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ABSTRACT 

Studies of speech perception indicate that it is more difficult for people with and without 

hearing loss to detect speech in noise. Functional communication in noise, however, has been 

less often studied; there is currently no well-designed measure of communication effectiveness. 

The Diapix Task (Baker & Hazan, 2011) has potential; it elicits dialogue by having two people 

converse to find differences between two pictures. The purpose of the present study was to 

develop a reliable measure of communication effectiveness and use this measure to determine 

how noise influences communication. Experiment 1 investigated use of the Diapix Task as a 

measure of communication effectiveness in noise. Seven young adults with normal hearing, 

paired with an assistant, completed the Task with three different picture pairs in a sound field of 

cafeteria noise. Communication effectiveness was measured by counting communication 

breakdowns. Results indicated that the Task did elicit breakdowns and, out of nine picture pairs, 

one elicited a different amount of breakdowns than the others; this pair was excluded. 

Experiment 2 used the Diapix Task to measure communication effectiveness in quiet and 

different types of noise. Relation between self-reported use of communication strategies and 

communication effectiveness was also explored. Fourteen young adults with normal hearing 

completed the Diapix Task with an assistant in three conditions: quiet, cafeteria noise, and 

competing dialogue. Results indicated that significantly more breakdowns occurred in noise than 

quiet, but that there was no significant difference between types of noise. Additionally, self-

reported use of communication strategies did not correlate with communication effectiveness. 

Results support use of the Diapix Task as a functional measure of communication effectiveness 

in young adults with normal hearing; future research should investigate use of the Diapix Task to 

measure communication effectiveness in clinical populations.  
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1.  Introduction 

Communication in the presence of background noise can be difficult for people with and 

without hearing loss. Kramer (2009) surveyed 239 adults to determine effects of hearing loss and 

found that difficulty understanding speech in noise was most commonly reported. Wie et al. 

(2010) found that 87% of 30 adults with unilateral hearing loss reported difficulty understanding 

speech in noise. These results are supported by a variety of research studies in the speech 

perception literature, both through self-report of individuals with hearing loss and measures of 

speech perception (Adams et al., 2012; Dalton et al., 2002; Dubno et al., 1984; Killion et al., 

2004; Welsh et al., 2004). These results are also supported within the normal hearing population 

(Brungart, 2001; Freyman et al., 2004); most people have more difficulty hearing or 

understanding speech in the presence of noise.  

 More specifically, background noise causes interference, or masking, of the target speech 

signal. Elements of background noise can be altered to change this interference to make the 

target speech signal more or less difficult to discriminate.  Generally, the more similar the 

background noise is to the target speech signal, the more difficult it is to discriminate speech 

(Bronkhorst, 2000; Brungart, 2001; Carhart et al., 1975; Drullman & Bronkhorst, 2000; Freyman 

et al., 2004; Hall et al., 2002). Therefore, background noise that involves competing speech 

signals, or competing talkers, would be more distracting than a background of Gaussian, or 

normally distributed, noise. The difficulty of speech perception in noise, and in different types of 

noise, has been well established in the speech perception literature. Communication 

effectiveness—sometimes referred to as conversational fluency—in noise, however, has been 

less often studied.  
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While speech perception involves a listener and their ability to detect, discriminate, 

recognize, and comprehend an exact speech signal, communication effectiveness involves 

collaboration between a listener and a talker and their ability to mutually agree on a message 

(Clark & Schaefer, 1987). Communication effectiveness is therefore much more reflective of 

functional everyday communication than speech perception. Despite this, there has been very 

little research on communication effectiveness and how it is affected by noise. It has primarily 

been assessed through the use of self-report measures, which are subjective in nature and may or 

may not reflect reality (Schow, 1990; McCarthy & Schau, 2008). There is currently no well-

designed, clinically validated method for measuring communication effectiveness in quiet or in 

noise.  

 

1.1 Measuring Communication Effectiveness by Breakdown and Repair 

Communication effectiveness can be measured using communication breakdown and 

repair. Clark and Shaefer (1986) propose that spoken conversation is made up of units called 

contributions. Each contribution is made up of two phases: (1) presentation, in which the speaker 

defines the intended content by producing a message, and (2) acceptance, in which the speaker 

and listener collaborate to ensure mutual understanding of the content. Therefore, effective 

communication involves collaboration between a speaker and a listener in order to exchange a 

message. This model is subject to complications when communication breakdowns occur 

between the listener and the speaker. Lind (2011) proposed four potential causes of 

communication breakdown: (1) the speech signal was not heard, (2) the speech signal was heard 

but not understood, (3) the speech signal was understood but it was not clear what was referred 

to, and (4) the referent was clear but the intent was not. Causes 1 and 2 are signal-based; that is, 
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the breakdown occurred due to difficulty detecting and discriminating the speech signal. Causes 

3 and 4 are content-based; that is, the breakdown occurred due to difficulty understanding the 

content of the message. Occurrence of communication breakdown reduces communication 

effectiveness.  

After a breakdown occurs, it has the potential to be repaired. Repair strategies are often 

taught as part of audiologic rehabilitation programs, as demonstrated in a study by Tye-Murray 

(1991) where the use of repair strategies (e.g., repeating and rephrasing) was measured following 

communication-based therapy. Communication breakdowns decrease the effectiveness of 

communication, but repair strategies can counteract this and increase effectiveness. Additionally, 

anticipatory strategies such as clear speech (Hazan et al., 2012) could be used to reduce the 

initial occurrence of communication breakdown. With these treatment approaches in mind, it is 

only logical that a measurement of communication breakdown and repair serve as an evaluation 

of communication effectiveness before and after treatment. Successful treatment would be 

indicated by a reduction in number of breakdowns and an increase in the percent of breakdowns 

that are repaired. Several other studies have attempted this, either through role-play with the 

clinician (Tye-Murray, 1991) or by recording and transcribing twenty-minute conversations 

between individuals with hearing loss and their frequent communication partners (Okell & Lind, 

2011; Lind, 2014). However, role-play may not involve two equally contributing communication 

partners, and the analysis of twenty-minute conversations is time-consuming and difficult to 

control for. Additional conversation elicitation techniques for the measurement of 

communication effectiveness are needed.  The Diapix Task was developed for a different 

purpose, but shows potential to meet this need.  
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1.2 The Diapix Task 

The Diapix Task is an unscripted, semi-structured conversation task intended to elicit 

spontaneous dialogue. It is structured as a ‘spot-the-difference’ picture task: Two individuals are 

provided with a different version of the same cartoon-style picture and must collaborate to find 

ten or more differences without looking at each other’s picture. Differences include items that 

are absent in one picture and present in the other, as well as items that are different between the 

two pictures (e.g., color). The two participants are encouraged to work collaboratively and 

contribute equally to the conversation, thus reflecting the turn-taking of natural communication 

(Van Engen et al., 2010; Baker & Hazan, 2011).  

This task was originally developed by Van Engen et al. (2010) as an elicitation 

technique to obtain spontaneous speech recordings of native- and foreign-accented English. Van 

Engen et al.’s (2010) picture pairs have more recently been used in the hearing sciences literature 

to study communication effectiveness in older adults with hearing impairment, with and without 

assistive listening devices (McInerney & Walden, 2013). McInerney & Walden (2013) found 

that the Diapix Task could be used to elicit communication breakdowns, which they could then 

calculate and categorize according to Lind’s (2011) four causes. In 2011, Baker and Hazan 

extended the Diapix Task by creating new picture pairs of equal difficulty with the intention that 

they could be modified and used to meet the needs of a variety of research studies.   

 

1.3 Research Aims 

The present study consists of two parts: Experiment 1 and Experiment 2. Both were 

carried out in young adult, normal hearing dyads as a preliminary step to carrying out the 

experiments in individuals with hearing loss. Experiment 1 aimed to investigate the feasibility of 



12 

the Diapix Task, as expanded by Baker and Hazan (2011), as a method of eliciting dialogues for 

the evaluation of communication effectiveness in quiet and in noise. Experiment 2 aimed to use 

the Diapix Task to investigate the effect of different types of noise on communication 

effectiveness. Additionally, the study explored the relation between self-perception of 

communication based on Conversation Tactics Checklist (CCL) subscale scores and 

communication effectiveness as measured in Experiment 2.  

 

2. Experiment 1: Feasibility of the Diapix Task as a Measure of 

Communication Effectiveness 

It was hypothesized that the Diapix Task, administered in a sound field of cafeteria noise 

under controlled conditions, would elicit communication breakdowns in normal hearing adults 

and that each of the nine Diapix picture pairs would elicit a similar number of communication 

breakdowns. 

 

2.1 Methods 

Methodology was approved by the Institutional Review Board for human subjects 

research at the University of Arizona. Ten young adult participants consented to participate in 

the study. Participants were recruited from undergraduate classes at the University of Arizona in 

Tucson, Arizona. Audiologic testing, including otoscopy and pure-tone air and bone audiometry, 

was administered to all participants. One participant was eliminated due to pure-tone thresholds 

above 20 dB HL. Data from two participants were excluded due to deviations in protocol. The 

final number of participants was seven. Five participants were female (71.4%).  Participant ages 

ranged from 20 years to 33 years (mean of 24.14 years). All participants were fluent in English. 
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2.1.1 Audiologic Testing  

All participants received otoscopy prior to testing. Hearing was tested in a sound-treated 

booth using an Interacoustics AC40 clinical audiometer with either insert earphones or standard 

earphones for air conduction audiometry, depending on the level of cerumen observed during 

otoscopy, and a bone oscillator headset for bone conduction audiometry. Pure-tone thresholds 

were obtained via pure-tone air and bone conduction audiometry at 500, 1,000, 2,000, and 4,000 

Hz for both ears. The participant with thresholds over 20 dB HL was excluded and advised to 

pursue audiometric evaluation.  

 

2.1.2 The Diapix Task 

The nine picture pairs created by Baker & Hazan (2011) were used to elicit semi-

structured dialogues. The picture pairs were of beach, farm, and street scenes, with three unique 

drawings per scene (Beach 1-3, Farm 1-3, and Street 1-3). Each participant was paired with a 

trained test assistant with normal hearing who was blinded to the experimental goals and 

hypotheses. Both the participant and assistant only saw his/her own picture and had not 

previously seen either picture. The dyad completed the Diapix Task three times under the 

constant condition of cafeteria noise, each time with a different picture pair. The picture pairs 

were randomized using the List Randomizer on Random.org for each dyad. Prior to the first 

dialogue, the dyad was given an example of a similar spot-the-difference picture task and 

oriented to the Diapix Task via verbal and orthographic instructions (see Appendix B). The dyad 

was specifically instructed to talk to each other until they found 10 differences or 10 minutes had 

passed. 
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2.1.2.1 Task Design and Equipment  

The Diapix Task took place in a room measured 9 by 9.5 feet with an observation 

window at the longer edge of the room. A rectangular table, measured 29 by 41 inches, was 

positioned approximately at the center of the room with its long edge parallel to the 9.5 foot wall. 

Members of the dyad sat across from each other on the long edges of the table. Two Focal CMS 

50 speakers were placed on either side of the dyad, halfway in between each member, so that the 

speaker face was 1 meter (39.375 inches) from the center of the table and at a 45 degree angle to 

each member of the dyad. Picture pairs were placed on table-top easels facing each member of 

the dyad. A manila folder was taped to the top of one of the easels to form a physical barrier to 

visual cues and increase the likelihood that communication breakdowns would occur (Arnold & 

Hill, 2001). All three tasks were completed in a sound field of AUDiTEC children’s cafeteria 

noise, in which no individual speech signal was discernable. A 1000 Hz calibration tone was 

used so the sound level measured 75 dB SPL at the center of the table, halfway between the two 

speakers. Each Diapix Task was video and audio recorded. Recordings were made using a Canon 

VIXIA HF S10 video camera on a tripod positioned behind the observation window. An MXL 

FR-432M microphone was positioned on the table and the sound projected through Control 2P 

JBL speakers in the observation room. The video camera was positioned to capture the sound 

through the speaker.  

 

2.1.2.2 Test Assistant Training 

All nine test assistants had completed the Collaborative IRB Training Initiative (CITI) 

Human Subjects Training Program. All test assistants were blinded to the Diapix Task’s goals 
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and experiment hypotheses, but were instructed on specific aspects of Task procedures during a 

15-minute training. Training was led by either the author or one of the two research assistants 

involved in the present study. Test assistants were oriented to the task via the same verbal and 

orthographic instructions provided to the participants. They were provided with a list of 

responsibilities, including timing the Diapix Task for 10 minutes and taking notes on each 

difference as they identified it. Test assistants were instructed to strategically interrupt the 

participant with 2 minutes and 1 minute left by announcing the amount of time left to complete 

the Task (e.g., “We only have two minutes left!”). They were advised to prompt the participant 

with open-ended questions if the participant was silent for 20 seconds or more. Finally, the test 

assistants were encouraged to work collaboratively with the participant without leading the 

conversation, thus reflecting the turn-taking of natural communication.  

 

2.1.2.3 Rating 

Each Diapix Task recording, or dialogue, was rated by either the study’s author or one of 

the two research assistants involved in the present study. Observed communication breakdowns 

were coded as either signal-based or content-based as defined using Lind’s (2011) causes of 

breakdown, discussed earlier in this document under the heading “1.1 Measuring 

Communication Effectiveness by Breakdown and Repair.” The average number of total 

communication breakdowns, as well as the average number of each breakdown type, was 

calculated for each picture pair.   

 

 

 



16 

2.2 Results 

 The Diapix Task, administered in a sound field of cafeteria noise under the controlled 

conditions described above, elicited communication breakdowns in young adults with normal 

hearing. The bar graph in Figure 1 shows the average number of signal-based and content-based 

breakdowns that occurred for the 2 to 3 dialogues completed for each picture pair. The mean 

number of signal-based breakdowns across all pictures was 2.17 (range of 1 to 3.5) and content-

based breakdowns 2.59 (range of 1 to 6.3). Of note, picture pair “Street 2” had more content-

based breakdowns than the others. 

 

 

 

2.3 Discussion 

 The Diapix Task appears feasible as a measure of communication effectiveness in noise 

for normal hearing adults. The results support use of the task in Experiment 2 to examine how 

different types of noise affect communication effectiveness. However, as picture pair “Street 2” 
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had a much higher number of content-based breakdowns than the others, it was excluded from 

the study. The remaining 8 picture pairs were used to test the hypotheses of Experiment 2.  

 

3. Experiment 2: The Effect of Noise on Communication Effectiveness 

It was hypothesized that a larger number of communication breakdowns would occur in 

noise than in quiet, and a larger number of communication breakdowns would occur in 

competing dialogue than in cafeteria noise. It was further expected that self-report of frequent 

verbal communication strategy use would vary inversely with number of communication 

breakdowns. Self-report of frequent visual communication strategy use, however, was not 

expected to covary with number of communication breakdowns.  

 

3.1 Methods 

Methodology was approved by the Institutional Review Board for human subjects 

research at the University of Arizona. Nineteen young adults consented to participate in the 

study. Participants were recruited from undergraduate classes at the University of Arizona in 

Tucson, Arizona using the same recruitment methods as in Experiment 1. Audiologic testing, 

including otoscopy and pure-tone air and bone audiometry, was administered to all participants 

using the same method described for Experiment 1. One participant was excluded due to pure-

tone thresholds above 20 dB HL and one due to self-report of hearing fluctuation.  Data from 

three participants were excluded; two due to deviations in protocol and one due to equipment 

failure. The final number of participants was 14. All participants were female with ages ranging 

from 18 to 24 years (mean of 20.36 years). All participants were fluent in English.  
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3.1.2 The Diapix Task 

The Diapix Task was used to elicit semi-structured dialogues that would be rated for the 

occurrence of communication breakdown. Each participant was paired with a trained test 

assistant with normal hearing who was blinded to the study goals and experimental hypotheses. 

Both the participant and assistant only saw her own picture and neither had previously seen 

either picture. The dyad completed three dialogues, each time under a different noise condition 

(i.e., quiet, cafeteria noise, and competing dialogue). The picture pairs and order of noise 

conditions were randomized for each dyad using the List Randomizer on Random.org. Each 

dialogue was timed to last exactly seven minutes. Prior to the first dialogue, the dyad was given 

an example of a similar spot-the-difference picture task and oriented to the Diapix Task via 

verbal and orthographic instructions written on a white board (see Figure 2). The dyad was 

specifically instructed to talk to each other to find as many differences as they could for the 

entire seven minutes, and to not stop talking even if they thought they found all the differences.  

  

           

 

FIGURE 2 

Experiment 2 Diapix Task Instructions 
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3.1.2.1 Task Design and Equipment  

As compared to Experiment 1, Experiment 2 used a dedicated room in which to 

administer the Diapix Task in order to facilitate experimental control. The Diapix Task took 

place in a sound-treated room measured 12 feet by 12 feet. Members of the dyad sat across from 

each other at a table. The table was round, measuring 29.5 inches in diameter, and was 6 feet 

from each wall at its center. Two Focal CMS 50 speakers were placed on either side of the dyad, 

halfway in between each member, so that the speaker face was 1 meter (39.375 inches) from the 

center of the table and at a 45 degree angle to each member of the dyad. Setup was otherwise the 

same as in Experiment 1. 

Cafeteria noise was obtained from AUDiTEC and was the same as was used in 

Experiment 1. Competing dialogue was created using recordings with permission from the 

LUCID Corpus (London UCL Clear speech in interaction), which consisted of dyads of southern 

British English speakers completing the Diapix Task using Baker and Hazan’s (2011) picture 

pairs; the same picture pairs used in the present study. An approximately 30-second long clip 

was taken from each of 22 recordings and edited together to create an audio file that was 

approximately 10 minutes long. Each picture pair was represented at least once in these 30-

second sections. Each 30-second section consisted of two speakers; each speaker’s voice was on 

a separate channel so that when they were delivered through the Focal speakers each voice 

projected from a different speaker. The competing dialogue mirrored the natural situation of two 

talkers having a conversation across the target conversation. During cafeteria and competing 

dialogue conditions, audio files were played on a Gateway M685-E PC laptop, channeled 

through an M-Audio 2626 mixer, and projected from the Focal CMS 50 speakers. Calibration 
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tones were used for both cafeteria and competing dialogue noise conditions so that the sound 

level measured 70 dB SPL at the center of the table, halfway between the two speakers. The 

sound level was lowered by 5 dB SPL as compared to Experiment 2 because the competing 

dialogue noise could not be made louder without distorting the speech.  

Each Diapix Task was video and audio recorded. Video recordings were made using a 

Canon VIXIA HF S10 video camera on a tripod positioned in sight of the dyad at the side of the 

room. Audio recordings were made using a Zoom H5 Handy Recorder with AKG C520 headset 

microphones, which both the participant and assistant wore throughout each Task. Each member 

of the dyad was recorded on a separate channel of the same audio recording. The test assistant 

monitored the recording levels throughout the task. 

 

3.1.2.2 Test Assistant Training 

Seven of the test assistants who participated in Experiment 1 continued in Experiment 2, 

and five new test assistants joined the study. All had completed the Collaborative IRB Training 

Initiative (CITI) Human Subjects Training Program previous to participating in the present 

study. All test assistants remained blinded to the experimental goals and hypotheses. Test 

assistants who were trained in Experiment 1 were provided with altered instructions for 

Experiment 2 via e-mail. Newly recruited test assistants were trained during a 15-minute session 

by either the investigator or one of the two research assistants involved in the present study. New 

test assistants were oriented to the Diapix Task via verbal and orthographic instructions written 

on a white board (i.e., the same instructions provided to participants). They were additionally 

encouraged to work collaboratively with the participant without leading the conversation, thus 

reflecting the turn-taking of natural communication. In contrast to Experiment 1, test assistants 
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were not responsible for timing the Task, taking notes on differences, strategically interrupting, 

or prompting.  

 

3.1.2.3 Rating and Blind Rater Training 

Each Diapix Task recording, or dialogue, was rated by assistants blinded to the 

experiment hypotheses. Both raters had completed the Collaborative IRB Training Initiative 

(CITI) Human Subjects Training Program. They were trained together for a total of 4 hours by 

the investigator. The system for coding communication breakdowns used in Experiment 1 was 

refined. Specific definitions and examples of signal-based and content-based breakdowns were 

written down and provided to both raters during training (see Appendix C). In addition to 

breakdowns, examples of “difficulties with task,” were provided and differentiated from 

breakdowns. For example: a difficulty with the task might have occurred if the dyad had trouble 

identifying the specific shade of purple on the cars in their pictures; although there may have 

been some disagreement or confusion, this is not necessarily a communication breakdown 

because the signal, referent, and intent were understood. After instruction, five practice dialogues 

were rated for signal-based and content-based breakdowns. Results were discussed together with 

the investigator until mutual understanding was reached between the two raters.  

After the training, instructions were updated to include questions introduced by the raters 

(see Appendix C). Included in the update were new categories: signal-based clarifications and 

content-based clarifications. These were included because the raters noticed that a member of the 

dyad sometimes repeated a phrase to clarify but did not necessarily have a breakdown. For 

example: 

Participant: “I have three rocks, and they’re all pretty close together—” 
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Test Assistant: “You have three rocks?” 

Raters were instructed to track these instances separately. The total number of (a) signal-based 

breakdowns, (b) content-based breakdowns, (c) signal-based clarifications, and (d) content-based 

clarifications were counted for each dialogue.  

 

3.1.1 Conversation Tactics Checklist (CCL), Shortened Version 

The CCL is a self-report measure of communication strategies (i.e., conversation tactics) 

used in spoken communication, particularly when disrupted by a breakdown. Hallam and Corney 

(2014) constructed the CCL from listener communication strategies (including repair and 

anticipatory strategies) reworded to be understood by individuals with normal hearing. Each item 

consists of a behavior used in conversation (e.g., “Ask the talker to repeat what they said”) with 

four possible responses: never, rarely, sometimes, usually. These responses are scored on a 4-

point scale (1-4). Originally 54 items, a shortened 45-item version was used to create six 

subscales: (1) disengage, (2) optimize speech reading cues, (3) optimize volume of speech, (4) 

anticipate/mitigate difficulty, (5) read the context/attract attention, and (6) confirm message. 

Subscale (1) disengage refers to behaviors that constitute ineffective communication (e.g., “Give 

up trying to understand and switch off”). The remaining five scales refer to strategies that 

increase likelihood of effective communication. All participants completed the CCL after the 

Diapix Task so that mention of communication strategies would not affect Task performance. 

Each item on the CCL was rated on a 4-point Likert scale (1-4) by each of the 14 participants. 

Subscale scores were obtained by taking the average of the questions corresponding to each 

subscale. 
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3.2 Results 

 

3.2.1 Effect of Noise on Communication Effectiveness 

 A total of 42 dialogues were recorded (i.e., three dialogues for each of the 14 dyads). 

Raters scored 30 dialogues each so that there was 42.86% overlap from which to calculate inter-

rater reliability. Average Measures Intraclass Correlation Coefficient (ICC) for breakdowns was 

0.891 with a 95% confidence interval of 0.786 to 0.944. The ICC for clarifications was 0.365, 

with a 95% confidence interval of 0.245 to 0.676. Therefore, it was concluded that inter-rater 

reliability was acceptable for breakdowns but not for clarifications. Clarification data were 

excluded from further analysis. 

To calculate the breakdown count for each dyad, the mean of the two raters was taken 

and rounded to give a whole number count. The count of breakdowns (i.e., the dependent 

variable) had a Poisson distribution, meaning that there was a floor effect where a majority of 

dialogues had zero or one breakdowns.  Therefore, a Generalized Estimating Equations (GEE) 

model was used; this showed a main effect for noise condition (p = 0.007), but not for 

breakdown type (p = 0.292) or for the interaction between noise condition and breakdown type 

(p = 0.150).  Details are provided in Tables 1 and 2. Post-hoc testing was completed to determine 

which noise conditions elicited more communication breakdowns. 

 

TABLE 1 

Generalized Estimating Equations Model: Tests of Model Effects 
 

Source 
Type III 

Wald Chi-Square Df Sig. 

(Intercept) 0.433 1 0.510 

Noise Condition 10.003 2 0.007* 

Breakdown Type 1.110 1 0.292 

Interaction 3.792 2 0.150 
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Figure 3 depicts the average number of breakdowns in dialogues by the 14 dyads for each 

noise condition. For the quiet condition there were, on average, 0.43 signal-based breakdowns 
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TABLE 2 

Pairwise Comparisons across Noise Conditions 
 

Noise Condition 
Mean 

Difference 
Std. Error Df Sig. 

95% Wald 

Confidence Interval 

for Difference 

Lower Upper 

Competing 

Dialogue 

Cafeteria 

Noise 
0.36 0.283 1 0.207 -0.20 0.91 

Quiet 0.57 0.239 1 0.017* 0.10 1.04 

Cafeteria 

Noise 

Competing 

Dialogue 
-0.36 0.283 1 0.207 -0.91 0.20 

Quiet 0.21 0.197 1 0.277 -0.17 0.60 

Quiet 

Competing 

Dialogue 
-0.57 0.239 1 0.017* -1.04 -0.10 

Cafeteria 

Noise 
-0.21 0.197 1 0.277 -0.60 0.17 
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and 1.07 content-based breakdowns. For the cafeteria noise condition there were, on average, 

0.86 signal-based breakdowns and 0.93 content-based breakdowns. For the competing dialogue 

condition there were, on average, 1.29 signal-based breakdowns and 1.21 content-based 

breakdowns. There was a significant difference between the total number of breakdowns in quiet 

as compared to competing dialogue (p = 0.017), but not in quiet compared to cafeteria noise (p = 

0.277) or cafeteria noise compared to competing dialogue (p = 0.207).  

 

3.2.2 Relation between CCL Subscale Scores and Communication Effectiveness 

 No significant correlations (p < 0.05) were found between any subscale and any 

breakdown type in any noise condition.  

 

4. Discussion 

 The first finding of this study is that the Diapix Task can be used with normal hearing 

adults to elicit communication breakdowns in quiet and in noise. Further, the feasibility of the 

Diapix Task as a functional measure of communication effectiveness is supported by the result 

that significantly more breakdowns occurred in noise than in quiet. This is consistent with the 

speech perception literature, where it has been shown that it is more difficult to discriminate the 

speech signal in the presence of noise (Adams et al., 2012; Dalton et al., 2002; Dubno et al., 

1984; Killion et al., 2004; Kramer et al., 2009; Welsh et al., 2004; Wie et al., 2010). This is also 

consistent with self-report of difficulties for people who have hearing loss, where it has been 

shown that hearing speech in noise is a persistent problem (Kramer, 2009; Wie et al., 2010). 

Consistency with results found in the speech perception literature suggests that elicitation of 

breakdowns using Diapix Task is a correct representation of communication effectiveness. 
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 The second finding of this study is that, although noise affected communication 

effectiveness, type of noise did not. The results did not show a significant difference in the 

amount of breakdowns that occurred between cafeteria noise and competing dialogue. This is not 

consistent with the speech perception literature. Past studies have shown that when background 

noise is made more similar to the signal, as with competing dialogue, there is more interference 

to accurate speech perception (Bronhorst, 2000; Brungart, 2001; Carhart et al., 1975; Drullman 

& Bronkhorst, 2000; Freyman et al., 2004; Hall et al., 2002). As a result, background talkers tend 

to be more distracting for speech recognition than having a background of Gaussian noise. 

However, this discrepancy makes sense because of the difference between measurement of 

communication effectiveness and speech perception. Communication effectiveness involves 

functional communication between a listener and a talker, while speech perception involves a 

listener’s ability to discriminate a speech signal. Theoretically, it would be easier to obtain 

content of a message sufficient for communication during a functional exchange than it would be 

to discriminate a specific speech signal. This reinforces the difference between speech perception 

and communication effectiveness, and emphasizes the need for further study and measurement of 

communication effectiveness.  

 The third finding of this study is that self-report of communication effectiveness as 

represented by CCL subscale scores did not correlate with communication effectiveness as 

measured by the occurrence of breakdowns during the Diapix Task. That is, there was not a 

significant correlation between any type of breakdown, in any noise condition, and any subscale. 

This makes sense because the items that make up the CCL primarily ask about use of repair 

strategies; the present study measured occurrence of breakdowns, not percent of breakdowns 

repaired. The lack of correlation indicates that self-reported proficiency in repair of breakdowns 
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does not necessarily reduce the number of breakdowns that occur. This informs how the Diapix 

Task should be used as a potential pre/post outcome of communication intervention; if 

intervention focuses on use of repair strategies, number of breakdowns should not serve as an 

outcome measure.  

 

4.1 Limitations 

The ability to generalize the results of this study is limited by the small and homogenous 

participant sample. Participants were recruited using convenience sampling (i.e., undergraduate 

university students were recruited from classes within the Speech and Hearing Sciences 

Department) and were all young adults; Experiment 2, in particular, consisted entirely of 

females. A larger and more representative sample would be necessary in order to move toward a 

generalization of average number of communication breakdowns in normal hearing adults. 

Additionally, there was a discrepancy between the methodology of Experiment 1 and 

Experiment 2. Changes in task design and rating of breakdowns that were made after Experiment 

1 may have influenced inclusion or exclusion of Diapix picture pairs; therefore, future studies 

should continue to examine the equivalency of Diapix picture pairs for the measure of 

communication effectiveness. It was also acknowledged that, while this study focused on 

communication breakdowns, rating and analysis of communication repairs would contribute to a 

more complete measure of communication effectiveness.  

 

4.2 Future Directions 

 Although type of noise did not affect communication effectiveness, it will be interesting 

in future research to see if it can have an effect if certain changes are made. The signal-to-noise 
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ratio could be decreased by increasing the sound level of the background noise past 70 dB SPL; 

this would make it more difficult to detect the speech signal. In addition, changes could be made 

to the competing dialogue condition. The number of competing talkers within this condition 

could be increased beyond two, potentially making this condition more distracting. The 

similarity of the competing talkers could also be increased. In the present study, talkers within 

the competing dialogue used heavily accented British English, making it easier for the American-

accented dyad members to distinguish the competing talkers from the target signal. Additionally, 

all participants in Experiment 2 were female and, at times, competing talkers were male. Ideally 

the competing talkers would have the same accent and be of the same gender as the participants 

(Freyman et al., 2004). 

 Primarily, the next step in this line of research is to use the Diapix Task to measure 

communication effectiveness in clinical populations, such as individuals with hearing loss or 

voice disorders. It will be interesting to see how types of noise might influence communication 

effectiveness differently in these populations. For example, given the results of McInerny and 

Walden’s study (2013), it could be expected that individuals with hearing loss will have a much 

higher occurrence of signal-based breakdowns. If the count of communication breakdowns is in 

fact higher in clinical populations, the floor effect found in normal hearing individuals could be 

avoided during data analysis. If, in future research, the Diapix Task continues to show promise as 

a measure of communication effectiveness as represented by both communication breakdowns 

and repairs, it could eventually be used to develop a pre/post treatment outcome for 

communication intervention. This would effectively solve the initial problem of this study: that 

there is need for a measure of communication effectiveness.   
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APPENDIX A 

Diapix Picture Pairs (Baker & Hazan, 2011) 

 

Beach 1 

           

Beach 2 

          

Beach 3 
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Farm 1 

          

Farm 2 

          

Farm 3 

         

 

 

 



31 

Street 1 

       

Street 2 

        

Street 3 
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APPENDIX B 

Experiment 1 Diapix Task Instructions 

DiaPix Task Instructions 

Thank you for participating in this experiment. 

Soon you will play a game with a partner. You will each be given a picture. Your pictures will be identical except for ten 

differences. You will have to work together to find those differences without looking at each other’s picture. 

There will be a space for you to keep track of the differences that you find. You can also draw directly on the picture to 

mark differences. Don’t worry about making a perfect drawing or note as long as the differences between your picture and 

your partner’s picture are clear. 

You will play this game three times, each time with the same partner. You will play one game in a quiet setting. You will 

play the other two games while noise plays in the background. Each game will involve a new pair of pictures.  

When each game begins, you will have ten minutes to find all the differences between the pictures. Work together with 

your partner to find the ten differences as quickly and accurately as possible. Look on the back of this paper to view an 

example that is similar to the games you will be completing.  

 

  

 

 

Above is an example of what you might see in each game. These two pictures are nearly identical except for several 

differences.  

Assume you have been given the top picture, and your partner has been given the bottom picture. You might begin my 

describing the people on the bus: “I see that in my picture, the woman wearing the green sweater is raising her arm.” Your 

partner might respond: “In my picture, that woman isn’t raising her arm.” These are the types of differences you will be 

looking for.  

To the right of the pictures is an example of how you might track differences once you have identified them. You may also 

mark differences directly on the picture. 

The above image was retrieved from juegos10.com 

on 1/19/16 
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APPENDIX C 

Experiment 2 Diapix Rater Instructions 

How to Rate Diapix Samples 

In each sample, you will hear a dialogue between two people. They are trying to find the 

differences between two similar pictures (each has one picture and cannot look at the other’s 

picture). You will identify the number and type of communication breakdowns that occur in 

each sample.  

To the left is a basic model 

of communication. 

Communication breakdowns 

occur when this model is 

disrupted.  

For ease of rating, we have 

established two categories of 

communication breakdowns: 

signal-based and content-

based. 

 

1) Signal-based 

breakdown: This is a 

misunderstanding of what was said. This can occur if the listener had difficulty detecting the 

sound signal coming from the talker: 

  

 Talker: “I have a blue car in my picture.”  

 Listener: “A what?” 

 

Signal-based breakdowns can also occur if the listener detected the sound signal, but misheard it: 

 

 Talker: “I have a blue car in my picture.” 

 Listener: “A blue cat?” or “I don’t have a cat.” 

 

Signal-based breakdowns can occur immediately, as in the above examples, or they can be 

delayed: 

 

 Talker: “I have a pink llama in the upper right corner.”  

 Listener: “Oh I don’t see that….”  

 Talker: “Oh, really? It’s wearing a top hat.”  

 Listener: “Wait, where are you looking?” 
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In the above example, the talker stated where they were looking (i.e., the upper right corner), but 

the listener did not hear. 

 

2) Content-based breakdown: This is a misunderstanding of what was meant. This can occur if 

the listener did not understand what the talker was referring to: 

 

 Talker: “In the window there is a red poster.” 

 Listener: “Does it say Ice cream half off?” 

 Talker: “No, it doesn’t say anything.” 

 Listener: “So that’s a difference in the right window. In the left window I have—“ 

 Talker: “Oops, I meant the left window! I don’t have a poster at all in the right window.” 

 

In the above example the talker was looking at the left window, but the listener was looking at 

the right window; the talker did not provide enough context. Content-based breakdowns can also 

occur if the listener understood what the talker was referring to, but did not understand their 

intent: 

 

 Talker: “There’s an ocean, with a big wave.” 

 Listener: “Yeah, and a guy in the water.” 

 Talker: “Mmhm, and the guy is on a flipper?” 

 Listener: “Um…mine looks like he’s on a yellow surfboard.” 

 Talker: “Oh yeah, that’s what I meant.” 

 

Sometimes a content-based breakdown is indicated by the listener’s silence: 

  

 Talker: “I see one…two…three…four…five vertical planks.” 

 Listener: “um…” 

 Talker: “Like on the fence, there are five vertical pieces of wood.” 

 Listener: “Oh, yeah, mine is the same.” 

 

Be careful, though! Sometimes the listener asks a question to confirm understanding, but it is not 

a breakdown. In the surfboard example, that might look like this: 

  

 Talker: “Mmhm, and the guy is on a flipper?” 

 Listener: “I think so. Like a yellow surfboard?” 

 Talker: “Yes.” 

 

The listener understood, but is confirming their understanding. This is effective communication. 

 

3) Difficulty with task: Sometimes disagreements or confusion might occur due to the nature of 

the task. We do not want to count these as breakdowns. In such scenarios the communication is 

perfectly fine; both parties heard the signal and understood each other. This includes 

abandonment when trying to find a difference: 
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 Talker: “But is your seagull flying away? 

 Listener: “It’s hard to tell.” 

 Talker: “Okay…and below that there’s a sandcastle.” 

 

Both the talker and listener understood both the referent and intent perfectly. Other confusions 

having to do with the nature of the task might include disagreements on the specific color of 

something: 

  

 Talker: “The man is wearing maroon pants.” 

 Listener: “In my picture the pants look more brown….” 

 Talker: “Oh, mine kind of look brown. That’s probably the same.” 

 

Be careful not to mistake this for a breakdown—both referent and intent were understood, it is 

just difficult to identify shades of color on the pictures.  

 

For each sample, identify the number of signal-based breakdowns, content-based 

breakdowns. Also note the time that each occurs. Input all information, along with any 

comments, in your spreadsheet.  

 

Updates to instructions  

1) When trying to determine if something is a breakdown, ask yourself the following questions: 

a. Did the listener hear the signal? 

b. If they heard the signal, did they understand the referent? 

c. If they understood the referent, did they understand the intent? 

If the answer to any of these questions is “no,” then it is a breakdown. If you answered no to 

question a, it is a Signal-Based Breakdown. If you answered no to questions b or c, it is a 

Content-Based Breakdown.  

2) As mentioned on the first page, Signal-Based Breakdowns can be immediate or delayed. They 

can only be delayed if they occur within 2 minutes of the problematic statement. Below is an 

example of something that would not count as a Signal-Based Breakdown: 

 Talker: “My car is red.” 

 Listener: “Okay, and what do you have in the car?” 

 ...3 minutes later 

 Talker: “Let’s look back to the car again.” 

 Listener: “Okay. What color did you say your car was?” 

 

Even though the listener is asking about a signal that was already stated, this is not a breakdown 

because it has been a reasonable amount of time for them to check in again. 
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3) As mentioned on the second page, Content-Based Breakdowns can be indicated by silence. 

Only count such instances if the silence lasts more than one full second (e.g., one count of one 

mississippi). Below is an example of something that would not count as a Content-Based 

Breakdown: 

  

 Talker: “Do you have tacs on your sign…” 

 Listener: (interrupting) “um…” 

 Talker: “…the sign on the Toy Shop?” 

 

Even though the listener may have been confused about the referent here (i.e., which sign), this is 

not a breakdown because the talker very quickly clarifies before a breakdown can fully occur.  

 

4) S-B and C-B Clarification Breakdowns: Sometimes it is hard to determine if a breakdown 

has occurred because when the listener asks a question, it sounds like they understood but are 

making sure they understood: 

  

Talker: (looking at the top left corner) I have three rocks, and they’re all pretty close 

together—“ 

 Listener: (a) “Did you say rocks?” or (b) “You have rocks?” or (c) “In the top left 

corner?” 

 

In the above example the listener asks a clarification question, but because their question 

contains the correct signal/referent/intent it appears that they understood everything perfectly. 

This could be a repair of a breakdown that did indeed occur. Count this in the S-B or C-B 

clarification section (response (a) and (b) would count as an S-B Clarification, response (c) 

would count as a C-B Clarification).  
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APPENDIX D 

Count of Communication Breakdowns across Noise Conditions for the 14 Dyads 

(Note: Counts are averaged between the two raters) 
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