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ABSTRACT  
 
There is a disagreement in the neuropsychological literature regarding the nature of observational learning, strictly 
without a motor component. While some studies claim explicit influences are needed in order for learning to occur, 
others argue that they are not. The current student aims at understanding this gap, in particular emphasizing the ob-
servation aspect, since there is a limited number of research on this component. An experiment was conducted to 
measure both the short- and long-term of this effect using a neutral parameter procedure among two groups and a 
control. It was found that there was a significant effect of implicit learning. These findings are analyzed in a behavioral 
aspect and taken into consideration for limitations, implications and future research.  
 

Introduction 
 
For decades, the topic of learning has interested psychologists. More recently, research in this field has undergone 
critical development regarding a specific type of learning: observational. Although there are slightly varying defini-
tions of the term across the literature, Maslovat, Hodges and Krigolson, a group of recognized Kinesiology professors 
at the Universities of Ottawa, British Columbia, and Victoria, correspondingly (2010), established a basic foundation, 
describing observational learning as “the process by which an observer adapts his or her movements as a result of 
watching a model” (p. 7). 

Bandura (1986) explored modeling and cognition, and the role they play in understanding behavior, known 
as the social cognitive perspective. Moreover, Bandura (1971) proposed his cognitive mediation model, which estab-
lished that solely observing leads to an internal representation of action and then elicits an action response. His be-
havior-focused work laid a foundation for future research and would be later supported by neuroimaging studies.  

Nevertheless, there are still some relevant gaps in the literature regarding the nature of observational learning. 
A majority of studies corroborate the outlook that explicit processes, such as overt action, mediate observational learn-
ing (Rüssler & Rösler, 2000). However, evidence in support of implicit observational learning, that is learning that 
takes place internally without any motor involvement, is scant.  

Vinter and Perruchet (2002), had attempted to explore this phenomenon on adults and children; however, a 
motor factor was accounted for, making the task not solely implicit. Thus, the current study addresses this gap and 
aims at understanding whether implicit learning of a behavior through observation can take place when explicit influ-
ences are reduced. To do this, the study focuses on the population of middle-school students, in which this effect has 
not previously been measured. Understanding the effect of implicit learning among this population is critical for effi-
cient applications in educational scenarios. 
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Literature Review 
 
In order to situate the gap found in the implicit learning literature that this study addresses, it is important to understand 
the related body of research that has led there. For these purposes, the review of the literature has been divided into 
two sections: neuropsychological and behavioral. These two fields of work, in combination, provide insight into what 
is known in the overall subject and show what areas have already been explored and those that are still in need of 
development. However, due to the nature of the present study, the behavioral aspect was the focus.  
 
1.1 Neuropsychological Work 
 
Bandura’s (1986) work showed that not only is the use of demonstrations, or models, one of the most common and 
effective approaches to learning, but as demonstrated in his cognitive mediation model, through observing, mental 
representations are mapped internally, thereby improving the learning process. Further neuroimaging work has pro-
vided evidence for these findings, as researchers in cognitive psychology and neuroscience have been studying the 
relationship between action perception and motor processes.  

Revolutionary work in this field includes the discovery of mirror neurons, the cells of the nervous system 
and their different locations across the nervous system, which together form the mirror neuron system or MNS (Lod-
ish, 2000). These were first discovered in monkeys by di Pellegrino, et al. (1992), a group of renown neurophysiolo-
gists, and then in humans (Rizzolatti, et al., 2001) where the MNS engages the motor areas of the brain during obser-
vation of action, thus enabling individuals to understand others’ behavior to imitate observed movements. The “direct 
matching” hypothesis allows individuals to ‘‘understand actions when we map the visual representation of the ob-
served action onto our motor representation of the same action’’ (Rizzolatti, et al., 2014, p.12). 
 
1.2 Behavioral Work 
 
In the the behavioral literature, there is some disagreement as to whether observational learning is mediated by differ-
ent systems, meaning implicitly or explicitly. Most authors agree that implicit learning is defined as a phenomenon 
that deals with unconscious processes, which are nonetheless evident in subsequent behavioral responses; whereas 
explicit learning is that which relies on the deliberate attempt and awareness of the acquisition that is taking place 
(Vinter & Perruchet, 2002). 

Though some studies, including Reber (1993) have found that performance in implicit learning tasks is not 
based on the use of conscious knowledge of the particular training circumstances, others assert that this explicit 
knowledge can influence performance. Reber employed an experimental design that consisted of training participants 
through a serial reaction time (SRT) task. In the classic SRT, participants respond to stimuli set that appears to be in 
random order but is actually repeating sub-sequences. These stimuli are usually presented on a computer screen, and 
the participant must press a key that corresponds to the location shown as fast as possible (Nissen & Bullemer, 1987).  
Kelly & Burton’s (2001) version of this experiment used solely observation. They found that participants could suc-
cessfully generate the presented sequence, thus demonstrating their conscious awareness of the learning that had taken 
place. The results suggested that while action-based research can be implicit, learning of an SRT task through obser-
vation is indeed explicit. Similarly, Howard et al. (1992) found that there were higher levels of awareness in partici-
pants learning by observation rather than action and concluded that the learning effect was due to explicit influences. 
On the neuropsychology side, Rüsseler and Rösler (2000) found that there was different neural activity between par-
ticipants who learned an SRT task implicitly and explicitly. Overall, these studies support the perspective that obser-
vational learning is mediated by explicit processes.  

On the other hand, there have been multiple studies that challenge this view (Bird, et al., 2005; Heyes & 
Foster, 2002; Nissen & Bullemer, 1987). Nissen and Bullemer (1987) introduced the SRT and found that this 
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sequential knowledge was implicit by demonstrating that participants were unable to reproduce the sequence con-
sciously without cues at the end of the training. This is in line with further research, including the Bird, et al. (2005) 
study, which countered Kelly and his colleagues’ hypothesis, by demonstrating that overt action was not required for 
implicit learning to take place during observation. This connects to the aforementioned mental representations that are 
formed during the learning process, and the principle of early mediation, in which the participants implicitly involve 
neural systems during observational through mental representations, aided by the MNS (Heyes & Foster, 2002). 

Nevertheless, because of the disagreement in the literature, there is still a pertaining gap as to the true nature 
of learning through observation, strictly without a motor component. In fact, there have been very few studies in the 
literature that have explored this phenomenon.  
 
1.2a Behavioral Work: Implicit Learning Through Observation; Procedures 
 
An understanding of implicit learning through observation alone was partially attempted by Vinter & Perruchet, 1 a 
group of developmental psychologists at the University of Bourgogne, Dijon, France, (2002) who similarly studied 
“whether implicit observational learning can occur when explicit influences on behavior are avoided” (p.2). In order 
to measure this effect, they had to come up with a technique which was free of overt influences: the neutral parameter 
procedure, which was then implemented in a simple drawing task of geometric figures they visually showed partici-
pants (Vinter & Perruchet, 1999). This consists of a covariation, or manipulation, of a particular feature in the drawing 
task, that is the relationship between where a figure starts being drawn (top or bottom) and the direction in which the 
drawing proceeds (clockwise or counterclockwise). This is deliberately stated in the start-rotation principle (SRP), 
presented by van Sommers, a psychology professor at the University of Cambridge. (1984): in spontaneous drawing, 
when a figure starts from the top, it is predominantly drawn in a counterclockwise rotation, whereas when a figure 
starts from the bottom, it is predominantly drawn in a clockwise rotation. In their experiment, Vinter & Perruchet 
(1999) inherently inverted this covariation, meaning when a figure was drawn starting at the top, the drawing coun-
terintuitively progressed clockwise, and coincidently, when a figure was drawn starting at the bottom, the drawing 
progressed counterclockwise.  Thus, by separating “the parameter on which unconsious effects are assessed” (inver-
sion of the covariation) and “the parameter on which task achievement is assessed” (accuracy and successful detection 
of distractor), any learning that took place would have been implicit, and explicit influences would have been elimi-
nated (Vinter & Perruchet, 1999, p. 2).   

However, their study was not purely observational. They asked participants to follow the drawings with their 
eyes, which is considered a motor component, as corroborated by Vogt (1995). Therefore, the exploration of this effect 
through observation alone is still needed. Furthermore, Vinter & Perruchet had specifically looked at adults and chil-
dren. As such, it is not yet known what the effect would be in middle school students, a population with peak cognitive 
development, as well as the potential educational benefits of better teaching strategies to help students retain material.  

The present study adapted Vinter and Perruchet’s (2002) procedure, but strictly without a motor component 
to answer: To what extent and with what longevity can implicit learning of a motor behavior take place through 
observation in middle school students?  

Based on Vinter & Perruchet (2001) and related studies, it is hypothesized that the participants will show 
evidence of implicit observational learning, even without a motor component. In all, the answers to the question this 
study will explore are of real-world relevance. By investigating this research question, the current study hopes to gain 
knowledge about not only learning in a particular controlled application, but also to get insight into the more broad 
educational and day-to-day applications of this process, since learning is everywhere. This understanding aims to 
inspire the use of more neurocognitive learning principles not only inside the classroom, but also in everyday life.  
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Methods 
 
For the purposes of this study, a fully experimental design with a quantitative collection and data analysis method was 
employed. This method was chosen because in order to measure the extent to which implicit learning (dependent 
variable) of a motor behavior through observation alone, a focus that had not been looked at before, can take place 
when explicit influences are reduced (independent variable), there had to be some manipulation. In this case, that is 
the covariation of the SRP principle. Thus, directly isolating the independent variable in a controlled environment 
while accounting for other variables that might affect the dependent variable allows for the most effective results of a 
cause-and-effect scenario. This is also supported by previous research and cognitive neuroscientist, Maryam Vaziri-
Pashkam, who was the expert adviser for this study.  
 
2.1 Participants 
 
In the current study, participants were selected through random sampling of 6th-8th grade students at a public charter 
middle school in Miami-Dade County, Florida. A total of 37 middle-school students (20 males, 17 females), aged 11-
13 years, (mean age 11.5 years) volunteered to take part in the observational training experiment. The ideal sample 
size was determined from Vinter & Perruchet’s (2002) original study and calculated using the Cochran’s formula1. 
The participants were unaware of the study’s purpose and were randomly assigned to one of three groups: 80% SRP 
conformity group (N=15), 20% SRP conformity group (N=11) and a control group (N=11), which was not exposed 
to any form of the SRP, as established by van Sommers (1984). They were told that by participating in the experiment, 
they would be entered for a $20 gift card raffle. There were three winners, spread evenly among the three groups, and 
chosen at random. Both participants and parents gave consent and answered a questionnaire form2 that collected some 
simple information, so that later it could be accounted in the data analysis. Here, the participants self-declared hand-
edness (37 right-handed) and also confirmed they had no visual or psychomotor deficits as well as any form of edu-
cational advancement or retardation. Lastly, the study followed both ethical regulations and COVID-19 guidelines as 
established by the School Board.  

 
2.2 Material  
 
The experiment was run using an educational program called Seesaw that served as a platform for the participants to 
engage. To maximize hygiene and minimize physical contact, the participants used their own personal devices to 
operate the software. For that reason, the method of control of the device’s pointer, includin mouse, trackpad, and 
touchscreen, was recorded in the questionnaire they had filled out prior, which could then be accounted for in data 
analysis. This program acted as both a digitizer and monitor screen, allowing participants to watch videos in the 
training phase and also record their responses directly over the figures presented in the test phase, using the aforemen-
tioned method of control over the device’s pointer. The appearance of the figures in the screen was software controlled 
and was measured prior to the experiment. The figures included a square (5cm × 5cm), rectangle (5cm × 3cm), triangle 
(5cm × 5cmc × 5cm) and circle (5cm diameter). They were all displayed in the center of the screen inside a 5cm × 
5cm square. Furthermore, the figures incorporated a starting point of a diameter of 0.1cm, which was located either at 
the top or bottom of the figure (Middle of the horizontals for the square and rectangle, 12 o’clock/6 o’clock positions 
for the circle, and top of the triangle or middle of its base), (See Figure 1). 
 

 
1 Cochran’s formula is n0 = Z2pq 
                                                e2 
2 See Appendix.  
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2.3 Procedure 
 
2.3a Experiment 1: Short-Term Effect 
 
The experiment took place in a well-lit and comfortable room. It consisted of three phases: a training section, a test 
section, and a questionnaire section.  

In the training section, participants in Group 1 (80% SRP conformity group) and Group 2 (20% SRP con-
formity group) were instructed to watch videos of each of the four shapes, thereby totaling four, which lasted about 
five minutes in total. Here, they were asked to pay attention and stay on the lookout for a pause, which lasted 3 seconds, 
since they would be asked afterwards to identify in the video of what shape did a pause appear. This is a key difference 
between the present study and the original Vinter & Perruchet (2002) design. The adaption was made so that there 
would be no motor component at all, but it could still be used as a measurement of attention. The participants were 
given four options: square, rectangle, triangle and circle and were instructed to choose one. No time constraint was 
imposed, and they were given no feedback when done. The majority of the participants (77%) perceived the pause in 
the video of the correct shape. However, this task solely served to ensure the participants were attentively watching 
the videos, since it made the observation of the drawing necessary, but without a motor component at all.  

In Group 1 and Group 2 the participants watched a video for each of the four figures (square, rectangle, 
triangle, and circle), which showed 10 repetitions of the tracing, making a total of forty figures. The videos for Group 
1 (80% SRP conformity) contained 4 figures, one of each shape, that was traced following the SRP, for both starting 
points, thus totaling 8 tracings, which consisted of clockwise rotations when starting at the top, and counterclockwise 
rotations when starting at the bottom. The remaining 80% of the tracings for all four of the figures, applied the covari-
ation of the principle. This meant 32 tracings, 4 of each shape, 16 of which started at the top, and 16 of which started 
at the bottom. For Group 2 (20% SRP conformity), the videos displayed the exact opposite. Thus, there were in turn, 
the same number clockwise and counterclockwise rotations as well as top and bottom start. Furthermore, the order in 
which the videos were shown, and the combinations of starting points and directions was random across the partici-
pants.   

In the test section, both groups were presented with the same screen they had seen in the videos, but this time 
instead of watching, they were instructed to trace directly over the figures, respecting the starting point at either the 
top or bottom. However, the direction of rotation of the drawing movement that was expected was not explained. 
There was a total of 24 figures consisting of six repetitions of each figure (square, rectangle, triangle, and circle), half 
starting at the top and half starting at the bottom. The software recorded participants responses as videos, coincidently 
including the direction of rotation and the starting point of the drawing. However, they were not able to manipulate 
anything on the screen. Participants were given no time constraint but finished on average after 5 minutes.  

Figure 1. Shows an example of the figures, in this case, a circle, the participants were presented (Not displayed to 
scale). 
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Lastly, in the questionnaire phase, participants were asked to answer some questions regarding the videos 
they had watched and from what they recalled. They stated for all four figures, if the tracing of the figure started at 
either the top or the bottom, in which direction did it mostly progress in. They were asked to answer either clockwise 
or counterclockwise. Thus, there was a total of 16 questions. Moreover, the participants were invited to comment 
anything they had perceived during the experiment. This was used in the data analysis as a way to measure if the 
participants were aware of the covariation that had been employed in the experiment.  

For the Control Group, since the participants were not exposed to any form of SRP, they did not watch any 
videos at all. This was used to test the accuracy of the principle itself in the same population. Instead, this group 
skipped the training phase, and went directly into the test phase, which was the same one from the other two groups. 
They also did not have to complete the following questionnaire.  

 
2.3b Experiment 1: Long-Term Effect 
 
Long-term effect was measured as well following a period of one day from the first part of the experiment. Here, the 
long-term effect was defined as the participants’ ability to recall what they had learned implicitly and recreate such 
behaviors (Vinter & Perruchet, 2002) The longevity of this effect had not been explored in the exact context that this 
study investigates before. Although there had been some studies that looked at the effect of an implicit memory task 
over time, they also contained a motor component (Blakemore, 1977). Therefore, the longstanding outcomes of im-
plicit learning without a motor component, as this study aims to understand, still need to be explored because they are 
critical in applying the results in real-world scenarios. 

The same procedures were employed as in the first part of the experiment. However, participants in Group 1 
and Group 2 did not watch the videos this time because then they would not have been relying on memory. They also 
did not answer the questionnaire since, once again, they had not watched the videos. Thus, this would have conversely 
relied too much on memory and neither extremes were preferable. Furthermore, the control group did not skip any 
sections because they had not watched any videos in the first place, since they were not experimental. Finally, all the 
participants were debriefed about the purpose of the study and then the winners of the raffle were announced.  

 

Results 
 
To answer the research question the current study had proposed regarding implicit learning of a motor behavior solely 
through observation alone in both the short and long-term, two types of measurements were used, as established by 
the neutral parameter procedure. First, the actual drawing performances of the participants that had taken place after 
the training phase served as an assessment of the implicit learning that had occurred. Second, the questions the partic-
ipants answered in the questionnaire phase provided an evaluation of their awareness of the manipulated covariation 
that had been employed. Together, both of these measurements were coded in terms of the SRP and analyzed, meaning 
a high percentage would signal a high conformity to the principle and vice-versa.  

It was originally hypothesized that the participants would demonstrate signs of implicit learning, that is they 
would follow the direction in which the drawings they were shown in their corresponding videos mostly progressed 
in. Meaning, for instance, that Group 1 (80% SRP conformity group) should have a higher compliance to the SRP, as 
opposed to Group 2 (20% SRP conformity group).  

Therefore, the results were broken up into four categories: short term performance, short term awareness, 
long term performance and the relationships among these. As mentioned previously, long term awareness was not 
measured because this would have heavily relied on recall. 
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3.1 Implicit Performance 
 
In the first Test Phase, when participants in Group 1 (N=15) were asked to execute the same task, they had watched 
in the videos immediately after they had seen them, they followed the SRP 63% of the time, as opposed to participants 
in Group 2 (N=11), who only followed the SRP 31% of the time (See Figure 2). To corroborate whether this difference 
was due to chance, a T-Test was conducted between the two groups, SRP conforming and SRP non-conforming. The 
15 participants who watched videos that drew the majority of figures in congruity with the SRP (M = .6278, SD = 
0.2447) compared to the 11 of those that watched the videos that drew the majority of the figures in incongruity with 
the SRP (M = .3106, SD = 0.1701) demonstrated a significantly higher compliance with the SRP, t(24) = 3.6857, p < 
.001, as had been hypothesized.  
 
3.1a Short Term Performance  
 
 

 
 
 
Further T-Tests were calculated between the experimental groups and Group 3, or the control (N=11). Here, 

a difference was reported between SRP non-conforming and control, t(20) = 2.0266, p = .0562, however it was not 
statistically significant. Furthermore, the T-Test reported between SRP conforming and control, t(24) = 1.6967, p > 
.05 did not show a difference. This represents that although there was an effect of implicit learning through observa-
tion, the main effect of SRP was not as relevant. This may have occurred due to other influences that may have altered 
performance, such as the type of devices used by participants. This is further discussed in the limitations.  
 
 
 
 
 

Figure 2. Chart of short-term performance averages for the SRP Conforming, SRP Non-Conforming, and the Control 
groups. 
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3.1b Long Term Performance 
 
To measure the longevity of the implicit learning effect in the long-term, another T-Test was conducted between 
Group 1 and Group 2 using their performances from the second Test Phase, which had taken place a day following 
the first one. Once again, it was demonstrated that the SRP conforming group imitated the principle as was shown in 
their videos more often (53%) than did those in the SRP non-conforming group (35%). More specifically, the 15 
participants who watched videos that mostly followed the SRP (M = .5361, SD = 0.2308) compared to the 11 of 
those that watched the videos that mostly went against the SRP (M = .3598, SD = 0.2102) showed once more a sig-
nificantly higher compliance with the SRP, t(24) = 2.0161, p = 0.0574. However, this difference was not nearly rele-
vant as compared to the short-term performance, leading to the inference that the implicit learning effect fades with 
time. 
  

 
 
 
Nevertheless, these numbers were comparatively high in respect to that same long-term aspect, since for 

instance, Vinter & Perruchet (2002) obtained very similar results in their first and only trial, which immediately fol-
lowed the videos: SRP conforming group (59%) and SRP non-conforming group (37%), (See Figure 3). Thus, the 
implicit learning was still strong following a one-day time period.  

Regardless, just like in the short-term performances, the actual effect of the SRP was not very significant, 
as even the participants who watched the videos in congruity with the principle, only followed so about half the time 
when asked to execute the task. For the long-term effect, this may have been due to unreliability of memory, since 
the participants were not shown the videos again and had to recall from what they remembered. In either case, it was 
to be expected they would follow the principle more so than was recorded. As mentioned before, a possible reason 
for the low SRP effect, could have been the devices the participants used. 

Furthermore, T-Tests were conducted between the SRP conforming, SRP non-conforming and control 
groups. However, neither of these were significant as they all reported p > .05. From this, it can be deduced that the 
difference among these may have occurred by chance, including factors like the time period after which it followed. 
 

Figure 3. Chart of long-term performance averages for the SRP Conforming, SRP Non-Conforming, and the Control 
groups. 
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3.2 Explicit Awareness 
 
3.2a Short Term Awareness 
 
Lastly, another T-Test was conducted between Group 1 and Group 2, but this time measuring their short-term aware-
ness. To do this, the data from the questionnaire the participants answered was used. The 15 participants in Group 1 
(M = .73, SD = 0.2907) compared to the 11 of those in Group 2 (M = .2954, SD = 0.2184) also demonstrated a 
significantly higher compliance with the SRP, t(24) = 4.1935, p < .001, much like in the short-term performance. This 
leads to the belief that there is a strong correlation between the implicit performance and explicit awareness.  
 
3.3 Relationships 
 
Furthermore, a general positive relationship appeared between implicit performance and explicit awareness, as can be 
demonstrated by the data. Overall, the participants that attained a higher implicit performance in respect to the SRP, 
also tended to show a greater percentage of correct awareness regarding the covariation. This was true for both groups 
that watched the videos. Group 1 (SRP conforming) had a 63% average of implicit performance in accordance with 
SRP and 73% average of explicit awareness in accordance with SRP, whereas Group 2 (SRP non-conforming) had 
31% average of implicit performance in accordance with SRP and 29% average of explicit awareness in accordance 
with SRP. Moreover, Vinter and Perruchet also arrived at a similar finding, thus strengthening the claim that there is 
a relationship between implicit performance and explicit awareness. 

To further measure the relationships between both categories: implicit learning through observation and lon-
gevity of this effect, an analysis of variance (ANOVA) was conducted (See Table 1). This demonstrated that although 
there seemed to be a relevantly significant effect of actual implicit learning, F(1,50)=3.08, p<0.001, there appeared to 
be no pertinent effect of time, p< 0.05, while there was a marginally significant interaction between the two, F(2,50) 
=1.46, p >0.05, indicating that it is probable the implicit learning through observation effect becomes weaker with 
time. 

Overall, these results from the Test phase data demonstrate that participants modified their behavior of a 
motor task, after having watched videos of the inverted covariation of a drawing task to a relevant extent without 
explicit knowledge. This effect was mostly prominent directly following the observations, as within a short time in-
terval (1 day), it began to diminish. Similar results were reported by Burke and Roodenrys (2000), who also demon-
strated a change in behavior without explicit knowledge in a SRT task. However, it is important to note that there can 
be significant differences in association between implicit performance and explicit awareness among individual sub-
jects, as was shown by Willingham et al. (1989). These implications, along with other limitations and the importance 
of the study will be discussed further in depth next. 
 
 
Table 1. ANOVA between SRP and Time 
 

Source SS df MS F p-value 
SRP 0.7806 1 0.7806 16.13 0.0002 
Time 0.0066 1 0.0066 0.14 0.7123 

Interaction 0.0642 1 0.0642 1.33 0.2553 
Error 2.3231 48 0.0484   

Total 3.1828 51    
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Discussion 
 
As was evident in the results, there was a modification in the participants’ performance after having watched videos 
that contained variations of a drawing principle. This was corroborated by both the implicit performance and explicit 
knowledge task data. Overall, this finding indicates that implicit learning of a motor behavior through observation 
took place in the middle-school students. This relates to similar conclusions of other studies, including Vinter & Per-
ruchet (2002). Furthermore, this judgement can be discussed in the wider literature of the behavioral field. There had 
been a gap in the understanding of whether implicit learning can take place through observation alone, that is without 
a motor component, or explicit influences. Since the prime study upon which the presented method was built had 
participants use eye movements to an extent, this study omitted that motor movement and provided an alternative.  

There were some studies that claimed learning by observation was mostly due to explicit influences (Howard, 
et al., 1992; Kelly, et al., 2003). The present study challenges that view, since its entire premise was based on using a 
method that exempted explicit influences, like the neutral parameter procedure. Therefore, the current findings suggest 
that implicit learning can take place without the use of conscious knowledge and do so through observation alone. 
Other studies do agree with this conclusion (Nissen & Bullemer, 1987; Reber, 1993). Bird, et al. (2005) found that no 
overt action was necessary during observation in order for implicit learning to take place. This further connects with 
the aforementioned neuropsychological principle known as early mediation and although the present study cannot 
speak on the role of the mirror neuron system, its role is highly plausible. 

 
4.1 Limitations and Implications 
 
It is important to address some potential limitations that arose in the current study, and that should be taken into 
consideration for both generalizing conclusions and future research. For example, as was mentioned earlier in the 
Methods, in order to maximize hygiene, the participants each used their own device. Therefore, there were all types 
of pointers, including touchscreen, trackpad and mouse. Although there has been no research regarding the particular 
drawing task at hand and the effect of method of control, it is suspected this could have impacted the results since 
perhaps depending on the device the participants were using, they may have felt more inclined to draw a certain way.  

Thus, further research should consider using a standard device to account for this factor.  Furthermore, if 
feasible, the current method could be recreated while also taking into account the MNS and in addition to the neutral 
parameter procedure, using neuroimaging techniques.  

More interestingly, the effect of time merits further study. Although at first the T-Test seemed to indicate the 
effect diminished over time, the ANOVA later showed it did not. However, if done on a larger population size, this 
marginal significance may differ. Thus, the effect of time on a bigger population size might be considered. Lastly, 
longer than one day intervals should be used in future research to more accurately measure longevity of the effect. 

The potential applications of this knowledge are vast. Given that we are constantly developing and growing, 
implicit learning plays a big role in understanding modeling in general. In particular, since the present study focused 
on middle-school students, with the expanding research in this field, the new opportunities that arise in and outside 
the classroom are exciting. 
 

Conclusion 
 
Ultimately, this study was able to accomplish its primary goal of analyzing the extent to which implicit learning can 
take place through observation alone in middle school students, in both the short and long term. It was found that there 
was, in fact, a significant indication that a change in behavior had occurred to those students that were exposed to 
variations of the SRP. Thus, implicit learning was demonstrated to a significant extent in both the short- and long-
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term. This supports the hypothesis that participants would show evidence of implicit learning through observation 
alone, even without a motor component.
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