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Abstract - Students ordinarily use both domain-dependent 

(such as seeking specific domain help) and domain-

independent (such as trying to relax) strategies in regulating 

their affective states in learning. By contrast, current affective 

tutoring systems concentrate on the deployment of domain-

dependent strategies only in regulating students’ emotional 

states in learning. This paper reports the results of an 

experimental study that evaluated students’ performance using 

the proposed framework. In a between-subjects experiment, 

students used two versions of a system for teaching data 

structures. The systems differed only in that one supported 

domain independent strategies, while both system systems 

supported domain-dependent strategies. Results provide some 

evidence that the experimental groups (presented with both the 

domain-dependent and domain-independent strategies) 

performed better than the control group (presented with only 

domain-dependent strategy) in learning data structures.  

Keywords- Emotions, Affective tutoring system, Domain-

independent strategies 

I.  INTRODUCTION  

Emotions mediated by appropriate attention, self-
regulation and motivation strategies can lead to a positive 
effect on learning and achievement [29]. A growing concern 
for the vital role of affect in education is evident from the 
work of academics over the last 10 years [29]. The 
awareness and interest in emotions and students’ 
achievement is reflected in several special issues on emotion 
in learning (e.g. [12]).   

II.  THE EFFECT OF POSITIVE EMOTIONS ON LEARNING 

The ability to momentarily broaden the scope of 
cognition is the first advantage of a positive emotional state. 
It allows an individual to become more creative, flexible, and 
efficient (see [16] for a review). Fredrickson & Levenson 
[16] argue that these characteristics allow an individual to 
build an array of enduring personal resources and, by 
consequence, initiate an upward spiral towards an increase in 
the state of well-being. Evidence from the study conducted 
by Isen and colleagues  shows that people experiencing 
positive emotions display patterns of thought that are notably 
unusual, flexible and efficient ([22]). In another experiment, 
Fredrickson & Branigan [15] conducted a study to examine 
the relationship between positive emotions and thought-

action repertoire. In their study, participants were 
experimentally induced to either positive (i.e. joy and 
contentment), negative (fear and anger) or neutral emotions 
after which they listed all thoughts about what they would 
like to do right then (a measure of breadth in participants’ 
thought-action repertoire). They found that individuals in a 
positive emotional state listed significantly more things than 
those in the negative or neutral emotional state.  

Broadening students’ scope for action is the second 
advantage of students being in a positive emotional state. 
Renninger [31] studied children’s reactions when playing 
with objects that elicited interest. He found that children in a 
positive emotional state showed a wider range of types of 
play, more variations of action within play types and longer 
play episodes when dealing with elicited interest objects.  

Finally, positive emotions have the ability to correct, 
restore, and undo the after-effects of negative emotions 
(e.g.[16, 24]). It is hypothesised that positive emotions 
restore autonomic quiescence following a negative emotional 
arousal [16]. In one experiment, Fredrickson & Levenson 
[16] measured the time elapsed from the start of a randomly 
assigned film until the cardiovascular reactions induced by 
the negative emotion returned to baseline levels. They used 
four cardiovascular reaction measurements; 1) the interval of 
heart beat period, 2) the pulse transmission time to the ears, 
3) the pulse transmission time to the finger and 4) the 
amount of blood in the tip of the finger (see [16] for details 
of the study). They reported that participants in a positive 
emotional state exhibited faster recovery. This finding 
indicates that positive emotions have the ability to reduce a 
negative emotional arousal.  

Pekrun et al. [29] suggest that positive emotions are 
worthy of investigation. They postulate: 

 
“ .. emotions help to envision goals and 
challenges, open  the mind to thoughts and 
problem-solving, protect health by fostering 
resiliency, create attachment to significant 
others, lay the groundwork for individual self-
regulation, and guide the behaviour of 
groups, social system , and nations ” (p 149) 

 
 
There is also evidence to show that positive emotions 

play a pivotal role in educational settings (e.g.  [29,18]).  For 
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example, Pekrun et al. (2002) highlighted the relevance of 
positive academic emotions with regard to self-regulation, 
strategy use, motivation and activation of cognition resources 
in students. Likewise, Aspinwall [3] argues that positive 
emotions can effectively contribute to self-regulatory process 
in students. More specifically, positive emotions have been 
found to positively relate to students’ involvement in terms 
of motivation for further success [21], career aspirations, and 
occupational choices in specific domains (e.g.[18,36]). For 
example, Wigfield & Jacquelynne [36] found that students 
who experienced negative emotions in learning mathematics 
were less likely to pursue a career in this domain.  

Nevertheless, there is also research on dysfunctional of 
positive emotions (e.g. [34]). For example, Tiba & Szentagoi 
[34] argue that uncontrolled strong positive emotions such 
pride, joy and contentment can influence individual 
behaviour to deploy unrealistic expectation [12], cognitive 
bias leading to inappropriate action and strategies [29], 
reduce creativity in decision-making [2], and appraisal 
components [24]. In high level sport such as the Olympic 
Games, positive emotions are perceived as dysfunctional. 
Positive emotion states such as calm, relaxed, satisfied or too 
confident can be detrimental to the athlete’s performance 
[20].  

In a learning context, positive emotions may also 
sometimes require regulation. For example, getting the 
correct answer to a difficult question could elicit positive 
emotions such as joy and pride, but lead to inappropriate 
learning activities if too much attention is given to the 
elicited emotions. Without regulation, excessive positive 
emotions can direct student to focus on the euphoria and 
underestimate the effort needed to attain a good result [12]. 
Consequently, they become overconfident and less likely to 
increase their effort in learning.   

Taken together, the findings suggest that a careful 
approach on positive emotion regulation should be 
considered in an affective tutorial system framework so that 
the positive emotion can be nurtured to optimise learning.  

III.  THE EFFECT OF NEGATIVE EMOTIONS IN 

LEARNING 

Negative emotions have been found to be associated with 
several cognitive and learning deficits. The first is a 
perceptual deficit. Students in a negative emotional state 
sometimes cannot recognize the exact emotions they are 
experiencing [17]). This may lead to a student sometimes 
ignoring or denying his emotional state or mislabelling it as 
physiological. As a result, the student may fail to engage in 
adaptive strategies for regulating his negative emotions, 
thereby prolonging his distress. 

The second deficit experienced by students in a negative 
emotional state is that they are inclined to misinterpret the 
causes of problems associated with their learning or may 
misinterpret who is responsible for altering their affect [5]. 
As a result, this deficit may lead the students to seek 
inappropriate solutions to their problem or not to seek any 
solution at all, particularly if they believe that the cause of 
their problem is stable and unchangeable. They are more 

likely to wait for others to make them feel happy, rather than 
to initiate behaviour that will alter their negative feeling. 

Knowledge deficit is the third potential disadvantage 
experienced by students in a negative emotional state. A 
student in this emotional state may have adequate knowledge 
but be unable to use it while in a negative emotional state. 
This knowledge deficit may be a result of never having 
learned effective strategies for managing negative affect. It is 
believed that students in a negative emotional state do not 
engage in effective solutions because they do not expect that 
the strategies will help modify their negative affect; they 
expect that engaging in such strategies will produce 
additional undesirable effects [17].  They also believe that 
while experiencing negative affect, their skills are not 
adequate to implement regulation efficiently.  

Finally, a student in a negative emotional state may 
experience enactment deficit. This is about the inability of 
the student to execute or exercise the necessary responses of 
his selected solutions of a problem [17]. It is possible that 
even if students are aware of appropriate strategies, they will 
be less capable of implementing them because of a general 
skills deficit or a temporary deficit resulting from their 
negative affect. Students with negative affect have been 
found to generate significantly more irrelevant strategies 
than students with positive affect, although they did not 
differ with regard to the total number of alternative strategies 
generated [17].   

In contrast, there are times when the effects of negative 
emotions are useful [23]. Anxiety enables one to be vigilant 
for threat; shame can lead one to monitor others’ options and 
to re-establish one’s reputation. There is evidence to show 
that negative emotions enhance individual performance. For 
instance, Hanin [20] reports that negative emotions such as 
fear, anxiety and tension enhanced athletes’ performance. 
Likewise, musicians and actors need a certain level of 
anxiety arousal in order to perform well (e.g [22,13]). 

In the learning context, negative emotions such as test 
anxiety and mild stress or fear can foster students to be more 
careful and analytical to avoid making unnecessary errors 
[22]. Furthermore, negative emotions provide a helpful 
warning that alert students to potential bad consequences so 
that preventive measures can be invoked and coordinated. 
Similarly, the affective dissonance associated with short term 
failure can be used as a catalyst to improve students’ 
subsequent performance [26]. When allowed to explore and 
discuss the causes of their failure, students become more 
alert and determined to use the learning resources efficiently 
and devise better strategies in their future learning [22].   

However, an excessive level of negative emotions (i.e. 
anxiety and fear) can inhibit students’ performance. 
Repeated errors will create the expectation of mistakes that 
leads to increased of anxiety, leading to more mistakes until 
the student’s performance collapses. Moreover, there is 
evidence that extreme levels of negative emotion may also 
affect self-perception capabilities such as self-confidence 
([5,29,18])  and self-esteem [19] which increases the level of 
anxiety and other negative emotions [22].  This suggests that 
the regulation of the negative emotions within learning 
environment is an important matter to explore.    
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IV. DOMAIN INDEPENDENT STRATEGIES AND 

INTELLIGENT TUTORING SYSTEM  

A growing band of researchers is concerned with 
embedding emotional state reasoning into Intelligent 
Tutoring Systems and Intelligent Learning Environments 
(e.g. [8, 9]). The objective of their area of research is to study 
the effect of emotions on learning. This includes the 
development of algorithms and tools to improve the accuracy 
of detection of the student’s emotional state while learning 
(e.g [8]). In addition, it is  also concerned with how to 
regulate and use elicited emotions to enhance the student’s 
attitude to  learning (including motivation) and academic 
achievement (e.g. [25]). The architecture of current affective 
tutoring systems can be characterised as operating a two-
phase approach. The first phase is the detection or appraisal 
of the student’s affective state and the second phase is about 
responding or reacting using strategies adapted to that state. 

However, the techniques of current affective tutoring 
systems for regulating do not take into account individuals’ 
normal emotion regulation strategies. Lazarus [24] postulates 
two stages of the individual’s emotion regulation 
mechanism. The first stage is the primary appraisal stage, 
which evaluates the relevance of the potential emotion 
elicitor to the individual.  He argues that the coordinated 
responses of adaptive strategies should focus on using 
available resources as a means to manage problematic 
situations and thus improve the elicited emotional state. For 
instance, a weak student who is unprepared for a test might 
decide to stay up late as a strategy to make him feel better. 
Similarly, doing breathing exercises before a sprint event by 
athletics is another example of an emotion regulation 
strategy. 

The second emotion regulation process occurs after the 
emotion has been fully generated [24]. Lazarus [24] refers to 
this regulation process as the secondary appraisal phase. The 
aim of the secondary regulation process is to manage the 
elicited emotional state. It consists of behaviour or cognitive 
responses or strategies that are designed to reduce, 
overcome, or tolerate the demands placed on the individual. 
People are observed using different strategies to deal with 
their elicited emotional states depending on their 
background, knowledge and culture. 

Empirical studies (e.g. [24]) provide strong evidence that 
individuals use both domain-dependent (such as seeking 
specific help) and domain-independent (such as seeking to 
relax) adaptive strategies to regulate or modulate any overly 
intense affective state. Lazarus [24] has classified the 
strategies used by individuals to deal with the different 
intensities of the elicited emotional state into two categories. 
The first category consists of emotion-focused strategies. 
Emotion-focused strategies refer to thoughts or actions 
whose goal is to relieve the emotional impact of stress. They 
are mainly palliative in the sense that such strategies do not 
actually alter the threatening domain or damaging 
environment but are apt to just make the person feel better. 
Avoiding thinking about trouble, denying that anything is 
wrong, distancing or detaching oneself by deep breathing or 

doing relaxation therapy are examples of emotion-focused 
strategies.  

Problem-focused strategies are the second category 
employed by people in regulating their emotional states. 
Lazarus [24] refers to problem-focused strategies as active or 
as direct cognitive or adaptive behavioural efforts to work on 
the problem itself. It involves attempting to change the 
problem by generating and implementing options and steps 
to solve or make the problem less problematic [25]. Seeking 
information about what to do or confronting the person or 
persons responsible for one’s difficulty is examples of such 
strategies.  

For example, Lester et al. [25] report that the deployment 
of different problem-focused coping strategies (i.e. by 
scaffolding students using different levels of help) have a 
positive impact on their affective state and improved their 
performance. Likewise, Baker & Berenbaum [4]  report that 
the use of problem-focused strategies (different levels of 
help) improved students’ problem-solving skills.  

Within the affective tutoring system (ATS) context, three 
approaches to problem-focused strategies are noted:- a) to 
provide feedback or analysis of the students’ answers, b) to 
provide different level of help (i.e. scaffolding)  to the 
students and c) to  organize or suggest  the student’s next 
task. Furthermore, there is evidence of the successful use of 
these strategies which not only improves students’ affective 
states, but also their academic achievement (e.g. [8,25])  In 
addition, Lazarus and his colleagues’ longitudinal studies 
(e.g [14]) provide empirical support for the premise that 
people use both emotion-focused strategies and problem-
focused strategies when coping with a problematic 
environment. 

Current affective ITS system, however, concentrate very 
largely on the use of domain-dependent strategies as their 
means to help students regulate their affective state. Thus, 
there is a need to explore the value of using domain-
independent strategies alongside domain dependent ones. 
Yusoff & du Boulay [38] proposed an affective (ATS) 
framework that integrates a domain-independent strategy 
into intelligent tutoring system architecture. In this 
framework, relaxation exercise and positive affirmation 
statements are proposed as the domain-independent strategy.  

There is empirical evidence to suggest that the 
deployment of emotion-focused strategies such as relaxation 
therapy is effective in improving emotional state (e.g. [2]). 
For example, Deffenbacher et al. [11] attributed the ability of 
patients to control their hostile and aggressive behaviour to 
the relaxation exercise sessions that the patients undertook. 

In another study, Toivanen et al. [35] reported that 
relaxation exercises significantly reduced physiological 
tension and depression levels amongst a group of hospital 
cleaners. Likewise, Ortiz & La Grange, [27] found that 
progressive relaxation exercises technique could enhance 
recreational golfers’ performance.  

Several studies suggest that there is a positive 
relationship between relaxation exercises and students’ 
performance within the classroom environment. For 
instance, Benson et al. [6] studied the relationship between a 
relaxation response curriculum and academic achievement 
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amongst middle class students. The results suggest that 
students who had more exposure to the relaxation exercises 
curriculum showed an improvement in their grade point 
average scores, work habit scores and cooperation scores 
over the course of a two-year period [6]. Recently, there has 
been an attempt to develop commercial computer-based 
relaxation exercise software which has produced a positive 
result [32]. Results of the study revealed that the students 
who used the software were observed to record a 35% 
improvement in maths scores and a 14% improvement in 
reading scores.  

Thus, in this paper, we present the findings of an 
experimental study which investigated the effect of a 
relaxation exercise and positive affirmation (domain-
independent) strategy on students’ learning performance 
using the framework proposed by Yusoff & du Boulay [38].  
The next section describes the experimental set-up, and the 
succeeding sections describe and discuss the result.  

V. EXPERIMENTAL SETUP  

The objective of the experiment was to investigate the 
effect of the use of a domain-independent strategy on 
students’ learning performance in an affective tutoring 
system (ATS). In addition to looking for effects of the 
domain-independent strategy, the experiment also 
investigated potential differential effects of student ability. 
The students made use of a learning environment that 
presented problems in data structures and provided feedback 
on the quality of the students’ answers.  There were two 
versions of the system in this between-subjects experiment.   

The domain-dependent (DD) version provided a certain 
amount of adaptive help to each student.  The DD+DI 
(domain independent) version provided the same adaptive 
help as the DD version but also required students to 
undertake relaxation exercises and positive affirmation.The 
experiments were conducted over a two week period in 
August 2007 in the Department of Computer Science, 
University of Tenaga Nasional in Malaysia.  

In total, 64 non paid second and third year computer 
science students were involved in the experiment. They were 
divided into two groups;   the experimental group which was 
presented with both the domain-dependent and domain-
independent strategies (referred as DD+DI group), and the 
control group, which was presented with only the domain-
dependent strategies (referred as the DD group). There were 
31 (18 Male and 14 Females) participants who completed the 
DD version with an average age of 20.90 (SD = 1.95) and 33 
participants (21 Male and 12 Females) who completed the 
DD + DI version with an average age of 20.81 (SD = 2.50), 
and were used for further analysis.  

A.  Materials and procedure used in the experiment 

The pre-and post tests and learning materials were 
derived from the first author’s personal question bank for a 
course on Data Structures which follows the University of 
Tenaga Nasional syllabus. It covers two topics; the recursive 
and the linked list. As for the relaxation exercise, a shorter 
version of Jacobson’s and Benson’s relaxation techniques 
which concentrates only on the upper limbs body part was 

used. The experiment consisted of 13 stages. The complete 
flowchart of the experimental design is presented in Figure 1. 
Note that each student undertook the same four lessons in 
total: an introductory and a more advanced lesson on 
recursive and on link-list data structures. Students were 
classified, post hoc, into “low” and “high” ability, depending 
on their score on the pre-test. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.   The experimental design flowchart 
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VI. RESULTS 

Students’ performance was assessed at two learning 
stages: - by the end of the overall session and during each 
lesson itself. The difference between the pre-test and the 
post-test results was used to measure the learning gain by the 
end of the overall session. The percentage of students who 
successfully completed each lesson and the quality of the 
answers produced by the students who did not successfully 
complete the lesson was used to examine students’ 
performance during each lesson itself.  

A.  Students’ learning performance by the end of the 

overall session 

 To calculate the students’ learning gain, the comparisons of 

the pre- and post-tests between the DD and DD+DI groups’ 

were used. The average of post-test scores (out of 100) for 

the DD group was 45.69% and was 67.37% for the DD+DI 

group. As for the pre-test score (out of 100), the DD group’s 

score was 26.23% and the DD+DI group’s score was 

36.26% as shown in (Figure 3).  

 

            
 

Figure 2.   Participants’ pre- and post-test scores 

 

 
 

Figure 3.    Participants’ learning gain 

 

Figure 2 depicts that the DD+DI group registered a 
31.6% learning gain as compared to 19.5% learning gain for 
the DD group. This difference is significant (p <0.05). The 
participants’ learning gain was further classified according to 
their ability (see Figure 3). The low ability students of the 
DD+ DI group were observed to register a higher learning 
gain of 33.5% as compared to 20.7% by the low ability 
students of the DD group. Moreover, the difference was 
observed to be significant (p <0.05). Also, the high ability 

students of the DD+DI group were noted to register a 
slightly higher learning gain of 29.3% as compared to 15.8% 
for the low ability students of the DD group.   

While the difference between the DD+DI and DD group 
for the low ability students was significant (p < 0.05), the 
difference observed for the high ability students was not 
significant (p > 0.05). In conclusion, results from the 
experiment suggest that students of the DD+DI performed 
significantly better in both, learning gain and post-test scores 
than the DD group. Also, no significant difference between 
the two groups for the pre-test was noted which indicated 
that the students of both groups were of same proficiency 
level at the beginning of the experiment.  

B.  Participants’ learning performance during the lessons  

The percentage of students who completed each of the 4 
lessons (L1-L4) successfully was used as an indicator to 
evaluate students’ learning performance during each lesson 
and the quality of the partial answers was used as a second 
indicator.  

I) The percentage of students who completed their 

lessons successfully  

Table 1 shows the comparison between the percentages 
of members of the DD and the DD+DI who completed each 
lesson successfully. In general, the DD+DI group had a 
higher percentage of students who completed their lessons 
successfully. Note that the table indicates that the percentage 
of the low ability students of the DD+DI group who 
completed their lessons successfully was consistently (but 
not significantly) higher than the DD group. However, the 
percentage was observed to be quite low at L1 for both 
groups compared to L2 and L3. 

 
TABLE 1.    PERCENTAGE OF STUDENTS WHO COMPLETED 

THEIR LESSONS SUCCESSFULLY 
Ability Group L1 L2 L3 L 4 Average 

% % % % % Sig. 

test 

Low DD 

(23) 

39.13 30.43 34.78 8.70 28.26  

N 

DD+DI 

(18)  

44.44 61.11 61.11 27.7

8 

48.61 

High DD (8) 87.50 50.00 37.50 37.5

0 

53.13  

N 

DD+DI

(15) 

73.30 60.00 60.00 60.0

0 

63.33 

All 

students 

DD(31

) 

51.61 35.48 35.48 16.1

3 

34.68  

Y 

DD+DI

(33) 

57.68 60.61 60.45 45.4

5 

56.06 

 

 

One possible reason was that the low ability students 
were slow to adjust to the new software environment (i.e. use 
of notes and examples) during their first lesson. As for L4, 
the low percentage for both groups was a reflection of the 
lesson difficulty level itself (i.e. L4 was the most difficult 
lesson to complete successfully). For the high ability 
students, the DD group participants were observed to 
perform better than the DD+DI group for L1 (see Table 1). 
However, as the lessons got harder, the DD+DI group’s 
students were noted to consistently outperform those in the 
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DD group; the percentage of students who completed their 
lessons (i.e. L2, L3 and L4) were and significantly higher.  

II) The quality of answers for students who failed to 

complete their lessons successfully  

Findings of the study show that participants of the 
DD+DI group produced better quality incomplete or 
incorrect answers for L1, L2 and L3 as compared to the DD 
group’s participants. Only at L4, did participants of the DD 
group produce slightly better quality. A similar trend was 
observed among the high ability students. The participants of 
the DD+DI group were noted to have a better quality of 
incomplete and incorrect answers than the DD group across 
all four lessons. However, as an overall comparison, looking 
at the score of all students who failed to complete their 
lesson successfully across all four lessons revealed that the 
difference between the DD and the DD+DI groups was 
significant (Table 2). This is a further indicator that the 
DD+DI group had a better learning performance as 
compared to the DD group.  

 
TABLE 2.    ANALYSIS OF THE QUALITY STUDENTS’ ANSWER 

WHO FAILED TO COMPLETE THEIR LESSONS SUCCESSFULLY  

 
Ability Group  L1 L2 L3 L4 Av 

 Sig 

test 

Low DD (23) 1.66 1.96 1.72 1.79 1.78  

N DD+DI 

(18)  

1.76 2.54 2.77 1.51 2.15 

 

High 

DD (8) 2.18 2.28 2.17 1.90 2.13  

N DD+DI(

15) 

2.31 2.82 2.91 1.92 2.49 

 

All 

students 

DD(31) 1.72 2.06 1.90 1.80 1.90  

Y DD+DI

(33) 

1.85 2.62 2.53 1.65 2.11 

VII. DISCUSSION 

There is evidence to show that the use of domain-
independent strategies improved students’ performance. For 
instance, the DD+DI students obtained a higher learning gain 
than the students of the DD group by the end of the 
experiment (see Table 3). Also, the DD+DI group 
outperformed the DD group for both the low and high ability 
students (see Figure 3). The low ability students of both 
groups registered a higher learning gain than the high ability 
students. While the low ability students of the DD+DI 
groups recorded the highest learning gain (33.51%), the high 
ability students of the DD registered the lowest learning gain 
(15.86%). However, there are factors that could have 
influenced the results of the study; namely a possible ceiling 
effect and the small sample size for the high ability students 
of the DD group. The ceiling effect (maximum limit) might 
have hindered students especially for the high ability group 
from achieving a better learning gain. In addition, having a 
small sample size of the high ability of the DD groups (just 
eight students) would certainly have influenced the result of 
the significance test (i.e. more likely to be not significant) on 
the learning gain between the two groups.  

TABLE 3.    SUMMARY OF THE FINDINGS OF THE DIFFERENCE IN 

LEARNING PERFORMANCE BETWEEN THE DD AND DD+DI 

GROUPS DURING AND BY THE END OF THE EXPERIMENT 

Hypothesis  

 

Measures  Significance test  outcome 

comparing  the DD and the DD+DI 

groups 

Did the use 

of domain-

independent 

strategies 

improve 

students’ 

learning 

performance 

in the  

affective 

tutoring 

system 

(ATS) 

Learning gain DD        = 19.5% 

DD+DI  = 31.6%  (Significant ) 

 

Pre-test score  

 

DD        = 26.20 

DD+DI  = 36.26 (Insignificant) 

 

Post- test score  

 

DD        = 45.69 

DD+DI  = 67.87 (Significant ) 

 

Percentage of students 

who completed their  

lessons successfully  

 

DD        = 34.68% 

DD+DI  = 56.06% (Significant ) 

 
The quality of answers 
of those who failed to 
complete their lessons 
successfully 

 
DD        = 1.90 

DD+DI  = 2.11 (Significant) 

 
Just looking at the students’ learning gain by the end of 

the overall sessions does not on its own provide sufficient 
evidence to support the premise. The improvement of the 
students’ learning performance could be attributed to their 
proficiency level (i.e. pre-test scores) at the outset of the 
experiments. Results of the study indicate that students of 
both groups were of similar proficiency level. So, if the prior 
knowledge of students in the two experimental groups was of 
the same level, it is plausible to argue that the significant 
difference in students’ performance can be attributed to the 
use of different strategies presented to the students. 
Furthermore, results of the post-test scores between the two 
groups are also noted to be significantly different; the 
DD+DI performed better than the DD group (see Table 3).  

This evidence supports the notion that the integration of 
domain-independent strategies within the ATS contributed to 
the enhancement of students’ achievement. Moreover, 
analysis of two performance indicators (i.e. the percentage of 
the students who completed their lesson successfully and the 
quality of answers for those who failed to complete their 
lesson successfully) during their learning session (see Table 
3) indicates that the DD+DI group performed better than the 
DD group and this provides further evidence to this premise.  

Results from this study complement the results reported 
by other research on the use of domain-independent 
strategies (i.e. relaxation exercise and positive affirmation) 
within an educational environment. For instance, TestEdge® 
[32], domain-independent strategies software, records a 35% 
improvement in math scores and a 14% improvement in 
reading scores.  In a similar vein, the work of Carlson et al., 
[7] and other recent studies (e.g. [10,33]) also report that 
domain-independent strategies contribute to a small but 
significant gain in academic achievement in mathematics, 
reading and grade point average.  

There is also evidence that the use of domain-
independent strategies in the classroom improves students’ 
performance (e.g. [6]). Besides, the effective use of domain-
independent strategies has been reported in various other 
studies and test anxiety. Within the ITS community, there are 
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also studies that indicate that use of domain-independent 
strategies has improved students’ achievement (e.g. [1, 25]). 

Cognitive self-perception theories (e.g [2, 13]) may offer 
a plausible explanation for the outcome. The domain-
independent strategies are expected to improve the state of 
students’ well-being which, in turn, boosts their self-
perception ([28, 18]). Cognitive self-perception theories (e.g. 
[5, 24 assert that the enhancement of the students’ self-
perception (e.g. self-efficacy and self-esteem) allows them to 
have a greater sense of self-control or self-awareness over 
their ability and resources Consequently, these students 
become more motivated [5], more likely to try harder, persist 
longer and be more creative [16], put in a higher degree of 
effort [25] and be in a better position to manage their state of 
well-being. These good qualities, in turn, contribute to the 
enhancement of the students’ performance.  

VIII. CONCLUSION 

We have briefly described an experiment where two 
versions of a system to teach data structures were compared.  
They differed only in the inclusion of domain-independent 
strategies to assist the students manage their emotions in one 
version of the system. There is evidence from this study to 
support the hypothesis that the integration of the domain-
independent strategies in this affective tutoring system 
improved students’ performance in learning.  
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