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ABSTRACT 
 

 
PREDICTING USABILITY PROBLEMS WITH USER GUIDES WITH EXPERT 

HEURISTIC EVALUATION 
 

By  
Nicole Lampson 

 
Master of Arts in Psychology, 

Human Factors and Applied Psychology 
 
This graduate project compares methods in human factors for improving the effectiveness 
of a consumer user guide in performing common automobile functions. The major 
methods used during this process included: (1) Heuristic Evaluation (HE); (2) User 
Testing (UT); and (3) Re-design of a user guide. Three scenarios were selected and were 
the focus of the HE, UT1, and UT2. During the HE, human factors experts were asked to 
identify any usability problems in the user guide involving the selected scenarios. In 
UT1, representative users were asked to complete the scenarios while following the user 
guide, with performance measured by failures, reported frustration, and time to complete. 
The user guide was re-designed based on all problems uncovered during HE and UT1 
(using human factors principles), and re-tested in UT2 with five different users in order to 
validate the design changes and compare the performance to UT1. The first hypothesis 
was HE could identify at least 80% of the usability problems observed in UT1. The 
second hypothesis was (2) if all usability problems (both HE and UT1) were addressed in 
a re-design of the user guide, a re-test (UT2) should not introduce new usability problems 
and would take less time to complete the scenarios. The first hypothesis was supported, 
showing 93% (10 of 11) of usability problems observed during UT1 were discovered 
using HE (with the one problem not predicted in UT1 due to experienced frustration). 
The second hypothesis was not supported, as one new usability problem was introduced 
during UT2 (two failures for the step) and one previously uncovered problem was not 
mitigated by the design change (three participants experienced frustration). However, 
UT2 did show improved performance overall compared to UT1. Also, addressing the HE 
only problems in the re-design (four total), did not lead to new usability problems for 
those steps in UT2. This shows that HE can be a trusted method in finding the majority of 
usability problems with this system (one that does not require training to use), but re-
designs should be verified using a second UT. 
 



 1 

1 Introduction 

1.1 Background 
A variety of usability evaluation methods are applied in industrial settings to assess the 
effectiveness of products and their associated user guides. One method is User Testing 
(UT), also referred to as usability testing, which is a technique where representative end 
users interact with a product in order to (1) improve the usability of an end product and 
(2) validate that the product is safe to use. During testing, both objective performance and 
qualitative feedback are measured to guide any re-design of the product and/or user guide 
needed to improve usability and/or safety. Another method, Heuristic Evaluation (HE), is 
an evaluation of a product/interface by one or more human factors experts who examine 
the product and judge its relative compliance with recognized usability principles, often 
termed  ‘heuristics’. This is sometimes referred to as ‘discount usability testing’ in the 
field of Human Factors, as it can offer an inexpensive and quick way of evaluating a 
product, without the need for testing representative users. Only two to four experts may 
be used to perform a HE, as many usability problems can be uncovered based on 
evaluation of their design and usability knowledge (Nielson, 1994). These HEs are 
typically performed either as a stand-alone technique, or are utilized in conjunction with 
user testing. Research on HE can be tricky since the variance in the expertise of the 
evaluator can significantly impact the outcome of the evaluation, and there are different 
methods for performing a HE evaluation used in applied research. 

1.2 Previous research 
Havvenber, Law, and Lárusdóttir, (2007) compared known HE methods to determine 
how effectively each method could predict usability problems in a UT for a common web 
portal system. The HE methods studied were Nielsen’s usability heuristics and Gerhardt-
Powals’ cognitive engineering principles (both methods provide a framework for 
evaluators to identify usability problems using heuristics to support a standardized 
method among evaluators). Also measured was the way in which HE evaluators 
documented usability problems (i.e., software tool vs. hard copy) to assess if inter-
evaluator reliability might vary as a function of documentation strategy.  
The study found no significant differences between the HE methods used (Nielsen vs. 
Gerhardt-Powals’), or between the way in which the usability problems were documented 
(i.e., tool vs. paper), in regards to effectiveness, efficacy, and inter-evaluator reliability 
for predicting usability problems in a user test. Based on this particular study, it may be 
deduced that not one particular method for identifying usability problems in a HE is 
preferred when predicting usability problems in a UT.  
Fu, Salvendy, and Turley (2002) suggest that HE should only be used as a complement to 
UT, as HE uncovers different types of usability problems than in a UT, and vice versa. 
Their analysis concluded that HE was the most effective in predicting usability problems 
related to skill-based and rule-based levels of performance; while UT was more effective 
for knowledge-based levels of performance, and therefore both should be used when 
evaluating a product. However, the products being evaluated were software products with 
a focus on human-computer interaction, where end users needed specific training to 
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interact with the system. This may have contributed to the lack of knowledge-based 
usability problems uncovered during the HE, since evaluators were Human Factors 
experts and had little experience with the system being evaluated (evaluators were only 
given a brief training on how to use the system prior to the HE).  
Based on the results of the aforementioned study, the system evaluated required formal 
training in order to interact with properly, it may be deduced that the HE didn’t uncover 
knowledge-based usability problems since the evaluators weren’t as familiar with the 
system as the users in the UT. If a different product, not requiring specific domain 
knowledge to properly use was evaluated, would HE then be able to uncover all three 
types of usability problems seen in a subsequent UT, beyond just skill and rule-based 
usability problems?  
Ssemugabi and Ruth de Villiers (2010) concluded that HE can be an effective, stand 
alone method for uncovering usability problems, when compared to user testing alone for 
a web-learning system. Based on literature studies performed by the researchers, a 
custom framework of 20 main criteria involving ideal interface and usability principles 
for evaluating web-based learning environments were created (including sub-criteria 
related to specific examples for e-learning websites). Some examples of these main 
criteria (with an example of a sub-criteria) include; Match between the system and the 
real world (-language usage similar to users in day-to-day environments); Learner control 
and freedom (-there are facilities for undo/redo); and Simplicity of site navigation (-users 
should know where they are). These criteria were later used by the HE evaluators and UT 
students to identify any violations in the system compared to the criteria while 
completing a set of pre-defined tasks.  
The HE was performed by using four Human Factors specialists, who were asked to note 
problems related to the tasks (along with rating categorizing problems based on defined 
severity), and the criteria/sub-criteria the problem violated (if any). The UT was 
conducted by asking 61 students to complete the same tasks as the evaluators and to 
complete a questionnaire after each task in the form of closed and open-ended questions 
related to the list of criteria, so they could describe any issues in context with which 
criteria wasn’t being met. Students also rated the severity of the problems in the same 
way as the evaluators. For both the HE and UT, researchers combined usability problems 
that were similar (addressing the same usability problem, but written differently by the 
evaluators and students) to consolidate the list of problems.  
The results showed that the HE discovered 58 unique problems, compared to the user 
test, which uncovered 55 unique usability problems (with HE predicting 63% of the UT 
problems). The usability problems were compared to the 20 established design criteria, 
and it was concluded that all usability problems (both HE and UT) violated one of the 
pre-defined generated criteria for e-learning websites. More importantly, the HE 
predicted 83% of the major usability problems identified in the UT. These findings 
suggest that HE found more usability problems with the system when compared to the 
UT and predicted over 80% of the major problems in the UT.   
If a more traditional UT was conducted (observation of users behavior while performing 
tasks) instead of a having users identify their own problems, would HE be able to predict 
more or less usability problems seen in the UT? 
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What if a company/manufacturer seeking to improve a product/system does not have the 
resources to perform both HE and a UT, which might be their most optimal approach? 
What if using the UT method alone is still too expensive and time consuming? Can HE 
be a trusted usability evaluation method to uncover usability problems and actually re-
design a product/or user guide based on the results? Also, if all HE uncovered usability 
problems are considered confirmed problems with a product, could “fixing them” lead to 
more usability problems for the end user?  Conducting a HE and UT, re-designing a 
product, and performing a UT to validate product design changes, could provide insight 
to these questions. 

1.3 Current Study 

The purpose of this study is to (1) compare these two usability methods (HE and UT) to 
determine if HE can uncover usability problems as effectively as UT in the verification 
phase of a user guide for a system that does not require training; and (2) to validate 
changes made to the user guide based on the HE and UT, and to determine if HE only 
found problems would lead to any additional usability problems if re-designed. An initial 
example is included as part of the graduate project (see Section 3). The product tested 
was the user guide (Owner’s Manual: Jetta, U.S. Edition, Model Year 2014, 12.2013) for 
a 2014 Volkswagen Jetta, involving scenarios related to the dashboard. This product was 
chosen as representative of a system that neither end users nor Human Factors experts 
would need formal training in order to operate the functions of interest.  

1.3.1 Hypotheses 
(1) HE will be able to predict at least 80% of usability problems found in a traditional UT 
when evaluating a user guide for the vehicle.  
(2) If all usability problems (both HE and UT) associated with the user guide are 
subsequently improved by modifying those steps, a re-test (second UT) should show no 
new usability problems and fewer observed usability problems when tested with a new 
set of representative users. If re-designs associated with HE uncovered problems not 
observed in the first UT do not lead to any usability problems in the second UT, it will 
show it is acceptable to fix all HE problems independent of a UT.  
If the hypotheses are supported, it has wide spread implications as HE alone could serve 
as an effective alternative usability method for many projects with limited resources, 
providing a more accessible option for a wider range of product development. This is 
because HE requires significantly less time, money, and overall planning (e.g., recruiting 
representative users, facility costs, etc.), than typical UT programs. In addition, many 
systems could have aspects of their usability assessed by usability experts who are not 
necessarily subject matter experts on the technical aspects of the systems. This is 
especially relevant for products that do not require training. This process might also 
positively impact the experience of many end users of products that do not typically go 
through a UT process for the reasons mentioned above. 
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2 Methods 

2.1 Participants 

2.1.1 Heuristic Evaluation (HE) Participants 
The HE was conducted using eight Human Factors experts, who were recruited based on 
their expertise in the field of Human Factors.  

All eight HF experts included in this HE had at least a Master’s degree in Human Factors 
and Applied Cognition (received from California State University, Northridge), along 
with a minimum of three years working in the field of Human Factors. The average 
experience amongst the eight evaluators was 7.6 years, with the range being 4 - 42 years. 
There were advantages and disadvantages for using evaluators coming from the same 
graduate program. One advantage being that since the usability problems were identified 
based on general human factors principles (and not using pre-defined heuristics), the 
problems were easy for the researcher to interpret and eventually combine when there 
were repeat responses (in order to identify unique problems). This also made design 
changes for those problems straightforward, as the researcher received the same academic 
training, as the evaluators. However, one disadvantage in using only evaluators coming 
the same HF program, could be a lack of variance in the type of usability problems found 
(which potentially could have uncovered fewer predicted usability problems). It should 
be noted that the eight evaluators included in this study were not chosen on the basis of 
their similar graduate training background, but based on their work experience and close 
proximity to the researcher.  

Past literature suggests that with three to five evaluators, 65-75% of the usability 
problems in a product/system can be identified during HE (Nielson, 1994). However, this 
also depends on the type of product being tested and the expertise of the evaluators, so 
this number is not concrete, and has not been the topic of much empirical evaluation. 
Therefore for the purpose of this study, eight evaluators were used as a more conservative 
assumption given that this is an area still requiring more definitive research. 

2.1.2 User Testing (UT) Participants 
The two UTs included a total of 22 representative users who were recruited based on 
their driving experience (must have had a valid drivers license). Fourteen participants 
were used for the first UT and eight participants were used for re-test UT. To include a 
representative sample of users who may drive this vehicle, individuals aged 16 to 70 were 
used. The average age of the participants was 39.7 years, with a range of 16 - 70.  
Nielson (1994) suggests using only five participants for a user test, as diminishing returns 
are seen when more participants are used. Nielson also suggests using five participants 
during a UT, claiming more than five will lead to diminishing returns for uncovering 
usability problems in a system. Since this is an ongoing debate in the field of human 
factors, more than five participants will be included in both UTs. Also, since the results 
of the first UT influenced the re-design of the user guide, more participants were included 
(N=14) than in the second re-test UT (N=8).  
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2.2 Scenario Selection  
A day in the life analysis provides a description of how an intended product/system is to 
be used. The description includes turning the product on, using its various modes, setting 
up modes, environment/circumstances for system usage, etc. This analysis was conducted 
prior to the HE and UTs to determine which dashboard features are the most commonly 
used or the most important. This was the basis for determining the scenarios of most 
interest for the HE and UTs. See the figure below for the flow of the day in the life 
analysis for the vehicle being evaluated.  

Figure 1: Day in the Life Analysis 

Based on the day in the life analysis, it was concluded that the user guide scenarios to be 
evaluated were the following:  
1.) Connect a mobile phone via Bluetooth 

2.) Change the time on the clock 
3.) Display outside temperature.  

The user guide pages associated with these three scenarios are located in Appendix A. 

2.3 Heuristic Evaluation (HE) 
Based on the three scenarios selected, the user guide and system of the vehicle were 
shown to the eight Human Factors experts. One hour was allocated for each evaluator to 
assess the usability of the user guide for all steps related to the relevant scenarios, while 
interacting with the actual system. This allowed sufficient time for the evaluators to 
uncover any potential usability problems, as the researcher conducted a dry-run of the UT 
to determine the length of time a user may take to complete the three scenarios, and 
wanted the evaluators to have the same length of time to conduct the HE. 

For this study, the evaluators did not use a pre-defined set of heuristics to match the 
usability problem to, but instead used their human factors expertise involving design 
principles. Based on the study by Havvenber, Law, and Lárusdóttir (2007) mentioned 
earlier (see Section 1.2), no specific HE method was shown to predict usability problems 
for a UT better than the other, and, additionally, the study suggested that more emphasis 
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should be put on the opinion of the evaluator, if they are trained in the field of Human 
Factors. 

If an evaluator identified a usability problem for a step in the user guide relevant to 
accomplishing one of the scenarios, they wrote down the usability problem on a piece of 
paper. The usability problem needed to include the specific problematic step (including 
exact location in user guide), and the anticipated problem users may experience while 
completing the step. Evaluators were reminded by the researcher that the actual vehicle 
was not being tested, only the user guide and to assume users will follow the user guide 
step-by-step. If the same usability problem was reported by at least two evaluators, it was 
considered a predictable usability problem.  

In an attempt to standardize the results of the HE, the researcher debriefed with the 
evaluators to confirm that the listed usability problems were clearly understood by the 
researcher. After all evaluators completed the HE, a list of reported usability problems 
were compiled by the researcher, where similar usability problems for a particular step 
were combined to uncover how many unique usability problems had actually been listed. 
Again, if two or more evaluators reported the same usability problem; it was considered a 
predicted usability problem (i.e., that the same problem will be observed during the first 
UT).  

The number of unique usability problems identified in the HE will be considered actual 
usability problems, regardless of the usability problems observed in the UT, and will be 
addressed in the re-design of the user guide. This is to help answer the research question 
related to ‘fixing’ all usability problems uncovered in a HE possibly leading to new 
potential problems if not confirmed by UT.  
Because the system being tested was the dashboard of a vehicle (owned by the 
researcher), the vehicle was driven to each evaluator, in order for them to interact with 
the system while referencing the user guide. 

The user guide pages associated with these three scenarios are located in Appendix A. 

2.4 User Test 1 (UT1) 
Based on the same three scenarios evaluated during the HE, 14 representative users 
participated in a UT in order to evaluate the relevant steps in the user guide. Participants 
were asked to read a step and perform the step listed in the user guide until the scenario 
was completed. The researcher explained was that the vehicle dashboard was not being 
evaluated, only the user guide and to give feedback on the user guide only. Because the 
system being tested was the dashboard of a vehicle (owned by the researcher), the vehicle 
was driven to each participant, in order for him or her to interact with the system while 
referencing the user guide. 

Usability problems were identified based on the criteria of failures and low ratings related 
to feeling frustration for a step. If one or more participants failed a step (i.e., couldn’t 
move on from a step to complete the scenario) or if two or more participants provided a 
subjective rating of ‘3’ or lower on a 7 point Likert scale related to feeling frustration, a 
usability problem was considered a usability problem. The subjective question related to 
frustration was, “I did NOT feel frustrated while completing this scenario” with ‘1’ 
representing ‘Strongly disagree’ and ‘7’ representing ‘Strongly agree. The question was 
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presented in this negative format so the feeling of being frustrated was associated with 
ratings 1, 2, and 3 on the 7 point scale, which are generally associated with negative 
responses on the scale, while positive ratings are usually 5, 6, and 7. 
Only unique usability problems were reported in order to permit direct comparison with 
the HE usability problems, as opposed to a frequency count of observed failures and low 
ratings. For example, if 6 participants found a specific step confusing, and two 
participants failed to complete the same step, one unique usability problem associated 
with that step was reported using the criterion of two failures. For a complete list of 
failures and low ratings, see Appendix C.  
Time to complete each scenario was recorded as a means of comparing performance from 
UT1 to UT2 with the re-designed user guide.  
After the completion of UT1, the researcher matched predicted usability problems 
identified in the HE to the usability problems observed in UT1 to determine the percent 
that HE predicted usability problems observed in UT1. If an observed usability problem 
from UT1 did not match up to a predicted usability problem from the HE, this shows that 
the HE did NOT predict that usability problem for UT1. Also, if a predicted usability 
problem from the HE did not match up to an observed usability problem from UT1, it 
was still considered a usability problem and addressed in the user guide re-design. For 
example, if a HE usability problem was reported, “Not clear there are two options for 
pairing the Bluetooth to the vehicle” and an observed usability problem in the UT was, 
“Incorrect option for pairing was chosen as participants automatically chose the first 
option not knowing there was another option for pairing”, they were ‘matched’ as the 
same usability problem.  

2.5 Re-Design of User Guide 
Based on the usability problems uncovered in the HE and UT1, the user guide was 
modified by the researcher, in an attempt to mitigate future usability problems for those 
steps where either (1) the participants failed to perform a step correctly, or (2) where two 
or more participants rated their level of frustration with a rating of ‘3’ or below. The 
researcher re-designed the user guide only for steps associated with the already 
established usability problems from the HE and UT1. All HE uncovered usability 
problems were re-designed in the user guide to determine if ‘fixing’ problems not seen in 
a UT would lead to new problems in a second UT.  
The design changes were decided based on the human factors knowledge of the 
researcher, and recommendations suggested by evaluators during the HE, if any were 
provided. These design changes were accomplished by either adding wording or images 
or re-arranging existing content. If there were contradictory recommendations made by 
the evaluators, the researcher chose the option with the fewest amount of 
modifications/edits. This is because some of the existing information in the user guide 
most likely was included to address safety issues with the vehicle, and the researcher did 
not have access to any type of ‘risk’ document stating which statements those were and 
didn’t want to unintentionally edit those statements. Also, the researcher took into 
consideration that the design changes shouldn’t alter the ease of use for a different 
scenario not included in the test.  
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2.6 User Test 2 (UT2) 
Based on the same three scenarios evaluated during the HE and UT1, eight representative 
users participated in a second UT in order to evaluate the relevant steps in the re-designed 
user guide. Different participants were tested using the same methods and performance 
measurements as UT1, but were provided the re-designed user guide. This was an 
opportunity to assess the validity of the usability problems uncovered from the HE and 
UT1, and to test if any of the HE ‘only’ usability problems would cause any added 
confusion based on the re-design. If no new usability problems arose during UT2 
associated with the HE only usability problems, it will be show that re-designing a user 
guide based on the results of a HE alone is a valid approach.  

The re-designed full-page user guide pages associated with these three scenarios are 
located in Appendix B. 
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3 Results 

3.1 Overall Results 
HE uncovered 14 unique usability problems (10 out the 14 were observed in UT1, with 
the other four identified as HE only problems and recognized as actual problems in the 
re-design), a total of 11 unique usability problems were observed during UT1 (10 out of 
the 11 were predicted by HE), and two usability problems were observed during UT2. 
See the following Sections 3.2, 3.3, 3.4, and 3.5 for detailed results for the HE, UT1, the 
user guide re-design, and a comparison of UT1 and UT2, respectively.  

3.2 Heuristic Evaluation (HE)  
A total of 14 unique predicted usability problems were uncovered during the HE. 
Initially, 76 usability problems were listed in total by the eight evaluators, but after the 
researcher combined similar problems, there were then a total of 23 unique usability 
problems. Out of the now 23 unique usability problems, where 14 were identified by at 
least two evaluators, and the other 9 were identified by only a single evaluator. This 
means those 9 usability problems uncovered by only one evaluator were not considered 
actual problems and therefore were not compared to the results of UT1 (described in 
Section 3.3) and also not considered in the re-design of the user guide. Table 1 shows the 
overall performance of each evaluator, including how many problems were uncovered 
and how many of the problems were also identified by another evaluator (and then 
ultimately considered an actual problem with the user guide). See Appendix C for a 
complete list of all 75 usability problems reported by the evaluators.  
Table 1: Overall Evaluator Performance 

Evaluator Number of 
Problems Identified 

Percent Identified by Another Evaluator 

1 7 problems 100% (7 out of 7) identified by another evaluator. 

2 13 problems 77% (10 out of 13) identified by another evaluator.  

3 11 problems 81% (9 out of 11) identified by another evaluator.  

4 10 problems 90% (9 out of 10) identified by another evaluator.  

5 5 problems 100% (5 out of 5) identified by another evaluator.  

6 10 problems 80% (9 out of 10) identified by another evaluator.  

7 9 problems 89% (8 out of 9) identified by another evaluator.  

8 10 problems 100% (10 out of 10) identified by another evaluator.  

Section 3.2 below shows the 14 unique predicted usability problems, the evaluators that 
listed the usability problem (at least two evaluators to be included in this list of predicted 
problems), if the same problem was observed in UT1, the location in the user guide 
covering the associated steps, followed by an image of the section in the user guide 
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related to the problem. Out of the 14 usability problems included in the list below, four 
were not observed in UT1, but still considered actual problems with the user guide 
(problems 2, 4, 11, and 12). See Appendix A for full-page images of the relevant original 
user guide excerpts.  

3.2.1 HE Usability Problems 
Scenario 1: Connect mobile phone to Bluetooth  

1. Not clear there are two different options for pairing since hierarchy for decision is 
embedded in first option (see Figure 2, left column of page 12). Identified by 50% of the 
evaluators (4 out of 8: evaluators 2, 4, 6, 7, and 8) and problem observed in UT1.  
2. Definitions not clear as to what vehicle functions are contained in the instrument 
cluster, or the instrument cluster in general (see Figure 2, left column of page 12). 
Identified by 25% of the evaluators (2 out of 8: evaluators 3 and 8) and problem not 
observed in UT1. 
3. Not clear if vehicle has an instrument cluster with a menu or without a menu, which 
needs to be answered to decide which connection option to choose (see Figure 2, left 
column of page 12). Identified by 100 % of evaluators (8 out of 8) and problem observed 
in UT1. 
4. Not clear how to determine if a mobile phone is already paired to the vehicle, as only 
one phone can be paired at one time (see Figure 2, right column, bottom of page 13). 
Identified by 38% of the evaluators (3 out of 8: evaluators 1, 2, and 5) and problem not 
observed in UT1. 

 
Figure 2: HE Usability Problems Pages 12-13 

5. Lack of problem solving instructions if ‘mobile package’ times out while connecting 
mobile phone to Bluetooth. States it times out, but not how to turn it back on (see Figure 
3, top of page 14). Identified by 50% of the evaluators (4 out of 8: evaluators 1, 2, 3, and 
6) and problem observed in UT1. 
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6. Listing four possible situations for ‘pairing using the mobile phone’ will lead to 
confusion, as users will automatically follow first situation (see Figure 3, possible 
situations A-D page 13). Identified by 63% of the evaluators (5 out of 8: evaluators 1, 2, 
3, 4, and 8) and problem observed in UT1. 

7. Missing information on how to confirm a successful Bluetooth connection with a 
mobile phone (see Figure 3, possible situations A-D page 13). Identified by 50% of the 
evaluators (4 out of 8: evaluators 4, 6, 7, and 8) and problem observed in UT1. 

 

Figure 3: HE Usability Problems Page 13 
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Scenario 2: Change time on clock 
8. Unclear that descriptions of button locations are related to the figure on previous page 
(see Figure 4). Identified by 100% of the evaluators (8 out of 8) and problem observed in 
UT1. 

9. Lack of information as to where the actual time changes in the vehicle as the time is 
displayed in two locations, instrument cluster or media center (see Figure 4, button 5 
description). Identified by 50% of the evaluators (4 out of 8: evaluators 2, 4, 6, and 7) and 
problem observed in UT1. 

 

Figure 4: HE Usability Problems Pages 18-19 
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Scenario 3: Display outside temperature 
10. Redundant information for outside temperature shown (four different pages) before 
instructions are provided as to how to display information (see Figure 5, for the four 
mentions of the outside temperature, with the action item located in the paragraph 
underneath the figure on page 23). Identified by 100% of the evaluators (8 out of 8) and 
problem observed in UT1. 

11. ‘Menu structure - overview’ header describing displays within the instrument cluster 
(including outside temperature) is confusing after learning the instrument cluster has no 
menu (see Figure 5, page 22). Identified by 38% of the evaluators (3 out of 8: evaluators 
3, 5, and 8) and problem not observed in UT1. 

12. List of display options seems irrelevant, as the same list is expanded on next page 
(see Figure 5, page 22 and page 23). Identified by 38% of the evaluators (3 out of 8: 
evaluators 3, 4, and 8) and problem not observed in UT1. 

 

Figure 5: HE Usability Problems Pages 19, 20, 22, and 23 
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13. Disconnect between action item for toggling different displays and the referenced 
figure: action item embedded in paragraph beneath figure of windshield wiper lever, 
which is also used for toggling display (see Figure 6, Fig. 10 and paragraph starting with 
text, “Switch on the…” on page 23). Identified by 50% of the evaluators (4 out of 8: 
evaluators 2, 6, 7, and 8) and problem observed in UT1. 

14. Lack of information explaining how to display outside temperature in list of different 
displays that can be shown in the middle part of the instrument cluster display, when all 
others have information (see Figure 6, last bullet on the bottom right column, page 23). 
Identified by 75% of evaluators (6 out of 8: evaluators 1, 2, 3, 4, 7, and 8) and problem 
observed in UT1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: HE Usability Problems Page 23 

3.3 User Test 1 (UT1) Results 

3.3.1 UT1 Usability Problems 

A total of 11 unique usability problems were identified during UT1. See Table 2 for a 
description of these usability problems, including the criteria for including as an observed 
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usability problem (i.e., the number of participants who failed to perform a task correctly 
(at least one) or provided ratings less than ‘3’ (at least two)). Also included in the table is 
text stating the predicted usability problem uncovered during the HE that matches (if 
uncovered), including the number of evaluators who predicted the usability problem. If 
an observed usability problem was not predicted by the HE, “Not predicted” is indicated 
in the table. The table also directs attention to the location of the usability problem related 
to sections of the user guide as shown in figures 2, 3, 4, 5, and 6 in Section 3.2 (as to not 
repeat the images) and Figure 7 in this sections (observed usability problem not predicted 
by HE). See Appendix C for a full list usability problems associated with failures and low 
ratings during UT1, including problems not included in the analysis (only one participant 
experienced frustration for a step). See Appendix A for full-pages of the relevant user 
guide excerpts that were evaluated.  

Table 2: UT1 Usability Problems 

Usability Problems  Criteria 
for 
including	  

Location in 
User Guide	  

Scenario 1: Connect mobile phone to Bluetooth 

1. Incorrect Bluetooth connection option chosen. Participants 
followed instructions for the first option (Linking the mobile phone 
via the menu in the instrument cluster), instead of the correct second 
option (Pairing through the mobile phone). 

Reason for failure: Decision tree paragraph was not noticed, and 
therefore skipped, as it is included within the instructions for the first 
connection option. This led participants to automatically follow steps 
for the first option only, never realizing there was a second option. It 
is not possible to connect the mobile phone to Bluetooth by following 
the first option, as the vehicle model used in this study does not have 
the particular buttons on the steering wheel referenced. After failing 
this step, the facilitator asked participants to read the paragraph to 
recover. 

HE: Not clear there are two different options for pairing since 
hierarchy for decision is embedded in first option. (4 evaluators) 

Failures: 14	   Page 12: Top 
left column 

(See Figure 2) 

 2. Could not determine if the vehicle had an instrument cluster ‘with 
a menu’ or ‘without a menu’ in order to choose the correct option for 
connecting the mobile phone to Bluetooth. 

Reason for failure: After all participants failed to follow the correct 
pairing option, the facilitator asked participants to read the decision 
tree paragraph, “In vehicles with the menu in the instrument cluster, 
perform pairing via the menu. In vehicles without the menu in the 
instrument cluster, perform pairing via the mobile phone –page 13”. 
Participants could not determine if the vehicle had a menu (first 
option) or without a menu (second option-correct) in the instrument 
cluster and failed this step. There is no information in the user guide 
to help determine which option is the correct one. 

HE: Not clear if vehicle has an instrument cluster with a menu or 
without a menu, which needs to be answered to decide which 

Failure: 14	   Page 14: Top 
left column 
(See Figure 2)	  
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Usability Problems  Criteria 
for 
including	  

Location in 
User Guide	  

connection option to choose. (8 evaluators) 

3. Bluetooth did not become visible on the mobile phone because the 
‘mobile package’ timed out since more than three minutes after 
turning on the ignition had passed. 

Reason for failure: The ignition was turned on while attempting to 
follow the steps for the first option ‘Step 2: Bluetooth device search’, 
and by the time the participant found the correct second option for 
pairing, the ignition had been on for more than 3 minutes causing the 
‘mobile phone package’ to time out, and then not possible to connect 
mobile phone to Bluetooth. This information is stated in the user 
guide, but it is not clear what steps should be taken if more than 3 
minutes pass after turning on the ignition, leading the participant to 
fail this step.  

HE: Lack of problem solving instructions if ‘mobile package’ times 
out while connecting mobile phone to Bluetooth. States it times out, 
but not how to turn it back on. (4 evaluators) 

Failure: 1	   Page 14: Top 
left 2nd and 3rd 
bullet	  

(See Figure 3) 

4. Not clear there were different possible situations for pairing the 
mobile phone, within the correct second option.  

Reason for frustration: Two participants experienced frustration in 
pairing the phone to Bluetooth as it was not clear that there were 
multiple possible situations (A-D) for pairing the mobile phone, and 
the option they followed didn’t match up to what they were 
‘supposed’ to be seeing according to the user guide. Both participants 
followed steps for ‘Possible situation A’, when ‘Possible situation B’ 
was the correct option. They both recovered after trial and error.  

HE: Listing four possible situations for ‘pairing using the mobile 
phone’ will lead to confusion, as users will automatically follow first 
situation. (5 evaluators) 

Number of 
ratings ‘3’ 
or below: 4	  

Page 14: Both 
columns 

(See Figure 3) 

 5. Process for confirming a successful Bluetooth connection with a 
mobile phone was unclear. 

Reason for frustration: 12 participants experienced frustration trying 
to confirm a successful Bluetooth connection, because the user guide 
does not provide clear instructions on how to confirm if the mobile 
phone is connected to Bluetooth.  

HE: Missing information on how to confirm a successful Bluetooth 
connection with a mobile phone. (4 evaluators) 

 

Number of 
ratings ‘3’ 
or below: 
12	  

Page 14: Last 
steps for all 
possible 
situations 

(See Figure 3) 

Scenario 2: Change time on clock 

6. Could not find buttons for changing the clock. 

Reason for failure: These 7 participants did not correlate numbers 4 
and 5 shown in the step for changing the time to the numbers 4 and 5 
in the figure shown on the previous page (describing the two buttons 

Failure: 7	   Page 18 & 19: 
Image on left 
page 18 and 
description for 
button 5 on the 
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Usability Problems  Criteria 
for 
including	  

Location in 
User Guide	  

used to change the time). This was due to the instructional step 
referring to the buttons by using the numbers 4 and 5 and by showing 
an icon of the actual button, leading participants to immediately 
attempt to match the icon of the button to a button on the vehicle 
dashboard, and not use the figure as a reference.  

HE: Unclear that descriptions of button locations are related to figure 
on page 18. (8 evaluators) 

right page 19. 	  

(See Figure 4) 

 7. Not clear where the time change takes place on the dashboard of 
the vehicle, as there are two areas where the time is displayed. 

Reason for frustration: The time is displayed in two areas on the 
dashboard: on the instrument cluster display and the media center, 
leading these participants to try to change the time via the media 
center, which you cannot do. Eventually they figured it out it was the 
time is changed in the instrument cluster display by trial and error.  

HE: Lack of information as to where the actual time changes in the 
vehicle as the time is displayed in two locations (instrument cluster or 
media center). (4 evaluators) 

Number of 
ratings ‘3’ 
or below: 2	  

Page 18 & 19: 
Image on left 
page 18 and 
description for 
button 5 on the 
right page 19.  

(See Figure 4) 

Scenario 3: Display outside temperature 

 8. Could not find page including the action steps for toggling the 
different displays on the instrument cluster in order to display the 
outside temperature. 

Reason for failure: The outside temperature is mentioned 4 times in 
one chapter (with no referencing to the other pages), with the action 
step to display outside temperature only described on the last page. 
This led to failures as these participants didn’t make it to the last page, 
assuming there was no other mention of outside temperature beyond 
what they just read. 

HE: Redundant information for outside temperature shown (four 
different pages) before instructions are provided as to how to display 
information. (8 evaluators) 

Failure: 12	   Page 19, Page 
20, Page 22, & 
Page 23: All 
mentions of 
outside 
temperature.	  

(See Figure 5)  

9. Could not find action step for displaying the outside temperature 
because it wasn’t noticeable as a step. 

Reason for failure: Action item embedded in paragraph beneath figure 
of windshield wiper lever, which is also used for toggling displays, 
because participants didn’t think the wiper lever was related to 
displays and skipped the paragraph. (For those participants who failed 
to read up to page 23 where this information is located, the facilitator 
assisted and asked them to read page 23, but still failed to find it). 

HE: Disconnect between action item for toggling different displays 
and the referenced figure (action item embedded in paragraph beneath 
figure of windshield wiper lever, which is also used for toggling 
displays). (4 evaluators) 

Failure: 7	   Page 23: 
Underneath 
image and 
starting with 
text, “Switch 
on the 
ignition…”par
agraph 	  

(See Figure 6) 
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Usability Problems  Criteria 
for 
including	  

Location in 
User Guide	  

10. Pushed trip rocker switch only one time to toggle displays, and 
failed to display outside temperature. 

Reason for failure: It was not clear to the participant that the TRIP 
rocker switch on the windshield wiper lever needed to be pushed 
multiple times to toggle through all available displays. This was due 
to missing information in the instructions, as it states to ‘push the trip 
rocker switch’.  

HE: Not predicted.  

Failure: 1	   Page 23: 
Underneath 
image and 
starting with 
text, “The 
display in the 
middle part…” 	  

(See Figure 7) 

11. Outside temperature in list of available displays does not include 
any action steps. 

Reason for frustration: For the 3 participants who found outside 
temperature in the list of available displays under the windshield 
wiper lever figure 10, felt frustration due to the lack of information 
underneath this bullet. All other display options here have additional 
action step information, while the outside temperature bullet has no 
information, so it took longer for these participants to complete the 
step.  

HE: Lack of information explaining how to display outside 
temperature in list of different displays that can be shown in the 
middle part of the instrument cluster display, when all others have 
information. (6 evaluators) 

Number of 
ratings ‘3’ 
or below: 3	  

Page 23: 
Bottom of 
right column 

(See Figure 6) 
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Figure 7: UT1 Only Usability Problem Page 23 

3.3.2 UT1 Scenario Completion Times and Subjective Ratings 

The average time to complete the scenarios were recorded for each participant, along 
with a rating to the question, “I did NOT feel frustrated while completing this scenario” 
with ‘1’ representing ‘Strongly disagree’ and ‘7’ representing ‘Strongly agree’. These 
measurements will be used to compare performance to UT2. The mean time to complete 
each scenario (in minutes) and the mean ratings related to feeling frustration after each 
scenario are shown in Table 3 below.  

Table 3: UT1 Mean Time and Ratings 

Scenario Mean Time to 
Complete Scenario 

Mean Rating related 
to Frustration  

Scenario 1: Connect mobile phone to 
Bluetooth 

12:16 
(Std dev: 0.15) 

2.4 
(Std dev: 0.94) 

Scenario 2: Change time on clock 
3:42 

(Std dev: 0.04) 
5.7 

(Std dev: 1.07) 

Scenario 3: Display outside temperature 
6:45 

(Std dev: 0.07) 
2.3 

(Std dev: 1.32) 
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3.3.3 Hypothesis 1 
It was hypothesized (H1) that the experts performing the HE could predict at least 80% of 
the usability problems observed in UT1.  
H1: The HE predicted 91% of the usability problems observed during UT1 (10 out of 11 
observed usability problems), showing that HE was able to predict at least 80% of 
usability problems found through user testing. H1 was supported on the basis of 
predicting usability problems in UT1, regardless of how many problems were uncovered 
in HE.    

3.4 Re-Design User Guide 

A total of 15 unique usability problems were addressed in this re-design of the user guide 
(10 uncovered in both the HE and UT1, four only uncovered in the HE, and one only 
uncovered in UT1). The HE only usability problems were addressed in the re-design, to 
measure how users would perform for those steps in a re-test, to see if the re-design 
introduced any new problems. This is important when asking the question: Can you re-
design a user guide on the basis of an HE alone without introducing new problems? If 
UT2 does not show usability problems for these specific steps and HE predicts at least 
80% of UT1 usability problems, it would show using HE alone being a trustworthy 
approach. The four HE only usability problems were: 

• Definitions not clear as to what vehicle functions are contained in the instrument 
cluster, or the instrument cluster in general. 

• Not clear how to determine if a mobile phone is already paired to the vehicle, as 
only one phone can be paired at one time. 

• ‘Menu Overview’ header describing displays within the instrument cluster 
(including outside temperature) is confusing after learning the instrument cluster 
has no menu. 

• List of display options seems irrelevant, as the same list is expanded on next page. 
The one usability problem only observed in UT1 (not in the HE) that was also addressed 
in the re-design was: 

• Pushed trip rocker switch only one time to toggle displays, and failed to display 
outside temperature. 

A total of 16 design changes were made to the user guide in an attempt to address these 
usability problems. One usability problem required two design changes in the user guide 
in order to address the issue, as content was moved and content was added (design 
changes 13 and 14). All other usability problems were addressed by using only one 
design change callout.  

The following sections 3.4.1, 3.4.2, and 3.4.3 describe the usability problems, the design 
changes made to the user guide related to the problems, followed by a figure of the 
original user guide image and the re-designed user guide image, for scenarios 1, 2, and 3, 
respectively. The list of usability problems are numbered and correlate to the yellow 
highlighted number located on the relevant re-designed user guide page to show the 
location of the design change. 
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3.4.1 Scenario 1: Connect Mobile Phone to Bluetooth Design Changes 
Usability problem: Not clear there are two different options for pairing since hierarchy 
for decision is embedded in first option. 

• Design change 1: Move decision tree paragraph above the two Bluetooth options 
and add title, “Connecting your mobile phone:” above, for context. See the 
original image and callout 1 for the design change in Figure 8.   

Usability problem: Definitions not clear as to what vehicle functions are contained in the 
instrument cluster, or the instrument cluster in general.  

• Design change 2: Added a statement after the decision tree paragraph, “To 
determine if your car has a menu in the instrument cluster, see which figure below 
best matches your vehicle.” See the original image and callout 2 for the design 
change in Figure 8. 

Usability problem: Not clear if vehicle has an instrument cluster with a menu or without a 
menu, which needs to be answered to decide which connection option to choose. 

• Design change 3: Added images of both examples of two different instrument 
clusters to explain what the instrument cluster looks like. See the original image 
and callout 3 for the design change in Figure 8. 

 
Figure 8: Original and Re-Designed Page 12  
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Usability problem: Not clear how to determine if a mobile phone is already paired to the 
vehicle, as only one phone can be paired at one time. 

• Design change 4: Added a bullet step "If there is a Bluetooth symbol visible in 
the instrument cluster, a device needs to be removed." See original image and 
callout 4 for the design change in Figure 9. 

Usability problem: Lack of problem solving instructions if ‘mobile package’ times out 
while connecting mobile phone to Bluetooth. States it times out, but not how to turn it 
back on. 

• Design change 5: Deleted the third bullet on page 14 as it provides redundant 
information to the second bullet, and replaced it with new text, "If the mobile 
phone package times out (more than 3 minutes have passed since turning on the 
ignition) simply switch the ignition off and then back on again.” See original 
image and callout 5 for the design change in Figure 9. 

Usability problem: Listing four possible situations for ‘pairing using the mobile phone’ 
will lead to confusion, as users will automatically follow first situation. 

• Design change 6: Copied bullet steps 1-3 from one of the possible situations 
(they are all the same) and pasted the steps before the possible situations. See 
original image and callout 6 for the design change in Figure 9.  

Usability problem: Missing information on how to confirm a successful Bluetooth 
connection with a mobile phone. 

• Design change 7: Added a statement, "Check phone to confirm successful 
connection and/or look for Bluetooth symbol in instrument cluster". See original 
image and callout 7 for the design change in Figure 9.  
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Figure 9: Original and Re-Designed Page 14 

 
3.4.2 Scenario 2: Change the Time on the Clock Design Changes 

Usability problem: Unclear that descriptions of button locations are related to figure on 
page 18. 

• Design change 8: Listed all descriptions directly underneath image to create more 
of a connection to the figure and the descriptions; put descriptions in order as 
shown in figure; and replaced icons of buttons with circled correlating numbers. 
See original image and callout 8 for design change in Figure 10.  

Usability problem: Lack of information as to where the actual time changes in the vehicle 
as the time is displayed in two locations (instrument cluster or media center). 

• Design change 9: Added, "The time changes through the displays '3’” next to 
time change button. See original image and callout 9 for design change in Figure 
10.  
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Figure 10: Original Page 18-19 and Re-Designed Page 19 
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3.4.3 Scenario 3: Display Outside Temperature Design Changes 
Usability problem: Redundant information for outside temperature shown (four different 
pages) before instructions are provided as to how to display information. 

• Design change 10: First mention of outside temperature given reference to action 
item pages. Bullet point list combined onto one page and statement added at end 
of bulleted list "Not all information can be seen at one time in the instrument 
display. To switch the information that is shown, go to page 22 and 23 for more 
details". See original image and callout 10 for design change in Figure 11.  

 
Figure 11: Original and Re-Designed Page 19 
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Usability problem: ‘Menu Overview’ header describing displays within the instrument 
cluster (including outside temperature) is confusing after learning the instrument cluster 
has no menu. 

• Design change 11: Changed title of section to, "Instrument Cluster Display 
Overview" to remain consistent and give meaning to section to show that it relates 
to the content on the next page. See original image and callout 11 for design 
change in Figure 12. 

Usability problem: List of display options seems irrelevant, as the same list is expanded 
on next page. 

• Design change 12: Added an action item statement, “In order to switch the 
information being shown in the middle part of the instrument cluster display (all 
displays in the previous list) do the following: Press the Trip rocker switch (2) 
located on the windshield wiper lever (see Fig. 10) until the intended display 
appears. For more details about the instrument cluster menu displays, go to page 
23.” See original image and callout 12 for design change in Figure 12.  

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 

 

 

 

 

 
Figure 12: Original and Re-Designed Page 22 
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Usability problem: Disconnect between action item for toggling different displays and the 
referenced figure (action item embedded in paragraph beneath figure of windshield wiper 
lever, which is also used for toggling displays). 

• Design change 13: Moved figure directly above paragraph referencing it (moving 
warnings above figure). See original image and callout 13 for design change in 
Figure 13.  

• Design change 14: Added statement, “Press rocker switch (2) to change middle 
display.” See original image and callout 14 for design change in Figure 13.  

Usability problem: Lack of instructions for how many times the trip rocker switch needs 
to be pushed to toggle displays. 

• Design change 15: Added sentence to action item paragraph, "Keep pushing (2) 
until your intended display appears”; and deleted sentence immediately after, 
“The available displays are as follows:” as it is a typo and repeated twice. See 
original image and callout 15 for design change in Figure 13.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 13: Original and Re-Designed Page 23a. 

 
 



 28 

Usability problem: Lack of information explaining how to display outside temperature in 
list of different displays that can be shown in the middle part of the instrument cluster 
display, when all others have information. 

• Design change 16: Added, "Push rocker switch (2) on the windshield wiper lever 
(fig.10) until the outside temperature is displayed in the middle part”. See original 
image and callout 16 for design change in Figure 14.  

 
Figure 14: Original and Re-Designed Page 23b. 

3.5 User Test 1 and User Test 2 (UT1 and UT2) Comparison Results 
The following sections include information for detailed descriptions of the usability 
problems, followed by a comparison of UT1 and UT2 completion times and ratings, and 
a discussion about H2.   

3.5.1 UT2 Usability Problems 
A total of two residual usability problems were identified during UT2, by 3 of the 8 
participants, while following the re-designed user guide. One out of the two usability 
problems observed in UT2 was already uncovered during both the HE and UT1 (see 
Table 4, number 2), showing the re-design effort was not successful in mitigating the 
already identified usability problem. The other usability problem observed was a new 
usability problem, introduced by the re-design choice of the researcher, as it was related 
to added content in the user guide (see Table 4, number 1). This usability problem was 
related to a design change added to mitigate a usability problem uncovered in both HE 
and UT1.  
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Table 4: UT2 Usability Problems 

Usability Problems  Criteria 
for 
including	  

Location in 
Re-
Designed 
User Guide	  

Scenario 1: Connect mobile phone to Bluetooth 

1. Unable to match new figure examples of a vehicle with and without 
a menu in the instrument cluster, to the vehicle being tested.  

Reason for failure: Both participants could not match the new figure 
examples of the instrument cluster display to the one in the vehicle 
being tested, as the ignition needs to be turned on to see the current 
display, which was missing from the text in the user guide. An 
additional step stating, “Turn on ignition” should have been stated 
first. 

This added content was in response to the usability problem 
uncovered during the HE and UT1: “Not clear how to determine if 
instrument cluster is with or without a menu”.  

Failures: 2 Page 12: 
Top left 
column; two 
images, 
along with 
descriptor 
paragraph 
above 
images 

(See Figure 
15) 

Scenario 3: Display outside temperature 

2. Could not find page including the action steps for toggling the 
different displays on the instrument cluster in order to display the 
outside temperature. 

Reason for frustration: 3 participants experienced frustration looking 
for the action item for how to toggle the display in the instrument 
cluster because it took too long to find the information. The new 
addition of the reference paragraph on page 19 wasn’t noticed by 2 of 
these 3 participants because they were fixated on the bullet ‘Outside 
temperature’ (above the new reference paragraph) which had no other 
information written directly next to it, like some of the other bullets in 
the same list. The one participant who did notice the new reference 
paragraph, went to page 22 and 23 for more information as instructed, 
but got lost in the front matter at the top of page 22, became fatigued 
and began partially reading the remaining information. This was due 
to the fact that the new reference paragraph didn’t say exactly where 
on page 22 and page 23 the information could be found. There should 
have been reference page number directly to the bullet ‘outside 
temperature’ and exactly where to go once directed to page 22 and 23, 
to be more specific.  

Number 
of ratings 
‘3’ or 
below: 3	  

Page 19:	  
Right of 
page, 
paragraph 
underneath 
bulleted list)	  

(See Figure 
16) 
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Figure 15: UT2 Usability Problem Page 12 

 

Figure 16: UT2 Usability Problem Page 19 
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The design changes made to the user guide based on the results of both the HE and UT1 
introduced one new usability problem (two participant failures) and did not mitigate one 
of the already identified usability problems (three participants experienced frustrated) . 
The researcher inadvertently left out important steps needed to optimize the design 
changes in two areas:  

1. Design change 3 (see Section 3.4.1): Two images showing examples of 
instrument cluster displays were added to page 18 to provide the user with 
additional information to determine if the instrument cluster in the vehicle had a 
menu or did not have a menu to make the correct Bluetooth connection option. 
However, the instrument cluster display in the vehicle will only match the added 
examples in the re-designed user guide if the ‘ignition is turned on’ first. This step 
is included later on in the action steps, but was unintentionally not added upfront 
with the images. This led to two failures for this step in UT2. 

2. Design change 10 (see Section 3.4.2): A paragraph referencing pages 22 and 23 
was added to page 19 in an attempt to guide the users to the correct page where 
the action items for toggling the display information (to display the outside 
temperature) was located. However, the paragraph unintentionally omitted details 
as to where exactly on page 22 and 23 the information could be found. This led 
three participants to experience frustration for finding this step once they were at 
pages 22 and 23, as there was a lot of information included these pages.  

3.5.2 UT1 and UT2 Scenario Completion Times and Subjective Ratings 
Comparison 

The average time to complete all three scenarios for UT2 was 4 minutes and 54 seconds, 
while the average time to complete the three scenarios for UT1 was 7 minutes and 34 
seconds for UT1, showing it took 2 minutes and 40 seconds longer to complete the 
scenarios in UT1 using the original user guide. This demonstrates that the re-design of 
the user guide aided a different set of participants to complete the same scenarios in less 
time. Also, the average mean rating for UT2 across all three scenarios was ‘5’, compared 
to ‘3.5’ in UT1, showing that participants experienced less frustration while completing 
scenarios using the re-designed user guide. The mean time to complete each scenario (in 
minutes) and the mean ratings related to feeling frustration after each scenario are shown 
in Table 5 below for both UT1 and UT2.  
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Table 5: UT1 and UT2 Comparison Mean Time and Ratings 

Scenario 
UT1 

Mean Time in 
Minutes 

UT2  
Mean Time in 

Minutes 

UT1 
Mean Rating 
(1=Frustrated 

7=Not Frustrated) 

UT2 
Mean Rating 
(1=Frustrated 

7=Not Frustrated) 

Scenario 1: Connect mobile 
phone to Bluetooth 

12:16 
(Std dev: 0.15) 

5:51 
(Std dev: 0.06) 

2.4 
(Std dev: 0.94) 

4.3 
(Std dev: 1.45) 

Scenario 2: Change time on 
clock 

3:42 
(Std dev: 0.04) 

2:45 
(Std dev: 0.03) 

5.7 
(Std dev: 1.07) 

6.25 
(Std dev: 0.89) 

Scenario 3: Display outside 
temperature 

6:45 
(Std dev: 0.07) 

6:06 
(Std dev: 0.06) 

2.3 
(Std dev: 1.32) 

4.5 
(Std dev: 1.6) 

Averages across scenarios 7:34 
(Std dev: 0.18) 

4:54 
(Std dev: 0.08) 

3.5 
(Std dev: 1.94) 

5 
(Std dev: 1.6) 

3.5.3 Hypothesis 2 
It was hypothesized (H2) that fewer usability problems and no new usability problems 
would be introduced by addressing all usability problems from the HE and UT1 to re-
design the user guide, when tested with a different set of participants.  
H2: There were a total of two usability problems observed during UT2 compared to 11 in 
UT1. One out of the two usability problems observed in UT2 was already uncovered 
during UT1. This means that one new usability problem was introduced related to the re-
design of the user guide. This shows that H2 was not supported on the basis of a new 
usability problem being introduced after re-designing the user guide.  
Overall, the re-design of the user guide had a positive effect as it lead to fewer usability 
problems, the times to complete the scenarios were reduced, and the subjective feedback 
regarding frustration improved, as validated in UT2. However, a new usability problem 
was introduced related to two participant failures for a step, showing that changes made 
to the user guide would have benefited from either a second HE or a second UT, as 
shown here, to confirm all design changes.   
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4 Discussion  

4.1 Conclusions 
Since user testing on its own is already a trusted approach for evaluating the usability of a 
product or system, this study set out to answer how well a HE could predict usability 
problems in a UT for the same product. Also, the research question was asked was, “If all 
uncovered usability problems from the HE were considered problems (based on two or 
more evaluators stating the same problem), would “fixing” those problems lead to more 
usability problems for the end user? Lastly, the study validated all design changes 
(associated with the HE and UT1).  

In this study, a user guide for a 2014 Volkswagen SI vehicle was evaluated using two 
methods, HE and UT, and the user guide was re-designed based on usability problems 
uncovered by the two methods. Then a second UT was performed to validate the changes 
made to the user guide. It was hypothesized that (1) if a HE could predict at least 80% of 
usability problems in a UT, the HE would be considered a valuable method on its own for 
predicting usability problems, if a UT can’t also be performed. Also hypothesized was (2) 
if all usability problems (both HE and UT) associated with the user guide were addressed 
in a re-design, no new usability problems would be introduced and fewer usability 
problems would be observed in a second UT. This would also show if HE found 
problems not observed in the first UT, but were addressed in the re-design of the user 
guide, would lead to any new observed problems in the second UT for those steps. This is 
relevant in order to have a discussion about re-designing a product based on HE alone.  

H1 was supported with HE predicting 91% of the observed usability problems in UT1, 
while H2 was not supported due to a new usability problem being introduced based on 
the re-design. The new usability problem was due to a design change which attempted to 
mitigate a usability problem initially found in the both the HE and UT1. It should be 
noted that the design changes associated with the four HE only usability problems (not 
observed in UT1), did not lead to new usability problems when addressed in the re-
design.  

4.2 Applied Approach  
This study was conducted using applied Human Factors Psychology principles learned 
throughout the researchers’ course work during graduate school. Since a traditional 
academic thesis approach was not taken, the study was able to focus on more applied 
research questions more closely related to traditional HF work environments, instead of 
an academic one. However, a con for choosing this approach, is that replicating this study 
may prove to be difficult since a more casual form of a HE was conducted, where the 
evaluators predicted usability problems not based on pre-defined heuristics, but on their 
experience with user behavior instead. Also, the design changes were the opinion of the 
researcher, based on design principles learned during graduate coursework, where 
another researcher could potentially re-design the user guide differently, yielding 
different results.  
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4.3 Limitations and Future Research  

The following are a list of limitations for this study and the possible implications for 
future research: 

1. The product tested had a limited number of ‘steps’ needed in order to accomplish 
the particular scenarios. For this reason, it may have been easier for the HE 
evaluators to predict the UT1 usability problems, since there were only a small 
amount of problems. If a different product was tested that had more steps needed 
to complete the scenarios, the results may show different findings in regards to 
HE predicting usability problems in a UT. Also, because the user guide was re-
designed based on all HE usability problems (and UT usability problems), it 
would be interesting to know if there would be more usability problems only 
uncovered in the HE (with a product with more steps), that potentially could 
introduce more usability problems in a second UT if re-designed.  

2. Hypothesis 2 involved comparing UT1 and UT2 based on new usability problems 
introduced and the frequency of already uncovered usability problems, when a 
different set of participants followed the re-designed user guide. The user guide 
was re-designed based on all usability problems uncovered in both the HE and 
UT1. More importantly than validating all design changes, would have been 
ONLY validating design changes based on the HE, as it pertains more to the 
research questions asked. For example H1 answered the research question, “Could 
HE predict enough usability problems in an UT to trust the method on its own, as 
to not need to conduct a UT?” While H2 should have been more focused on the 
other question, “If you do trust HE alone, based on the support of H1, would re-
designing all uncovered HE problems lead to better or worse results in a UT with 
the modified user guide (assuming a UT was not available to base re-designs on). 
Re-designing the user guide based on the usability problems observed in UT1 
seems to not support the overall research question, but more to validate the design 
changes made by the researcher overall. Even though only one usability problem 
was observed in UT1 that wasn’t uncovered in the HE, if the study was conducted 
again with a product including more steps, re-designing the user guide based on 
HE problems alone would be more interesting to compare to a second UT.   

3. The researcher criteria not previously established in any publication, that if two or 
more evaluators uncovered the usability problem, it was considered an actual 
usability problem in the user guide, and therefore addressed in the re-design. 
Other HEs consider each usability problem listed by an evaluator a predicted 
problem with a system, not only if two or more evaluators listed the same 
problem. If this approach was used, then each listed usability problem (23 unique 
out of 75 total problems) would have been considered an actual problem with the 
user guide and addressed in the re-design, which possibly could have led to new 
usability problems in UT2. The approach used in this study was an attempt to 
create a stricter procedure for accepting HE usability problems as more evaluators 
were included compared to the typical 3-4 evaluators. If a future study were 
conducted using 3-4 evaluators where each unique problem was considered an 
actual problem, would new usability problems be observed in a re-test of the user 
guide? 
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4. The HE evaluators all received their Masters’ degree in Human Factors and 
Applied Psychology from California, State University, Northridge. The results of 
the HE would have been more varied if evaluators with more varied backgrounds 
in HF were also included in this study.  
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Appendix A: Original User Guide Excerpts 
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Appendix B: Re-Designed User Guide Pages 
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Appendix C: Complete List of Observations for HE, UT1, and UT2 
Table 6 shows the individual performance of each of the eight evaluators for the HE. 
Beneath each listed usability problem shows either the HE predicated problem identifier 
(if two or more evaluators listed the same/similar problem), or shows, ‘Not predicted’ 
which means only that one evaluator listed that usability problem and was therefore not 
included in the re-design or used to predict UT1 problems.  

Table 6: Individual Evaluator HE Performance 

HE Evaluator 

-Number of 
problems 
identified 

Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

1 

-7 problems  

-It is not clear how to determine if 'your model' 
has the menu in the instrument cluster. The 
unique term here is instrument cluster and I 
know you have an instrument cluster, so the 
assumption is it includes a menu. However, the 
actual unique term here is menu. 

(HE problem 3) 

-It is not clear how to determine if another 
device is already connected via Bluetooth to the 
car. 

(HE problem 4) 

- First bullet under Step 1 (page 14) says to 
'Switch the ignition on. ' However, it's most 
likely the user has had the car ignition on if they 
started to follow the steps of pairing on page 12 
'Linking the mobile phone via menu in cluster' 
so by the time they get to this step, 3 minutes 
has passed since the ignition was on, so pairing 
will be unsuccessful. No problem-solving step 
included. 

(HE problem 5) 

- There are four possible solutions for pairing 
once you have decided to pair using the phone. 
There are commonalities between all four, 
which are not clear upfront. It is unreasonable to 
expect users to figure out which one is to be 
used by trial and error.  

(HE problem 6) 

-Not clear if the 
circled 5 is 
STEP 5 or 
Picture 5.  

(HE problem 8) 

-Page 19 and 20 show information 
regarding temperature, but doesn't 
say where to go for steps to see it.  

 (HE problem 10) 

- Page 23 shows a list of displays 
you can toggle and steps to see each 
one, except for the outside 
temperature, its blank. 

(HE problem 14) 

2 

-13 problems 

- Lack of information to aid users in 
determining which instrument cluster they have 
in order to choose correct option.  

(HE problem 1) 

- The hierarchy is wrong in this section because 
menu w/ or without should come first in both 
sections, not in the middle of the first option. 

(HE problem 3) 

- Misleading headers in this section (page 12-
13). Second pairing option through phone on 
page 13 is incorrect title because you DO use 
your phone for the first one on page 12 too. 
Seems like page 12 is first steps on car and page 

- No 
information in 
the text as to 
where the time 
changes in the 
car. 

(HE problem 9) 

- Circled 5 
seems to be 
associated with 
a step, not 
diagram, 
because they 
are listed in 
numerical order 

- Page 19 and 20 that outside 
temperature is included in the 
displays, but doesn't say where to go 
for more info.  

(HE problem 10) 

- Paragraph not noticeable includes 
action step.  

(HE problem 13) 

- Drop down list shows outside 
temperature, but omits the action 
item and assumes you will read in 
paragraph. 
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HE Evaluator 

-Number of 
problems 
identified 

Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

13 is second steps on phone (not clear this is 
two different options). 

(Not included) 

- No instructions on how to know if another 
device is already connected (which I know is 
done by seeing Bluetooth symbol in instrument 
cluster). 

(HE problem 4) 

- To see if a Bluetooth connection is already 
present, the car must be on, which is missing 
from instructions on page 13) 

(Not included) 

- No step to remind user that you must turn 
ignition off and on again if the three minutes 
passes and mobile package times out. NO 
troubleshooting. 

(HE problem 5) 

- Mobile phone package is not a good term; it is 
vague and goes against population stereotypes.  

(Not included) 

- Unclear which possible situation (A-D) is the 
correct one. 

(HE problem 6) 

and the figure is 
not. 

(HE problem 8) 

(HE problem 14) 

 

 

3 

- 11 problems 

-Not clear what an instrument cluster is (no 
diagram). 

(HE problem 2) 

- Determining if you have a menu in the 
instrument cluster or not, is not possible with 
the limited information.  

(HE problem 3) 

- "Each phone" saying is confusing because it 
leads users to think that more that more than 
one phone can be paired, when only one phone 
can be paired at a time. 

(Not identified) 

- Step states that there is a three minute time for 
Bluetooth visibility after turning on ignition, but 
doesn't' explain how to use this information to 
problem solve. 

(HE problem 5) 

- Four possible situations should be presented 
using the easiest, most common one first, not all 
four. 

(HE problem 6) 

-The number 5 
is not clear that 
it relates to 
image, as it 
looks like a 
numbered step.  

(HE problem 8) 

- No 
information on 
how to increase 
and decrease in 
time. 

(Not included) 

-Page 19 shows bullet regarding 
outside temperature and page 20 
shows information on what the 
symbols for outside temperature 
mean, but not information how to 
display it.  

(HE problem 10) 

-Uses ‘Menu’ as a header on Page 22 
when describing displays within the 
instrument cluster, when this model 
has no menu in the instrument 
cluster. Uses the term MENU two 
different ways. 

(HE problem 11) 

-Page 23: Shows bullet that you have 
temperature feature, but zero 
information on how to display it like 
the other bullets. 

(HE problem 14) 

-Page 22 and 23 seem to include 
similar information. 

(HE problem 12) 
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HE Evaluator 

-Number of 
problems 
identified 

Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

4 

- 10 problems 

- No decision tree for which option to use for 
pairing (not clear there are two options). 

(HE problem 1) 

- Page 12 referencing page 13 is not clear 
enough, as users could go to the top and not the 
bottom of page 13 and follow incorrect steps.  

(Not included) 

- No way to determine if menu is in instrument 
cluster or not. 

(HE problem 3) 

- Because people do things step by, they will 
automatically do possible situation A/B first. 

(HE problem 6) 

- No confirmation for successful Bluetooth 
connection suggested. 

(HE problem 7) 

- Didn't expect 
the clock to 
change on the 
instrument 
cluster, but on 
the radio, which 
is incorrect. 

(HE problem 9) 

- Not clear 
where the clock 
button in the 
car because it 
isn’t clear the 
circled 5 relates 
to the image. 

(HE problem 8) 

- Not clear the buttons on the 
windshield wiper are related to 
changing displays.   

(HE problem 12) 

- Page 19 and 20 lack reference page 
numbers to where action item can be 
found.  

(HE problem 10) 

-Page 23 is missing information for 
how to toggle outside temperature, 
when all others have some action 
information. 

(HE problem 14) 

5 

- 5 problems 

-Unclear how a user would find out if the 
instrument cluster has menu or not, most would 
assume they have the menu, as all cars have a 
menu. 

(HE problem 3) 

-Users may not understand that all connected 
phones need to be disconnected as there is no 
step to confirm if there are. 

(HE problem 4) 

- Not clear that 
the circled 5 is 
directing 
attention to 
figure, as it 
looks like a step 
since the list is 
in numerical 
order and figure 
is not.  

(HE problem 8) 

-Page 19, 20, and 22 may throw 
people off because it describes 
symbols of temperature, but no 
action is included, and not clear 
there are more pages mentioning 
temperature. 

(HE problem 10) 

- Header on page 22 is misleading as 
it is using the term  ‘Menu’ Structure 
when ‘menu’ is used differently. 

(HE problem 11) 

6 

- 10 problems 

-Decision tree is located too far down in the first 
option, leading users to want to skip over it and 
keep reading (even though it's the wrong 
option). 

(HE problem 1) 

-Missing information on how to tell if your 
instrument cluster has a menu or is without a 
menu. 

(HE problem 3) 

-Terms not defined and not synonymous: 
Linking phone vs. Pairing phone? 

 (Not included) 

-Lack of recovery steps included for if the 
Bluetooth visibility times out after the ignition 
has been turned on for more than three minutes 
(i.e., turn on off ignition or turn on off 
Bluetooth on phone) 

(HE problem 5) 

-No feedback in user guide to confirm 
successful Bluetooth connection (which can be 

-Circled 
numbers look 
like steps in a 
sequence (as 
opposed to 
mapping, not 
clear it is 
referencing 
figure. 

(HE problem 8) 

-The time is 
shown in the 
car in two 
places, where 
does it actually 
change? 

(HE problem 9) 

 

-Page 20 is misleading because it 
describes symbols of temperature, 
but no action. 

(HE problem 10) 

-Page 22-23 disconnect of 
information, not clear 23 maps to 22. 

(HE problem 12) 

-Using Tripp button on the 
windshield wiper is not intuitive and 
not clear enough that figure is related 
to toggling displays. 

(HE problem 13) 

- Page 22, not clear what the symbol 
“---“ represent in the bulleted list. 

(Not included) 
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HE Evaluator 

-Number of 
problems 
identified 

Scenario 1 

 

Scenario 2 

 

Scenario 3 

 

done either on phone or symbol in IC) 

(HE problem 7) 

7 

- 9 problems 

-Not clear there are two different ways to 
connect a phone to Bluetooth as it looks like 
there is only the first option. 

(HE problem 1) 

-Missing information on how to tell if your 
instrument cluster has a menu or is without a 
menu. 

(HE problem 3) 

-No way to tell if a new Bluetooth connection 
was successful. 

(HE problem 7) 

-Lack of action item steps on page 13 is 
confusing since the header is Step 1 (steps 
follow on next page). 

(Not included) 

-Not clear the 
numbers are 
related to the 
buttons in the 
image. 

(HE problem 8) 

-Unclear where 
the time change 
happen. 

(HE problem 9) 

-Shows outside temperature on 3 
pages before listing how to display 
it, leading users to not keep looking. 

(HE problem 10) 

-Not easy to find action step related 
to display outside temperature, as it 
is listed in paragraph after a 
windshield image. 

(HE problem 13) 

-No information listed underneath 
Outside Temperature in list on page 
23. 

(HE problem 14) 

8 

- 10 problems 

-Instrument cluster not defined.  

(HE problem 2) 

-Paragraph to help decide which option to 
choose is listed in the first option, hard to see. 

(HE problem 1) 

-Not possible to know if the car has a menu in 
the instrument cluster, based on user guide 
alone. 

(HE problem 3) 

-Four possible situations that all seem similar to 
pair. 

(HE problem 6) 

-User guide has too many options for verifying 
Bluetooth connection and none apply.  

(HE problem 7) 

 

-Wasn't obvious 
the circled 
buttons 4 and 5 
were related to 
the location in 
the picture. 

(HE problem 8) 

-Mentioned outside temperature 
multiple times before explaining 
how to do it on the last page it is 
mentioned. 

(HE problem 10) 

-Using the term MENU in header 
when not all cars have a menu in the 
instrument cluster is confusing.  

(HE problem 11) 

-May not be able to find steps to 
toggle display, as located beneath an 
image of a windshield wiper.  

(HE problem 13) 

-Outside temperature in list under 
action item paragraph, is blank. 

(HE problem 14) 

Frequency of count of all problems: 76 
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Table 7 shows all usability problems identified in UT1 based on failures and low ratings 
related to experiencing frustration. A usability problem was identified based on a failure 
or low rating by a participant, but only included in the analysis (compared to HE and re-
designed) if it had at least one failure and two or more low ratings related to frustration.  

Table 7: UT1 Usability Problems (All) 

UT1 Usability Problems Number of 
Failures and 
Low Rating 
‘3’ or below  

Included in analysis? 

Incorrect Bluetooth connection option chosen. Participants followed 
instructions for the first option (Linking the mobile phone via the menu 
in the instrument cluster), instead of the correct second option (Pairing 
through the mobile phone). 

Failures: 14 

Low ratings: 
14 

Yes 

Could not determine if the vehicle had an instrument cluster ‘with a 
menu’ or ‘without a menu’ in order to choose the correct option for 
connecting the mobile phone to Bluetooth. 

Failures: 14 

Low ratings: 
14 

Yes 

Bluetooth did not become visible on the mobile phone because the 
‘mobile package’ timed out since more than three minutes after turning 
on the ignition had passed. 

Failures: 1 

Low ratings: 1 

Yes 

Not clear there were different possible situations for pairing the mobile 
phone, within the correct second option. 

Failures: 0 

Low ratings: 4 

Yes 

Process for confirming a successful Bluetooth connection with a mobile 
phone was unclear. 

Failures: 0 

Low ratings: 
12 

Yes 

Could not find buttons for changing the clock. 

(Note: no low ratings because these 7 participants eventually matched 
the button icon to the dashboard intuitively, since they couldn’t match it 
to the picture, and therefore were not frustrated). 

Failures: 7 

Low ratings: 0  

Yes 

Not clear where the time change takes place on the dashboard of the 
vehicle, as there are two areas where the time is displayed. 

Failures: 0 

Low ratings: 2 

Yes 

Could not find page including the action steps for toggling the different 
displays on the instrument cluster in order to display the outside 
temperature. 

Failures: 12 

Low ratings: 
13 

Yes 

Could not find action step for displaying the outside temperature 
because it wasn’t noticeable as a step. 

Failures: 7 

Low ratings: 7 

Yes 

Pushed trip rocker switch only one time to toggle displays, and failed to 
display outside temperature. 

Failures: 1 

Low ratings: 2 

Yes 

Outside temperature in list of available displays does not include any 
action steps. 

Failures: 0 

Low ratings: 3 

Yes 

Function buttons on steering wheel do not match buttons on steering 
wheel and it doesn’t mention your car may not have buttons.  

Failures: 0 

Low ratings: 1 

No 
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UT1 Usability Problems Number of 
Failures and 
Low Rating 
‘3’ or below  

Included in analysis? 

‘Turn on ignition’ is not clear if I have to turn on the car engine. Failures: 0 

Low ratings: 1 

No 

Editing the time ‘timed out’ after a few seconds and it took me some 
time to realize why I couldn’t advance the time anymore. Doesn’t say 
that in user guide.  

Failures: 0 

Low ratings: 1 

No 

Term mobile phone package is confusing and they keep using it.  Failures: 0 

Low ratings: 1 

No 

 

Table 8 shows all usability problems identified in UT2 based on failures and low ratings 
related to experiencing frustration. A usability problem was identified based on a failure 
or low rating by a participant, but only included in the analysis (compared to HE and re-
designed) if it had at least one failure and two or more low ratings related to frustration.  

Table 8: UT2 Usability Problems (All) 

UT2 Usability Problems Number of 
Failures and 
Low Rating 3 
or lower  

Included in Analysis? 

Unable to match new figure examples of a vehicle with and without a 
menu in the instrument cluster, to the vehicle being tested. 

Failures: 2 

Low ratings: 2 

Yes 

Could not find action step for displaying the outside temperature 
because it wasn’t noticeable as a step. 

Failures: 0 

Low ratings: 3 

Yes 

Process for confirming a successful Bluetooth connection with a mobile 
phone was unclear. 

Failures: 0 

Low ratings: 1 

No 

Not sure how to make the time AM or PM, it doesn't mention that in the 
user guide.   

Failures: 0 

Low ratings: 1 

No 

 


