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Introduction 
1.1Background 
Humans share a large number of their cognitive skills with other apes, as we are closely 
related to each other (Tomasello & Herrmann, 2010, p. 3), however in some cases, such 
cognitive skills are either less evolved or non-existent in other primate species as they do in 
humans. One such cognitive skill is sequence cognition. Sequence cognition is the capacity to 
organise, understand and act upon a series of steps in the order in which they were performed, 
and it is an essential ability in everyday life as it is used in many different ways, for example; 
language, tool use and foraging, which are traditionally viewed as key skills in human 
evolution, but which non-human primates also display. Endress et al (2009) suggested that 
evidence for the precursor to modern language can be seen with monkeys today (p. 750), 
suggesting that sequence discrimination does exist to some degree in many monkey and 
primate species. There are past studies supporting the overall hypothesis of this study, that the 
evolution of cognitive skills, specifically, sequence cognition and discrimination were 
essential to modern human evolution. One study researching the difference in sensitivity for 
types of sequences was one conducted by Endress, Carden, Versace and Hauser (2010), 
which found that chimpanzees were capable of tracking the relative position of items in a 
sequence after limited exposure to sequences but didn’t have sensitivity to relations among 
items in a sequence. This was supported by the work of Fitch and Hauser (2004) who studied 
the computational constraints on synthetic processing in non-human primates and showed 
possible limitations of the synthetical cognitive ability of other primates. Conway and 
Christiansen's (2001) study is also relevant, as it investigates sequential learning in primates, 
supporting the previous studies validity. Overall, several studies concluded that non-human 
primates were capable of discriminating between arbitrarily composed sequences to a limited 
capacity (Ghirlanda, Lind, & Enguist, 2017). However, it is yet unclear whether this 
conclusion also applies to a less arbitrary sequence. One aim of the overall study is to 
determine this, and as such two conditions will be run; causal cue and no causal cue (with the 
causal cue providing a cue that a specific sequence is the correct one). The “paper towel task” 
contains a 2-step sequence, and only one out of 4 possibilities will provide a reward. As such, 
the causal cue will act as a hint to the children to the importance of the sequence itself in 
gaining reward. The no causal cue will have no such hint, and as such participants will likely 
take more trials to correctly discriminate between the sequences. 

1.2 Hypotheses 

The hypotheses of this study are: 1) there is a general correlation between a child's age and 
their success in performing all types of trials. 2) participants will be more successful in 
reaching discrimination criteria in the “causal cue” condition rather than the “no causal cue” 
condition. 

Methods 



2.1 Informed Consent 
The child study contains a range of children from the age range of 3-11 years old, the 
children volunteer for the study by approaching the study table in the Bodongo Building 
located in Edinburgh Zoo. The study will continue until a sufficient sample, reaching 20 
children in each age and each condition, overall 320. The parents of the children will be given 
a consent form and an information sheet (figures 1 & 2 below) in addition to a verbal 
explanation so informed written consent can be obtained. A time estimation for the length of 
the study (15 minutes) will also be conveyed. Once the parent gives informed consent the 
task will be explained to the child, along with the instructions that the child can stop at any 
time should they decide they no longer want to continue, and so any data gained will no 
longer be used. Before the beginning of the study, the child will choose a sticker scene from 
several available options, which will serve as a high reward during the task. Additionally, 
parents and siblings will be asked to not interfere to maintain the validity of the data. The 
child's choices will be recorded on a coding sheet, and the child will be given an anonymous 
number matching the one on the consent form.  
 
A camera will record video of the participant choices, to increase the validity and reliability of 
the choices marked down in the coding sheets. 
 
figure 1: the front page of the consent form sheet               figure 2: the front page of the information sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Opt-out Phase 
Children who join the study first go through an opt-out round. The opt-out round contains 4 
trials and is designed to test the children for the ability to ‘opt out’ of an undesired outcome, 
along with serving the secondary purpose of teaching the child the rules of the study. In the 
study, this is done to ensure the children are capable of discriminating between the sequences 
rather than choosing at random. This is also done to maintain fewer variables between the 
child part of the study and the several non-human primates, as the primates cannot 



communicate their understanding, unlike the children. Each opt-out round contains t 4 trials, 
two high-reward ones and two low-reward ones at an alternating pattern and placement, to 
ensure the children are not simply choosing one side. The child chooses between two boxes; a 
white one capable of containing the high reward, and a green one containing the low reward 
(low rewards are plain star stickers). A participant must achieve a 75% success rate to 
progress to the training phase of the study. If this isn’t achieved, a second round of opt-out 
trials will take place. Once both rounds of opt-out trials were performed, the child progressed 
to the training phase of the study. All of the child's choices are marked on the coding sheet 
(figure 3). 
 
figure 3: a coding sheet of 
 a participant showing  
the marking of the opt-out trials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 Training Phase 
Once a child progresses to the training phase they will be introduced to the apparatus (figures 
4 & 5). The Training phase has two possible conditions, no causal cue and causal cue, which 
are chosen semi-randomly, to approach an even balance in each age group. The no causal cue 
condition contains another white box, in which the token the child wins for high rewards is 
placed, rather than in the apparatus, like the causal cue condition. The child goes through six 
trials, three containing the high reward and three without. Of the trials containing only low 
rewards, the different sequences are introduced: 1) sleeve then paper towel into apparatus 
with apparatus already having a paper towel (AA sequence), 2) sleeve then reward with 
apparatus empty (BA sequence) 3) sleeve then paper towel with apparatus empty (BB). The 
order of the trials is marked on the coding sheet the researchers follow. The choice is 
presented to the child in this order: 1) the sequence is performed in front of the child 2) once 



the child chooses either the tunnel is separated from the apparatus to show the insides of it to 
the child (causal cue) or the white small box is opened with the contents shown to the child. 
Each choice the child makes is recorded on the coding sheet. 

 
figure 4: Causal cue training phase apparatus set up, with apparatus to the researcher's left. A green box 

with low rewards on the right. A plastic shield separates the equipment from the participant, and it has two 
holes on each side for the child to point to. 

 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
figure 5: No causal cue training phase apparatus set up, with apparatus to the researcher's left. A green box 
with low rewards on the right. A plastic shield separates the equipment from the participant, and it has two 

holes on each side for the child to point to. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4 Testing Phase 
During the testing phase, the apparatus’s tunnel is replaced by a longer grey tunnel without a 
sleeve (figures 6 & 7). The test phase also contains two conditions, which mirror the 
conditions in the training phase. The child goes through 12 trials, six containing the high 
reward and three without. Of the trials containing only low rewards, the three different 



sequences are repeated. With 2 repetitions of each low reward sequence.: 1) two paper towels 
are put into the apparatus (AA sequence), 2) a reward then the paper towel is into the 
apparatus (BA sequence) 3) two rewards are placed into apparatus (BB). The order of the 
types of trials is marked on the coding sheet. The choice is presented to the child in this 
order: 1) the sequence is performed in front of the child 2) once the child chooses either the 
tunnel is separated from the apparatus to show the insides of it to the child (causal cue) or the 
small white box is opened with the contents shown to the child (no causal cue). Each choice 
the child makes is recorded on the coding sheet (figure 8). 
 
figure 6: No causal cue testing phase apparatus set up, with apparatus to the researcher's left. A green box 
with low rewards on the right. A plastic shield separates the equipment from the participant, and it has two 

holes on each side for the child to point to. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7:Causal cue testing phase apparatus set up, with apparatus to the researcher's left. A green box with 
low rewards on the right. A plastic shield separates the equipment from the participant, and it has two holes 

on each side for the child to point to. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 8: A coding sheet showing the testing phase: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2,5 Wrap Up 
Once the trials are finished the child is asked the question “How did you decide which box to 
choose?” with the answer being recorded on the coding sheet. If the answer isn’t satisfactory 
a second question “Sometimes there was a sticker in this box (point to apparatus) and 
sometimes there wasn’t. How did you know when to choose this box?” with the second 
answer also being recorded on the coding sheet. A debrief sheet (Figure 9) is handed to the 
parent/guardian of the child, the rest of the stickers from the child’s sticker scene are given in 
an envelope, and any questions from the participant or guardian are answered. 
 
Figure 9: The front page of the debrief sheet given to the guardians after the study is concluded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Results 
As data collection was not finished before the write-up of this report, the results were only 
obtained from 160 children, meaning that the data is incomplete, and is likely biased in a few 
age groups as a result of the lack of participants at the time of writing this report. 
 
Table 1: Overall average success rates of the Causal cue condition, divided by age groups. 
 
 

 
 
 

Age Percentage of overall success in 
training phase (%) 

Percentage of overall success 
test phase (%) 

3 50 50 

4 80.7 60.8 

5 74.8 70.03 

6 74.42 84.14 

7 75.54 81.45 

8 83.17 83.35 

9 69.5 90.8 

10 83 95.85 

11 71.29 78.54 



Table 2: Overall average success rates of the No causal cue condition, divided by age groups. 
 

 
 
 
 
 
 
 
 

Age Percentage of overall success in 
training phase (%) 

Percentage of overall success 
test phase 

3 74.75 54.25 

4 83.25 49.9 

5 74.9 48.13 

6 66.78 51.84 

7 61 52.77 

8 71.57 44.04 

9 72.64 52.32 

10 70.81 53.51 

11 50 61 



Figure 10: Bar graph comparing the overall Average percentage of success between the testing phases of 
both conditions, across the age groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
3.1 Findings 
Images 11 and 10 show the overall average success per condition per age categories, divided 
between the testing and training phases. As can be seen from Table 2 and Figure 10, there is 
no clear connection that can be seen between the age of a participant and their success in the 
no-causal cue paper towel task. This result could very likely simply be a result of the study 
currently not having enough children in a few of the categories, meaning that a specifically 
high or low result is not currently representative of the age categories in question. This will 
be resolved as more children are added to the study, thus changing the averages. However, a 
trend can be seen in the Causal cue condition, which seems to show an overall increase in 
success rate with age. Overall the results seem to contradict the suggestion that sequence 
discrimination is an innate skill, and as such not one that significantly improves age. There is 
a possibility of the task itself, in the Causal cue condition, being too simple for the older 
children, leading to a drop. In performance as they overcomplicate the task. However as no 
age category or condition reached an average of under 40%, as shown by Figure 10 and 
Tables 1-2, it is clear that across the age groups, there is a clear capacity to discriminate 
between sequences. However, despite the lack of clear results, one conclusion can be clearly 
drawn from this study; the no causal cue task is clearly harder for the children to discriminate 
between than the Causal cue tasks. This can be seen in image 12, which compares the average 
overall success rate for the testing phase between the conditions. As can be seen, across all 
the age categories, the children consistently performed better in the Causal cue task. As such, 

0

20

40

60

80

100

120

3 4 5 6 7 8 9 10 11

Average precentage of overall successful triasl during the testing phase

Causal Cue No Causal Cue



one of the hypotheses of the overall study is proven and will likely continue to be when more 
participants are added to the study, leading to a change in the overall average. 
 
 
3.2 Next Steps 
The child study will continue to run until each category and condition contains a minimum of 
20 children, resulting in over 300 children overall. After the results are obtained, the data can 
then be analysed to draw definitive conclusions regarding possible improvements in sequence 
discrimination as age increases. The results of this study will then be checked for accuracy 
using the video, to minimise human error and increase the reliability of the answers marked 
in the coding sheets. Once the study either proves or disproves its hypotheses, the child study 
can then be compared to the other studies within this research, such as the adult study or the 
chimpanzee study. This will likely contribute to answering the overall question of whether 
humans are better at sequence discrimination than non-human primates. After this, the study 
can then be published and will likely be used by other studies in further research on sequence 
discrimination and the capacity of non-human primates, humans and other animals to 
discriminate. Additionally, this is one of, if not the first, study to compare casual and no 
causal (arbitrary) cues, and as will assist further studies researching causal versus no causal 
cues in sequence discrimination. 
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