisher, D. L. (1997). Monitoring constructivist classroom learning environ-
ments. International Journal of Educational Research, 27, 293–302.

Thompson, B. (1998). Review of ‘what if there were no significance tests?’. Educational and Psychological
Measurement, 58, 334–346.

Tolman, M. N. (1999). Hands-on science activities. New York: Parker Publishing Company.
Warwick, D. P., & Osherson, S. (1973). Comparative analysis in the social sciences. In D. P. Warwick & S.

Osherson (Eds.), Comparative research methods: An overview (pp. 3–41). Englewood Cliffs, NJ:
Prentice-Hall.

Wolf, S. J., & Fraser, B. J. (2008). Learning environment, attitudes and achievement among middle-school
science students using inquiry-based laboratory activities. Research in Science Education, 38,
321–341.

Zantow, K., Knowlton, D. S., & Sharp, D. C. (2005). More than fun and games: Reconsidering the virtues of
strategic management simulations. Academy of Management Learning & Education, 4, 451–458.

Learning Environ Res (2015) 18:1–13 13

123


	Effectiveness of teaching strategies for engaging adults who experienced childhood difficulties in learning mathematics
	Abstract
	Introduction
	Aims of the study
	Background
	Field of learning environments
	Adult learners

	Research methods
	Sample
	College and University Classroom Environment Inventory (CUCEI)
	Translation of CUCEI into Arabic and back translation

	Analyses and results
	Validity and reliability of modified CUCEI
	Evaluation of teaching strategies in terms of pretest--posttest changes
	Case studies

	Conclusion
	References


