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Abstract. Nowadays several researches in Intelligent Tutoring Systems are ori-

ented toward developing emotionally sensitive tutors. These tutors use different 

instructional strategies addressing both learners’ cognitive and affective dimen-

sions and rely, for most of them, on explicit strategies and direct interventions. 

In this paper we propose a new approach to augment these tutors with new im-

plicit strategies relying on indirect interventions. We show the feasibility of our 

approach through two experimental studies using a subliminal priming tech-

nique. We demonstrate that both learners’ cognitive and affective states can be 

conditioned indirectly and show that these strategies produce a positive impact 

on students’ interaction experience and enhance learning. 

Keywords: Implicit tutoring strategies, Unconscious processes, Subliminal 
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1 Introduction 

The development of Intelligent Tutoring Systems (ITS) began in the 1970’s in an 

attempt to enhance computer based instruction with artificial intelligence methods to 

provide a highly individualized teaching and feedback tailored to the needs of the 

learner. Their aim is to support learning by simulating human tutors’ pedagogical 

skills and domain expertise and produce the same kind of learning and flexibility that 

might occur between teachers and students [1]. In the recent years, the dynamics of 

learning has been shifting steadily from purely cognitive aspects of teaching to affect-

sensitive tutors. This change can mainly be explained by recent advances in cognitive 

science, artificial intelligence, and neuroscience showing that the brain mechanisms 

associated to emotions are not only related to cognitive processes, such as reasoning, 

but also solicited in perception, problem solving and decision making [2].  

Indeed, various research areas including education, psychology, computational lin-

guistics, and artificial intelligence have shown a growing interest in the close links 

between affect and learning [3-8] as emotions have an impact on attention, motiva-

tion, memorization, and information processing [9]. This fact is especially true in the 

ITS community where several researchers have developed emotionally intelligent 

tutors able to respond to students on a personal level, identifying their actual emotion-

al states and adapting their teaching accordingly [3, 8, 10-12]. 



However these tutors still need to be enhanced to track changes in learners’ mental 

states especially when cognitive tasks such as reasoning and decision making occur. 

Furthermore, most of these tutors rely on explicit
1
 strategies and direct interventions 

when interacting with the learner.
 
These strategies can be in some cases excessive, 

inappropriate, or intrusive to the dynamics of the learning session. They can also be 

approximate or target basically, superficial aspects of the interaction. 

In this research we propose to enhance these strategies with implicit interventions 

that can be more subtle and have the ability to target deeper affective and cognitive 

aspects involved in the learning process. Our work is based on evidence from the 

neuropsychology that suggests that cognition and affect involve some forms of im-

plicit or unconscious processing that can be implicitly solicited [13]. In this paper we 

propose an approach to augment these tutors with new implicit strategies relying on 

indirect interventions in a problem solving environment in order to enhance cognitive 

abilities such as reasoning and condition affective states such as self-esteem while 

learning takes place. 

2 Previous work 

A variety of explicit strategies have been developed and evaluated within different 

learning environments providing both cognitive and affective feedback.  

Some researches are oriented toward psychological theories to induce positive 

emotions in students [14], while others mostly use punctual, task-related and less 

intrusive interventions that can be directly integrated in the dynamics of the learning 

session. These strategies rely on a variety of task-based support policies to respond to 

particular students’ affective states. This can be in the form of examples or definitions 

to help the students understand specific concepts. For example in [6], if the tutor real-

izes that the learner is bored, he engages him in a variety of stimulating tasks, a par-

ticular challenge or a game. If frustration is detected, the tutor provides statements or 

corrects certain information that the learner might have poorly assimilated. In [3], the 

ITS reacts differently to frustrated learners. It provides an indication or other similar 

problems to help the learner. In case of boredom, and depending on the situation, the 

tutor proposes an easier problem to motivate the learner in solving it, or increases the 

level of difficulty if the problem is too easy. The corrective mechanisms involved 

here are all direct and explicit and are applied a posteriori, that is once the student 

makes a mistake or reacts negatively to a situation. 

Other approaches integrate more sophisticated companion technologies using life-

like characters allowing real-time affective interactions between virtual pedagogical 

agents and learners [3, 4, 11, 12]. These agents may have a human appearance dia-

loguing with learners, communicating various messages of encouragement or con-

gratulation; appearing to care about a learner’s progress. Some agents can work with 

                                                           
1 We define an explicit strategy as a tutoring intervention that occurs with a person's sensory or 

conscious perception. By contrast, an implicit strategy is an intervention that cannot be con-

sciously perceived or reported by the learner. This implies that this intervention occurs without 

a learner’s awareness and hence that does not interrupt the dynamics of the learning session. 



the students on the same task, as study partners [8] and exchange on the problem they 

are solving by either offering advice and encouragement or helping them in coping 

with negative emotions (such as frustration, boredom, or fatigue). These companions 

can also adopt an empathetic response [3, 11, 12]. For instance in [12] an agent inter-

venes looking concerned when users are asked stressing interview questions leading 

to a drop in stress levels as measured by skin conductance. Although some of these 

tutors use physiological sensors to monitor students’ affect, none uses brain data to 

monitor mental states and adjusts learning to cerebral changes that can occur in learn-

ers’ cognitive reasoning processes. In another study [10], it is shown that empathetic 

responses of pedagogical learning companions improve learners’ interest and self-

efficacy but not learning outcomes. These agents can even simulate the behavior of 

the learner by adopting his expressions and actions [3, 4, 11, 12]. For example, Bur-

leson [4] uses an agent that mimics the facial expressions and movements of the 

learner. It may for example, smile if it sees the learner smiling.  

However, the aforementioned strategies only target aspects related to the direct in-

teraction between the learner and the tutor. These strategies do not address the uncon-

scious mechanisms underlying important cognitive and affective processing related to 

learning. The goal of this research is to augment, not replace, current learning strate-

gies with implicit interventions. We believe that the complimentary nature of these 

new strategies can endow the current tutors with the ability to investigate, and hope-

fully enhance, the unconscious processes involved in emotional processing, reasoning 

and decision making. The following section will explain in more details these pro-

posed strategies as well as present results from conducted studies. 

3 Implicit strategies for Intelligent Tutoring Systems 

As discussed in the previous section, current ITS rely on explicit
 
strategies that ad-

dress only measured variables involved in the direct interaction between the tutor and 

the learner. In this paper we aim to enhance these strategies with implicit interven-

tions that address more subtle unconscious processes involved in both learners’ affect 

and cognition. The basis of this work relies on previous findings from neuropsycho-

logical studies suggesting the possibility of nonconscious perception (or perception 

without awareness), because of the existence of a boundary threshold between con-

scious and unconscious perception [15]. A stimulus below this threshold of awareness 

(called subliminal stimulus) cannot be consciously perceived but can yield emotional 

and cognitive reactions [15, 16]. This phenomenon is known as subliminal perception: 

it unconsciously solicits affective and cognitive mechanisms in the human brain [13].  

Masked priming is one of the most widely used technique for subliminal percep-

tion [15]. It consists in projecting for a very short time, a subliminal stimulus or prime 

such as a word or a valenced image preceded and/or followed by the projection of a 

mask for a particular time. This mask is usually in the form of a set of symbols that 

have nothing to do with the prime in order to elude its conscious detection [15]. In 

this research, our goal is to enhance existing tutoring strategies with masked priming 



techniques. We will present two different priming approaches, namely affective prim-

ing and cognitive priming applied in problem solving environments. 

3.1 Affective priming 

Affective priming is a masked priming technique that consists in exposing partici-

pants to affective stimuli that can only be unconsciously perceived in order to implic-

itly elicit emotional reactions. These stimuli can be in the form of images or words 

charged with valenced semantics (e.g. smiling faces or positively connoted words). 

This technique is based on work in implicit memory [17] and automatic and uncon-

scious processes related to stereotypes and attitudes [18]. This body of work suggests 

that implicit and unconscious elements are found in several psychological manifesta-

tions among which, emotional regulation. This technique has been studied in areas 

such as social behavior, advertising and stereotypes (see [16] for a review). Further-

more, these studies show that emotions are more likely influenced by these uncon-

sciously perceived stimuli than by consciously perceived stimuli. 

Conducted study. We used an affective priming technique in order to implicitly con-

dition learners’ affect within a logical problem solving environment. The aim of the 

study was to enhance learners’ implicit self-esteem while they follow a learning ses-

sion about logics. The goal is to teach learners how to infer a logical rule from a series 

of data in order to find the missing element of a sequence. The session starts with a 

tutorial giving instructions and examples to get learners accustomed with the user 

interface and types of questions, then a series of logical exercises are given. 

 

Fig. 1. Affective priming during problem solving 

Three modules are taught, each one is concerned with specific forms of data: the 

first module deals with geometrical shapes, the second module with numbers and the 

third module focuses on letters (see [19] for more details). Learners are asked to re-

spond as quickly and efficiently as possible to each of the 15 questions of the quiz. 

They are informed that they can either respond or pass the question and that a correct 

answer = 4 points, an incorrect answer = -1, and a no-answer = 0. Questionnaire mate-

rials (shapes, numbers and letters) are presented sequentially on the screen and sub-

liminal primes are projected just before the materials. 

In this study, a particular form of masked priming was used, namely the Evaluative 

Conditioning (EC) technique [20]. This method consists in subliminally projecting 

Sequence of projected elements preceding the display of the black triangle. 



self-referential words (conditioned stimulus) such as “I” or the first name of the learn-

er, paired with positively valenced words (unconditioned stimulus) such as “effi-

cient”, “success” or “smart”. The idea behind EC is that this conditioning implicitly 

influences the semantic structure of associations (between words) in memory and 

hence, the automatic affective reactions resulting from this pairing [20]. Fig. 1 gives 

an overview of how the masked priming took place. Each prime, consisting of a self-

referential word and a positive word, is projected for 29 ms and is preceded and fol-

lowed by a 271 ms mask composed of sharp (#) symbols. 

A total of 39 participants with a mean age of 27.31 ± 6.87 years, were recruited for 

the experiment. Participation was compensated with 10 dollars. They were randomly 

assigned either to the experimental condition (N = 20, 13 males) or to the control 

condition, without priming (N = 19, 11 males). Participants’ self-esteem was assessed 

with the Initial Preference Task (IPT), a widely used technique for assessing implicit 

self-esteem, using the Ipsatized double-correction scoring algorithm (see [21] for 

more details).  

Two sensors were used to measure participants’ emotional reactions, namely gal-

vanic skin response, known to be correlated to emotional arousal (low to high) and 

blood volume pulse from which heart rate, known to be correlated to valence (positive 

to negative), was extracted [22]. The proportions of emotions characterized with a 

positive valence and a neutral arousal (Target emotion proportions) were assessed 

with regards to the baseline values, to measure participants’ positive emotional activa-

tions using a two dimensional model of affect [23]. These specific emotions are as-

sumed to provide a maximum of efficiency and productivity in learning [24]. 

Table 1. Experimental results of the affective priming study 

 Experimental condition Control condition 

 M SD M SD 

Self-esteem 1.68 0.94 1.08 0.99 

Target emotion proportions 48.15 37.32 40.36 34.02 

Final score 33.4 12.36 25.5 9.87 

Number of passed answers 0.95 0.83 2.11 1.91 

 

Further variables were recorded to measure learners’ performance, namely, the fi-

nal score in the test and the number of passed answers. Results are summarized in 

Table 1. A significant evidence for the conditioning effect on self-esteem was found. 

Primed participants showed significantly higher self-esteem than the control group, 

F(1, 37) = 4.84, p < 0.05 (M = 1.68 vs. 1.08). Besides, they showed significantly 

higher proportions of target emotions, F(1, 583) = 6.03, p < 0.05, in the logical quiz 

(M = 48.15 %) with regards to non primed participants (M = 40.36%). The scores of 

the test were also better in the experimental group (F(1, 37) = 4.37, p < 0.05, 

M = 33.4 vs. 25.5), and unlike the control group, participants were taking more risks 

by answering more questions (lower number of passed answers, F(1, 37) = 7.45, 

p < 0.05, M = 0.95 vs. 2.11) even if they were not completely sure of their answers. 



3.2 Cognitive priming 

Like affective priming, cognitive priming is a masked priming technique, but with a 

different objective; the stimulus used (an answer or a hint about a question for exam-

ple) is aimed toward positively enhancing specific cognitive processes such as reason-

ing or decision making toward the goal of implicitly enhancing knowledge acquisi-

tion. This technique is based on numerous findings in neuroscience providing evi-

dence from the brain wave activity using electro-encephalography (EEG), demon-

strating that unconsciously perceived stimuli can reach orthographic, lexical and mo-

tor levels of representations (see [25] for more details). 

Conducted study. In this second study, we used a cognitive priming technique in 

order to implicitly enhance learners’ reasoning abilities within a problem solving 

environment. The aim of the study was to use cognitive priming to specifically en-

hance the analogical reasoning abilities of students while learning how to construct an 

odd magic square of any order with the use of neither a calculator nor one mental 

arithmetic operation. A magic square of order n is a square containing n
2
 distinct inte-

gers disposed in a way such as all the n numbers contained in all rows, columns or 

diagonals sum to the same constant (leftmost part of Fig. 2). 

 

 Magic Square Trick 1 (T1)  Trick 2 (T2) Trick 3 (T3) 

    

Fig. 2. Magic square and the three tricks taught 

To construct such a magic square, three tricks are required (Fig. 2). These tricks 

are cumulative and thus the difficulty increases with each trick. The solution to the 

three tricks was not presented. Instead, the learners had to infer their own solutions, 

correctly figure out the different algorithm used in each trick and answer a series of 

13 questions (see [26] for more details). Furthermore, learners were instructed to 

make the fewest amounts of mistakes possible whilst taking the shortest amount of 

time. Then, learners reported how they figured out each trick by choosing between the 

following: “I deduced the trick by intuition, logic, a little of both” (Trick answer type 

variable). Learners also reported how they answered each question by choosing be-

tween the following: “I answered the question by guessing the answer, by intuition or 

by logical deduction” (Question answer type variable). Learners’ brain activity (using 

EEG) was recorded to investigate changes in mental activity during reasoning.  

In this study, two experimental conditions with different types of primes were con-

sidered namely Answer_cues and Miscues. The former condition intended to enable 

learners to reason faster while deducing the tricks. The primes are in the form of ar-

rows pointing at the answer to each trick as displayed in Fig.2. The Miscues condition 



is intended to mislead the learner using primes (arrows) that point to the wrong square 

on the screen. The idea of the study was to assess the effect of each type of prime on 

reasoning. In both conditions, primes (Answer_cues and Miscues) were displayed in 

each trick throughout the study. Each prime is projected for 33 ms and is followed 

and preceded by a mask of 275 ms consisting of random geometric figures.  

A total of 43 participants with a mean age of 27 ± 3.5 years, were recruited for the 

experiment and were compensated with 10 dollars; they were randomly assigned ei-

ther to the Answer_cues condition (N = 14, 7 males), to the Miscues condition (N = 

14, 6 males) or to the Control condition, without priming (N = 15, 7 males).  

We were interested in examining results related to performance (number of mis-

takes) with regards to the way learning occurred (Trick answer type), the way learners 

answered questions (Question answer type) and the group (Answer_cues, Miscues, 

Control). Significant effects were only found for the variables Trick answer type* 

group with regards to the number of mistakes with the following combinations: Log-

ic*Answer_cues (p = 0.002, alpha = 0.05, chi-square = 16.949), A little of 

both*Answer_cues (p = 0.048, alpha = 0.05, chi-square = 9.117). Results seem to 

indicate that only Answer_cues, and not miscues, do significantly influence logical 

reasoning and decision making when learning a trick logically.  

 

 

Fig. 3. Recording of cerebral changes following cognitive priming in intuitive reasoning 

From the EEG data we were interested in investigating changes in two metrics that 

have previously been reported as relevant indicators of insightful problem solving 

(40Hz right asymmetry) [27] and complex arithmetic processing (Beta2 left asym-

metry) [28]. We observed that the asymmetry values for the 40Hz (p = 0.003, alpha = 

0.05) and Beta2 (p = 0.04, alpha = 0.05) in the Answer_cues group are significantly 

different than the Miscues group for the third and most difficult trick. Participants of 

the Answer_cues group seem to shift their attention from a complex arithmetic 

process (Beta2 left asymetry decrease) toward an “insightful” problem solving 

strategy (40Hz right asymetry increase), thus involving the right side of the brain, 

known to be an important actor in insightful problem solving. Fig. 3 depicts one such 

example recorded during learning where we see a female learner reporting learning 

the third trick (T3) by intuition. We see the decrease in Beta2 in the left brain and the 

increase in 40Hz in the right brain after priming, illustrating that a combination of 

these two metrics could indeed be an interesting indicator of a change in the reasoning 

strategy from complex arithmetics to an insightful reasoning during problem solving. 

Before priming After priming 



4 Discussion 

The two presented studies have shown that learners’ self-esteem and abilities to rea-

son in a problem solving environment can be augmented through the use of affective 

and cognitive priming. The two experiments rely on a masked priming technique 

consisting in projecting stimuli below the threshold of conscious awareness (positive-

ly charged words paired with self-referential words and hints about the task).
 2
 

The affective and cognitive dimensions of these implicit interventions have been 

investigated and results have shown that electro-physiological sensors can provide 

current tutors with relevant information regarding the positive impact of the proposed 

approach in terms of learners’ emotional and mental reactions. In light of those re-

sults, we believe that a hybrid ITS, one using both explicit and implicit strategies, can 

greatly enhance the interaction with a learner, enabling him to optimize his learning 

experience with both direct and indirect aspects. The proposed approach for integrat-

ing our implicit tutor is illustrated below. 

 

 

Fig. 4. Proposed approach 

The implicit tutor is continuously communicating with the explicit tutor in search 

of the best strategy to apply in a given situation. To achieve this objective, the implicit 

tutor can choose one or multiple implicit strategies (cognitive and/or affective prim-

ing) as well as a kind of stimulus to project. The implicit toolbox is essentially a guide 

of all existing stimuli that are applicable for a situation. In this paper, we have pre-

sented two studies employing different subliminal stimuli (visual and textual). How-

ever, we believe that two issues need to be addressed, before this integration could 

take place in a real learning environment. First, the implicit strategies have to be test-

ed in complex, real-life, lessons where deeper learning may take place and compare 

results. Second, ethical issues of deploying these strategies should also be explored. It 

would be interesting for example to reproduce these studies while informing the 

learners of what will they get but not how. In other words, explain that the system is 

built to provide help in a subtle way without revealing the kind of stimuli that will be 

used from the toolbox and crosscheck results.  

                                                           
2 In both experiments, none of the participants has reported seeing the primes during the tasks. 



5 Conclusion 

This paper discusses a new approach to enhance ITS with implicit tutoring strategies 

targeting subtle indirect aspects in the interaction between the tutor and the learner. 

These strategies are based on unconsciously perceived interventions that address the 

automatic mechanisms associated to learners’ affective and cognitive processing in-

herent to learning using the subliminal perception. We demonstrated our approach 

through two experimental studies showing two different applications of the masked 

priming technique, namely affective priming and cognitive priming. We showed that 

both learners’ cognitive and affective states can be conditioned implicitly and that 

these strategies can produce a positive impact on students’ interaction experience and 

enhance learning. The first study showed that affective priming had a positive impact 

on learners’ outcomes, self-esteem, and emotional reactions. The second study 

showed that cognitive priming enhanced learners’ reasoning abilities and EEG data 

demonstrated that cognitive abilities such as analogical reasoning can potentially be 

monitored, assessed and positively influenced under priming conditions. 

In our future work, we are interested in developing a tutor that will integrate both 

implicit and explicit interventions. This tutor will select appropriate strategies accord-

ing to learners’ profile, and real time data from learners’ progress and emotional and 

mental reactions. 
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