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Abstract. Adapting ITSs that promote the use of metacognitive strategies can
sometimes lead to intense prompting, at least initially, to the point that there is a
risk of it feeling counterproductive. In this paper, we examine the impact of dif-
ferent prompting strategies on self-reported agent-directed emotions in an ITS
that scaffolds students’ use of self-regulated learning (SRL) strategies, taking
into account students’ prior knowledge. Results indicate that more intense ini-
tial prompting can indeed lead to increased frustration, and sometimes boredom
even toward pedagogical agents that are perceived as competent. When consid-
ering prior knowledge, results also show that this strategy induces a significant-
ly different higher level of confusion in low prior knowledge students when
compared to high prior knowledge students. This result is consistent with the
fact that higher prior knowledge students tend to be better at self-regulating
their learning, and it could also indicate that some low prior knowledge students
may be on their path to a better understanding of the value of SRL.

Keywords: adaptivity, prompting, pedagogical agents, intelligent tutoring sys-
tems, emotions, affects, metacognition, self-regulated learning.

1 Introduction

Adaptation is key to successful learning with intelligent tutoring systems (ITSs), as
learners integrate instructional material with elements ITSs are designed to enhance:
learning and problem solving [1]. But an efficient short-term teaching strategy can
backfire if the learner starts experiencing negative emotions, including those directed
toward the tutor. Many studies have shown the benefit of metacognitive prompting to
encourage learners to deploy self-regulated learning (SRL) strategies [2]. The idea is
to move from co-regulated learning [3], with the assistance of a human tutor or of a
pedagogical agent, toward real self-regulation, with the assumption that these skills
will transfer beyond the learning session. Because of the relatively short time of inter-
action with the ITS, one can be tempted to initially choose a high-frequency prompt-
ing strategy which progressively decreases as the learner engages in monitoring their
learning and deploying learning strategy on their own — a strategy which has been
shown to be beneficial for the use of SRL processes, without reducing the perceived
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usefulness of the ITS [4]. However, the more insistent or more frequent the interven-
tions, the more likely they may be to trigger emotional reactions from learners. This is
important because emotions are critical to fostering motivation and the use of SRL
strategies [5]. Therefore, there is a potential risk that eliciting negative emotions
through intensive SRL (e.g., cognitive strategies, metacognitive monitoring) process
prompting could eventually lead to a form of non-compliance or contempt toward the
tutor, and potentially minimize the benefits of SRL. Moreover, as learners with high
prior knowledge deploy different SRL strategies from learners with low prior
knowledge [6], it is likely their reactions to adaptive prompting could differ.

In this study, we investigated agent-directed emotions self-reported by learners af-
ter their interaction with an open-ended learning environment embedded with several
pedagogical agents (PAs) that promoted different facets of SRL. We focused particu-
larly on negatively-valenced emotions because of the deleterious impact they can
have on learning (in our case, the benefits of SRL) — although exceptions exist such as
confusion, which sometimes is positively associated with deep learning [7]. Specifi-
cally, we examined three separate but related research questions: (RQ1) Did the fre-
quency of prompts from different PAs affect emotions directed toward them? (RQ2)
How did students report feeling toward PAs in two different prompting rule condi-
tions (an initially high but decreasing prompting strategy and a lower intensity
prompting strategy)? And (RQ3) whether high prior knowledge students’ emotional
reactions to adaptive prompting differed from low prior knowledge students? We
hypothesized that the higher the number of prompts from an agent, the more likely a
learner would be to experience negatively-valenced emotions. We also hypothesized
that students with higher initial prompting would be likely to experience more nega-
tively-valanced emotions, and that higher prior knowledge learners would also expe-
rience more negative emotions from being told what they may already know with
more prompts to self-regulate. We did not investigate the effect of the adaptive
prompting on learning outcomes because we have already shown its neutral to mildly
positive effects in a previous work [4].

The emotions learners experience while interacting with I1TSs is a widely studied
topic, and one examined using a variety of methodologies. As with traditional psycho-
logical studies, self-report measures are popular instruments for measuring emotions.
The Academic Emotions Questionnaire (AEQ) [8] is one such measure; it has been
used in research with MetaTutor (but not considered here) and BioWorld [9, 10]. The
On-line Moativation Questionnaire (OMQ) [11] has also been used in experiments
with iISTART [12] or BioWorld [13] to measure emotions. In addition to self-report
measures, ITS researchers have also used various behavioral and physiological ap-
proaches, including facial expression recognition (e.g. CERT [14]), electrodermal
activity [15], and body language [16]. Online and multimodal approaches to emotion
measurement, provide many advantages over self-report, but were not as relevant for
our research questions here because we are particularly interested in emotions di-
rected towards a specific part of the ITS: the pedagogical agents. As such, it was most
appropriate to use a self-report measure to focus students’ answers.



2 Method

2.1  Participants and experimental conditions

One hundred and sixteen undergraduate students (N = 116, 17-31 years old, M = 20.9
years, SD = 2.4; 64.6% female; 62.9% Caucasian) from two North American Univer-
sities, studying different majors and with various levels of prior knowledge participat-
ed in this study. Each participant received $50 upon completion of the study and was
randomly assigned to one of three conditions: (1) non-adaptive prompt (NP — n = 58),
(2) frequency-based adaptive prompt (FP — n = 29) and (3) frequency and quality-
based adaptive prompt (FQP — n = 29). Participants from the adaptive conditions, FP
and FQP, were grouped in some analyses, leading to two samples of identical sizes.

Non-adaptive prompt (NP). In the NP condition, learners received a moderate but
constant amount of prompts from the PAs (on average, 1 per 10 minutes) to engage in
various SRL processes throughout the learning session. Previous PA prompts, learn-
ers’ initiative to enact SRL processes, validity of learners’ metacognitive judgments
or efficiency at using a learning strategy had no impact on the prompts from the PAs.

Frequency-based adaptive prompt (FP). In the FP condition, learners received
more prompts at the beginning of the session (on average, 3.5 per 10 minutes), but the
probability of both categories of prompts (monitoring and strategy) being triggered
decreased after each new prompt was received and after each self-initiated enactment
of an SRL process by the learner. Accordingly, participants who had been prompted
frequently at first and who had been self-initiating SRL processes regularly could
potentially end up receiving no further prompts by the end of the session.

Frequency and quality-based adaptive (FQP). The FQP condition applies the
same prompt deceasing rules as the FP condition with the addition of two further rules
that (if triggered) will increase the probability of monitoring or learning strategy
prompts of being triggered. If (1) the learner does not comply with a PA’s (non-
mandatory) prompt to deploy a certain learning strategy (i.e., to re-read a page), or (2)
a learner’s metacognitive judgment was inaccurate (e.g., selected a page as relevant to
his/her active learning when it was not; cf. Table 1 for the list of conditions of suc-
cess) then the probability of both categories of prompts being triggered will increase.

Table 1. Condition of successes associated to the different type of SRL prompts.

Type Type of PA’s prompt Condition of success
Judgment of Learning (JOL) Accurate evaluation of what has been learnt
2 Feeling of Knowing (FOK) Accurate evaluation of what is already known
fg Content Evaluation (CE) Accurate evaluati_on of the relevance of the content
g relative to the active sub-goal
= Management of Progress Toward

Goal (MPTG) Learner validates their sub-goal in the next 45s

Summarization (SUMM) If learner delays, must be performed later on
Coordination of Information
Sources (COIS)

Draw image already opened Digital notepad in the next 45s
Draw image not opened yet Learner accepts to open the image

Image is opened in the next 45s

Strategy




2.2 The testbed system, experimental procedure and data used

System overview. MetaTutor is an intelligent, hypermedia learning environment in
which four embedded PAs help the student to learn more efficiently by prompting
them to engage in SRL processes (cf. Figure 1). They navigate through the 38 pages
(with text and images) on human circulatory system using a table of contents (noted B
in Fig. 1). Progress toward the overall learning goal and the sub-goals chosen at the
beginning of the session is always visible at the top of the system interface (C in Fig.
1). A timer displays the time remaining in the learning session (A in Fig. 1). One of
the four PAs is always visible in the top right-hand corner of the interface (D in Fig.
1), corresponding to the last one who interacted with the student (using text and voice
as output, but text-only as input for students’ answers to the prompts). The PAs’ ap-
pearances and voices are the same in each experimental condition, and each PA is
comparable in terms of visual and audio quality. Each PA has a specific role: Pam the
Planner helps the student to plan their learning sub-goals, Mary the Monitor helps in
monitoring the learning, Sam the Strategizer assists with the deployment of learning
strategies and Gavin the Guide introduces the system and its questionnaires. PAs’
prompts are triggered depending on parameters such as the time spent on a page or the
relevance of the page to students’ current sub-goal. Additional parameters allow to
adjust the triggering to obtain an overall higher/lower frequency of prompts (condi-
tions FP and FQP) and to consider compliance and accuracy of previous SRL pro-
cesses (condition FQP). Below the PA, a palette of buttons allows students to self-
initiate SRL processes, leading to a sequence of steps very similar to when the prompt
comes from a PA: an invitation to perform the process followed by a feedback on its
validity (e.g. agreeing the page is relevant to the current learning sub-goal).

a2 MetaTutor (version 14.0)
Time Left Learning Goal and Subgoals
A Your geal is lo be sure to
0 28 10 muompoumofmucm’ylymmwmwpwponmm Y indiivic
ning of the body.
Table of Contents Your curnm subgoals are
- Inroduction B O [ Comicto swwgoat
-, Components Malfunctions of the circulatory system || Prontize Subgost | | &
Heart Add New Subgoal Mary the Monitor
Lungs Blood Vessels Soo Contents in Full View | 1wouid iike 10 E
> = 7] Phan
Lungs Cont blood Vessels: Introduction == = =5 l
X ng already
Blood: Role know abou this |
Parta of Blood Ovanview Blood vessels are the tubes in which blood travels
Blood: Plasma throughout the body. Blood is pumped through blood Monitor my learning by..
vessels by the heart. They are the highway of the ‘Aascasing how wl |
Blood. Red Blood Celle
circulatory system and are everywhere. There are understand this
-~ Blood: Hemoglobin three main types of vessels: arteries, capillaries and Evaluating how well |
- Blood: White Blood Cells  |veins. Arteries carry blood away from the heart; already know this
- Blood: Platelels capillaries are the smallest of blood vessels and are content
Biood Vessatk 'where gases like oxygen and carbon dioxide are Fvaluating how well
jessels -
e lexchanged and nutrients diffuse from blood into cells; |* e ey
Veszels: Aderies. veins carry blood towards the heart.
Vessela: Veina
e The largest artery is the aorta and it exits the heart Apply a learning strategy:
Vensol Daphioriay from the left ventricle, to carry oxygenated blood | Tokenotes
Blood Filtration throughout the body. The largest veins are the inferior T o
© Heart and superior vena cava. These velns carry -
& Systesa of Crcudation deoxygen:t:d ::;od from the ilnferio;‘ and iuperior . e
;i regions of the body respectively, to the right atrium of
G} Ocbac Apecta vl CS ithe heart.
- Qroulatory System Discases e
e g mw_: doei'n t |g‘:ve the caplLlarlets. orlotherkve‘ssfls | Fluid squeez Fli
provide cells with oxygen and nutrients, or to take blood
lwaste products away from cells. Nutrients and waste npllary by pressure by
travel to and from the blood by a process called Blood vessel
passive diffusion, where a given molecule or gas will
travel from its point of highest concentration to lowest _ | 5
7 S S e e s e i |
dl v _Pause Metatutor |

Fig. 1. Annotated screenshot of the system interface.



Experimental procedure. Participants used the system individually on a desktop
computer in two sessions separated by one hour to three days. During session 1 (30 to
40 min. long), they filled and signed a consent form and completed several computer-
based self-report questionnaires, a demographics survey and a 25-item pre-test on the
circulatory system. During session 2 (90 min. long), participants used MetaTutor to
learn about the circulatory system. Participants had 60 minutes to interact with the
content during which they could initiate SRL processes or do so after a PA’s prompt.
MetaTutor was paused when participants were watching a video, taking a survey, and
during an optional 5 minutes break half-way through the session. At the end of the
session, participants were given a post-test and filled a questionnaire, the Agent Re-
sponse Inventory (ARI) [17], which included statements on the emotions each agent
made them feel (e.g. “SAM made me feel frustrated”) that they had to rate on a 5-
point Likert scale (from “strongly disagree” to “strongly agree”).

Data coding and scoring. Because only prompts from Mary and Sam varied be-
tween conditions, we focused on emotions toward these two agents. 19 emotions were
assessed, but we focused on the negatively-valenced ones (the most deleterious on
learning, as mentioned before). When two emotions were very close from each other
(e.g. anger/frustration, fear/anxiety, disgust/contempt) we also chose to remove one of
the two, on the basis that non-expert students could fail to grasp the real but subtle
nuance that exists. In each case, we kept the emotion in the pair that seemed to be the
more learning-oriented (e.g. frustration over anger, anxiety over fear) or social (con-
tempt over disgust) one. We ended up with a set of 7 emotions: frustration, anxiety,
shame, hopelessness, boredom, contempt, and confusion.

To evaluate the frequency of prompts received by each participant in each condi-
tion, we extracted from log-file data the average number of prompts they received
from each PA over a period of 10 minutes. Finally, to determine prior knowledge
level, we used the adjusted ratio (between 0 and 1) of correct answers in the pre-test?.
We conducted a median-split on participants' adjusted pretest score, such that partici-
pants whose scores fell below the median were labeled as low prior knowledge (LPK)
and those who scored above were labeled as high prior knowledge (HPK). 2 partici-
pants whose score was equal to the median value (0.727) were excluded. Scores in the
LPK group (n = 57) varied from 0.125 to 0.722 (M = 0.523 and SD = 0.149) and
scores in the HPK group (n = 57) varied from 0.733 to 1 (M = 0.891, SD =0.072).

3 Results

3.1  Effect of agents’ prompts frequency on agent-directed emotions

Pearson product-moment correlations were run to determine the relationship between
number of prompts per period of 10 minutes from Mary/Sam and the score of each
emotion toward Mary/Sam. There were significant positive correlations between (a)

1 We selected only items among the 25 questions that were relative to the subgoals each par-
ticipant set at the beginning of their learning session (as participants did not have time to ex-
plore all the learning material relative to each of the 7 subgoals available)



number of prompts and frustration toward Mary (r = .238, p = .010), (b) frustration
toward Sam (r = .338, p = .000), and (c) boredom toward Mary (r = 0.190, p = .041).
Other emotions were not statistically significantly correlated.

3.2 Effect of adaptive prompting on agent-directed emotions

Mann-Whitney tests were run to examine differences between learners in conditions
NP and FP&FQP in terms of emotions toward Mary/Sam. The results indicated that
frustration was higher toward Mary (U = 1155.5, p = .001) in condition FP&FQP (M
= 2.83) than in NP (M = 2.10). Regarding Sam, results indicated that frustration was
higher (U = 1274, p = .010) in condition FP&FQP (M = 2.66) than in NP (M = 3.31),
and that shame was marginally lower (U = 1886.5, p = .091) in FP&FQP (M = 1.47)
than in NP (M = 1.81). No statistically significant results were found for the other
emotions (cf. Table 2).

Table 2. Average self-reported emotions towards Sam and Mary in both conditions

Condition NP FP&FQP

Agent Sam Mary Sam Mary
Emotion M SD M sSD M sSD M SD
Frustration 2.66™ 157 210™ 119 3317 143 285" 1.42
Anxiety 2.26 140 221 128 217 132 216 1.32
Shame 181" 121 162 093 1.47° 090 1.67 1.14
Hopelessness 1.69 112 155 0.89 151 102 157 1.07
Boredom 2.38 122 212 116 253 145 2.28 1.34
Contempt 2.31 147 1.90 113  1.98 135 1.91 1.36
Confusion 2.02 142 1.60 093 1.90 131 1.79 1.24

"p<0.10; " p<0.05 " p<0.01

3.3  Effect of prior knowledge on agent-directed emotions

First, we examined the existence of an interaction between prior knowledge (groups
LPK and HPK) and conditions. We ran multiple two-way ANOVASs to examine the
effect of prior knowledge and condition on emotions toward Mary and Sam. No sta-
tistically significant interaction between prior knowledge and condition was revealed,
leading us to consider prior knowledge individually.

Then as in 3.2, we ran two sets of Mann-Whitney tests to examine differences be-
tween HPK and LPK learners in (1) condition NP (cf. Table 3), and condition (2;
merged) FP&FQP (cf. Table 4). In condition NP, no statistically significant results
were found between LPK and HPK learners for the 7 emotions tested. In condition
FP&FQP, however, the tests revealed that hopelessness was higher toward Sam (U =
499, p =.009) for LPK (M = 1.92) than for HPK learners (M = 1.22). It was also the
case with higher confusion (U = 501, p = .016) for LPK (M = 2.38) than for HPK (M
= 1.56). Conversely, HPK learners reported marginally more contempt (U = 298.5, p
=.064) and frustration (U = 289, p = .051) towards Sam. Similar patterns were found
for Mary who elicited more confusion (U = 494, p = .021) for LPK (M = 2.08) than
for HPK (M = 1.59), and marginally more hopelessness for LPK (U = 448, p =.097).



Table 3. Average self-reported emotions towards Sam and Mary in condition NP

Condition Low prior knowledge High prior knowledge

Agent Sam Mary Sam Mary

Emotion M SD M SD M SD M SD
Frustration 249 154 206 1.25 2.88 158 216 1.08
Anxiety 227 144 209 131 224 134 236 1.23
Shame 179 1.20 158 0.89 184 122 1.68 0.97
Hopelessness 173 114 163 0.98 164 1.09 144 0.75
Boredom 224 135 227 1.36 256 0.98 192 0.80
Contempt 236 147 194 113 224 145 184 112
Confusion 191 142 1.61 0.95 216 141 1.60 0.89

Table 4. Average self-reported emotions towards Sam and Mary in condition FP&FQP

Condition Low prior knowledge High prior knowledge

Agent Sam Mary Sam Mary

Emotion M SD M SD M SD M SD
Frustration 3.00" 147 283 131 3.63" 134 284 1.52
Anxiety 2.08 136 2.00 119 219 129 222 141
Shame 1.63 0.95 1.67 107 1.38 0.86 1.69 121
Hopelessness 1.92 119 1717 1.02 122" 078 1417 1.09
Boredom 2.38 132 225 120 2.63 156 228 146
Contempt 171 110 200 129 222" 149 188 143
Confusion 238" 141 208" 112 1567 114 159" 1.32

"p<0.10; ™ p<0.05; " p<0.01

4 Discussion

The first two results confirm our initial hypothesis: both agents elicited more negative
emotions when more prompts were received, even if their frequency had decreased by
the end of the learning session (for most participants, it was below the frequency of
prompts received in condition NP). We can assume that the frustration associated with
both agents was mostly related to the increased disruptions in the learning task, which
was probably stronger initially (in conditions FP&FQP) and hadn’t decayed by the
end. This could be an issue because frustration can be a useful emotion when tempo-
rary and directed toward the learning material, but not necessarily if directed toward a
tutor. Regarding other negative emotions, the fact that they are different between
Mary (whose additional prompting also was accompanied by increased boredom) and
Sam (whose additional prompting led to lower level of shame) indicates that the dif-
ferences in emotions stems from the agents’ roles (cf. section 2.2). Overall, Mary’s
feedback is more immediately helpful to the student, even when it is negative (e.g.
“this page is actually not relevant”, “you don’t seem to know this content as well as
you thought”). Repetitiveness of such feedback simply reveals the limits of what the
PA can provide. On the contrary, Sam’s feedback can be perceived as more judgmen-
tal (“your summary was a little long/short”) without necessarily being immediately
helpful. Repetitiveness leads to an inhibition of the initial shame learners can have
when failing to deploy the suggested strategies — although reduced shame would be



positive for learning, the conjunction with increased frustration makes us assume that
learners were probably just becoming more dismissive of Sam’s feedback.

The third result goes against our initial hypothesis: not only did high prior
knowledge participants not feel more frustration toward the agents, but when there
was a difference with low prior knowledge students, they reported feeling less nega-
tively-valenced emotions. The fact that no differences existed in condition NP also
means that the differences between LPK and HPK students appeared because of the
more intense prompting initially (but was not directly related to the total amount of
prompts, as shown by the first analysis). We already know that HPK learners deploy
their SRL strategies differently from LPK ones [6], and that HPK learners tend to
naturally use more the system prompts to regulate their learning [18]. Therefore, the
additional confusion for LPK learners can either mean (a) that they did not perceive
the point of agents’ prompts (or of SRL altogether), and that the increased intensity
only made them wonder more about their interest, or (b) that the confusion was only
felt initially, which can be a desirable initial state for learning, and that later on in the
session, they were starting to perceive the value of agents’ prompts. The fact that the
system usefulness was not perceived lower in conditions FP&FQP tends to indicate
that at least some LPK learners were in that situation [4]. This is an encouraging re-
sult, as it shows that despite the limits of the PAs’ range of prompts and the repeti-
tiveness of some of their feedback, some low prior knowledge students (who are the
ones who can benefit the most from self-regulating their learning) managed to per-
ceive more the value of the self-regulation fostered by the system.

5 Conclusion, limits and future works

Overall, this study shows that adaptive prompting with a more intense initial strat-
egy is a double-edged sword: on the one hand, it emphasizes the limits of the ITS and
its embedded PAs, whose smallest flaws become magnified and prone to increased
frustration. On the other hand, although high prior knowledge participants quickly
seem to understand the benefits of PAs’ help (even if it is of low intensity), having
more frequent prompts seems to help low prior knowledge participants more, after
what we can assume to be a temporary initial confusion. This help is limited, howev-
er, by the usefulness of the prompts, which we have previously seen, may not be spe-
cific enough to lead to a significantly measurable increase in the learning outcome
(when comparing pre to post-test results) [4].

One of the limits of this study is that we only measured participants’ feelings to-
ward each agent for the overall session at its end (and at one point in time). We there-
fore cannot, for example, rule out that LPK students finished their learning session
more confused than in the non-adaptive prompting condition. Using constant emotion
monitoring, for instance, through automatic facial analysis, could help with this issue
[19]. It would also decrease the reliance on self-report, as students can sometimes be
poor reporters of their own emotional state. It is worth noting, however, that even if
we have previously found good agreement between automatic facial expression anal-
ysis and self-report; facial expression recognition software has typically focused on



basic emotions [15], to the exclusion of some achievement-related emotions such as
boredom and confusion. Another limit is the fact that we considered conditions FP
and FQP together in all analyses on account of sample size. Evaluating these two
adaptive conditions separately represents an important future direction Finally, we
lack long-term evaluations of whether participants have indeed internalized more the
benefit of using externally-prompted, and sometimes collaborative [20], self-regulated
learning strategies, which is the goal of a system such as MetaTutor. Using infor-
mation from students’ emotional responses toward MetaTutor and its PAs to provide
real-time, user-adaptive [21] SRL prompts also represents an important future direc-
tion for this work.
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