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This investigation covers learning motivation among engineering students and the relationships
between learning approaches and those motivating factors. A questionnaire-based research frame-
work that addresses these motivating factors and their linkages with team learning and action-
learning approaches was employed. The findings from the study provide insights into the development
of teaching inventories for engineering students. To enable students to learn effectively, a supportive
setting with pulling forces should be provided (i.e. rewards, achievement, clear goals) and a
cooperative group-based learning environment should exist (i.e. group pressure). Based on this
study, suggestions are offered regarding what can be developed to promote students' motivation.
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INTRODUCTION

ENGINEERS ARE VITAL to any prospering
society and the effective training of the next
generation of engineers is therefore crucial. Essen-
tial to the success of engineering education is the
learning motivation among the students. Learning
and motivation are highly complex facets of
human behaviour. People do learn from their
experiences, and their willingness to learn is
affected by a set of determinants. Relationships
between motivating factors and learning have been
a prominent research topic in the field of higher
education [1].

MOTIVATION AND LEARNING

Motivation is believed to be an enabler for
learning and academic success [1, 2]. The impor-
tance of motivation for knowledge transfer has
been advocated by several researchers [3, 4]. It
isn't surprising, therefore, that the aim of every
learning-orientated researcher is to explore the
factors that enable and motivate individuals to
learn.

Motivation in learning is described as the desire
to use the knowledge and skills mastered in asso-

ciated learning activities [5]. It constitutes a central
force when going through process-of-learning
activities. Motivational theories, such as motives
and needs [6, 7, 8], Expectancy Theory [9], Adam's
Equity Theory [10, 11] Cognitive Theory [12] and
Reinforcement Theory [13], Goal Setting Theory
[14], have been widely studied.

Recent research has primarily focused on the
need for achievement, which interacts with other
variables to influence performance, and it has
examined its relationship with work behaviour
[15]. Meanwhile, cognitive ability is found to
moderate the relationship between need for
achievement and performance [16].

Expectancy theory [9] suggests that motivation
is a multiplicative function of three constructs:

1) expectancy (people have different expectations
and levels of confidence about what they are
capable of doing);

2) instrumentality (the perceptions of individuals
whether they will actually get what they desire);

3) valence (valence refers to the emotional orienta-
tions people hold with respect to outcomes or
rewards).

Rasch and Tosi [17] proved the significant rela-
tionships between performance and the elements
such as expectancy, goal setting (the notion that
individuals have a drive to reach a clearly defined
end state) and the need for achievement of an
individual.* Accepted 24 August 2008.
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Equity [10, 11, 18] was primarily proposed as a
way of understanding how people respond to situa-
tions in which they are treated more or less favour-
ably in comparison to a referent `other'. This theory
attempts to explain relational satisfaction in terms
of perceptions of fair/unfair distributions of
resources within interpersonal relationships.

Reinforcement Theory and Cognitive Evalua-
tion Theory have also been two of the key theories
within the mainstream of motivation field. Rein-
forcement theory emphasizes the relationship
between behaviour and its consequences [13].
Cognitive Evaluation Theory suggests two motiva-
tional subsystems: extrinsic subsystem and intrin-
sic subsystem [12], in which situational variables
and impacts from external sources could signifi-
cantly affect the cognition and hence the motiva-
tion of an individual. This theory argues that
intrinsic motivation is maintained only when
actors feel competent and self-determined.

The above-mentioned theories are commonly
used to explain how individuals are motivated
intrinsically, while it has long been believed that
individual motivation greatly affects human beha-
viour and determines learning.

Personal goals
Personal goals are important in determining

performance. The positive relationship between
efficacy and performance has been addressed [19,
20]. The mediating roles of self-efficacies of
students towards academic achievements have
been proved [21, 22, 23].

Research focused on several important issues
related to the theory of goal setting was carried
out in the 1990s. This included the study of goal
difficulty-performance relationship, goal commit-
ment in goal setting [14], personal goals and self-
efficacy and effectiveness of goal setting. Self-
efficacy generally refers to what a person believes
he or she can do in a particular task. Wofford's
study examined the role of self-efficacy in the goal-
setting process and self-efficacy has been proven to
correlate with the intrinsic motivation and
commitment to goal attainment [14]. People with
high-level self-efficacy are likely to set high goals
and to perform well [24]. Self-set goals are often
more desirable than assigned goals because they
automatically engender higher-level commitment
[25]. Klein and Mulvey [26] further suggested that
cohesiveness within teams also positively relates to
goal commitment.

Team learning
Not surprisingly, team learning has been proved

to be gaining importance as a developmental strat-
egy [27, 28, 29]. It has been well documented [30, 31]
and extensively studied [32, 33, 34, 35, 36, 37, 38].

Peter Senge [37] explained that team perfor-
mance improvement is a result of the collective
intelligence of a team, which exceeds the sum of
intelligence of individuals. Knowledge gained by
teams has been associated with realizable benefits
in the form of improved performance [35, 39, 40].
This aligns well and is similar to the Core Group
Theory, which explains how the power, knowledge
and influence of core groups interacts with oppor-
tunities to gain learning and creativity for the
groups concerned [41].

Action learning
Action learning has been proposed as one of the

effective approaches in learning [42] and a prob-
lem-solving approach when facing complex
problems [43]. It was first elaborated by Revans
[44] as a type of learning that comes from concrete
problem-solving experience and critical reflection
within a social environment, by encompassing a
wide variety of management learning methods and
activities of action and reflection with proper
facilitation [45]. Learning does not take place
solely within groups [46]. Emphasizing the impor-
tance of the empowerment of individuals to take
action, action learning therefore allows effective
learning to take place at both individual and
organizational levels [47, 48, 49]. In this way, the
goal-driven action learning through project teams
can be applied as the learning approach.

STUDY AND RESEARCH FRAMEWORK

In this study, while searching for a ground for
learning success, a better understanding of the
determinants of learning effectiveness will thus
improve the likelihood of achieving a preferred
outcome. Figure 1 shows the research framework
linking the motivating factors and learning
approaches.

METHODOLOGY

Questionnaire design
To investigate the learning motivating factors of

selected groups of students, a questionnaire for

Fig. 1. The research framework.
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student learning teams motivating factors study is
developed by referring to the previous work of Yin
et al [50]. The questionnaires comprised two parts.
The first part solicits demographic information
(program, mode of study). The second part ad-
dresses the motivating factors which may affect
students' learning motivation.

Pilot study and finalized questionnaire
The preliminary questionnaire was used in the

pilot study to help identify the key motivating
factors and thus provide a basis for further refine-
ments. The pilot study was carried in early 2007
(samples were collected from Norway, Hong Kong
and Taiwan to check also for differences related to
culture [53, 54] ). This helped to check the validity
of the questionnaire and appropriateness of the
probing questions.

The questionnaires were in four parts. The first
part asked for demographic information, such as
level of study (undergraduate or postgraduate),
mode of study (full time or part time), gender
and the learning approach (if students are taking
team-based/ action-based learning courses).

The second part enabled the identification of
factors having positive motivating effect on learn-
ing. There are 23 statements of 6 motivating factor
dimensions and their perception towards the learn-
ing approaches (team-based learning and action-
based learning).

A 1±6 Likert-scale scoring system was adopted,
ranging from `disagree very much' to `agree very
much'. The high score represents a strong positive
motivating effect on learning. The discerning point
is set as 3.5, the middle of the scale.

The finalized questionnaires were first authored
in English. It was then translated into traditional
Chinese by the author from Hong Kong.

Participants
The questionnaire was developed in two stages.

First, the pilot group was asked to evaluate the
appropriateness of the learning motivating factor
questions. These results provided a preliminary
basis for a pilot instrument for further tests.
Another round of larger scale pilot study was
carried out in early 2007 for further refinements,
which further confirmed the appropriateness of the
statements set.

Table 1 lists demographic details of the students
participating, including the total number of
students for each group (and university), the
number of females, the mean age and its standard
deviation.

Data collection
Data collection started in Hong Kong in January

2008. A total of 144 students from City University of
Hong Kong were invited, and 79 returned the
questionnaires. The data collected in Hong Kong
included 67 undergraduate students, 12 postgradu-
ate students, composing full time and part time
students. The students were contacted during class

time to secure a high response rate and some of them
were e-mailed with their forms submitted electro-
nically. Data were manually entered into Microsoft
Excel spreadsheets which were later imported into
SPSS for statistical analysis.

Statistical approach: reliability and factor analysis
Reliability testing was based on average inter-

item correlation (i.e. Cronbach Alpha). The high
value of � (0.9627) suggests a high level of internal
data consistency.

Factor analysis was also applied to check if the
motivating factors were properly categorized. The
high value of Kaiser-Meyer-Olkin Measure of
Sampling Adequacy (0.874) indicates the variance
in variables might be caused by underlying factors,
thus a factor analysis may be useful. Very small
values of significance (i.e. 0.00) indicate that there
are probably significant relationships among vari-
ables.

The factor analysis suggested a better categor-
ization of the motivating factors. The results are
shown in Table 2.

FINDINGS

Table 3. Summary of findings of six key
constructs of motivating factors

T-Test
Data obtained from the survey are derived from

interval measurements (Likert scale on continuous
basis). It was assumed that the measurement scales
are intervals so that arithmetic operations can be
used while observations are independent. Para-
metric techniques are thus used as the test of
hypotheses being set [52]. In this study, t-test was
used; results are summarized in Table 4.

Statistical analysis was carried out using SPSS.
Besides descriptive statistics, one-tailed t-test was
adopted to test the hypotheses set. The significance
level was set as � = 0.05. It was hypothesized that
the mean score above 3.5 was of positive motivat-
ing effect, thus the hypotheses can be set as
follows:

H0: � � 3.5
H1: � > 3.5

Table 1. Demographic detail of the respondents

Number of respondents

Master
Level

Undergraduate
Level

Full time Part time

Invitations 48 59 41
Male 10 29 14
Female 2 21 3
Subtotal of responses 12 50 17
Response Rate % 25% 85% 41%
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Critical value can be found from the t-table
according to the degree of freedom. The t-value
of each motivating factor construct provides the
evidence that indicates its motivating effect on
learning. The results show that most of the
constructs provide strong evidence that they have

a positive motivating effect on learning, except for
`Punishment', which attracts our attention and
concern.

Correlation of factors
Correlation of factors has also been testified.

Table 2. Summary of results on factor analysis of the motivating factors

Scale Code Factor Loadings*

1 Individuals attitudes and expectations
Expectation of benefits A1 0.705
Positive attitudes A2 0.795
High marks B1 0.807
Positive outcomes B2 0.529

2 Challenging Goals
New challenges C1 0.705
Challenging deadline C2 0.757
Challenging goal C3 0.584

3 The Pulling forces
Clear goal/vision and Competitive Objectives
Clear goal D1 0.591
Clear specifications D2 0.763
Championship E1 0.554
Reward & Reinforcement
Appraisal F1 0.683
Reward F2 0.524
Encouragement G1 0.650

4 Punishment
Motivation w punishment H1 0.906
Team w punishment H2 0.936
Mistake avoidance w punishment H3 0.898

5 Group Pressure
Competition in team I2 0.641
Motivation in team I3 0.686

Remarks*:
� Factor loadings are the rotated component matrix by factor analysis, Extraction Method: Principal Component Analysis.
� Rotation Method: Varimax with Kaiser Normalization.

Table 3 summarizes the results of the six key motivating factors.

Master Level Undergraduate Overall

Full time Part time

Constructs Mean Std. D Mean Std. D Mean Std. D Mean Std. D

1. Individual Attitudes and Expectation 4.92 1.008 5.01 0.682 4.78 0.586 5.00 0.734
2. Challenging Goals 4.69 0.958 4.43 0.710 4.51 0.590 4.47 0.752
3. The Pulling forces 4.94 1.038 4.89 0.647 4.86 0.550 4.89 0.712
4. Punishment 3.36 1.077 3.51 1.273 3.41 1.205 3.49 1.241
5. Group Pressure 4.67 1.073 4.60 0.775 4.53 0.800 4.61 0.819
6. Learning Approach 4.54 1.033 4.61 0.861 4.76 0.664 4.60 0.882

Table 4. Results from the t-test

Constructs Critical Value t Sig. Test Value= 3.5

df= 78 Mean Std. D

1. Individual Attitudes and Expectation 1.99 18.17 0.000 5.00 0.734
2. Challenging Goals 2.53 11.45 0.000 4.47 0.752
3. The Pulling forces 2.11 17.42 0.000 4.89 0.712
4. Punishment 3.51 ±0.08 0.940 3.49 1.241
5. Group Pressure 2.39 17.42 0.000 4.61 0.819
6. Learning Approach 3.41 11.10 0.000 4.60 0.882
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The simple correlation analysis (Table 5) indicates
that all motivating factors are significantly corre-
lated with learning, except for `Punishment'. The
stepwise regression analysis was also carried out to
help identify the predictors that most adequately
predict responses on a dependent variable.

Linkage between team learning and motivating
factors

Tables 6 and 7 summarize the stepwise regres-
sion model. They show that all five motivating
factors entered into the regression model. The F
change is significant at the 0.001 level. The R
square value is sufficiently high (0.651) to show
that the variation in this model accounted for most
of the variance in the learning as perceived by
students.

The `Pulling forces' and `Group Pressure' are
significantly correlated with learning at 0.01 levels,
and the standardized coefficients are rather large
to indicate a significant correlation with learning.
This implies that a change in these two compo-
nents will definitely influence learning, and vice
versa. The result supports the positive and corres-

ponding relationship between these variables, thus
justifying the assumptions on the influence of these
components on learning while team- and action-
based learning are facilitated.

DISCUSSION

Some interesting implications are seen from the
above analysis (Table 3 and Table 4). In general,
the extrinsic factors (i.e. `Pulling forces', `Group
Pressure' and `Learning approach) may usually
have some motivating effect while the intrinsic
factors (i.e. `Individual attitudes and expectations')
are dominating (�= 5.00).

From the correlation (Table 5) and stepwise
regression results (Table 6), it has been found
that `Pulling forces' and `Group Pressures' are
the two keys for motivating team-based and
action-based learning. It can be easily understood
that for the team-based action learning to be
facilitated, a supportive environment with enabling
extrinsic factors such as rewards and a group-
based setting is essential.

Table 5. Correlation of factors and their linkage to learning approaches

Constructs Individual
Attitudes and
Expectation

Challenging
Goals

The Pulling
forces

Punishment Group
Pressure

1. Individual Attitudes and Expectation 1 / / / /
2. Challenging Goals 0.554** 1 / / /
3. The Pulling forces 0.726** 0.589** 1 / /
4. Punishment 0.202 0.137 0.146 1 /
5. Group Pressure 0.613** 0.521** 0.733** 0.351** 1
6. Learning Approach 0.557** 0.533** 0.746** 0.243* 0.748**

Pearson correlation, listwise, N= 79, 1-tailed, *P<0.05, **P<0.01.

Table 7. Coefficients of independent variables

Model Un-standardized coefficients Standardized
coefficients

t Sig.

B Std error Beta

1 Constant ±0.244 0.474 / ±0.514 0.609
1. Individual Attitudes and Expectation ±0.0856 0.126 ±0.071 ±0.681 0.498
2. Challenging Goals 0.116 0.104 0.099 1.121 0.266
3. The Pulling forces 0.538 0.153 0.434 3.513 0.001
4. Punishment 0.0264 0.054 0.037 0.494 0.623
5. Group Pressure 0.440 0.119 0.409 3.688 0.000

Dependent variable: Learning approach.

Table 6. Model summary of the stepwise regression

Model R square Std error of the estimate Change statistics

R square change F Sig.

1 0.651 0.53827 0.080 27.293 0.000

Dependent variable: Learning approach.
Entering variables: Individual Attitudes and Expectation, Challenging Goals, The Pulling forces, Punishment, Group Pressure.
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In the meantime, the `Individual attitude and
expectation' still plays an important motivator
role; what people expect and value in a task may
be important in defining whether this factor is
effective in motivating people in team learning.

INSIGHTS ON TEACHING
ENGINEERING STUDENTS

There was a tendency for students in the study to
choose some of the factors as having great moti-
vating effect, such as high expectation of outcomes
and group pressure. The consequence is that if the
expectation is too high and the group is not
capable of meeting it or the pressure is too large
and causes some of the members in the group to
lose confidence, the effect on overall team learning
may be the reverse. In order to overcome this
problem, to have a good understanding among
the group members is very important. With good
communication, desired cooperation and team
commitment could often be realized, which
would in turn help to motivate the learning team
members.

The study also provides a means to examine how
these factors influence learning among engineering
students. Some of the extrinsic factors are closely
related to personality. For example, factors such as
challenging work/job or punishment, how do they
influence and to what extent are they dependent on
the personality of the group members and their
individual value? Such questions underline the
importance of proper settings for team-based
learning.

Additionally, the findings from the study give
insights into the development of teaching inven-
tories for engineering students. Both the learning
group setting and learning objectives should be
taken into consideration when a course is being
developed. To enable students to learn effectively,
a supportive setting with enabling pulling forces
(i.e. rewards, achievement, clear goals) and a
cooperative group-based learning environment
(i.e. group pressure) should be provided. Knowing
`What' the influencing factors are prompts the
question of `How' to find the factors that could
motivate team learning effectively. One way is to
try to correlate the factors identified with the team
performance [57].

As educators in higher education we strive to
provide a good education, facilitating learning
frameworks; approaches are designed and put
into place in an attempt to achieve this goal [56].
Educators thus need to be aware that the best
course contents and structures are not enough.
The motivation and setting for learning affect the
success of courses designed to ensure learning.
Learning will not happen without motivation and
a supportive environment. Academics need to be
aware of and account for the effects of student
motivation in any studies [55]. If student motiva-
tion is lacking, the effectiveness of any intervention
will be reduced. They also need to make sure that
continuing attention is paid to ensuring that
students are motivated at both individual and
collective levels and have a clear vision of the
subject being studied, to increase the effectiveness
of learning and achieve a higher level of perfor-
mance.

CONCLUDING REMARKS AND
FUTURE WORK

The study showed that the investigated factors
have certain degrees of positive motivating effect
whereas the extrinsic factor `̀ Punishment'' is quite
weak in this.

Intrinsic factors (i.e. individual attitude and
expectations) scored higher, although they are
hard to measure and control. Extrinsic factors
have a positive motivating effect on team-based
learning while intrinsic factors play an important
role in motivating individual members in the learn-
ing teams.

We have put the focus on team learning; unlike
individual learning, this requires better under-
standing of people not only as individuals but as
team dynamics as well. The environment, which is
all the extrinsic factors when `applied appropri-
ately', will have a considerable positive motivating
effect on team learning.

The survey is confined to the university's learn-
ing environment for engineering students in a
Hong Kong university. Its scope could be widened
by taking a larger sample of subjects from different
countries.
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