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1. Summary 

 
The System Description 

Jam Tabs are a new musical system. This system takes advantage of musical data and 
theoretical analysis to organize songs based on their similarity in chord structure and rhythmic 
qualities. The application provides the ability to search for a “jam track” or “backing track”. A jam 
track is a minimalistic instrumental track that provides the background for a small jam session, 
consisting of a drum beat and at least two other instruments. The Jam Tabs application allows the 
user to search a presorted database of jam tracks. This provides the user with a range of 
potential search terms such as; artist, genre, difficulty, chords, song, etc.  

	
Figure	1_	LED	Cubes	displaying	2	Chord	Progression	

	
Figure	2_	Participant	using	Jam	Tabs	to	improvise 

Databases like this do exist and are presently used for the purposes of what musicians call 
“music theory analysis”. HookTheory is a system that utilizes color, pattern recognition, and a 
database of previously analyzed music to organize music by similarity regarding their chord 
structure. The HookTheory website will serve a good comparison for navigability of a music 
database of this sort. 

There are phone applications that provide jam tracks such as the Guitar Tunes app. This phone 
application features a JamBar™ by Optek Music Systems that displays scales that can be used 
for improvisation while a Jam Track is played. This application requires the use of a Fretlight™ 
guitar to be useful and does not provide similar information on a keyboard instrument.    
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Although HookTheory does have a database of chord progressions and Optek has created a 
phone application to aid in improvisation, there is no current way to coordinate this information 
visually during a jam session. Therefore the musical performance component of this testing 
procedure cannot be compared to any other hardware or current technology. The current 
graphical user interface designs reflect essential elements present in both HookTheory and 
Optek’s user interfaces. This is designed to preserve well known features while enhancing 
usability of the system.  

Jam Tabs have incorporated the use of LED cubes, colored instruments, and a phone application 
to provide a visual aid for jamming scenarios. The phone application is the main focus of UI 
design although every component needs some degree of user testing to verify the functionality of 
the system as a whole.   

 
Users 

Primary Users of Jam Tabs are those who are interested in playing music with others as a social 
activity. These users are fairly new to their instruments, or to the instrument of interest in the 
study. Primary users also have a fundamental understanding of music and the idea of playing a 
chord progression and improvising is not new. Jammers in this category are motivated by having 
fun and expressing themselves in a social context. 

Primary User Persona Example:  

Candice Dwyer is a 17 year old High School girl. She enjoys playing guitar and hanging out with 
her friends. Some of the kids at school have been playing music together and “jamming”. Candice 
has heard of jamming before but she really doesn’t understand what they mean. “Candice has 
said I don’t play any instruments well enough to jam”. In order to learn Candice considers taking 
some piano lessons so she can learn on an instrument that none of her friends play. She likes 
listening to John Legend, Ed Sheeran, and Ingrid Michaelson. Candice’s friend Mica shows 
Candice SolJAMM, a system her music teacher uses, and they start learning a little piano 
together. After a month of piano Candice thinks she might be ready to jam, but how can she get 
started?  

 

Secondary users may have no idea of what it takes to Jam but would like to. Secondary users 
may also believe that only musicians that have been playing for years have the capability to 
improvise in a social setting. This user demographic may be motivated to play music with others 
socially but is afraid to do so without prior training. Another group of secondary users may be 
those that are very musically inclined, have been playing for a long time and are mildly interested 
in music analysis and improvisation methods. These users have all of the component knowledge 
to jam but either do not have the social outlet or the activity of improvising is relatively new to 
them.  
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Non-Users of Jam Tabs are likely to be parents, related to, or friends with a musician. This group 
is likely to see the interest their child or friend has in playing music and would like to facilitate it. 
This may also be people who enjoy listening to music but do not play themselves. Those of which 
recognize the benefits of playing music, whether they are cognitive or physical, and would like to 
promote or facilitate the activity of jamming.  

Owners of music schools may be inclined to purchase Jam Tabs as a tool to motivate students to 
play music. As facilitators of musical experiences it is important for them to be using tools that 
allow students to do so quickly and efficiently.  

Supported Tasks 
 
The Jam Tabs system consists of an application with the main function of searching for and 
playing jam tracks. Additionally, LED cubes provide the user with an interactive light display that 
show the chords present in the jam track by displaying a color that can be found on the 
keyboard..    
 
Supported Application Functions 
 
Custom Light Display 

• LED cubes are mapped onto application. Users can change the color of the lights 
manually by clicking on the representation within the app.  

 
Choose search modality (ie. song, artist, genre, difficulty) 

• Choose track type by suggestion (ie. most popular) 
• Select from a list of tracks sorted by popularity and relevance 
• Play the Jam Track within the application 

 
LED Cubes 

• After configuring the application to play a jam track the lights reflect the colors. 
• Application provides a guide for setting up lights. 
• The LED Cubes are changed within the application.  
• LED Cubes reflect bars of music and accurately depict chord changes within key by 

color.  
• LED Cubes can be seen from any angle. 

 

	
Figure	3_	LED	Cubes	Displaying	3	Chord	Progression 
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2. Evaluation Methods 

 
Experimental Set-up: 
The testing procedure was conducted in two distinct stages.  
 
Pre-Test Procedure: 
Before testing all participants were informed of the general application that they were about to 
use. Each was given a consent form and informed of the procedure in accordance with IRB 
regulations. Each participant used the same laptop to complete the task and were given 5 
minutes to become familiar with the computer keyboard, mouse, touchpad, word processor and 
browser functions. 
 
Stage 1: 
The first was completing a set of tasks on a prototype interface built in Axure. Following each task 
in this set was a questionnaire that reflected the demand of each task using the NASA/TLX 
scoring system, a widely regarded system of measuring perceptive workload (Young, 2008). 
Upon completion of all interface tasks, the participants were given a System Usability Scale 
(SUS) questionnaire. 
 
Pre-Stage 2 Procedure: 
At this point in the testing procedure users were given a brief introduction to SolJAMM that lasted 
about 5 minutes per participant. The LED cubes were also explained during this time using a 
sample progression (displayed on LED lights) and a simple drumbeat provided by the Casio 
piano keyboard. All participants were then allowed another 5 minutes to warm-up on the piano 
keyboard. This was done to ensure the participants could use the SolJAMM bar and become 
familiar with the piano itself. Each participant was also given a color test to ensure each colored 
cube was perceived as the intended display color.       
 
Stage 2: 
The second was a set of “Jam” tasks using the LED Cubes and a piano keyboard. After 
displaying the colors on the LED cubes participants were asked to say aloud what colors they 
saw. The perceived order of colors was confirmed for each song. There were three levels of 
difficulty associated with 9 pieces of music. After each difficulty level, or 3 tasks, a NASA/TLX 
scoring system questionnaire was administered. Upon completion of the all 9 songs the 
participant were asked to complete a questionnaire with SUS style questions to gauge usability 
with the system.  
 
End Survey: 
Following the completion of both stages a demographic survey questionnaire was administered in 
order to obtain critical data without tampering with the mindset of the participants (Couper, 1997). 
Questions regarding musical experience, improvisation experience, familiarity with concepts, and 
others were explored in this section.    
  
2.1 Data Gathering approach 
 
2.1.1 Quantitative Data 
 
Quantitative data was collected using various resources throughout the testing procedure. In 
stage 1, the application portion of testing was measured within the Axure Share program. Search 
modality, task demand, usability and efficiency were assessed using the NASA/TLX and SUS 
style questions (See Appendix B-D).  
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In stage 2, the piano keyboard improvisation portion of testing, all piano playing was captured 
using Ableton 9 Live Recording Software. Output from the piano keyboard was assessed for 
accuracy by comparing to a perfectly played template. Accuracy was assessed by note the 
difference in note duration from a template. Distance from target note was used to rate the 
accuracy of missed notes. During improvisation portions of testing, a gross representation of all 
piano data was additionally compiled in a single viewer representing comparable improvisations 
by track.  
 
Quantitative data was also collected by NASA/TLX and a SUS questionnaire following stage 2. 
Doing so allowed for the comparison of the improvisation to the perceived success in 
accomplishing the task. This assessment was critical for providing data attributed to the notion of 
perceived usability, success on task, freedom of expression, relevancy and relative integration 
between the parts of the system.   
 
2.1.2 Qualitative Data 
 
During stage 1 and stage 2 participants were not encouraged to ask questions throughout the 
procedure unless they felt something was malfunctioning. Though this detracted from the overall 
amount of qualitative data collected during testing it allowed for these differences to be portrayed 
within time to completion and time spent per page data in the application. This also reduced the 
chance of the researcher skewing the test results by offering assistance. Alternatively qualitative 
data was obtained by: 

• A comment section on every survey page 
• Participants being encouraged to write on NASA/TLX and SUS questionnaire if the 

question itself was not self explanatory enough to represent a numbered answer   
• Exhaustive note taking by the researcher 
• A short interview following the test 

 
2.2 Users 
 
A total of 6 participants (3 men and 3 women) were chosen to evaluate the Jam Tabs system. 
Pilot testing was performed using a test participant not included within the set of 6 users. Pilot 
testing was a useful solution for identifying minor problems within the Axure interface prototype 
and testing the flow of the jam tasks procedure. Minor issues were able to be corrected before the 
administration of the official testing procedure. Minor issues and questions were also raised after 
this point, but were left unaltered for all 6 participants to increase data quality for the small sample 
size (Guest, 2006). 
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2.2.1 User Demographics 
 
Jam Tabs is a system designed primarily for beginner to intermediate musicians. Though the 
system can be applied to almost any instrument, piano was chosen because of the functionality of 
the products and the ease of data collection. Also, all 6 participants had limited experience on the 
piano keyboard. Most were familiar with the concept of improvisation but had not practiced this 
skill using the piano. All 6 participants were given a SolJAMM introduction regardless of familiarity 
with the SolJAMM system. It should be noted that no participant had much experience using a 
SolJAMM bar. Any participant who had been trained on the piano for an extended period of time 
or had extensive experience with SolJAMM/ colored music was excluded from the study.  
 
Participant No. Age Gender # of Years on 

Piano 
# of Years on other 
Instrument  

P1 66 M 0 10+, Sax 
P2 26 M 1 10+, Guitar 
P3 26 F 3 10+, Voice 
P4 27 M 2 10+, Guitar/ Bass 
P5 24 F 2 10+, Voice 
P6 59 F 7 (6-13yo) 10, Piano/ Guitar 
 
 
 
2.3 Specific Tasks 
     
Stage 1 Application Tasks: 

1. Using the application, change the colors of each LED Cube to any other color. 
2. Locate and play a jam track that is in the style of “Pink Floyd” 
3. Locate and play a jam track that is in the style of “Funk” 

 
Stage 1 Task Walk-through 
 
The first screen that the participant sees is the application home screen. The leftmost side of the 
screen is the location of the “light customization tool” and is the portion of the application 
dedicated to the changing of the LED cubes. Changing the LED cube lights was the first task in 
this stage of testing. The light customization tool is fully functioning within app, but does not 
change the colors of the lights on the LED cubes themselves. This tool allows participants to 
select an LED cube within the app and is presented with the option to change the color of the 
cubes to any other desirable color present on the SolJAMM bar. This can be done any number of 
times in case an error is made. Most buttons on this screen are functional, buttons pertaining to 
the task are completely functional for the completion of the task. 
 
The second and third task were focused on finding and playing a jam track. The second task 
required that the participant locate a track in the style of “Pink Floyd”. This task could be 
completed by searching directly in the live search bar or selecting a category tab (Most popular, 
by genre, by difficulty) located beneath the search bar. The third task required the participant to 
locate a “Funk” track. Again, this could be done by using the search bar or by selecting the genre 
tab below the search field.  
 
All clickable buttons relating to the search led to the search results page for the respective task. 
The results page displayed a list songs, most of which were placeholder icons. The track of 
interest had all of the information for the jam track present in the table. Limited functionality of the 
Axure prototype created some issues with the selectability of certain parts of the search results 
tab. It appeared as though each section of the table was uniquely clickable. This was not the 
case, and resulted in one of the major issues raised in the discussion.  
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All clickable parts of the table lead to the Jam Track play page. When participants located the 
“play triangle” in the application and clicked it, the task was complete. The play button was set to 
toggle between play and pause, which provided the feedback necessary to mark the end of the 
task.   
  
Stage 2 Improvisation Tasks: 
 
Improvisation tasks included 9 tracks that were each 1 minute long. All tracks consisted of the 
same procedure: 

• For the first 20 seconds the participants were instructed to play the notes on the piano of 
the corresponding color exactly as they appeared on the LED cube light display.  

• For the remaining 40 seconds the participants were instructed to improvise freely with the 
jam track as it played. 

• All jam tracks were converted to a tempo of 75 bpm. 
• All jam tracks had a time signature of 4/4 or 4 beats/ cube. 
• All jam tracks were transposed to keys: C (0 sharps/flats, Easy Difficulty), D (2 sharps, 

Medium), Bb (2 flats, Medium), E (4 sharps, Hard) or Ab (4 flats, Hard) in order to 
counterbalance the difficulty of the given keys for each participant. This also greatly 
reduced the likelihood that any participant has an advantage over another based on prior 
practice in a given key.  

• Only genres Rock, Funk and Jazz were selected in order to vary the likelihood of genre 
specific familiarity. Musical elements such as; cadences, rhythm, melodic and harmonic 
selection all tend to vary greatly from genre to genre.  

• Chord progressions were organized by number of colors/notes present in the 
progression. 

 
• Set 1 consisted of 3 jam tracks with only 2 different colors displayed on the 4 lights.  

o Rock- Key with (0, 2, 4 sharps and flats) 
o Funk- Different key than prior track (0, 2 or 4) 
o Jazz- Different key than prior 2 tracks (0, 2 or 4) 

• Set 2 consisted of 3 jam tracks with only 3 different colors displayed on the 4 lights. 
o Rock- Key with (0, 2, 4 sharps and flats) 
o Funk- Different key than prior track (0, 2 or 4) 
o Jazz- Different key than prior 2 tracks (0, 2 or 4) 

• Set 3 consisted of 4 jam tracks with 4 different colors displayed on the 4 lights. 
o Rock- Key with (0, 2, 4 sharps and flats) 
o Funk- Different key than prior track (0, 2 or 4) 
o Jazz- Different key than prior 2 tracks (0, 2 or 4) 

 
Stage 2 Task Walk-through 
 
Stage two consisted of 9 tasks, presented in sets of 3. All jam tracks were normalized to the 
same tempo and time signature. The key of each track was manipulated such that the notes 
played were counterbalanced across subjects. As described above, the tracks appeared in the 
same order across subjects in their respective sets. All sets also appeared in the same order 
across all subjects. 
 
To begin the improvisation tasks the participants were given some time to become familiar with 
the piano keyboard and SolJAMM bar. The first set of tracks all displayed 2 unique colors. Each 
participant proceeded to play with the first track, a 2-chord Rock track. For the first 20 seconds of 
each track the participant was instructed to play the colors on the piano as they appeared in the 
order and tempo reflected on the colored LED cubes. For the remaining 40 seconds of each track 
the participants were instructed to improvise while the jam track played in the background. After 
each track the colors and the key (location of the SolJAMM bar) were changed. 
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Every three songs (set) the participant was asked to complete a brief survey containing standard 
NASA/TLX questions. Upon completion of the survey the participant was told they could take a 
break after each set if they like. Following the short break the next set of songs began. Each set 
had one more note/ color present in each song than the set before. All three sets were completed 
with the same general procedure. 
 
2.4 Interview Questions/ Survey 
 
Pre-test: 
Before testing all participants were informed of the general procedure and approximate duration. 
The participants were also informed of the type of tasks they were going to perform. The Jam 
Tabs consent form was also administered at this time. (See Appendix A) 
 
During Test: 
All participants completed a NASA/TLX questionnaire after each task or task set. This allowed for 
quantitative data collection for each task resulting in six separate occasions in which the 
participants filled out this type of survey.  
Following each section of testing an additional survey consisting of System Usability Scale (SUS) 
questions was completed providing an additional layer of quantitative measurement. This resulted 
in two total SUS surveys. (See Appendix B-D) 
 
Post Test: 
Following both task sets a demographic survey was administered. The demographic survey was 
saved until the end such that it did not affect the performance of the participants (Drummond, 
2008).   
The demographic survey included a musical background portion, a familiarity with SolJAMM 
section and a general demographic information survey. The final portion of the questionnaire 
consisted of a written section including a comments portion though participants were encouraged 
to write comments on any section at any time. (See Appendix B-D) 
 
2.5 Testing Environment  
 
All participants performed both stages of prototype testing in the comfort of their own homes with 
the exception of one who completed the procedure in my home. When traveling it was made 
certain that all lighting conditions, technology, relative apparatus positioning and music devices 
remained consistent across participants. 
 
Stage 1 of user testing was performed on an Acer laptop running Windows 10. The participants 
were given the option to use a chord-less Dell mouse if desired. The prototype was launched in 
Internet Explorer using the Axure Share Prototype link. 
 
Stage 2 was performed using Mr. Go LED cubes (LED lights), a Casio CTK-2100 (piano), 
Brookstone Bluetooth speaker (music speakers), 2 SolJAMM Bars (color coordination on piano 
keyboard), Audacity (Jam Track normalization), and Ableton 9 Live studio software (recording 
and comparing user input on piano).          
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3. Results  

3.1 Quantitative Data 
 
3.1.1 Application Interface Tasks 
 
3.1.1.1 Time Spent on Task 

	
Figure	4_Data	for	Time	Spent	on	Task 
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3.1.1.2 NASA/TLX Results 

	
Figure	5_	Data	NASA/TLX	Results_	Change	Colors	of	Cubes 

	
Figure	6_	Data	NASA/TLX_	Locate	a	Track	in	the	Style	of	Pink	Floyd 
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Figure	7_Data	NASA/TLX_	Locate	a	Funk	Track 

 
3.1.2 Improvisation Tasks 
 
3.1.2.1 Visual Of Data By Song  
 
All data shown is presented on a piano roll which was chosen for the benefits of visualization and 
analysis (Fourney, 2009). This information depicts two critical pieces of musical data, pitch and 
duration. The pitch is indicated on the y-axis and were verified to be correct in almost every case. 
Time is indicated by the x-axis and duration of each note is depicted by unbroken lines extending 
from left to right.  
 
For all figures presented the time line are of the same time scale. Duration of clip is roughly 1 
minute long.  The first 20 seconds of the audio timeline reflects accuracy for notes played as they 
appear on the LED Cubes. The final 40 seconds of each audio clip reflects a free improvisation.   
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Set 1: 2-Chord Progressions 

 
 

	
Figure	8_	Rock	Set	1_	2	Chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Figure	9_Funk	2	chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	bar	line	
=	1.3s 
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Figure	10_	Jazz	Set	1_2	Chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Set 2. 3 Chord Progressions 
 

 
 

	
Figure	11_Rock	Set	2_	3	Chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Figure	12_	Funk	Set	2_	3	Chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Figure	13_	Jazz	Set	2_	3	Chords.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Set 3. 4 Chord Progressions 
 
 

 
 

	
Figure	14_Rock	Set	3_	4	Chord.	First	20	seconds	to	match	template	and	last	40	sec	improvisation.	Each	
bar	line	=	1.3s 
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Figure	15_Funk	Set	3_	4	Chord	Progressions.	First	20	seconds	to	match	template	and	last	40	sec	
improvisation.	Each	bar	line	=	1.3s 
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Figure	16_	Jazz	Set	3_	4	Chord	Progressions.	First	20	seconds	to	match	template	and	last	40	sec	
improvisation.	Each	bar	line	=	1.3s	
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3.1.2.4 Perceived Expressivity (SUS) 
	

	
Figure	17_	Measure	of	Expressivity	

	
Figure	18_	Task	Set	1 
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3.1.2.5 NASA/TLX Results By Set 
 

	
Figure	19_	Improvisation	Task	Set	2 

	
Figure	20_Improvisation	Task	Set	3 
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3.1.2.6 SUS Results 

	
Figure	21_Learnability 

	
Figure	22_Usability 
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Figure	23_	Relevancy 

 

	
Figure	24_	Satisfaction 
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3.2 Qualitative Data 
3.2.1 Summary of Qualitative Data 
 
Participant ID Comments  Likes Dislikes 

P1 “Well, that was fun!” 
 
“I haven’t played piano 
in years” 

“These lights are cool” 
 
“I haven’t improvised in 
a while! It was cool.” 

“Some of these tracks are 
weird.” 
 
“Computer tasks were 
hard” 

P2 “That was easy.” 
 
“I think I’m doing really 
well.” 

“I like the lights.” 
 
“I like the funk tracks” 
 
“Was that really rock?” 
 

“I wasn’t sure where to 
click when searching by 
category.” 
“These are weird 
drumbeats” 
“This keyboard is kind of 
undesirable”  

P3 “Woah, I need one of 
these.” 

“I had no idea you could 
improve on piano, the 
idea literally never 
occurred to me. How did 
I do it!?” 
 
“I like that the colors 
match.”  
 
“I’m having fun!” 
 

“The search results were 
a little weird.” 

P4 “I feel like I know how 
to use computers pretty 
well and I was having 
trouble with the search 
field.” 
 
“I wonder if I would use 
this on a bass?” 

“This piano bar 
definitely helps. I would 
have no idea how to play 
in Ab”. 
 
“Some of those Jam 
tracks were pretty cool.” 

“This search tool is 
confusing” 
 
“That yellow looks 
green.” 
 
“I had trouble knowing 
where I was in the 
progression. Maybe the 
lights should flash?” 
 
“I don’t think I would 
have trouble 
remembering a 
progression this simple”  

P5 “This was so fun!” 
 
“I could definitely see 
myself doing this.” 

“I really like the lights.” 
 
“I’ve never used 
SolJAMM before. That 
was really neat.” 

“That first track threw 
me off!” 
 
“I wish I knew some of 
these songs.” 

P6 “Wow, this is really 
cool!” 

 “I’ve played piano 
before but never 
improvised. This makes 
so much sense!”  
 
“I like the way the lights 
match up with nice 

“I haven’t played piano 
in years. I used to be 
good.” 
 
“The application was too 
zoomed in.” 
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sounding notes.” “I don’t think I can play 
in Ab.” 

 
 

4. Discussion 

 
4.1 Stage 1: The Application 
4.1.1 Time Spent on Task 
 
Task one of the three application tasks reflects the time it took for each participant to change the colors of 
the LED cube representations within the application. This time remained relatively consistent across 
participants. The average time for all to finish this task was under a minute. This feature is critical to the 
understanding of the applications connection to the LED cubes and was selected promptly by each 
participant upon receiving directions. The light customization tool was placed on the far left side of the 
application interface, making it obvious enough to not cause issues with finding it (Orlova, 2016).  
 
The light customization tool was the one tool within the interface that cannot be found on similar websites. 
Therefor it was expected to be the most difficult to learn to use. The median time for this task reflects a 
higher time for the this task than the other two. This could have been due to P1 taking a much longer time 
than anyone else on T2. When disregarding this one test the light customization tool does take longer on 
average than the other two. This finding suggests that the light customization tool is perhaps the most 
difficult to learn quickly, however because it takes less than a minute to successfully complete the task it 
does not present a major issue with the application.  
 
Task 2 was a difficult task to complete because the participant had to navigate past two pages in order to 
get to the page of interest. This was also the case with Task 3, however much of the issues with Task 2 
were due to learning how to navigate the search results page present in both tasks. The search results page 
raised a few critical issues with the flow of Task 2 and 3. It was observed qualitatively that the search 
results page was difficult to get passed due to the lack of a place to click. More than half of the participants 
were stuck for more than 20 seconds on this page indicating a major issue with the application design. This 
was the location in which Participant 1 got stuck and took over 3 minutes to complete the task.  
 
Once the participants clicked on the track the play page was loaded. The play page was easily navigated by 
all participants with the exception of Participant 6. Participant 6 had trouble locating the play button 
because the screen had zoomed in, hiding the portion containing the button. After a few seconds the button 
was found and clicked immediately.   
 
The high functionality of both the play page and the home page resulted in fast completion times of all 
three tasks. Once the results page was figured out in Task 2, Task 3 became much easier. This resulted in a 
fast completion time of Task 3 for all six participants.  
 
4.1.2 NASA/TLX Results  
 
The NASA/TLX questions administered following each task were the most helpful in understanding the 
condition of the user. On all three tasks perceived success ratings were high. There were no participants 
that gave up or could not complete the tasks given to them. The results also indicated that the most 
demanding tasks were tasks 1 and 2. Qualitative evidence supports Task 2 being the most difficult and 
elicited the highest scores in frustration and mental effort. 
 
Task 1 showed higher scores for frustration, physical and mental demand than Task 3. This is most likely 
due to the unfamiliar nature of Task 1 or the perceived ease of Task 3 after completing Task 2. NASA/TLX 
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scores support a case for both, however finding solutions to the critical issues surrounding these scores can 
be found in the qualitative data collected.   
 
4.2 Stage 2: Improvisation and the LED Cubes 
 
4.2.1 Visual Data by Song 
 
4.2.1.1 The First 20 Seconds 
 
The visual data provides information on note duration and pitch played by each participant during the 
course of each song. A total of 9 songs are shown to scale allowing each track to be comparable by 
duration. A template track is provided at the beginning of each song to indicate the correct durations of 
each note played in the jam track for the first 20 seconds. 
 
It was found that every participant played the correct set of notes during the first 20 seconds of each track. 
Each participant played in different keys, so pitch identification had to be done manually and is not 
represented in the visualization explicitly. It is obvious in the visual that the participants seem confident in 
their note selection throughout all of task set one because the notes are the same for almost every 
participant respectively. It was confirmed that the task of finding and playing the right note during of this 
portion of the task were never made unachievable because all desired notes were hit at some point during 
the 20 second period.  
 
The greater challenge presented in each track seemed to be following the rhythmic content. There were 
numerous complaints surrounding the drumbeats in each track. The genres in the tracks presented rhythms 
that perhaps the participants were unfamiliar with. It is also possible that because of the tempo being 
normalized in each track to 75 beats per minute created a distortion in the rhythmic content of the track. 
After the first track almost all participants made like decisions to change notes. There were 5 of 27 trials in 
which a participant either played 2x too fast or 2x too slow. This mistake occurred more than any other 
rhythmic mistake accounting for 5 of 7 total rhythmic errors.   
 
Task set 2 and 3 showed a much greater variation in pitch selection overall. This is likely because the 
cognitive and physical demand is increased during these two tasks and the participants are required to make 
faster decisions. It can still be observed that they played all of the desired notes during this period, so it is 
possible they were trying new techniques as the test continued.  
 
4.2.1.2 The Improvisation 
 
Improvisation was observed in the participants for each song in the final 40 second of the track. General 
expressivity was gauged quantitatively through System Usability Scale (SUS) questions, however it can be 
visualized more appropriately with the visuals provided in the visual data set. Though notes were not 
tracked individually during this portion of track analysis; pitch range, frequency, duration, and harmony 
were all exhibited differently by the participants. The differences between improvisations demonstrate a 
degree of creativity that cannot be calculated easily with musical data and must be visualized in this way.  
 
The visualization demonstrates the individuality expressed in every player. Whether or not something 
sounds “pleasing” or “good” is relative terminology (Frith, 1990). The most comprehensive way to 
determine level of expression and satisfaction on an instrument is to ask or obtain feedback from the 
participant themselves.  
 
4.2.2 SUS Questions Indicating Expressivity 
 
Perceived expressivity was measured by way of System Usability Scale questions. The questions pertained 
to four main metrics of expressivity: perceived accuracy, perceived expressivity, felt more expressive than 
usual with system, and confidence. All ratings for these questions averaged above a 3 out of 5 rating, 
indicating that overall participants felt like their improvisations were expressive. Both visual and SUS 
question data support that participants felt the improvisation allowed for expression and musical freedom.  
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4.2.3 NASA/TLX Results per Task Set 
 
The NASA/TLX questionnaire yielded interesting results. The results indicated that almost all categories of 
demand had decreased by the end of the final task set. This was not expected because the test was designed 
to get more difficult as it progressed.  Even with the doubling in the frequency of notes per unit time after 
two sets participants noted that they seemed even less rushed during the final task set. It is possible that 
participants were becoming accustomed to the system and had adjusted to the music being played. 
  
4.2.4 SUS Questions For All 3 Sets 
 
System Usability Scale questions were asked following all three task sets. The questions were categorized 
by five defining features of the improvisation system: learnability, usability, expressivity, relevancy, and 
satisfaction.  
 
Learnability of the system was gauged by measuring both the speed in which the system could be learned  
but also the perceived complexity of the system. All participants indicated that they learned the system 
quickly and thought others would as well. The participants also found the system easy to use and not overly 
complex. Interestingly, participants collectively felt as though they could have used more training before 
performing the improvisation tasks. It is possible that there is even more that can be done to make the 
system simpler. 
 
Overall relevancy for the system was gauged to confirm the selection of the participants. Only half of the 
participants had ever improvised using backing tracks though none felt meaninglessness or confusion.  
All ratings for usability were very high, averaging at a 4 and above. Participants indicated that overall they 
felt the system was easy to use allowed them to accomplish their goals. Similarly satisfaction with the 
system was given a high rating by all participants. This was confirmed with qualitative data suggesting 
participants doing this sort of exercise again on their own.  
 
4.3 Qualitative Data 
 
Qualitative data gathered reflects post-test conversational type questions. Other qualitative data was taken 
as notes during testing. Any comments made during the procedure were written down to ensure what was 
said. These comments were then confirmed at the end of testing. A lot of information regarding the 
functionality of the system was able to be identified during the procedure. Much of the issues raised were 
regarding the application prototype interface. All participants were informed that the prototype was not a 
fully functioning application and that some features may not work. They were encouraged to provide as 
much feedback as possible. 
 
The improvisation could have been improved through an indicator of where in the track the participant was 
currently. This issue was raised by Participant 4 at the end of the test session. Making the lights flash was a 
suggested solution to the issue. This did not seem to be a critical issue because of the overall accuracy of 
the notes being played by the participants. Only 7 errors with regards to pitch and duration occurred 
throughout the entire procedure indicating that players were not getting lost or confused. Multiple players 
did respond after testing in regards to the usefulness of the lights as a reference for the order of colors. This 
suggested that they were able to get back on track without a visual cue somehow. It is possible that this also 
indicates an issue for beginners to music, as they would not be able to pick up on as many auditory cues 
(Sloboda, 2009). 
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4.4 Usability Problems and Solutions 
 
No. Severity Problem Solution 
1 Cosmetic Search field was used 

over 90% of the time. 
Other tabs can be 
repurposed. 

Can delete non-used 
tabs or create simpler 
accessory tabs. 

2 Minor Problem No indicator of place in 
jam track on cubes. 

Create a light pulse on 
the given cube in the 
jam track. This would 
only occur when jam 
track is playing. 

3 Minor Problem Not everything on 
screen is visible. 

Shrink all items on 
prototype to fit page. 

4 Major Problem Not obvious where to 
click when search 
results page loads. Users 
getting stuck and 
confused about buttons. 

Reorganize list to 
contain less information 
regarding track. Take 
numbers away and 
replace with one 
clickable area per track 
in the list. 

   

 

5. Reflection 

 
The most troubling part of the process is how many more tests I would still like to run on this system 
including: 

• Follow up tests would include a test conducted without the use of colored cubes. A control would 
be a great follow up experiment to gauge the usefulness and role of the cubes. 

• Testing multiple participants at the same time. Psychological factors as well as visual aid provided 
by the other player would be very interesting to see the effects of.  

• More demanding tasks. Finding when the system stops working. 
• Finding participants who are both more experienced on piano and less.  

 
 

The evaluation process for the Jam Tabs system was thorough and highly informative overall. Organizing 
testing and designing the prototype helped crystalize ideas that I thought previously to be unachievable. 
Many solutions were found to unanticipated problems throughout the process such as how to orient and 
label LED Cubes, to how to set up the page flow for a piano tablature website. Conducting testing of this 
kind takes careful preparation and much more time than anticipated.  
 
This exercise has opened my mind to the complexity of designing and testing a system on my own. It 
would have been impossible to create a fun system for music without the help of many volunteers and the 
help of my professors along the way. This project has also demonstrated many of the skills I have exercised 
over the course of two years. These skills can be used to seek solutions to psychological and engineering 
issues in many fields. 
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Appendices: 

Appendix A:  Jam Tabs Consent Form 
 
JAM TABS Consent Form 

 
INTRODUCTION 

You are invited to participate in a research study to evaluate the use and provide feedback on 
user interfaces used in online and mobile applications.  Please take whatever time you need to 
consider to participate in the study. The decision to move forward and provide input is up to you. 

 
What is expected? 

If you decide to participate you will be asked to review and provide input and feedback to multiple 
user interfaces across multiple similar scenarios. We believe this will take you approximately 45 
to 60 minutes.  An interviewer will lead you through the process to complete tasks, collect data 
during the execution of those tasks and follow up with a questionnaire.  At any point in time during 
the experiment you are free to stop the experiment, ask questions, or opt out of any follow on 
tasks or requests for feedback. 

In this scenario the interviewer will stop the experiment at that point and end the interview. 

 
RISKS 

There are no identified physical or mental risks identified with this experiment.  The experiment 
uses everyday consumer hardware and software interfaces that used on a daily basis by 
consumers.  In the event where risks are perceived that we have not identified you may stop the 
experiment immediately. 

 
CONFIDENTIALITY 

All data collected during the experiment will be de identified.  All resulting data analysis and 
results will not include names, demographic information for specific experiments or detailed 
results linked to a specific interviewee.  The only person that will have access to identifying 
information are the key members of the team as follows:  

Name: Torin Hopkins 
 
Additional contact details for any of the details can be obtained with a request by email to 
Torin@iastate.edu. 
 
YOUR RIGHTS AS A RESEARCH PARTICIPANT? 

Participation is entirely voluntary. You have the right to not participate at all or to stop the 
experiment at any time. Deciding not to participate or choosing to leave the study will not result in 
any penalty or harm any relationships with other participants of the experiment. 
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CONTACTS FOR QUESTIONS OR PROBLEMS? 

In the situation where additional questions, problems, or follow up outside of the experiments 
team members, Iowa State Claims Department can be contacted.  

Iowa State Office of Risk Management:  

Email: claims@iastate.edu 
Phone: +1 515-294-7711 
 
Disclaimer: 

This research project has not been reviewed or approved by the Iowa State University 
Institutional Review Board (IRB). 
 
Consent Approval and Signatures 

Name of Participant: _____________________________  Date: _______________ 

Signature of Participant: __________________________   

Name of Interviewer/Team Member: _________________________ Date: __________ 

Signature of Interviewer/Team Member _____________________________________ 

 

Appendix B: Application Interface Post-Task NASA/TLX  

Application Tasks/ Jam Tasks 
Please circle or highlight the answer that best describes your experience in the following 
questions: 
1 being the least and 10 greatest 
 

How mentally demanding was the task? (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
How physically demanding was the task?  (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
How hurried or rushed did you feel during the task?  (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
How successful were you in accomplishing what you had to do?  (Circle or 
highlight one) 
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1 2 3 4 5 6 7 8 9 10 
 
How hard did you have to work to accomplish your level of performance?  (Circle 
or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
Rate the level of frustration you felt while accomplishing the task.  (Circle or 
highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 

Appendix C: SUS Questionnaire for Application Interface Tasks 

Application Tasks Survey 
Please circle or highlight the answer that best describes your experience in the following 
questions: 
 

I accomplished my goals during the tasks (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

The application functioned properly throughout the tasks (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I feel the tasks went well  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I am satisfied with the outcome of the tasks  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

The tasks felt meaningless at times (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I was generally confused by the tasks (Circle or highlight one) 
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Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 
The tasks I completed reflect how I would use an app like this (Circle or highlight 
one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 
 

I found the system unnecessarily complex  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I thought the system was easy to use (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I found the various functions in this system were well integrated (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I thought there was too much inconsistency in this system  (Circle or highlight 
one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I would imagine that most people would learn to use this system very 
quickly  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I felt very confident using the system (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I needed to learn a lot before I could get going with this system  (Circle or 
highlight one) 
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Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

Comments: (Please write any comments you have about the task here) 
 

Appendix D: SUS Questionnaire for Jam Tasks 
 

Jam Tasks Survey 
Please circle or highlight the answer that best describes your experience in the following 
questions: 
 

I accomplished my goals during the tasks  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

The music and keyboard functioned properly throughout the tasks. (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I feel the tasks went well.  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I am satisfied with the outcome of the tasks.  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

The tasks felt meaningless at times (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I was generally confused by the tasks (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
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I was able to hit all the notes I intended (Circle or highlight) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

The music I made felt expressive (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

The music I made was more expressive than if I did not use this system (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

The tasks I completed reflect how I would approach playing music with others 
(Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I have improvised using backing/ jam tracks before (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I have improvised using backing/ jam tracks with a piano before (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I felt like I musically knew what I was doing (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 

I would have felt much better about my improvisation just now if I had more time 
to learn the system (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
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I found the system unnecessarily complex.  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I thought the system was easy to use. (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 

I found the various functions in this system were well integrated. (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 
I thought there was too much inconsistency in this system.  (Circle or highlight 
one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 
I would imagine that most people would learn to use this system very 
quickly.  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 
I felt very confident using the system. (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 
I needed to learn a lot before I could get going with this system.  (Circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree  
 
The sound quality distracted me while playing  (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree   
 
Backing tracks/ Jam tracks that sound like real songs are important to me when 
practicing (Circle or highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree 
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I would likely use a backing track/ jam track when playing with others (circle or 
highlight one) 
 
Strongly Disagree   Somewhat Disagree    I’m not sure   Somewhat Agree   Strongly 
Agree 
 
Comments: (Please write any comments you have about the task here) 
 

Appendix E: End of Test Demographics Survey 

End Survey 
1 being the least and 10 the greatest 
 
I am confident in my musical ability (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
How many years have you been involved in music activities? (Circle or highlight 
one) 
 
0 1 2 3 4 5 6 7 8 9 10+ 
 
I have improvised with other music players on an instrument including 
voice  (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
I have improvised with other players using a piano?  (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
How familiar are you with SolJAMM?  (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
Have you ever used colored tools to help you practice or play music? Including 
Apps. (Circle or highlight one) 
 
1 2 3 4 5 6 7 8 9 10 
 
 
 
Written Responses 
 
Have you ever studied music at a University level?  
 

Have you ever taken music lessons? If so, how long ago?  
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Have you ever studied music theory? If so, for how long/ do you consider yourself 
a beginner, intermediate or advanced music theorist? 
 
Are people in your family musical?  
 
Have you ever experienced any medical adversity that would hinder your musical 
ability at the current moment? No detail necessary. 
 

Is there anything else that may have influenced your ability to complete the 
experiments successfully?  
 
What were the hardest aspects of improvising today? Which tracks were the most 
difficult? 
 
Did you learn anything about music from your experience improvising today? 
 

Do you play any other instruments beside piano? If so, please list them. 
 

What genres are you familiar with playing?  
 

When practicing your instrument do you play mostly... (Circle all that apply) 
a. Chords 
b. Leads/ Solos 
c. Both 
d. Other ______________________ 
 
Please write any additional comments you may have here or on the backside of 
this page: 
 

	


