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Mental demand was the highest workload factor, and the overall score increased in the 

rhythmic parsing condition to 17.32 from 16.8 (in the non-rhythmic tests). Although 

this increase was not significant (T(20) =-0.325, p=0.747), it did suggest that 

participants had not found rhythmic parsing to be any less mentally demanding than 

the non-rhythmic tests. 

 

A significant reduction was observed in the temporal demand score from 16.33 to 

7.65 (T(20) =6.236, p<0.001), and this reduction in temporal workload was an 

important factor in post test analysis. By expressing less temporal demand in the 

rhythmically parsed condition, participants indicated that they had more time to 

analyse the data and hence perform better. A similar reduction was also observed in 

effort from 9.95 to 4.583 (T(20) =4.435, p<0.001),  and in frustration from 7.983 to 

4.05 (T(20) =2.966, p=0.005). These results suggested that participants had found the 

rhythmic parsing condition a more effective method of representing sub-groups in a 

data Sonification, and this was an encouraging indication of the potential of the 

method. No problems were encountered during explanation of the test schedule, and 

participants understood the principles of Sonification, contour icons, harmonic 

combination and rhythmic parsing as they related to the tests. 

8.7. Discussion 

The test schedule sought to investigate the use of rhythmic parsing to define groups 

within a data Sonification, as required by RQ 2. Non-musicians had undertaken a 

series of group comparison tests involving point estimation and pattern combination 

questions, alongside overall point estimation questions. Testing had shown that the 

use of rhythmic parsing significantly improved overall performance from 67.6% to 

75.3% in the rhythmic parsing condition. Overall point estimation (in non-group 

questions) performance had improved from 75% to 81.25% due to the use of rhythmic 

parsing, although this improvement was not statistically significant. The overall point 

estimation questions had been used with regard to testing hypothesis 1 to ensure that 

rhythmic parsing did not negatively affect overall performance, and so it had been 

shown that rhythmic parsing did not hinder overall analysis of a data Sonification. 

 

Group comparison questions sought to determine whether rhythmic parsing was an 

effective means of highlighting sub-groups within a data Sonification, and both point 
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estimation and pattern combination questions were used. Performance in group 

comparison using point estimation had significantly improved from 58.5% to 68.5% 

in the rhythmic parsing condition, suggesting that rhythmic parsing was an effective 

method of defining sub-groups in a data Sonification as required by testing hypothesis 

2. Pattern combination performance had also improved (from 72% to 77%) but not 

significantly so, and this was partly attributed to the low pattern counts employed in 

the test schedule. Because smaller numbers of pattern combinations were used, it was 

often possible that participants could count them effectively in both conditions. Future 

work would have to consider larger data sets (with higher pattern combination counts) 

to better assess the effect of rhythmic parsing on pattern combinations as required by 

testing hypothesis 3. 

 

Post test TLX questionnaires had shown a significant reduction in overall workload 

due to rhythmic parsing, with significant individual reductions being observed for 

temporal demand, effort and frustration scores. This was in keeping with informal 

feedback obtained from participants after testing, which suggested that rhythmic 

parsing had made group comparison much more straightforward. Participants from 

testing group 2 (8.5.1) had also expressed greater difficulty in the non-rhythmic 

parsing tests, where the requirement to retain greater amounts of information affected 

overall performance. Having said this, participants found the rhythmic parsing tests to 

be more mentally demanding than their non-rhythmic counterparts and so future work 

would have to consider how the entire Sonification process could be further 

simplified. 

8.8. Conclusions 

Rhythmic parsing of a data Sonification was investigated as required by RQ 2 of this 

thesis: 

 

RQ 2: What effect does rhythmic parsing have on the understanding of structures 

within a data set? 

 

Harmonically combined contour icon patterns were used to represent fictitious 

examination results for multiple course groups undertaking multiple exams. Test 

participants were asked various group comparison questions about Sonifications of 
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these results, with rhythmic parsing being used to define each sub-group within the 

data. Participants performed better using rhythmic parsing, with significant 

improvement in test results being observed in the rhythmic parsing condition. 

Participants were also asked overall point estimation questions, to ensure that 

rhythmic parsing did not adversely affect the analysis of the entire data set as whole. 

In this case, improvement in point estimation was again observed in the rhythmic 

parsing condition (although not to a statistically significant level). Participants also 

found group comparison much less demanding in terms of workload, when required to 

determine the occurrence of each group within the Sonification in the rhythmic 

parsing condition. These results suggest that rhythmic parsing has potential as a 

means of grouping and segregating data within a Sonification. 

8.8.1. Limitations of Rhythmic Parsing 

The test schedule had sought to determine the effect of rhythmic parsing as a means of 

grouping data into hierarchical structures within an overall set. Although this had 

proven effective, the full application of such a technique would require further work. 

The test schedule was only concerned with the comparison of non-rhythmic and 

rhythmic parsing conditions, and so did not take into account the most effective 

means of grouping data (or how best to define it). Existing work [121] using axes, tick 

marks and labels has considered how to convey context within a data Sonification, 

and the tests performed in this chapter did not employ such features. Rather, the use of 

a parse note served to indicate a change in the current context within the Sonification. 

 

It is suggested that a more effective method of rhythmic parsing would thus employ 

such features as markers and labels, rather than a simple rest note (or combinations 

thereof). By combining such methods, far more verbose information could be 

conveyed to the listener about their present location within the data they are listening 

to. The data used in testing could have been indexed by a marker to indicate specific 

group information to the listener (rather than merely the presence of a new group). 

Data Sonification employing this method would not require the listener to possess any 

information about data structure prior to Sonification, a factor which was unavoidable 

in testing due to the comparison with the non-rhythmic condition. Future work could 
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consider the best methods of employing such markers alongside rhythmic parsing to 

more efficiently convey data in a Sonification. 

 

As stated, the test schedule sought to assess the effect of rhythmic parsing on data 

Sonification, rather than determine its most effective implementation. Future work 

would also have to consider the levels of structure that could be conveyed using 

rhythmic parsing without making the Sonification overcomplicated. A single parse 

note would not be sufficient in most practical circumstances (other than to allow the 

listener more time for mental arithmetic) and so further consideration would have to 

be given to the possible structures that could be employed in effective rhythmic 

parsing. In this manner, a more comprehensive investigation into the application of 

rhythmic parsing could be performed, rather than consideration of its potential as in 

this chapter. 

8.8.2. Overall Conclusions 

Rhythmic parsing had first been investigated during the DNASon case study (chapter 

4) in response to RQ 2, as a means of highlighting amino acids (and their associated 

nucleotide bases) within a DNA or RNA sequence. The results of those tests (4.6) 

showed that rhythmic parsing improved performance, but gave no indication as to 

how that improvement had occurred. Development had next focused on pattern design 

and interaction (chapters 5-7), in order that an effective method could be tested with 

rhythmic parsing. In this chapter, a set of tests was carried out using hierarchical data 

in the form of fictitious examination results (8.4.2) which were arranged in 4 

sequential groups of 5 students. Testing investigated whether the use of rhythmic 

parsing to highlight each group was more effective than a linear rendering of the data 

in a Sonification. 

 

Test results showed that rhythmic parsing was a more effective means of denoting 

groups in a data Sonification than a sequential rendering (where the grouping must be 

done by the listener). Group comparison questions were asked involving point 

estimation and pattern combinations, with significant improvement being observed in 

point estimation (although improvement was present for pattern combinations). 

Overall point estimation questions were used to assess the effect of rhythmic parsing 
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on the data set as a whole, with improvement (though again not statistically 

significant) being observed in the rhythmic parsing condition. Testing workload was 

also reduced as a result of rhythmic parsing, and thus RQ 2 was answered as required. 

Further work is needed to fully assess the extent of this potential however, notably in 

possible combination with some form of labelling [121] as a more effective means of 

conveying group context rather than merely the presence of a grouping.
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9. Conclusions 

9.1. Summary of Work 

This thesis documents an investigation into the sonic representation of mathematical 

data using musical pattern Sonification. A review of sound and perception was first 

undertaken (chapters 2), investigating the human hearing mechanism (2.2), 

fundamentals of music (2.2.5, 2.2.6 and 2.4.3) and the higher level cognitive 

processes associated with audio cognition (2.3 and 2.5). The role of melodic contour 

in musical pattern memory (2.3.3) was considered, and also the implementation of 

gestalt grouping categories (2.5) in musical pattern design. The role of rhythm in 

speech, audio and music (2.4) was also considered, as a means of synchronisation and 

grouping within the auditory scene. This chapter of the review suggested that the 

processes by which detection and recognition of a melody take place are distinct [46], 

and thus require different audio features for effective implementation. This chapter 

also considered the use of rhythm to organise musical events in a Sonification (2.6), 

and determined that the role of melodic contour and rhythm in Sonification would be 

investigated. 

 

The next chapter of the review documented existing work in the field of Sonification 

[90] and auditory display [100]. Different methods of rendering data using audio and 

music were considered, with particular focus being given to the Sonification of DNA 

and RNA nucleotide sequence data (3.4). Methods of organising events in a 

Sonification were investigated (3.3.3), alongside existing methods of audio and 

musical pattern design. Earcons (3.7) were given particular focus, notably in the 

guidelines for their design (3.7.5). Although this research does not employ earcons, 

the method by which a pattern may be made distinct is of great importance. As a 

result of this review several areas of research were considered, leading to a statement 

of the research questions which defined the scope of work for this thesis: 

 

RQ 1: Can complex or exotic data sets (such as DNA/RNA) be efficiently represented 

using current Sonification methods? 
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RQ 2: What effect does rhythmic parsing have on the understanding of structures 

within a data set? 

RQ 3: Do present methods of pattern design (notably earcon design guidelines) 

produce patterns which are not only distinct but also memorable? 

RQ 4: Can present methods of pattern design be used to efficiently render concurrent 

streams of data? 

RQ 5: What effect does musical contour have on the recognition (and identification) 

of musical patterns used in data representation? 

RQ 6: What effect during concurrent presentation does harmonic combination have on 

the identification of features and intersections in data streams? 

 

The first 2 of these questions were considered during a case study of DNA and RNA 

sequence Sonification (chapter 4). This case study sought to improve upon existing 

methods [128] of DNA and RNA sequence Sonification so that different levels of 

structure within that sequence could be rendered. Results of testing (4.6) showed that 

single note or interval mappings were difficult to understand (particularly for non-

musicians), and so more musically descriptive mappings were required. Testing 

showed that complex data sets such as DNA and RNA nucleotide base sequences 

were difficult to understand without extensive training (4.7.1), and thus could only be 

considered for testing once a robust framework for Sonification (4.8) had been 

developed. Testing also showed that rhythmic parsing allowed groupings within the 

data to be highlighted, and indeed performance was significantly improved due to 

rhythmic parsing. Although this was a postive indication of the potential of rhythmic 

parsing, the test schedule had not given sufficient consideration to means of 

determining the nature of this potential and thus further investigation was required. 

 

Existing methods of musical pattern design were evaluated (chapter 5) in accordance 

with RQ 3 and RQ 4, notably in the use of earcon design guidelines to create distinct 

musical patterns. Although earcons were not used at any point during development or 

testing, existing work suggested that earcon design guidelines would produce distinct 

patterns as required by testing. A set of tests were performed to investigate the 

effectiveness of these low level patterns, with results (5.6.1) suggesting that a distinct 

pattern may not perhaps be memorable to the listener. Concurrent patterns had also 

been tested, and results (5.6.3) showed that it was difficult to detect multiple patterns 
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in combination using low level musical patterns. Musicianship had also been 

considered as a testing factor (5.6.5), and observations made during testing had shown 

that a musician’s ability to score patterns prior to listening gave them an advantage in 

pattern recognition.  

 

Ammendments to the Sonification method were suggested (5.8), and 2 areas of 

development were suggested. The first area (chapter 6) would consider means by 

which a musical pattern could be made distinct and memorable using high level 

design features (such as melodic contour), while the second (chapter 7) would 

investigate more effective means of combining patterns during concurrent 

presentation (using harmonic combination). 

 

The development of memorable musical patterns was considered in chapter 6, with 

particular focus being given to the use of musical contour as stated in RQ 5. Testing in 

chapter 5 had shown that musicians made use of visual representations during testing 

(5.6.5), and so visual methods of representing patterns were considered as a means of 

aiding the recognition process. This investigation led to the development of contour 

icons (6.5.3), which utilise musical patterns based on simple iconic shapes. By 

designing musical patterns based on visual shape, a method of effectively scoring 

patterns in a high level manner understandable to non-musicians was found. A set of 

tests was carried out comparing contour icons to low level patterns design using 

earcon guidelines (though not earcons themselves). Results (6.7.1) showed that 

contour icons significantly improved point estimation performance in Sonification, as 

required by RQ 5. The inclusion of high level features (in this case contour) in pattern 

design had produced patterns which were both distinct and memorable, while also 

fulfilling gestalt design considerations (2.5). 

 

Pattern combination testing in chapter 5 (5.6.3) had proven ineffective, and so more 

efficient means of combining patterns was considered in chapter 7. Existing work 

[114] had considered the use of harmony in concurrent presentation, and so means of 

harmonically combining patterns was investigated as stated in RQ 6. Harmonic 

combination was considered with reference to both earcon design guidelines (3.7.5) 

and gestalt grouping categories (2.5), and a set of contour icons based on these 

guidelines was developed (7.5) in 3 registers (allowing 3 variable combination). A set 
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of tests was performed using contour icons in non-harmonic and harmonic 

combination, with results (7.7.1), which showed significant improvement in the 

detection of pattern combinations in the harmonic condition. Point estimation 

performance had not been affected due to harmonic combination (and had indeed 

been slightly improved), but it was noted during testing that several participants had 

detected false positive combinations (7.9.1) in the 3 variable condition when 2 

instruments played in harmony with the other dissonant. No provision had been made 

for this in the experimental design, and so no proper assessment of this effect could be 

made. It was noted that future work would have to consider means by which such 

false positives could be avoided, alongside more extensive combination using higher 

variable counts. 

 

Rhythmic parsing had been investigated during the DNASon case study (4.5.3), and 

had been scheduled for further work when a more robust Sonification framework had 

been developed. Work carried out in chapter 8 considers the potential of rhythmic 

parsing as a means of highlighting groupings within a data set, as required by RQ 2. 

This thesis contends that musical rhythm and arrangement provides great scope for 

organising events hierarchically in a data Sonification, and a set of tests (8.5) into the 

effect of rhythmic parsing were performed to investigate this. Results (8.6.1) showed 

that rhythmic parsing significantly improved group comparison in a Sonification, and 

improved was also observed (though not statistically significant) in overall point 

estimation (8.6.2). Rhythmic parsing made Sonification much less demanding (8.6.5), 

and suggests great potential for future implementation alongside other techniques 

such as data labelling (3.3.3). 

9.2. Contributions of the Thesis  

This thesis has presented several original contributions to data Sonification, which 

made significant improvement to Sonification performance during testing: 

 

1) Contour Icons- contour icons were developed to investigate the effect of 

melodic contour in musical pattern design. Testing showed that contour icons 

were easier to detect in a data Sonification, by utilising high level visual 

representations of their musical shape to aid in the recognition process. 
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2) Harmonic Combination- harmonic combination was proposed as a means of 

improving pattern combination detection during concurrent presentation. 

Testing showed that harmonic combination was a more effective means of 

highlighting specific combinations of values in a data Sonification, by 

streamlining the pattern recognition process from 3 distinct patterns to a single 

pattern in harmony. 

3) Rhythmic Parsing- rhythmic parsing was investigated as a means of conveying 

grouping and structure within a data Sonification. Tests showed that sub-

groups within a data set were easier to analyse when rhythmically parsed, by 

highlighting the presence of groups to the listener using musical rest notes 

between events and groups of events. 

 

This thesis has considered the means by which memorable musical patterns may be 

used to represent information in a concurrent data Sonification. It has also 

investigated means by which data may be grouped and structured for more effective 

analysis. In addition to the original contributions of this thesis, further work is 

required to fully develop the techniques presented here. 

9.3. Future Work 

Work carried out in this thesis has produced significant improvement in the areas of 

musical pattern design, pattern combination and structuring of information within a 

data Sonification. Three major areas of investigation were undertaken, and each is 

now considered in turn to determine how development may best proceed. 

9.3.1. Contour Icons 

The development of contour icons suggests means by which musical patterns may be 

made both distinct and memorable by including high level cognitive features, and 

further work is required to determine what other additions could be made. Musical 

contour was chosen as an effective high level descriptor of a pattern, and the shapes 

used for contour icons during this thesis are by no means comprehensive (or indeed 

conclusive). Future work will investigate the use of shape more thoroughly, to 

consider: 

1) What shapes are possible- Basic shapes such as up and down arrows proved 

effective, but many other shapes are possible. Further work could approach 
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this from 2 directions: the analysis of existing popular melodies to determine 

which shapes are most common (in a manner similar to Adams [49]), and the 

design of contour icons based on recognisable visual shapes. By examining 

results of such analysis, a more comprehensive set of contour icons could be 

produced, ideally taking full advantage of the higher level cognitve features 

they employ. 

2) How distinct can contour icons be made from one other- although 

development produced a set of contour icon shapes, no study was undertaken 

to assess how distinct or similar those icons were from each other. Further 

work could consider how to maximise the distinction between icons, utilising 

features such as boundary pitches and perhaps timbre to create the most 

disparity between each icon in a set. 

3) Can contour icons be concatenated to create more complex shapes- Earcons 

are modular in design, with more complex patterns containing greater 

information being constructed from smaller musical units. The same approach 

could be considered with contour icons, investigating whether contour icons 

can be concatenated to form more verbose patterns. Similarly, an overall shape 

(such as up or down) could be used as the basis of a family of icons, where 

changes in other pattern features would denote a new icon within a larger sub-

group. 

 

Contour icons proved effective in testing, but further work is needed to determine the 

extent of this effect. Until a set of icons is produced which can generate high 

recognition rates for larger variable counts (than observed in testing), contour icons 

cannot be considered as a fully effective method of data representation in 

Sonification. 

9.3.2. Harmonic Combination 

Harmonic combination was developed to improve pattern combination detection 

during concurrent representation. Although results showed significant improvement, 

further work is required to develop it implementation fully: 

1) How many patterns can be combined effectively- Although 3 variable 

combinations were tested in this thesis, higher counts may be possible if 
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intervals within the octave are employed. Further work could consider whether 

such intervals allow for greater levels of combination, and if a limit of 

recognition exists (when proximity becomes a grouping factor). 

2) How can several patterns be combined distinctively- The detection of false 

positives during testing suggests that further investigation is need into the role 

of consonance and dissonance in harmonic combination. Effects of instrument 

(timbre) and register must be considered, alongside means by which different 

contour icons can be made more dissonant during combination. 

3) How can one pattern be combined with more than one other in another given 

variable- testing had considered single combinations, wherein a value from 

one variable could be matched with one other from each subsequent variable. 

Although sufficient for assessment of the method, such a limited means of 

combination is not applicable in practice. Further work would have to consider 

how to combine a pattern with several others in other registers, again 

observing gestalt grouping factors such a belongingness and similarity. 

 

Harmonic combination suggests great potential as a means of rendering musical 

patterns concurrently in data Sonification. Having said this, limitations in the current 

implementation preclude its effective use in real data analysis until further work 

increases the number of combinations that can be produced. 

9.3.3. Rhythmic Parsing 

Rhythmic parsing was developed to investigate the use of musical rhythm and 

structure in data Sonification. Testing showed that groups within a data set can be 

effectively highlighted using rhythmic parsing, but further work is required to 

investigate its extent: 

1) What levels of grouping can be achieved effectively- In testing, a single level 

of grouping was performed within the data set used (fictitious examination 

results). Future work would have to consider how greater levels of structure 

could be implemented using rhythmic parsing, particularly the limit at which 

groups are no longer effectively detectable.  
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2) What considerations must be made for specific data sets- Initial work using 

rhythmic parsing had used fictitious examination results, with groupings that 

had been chosen to allow effective implementation during testing. Future work 

would have to consider how rhythmic parsing can be used with real data, and 

how different grouping structures and levels of grouping could be highlighted 

by the listener as required. Testing had sought to show the potential of the 

method, but practical use would require far greater investigation. 

3) Can rhythmic parsing be combined with markers and labels- the use of 

markers and labels to convey context in a Sonification is an important aspect 

of defining data structure, with analogies to the visual graph and bar chart 

being applicable. Further work could consider how labels could be used with 

rhythmic parsing to deliver information about the grouping structures present 

(rather than merely indicating their presence). It is suggested that a far more 

powerful means of structuring data could be achieved using a combination of 

both methods. 

 

Rhythmic parsing was introduced to punctuate and highlight events in a Sonification, 

employing the existing techniques of musical arrangement to create hierarchical 

structures in a data Sonification. Future work must consider the extensive possibilities 

of such parsing more fully, to determine how effectively it can be applied to real data. 

9.3.4. Other Development 

This research initially investigated the Sonification of DNA and RNA nucleotide base 

sequences, and in doing so discovered that data of such complexity could not be 

rendered effectively using existing Sonification methods. Subsequent work sought to 

develop better methods of representing information, but at time of writing no method 

has been developed that could yet be applied to data such as DNA or RNA sequences 

in a fully effective manner. Future work is intended to develop such a framework, 

having realised that the scope of such work is far greater than had originally been 

realised. It is also intended to investigate the use of methods such as harmonically 

combined contour icons to deliver smaller amounts of information using mobile 

devices. Future work will consider how simple melodic shapes can be used to convey 

information or alerts to a listener, in a similar manner to current ringtones and alerts 
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used on such devices. It is hoped that a more structured approach can be used to 

design ringtones and alerts to convey information in a functional manner, potentially 

reducing the conflicts that more aesthetically defined patterns can often engender. 

9.4. Overall Conclusions 

9.4.1. Thesis Statement 

This thesis was undertaken in relation to the following statement: 

Conveying complex data or information using Sonification is difficult, particularly 

during concurrent presentation of multiple variable data. Existing methods of musical 

pattern design define patterns which are distinct for the purposes of detection, but do 

not adequately consider the means by which such patterns may be made memorable. 

Rhythm in Sonification is often constrained to a single discrete time interval between 

events, and so is not capable of conveying structures or sub-groupings within multiple 

variable data sets. 

 

This statement was defended by answering the following research questions: 

 

RQ 1: Can complex or exotic data sets (such as DNA/RNA) be efficiently represented 

using current Sonification methods?- The DNASon case study undertaken in chapter 

4 of this thesis examined methods of nucleotide sequence Sonification, with results of 

testing suggesting that such complex data was difficult to analyse. Further, the use of 

pitch and chord interval mapping was not considered sufficient to describe data in a 

Sonification, and so other methods of musical pattern representation were considered. 

 

RQ 2: What effect does rhythmic parsing have on the understanding of structures 

within a data set?- Rhythmic parsing was investigated during the DNASon case 

study, and subsequently in a full set of tests using harmonically combined contour 

icons detailed in chapter 8. Rhythmic parsing highlights sections and grouping within 

a data set using musical structures based on rhythm. Results of the chapter 8 tests 

showed that rhythmic parsing significantly improved group comparison performance 

in a data Sonification. 
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RQ 3: Do present methods of pattern design (notably earcon design guidelines) 

produce patterns which are not only distinct but also memorable?- This question was 

considered in conjunction with RQ4 during the testing of low level patterns in chapter 

5. Results showed that while a pattern may be made distinct, it may not necessarily be 

memorable. This conclusion formed the basis of the development of contour icons (as 

detailed in chapter 6) in response to RQ5. 

 

RQ 4: Can present methods of pattern design be used to efficiently render concurrent 

streams of data?- As with RQ3, tests in chapter 5 showed that combining patterns in 

multiple streams was difficult for listeners to analyse. These results led to the 

investigation of harmonic combination (during chapter 7) as defined in RQ6. 

 

RQ 5: What effect does musical contour have on the recognition (and identification) 

of musical patterns used in data representation?- This question was considered 

subsequent to RQ3, during the contour icon design detailed in chapter 6. Contour 

icons are a high level method of representing musical patterns, based around visual 

shapes that convey the patterns musical contour. Testing showed that contour icons 

significantly improved pattern recognition when compared to low level reference 

patterns (as used in chapter 5). 

 

RQ 6: What effect during concurrent presentation does harmonic combination have 

on the identification of features and intersections in data streams?- This question was 

investigated as a result of RQ4 in the harmonic combination tests of chapter 7. 

Harmonic combination allows intersections within a data set to be highlighted as a 

single pattern harmony during a data Sonification. Results showed that harmonic 

combination significantly improved pattern combination performance when tested 

against low level patterns (chapter 5) in concurrent representation.  

 

This research has considered musical pattern design, concurrent representation and the 

grouping and structuring of information in data Sonification. Significant 

improvements were produced during testing of contour icons, harmonic combination 

and rhythmic parsing- the main contributions of this thesis. Although further work is 

required in all of these areas (9.3), the contributions of this thesis have gone some way 

towards a fully effective method of data Sonification.  
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Appendix 1. DNASon Test Questions 

DNASon Testing Schedule Session 1 
 

Thank you for your time in taking part in this three part test schedule. You will be 

asked several questions about test RNA sequences (see attached tutorial) to determine 

what information can be obtained through Sonification of those sequences. Please 

remember there are no wrong answers and you are not being tested- rather it is the 

software used and the principles it defines that is the focus of the study. 

 

You may ask questions of the test observer at any time, but no opinion may be 

canvassed on the answers themselves. 

 

Session 1: (non Rhythmic Parsing) Control Tests 

 

Frequency Test 

 

Please use section1freq.fasta for the Sequence Sonification. 

 

By judicious selection of intervals, please define the following: 

 

1. Does the Amino Acid Tyrosine occur? If so, how often? 
 

…………………………………………………. 

 

2. Does the Amino Acid Proline occur? If so, how often? 
 

…………………………………………………. 

 

3. Does the Amino Acid Alanine occur? If so, how often? 
 

…………………………………………………. 

 

4. Does the Amino Acid Glycine occur? If so, how often? 
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…………………………………………………. 

 

5. Does the Amino Acid Proline occur? If so, is it always expressed by the same 
codon pattern? 

 

…………………………………………………. 

 

6. Does the Amino Acid Tyrosine occur? If so, is it always expressed by the 
same codon pattern? 

 

…………………………………………………. 

 

Combination Test 1 

 

Please use section1combi1.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1. Does the combination of Proline and Valine amino acids occur? If so, how 
often? 

 

…………………………………………………. 

 

2. Does the combination of Glycine and Arganine amino acids occur? If so, how 
often? 

 

…………………………………………………. 

 

3. Does the combination of Serine and Valine amino acids occur? If so, how 
often? 

 

………………………………………………….
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Combination Test 2 

 

Please use section1combi2.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1. Does the combination of Valine, Alanine and Glycine amino acids occur? If 
so, how often? 

 

…………………………………………………. 

 

2. Does the combination of Valine, Alanine and Aspartic Acid amino acids 
occur? If so, how often? 

 

…………………………………………………. 

 

3. Does the combination of Histidine, Arganine and Serine amino acids occur? If 
so, how often? 

 

…………………………………………………. 

 

 

 

Thank you for taking part in this test. Please hand your workbook to the test observer. 
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DNASon Testing Schedule Session 2 
 

Thank you again for your time in taking part in this second test. You will again be 

asked several questions about test RNA sequences (see attached tutorial) to determine 

what information can be obtained through Sonification of those sequences. Once 

again, please remember there are no wrong answers and you are not being tested- 

rather it is the software used and the principles it defines that is the focus of the study. 

 

You may ask questions of the test observer at any time, but no opinion may be 

canvassed on the answers themselves. 

 

Session 2: 3/4 Time Signature Tests 

 

Frequency Test 

 

Please use section2freq.fasta for the Sequence Sonification. 

 

By judicious selection of intervals, please define the following: 

 

1. Does the Amino Acid Asparagine occur? If so, how often? 
 

…………………………………………………. 

 

2. Does the Amino Acid Valine occur? If so, how often? 
 

…………………………………………………. 

 

3. Does the Amino Acid Tryptophan occur? If so, how often? 
 

…………………………………………………. 

 

4. Does the Amino Acid Isoleucine occur? If so, how often? 
 

…………………………………………………. 
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5. Does the Amino Acid Valine occur? If so, is it always expressed by the same 
codon pattern? 

 

…………………………………………………. 

 

6. Does the Amino Acid Asparagine occur? If so, is it always expressed by the 
same codon pattern? 

 

…………………………………………………. 

 

Combination Test 1 

 

Please use section2combi2.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1. Does the combination of Glutamic Acid and Glycine amino acids occur? If so, 
how often? 

 

…………………………………………………. 

 

2. Does the combination of Asparagine and Tryptophan amino acids occur? If so, 
how often? 

 

…………………………………………………. 

 

3. Does the combination of Tryptophan and Isoleucine amino acids occur? IF so, 
how often? 

 

………………………………………………….
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Combination Test 2 

 

Please use section1combi2.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1. Does the combination of Asparagine, Cysteine and Asparagine amino acids 
occur? If so, how often? 

 

…………………………………………………. 

 

2. Does the combination of Glutamic Acid, Isoleucine and Valine amino acids 
occur? If so, how often? 

 

…………………………………………………. 

 

3. Does the combination of Asparagine, Valine and Asparagine Acid amino acids 
occur? If so, how often? 

 

…………………………………………………. 

 

 

 

 

Thank you once again for taking part in this test. Please hand your workbook to the 

test observer. 
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DNASon Testing Schedule Session 3 
 

Thank you for your time in taking part in this final test. Again you will be asked 

several questions about test RNA sequences (see attached tutorial) to determine what 

information can be obtained through Sonification of those sequences. As always, 

please remember there are no wrong answers and you are not being tested- rather it is 

the software used and the principles it defines that is the focus of the study. 

 

You may ask questions of the test observer at any time, but no opinion may be 

canvassed on the answers themselves. 

 

Session 3: 4/4 Time Signature Tests 

 

Frequency Test 

 

Please use section3freq.fasta for the Sequence Sonification. 

 

By judicious selection of intervals, please define the following: 

 

1. Does the Amino Acid Histidine occur? If so, how often? 
 

…………………………………………………. 

 

2. Does the Amino Acid Valine occur? If so, how often? 
 

…………………………………………………. 

 

3. Does the Amino Acid Leucine occur? If so, how often? 
 

…………………………………………………. 

 

4. Does the Amino Acid Alanine occur? If so, how often? 
 

…………………………………………………. 
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5. Does the Amino Acid Alanine occur? If so, is it always expressed by the same 
codon pattern? 

 

…………………………………………………. 

 

6. Does the Amino Acid Leucine occur? If so, is it always expressed by the same 
codon pattern? 

 

…………………………………………………. 

 

Combination Test 1 

 

Please use section3combi1.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1. Does the combination of Glutamine and Alanine amino acids occur? If so, how 

often? 

 

…………………………………………………. 

 

2 Does the combination of Threonine and Arganine amino acids occur? If so, 
how often? 

 

…………………………………………………. 

 

3 Does the combination of Lysine and Leucine amino acids occur? If so, how 
often? 

 

………………………………………………….
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Combination Test 2 

 

Please use section3combi2.fasta for the Sequence Sonification. 

 

Consider the following amino acid combinations and thus determine if and how often 

they occur: 

 

1 Does the combination of Threonine, Glutamine and Arganine amino acids 
occur? If so, how often? 

 

………………………………………………….  

 

2 Does the combination of Threonine, Glutamine and Arganine amino acids 
occur? If so, how often? 

 

………………………………………………….  

 

3 Does the combination of Tryptophan, Lysine and Valine amino acids occur? If 
so, how often? 

 

…………………………………………………. 

 

 

 

 

Thank you very much for your time and effort in taking part in all three sections of 

this test. Please hand your workbook to the test observer. 
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Appendix 2. DNASon RNA Sequence Files 
Below are listings of sequence files used during the DNASon case study tests. All files 

are in FASTA format. 

session1freq.fasta 

> Section 1 Frequency Test fasta sequence 

augucuuaucaaccugucgccgacggccaccgagcaguucccucauaugauggcgcaguaccguag 

 

session1combi1.fasta 

> Section 1 Combination Test 1 fasta sequence 

augucucccguagauggucgacauuaccagccuccggugggccgaucagucggaagacccuag 

 

session1combi2.fasta 

> Section 1 Combination Test 2 fasta sequence 

augucuccagauguagccggugaucacaggucccccguagcuggccacgucccagauuacgucgcccaucaau

cuccugauuaucguuag 

 

session2freq.fasta 

> Section 2 Frequency Test fasta sequence 

augugcuuuaauauuguggccgaaggcugguaugugaaugucaucgccgaaugugguuuuuag 

 

session2combi1.fasta 

> Section 2 Combination Test 1 fasta sequence 

augugugccauugagggcguuuuuaauuggauuuucgucuacgaagggaauuggguugcuuag 

 

session2combi2.fasta 

> Section 2 Combination Test 2 fasta sequence 

augggcgcuauugaaguuaauuguaacguagcagguuauguugcugaaauugucuuuuguuuuauugccaau

uguaacgaaauugucuag 

 

session3freq.fasta 

> Section 3 Frequency Test fasta sequence 
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augucuaaacuucgucaugucuggacuaagcuuagggccacccguuggcugcaugcuacuuag 

 

session3combi1.fasta 

> Section 3 Combination Test 1 fasta sequence 

augacuaggguucauaaacuccaggcaaggcucaagucacaagccacccggaaaguauuguag 

 

session3combi2.fasta 

> Section 3 Combination Test 2 fasta sequence 

auguggcggacugcccagucucacaagguccucuggaaaguaacucaacgacuuaaaucucaaacucaacgauc

ucuucauaaaguuuag 
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Appendix 3. DNASon Questionnaire and 

Results 
This is a copy of the test questionnaire given to all participants prior to the first 

session tests (for both the DNASon and reference pattern test schedules).This 

questionnaire was used to determine the musicianship and music technology skills of 

each participant. The results of both questionnaires are listed sequentially. 

 

Please fill out the following brief questionnaire below. Please remember there are no 

wrong answers and you are not being tested- rather it is the software used and the 

principles it defines that is the focus of the study. 

 

1. Do you have any Computer Experience (please circle one item):  

• None 

• Home use 

• Academic/Business use 

• Frequent use 

• Expert user 

2. Do you have an Interest in Computers and Technology: 

• None 

• Casual 

• Fair 

• Very Interested 

• Professional 

3. Types of Software Application Used (please select all that apply): 

• Email and Office Applications (such as Hotmail or MSOffice) 
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• Desktop Publishing and Web Design Applications (such as Quark or 

Dreamweaver) 

• Sound Editing and Recording Applications (such as Wavelab or ProTools) 

• Sequencing and Sound Processing Applications (such as Cubase or Reason) 

• Music Notation and Arrangement Applications (such as Sibelius)  

4. Do you have exposure to Computer Programming Languages: 

• C++ 

• Pascal 

• Visual Basic 

• Java 

• Unix 

5. Do you have an Interest in Music: 

• No Interest 

• Casual Music Interest 

• Keen Music Listener 

• Musician (as a hobby) 

• Professional Musician 

6. Do you have any Musical Qualifications: 

• None 

• Up to Grade 2 

• Up to Grade 4 

• Up to Grade 6 

• Up to Grade 8 

7. Please define the following in Standard Notation: 

• A bass clef in the key of A major 
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• An Interval of G(Root) with a 5th  

 

• An Interval of C(Root) with a 3rd  

 

• A 2 quaver, 1 crotchet rest Rhythm Pattern 

 

• A 2 crotchet, 1 semiquaver rest Rhythm Pattern 

 

8. Do you have an interest in Audio Technology: 

• None 

• Hi-Fi Enthusiast 

• Home Recording/production 

• Sound Engineer 

• Recording Engineer/ Producer 

9. Do you compose music using any of the following: 

• Sequencer 

• Synthesiser 

• CSound 

• Algorhythmic Synthesis Software 
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• Sampler 

 

10. Do you use any of the following equipment in your music: 

• Soft Sampler 

• Effects Plugins 

• Soft Synthesiser 

• Midi Controller 

• HD recording System 

 

DNASon Results (by test grouping) 

 

Question 1 2 3 4 5 6 7 8 9 10 

Overall 

Results 

Questions 5-7 

(%) 

 marks 5 5 5 5 5 5 5 5 5 5 50  

 Musicians             

1  1 2 1 0 5 5 5 2 1 1 23 100.00 

2  3 3 2 0 5 4 4 0 1 1 23 83.33 

3  3 2 2 0 4 4 4 1 2 1 23 75.00 

4  2 1 1 0 5 4 5 0 1 1 20 91.67 

5  2 2 2 0 5 5 4 2 2 1 25 91.67 

6  2 0 1 0 4 4 5 1 1 1 19 83.33 

7  3 3 3 1 5 5 5 2 1 1 29 100.00 

8  1 3 2 0 4 4 4 2 2 1 23 75.00 

9  0 3 2 0 5 5 4 0 1 1 21 91.67 

10  3 2 1 0 5 5 5 1 2 1 25 100.00 

             Average=91.33 

 non-Musicians             

1  4 4 4 3 4 3 3 3 4 4 36 58.33 

2  4 3 2 1 4 3 2 0 2 2 23 50.00 

3  2 2 2 1 3 2 1 0 2 2 17 25.00 

4  4 3 4 0 3 1 2 2 2 3 24 25.00 
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5  3 2 2 0 2 0 0 0 2 2 13 8.33 

6  1 2 3 0 2 2 2 0 1 1 14 25.00 

7  1 1 1 0 3 0 0 0 0 0 6 16.67 

8  3 3 2 1 3 0 2 2 2 1 19 25.00 

9  2 1 1 0 3 2 0 1 1 1 12 25.00 

10  3 3 3 2 3 3 0 0 3 2 22 33.33 

             Average=38.67 

 

Reference Pattern Results (by test grouping) 

 

Question 1 2 3 4 5 6 7 8 9 10 

Overall 

Results 

Questions 5-7 

(%) 

 marks 5 5 5 5 5 5 5 5 5 5 50  

 Musicians             

1  3 2 2 0 5 5 5 3 0 0 25 100.00 

2  4 5 4 1 5 3 4 5 3 5 39 80.00 

3  2 2 1 0 5 5 5 1 0 0 21 100.00 

4  4 4 4 1 5 5 5 3 1 1 33 100.00 

5  2 3 4 0 5 5 5 2 0 0 26 100.00 

6  4 2 2 0 5 5 5 1 0 0 24 100.00 

7  5 5 5 3 5 3 4 5 3 5 43 80.00 

8  3 3 5 1 5 5 5 3 3 2 35 100.00 

9  4 4 3 0 4 4 5 3 1 4 32 86.67 

10  5 5 5 4 5 3 4 5 3 5 44 80.00 

             Average=92.67 

 non-Musicians             

1  2 2 1 0 4 1 0 3 0 1 14 33.33 

2  2 2 1 0 2 1 0 1 0 0 9 20.00 

3  2 1 1 0 3 1 0 1 0 0 9 26.67 

4  3 3 2 1 3 1 0 1 0 0 14 26.67 

5  2 2 1 0 3 1 0 1 0 0 10 26.67 

6  4 4 2 2 3 1 0 2 0 0 18 26.67 

7  2 1 1 0 2 1 0 1 0 0 8 20.00 
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8  1 1 1 0 2 1 0 1 0 0 7 20.00 

9  5 4 5 3 4 2 1 3 2 5 34 46.67 

10  4 5 3 0 5 2 0 5 3 4 31 46.67 

             Average=29.33 
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Appendix 4.   DNASon Test Results 
All test results are listed below by session. Each session comprised of frequency and 

combination tests, with overall results for all sessions also listed. 

Session 1 

 Frequency Test 

Questions 1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 

 Marks awarded 2 2 2 2 2 2 2 2 2 1 2 1 

Correct Answer Y 2 Y 3 Y 3 Y 2 Y N Y Y 

Musicians  

1 Y 1 Y 1 Y 1 N 0 Y N N N 

2 Y 1 Y 3 Y 2 N 0 Y Y N N 

3 Y 1 Y 1 Y 3 N 0 N N Y N 

4 Y 1 Y 2 Y 2 N 0 Y Y N N 

5 Y 1 Y 1 Y 2 Y 2 N N N N 

6 Y 1 Y 1 Y 1 N 0 Y Y Y N 

7 Y 2 Y 1 Y 1 N 0 Y N N N 

8 N 0 Y 2 Y 2 Y 1 N N Y Y 

9 Y 2 Y 2 Y 2 N 0 Y Y N N 

10 Y 1 Y 2 Y 2 N 0 Y N N N 

Non- Musicians 

1 Y 2 Y 1 Y 1 N 0 Y N N N 

2 Y 2 N 0 Y 1 N 0 Y N N N 

3 Y 1 Y 1 Y 1 Y 1 N N N N 

4 Y 1 Y 1 Y 2 Y 1 Y Y N N 

5 Y 2 Y 1 Y 1 N 0 N N N N 

6 Y 1 N 0 Y 1 Y 1 N N Y N 

7 Y 2 N 0 Y 2 Y 1 N N Y N 

8 Y 1 Y 1 N 0 Y 1 Y Y N N 

9 N 0 Y 1 N 0 Y 2 N N Y Y 

10 Y 1 N 0 Y 2 Y 3 Y Y N N 

             

 Combination Test 1 Combination Test 2 

Questions 1a 1b 2a 2b 3a 3b 1a 1b 2a 2b 3a 3b 

Marks awarded 2 2 2 2 2 2 2 2 2 2 2 2 

Correct Answer Y 2 Y 3 Y 1 Y 2 Y 2 Y 1 

Musicians 
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1 Y 1 Y 1 Y 1 Y 1 Y 1 N 0 

2 Y 1 Y 2 N 0 Y 2 N 0 Y 2 

3 Y 1 Y 2 Y 1 N 0 Y 1 Y 1 

4 Y 1 Y 1 Y 2 N 0 N 0 Y 1 

5 Y 2 Y 2 N 0 Y 2 Y 1 N 0 

6 Y 1 Y 1 N 0 Y 1 Y 1 Y 1 

7 Y 1 Y 1 Y 1 Y 2 Y 1 Y 2 

8 Y 1 Y 2 Y 1 Y 1 Y 1 N 0 

9 Y 1 Y 1 N 0 N 0 N 0 N 0 

10 Y 1 Y 1 Y 1 Y 1 N 0 Y 1 

Non- Musicians 

1 Y 1 Y 2 Y 1 Y 2 Y 1 Y 1 

2 Y 1 Y 1 N 0 Y 1 N 0 N 0 

3 Y 1 Y 1 Y 2 Y 1 Y 1 Y 2 

4 Y 2 Y 2 Y 2 Y 1 Y 1 Y 1 

5 N 0 Y 1 N 0 N 0 Y 1 N 0 

6 Y 1 Y 1 N 0 Y 1 Y 1 N 0 

7 Y 1 Y 1 N 0 N 0 N 0 Y 2 

8 Y 1 Y 1 Y 1 N 0 Y 1 Y 1 

9 Y 2 Y 2 N 0 Y 1 Y 1 N 0 

10 Y 3 Y 1 Y 1 N 0 N 0 Y 1 

Session 2 

 Frequency Test 

Questions 1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 

 Marks awarded 2 2 2 2 2 2 2 2 2 1 2 1 

Correct Answer Y 2 Y 3 Y 1 Y 2 Y N Y Y 

Musicians  

1 Y 1 Y 1 Y 2 Y 1 Y Y Y N 

2 Y 2 Y 1 N 0 Y 1 Y N N N 

3 Y 1 N 0 Y 2 Y 1 Y N N N 

4 Y 1 Y 1 N 0 Y 1 Y N N N 

5 Y 3 Y 1 Y 2 Y 1 N N Y Y 

6 N 0 Y 1 Y 1 Y 2 Y N N N 

7 Y 2 Y 2 Y 2 Y 1 Y N Y Y 

8 Y 1 Y 1 N 0 Y 1 Y N N N 

9 Y 1 Y 3 N 0 Y 1 Y Y Y N 

10 Y 1 Y 1 N 0 Y 1 N N Y Y 

Non- Musicians 

1 Y 1 Y 2 Y 2 Y 1 Y N Y N 
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2 N 0 N 0 Y 1 Y 1 Y N Y N 

3 Y 1 Y 1 Y 1 Y 1 N N N N 

4 Y 1 Y 3 Y 2 N 0 Y Y N N 

5 N 0 N 0 Y 1 Y 1 Y N N N 

6 Y 2 Y 1 Y 2 Y 1 Y N N N 

7 Y 1 Y 2 Y 1 N 0 Y N N N 

8 N 0 Y 2 N 0 Y 2 N N Y N 

9 Y 1 Y 1 Y 1 Y 2 N N Y N 

10 N 0 Y 2 Y 1 Y 2 N N Y N 

             

 Combination Test 1 Combination Test 2 

Questions 1a 1b 2a 2b 3a 3b 1a 1b 2a 2b 3a 3b 

Marks awarded 2 2 2 2 2 2 2 2 2 2 2 2 

Correct Answer Y 2 Y 2 Y 1 Y 2 Y 2 N 0 

Musicians 

1 Y 1 Y 1 N 0 Y 1 N 0 N 0 

2 Y 2 N 0 N 0 Y 1 Y 1 Y 1 

3 Y 2 Y 2 N 0 Y 1 N 0 N 0 

4 N 0 Y 1 Y 2 Y 1 Y 2 Y 1 

5 Y 1 Y 1 Y 2 Y 1 N 0 Y 2 

6 Y 1 Y 2 Y 1 Y 2 Y 1 N 0 

7 Y 2 N 0 Y 1 Y 1 Y 2 Y 1 

8 Y 2 N 0 N 0 Y 1 Y 1 Y 1 

9 Y 1 Y 1 Y 1 Y 2 Y 1 N 0 

10 Y 1 N 0 N 0 N 0 N 0 N 0 

Non- Musicians 

1 Y 1 Y 1 Y 1 Y 1 Y 1 N 0 

2 Y 2 N 0 N 0 N 0 N 0 N 0 

3 Y 1 Y 1 N 0 Y 1 N 0 N 0 

4 Y 1 N 0 N 0 N 0 Y 2 N 0 

5 Y 1 Y 2 N 0 N 0 Y 1 Y 1 

6 Y 2 Y 1 Y 2 Y 1 N 0 N 0 

7 Y 1 Y 1 N 0 Y 1 N 0 Y 1 

8 N 0 N 0 N 0 N 0 Y 1 N 0 

9 Y 1 Y 1 Y 2 N 0 N 0 N 0 

10 Y 1 Y 1 N 0 Y 1 Y 1 Y 1 

Session 3 

 Frequency Test 

Questions 1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 
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 Marks awarded 2 2 2 2 2 2 2 2 2 1 2 1 

Correct Answer Y 1 Y 1 Y 3 Y 2 Y N Y N 

Musicians  

1 N 0 Y 1 Y 2 Y 2 Y N N N 

2 Y 1 Y 1 Y 1 N 0 N N N N 

3 Y 1 Y 2 Y 1 Y 1 Y Y Y N 

4 N 0 N 0 Y 3 Y 2 N N Y N 

5 Y 2 Y 1 Y 1 N 0 Y N Y N 

6 N 0 N 0 Y 2 Y 2 Y Y Y N 

7 N 0 Y 1 Y 3 Y 1 Y N Y Y 

8 Y 1 N 0 Y 1 Y 1 Y N N N 

9 Y 1 Y 2 Y 1 Y 2 Y Y N N 

10 Y 1 N 0 Y 2 Y 1 N N Y Y 

Non- Musicians 

1 N 0 Y 1 Y 4 Y 1 Y Y N N 

2 Y 1 Y 1 Y 3 Y 2 Y Y N N 

3 Y 2 N 0 Y 2 Y 1 Y Y Y Y 

4 N 0 Y 1 Y 1 Y 1 Y N Y Y 

5 Y 2 Y 1 Y 2 Y 2 N N N N 

6 N 0 Y 1 0 0 Y 1 N N N N 

7 Y 1 N 0 Y 1 Y 1 Y Y N N 

8 Y 2 Y 2 Y 1 Y 3 N N Y N 

9 N 0 Y 2 Y 1 N 0 Y N Y N 

10 Y 1 Y 2 Y 2 N 0 Y N N N 

             

 Combination Test 1 Combination Test 2 

Questions 1a 1b 2a 2b 3a 3b 1a 1b 2a 2b 3a 3b 

Marks awarded 2 2 2 2 2 2 2 2 2 2 2 2 

Correct Answer Y 2 Y 1 Y 1 Y 2 Y 2 Y 1 

Musicians 

1 Y 1 Y 1 Y 1 Y 1 N 0 N 0 

2 N 0 Y 1 Y 1 Y 1 N 0 Y 1 

3 Y 1 Y 1 Y 2 Y 1 N 0 Y 1 

4 Y 1 Y 2 N 0 N 0 Y 1 N 0 

5 Y 1 Y 1 N 0 Y 1 Y 2 N 0 

6 Y 2 N 0 N 0 Y 1 N 0 Y 1 

7 Y 1 Y 1 Y 1 Y 1 N 0 Y 2 

8 Y 1 N 0 N 0 Y 1 N 0 N 0 

9 Y 1 N 0 Y 1 Y 1 N 0 Y 1 

10 Y 1 N 0 Y 1 Y 2 N 0 Y 1 
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Non- Musicians 

1 N 0 N 0 Y 1 Y 1 N 0 Y 1 

2 Y 2 Y 1 Y 1 Y 1 Y 1 N 0 

3 Y 1 N 0 Y 1 Y 2 Y 1 Y 1 

4 N 0 N 0 Y 1 Y 1 N 0 Y 2 

5 Y 2 Y 2 N 0 Y 1 N 0 Y 1 

6 N 0 N 0 Y 2 N 0 N 0 N 0 

7 Y 1 N 0 N 0 Y 1 N 0 N 0 

8 Y 1 Y 1 Y 1 Y 1 Y 1 N 0 

9 Y 2 N 0 N 0 Y 1 N 0 N 0 

10 N 0 Y 1 Y 1 Y 1 N 0 Y 1 

Overall results (by session) 

 Frequency  Combinations  Overall 

Marks awarded 22  24  46 

Session 1 2 3  1 2 3  1 2 3 

Musicians 

1 10 15 14  15 13 14  25 28 28 

2 12 12 10  13 10 15  25 22 25 

3 11 11 16  17 15 17  28 26 33 

4 11 11 11  12 13 9  23 24 20 

5 12 15 15  14 12 14  26 27 29 

6 11 13 12  15 22 11  26 35 23 

7 11 19 17  19 15 17  30 34 34 

8 12 11 12  6 10 7  18 21 19 

9 12 15 15  5 21 14  17 36 29 

10 12 11 12  16 7 15  28 18 27 

Non- Musicians 

1 11 17 12  21 20 11  32 37 23 

2 9 12 18  8 8 18  17 20 36 

3 10 12 13  17 13 18  27 25 31 

4 13 12 14  20 11 10  33 23 24 

5 8 10 14  5 10 14  13 20 28 

6 10 15 7  11 17 3  21 32 10 

7 12 13 11  8 9 6  20 22 17 

8 10 9 13  15 7 17  25 16 30 

9 9 15 10  13 13 7  22 28 17 

10 11 13 13  13 12 14  24 25 27 

            

 Average (%) 49.32 59.32 58.86  54.79 53.75 52.29  52.17 56.41 55.43 
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Appendix 5. Reference Pattern Test 

Questions 

TrioSon Test Schedule (Session 1) 
Thank you for taking part in this test. The following tests are intended to assess the 

viability of Data Sonification and its associated parameters and so ARE NOT a 

reflection upon the subject in any way. You will be asked basic questions about the 

data you have sonified and also about the way you have sonified it. The purpose of 

these questions is to define what works and what doesn’t within basic data 

sonification and so you will also be asked a few simple questions about how you 

performed during the tests and what you feel could be improved upon within the 

software. 

 

Test 1: Single Parameter Condition (use 2Variable Test1 File) 

 

for the bassline parameter, sonify Fruit. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Dairy. 

 

Question1: MUTE the Chord and Melody. Define the following: 

 

a: How many Apples are there……………………………………………………. 

 

b: How many Oranges are there……………………………………………………. 

 

c: Are there more Oranges or Apples…………………………………… 

 

Question 2: MUTE the Bassline and Melody. Define the following: 

 

a: How many Onions are there……………………………………………………. 

 

b: How many Potatoes are there……………………………………………………. 
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c: Are there more Potatoes than Onions……………………………………………… 

 

Question 3: MUTE the Bassline and Chord. Define the following: 

 

a: How many times does Milk occur……………………………………………… 

 

b: How many times does Cream occur…………………………………………… 

 

c: Is there more Milk or Cream……………………………………………………. 
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Test 2: Single Parameter Condition (use 3Variable Test1 File) 

 

for the bassline parameter, sonify Fruit. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Dairy. 

 

Question1: MUTE the Chord and Melody. Define the following: 

 

a: How many Apples are there……………………………………………………. 

 

b: How many Pears are there…………………………………………………………. 

 

c: Are there more Oranges or Apples………………………………………….. 

 

d: Are there more Apples or Pears……………………………………………… 

 

Question 2: MUTE the Bassline and Melody. Define the following: 

 

a: How many Onions are there……………………………………………………. 

 

b: How Much Lettuce is there………………………………………………………. 

 

c: Are there more Potatoes than Onions……………………………………………… 

 

d: Are there more Potatoes than Lettuce……………………………………………. 

 

Question 3: MUTE the Bassline and Chord. Define the following: 

 

a: How many times does Milk occur……………………………………………… 

 

b: How many times does Cheese occur………………………………………….. 

 

c: Is there more Milk or Cream……………………………………………………. 
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d: Is there more Cream or Cheese…………………………………………………. 
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Test 3: Single Parameter Condition (use 4Variable Test1 File) 

 

for the bassline parameter, sonify Fruit. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Dairy. 

 

Question1: MUTE the Chord and Melody. Define the following: 

 

a: How many Oranges are there……………………………………………………. 

 

b: How many Pears are there…………………………………………………………. 

 

c: How many Bananas are there…………………………………………………… 

 

d: Are there more Oranges or Apples………………………………………….. 

 

e: Are there more Bananas or Oranges……………………………………………… 

 

Question 2: MUTE the Bassline and Melody. Define the following: 

 

a: How many Onions are there……………………………………………………. 

 

b: How many Potatoes are there……………………………………………………. 

 

c: How Many Carrots is there………………………………………………………. 

 

d: Are there more Potatoes than Onions……………………………………………… 

 

e: Are there more Carrots than Lettuce……………………………………………. 

 

Question 3: MUTE the Bassline and Chord. Define the following: 

 

a: How many times does Milk occur……………………………………………… 
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b: How many times does Cheese occur………………………………………… 

 

c: How many times does Butter occur………………………………………….. 

 

d: Is there more Milk or Butter……………………………………………………. 

 

e: Is there more Cream or Cheese…………………………………………………. 



Appendix 5 

 236 

Test 4: Dual Parameter Condition (use 2Variable Test2 File) 

 

for the bassline parameter, sonify Dairy. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Fruit. 

 

Question1: MUTE the Bassline. Define the following: 

 

a: How many Apples are there……………………………………………………. 

 

b: How many Oranges are there……………………………………………………. 

 

c: Are there more Oranges or Apples……………………………………………… 

 

d: How many Onions are there……………………………………………………. 

 

e: How many Potatoes are there……………………………………………………. 

 

f: Are there more Potatoes than Onions……………………………………………… 

 

g: How many People chose Onions and Apples……………………………………. 

 

h: How many People chose Oranges and Potatoes…………………………………. 
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Test 5: Dual Parameter Condition (use 3Variable Test2 File) 

 

for the bassline parameter, sonify Dairy. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Fruit. 

 

Question1: MUTE the Bassline. Define the following: 

 

a: How many Apples are there……………………………………………………. 

 

b: How many Pears are there…………………………………………………………. 

 

c: Are there more Apples or Pears……………………………………………… 

 

d: How many Onions are there……………………………………………………. 

 

e: How Much Lettuce is there………………………………………………………. 

 

f: Are there more Potatoes than Onions……………………………………………… 

 

g: How many People chose Onions and Apples……………………………………. 

 

h: How many People chose Pears and Lettuce……………………………………. 
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Test 6: Dual Parameter Condition (use 4Variable Test2 File) 

 

for the bassline parameter, sonify Dairy. 

for the chord parameter, sonify Vegetables. 

for the melody parameter, sonify Fruit. 

 

Question1: MUTE the Bassline. Define the following: 

 

a: How many Oranges are there……………………………………………………. 

 

b: How many Bananas are there……………………………………………………. 

 

c: Are there more Apples or Bananas……………………………………………… 

 

d: How many Carrots are there……………………………………………………. 

 

e: How Much Lettuce is there………………………………………………………. 

 

f: Are there more Potatoes than Carrots……………………………………………… 

 

g: How many People chose Carrots and Oranges……………………………………. 

 

h: How many People chose Bananas and Lettuce……………………………………. 
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TrioSon Test Schedule (Session 2) 
Thank you for taking further part in this test. The following tests are intended to 

assess the viability of Data Sonification and its associated parameters and so ARE 

NOT a reflection upon the subject in any way. As before, you will be asked basic 

questions about the data you have sonified and also about the way you have sonified 

it. The purpose of these questions is to define what works and what doesn’t within 

basic data sonification and so again you will also be asked a few simple questions 

about how you performed during the tests and what you feel could be improved upon 

within the software. 
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Test 1: (use 2Variable Test3 File) 

 

for the bassline parameter, sonify Colour. 

for the chord parameter, sonify Radio Station. 

for the melody parameter, sonify Movie Genre. 

 

 

a: How many Reds are there……………………………………………………. 

 

b: How many Blues are there……………………………………………………. 

 

c: Are there more Reds or Blues…………………………………… 

  

d: How many people chose 98FM……………………………………………………. 

 

e: How many people chose FM104……………………………………………………. 

 

f: Which station had the greater number……………………………………………… 

 

g: How many people like Action films……………………………………………… 

 

h: How many people like Comedy films…………………………………………… 

 

i: Which is the more popular genre……………………………………………………. 

 

j: How many people chose 98FM and Comedy……………………………………….. 

 

k: How many people chose FM104 and Red………………………………………….. 

 

l: How many people chose 98FM,Blue and Action…………………………………… 
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Test 2: (use 3Variable Test3 File) 

 

for the bassline parameter, sonify Colour. 

for the chord parameter, sonify Radio Station. 

for the melody parameter, sonify Movie Genre. 

 

 

a: How many Blues are there……………………………………………………. 

 

b: How many Greens are there…………………………………………………… 

 

c: Are there more Reds or Greens…………………………………… 

  

d: How many people chose 98FM……………………………………………………. 

 

e: How many people chose SpinFM………………………………………………. 

 

f: Did more people choose SpinFM or FM104 ……………………………………… 

  

g: How many people like Romance films……………………………………………… 

 

h: How many people like Comedy films…………………………………………… 

 

i: Did more people choose Action or Romance……………………………………. 

 

j: How many people chose FM104 and Romance………………………………….. 

 

k: How many people chose SpinFM and Green…………………………………….. 

 

l: How many people chose Fm104,Red and Romance……………………………… 
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Test 3: (use 4Variable Test3 File) 

 

for the bassline parameter, sonify Colour. 

for the chord parameter, sonify Radio Station. 

for the melody parameter, sonify Movie Genre. 

 

 

a: How many Greens are there……………………………………………………. 

 

b: How many Blues are there……………………………………………………. 

 

c: Are there more Yellows or Reds…………………………………… 

  

d: How many people chose LyricFM………………………………………………. 

 

e: How many people chose SpinFM………………………………………………. 

 

f: Did more people choose 98FM or FM104……………………………………… 

 

g: How many people like Sci-Fi films……………………………………………… 

 

h: How many people like Romantic films…………………………………………… 

 

i: Did more people choose Action or Comedy…………………………………………. 

 

j: How many people chose LyricFM and Action…………………………………….. 

 

k: How many people chose 98FM and Yellow……………………………………….. 

 

l: How many people chose FM104,Green and Romance……………………………… 
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Appendix 6.  TrioSon example data files 
Below are listings of the data files used during all pattern tests carried out in this 

thesis (chapters 5-8). Listings are provided for reference pattern, contour icon, 

harmonic combination and rhythmic parsing tests. All files are in .csv (Comma 

Seperated Value) format. 

Reference pattern tests 

A single set of tests were carried out using reference patterns, which were 

subsequently used as a basis of development for the rest of the thesis. A total of 9 files 

were used during 9 test questions split over 2 sessions. 

2Valuetest1.csv 3Valuetest1.csv 4Valuetest1.csv 
Index,Fruit,Vegetables,Dairy 

1,Apple,Onion,Milk 

2,Orange,Potato,Cream 

3,Orange,Onion,Cream 

4,Apple,Potato,Milk 

5,Orange,Onion,Cream 

6,Orange,Onion,Cream 

7,Orange,Onion,Milk 

8,Apple,Onion,Cream 

9,Apple,Potato,Milk 

10,Orange,Potato,Milk 

Index,Fruit,Vegetables,Dairy 

1,Apple,Onion,Milk 

2,Orange,Potato,Cheese 

3,Pear,Onion,Cream 

4,Apple,Lettuce,Milk 

5,Orange,Onion,Cream 

6,Orange,Lettuce,Cheese 

7,Orange,Onion,Milk 

8,Apple,Onion,Cream 

9,Pear,Lettuce,Milk 

10,Orange,Potato,Milk 

Index,Fruit,Vegetables,Dairy 

1,Apple,Carrot,Milk 

2,Orange,Potato,Cheese 

3,Pear,Onion,Cream 

4,Banana,Lettuce,Butter 

5,Orange,Carrot,Cream 

6,Orange,Potato,Butter 

7,Orange,Onion,Butter 

8,Apple,Onion,Butter 

9,Pear,Carrot,Milk 

10,Banana,Carrot,Cheese 

2Valuetest2.csv 3Valuetest2.csv 4Valuetest2.csv 
Index,Fruit,Vegetables,Dairy 

1,Orange,Onion,Cream 

2,Orange,Potato,Milk 

3,Apple,Onion,Cream 

4,Apple,Potato,Milk 

5,Apple,Onion,Cream 

6,Orange,Potato,Cream 

7,Orange,Onion,Milk 

8,Apple,Onion,Cream 

9,Apple,Potato,Milk 

10,Apple,Potato,Milk 

Index,Fruit,Vegetables,Dairy 

1,Pear,Lettuce,Cream 

2,Orange,Potato,Milk 

3,Apple,Lettuce,Cream 

4,Pear,Lettuce,Cheese 

5,Apple,Lettuce,Cheese 

6,Pear,Potato,Cream 

7,Orange,Lettuce,Milk 

8,Apple,Onion,Cream 

9,Apple,Lettuce,Cheese 

10,Pear,Potato,Milk 

Index,Fruit,Vegetables,Dairy 

1,Pear,Lettuce,Cream 

2,Orange,Potato,Butter 

3,Apple,Lettuce,Cream 

4,Pear,Lettuce,Cheese 

5,Banana,Carrot,Butter 

6,Pear,Potato,Cream 

7,Orange,Lettuce,Butter 

8,Apple,Onion,Cream 

9,Apple,Lettuce,Cheese 

10,Pear,Potato,Milk 
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2Valuetest3.csv 3Valuetest3.csv 4Valuetest3.csv 
Index,Colour,Radio Station,Movie 

Genre 

1,Red,FM104,Action 

2,Blue,98FM,Comedy 

3,Blue,FM104,Comedy 

4,Red,98FM,Action 

5,Blue,98FM,Comedy 

6,Blue,98FM,Comedy 

7,Blue,FM104,Action 

8,Blue,FM104,Comedy 

9,Red,98FM,Action 

10,Blue,98FM,Action 

Index,Colour,Radio 

Station,Movie Genre 

1,Red,FM104,Action 

2,Blue,98FM,Action 

3,Blue,SpinFM,Romance 

4,Blue,SpinFM,Comedy 

5,Blue,98FM,Comedy 

6,Blue,FM104,Comedy 

7,Green,FM104,Romance 

8,Green,98FM,Action 

9,Green,98FM,Romance 

10,Blue,98FM,Comedy 

Index,Colour,Radio 

Station,Movie Genre 

1,Red,FM104,Action 

2,Blue,98FM,SciFi 

3,Yellow,98FM,Action 

4,Blue,98FM,SciFi 

5,Blue,LyricFM,Action 

6,Yellow,SpinFM,Comedy 

7,Green,FM104,Romance 

8,Red,98FM,Action 

9,Green,LyricFM,Romance 

10,Blue,SpinFM,Romance 

Contour icon Tests 

Two test sessions were carried out during the contour icon tests, one using reference 

patterns and one using contour icons. A total of 10 files were used, 5 for each test 

condition. 

Reference pattern condition 

test1.csv test2.csv test3.csv 
Index,Film 

1,Action 

2,Comedy 

3,Action 

4,Comedy 

5,Action 

6,Comedy 

7,Comedy 

8,Action 

9,Action 

10,Action 

Index, Music 

1,Rock 

2,Pop 

3,Pop 

4,Rock 

5,Jazz 

6,Pop 

7,Jazz 

8,Rock 

9,Pop 

10,Pop 

Index,Literature 

1,Biography 

2,Horror 

3,Biography 

4,Romance 

5,Sci-Fi 

6,Horror 

7,Sci-Fi 

8,Biography 

9,Sci-Fi 

10,Sci-Fi 

test4.csv test5.csv 



Appendix 6 

 245 

Index,Colour 

1,Red 

2,Blue 

3,Green 

4,Blue 

5,Red 

6,Yellow 

7,Blue 

8,Purple 

9,Red 

10,Green 

Index,Drink 

1,Tea 

2,Coffee 

3,Tea 

4,Water 

5,Beer 

6,Water 

7,Wine 

8,Orange Juice 

9,Beer 

10,Tea 

Contour icon condition 

test1.csv test2.csv test3.csv 
Index,Colour 

1,Red 

2,Blue 

3,Red 

4,Blue 

5,Red 

6,Blue 

7,Blue 

8,Red 

9,Red 

10,Blue 

Index,Literature 

1,Sci-Fi 

2,Sci-Fi 

3,Biography 

4,Biography 

5,Sci-Fi 

6,Biography 

7,Sci-Fi 

8,Sci-Fi 

9,Horror 

10,Horror 

Index,Drink 

1,Tea 

2,Tea 

3,Coffee 

4,Water 

5,COffee 

6,Orange Juice 

7,Tea 

8,Water 

9,Orange Juice 

10,Tea 

test4.csv test5.csv 
Index,Film 

1,Action 

2,Gangster 

3,Romance 

4,Romance 

5,Documentary 

6,Action 

7,Gangster 

8,Gangster 

9,Comedy 

10,Comedy 

Index,Music 

1,Classical 

2,Jazz 

3,Pop 

4,Pop 

5,Jazz 

6,Folk 

7,Rock 

8,Soul 

9,Rock 

10,Jazz 
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Harmonic combination tests 

Two test sessions were carried out during the harmonic combination tests, both using 

contour icons. In the first condition contour icons were allocated uniquely to each 

data value, in the second contour icons were harmonically combined as required. A 

total of 10 files were used, 5 for each test condition. 

Non-harmonic combination Test Session 

test1.csv test2.csv test3.csv 
Index,Fruit,Colour 

1,Apple,Red 

2,Orange,Red 

3,Orange,Blue 

4,Apple,Blue 

5,Apple,Red 

6,Orange,Blue 

7,Apple,Red 

8,Orange,Blue 

9,Orange,Blue 

10,Apple,Blue 

Index,Drink,Film 

1,Tea,Action 

2,Water,Comedy 

3,Water,Action 

4,Tea,Action 

5,Coffee,Sci-Fi 

6,Tea,Comedy 

7,Coffee,Sci-Fi 

8,Coffee,Comedy 

9,Coffee,Comedy 

10,Tea,Comedy 

Index,Colour,Music 

1,Red,Pop 

2,Blue,Rock 

3,Blue,Pop 

4,Green,Jazz 

5,Red,Rock 

6,Yellow,Classical 

7,Coffee,Jazz 

8,Blue,Pop 

9,Red,Rock 

10,Green,Classical 

test4.csv test5.csv 
Index,Fruit,Drink,Radio Station 

1,Apple,Tea,Today FM 

2,Apple,Coffee,Today FM 

3,Orange,Coffee,Spin FM 

4,Apple,Tea,Today FM 

5,Apple,Coffee,Spin FM 

6,Orange,Coffee,Today FM 

7,Apple,Coffee,Spin FM 

8,Orange,Tea,Today FM 

9,Orange,Tea,Spin FM 

10,Orange,Coffee,Spin FM 

Index,Film,Colour,Music 

1,Action,Red,Rock 

2,Comedy,Blue,Pop 

3,Comedy,Blue,Rock 

4,Action,Blue,Rock 

5,Comedy,Red,Rock 

6,Comedy,Blue,Pop 

7,Action,Red,Pop 

8,Comedy,Blue,Pop 

9,Action,Blue,Rock 

10,Action,Blue,Rock 

Harmonic combination Test Session 

test1.csv test2.csv test3.csv 
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Index,Radio Station,Newspaper 

1,Today FM,Irish Times 

2,Spin FM,Irish Independent 

3,Spin FM,Irish Times 

4,Spin FM,Irish Independent 

5,Today FM,Irish Independent 

6,Spin FM,Irish Times 

7,Today FM,Irish Independent 

8,Spin FM,Irish Times 

9,Today FM,Irish Independent 

10,Spin FM,Irish Independent 

Index,Colour,Food 

1,Red,Indian 

2,Blue,Indian 

3,Blue,Italian 

4,Red,Chinese 

5,Green,Indian 

6,Blue,Italian 

7,Green,Chinese 

8,Green,Italian 

9,Red,Indian 

10,Green,Chinese 

Index,Film,Literature 

1,Action,Crime 

2,Comedy,Travel 

3,Romance,Biography 

4,Comedy,Travel 

5,Action,Crime 

6,Cartoon,Biography 

7,Romance,Sci-Fi 

8,Comedy,Crime 

9,Action,Biography 

10,Cartoon,Sci-Fi 

test4.csv test5.csv 
Index,Music,Fruit,Radio Station 

1,Rock,Apple,Spin FM 

2,Pop,Orange,Today FM 

3,Rock,Orange,Spin FM 

4,Rock,Orange,Spin FM 

5,Pop,Apple,Spin FM 

6,Pop,Apple,Today FM 

7,Rock,Orange,Today FM 

8,Pop,Orange,Spin FM 

9,Rock,Apple,Today FM 

10,Rock,Orange,Today FM 

Index,Drink,Colour,Film 

1,Tea,Blue,Comedy 

2,Coffee,Blue,Action 

3, Tea,Green,Comedy 

4,Tea,Blue, Action 

5,Tea,Green,Action 

6, Coffee,Blue,Comedy 

7, Tea,Green,Comedy 

8, Coffee,Blue,Comedy 

9,Coffee,Green,Action 

10, Coffee,Green,Comedy 

Rhythmic parsing tests 

Two test sessions were carried out during the rhythmic parsing tests, both using 

harmonically combined contour icons. In the first condition all events were rendered 

sequentially, in the second events were grouped using rhythmic parsing. A total of 10 

files were used, 5 for each test condition. 

Non-rhythmic parsing Test Session 

test1.csv test2.csv test3.csv 
Index,Exam 1,Exam 2 

1,Pass,Pass 

2,Fail,Pass 

3,Fail,Pass 

4,Pass,Pass 

5,Pass,Fail 

6,Fail,Fail 

Index,Exam 1,Exam 2 

1,B,B 

2,C,A 

3,C,C 

4,A,C 

5,B,C 

6,A,C 

Index,Exam 1,Exam 2 

1,A,A 

2,Fail,Fail 

3,B,B 

4,Fail,Fail 

5,A,B 

6,C,C 
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7,Pass,Fail 

8,Fail,Fail 

9,Pass,Fail 

10,Fail,Pass 

11,Pass,Pass 

12,Fail,Pass 

13,Pass,Fail 

14,Pass,Pass 

15,Pass,Fail 

16,Pass,Fail 

17,Pass,Pass 

18,Fail,Pass 

19,Pass,Pass 

20,Fail,Fail 

7,B,B 

8,B,B 

9,A,A 

10,A,A 

11,B,B 

12,C,A 

13,B,C 

14,B,A 

15,A,C 

16,B,B 

17,C,B 

18,B,C 

19,A,A 

20,A,C 

7,A,A 

8,A,Fail 

9,C,C 

10,A,C 

11,A,A 

12,B,C 

13,B,Fail 

14,C,C 

15,Fail,Fail 

16,B,A 

17,A,B 

18,A,Fail 

19,C,B 

20,Fail,A 

test4.csv test5.csv 
Index,Exam 1,Exam 2,Exam 3 

1,Pass,Pass,Fail 

2,Fail,Pass,Fail 

3,Fail,Pass,Pass 

4,Pass,Pass,Pass 

5,Pass,Fail,Pass 

6,Fail,Fail,Fail 

7,Pass,Fail,Pass 

8,Fail,Fail,Fail 

9,Pass,Fail,Pass 

10,Fail,Pass,Fail 

11,Pass,Pass,Fail 

12,Fail,Pass,Pass 

13,Pass,Fail,Pass 

14,Pass,Pass,Pass 

15,Pass,Fail,Pass 

16,Pass,Fail,Pass 

17,Pass,Pass,Fail 

18,Fail,Pass,Pass 

19,Pass,Pass,Pass 

20,Fail,Fail,Pass 

Index,Exam1,Exam 2,Exam 3 

1,Pass,Pass,Fail 

2,Fail,Pass,Fail 

3,Fail,Pass,Pass 

4,Pass,Pass,Pass 

5,Pass,Fail,Pass 

6,Fail,Fail,Fail 

7,Pass,Fail,Pass 

8,Fail,Fail,Fail 

9,Pass,Fail,Pass 

10,Fail,Pass,Fail 

11,Pass,Pass,Fail 

12,Fail,Pass,Pass 

13,Pass,Fail,Pass 

14,Pass,Pass,Pass 

15,Pass,Fail,Pass 

16,Pass,Fail,Pass 

17,Pass,Pass,Fail 

18,Fail,Pass,Pass 

19,Pass,Pass,Pass 

20,Fail,Fail,Pass 

Rhythmic parsing Test Session 

test1.csv test2.csv test3.csv 
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Index,Exam 1,Exam 2 

1,Pass,Fail 

2,Fail,Pass 

3,Pass,Pass 

4,Fail,Fail 

5,Pass,Fail 

6,Mark,Mark 

7,Pass,Fail 

8,Pass,Pass 

9,Pass,Pass 

10,Pass,Fail 

11,Pass,Pass 

12,Mark,Mark 

13,Fail,Pass 

14,Fail,Fail 

15,Pass,Pass 

16,Pass,Fail 

17,Fail,Pass 

18,Mark,Mark 

19,Pass,Fail 

20,Fail,Pass 

21,Pass,Pass 

22,Pass,Fail 

23,Pass,Pass 

Index,Exam 1,Exam 2 

1,A,C 

2,A,B 

3,B,C 

4,B,B 

5,C,C 

6,Mark,Mark 

7,B,A 

8,C,C 

9,A,B 

10,B,B 

11,C,C 

12,Mark,Mark 

13,C,A 

14,A,A 

15,C,C 

16,A,B 

17,A,C 

18,Mark,Mark 

19,B,C 

20,A,A 

21,A,A 

22,B,B 

23,C,C 

Index,Exam 1,Exam 2 

1,C,A 

2,A,Fail 

3,B,B 

4,Fail,Fail 

5,A,A 

6,Mark,Mark 

7,B,B 

8,C,A 

9,B,B 

10,B,B 

11,C,A 

12,Mark,Mark 

13,C,A 

14,B,C 

15,B,Fail 

16,A,A 

17,Fail,Fail 

18,Mark,Mark 

19,B,C 

20,B,B 

21,C,Fail 

22,Fail,B 

23,Fail,C 

test4.csv test5.csv 
Index,Exam 1,Exam 2,Exam 3 

1,Pass,Fail,Fail 

2,Fail,Pass,Pass 

3,Pass,Pass,Fail 

4,Fail,Fail,Fail 

5,Pass,Fail,Pass 

6,Mark,Mark,Mark 

7,Pass,Pass,Fail 

8,Pass,Fail,Fail 

9,Pass,Pass,Pass 

10,Pass,Fail,Fail 

11,Pass,Pass,Pass 

12,Mark,Mark,Mark 

13,Fail,Pass,Fail 

14,Fail,Fail,Pass 

Index,Exam 1,Exam 2,Exam 3 

1,Pass,Fail,Fail 

2,Fail,Pass,Pass 

3,Pass,Pass,Fail 

4,Fail,Fail,Fail 

5,Pass,Fail,Pass 

6,Mark,Mark,Mark 

7,Pass,Pass,Fail 

8,Pass,Fail,Fail 

9,Pass,Pass,Pass 

10,Pass,Fail,Fail 

11,Pass,Pass,Pass 

12,Mark,Mark,Mark 

13,Fail,Pass,Fail 

14,Fail,Fail,Pass 
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15,Pass,Fail,Pass 

26,Fail,Pass,Pass 

17,Fail,Pass,Fail 

18,Mark,Mark,Mark 

19,Pass,Fail,Pass 

20,Pass,Pass,Pass 

21,Pass,Pass,Pass 

22,Pass,Fail,Pass 

23,Pass,Pass,Pass 

15,Pass,Fail,Pass 

26,Fail,Pass,Pass 

17,Fail,Pass,Fail 

18,Mark,Mark,Mark 

19,Pass,Fail,Pass 

20,Pass,Pass,Pass 

21,Pass,Pass,Pass 

22,Pass,Fail,Pass 

23,Pass,Pass,Pass 
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Appendix 7. Reference Pattern Test Results 
All test results are listed below with totals for each test, session and overall results 

also listed. Each session comprised of frequency and combination tests, with each test 

containing varying numbers of questions based on variable and value count. 
Test 1 

Question 1a 1b 1c 2a 2b 2c 3a 3b 3c Total 

Marks 2 2 2 2 2 2 2 2 2 18 

Musician 

1 2 2 2 2 2 2 2 2 2 18 

2 1 1 2 2 2 2 2 2 2 16 

3 2 2 2 2 2 2 2 2 2 18 

4 1 1 2 2 2 2 2 2 2 16 

5 2 2 2 2 2 2 2 2 2 18 

6 2 2 2 2 2 2 2 2 2 18 

7 2 2 2 2 2 2 2 2 2 18 

8 2 2 2 2 2 2 2 2 2 18 

9 2 2 2 2 2 2 2 2 2 18 

10 1 2 2 2 2 2 2 2 2 17 

Non-musician 

1 2 1 2 1 1 2 1 2 0 12 

2 0 0 0 1 1 0 2 1 2 7 

3 1 0 0 0 1 0 1 1 2 6 

4 1 2 2 1 1 2 2 2 2 15 

5 2 1 2 1 0 0 1 1 2 10 

6 2 0 0 0 1 0 1 1 2 7 

7 0 0 0 1 0 0 1 1 2 5 

8 1 0 0 1 1 2 1 0 0 6 

9 2 2 2 1 1 2 1 2 2 15 

10 2 1 2 2 2 2 1 1 2 15 

 
Test 2 

Question 1a 1b 1c 1d 2a 2b 2c 2d 3a 3b 3c 3d Total 

Marks 2 2 2 2 2 2 2 2 2 2 2 2 24 

Musician 

1 2 2 2 2 2 2 2 2 1 2 0 2 21 

2 1 2 2 0 2 2 2 2 1 2 2 0 18 
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3 2 2 2 2 2 2 2 2 2 2 2 2 24 

4 0 0 2 0 2 2 2 2 2 1 2 2 17 

5 2 2 2 2 2 2 2 2 2 2 2 2 24 

6 2 0 0 0 2 2 2 2 2 2 2 2 18 

7 2 2 2 2 1 2 2 0 1 2 2 0 18 

8 2 2 2 2 2 2 2 2 2 1 2 0 21 

9 0 0 0 0 2 2 2 2 2 1 2 2 15 

10 2 1 1 0 2 1 2 2 2 2 2 2 19 

Non-musician 

1 2 0 0 0 2 2 2 2 2 2 2 2 18 

2 1 1 0 0 2 1 1 0 2 1 2 2 13 

3 1 2 2 2 1 0 1 0 2 2 2 2 17 

4 1 1 2 2 2 1 1 0 2 1 1 2 16 

5 2 1 0 0 0 1 2 0 2 1 0 0 9 

6 2 2 0 2 1 2 2 2 2 0 2 0 17 

7 1 1 0 0 0 1 0 0 1 2 0 0 6 

8 1 0 0 0 2 1 0 0 1 2 1 0 8 

9 2 2 2 2 2 2 1 2 1 2 1 0 19 

10 1 0 2 0 2 2 2 2 1 2 0 2 16 

 
Test 3 

Question 1a 1b 1c 1d 1e 2a 2b 2c 2d 2e 3a 3b 3c 3d 3e Total 

Marks 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 30 

Musician 

1 2 2 2 2 2 2 1 1 2 2 1 2 2 2 0 25 

2 1 2 2 0 2 1 1 2 2 2 2 1 2 2 0 22 

3 1 1 0 2 2 0 0 0 0 0 0 0 0 0 0 6 

4 1 2 2 0 2 1 1 2 2 2 2 1 2 2 0 22 

5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 30 

6 0 2 2 0 0 2 2 2 2 2 2 2 2 2 2 24 

7 2 2 2 2 2 2 2 1 2 2 1 2 2 2 0 26 

8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 30 

9 1 1 2 0 2 1 1 2 2 2 1 1 2 0 0 18 

10 1 1 2 0 0 2 1 2 2 0 2 2 2 2 2 21 

Non-musician 

1 1 1 0 2 2 1 2 1 0 2 1 1 2 2 0 18 

2 0 1 1 2 2 1 2 2 2 0 2 1 0 0 0 16 

3 1 0 1 0 2 2 2 1 0 2 1 1 0 0 2 15 

4 2 1 2 0 2 1 1 0 0 0 2 2 1 0 2 16 
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5 1 1 0 0 2 1 0 2 0 2 2 1 2 2 2 18 

6 1 1 2 2 2 2 1 2 2 0 0 1 2 0 0 18 

7 0 1 2 0 2 1 1 0 0 0 2 1 0 0 0 10 

8 1 1 0 0 2 1 1 2 0 2 2 1 1 2 2 18 

9 2 2 1 2 1 2 1 0 2 2 2 1 1 2 2 23 

10 0 0 1 0 0 1 1 2 0 2 1 1 0 0 2 11 

 
Test 4 

Question 1a 1b 1c 1d 1e 1f 1g 1h Total 

Marks 2 2 2 2 2 2 2 2 16 

Musician 

1 2 2 2 2 2 2 2 2 16 

2 1 2 2 1 1 0 1 2 10 

3 2 2 2 2 2 2 2 2 16 

4 0 0 0 2 2 2 2 1 9 

5 2 2 2 2 2 2 1 2 15 

6 2 2 2 1 1 0 1 2 11 

7 2 2 2 2 2 2 1 0 13 

8 2 2 2 2 2 2 1 0 13 

9 1 1 2 1 1 0 1 2 9 

10 2 1 2 1 2 2 2 2 14 

Non-musician 

1 2 2 2 1 2 0 1 0 10 

2 1 1 2 2 0 2 2 0 10 

3 2 2 2 1 1 2 1 0 11 

4 2 1 2 1 1 2 0 0 9 

5 1 1 0 2 1 2 0 0 7 

6 1 1 2 2 2 2 0 0 10 

7 2 1 0 1 1 2 0 0 7 

8 1 2 2 1 0 0 0 0 6 

9 2 2 2 2 2 2 1 1 14 

10 0 1 0 2 2 2 1 0 8 

 
Test 5 

Question 1a 1b 1c 1d 1e 1f 1g 1h Total 

Marks 2 2 2 2 2 2 2 2 16 

Musician 

1 1 1 0 0 1 0 1 1 5 
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2 2 1 2 1 1 2 2 0 11 

3 2 2 2 2 2 2 2 1 15 

4 2 1 0 0 0 0 2 0 5 

5 2 2 2 2 2 0 1 2 13 

6 2 2 2 1 0 2 1 2 12 

7 1 2 0 2 0 2 2 1 10 

8 2 2 2 2 2 2 2 2 16 

9 2 2 2 1 2 0 1 2 12 

10 1 2 2 2 2 0 1 1 11 

Non-musician 

1 1 1 2 2 1 2 0 1 10 

2 1 1 0 1 2 2 1 0 8 

3 2 1 2 0 1 0 0 0 6 

4 2 2 2 1 1 2 1 0 11 

5 1 1 2 0 1 0 0 0 5 

6 1 2 2 2 2 2 0 1 12 

7 1 0 0 1 0 0 0 0 2 

8 2 1 2 1 1 2 0 0 9 

9 2 2 2 2 1 2 1 0 12 

10 0 2 2 2 2 0 1 0 9 

 
Test 6 

Question 1a 1b 1c 1d 1e 1f 1g 1h Total Session 1 Total 

Marks 2 2 2 2 2 2 2 2 16  

Musician 

1 2 2 2 0 2 0 2 1 11 96 

2 1 2 2 0 2 2 2 1 12 89 

3 2 2 2 2 2 0 1 0 11 90 

4 1 2 0 0 2 0 0 0 5 74 

5 2 2 2 1 1 0 2 1 11 111 

6 1 0 0 2 1 0 0 1 5 88 

7 2 2 0 1 0 2 1 0 8 93 

8 1 2 0 1 1 2 2 0 9 107 

9 2 0 0 1 1 0 0 0 4 76 

10 1 0 0 1 0 0 1 0 3 85 

Non-musician 

1 1 1 2 0 2 0 1 0 7 75 

2 1 0 0 1 1 2 1 0 6 60 

3 1 0 0 2 1 0 0 0 4 59 
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4 2 2 2 1 1 2 0 0 10 77 

5 1 0 0 1 0 0 0 1 3 52 

6 1 1 2 0 1 2 1 0 8 72 

7 0 0 0 1 1 0 0 0 2 32 

8 1 0 0 0 0 0 0 0 1 48 

9 2 2 2 1 1 2 1 0 11 94 

10 0 1 2 1 0 0 0 0 4 63 

 
Test 7 

Question 1a 1b 1c 1d 1e 1f 1g 1h 1i 1j 1k 1l Total 

Marks 2 2 2 2 2 2 2 2 2 2 2 2 24 

Musician 

1 2 1 2 2 1 1 1 0 2 2 0 0 14 

2 1 2 0 1 2 2 1 2 2 1 0 0 14 

3 2 1 2 2 2 1 2 2 2 0 0 0 16 

4 1 0 0 2 1 2 1 2 2 0 0 0 11 

5 2 2 2 2 2 2 1 1 0 1 1 0 16 

6 1 1 2 2 1 2 2 0 0 0 1 0 12 

7 2 0 2 2 2 1 2 1 2 1 1 0 16 

8 1 1 0 2 1 2 1 1 2 0 2 1 14 

9 2 2 2 1 2 0 2 1 0 0 0 0 12 

10 2 2 2 2 2 2 1 2 2 1 0 0 18 

Non-musician 

1 0 1 0 1 1 1 2 1 0 1 0 0 8 

2 1 0 0 1 2 2 2 0 0 0 0 0 8 

3 0 1 0 1 2 0 2 0 1 0 0 0 7 

4 1 1 2 1 1 0 1 2 2 1 0 0 12 

5 1 1 0 1 1 2 0 1 0 0 0 0 7 

6 2 1 0 1 1 2 1 0 0 1 0 0 9 

7 1 0 0 1 1 2 1 0 0 0 1 0 7 

8 1 1 2 0 1 0 1 1 0 0 0 0 7 

9 2 2 2 2 1 2 1 1 0 1 0 0 14 

10 1 0 0 1 1 2 1 1 0 0 0 0 7 

 
Test 8 

Question 1a 1b 1c 1d 1e 1f 1g 1h 1i 1j 1k 1l Total 

Marks 2 2 2 2 2 2 2 2 2 2 2 2 24 

Musician 
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1 1 1 0 2 1 0 1 2 2 0 1 0 11 

2 1 2 1 0 1 0 1 1 2 1 0 0 10 

3 2 0 1 2 0 2 1 1 0 1 0 0 10 

4 2 0 0 2 0 0 1 2 0 0 1 0 8 

5 1 2 2 2 0 0 1 1 2 0 0 0 11 

6 2 0 0 1 1 2 1 1 2 1 1 0 12 

7 2 0 1 1 2 0 1 1 2 1 0 0 11 

8 2 1 2 2 0 2 1 0 0 0 0 1 11 

9 0 0 1 2 0 1 1 1 0 0 1 0 7 

10 0 2 0 2 1 2 1 1 0 1 1 0 11 

Non-musician 

1 1 1 0 2 1 0 1 2 2 0 0 0 10 

2 1 1 0 0 2 1 1 1 0 0 0 0 7 

3 1 0 0 0 2 0 1 1 2 0 0 0 7 

4 2 1 2 1 1 0 1 0 0 0 0 0 8 

5 1 1 2 1 1 2 0 0 0 0 0 0 8 

6 1 1 2 1 1 0 1 1 0 0 0 0 8 

7 1 1 0 0 0 0 0 0 0 0 0 0 2 

8 1 2 2 1 0 0 0 1 0 0 0 0 7 

9 2 1 0 1 1 2 1 0 0 0 0 0 8 

10 1 1 0 1 1 2 1 2 0 0 0 0 9 

 
Test 9 

Question 

1

a 

1

b 

1

c 

1

d 

1

e 

1

f 

1

g 

1

h 

1

i 

1

j 

1

k 

1

l Total 

Session 

2 Total 

Overall 

Total 

Marks 2 2 2 2 2 2 2 2 2 2 2 2 24 72 192 

Musician 

1 0 1 0 2 0 0 2 0 0 1 0 0 6 31 127 

2 0 1 0 1 1 2 0 1 0 0 1 0 7 31 120 

3 1 1 2 1 0 0 0 1 0 0 0 0 6 32 122 

4 1 0 1 1 1 2 0 1 0 1 0 0 8 27 101 

5 2 1 1 2 1 0 2 0 0 0 0 0 9 36 147 

6 1 1 0 1 2 0 1 1 0 0 1 0 8 32 120 

7 0 1 0 2 1 2 1 1 0 0 0 0 8 35 128 

8 1 0 0 2 1 2 0 2 0 0 0 0 8 33 140 

9 1 2 0 1 0 0 2 1 0 1 0 0 8 27 103 

10 1 1 2 1 0 0 0 1 0 0 0 0 6 35 120 

Non-musician 

1 1 1 0 2 1 0 2 1 0 0 0 0 8 26 101 
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2 1 0 0 1 1 0 0 1 0 0 0 0 4 19 79 

3 1 1 0 1 0 0 1 2 0 0 0 0 6 20 79 

4 1 1 0 1 0 0 2 0 0 0 0 0 5 25 102 

5 1 0 0 1 0 0 0 1 0 0 0 0 3 18 70 

6 1 2 0 0 1 0 1 1 0 0 0 0 6 23 95 

7 0 0 0 0 0 0 0 0 0 0 0 0 0 9 41 

8 0 0 0 0 0 0 0 0 0 0 0 0 0 14 62 

9 1 1 2 0 1 0 1 1 0 0 0 0 7 29 123 

10 1 0 0 1 0 1 1 0 0 0 0 0 4 20 83 

Overall Results Summary 

Group Bass Chord Melody Frequency % Combination 
% 

Overall Results 
% 

Musicians 
1 100 93.33 77.5 70.37 43.33 66.15 
2 66.38 93.33 77.5 67.28 36.67 62.5 
3 86.67 66.67 66.67 69.75 30 63.54 
4 53.89 93.33 85.83 58.02 23.33 52.60 
5 100 100 100 83.95 36.67 76.56 
6 55 100 100 67.28 36.67 62.5 
7 100 84.17 77.5 74.07 26.67 66.67 
8 100 100 87.5 79.63 36.67 72.92 
9 53.33 93.33 75.83 58.64 26.67 53.65 
10 57.78 85.83 100 67.90 33.33 62.5 
Non-Musicians 
1 56.11 75.56 70 59.88 13.33 52.60 
2 28.33 51.11 66.94 46.29 13.33 41.15 
3 48.05 37.22 68.89 48.15 3.33 41.15 
4 76.11 45.56 81.67 61.73 6.67 53.12 
5 53.61 34.72 64.72 42.59 3.33 36.46 
6 62.78 58.05 48.89 56.79 10 49.48 
7 25 16.39 44.72 24.69 3.33 21.35 
8 23.05 54.72 48.89 38.27 0 32.29 
9 93.33 74.72 71.11 72.84 16.67 64.06 
10 43.61 86.67 56.39 50 6.67 43.23 
Average 64.15 72.24 73.53 59.91 20.33 53.72 
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Appendix 8. Reference Pattern TLX Results 
Listed below are the Task Load Index statistics for the reference pattern tests. Each 

participant completed a TLX questionnaire after the second test session. 
TLX 

Category Mental Physical Temporal Performance Effort Frustration Overall 

musician 

1 20.00 0.00 4.00 2.00 7.33 20.00 53.33 

2 24.00 0.00 17.33 8.00 5.33 26.67 81.33 

3 30.00 0.00 5.33 10.67 26.67 11.33 84.00 

4 22.67 0.00 8.00 6.67 18.00 4.33 59.67 

5 23.33 0.00 1.00 4.00 22.67 0.67 51.67 

6 25.00 0.00 13.00 12.00 11.33 8.00 69.33 

7 21.33 0.00 13.00 9.00 5.67 22.67 71.67 

8 14.00 0.00 18.67 16.67 9.33 3.00 61.67 

9 28.33 0.00 20.00 6.67 18.00 3.33 76.33 

10 23.33 0.00 21.33 9.00 4.67 10.67 69.00 

Average                                                                                                                                    
67.80 

non-musician 

1 30.00 0.00 10.67 6.00 4.33 13.00 64.00 

2 25.00 0.00 6.00 9.33 5.33 18.67 64.33 

3 17.00 0.00 17.33 5.33 8.67 9.33 57.67 

4 16.00 0.67 10.00 10.00 2.33 1.67 40.67 

5 22.67 0.00 20.00 8.67 4.67 10.67 66.67 

6 21.33 5.33 28.33 3.33 19.00 0.00 77.33 

7 31.67 0.00 10.00 10.00 15.00 20.00 86.67 

8 31.67 0.00 12.00 7.00 3.67 5.33 59.67 

9 17.33 0.33 7.00 12.00 6.00 1.67 44.33 

10 30.00 10.67 3.33 5.33 26.67 11.33 87.33 

Average                                                                                                                                    

64.87 



Appendix 9 

 259 

Appendix 9.  Reference patterns used in 

contour icon tests 
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Appendix 10. Contour icon test questions 
The contour icon test schedule contained 2 sets of tests, 1 for reference patterns and 1 

for contour icons. Each set of test questions is listed below. 

Reference pattern Test Session 

Sonify test1.csv and identify: 

How many people chose Action films?.............................................................  

How many people chose Comedy films? ......................................................... 

Sonify test2.csv and identify: 

How many people chose Rock music? ............................................................. 

How many people chose Pop music? ............................................................... 

How many people chose Jazz music? ............................................................... 

Sonify test3.csv and identify: 

How many people chose Biography books? .................................................... 

How many people chose Sci-Fi novels? .......................................................... 

How many people chose Horror books? .......................................................... 

How many people chose Romance novels? ..................................................... 

Sonify test4.csv and identify: 

How many people chose the colour Red? ....................................................... 

How many people chose the colour Blue? ...................................................... 

How many people chose the colour Yellow? .................................................. 

How many people chose the colour Green? .................................................... 

How many people chose the colour Purple? .................................................... 

Sonify test5.csv and identify: 

How many people chose Tea? ................................................................... 

How many people chose Water? ............................................................... 

How many people chose Coffee? .............................................................. 

How many people chose Beer? .................................................................. 

How many people chose Wine? ................................................................. 

How many people chose Orange Juice? ..................................................... 
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Contour Icon pattern Test Session 

Sonify test1.csv and identify: 

How many people chose the colour Red?...........................................................  

How many people chose the colour Blue? ......................................................... 

Sonify test2.csv and identify: 

How many people chose Sci-Fi books? ............................................................. 

How many people chose Horror novels? ........................................................... 

How many people chose Biographies? ............................................................... 

Sonify test3.csv and identify: 

How many people chose Tea? ......................................................................... 

How many people chose Water? ..................................................................... 

How many people chose Orange Juice? .......................................................... 

How many people chose Coffee? .................................................................... 

Sonify test4.csv and identify: 

How many people chose Action films? .......................................................... 

How many people chose Documentaries? ...................................................... 

How many people chose Gangster films? ...................................................... 

How many people chose Romance films? ..................................................... 

How many people chose Comedy films? ..................................................... 

Sonify test5.csv and identify: 

How many people chose Jazz music? .......................................................... 

How many people chose Classical music? .................................................. 

How many people chose Rock music? .......................................................... 

How many people chose Pop music? .......................................................... 

How many people chose Soul music? .......................................................... 

How many people chose Folk music? .......................................................... 
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Appendix 11.  Contour Icon Test Results 
Listed below are the results of the contour icon test schedule, which compared point 

estimation performance between reference patterns and contour icons. Overall results 

are also listed. 
 reference patterns  contour icons 

Question 1 a b Total  a b Total 

Marks 2 2 4  2 2 4 

1 2 2 4  2 1 3 

2 0 1 1  2 2 4 

3 1 1 2  2 2 4 

4 1 1 2  2 1 3 

5 1 2 3  2 0 2 

6 1 2 3  2 2 4 

7 1 2 3  1 2 3 

8 1 1 2  2 1 3 

9 1 1 2  2 2 4 

10 2 1 3  2 1 3 

11 1 2 3  2 2 4 

12 2 1 3  2 1 3 

13 1 1 2  2 2 4 

14 2 1 3  2 1 3 

15 1 2 3  2 2 4 

16 2 1 3  2 2 4 

17 1 2 3  2 2 4 

18 2 2 4  2 2 4 

19 2 1 3  2 2 4 

20 2 1 3  2 1 3 

 
 reference patterns  contour icons 

Question 2 a b c Total  a b c Total 

Marks 2 2 2 6  2 2 2 6 

1 2 2 1 5  2 1 1 4 

2 2 1 2 5  2 2 2 6 

3 1 0 2 3  1 2 2 5 

4 2 2 1 5  2 1 2 5 

5 2 2 1 5  2 2 1 5 
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6 2 1 2 5  2 1 2 5 

7 1 1 1 3  1 2 1 4 

8 1 2 1 4  2 2 1 5 

9 1 2 0 3  2 1 2 5 

10 2 0 2 4  2 2 2 6 

11 2 1 1 4  2 1 2 5 

12 1 0 0 1  1 2 1 4 

13 1 2 0 3  1 2 2 5 

14 2 1 1 4  2 1 1 4 

15 1 0 1 2  2 0 2 4 

16 0 1 2 3  1 2 2 5 

17 2 2 1 5  2 2 1 5 

18 2 1 2 5  2 1 2 5 

19 1 2 1 4  2 2 1 5 

20 1 2 2 5  1 2 2 5 

 
 reference patterns  contour icons 

Question 3 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 1 2 1 0 4  2 2 1 2 7 

2 2 2 1 0 5  2 2 1 0 5 

3 0 1 2 2 5  2 1 2 2 7 

4 2 1 1 0 4  2 2 1 0 5 

5 2 2 1 2 7  2 1 2 1 6 

6 0 1 1 1 3  2 2 1 0 5 

7 1 2 0 1 4  1 2 2 1 6 

8 1 1 1 1 4  1 2 1 0 4 

9 1 2 1 1 5  1 1 1 1 4 

10 2 1 2 0 5  2 1 1 2 6 

11 2 0 1 0 3  2 0 1 2 5 

12 2 1 2 0 5  2 1 2 1 6 

13 1 1 0 1 3  1 2 1 1 5 

14 1 2 2 0 5  1 2 1 0 4 

15 2 1 1 1 5  2 0 1 1 4 

16 1 2 1 0 4  1 2 1 2 6 

17 2 1 2 2 7  2 1 2 1 6 

18 1 1 1 0 3  2 2 1 0 5 

19 1 1 0 1 3  1 2 2 1 6 

20 2 1 2 0 5  2 1 1 1 5 
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 reference patterns  contour icons 

Question 4 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 1 2 0 1 0 4  1 2 2 1 1 7 

2 2 0 1 0 1 4  2 0 1 2 1 6 

3 2 1 0 0 0 3  0 1 0 0 2 3 

4 1 2 0 2 1 6  2 0 0 2 1 5 

5 0 0 0 0 1 1  0 0 2 0 1 3 

6 0 1 1 0 0 2  0 1 1 0 0 2 

7 1 0 0 1 0 2  1 2 0 0 1 4 

8 1 1 0 1 1 4  1 1 0 1 1 4 

9 0 2 1 1 0 4  1 0 2 1 0 4 

10 2 0 1 1 1 5  2 1 2 1 1 7 

11 0 2 1 0 0 3  1 2 0 2 0 5 

12 2 1 0 1 1 5  2 1 1 0 2 6 

13 1 0 1 0 0 2  1 0 1 2 1 5 

14 2 1 0 1 0 4  2 2 1 1 0 6 

15 1 2 0 0 0 3  1 0 0 0 1 2 

16 1 2 1 1 0 5  1 0 0 1 0 2 

17 0 1 0 0 0 1  2 1 1 0 0 4 

18 1 0 2 0 1 4  1 2 1 0 1 5 

19 1 0 1 1 0 3  1 2 1 2 0 6 

20 1 1 0 0 1 3  1 2 0 1 1 5 

 
 reference patterns  contour icons 

Question 5 a b c d e f Total  a b c d e f Total 

Marks 2 2 2 2 2 2 12  2 2 2 2 2 2 12 

1 2 1 0 1 0 0 4  2 1 2 1 1 2 9 

2 0 1 0 0 0 0 1  1 1 1 0 1 0 4 

3 0 0 1 1 1 0 3  0 0 2 0 0 0 2 

4 2 1 0 0 0 0 3  2 2 0 1 2 0 7 

5 1 2 0 0 0 0 3  2 2 0 0 0 2 6 

6 2 1 0 1 0 0 4  2 1 0 1 2 0 6 

7 1 1 1 0 1 0 4  1 1 2 0 0 0 4 

8 0 2 0 0 1 0 3  1 2 0 0 1 0 4 

9 0 2 1 1 0 1 5  0 0 2 1 0 1 4 

10 2 1 0 0 0 0 3  0 1 0 0 1 0 2 
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11 2 0 0 1 0 0 3  2 0 2 1 0 0 5 

12 1 1 0 1 0 0 3  1 1 0 1 2 0 5 

13 2 2 0 0 1 1 6  2 0 2 0 1 1 6 

14 0 2 0 0 1 0 3  0 2 0 1 0 0 3 

15 2 0 0 0 0 1 3  0 0 1 0 0 1 2 

16 0 0 1 0 0 0 1  0 0 1 0 0 2 3 

17 1 1 0 1 0 0 3  1 1 2 1 2 0 7 

18 2 1 0 0 1 0 4  2 1 0 0 2 0 5 

19 1 0 0 1 0 0 2  1 0 0 0 0 0 1 

20 0 0 1 0 0 0 1  1 2 1 0 1 0 5 

Overall results (by condition) 

 reference patterns  contour icons 

Overall Total Percentage  Total Percentage 

Marks 40 100  40 100 

1 21 52.5  30 75 

2 16 40  25 62.5 

3 16 40  21 52.5 

4 20 50  25 62.5 

5 19 47.5  22 55 

6 17 42.5  22 55 

7 16 40  21 52.5 

8 17 42.5  20 50 

9 19 47.5  21 52.5 

10 20 50  24 60 

11 16 40  24 60 

12 17 42.5  24 60 

13 16 40  25 62.5 

14 19 47.5  20 50 

15 16 40  16 40 

16 16 40  20 50 

17 19 47.5  26 65 

18 20 50  24 60 

19 15 37.5  22 55 

20 17 42.5  23 57.5 

Average  44   56.875 

 



Appendix 12 

 266 

Appendix 12.  Contour Icon TLX Results 
Listed below are the Task Load Index statistics for the contour icon tests. Each 

participant completed a TLX questionnaire for each test condition (reference patterns 

and contour icons). 
TLX 

Category Mental Physical Temporal Performance Effort Frustration Overall 

reference patterns 

1 20.00 0.00 7.33 6.00 5.33 20.00 58.67 

2 12.00 2.00 2.67 16.00 7.00 12.00 51.67 

3 15.00 0.00 6.00 13.00 8.00 9.33 51.33 

4 11.00 0.67 10.67 14.67 2.00 8.67 47.67 

5 22.67 0.00 7.33 15.00 9.33 10.67 65.00 

6 25.00 0.33 2.67 13.00 9.00 1.67 51.67 

7 14.00 0.00 9.00 13.33 13.00 5.00 54.33 

8 21.33 0.00 12.00 16.00 5.33 4.33 59.00 

9 6.00 0.00 6.00 20.00 2.00 8.00 42.00 

10 20.00 0.00 6.00 4.67 11.00 17.33 59.00 

11 14.00 1.00 16.00 8.33 8.67 10.67 58.67 

12 20.00 0.00 9.33 3.67 8.00 8.67 49.67 

13 15.00 2.00 8.00 9.33 7.33 2.00 43.67 

14 0.00 2.00 8.00 9.33 12.00 7.00 38.33 

15 10.00 1.67 20.00 6.00 10.00 8.33 56.00 

16 14.67 1.33 22.67 6.00 2.67 4.33 51.67 

17 15.00 2.67 14.67 6.00 5.00 3.33 46.67 

18 8.67 0.00 3.33 7.00 6.67 7.33 33.00 

19 3.33 2.00 4.00 9.33 14.00 1.67 34.33 

20 26.67 0.00 4.67 17.33 5.00 0.67 54.33 

Average                                                                                                                                        50.33 

contour icons 

1 14.00 0.00 4.67 6.67 7.00 5.00 37.33 

2 18.33 0.00 13.00 7.00 1.67 6.00 46.00 

3 14.67 0.00 3.33 9.33 2.00 2.67 32.00 

4 28.33 0.00 12.00 3.33 6.67 5.33 55.67 

5 13.00 0.00 2.67 11.67 3.33 3.00 33.67 

6 16.00 0.00 7.00 6.67 16.00 6.00 51.67 

7 10.67 0.00 2.67 13.33 12.00 3.33 42.00 
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8 3.67 4.00 5.00 16.00 4.00 8.00 40.67 

9 25.00 0.00 7.00 20.00 3.33 3.33 58.67 

10 14.67 0.00 1.00 4.67 5.00 3.00 28.33 

11 9.00 0.00 3.00 8.00 2.67 1.33 24.00 

12 11.00 2.33 2.00 7.33 5.33 6.67 34.67 

13 18.67 0.00 4.00 6.00 4.00 5.00 37.67 

14 6.67 1.33 9.33 16.00 8.00 4.67 46.00 

15 12.00 0.00 6.67 7.00 2.00 2.67 30.33 

16 10.67 0.00 1.33 4.00 6.67 3.00 25.67 

17 6.00 0.00 6.67 5.33 4.67 3.33 26.00 

18 6.67 1.33 4.00 5.00 4.00 7.00 28.00 

19 8.33 0.00 4.67 3.00 4.67 3.00 23.67 

20 4.00 0.00 0.67 8.00 5.33 5.00 23.00 

Average                                                                                                                                        36.25 
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Appendix 13. Harmonic Combination Test 

Questions 
The harmonic combination test schedule contained 2 sets of tests, 1 for non-harmonic 

combination and 1 for harmonic combination. Each set of test questions is listed 

below. 

Non-harmonic combination Test Session 

Sonify test1.csv. Set Fruit to Bass and Colour to Mid and identify: 

How many people chose the fruit Apple? ....................................................... 

How many people chose the colour Blue? ...................................................... 

How many people chose Orange and Red? .................................................... 

How many people chose Apple and Blue? ..................................................... 

Sonify test2.csv. Set Drink to Mid and Film to Treble and identify: 

How many people chose Water? ................................................................... 

How many people chose Comedy films? ...................................................... 

How many people chose Coffee and Sci-Fi? .................................................... 

How many people chose Tea and Action? ........................................................ 

Sonify test3.csv. Set Colour to Bass and Music to Treble and identify: 

How many people chose the colour Red? ....................................................... 

How many people chose Pop music? .............................................................. 

How many people chose Red and Rock? ........................................................ 

How many people chose Blue and Pop? ......................................................... 
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Sonify test4.csv. Set Fruit to Bass, Drink to Mid and Radio Station to Treble 

and identify: 

How many people chose Apples? ................................................................. 

How many people chose Spin FM? .............................................................. 

How many people chose Orange, Coffee and Spin FM? ............................. 

How many people chose Apple, Tea and Today FM? ................................. 

Sonify test5.csv. Set Film to Bass, Colour to Mid and Music to Treble and 

identify: 

How many people chose the colour Green? ................................................. 

How many people chose Pop music? .............................................................. 

How many people chose Comedy, Blue and Pop music? ............................. 

How many people chose Action, Red and Rock music? ................................. 

Harmonic combination Test Session 

Sonify test1.csv. Set Radio Station to Bass and Newspaper to Mid and 

identify: 

How many people chose Today FM? ............................................................. 

How many people chose the Irish Independent? ............................................ 

How many people chose Today FM and Irish Independent? ......................... 

How many people chose Spin FM and Irish Times? ...................................... 

Sonify test2.csv. Set Colour to Mid and Food to Treble and identify: 

How many people chose Green? ..................................................................... 

How many people chose Chinese food? .......................................................... 

How many people chose Blue and Italian food? ............................................. 

How many people chose Red and Indian food? ............................................... 
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Sonify test3.csv. Set Film to Bass and Literature to Treble and identify: 

How many people chose Cartoons? ................................................................ 

How many people chose Crime novels? ......................................................... 

How many people chose Action and Crime? .................................................. 

How many people chose Romance and Sci-Fi? .............................................. 

Sonify test4.csv. Set Music to Bass, Fruit to Mid and Radio Station to Treble 

and identify: 

How many people chose Pop? ................................................................. 

How many people chose Oranges? .............................................................. 

How many people chose Pop, Apple and Today FM? ............................. 

How many people chose Rock, Orange and Spin FM? ................................. 

Sonify test5.csv. Set Drink to Bass, Colour to Mid and Film to Treble and 

identify: 

How many people chose Coffee? ................................................................... 

How many people chose the colour Blue? ..................................................... 

How many people chose Tea, Green and Comedy? ................................... 

How many people chose Coffee, Blue and Action? …................................... 
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Appendix 14.  Harmonic Combination Test 

Results 
Listed below are the results of the harmonic combination test schedule, which 

compared point estimation and pattern combination performance between non-

harmonic and harmonic combination test conditions. Overall results are also listed.  
 non-harmonic  harmonic 

Question 1 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 2 2 2 2 8  2 2 2 2 8 

2 2 2 1 0 5  2 2 1 2 7 

3 2 2 0 0 4  2 2 2 2 8 

4 2 2 1 2 7  2 2 2 2 8 

5 2 2 0 1 5  2 2 2 2 8 

6 2 1 1 1 5  2 2 2 2 8 

7 2 2 1 1 6  2 2 2 2 8 

8 2 2 2 2 8  2 2 2 2 8 

9 1 0 1 0 2  1 2 1 2 6 

10 2 2 1 2 7  1 1 2 2 6 

11 2 2 2 2 8  2 2 2 2 8 

12 2 1 1 2 6  2 2 1 2 7 

13 2 2 2 0 6  2 2 2 2 8 

14 1 1 0 1 3  2 2 2 2 8 

15 2 2 0 2 6  2 2 2 2 8 

16 2 1 0 1 4  1 2 1 2 6 

17 1 0 0 0 1  1 0 1 0 2 

18 1 2 0 0 3  1 2 1 1 5 

19 1 0 0 2 3  0 1 0 2 3 

20 2 2 1 0 5  2 2 2 2 8 

 non-harmonic  harmonic 

Question 2 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 2 2 2 2 8  2 2 2 2 8 

2 2 1 0 2 5  2 1 2 2 7 

3 2 0 0 0 2  1 2 2 1 6 

4 0 2 1 1 4  1 2 2 2 7 

5 2 1 0 1 4  2 1 2 2 7 
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6 1 0 1 0 2  2 2 2 2 8 

7 2 1 0 1 4  2 2 2 2 8 

8 2 2 2 2 8  2 2 2 2 8 

9 1 2 1 1 5  2 1 1 1 5 

10 2 2 1 0 5  1 2 2 1 6 

11 2 2 1 2 7  1 1 2 2 6 

12 1 2 0 2 5  2 1 2 2 7 

13 2 1 1 2 6  2 1 2 2 7 

14 2 2 1 1 6  1 2 2 2 7 

15 2 0 1 2 5  2 2 1 2 7 

16 1 1 2 1 5  1 0 2 0 3 

17 1 0 2 0 3  2 2 1 0 5 

18 2 2 2 2 8  1 1 2 1 5 

19 2 2 1 1 6  2 1 0 1 4 

20 2 0 1 2 5  2 2 2 2 8 

 non-harmonic  harmonic 

Question 3 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 2 2 1 0 5  2 2 2 2 8 

2 2 0 2 0 4  2 2 2 1 7 

3 2 1 1 0 4  2 2 2 2 8 

4 2 1 2 1 6  2 2 2 1 7 

5 1 2 2 1 6  2 2 1 1 6 

6 2 1 2 0 5  2 2 1 2 7 

7 2 1 2 2 7  2 2 1 1 6 

8 2 2 1 2 7  1 0 2 0 3 

9 1 0 2 0 3  2 2 1 2 7 

10 2 2 1 0 5  2 2 2 2 8 

11 1 1 2 1 5  2 1 2 2 7 

12 2 2 1 2 7  2 2 2 2 8 

13 1 2 0 1 4  2 2 1 1 6 

14 2 2 2 2 8  2 2 1 1 6 

15 2 2 1 0 5  2 2 2 2 8 

16 1 1 0 1 3  0 0 1 0 1 

17 2 2 1 2 7  2 2 2 0 6 

18 2 1 0 0 3  1 1 0 2 4 

19 2 2 1 0 5  1 1 1 0 3 

20 2 2 2 2 8  2 2 2 2 8 

 non-harmonic  harmonic 
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Question 4 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 2 2 2 2 8  2 1 2 0 5 

2 1 1 0 0 2  2 2 1 2 7 

3 2 2 1 2 7  1 2 1 0 4 

4 2 1 0 0 3  2 0 2 2 6 

5 2 1 1 1 5  2 2 2 1 7 

6 1 0 1 1 3  2 2 1 2 7 

7 2 1 0 1 4  2 1 2 2 7 

8 2 2 0 2 6  1 2 0 1 4 

9 1 1 0 2 4  1 1 0 2 4 

10 1 0 2 1 4  2 2 2 1 7 

11 2 1 1 0 4  2 0 2 2 6 

12 2 2 0 1 5  1 2 2 0 5 

13 1 2 1 1 5  1 2 1 0 4 

14 1 1 0 0 2  1 1 1 0 3 

15 2 1 1 0 4  1 2 2 0 5 

16 1 2 1 1 5  1 1 0 0 2 

17 0 1 1 0 2  1 2 0 2 5 

18 2 2 1 1 6  1 0 1 1 3 

19 1 2 2 0 5  2 2 0 1 5 

20 2 1 1 0 4  2 1 1 2 6 

 non-harmonic  harmonic 

Question 5 a b c d Total  a b c d Total 

Marks 2 2 2 2 8  2 2 2 2 8 

1 2 0 0 1 3  2 2 1 0 5 

2 2 1 0 1 4  2 2 1 2 7 

3 1 2 0 1 4  2 2 0 2 6 

4 2 0 1 2 5  2 1 2 2 7 

5 2 1 0 0 3  1 2 2 1 6 

6 1 2 1 1 5  1 2 1 2 6 

7 1 1 1 1 4  2 2 1 2 7 

8 2 1 0 1 4  1 0 1 1 3 

9 1 2 0 1 4  2 1 1 0 4 

10 2 2 1 1 6  2 2 0 2 6 

11 1 2 0 0 3  2 2 2 2 8 

12 2 0 1 0 3  2 2 1 2 7 

13 2 1 1 0 4  1 2 2 1 6 

14 1 1 2 0 4  2 2 1 0 5 
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15 1 1 0 1 3  1 1 0 0 2 

16 0 0 1 0 1  1 2 0 0 3 

17 2 2 1 0 5  2 2 1 1 6 

18 2 2 0 1 5  1 1 1 1 4 

19 2 0 0 1 3  1 1 2 1 5 

20 1 1 2 0 4  2 2 1 2 7 

Overall percentage results (by condition) 

 point estimation pattern combination Overall 

 2 

value 

3 

value 

4 

value total 2 variable 3 variable total % 

non-harmonic 

1 100.00 75.00 100.00 75.00 33.33 12.50 25.00 50.00 

2 100.00 50.00 50.00 75.00 16.67 50.00 30.00 52.50 

3 100.00 50.00 75.00 75.00 50.00 12.50 35.00 55.00 

4 100.00 75.00 75.00 75.00 41.67 62.50 50.00 62.50 

5 75.00 25.00 75.00 55.00 50.00 25.00 40.00 47.50 

6 100.00 75.00 75.00 80.00 41.67 37.50 40.00 60.00 

7 100.00 100.00 75.00 85.00 100.00 50.00 80.00 82.50 

8 25.00 75.00 100.00 65.00 50.00 37.50 45.00 55.00 

9 100.00 100.00 25.00 65.00 50.00 50.00 50.00 57.50 

10 100.00 100.00 100.00 95.00 66.67 37.50 55.00 75.00 

11 75.00 75.00 50.00 75.00 66.67 12.50 45.00 60.00 

12 100.00 75.00 100.00 80.00 66.67 37.50 55.00 67.50 

13 50.00 100.00 75.00 70.00 33.33 12.50 25.00 47.50 

14 100.00 50.00 100.00 75.00 75.00 37.50 60.00 67.50 

15 75.00 50.00 100.00 70.00 41.67 37.50 40.00 55.00 

16 25.00 25.00 50.00 25.00 25.00 25.00 25.00 25.00 

17 75.00 100.00 100.00 95.00 58.33 37.50 50.00 72.50 

18 25.00 100.00 75.00 75.00 33.33 37.50 35.00 55.00 

19 100.00 50.00 100.00 75.00 41.67 25.00 35.00 55.00 

20 100.00 75.00 100.00 75.00 66.67 25.00 50.00 62.50 

Average        58.68 

harmonic 

1 100.00 100.00 100.00 95.00 91.67 37.50 70.00 82.50 

2 100.00 75.00 100.00 95.00 91.67 75.00 85.00 90.00 

3 100.00 75.00 100.00 90.00 91.67 37.50 70.00 80.00 

4 100.00 75.00 100.00 80.00 91.67 100.00 95.00 87.50 
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5 100.00 75.00 100.00 90.00 83.33 75.00 80.00 85.00 

6 100.00 100.00 100.00 95.00 91.67 75.00 85.00 90.00 

7 100.00 100.00 100.00 95.00 83.33 87.50 85.00 90.00 

8 75.00 100.00 25.00 60.00 75.00 37.50 60.00 60.00 

9 50.00 75.00 100.00 70.00 75.00 37.50 60.00 65.00 

10 100.00 75.00 100.00 95.00 91.67 62.50 80.00 87.50 

11 100.00 50.00 75.00 75.00 91.67 100.00 95.00 85.00 

12 100.00 75.00 100.00 90.00 100.00 62.50 85.00 87.50 

13 100.00 75.00 100.00 85.00 83.33 50.00 70.00 77.50 

14 100.00 75.00 100.00 85.00 83.33 25.00 60.00 72.50 

15 75.00 100.00 100.00 80.00 83.33 25.00 60.00 70.00 

16 25.00 25.00 0.00 35.00 33.33 0.00 20.00 27.50 

17 75.00 100.00 100.00 90.00 41.67 50.00 45.00 67.50 

18 25.00 50.00 50.00 40.00 58.33 50.00 55.00 47.50 

19 100.00 75.00 50.00 75.00 50.00 50.00 50.00 62.50 

20 50.00 100.00 100.00 85.00 91.67 75.00 85.00 85.00 

Average        74.47 
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Appendix 15.  Harmonic Combination TLX 

Results 
Listed below are the Task Load Index statistics for the harmonic combination tests. 

Each participant completed a TLX questionnaire for each test condition (non-

harmonic and harmonic combination). 
TLX 

Category Mental Physical Temporal Performance Effort Frustration Overall 

non-harmonic combination 

1 22.67 0.00 4.00 11.00 9.33 25.00 72.00 

2 18.67 0.00 5.33 13.33 4.67 18.67 60.67 

3 17.33 0.00 5.33 10.00 5.33 12.00 50.00 

4 16.00 0.00 5.33 10.67 6.67 10.00 48.67 

5 15.00 0.00 9.33 2.33 14.00 10.67 51.33 

6 17.33 0.00 6.00 12.00 7.33 12.00 54.67 

7 15.00 0.00 20.00 10.67 4.00 26.67 76.33 

8 7.00 0.67 3.33 20.00 8.67 2.00 41.67 

9 25.00 0.00 3.33 10.67 9.33 12.00 60.33 

10 17.33 0.00 6.00 20.00 6.00 4.67 54.00 

11 23.33 0.00 2.33 9.33 10.00 4.67 49.67 

12 15.00 0.00 3.67 18.33 9.00 12.00 58.00 

13 14.00 0.00 8.00 12.00 6.67 14.00 54.67 

14 14.67 0.00 10.00 6.00 10.00 15.00 55.67 

15 18.67 1.00 7.00 12.00 3.00 9.33 51.00 

16 14.00 0.00 3.00 10.67 12.00 11.00 50.67 

17 22.67 0.00 7.33 18.33 5.33 6.00 59.67 

18 13.00 0.00 9.00 13.33 6.67 11.00 53.00 

19 7.00 0.67 3.33 20.00 8.67 2.00 41.67 

20 17.33 0.00 5.33 12.00 6.67 14.00 55.33 

Average                                                                                                                                        54.95 

harmonic combination 

1 14.67 0.00 5.00 12.00 5.33 7.33 44.33 

2 9.00 0.00 5.00 10.00 6.00 1.00 31.00 

3 10.00 0.33 0.00 8.33 9.33 6.00 34.00 

4 16.00 0.00 3.33 10.00 7.00 1.67 38.00 

5 16.00 0.00 7.00 8.00 2.33 8.00 41.33 
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6 13.33 0.00 7.00 6.67 6.00 1.33 34.33 

7 2.67 0.33 6.00 2.67 5.33 5.00 22.00 

8 9.33 0.00 8.00 5.00 7.00 1.33 30.67 

9 12.00 0.00 4.67 8.00 10.67 4.00 39.33 

10 13.00 0.00 2.00 13.33 4.67 12.00 45.00 

11 16.00 0.00 3.33 6.00 7.00 8.00 40.33 

12 25.00 0.00 8.00 10.00 4.00 1.00 48.00 

13 26.67 0.00 4.67 8.00 3.00 10.67 53.00 

14 8.00 0.00 4.67 10.00 8.00 2.00 32.67 

15 16.00 0.33 0.00 5.00 9.33 6.00 36.67 

16 23.33 0.00 3.33 8.00 5.00 1.33 41.00 

17 14.00 0.00 14.67 6.00 6.67 16.00 57.33 

18 11.00 0.00 4.67 10.00 8.00 2.67 36.33 

19 16.00 0.00 7.00 5.00 7.00 1.33 36.33 

20 16.00 0.00 3.33 10.00 6.00 1.00 36.33 

Average                                                                                                                                        38.90 
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Appendix 16. Rhythmic Parsing Test 

Questions 
The rhythmic parsing test schedule contained 2 sets of tests, 1 for the non-rhythmic 

parsing and 1 for the rhythmic parsing conditions. Each set of test questions is listed 

below. 

Non-rhythmic parsing Test Session 

Sonify test1.csv. Set Exam1 to Bass and Exam 2 to Mid and identify: 

How many people Passed Exam 2? ........................................................ 

How many people Failed Exam 1? ........................................................... 

Which group had the most Passes for Exam 1? ......................................... 

Which group had the most Fails for Exam 2? ......................................... 

Which group had the most Fails for both Exams? .................................. 

Sonify test2.csv. Set Exam1 to Bass and Exam 2 to Treble and identify: 

How many people got an A for Exam 1? ....................................................... 

How many people got a B for Exam 2? ........................................................... 

Which group had the most C Passes for Exam 2? ......................................... 

Which group had the most B Passes for Exam 1? ........................................ 

Which group had the most A Passes for both Exams? .................................. 

Sonify test3.csv. Set Exam1 to Mid and Exam 2 to Treble and identify: 

How many people got a C for Exam 2? ....................................................... 

How many people got a B for Exam 1? ........................................................... 

Which group had the most A Passes for Exam 2? ......................................... 

Which group had the most Fails for Exam 1? ......................................... 

Which group had the most C Passes for both Exams? .................................. 
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Sonify test4.csv. Set Exam1 to Bass, Exam 2 to Mid and Exam 3 to Treble 

and identify: 

How many people Passed Exam 2? ....................................................... 

How many people Failed Exam 3? .......................................................... 

Which group had the most Passes for Exam 1? ......................................... 

Which group had the most Fails for Exam 2? ......................................... 

Which group had the most Passes for all 3 Exams? .................................. 

Sonify test5.csv. Set Exam1 to Bass, Exam 2 to Mid and Exam 3 to Treble 

and identify: 

How many people Failed Exam 1? ....................................................... 

How many people Failed Exam 2? .......................................................... 

Which group had the most Passes for Exam 3? ......................................... 

Which group had the most Fails for Exam 1? ......................................... 

Which group had the most Fails for all 3 Exams? .................................. 

Rhythmic parsing Test Session 

Sonify test1.csv. Set Exam1 to Bass and Exam 2 to Mid and identify: 

How many people Passed Exam 1? ....................................................... 

How many people Failed Exam 2? ........................................................... 

Which group had the most Passes for Exam 2? ......................................... 

Which group had the most Fails for Exam 2? ......................................... 

Which group had the most Passes for both Exams? .................................. 

Sonify test2.csv. Set Exam1 to Mid and Exam 2 to Treble and identify: 

How many people got an A for Exam 2? ....................................................... 

How many people got a C for Exam 1? ........................................................... 

Which group had the most B Passes for Exam 1? ......................................... 

Which group had the most B Passes for Exam 2? ......................................... 
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Which group had the most A Passes for both Exams? .................................. 

Sonify test3.csv. Set Exam1 to Bass, Exam 2 to Treble and identify: 

How many people got a B for Exam 1? ....................................................... 

How many people Failed Exam 2? ........................................................... 

Which group had the most A Passes for Exam 2? ......................................... 

Which group had the most Fails for Exam 1? ......................................... 

Which group had the most B Passes for both Exams? .................................. 

Sonify test4.csv. Set Exam1 to Bass, Exam 2 to Mid and Exam 3 to Treble 

and identify: 

How many people Passed Exam 2? ....................................................... 

How many people Failed Exam 1? ........................................................... 

Which group had the most Passes for Exam 2? ......................................... 

Which group had the most Fails for Exam 3? ......................................... 

Which group had the most Fails for all 3 Exams? .................................. 

Sonify test5.csv. Set Exam1 to Bass, Exam 2 to Mid and Exam 3 to Treble 

and identify: 

How many people Passed Exam 3? ........................................................ 

How many people Failed Exam 2? ........................................................... 

Which group had the most Passes for Exam 1? ......................................... 

Which group had the most Fails for Exam 2? ......................................... 

Which group had the most Passes for all 3 Exams? ..................................
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Appendix 17. Rhythmic Parsing Test 

Results 
Listed below are the results of the rhythmic parsing test schedule, which compared 

overall point estimation, group comparison point estimation and group comparison 

pattern combination performance between non-rhythmic parsing and rhythmic 

parsing test conditions. Overall results are also listed.  
 non-rhythmic  rhythmic 

Question 1 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 2 2 2 2 2 10  2 2 2 2 2 10 

2 2 2 2 0 2 8  2 2 2 2 2 10 

3 2 2 2 2 0 8  2 2 2 0 2 8 

4 2 2 2 2 0 8  1 2 2 2 0 7 

5 2 1 2 0 2 7  2 2 2 2 0 8 

6 2 0 0 0 0 2  2 2 2 2 2 10 

7 2 2 0 0 2 6  2 1 2 2 2 9 

8 1 0 2 2 2 7  1 1 2 2 2 8 

9 1 2 0 2 0 5  2 0 2 0 0 4 

10 2 2 0 2 2 8  2 2 2 2 2 10 

11 1 2 2 2 2 9  1 2 0 2 0 5 

12 2 1 2 2 2 9  1 1 0 2 2 6 

13 2 2 0 2 2 8  2 2 2 2 2 10 

14 2 1 2 0 2 7  2 2 2 2 2 10 

15 2 1 2 2 2 9  2 1 2 2 0 7 

16 2 1 2 2 2 9  1 2 0 2 2 7 

17 2 1 2 2 2 9  1 2 2 0 2 7 

18 1 2 0 2 2 7  1 2 0 2 0 5 

19 1 2 0 2 0 5  2 1 2 0 2 7 

20 2 0 2 2 0 6  1 2 2 2 2 9 

 non-rhythmic  rhythmic 

Question 2 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 2 2 0 2 2 8  2 1 0 2 2 7 

2 2 1 0 2 2 7  2 2 2 0 2 8 

3 2 1 2 2 2 9  2 2 2 0 2 8 
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4 2 1 2 2 0 7  2 1 2 2 2 9 

5 2 2 0 2 0 6  2 2 2 2 0 8 

6 1 1 2 0 2 6  2 2 2 0 2 8 

7 2 2 0 2 0 6  1 2 2 2 2 9 

8 2 2 2 2 2 10  2 2 0 2 2 8 

9 2 2 0 0 2 6  1 2 2 0 2 7 

10 2 2 2 0 2 8  2 2 2 2 0 8 

11 1 1 0 2 2 6  1 2 0 2 0 5 

12 2 2 2 0 2 8  2 1 2 2 2 9 

13 2 2 2 2 2 10  2 2 2 0 2 8 

14 1 0 0 2 2 5  2 2 0 2 2 8 

15 1 1 0 2 0 4  1 2 2 0 2 7 

16 2 2 0 0 2 6  0 2 0 2 2 6 

17 2 0 0 2 0 4  2 2 0 2 2 8 

18 2 0 0 2 2 6  2 2 2 0 2 8 

19 1 2 2 0 2 7  1 2 0 0 2 5 

20 1 1 2 0 2 6  2 2 2 0 2 8 

 non-rhythmic  rhythmic 

Question 3 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 2 2 0 2 2 8  1 1 2 0 0 4 

2 2 1 2 2 0 7  2 1 0 0 2 5 

3 2 2 0 0 2 6  2 2 2 2 2 10 

4 2 0 2 0 0 4  1 2 0 2 2 7 

5 0 2 0 2 2 6  2 1 2 0 2 7 

6 2 0 2 0 2 6  1 2 2 2 2 9 

7 2 1 0 2 0 5  2 2 2 0 2 8 

8 0 2 2 0 2 6  2 2 0 0 2 6 

9 2 0 2 0 2 6  1 2 0 2 2 7 

10 1 2 0 2 2 7  2 2 2 2 2 10 

11 0 2 0 2 0 4  1 1 2 0 0 4 

12 2 1 2 2 0 7  2 2 0 2 0 6 

13 1 2 2 0 0 5  1 2 2 0 2 7 

14 2 1 0 0 2 5  2 2 0 2 0 6 

15 1 2 2 2 2 9  1 1 2 0 2 6 

16 2 2 0 2 2 8  2 1 0 2 2 7 

17 1 2 0 0 2 5  2 1 2 2 2 9 

18 2 2 0 2 0 6  1 1 2 0 2 6 

19 1 1 2 0 0 4  2 2 0 2 2 8 
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20 0 0 0 0 2 2  0 2 2 0 2 6 

 non-rhythmic  rhythmic 

Question 4 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 2 2 2 2 2 10  2 2 2 2 0 8 

2 2 2 0 2 0 6  1 2 0 2 2 7 

3 2 1 2 0 2 7  2 2 2 2 2 10 

4 2 1 2 2 2 9  2 2 2 0 0 6 

5 1 1 0 2 0 4  1 2 2 2 0 7 

6 1 0 0 2 2 5  2 2 2 0 2 8 

7 2 2 0 0 2 6  1 2 0 2 2 7 

8 2 2 0 2 0 6  2 2 2 0 2 8 

9 2 1 0 2 0 5  1 2 0 2 2 7 

10 2 2 0 2 2 8  2 2 0 2 0 6 

11 2 2 2 0 2 8  1 2 2 2 2 9 

12 1 1 2 2 2 8  2 2 2 0 2 8 

13 1 1 2 2 2 8  2 2 2 0 2 8 

14 2 2 0 2 0 6  2 1 2 2 2 9 

15 1 1 2 2 2 8  2 2 2 2 0 8 

16 2 2 2 2 2 10  2 0 2 2 2 8 

17 2 2 2 0 2 8  2 2 0 2 2 8 

18 2 1 0 2 0 5  2 2 2 2 2 10 

19 2 2 0 0 2 6  2 2 2 2 2 10 

20 2 2 0 2 2 8  2 1 2 0 2 7 

 non-rhythmic  rhythmic 

Question 5 a b c d e Total  a b c d e Total 

Marks 2 2 2 2 2 10  2 2 2 2 2 10 

1 1 1 2 2 2 8  2 1 2 0 2 7 

2 2 1 2 2 0 7  1 2 0 0 0 3 

3 1 0 0 2 2 5  2 2 2 0 2 8 

4 2 2 0 0 0 4  1 1 2 2 2 8 

5 2 1 2 0 2 7  2 2 2 2 0 8 

6 0 2 2 0 2 6  1 1 2 2 0 6 

7 2 1 0 2 0 5  0 1 2 2 2 7 

8 2 2 0 2 2 8  2 1 0 2 2 7 

9 2 2 2 2 2 10  2 2 2 0 0 6 

10 1 1 0 2 2 6  2 0 2 2 2 8 

11 2 0 2 2 2 8  2 2 2 2 2 10 

12 2 1 0 2 2 7  2 2 0 2 2 8 
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13 1 2 0 2 2 7  1 2 0 2 2 7 

14 0 1 2 0 2 5  2 2 2 2 2 10 

15 1 2 0 2 2 7  1 0 2 0 2 5 

16 2 2 2 2 2 10  2 0 2 2 2 8 

17 2 1 0 2 2 7  0 2 2 0 2 6 

18 1 2 2 0 0 5  1 2 2 2 2 9 

19 1 2 0 2 2 7  2 1 2 2 0 7 

20 2 2 0 2 2 8  2 1 2 2 2 9 

Overall percentage results (by condition) 

 
overall point 

estimation 

group point 

estimation 

group pattern 

combination 

Overall 

% 

non-rhythmic parsing 

1 90 80 100 88 

2 85 70 40 70 

3 95 70 100 86 

4 75 40 60 58 

5 70 50 60 60 

6 75 60 80 70 

7 90 30 40 56 

8 75 70 80 74 

9 80 50 60 64 

10 85 50 100 74 

11 65 70 80 70 

12 60 40 80 56 

13 80 70 80 76 

14 80 70 20 64 

15 65 80 80 74 

16 45 40 80 50 

17 75 50 80 66 

18 75 50 40 58 

19 75 80 80 78 

20 60 50 80 60 

Average 75 58.5 71 67.6 

rhythmic parsing 

1 90 60 100 80 

2 70 80 100 80 

3 100 70 100 88 
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4 75 80 60 74 

5 75 70 40 66 

6 85 80 80 82 

7 80 70 60 72 

8 85 50 100 74 

9 75 50 60 62 

10 90 90 60 84 

11 80 70 80 76 

12 85 60 80 74 

13 85 40 80 66 

14 95 80 80 86 

15 65 70 60 66 

16 60 70 100 72 

17 80 60 100 76 

18 90 90 20 76 

19 85 60 80 74 

20 75 70 100 78 

Average 81.25 68.5 77 75.3 
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Appendix 18. Rhythmic Parsing TLX 

Results 
Listed below are the Task Load Index statistics for the rhythmic parsing tests. Each 

participant completed a TLX questionnaire for each test condition (non- rhythmic 

parsing and rhythmic parsing). 
TLX 

Category Mental Physical Temporal Performance Effort Frustration Overall 

non-rhythmic parsing 

1 26.67 0.00 18.00 3.67 18.00 19.00 85.33 

2 20.00 0.00 18.67 8.00 14.00 6.00 66.67 

3 9.33 2.67 20.00 9.00 10.67 4.67 56.33 

4 8.67 0.33 10.00 10.67 16.00 4.67 50.33 

5 17.33 0.00 14.00 17.33 6.67 9.33 64.67 

6 21.33 0.00 12.00 6.00 10.00 3.33 52.67 

7 10.00 1.00 12.00 8.00 10.00 1.67 42.67 

8 26.67 0.00 12.00 6.67 9.33 9.00 63.67 

9 22.67 0.00 18.67 11.00 10.67 8.67 71.67 

10 8.00 0.00 26.67 6.00 18.67 3.33 62.67 

11 14.67 0.00 14.00 10.00 4.33 20.00 63.00 

12 22.67 1.33 15.00 9.00 3.00 4.00 55.00 

13 18.67 0.00 23.33 12.00 6.00 3.33 63.33 

14 15.00 1.33 16.00 12.00 0.00 11.00 55.33 

15 14.00 1.00 16.00 3.00 13.33 10.00 57.33 

16 17.33 0.00 10.00 11.00 6.00 10.00 54.33 

17 17.00 0.00 28.33 12.00 10.67 8.67 76.67 

18 15.00 2.67 21.67 0.00 11.00 5.33 55.67 

19 13.00 0.00 13.00 15.00 12.00 1.67 54.67 

20 18.00 1.00 7.33 12.00 8.67 16.00 63.00 

Average                                                                                                                                        60.75 

rhythmic parsing 

1 23.33 0.00 6.00 9.33 2.67 4.00 45.33 

2 20.00 0.00 9.00 8.00 9.00 4.67 50.67 

3 14.00 0.00 6.67 9.00 4.67 6.67 41.00 

4 23.33 0.33 11.00 10.67 2.33 1.33 49.00 

5 15.00 0.33 7.00 10.00 2.33 5.33 40.00 
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6 13.00 0.00 11.67 8.00 3.33 2.33 38.33 

7 20.00 0.00 6.00 10.67 3.33 2.67 42.67 

8 14.00 0.00 10.67 6.67 2.33 6.67 40.33 

9 15.00 0.33 8.00 3.33 1.33 1.00 29.00 

10 18.33 2.33 5.33 7.00 9.00 2.33 44.33 

11 18.67 0.00 4.67 8.33 2.00 2.00 35.67 

12 17.33 0.00 8.33 4.67 3.33 7.33 41.00 

13 14.00 0.00 5.33 5.33 8.00 2.67 35.33 

14 8.00 2.67 13.33 5.33 6.00 9.33 44.67 

15 17.33 0.00 5.33 8.33 1.67 6.00 38.67 

16 24.00 0.00 6.00 7.00 8.00 8.00 53.00 

17 21.67 0.00 6.67 2.00 6.00 4.00 40.33 

18 20.00 0.00 12.00 13.33 4.67 1.67 51.67 

19 20.00 0.00 4.67 3.00 7.00 1.00 35.67 

20 9.33 0.67 5.33 8.00 4.67 2.00 30.00 

Average                                                                                                                                        41.33 
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