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Summary
Background: Routine implementation of instruments to capture patient-reported outcomes could 
guide clinical practice and facilitate health services research. Audio interviews facilitate self-inter-
views across literacy levels.
Objectives: To evaluate time burden for patients, and factors associated with response times for 
an audio computer-assisted self interview (ACASI) system integrated into the clinical workflow.
Methods: We developed an ACASI system, integrated with a research data warehouse. Instruments 
for symptom burden, self-reported health, depression screening, tobacco use, and patient satisfac-
tion were administered through touch-screen monitors in the general medicine clinic at the Cook 
County Health & Hospitals System during April 8, 2011-July 27, 2012. We performed a cross-sec-
tional study to evaluate the mean time burden per item and for each module of instruments; we 
evaluated factors associated with longer response latency.
Results: Among 1,670 interviews, the mean per-question response time was 18.4 [SD, 6.1] sec-
onds. By multivariable analysis, age was most strongly associated with prolonged response time 
and increased per decade compared to < 50 years as follows (additional seconds per question; 
95% CI): 50–59 years (1.4; 0.7 to 2.1 seconds); 60–69 (3.4; 2.6 to 4.1); 70–79 (5.1; 4.0 to 6.1); and 
80–89 (5.5; 4.1 to 7.0). Response times also were longer for Spanish language (3.9; 2.9 to 4.9); no 
home computer use (3.3; 2.8 to 3.9); and, low mental self-reported health (0.6; 0.0 to 1.1). How-
ever, most interviews were completed within 10 minutes.
Conclusions: An ACASI software system can be included in a patient visit and adds minimal time 
burden. The burden was greatest for older patients, interviews in Spanish, and for those with less 
computer exposure. A patient’s self-reported health had minimal impact on response times.
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1. Background
Existing data collected during a patient’s healthcare encounter has enormous potential to improve 
the delivery of healthcare to the right patient at the right time, and to measure the quality of care de-
livered [1, 2]. Although the value of using data routinely generated during healthcare encounters has 
been recognized, such data usually represent physiologic measures, administrative codes, medi-
cation prescribing, and radiologic interpretations. There is a void in standardized and systematic 
measurement of health-related behaviors and patient-reported health status in routine clinical care.

Recently, there has been increased attention on measuring patient-reported outcomes [3]. Be-
cause collecting patients’ health-related behaviors and self-reported outcomes has many potential 
advantages and poses minimal risk, we developed an audio computer-assisted self interview 
(ACASI) software system that incorporated instruments clinicians endorsed as meaningful to the 
clinical encounter. Such instruments measured physical and mental health, symptom burden, satis-
faction, and health-related behaviors. Although incorporating audio substantially complicated sys-
tem development, we included audio to improve the accuracy of responses for patients with low lev-
els of literacy [4, 5].

2. Objectives
To describe the development of our system, including design considerations encountered during 
software development, and report on the duration of time for interview completion and patient fac-
tors associated with longer response times.

3. Methods

3.1 Participant Recruitment
During April 8, 2011 through July 27, 2012, we directed patients who presented to one section of the 
general internal medicine clinic of the Cook County Health & Hospitals System (CCHHS) to com-
puter stations enclosed in wall-mounted kiosks. CCHHS is a large, urban public healthcare system 
serving municipalities surrounding and including Chicago, IL. All English- or Spanish-speaking pa-
tients 18 years of age or older were eligible. General medicine clinic patients are distributed among 
three separate patient care teams without regard to age or chronic illness burden. We selected one of 
the three firms because it was geographically separate from the other two co-located firms, which fa-
cilitated modification of the workflow and allowed placement of dedicated kiosks for patient inter-
views. Before their appointment, patients in the waiting area were directed to computer kiosks. To 
minimize disruption in clinic workflow, we did not approach patients next in the queue to be seen 
by their provider. Race and ethnicity categories were self-reported at registration. The CCHHS insti-
tutional review board approved the project and waived the requirement for participant consent.

3.2 Instruments
Instruments were selected in consultation with clinicians from the general medicine clinic (▶ Table 
1). Factors considered during instrument selection included brevity, psychometric properties, and 
licensing agreements. We included the following instruments in the ACASI system: National Insti-
tutes of Health Patient Reported Outcomes Measurement Information System (PROMIS) self-re-
ported health 10-item short form [6]; the Memorial Symptom Assessment Scale (MSAS) short form 
consisting of a 17-item somatic symptoms inventory [7-9]; the two-item Patient Health Question-
naire (PHQ-2) from which a score is generated to estimate the likelihood of depression [10]; a 1 to 
3-item tobacco evaluation adapted from the Fagerström tolerance questionnaire [11]; and, an ab-
breviated 13-item version of the Health Services and Resource Administration’s patient satisfaction 
survey [12]. We modified the MSAS by eliminating the response option that indicated symptom 
presence without distress. The revised response scale was as follows: 0, absent; 1, present, little dis-
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tress; 2, present, somewhat distress; 3, present, quite a bit of distress; 4, present, very much distress. 
The overall MSAS physical symptom burden was calculated as the mean of the twelve most preva-
lent symptoms [7].

Instruments were compiled into modules that could vary based on clinic location, and patient 
demographics. To minimize patient burden, instruments were not repeated if minimal time had 
elapsed since their prior interview. The sequence of instruments was fixed in the following order: 
Self-reported health, symptom burden, depression screen, tobacco use, and patient satisfaction. The 
self-reported health and symptom burden assessments were completed on each visit; the depression 
screen and tobacco use assessments were only administered if there had been no assessment within 
the prior 60 days; and, only 10% of patients were randomly selected to complete the patient satisfac-
tion survey. For this report, instrument selection was not changed based on demographic factors. 
Because implementation was part of clinical care rather than as a research activity, responses were 
not mandatory. Also, to minimize patient burden, soon after initial deployment of the system, we re-
stricted the patient satisfaction survey to a 10% random sample of patients.

3.3 Audio computer-assisted self-administered interviews (ACASI)
A touch-screen monitor activated the ACASI program. Patients used headphones and selected their 
preferred language (Spanish or English). They heard studio-quality audio files of a verbatim reading 
of each survey question which was simultaneously displayed on the monitor. As each response op-
tion became audible, words were highlighted. Before survey initiation, registration clerks affixed a 
bar coded visit label on an index card, which was provided to patients. Patients were instructed to 
scan the barcode at the computer kiosk. Real time data transmission to our research data warehouse 
enabled joining the visit number to the patient’s name and demographics (▶ Figure 1). After op-
tional practice questions, patients completed the module. We captured the total interview time, but 
not item-level response times. Physicians received a printed copy of survey responses during the 
proximate appointment (▶ Figure 2). Software was developed using the C# language on the .NET 
framework. ACASI responses were stored in a SQL server research data warehouse (Microsoft Inc., 
Redmond, WA.) [13]. 

3.4 Analytic methods
We combined survey responses with patients’ date of birth, sex, and self-reported race and ethnicity 
from our research data warehouse. The PROMIS Global Physical and Mental Health scores were cal-
culated as recommended, calibrated to a national mean of 50, with a standard deviation of 10. We 
excluded incomplete surveys, defined as non-response to over 10% of the questions over the entire 
module. We analyzed the data both including and excluding non-responses items; however, since 
the findings were similar, and because we were also interested in the total time burden for patients, 
we report the per question response times inclusive of missing responses. To minimize bias from po-
tential survey satisficing, we excluded interviews completed unusually quickly (under 4 minutes) 
based on results during pilot testing.

For patient characteristics that had multiple categories, we created a referent group and indicator 
variables. For age, we evaluated the association between response time for each decade. Since there 
was an inflection point indicating delayed response times at approximately 50 years of age, we com-
pared each decade after 50 years to the age <50 referent group. Similarly, symptom burden was as-
sociated with delayed response times. The increased response time became most apparent beyond a 
mean symptom burden of 0.5, corresponding to, on average, half of all symptoms present at a mag-
nitude of “a little distress”; thus, we report response times for MSAS ≥0.5 compared to <0.5. We used 
the chi-square test for proportions and Student’s t-test for continuous variables. To estimate the extra 
response time by patient characteristic, we constructed linear regression models. We performed 
multivariable analyses constructing models based on entry of all variables into the model with step-
wise removal of variables not significant at a P value equal to or less than 0.05. Since some patients 
completed surveys on separate clinic visits, we adjusted for the within-patient correlation structure 
using generalized estimating equations [14]. Analyses were performed on STATA version 13 (Col-
lege Station, TX).

Research Article

W.E. Trick et al.: Implementation of an ACASI System in a General Medicine Clinic

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



151

© Schattauer 2015

4. Results
Among 2,299 patient assessments, 1,670 (73%) were retained for the analysis. The reasons for exclu-
sion were missing responses for 554 (24%) and unusually short interview duration for 75 (3%). The 
majority of the 1,527 patient respondents (91%) completed only a single assessment; however, 8.7% 
completed two assessments and 0.6% completed three assessments. All repeat assessments were on 
separate clinic visits. Most were female, a substantial minority chose Spanish, and the mean self-re-
ported health score was below the U.S. mean of 50 (▶ Table 2). Among participants who completed 
the optional practice questions, most did not have a computer in their home.

The mean per-question response time was 18 seconds. The mean response time was also 18 sec-
onds in repeated surveys among those who completed more than one assessment. In bivariable ana-
lyses, factors associated with longer response times included age >50 years with a stepwise increase 
in response time for each succeeding decade; Spanish language; female; race-ethnicity other than 
non-hispanic white; no computer in the home; a relatively high physical symptom burden; and, hav-
ing a lower physical or mental component of self-reported health (▶ Table 3). By multivariable 
analysis, older age, Spanish language preference, and no home computer had the greatest impact on 
prolonging response times (▶ Table 4). 

Patients were administered a minimum of two instruments (self-reported health and symptom 
burden). These two instruments were completed in a mean duration of approximately eight min-
utes. Adding the depression screen increased the mean interview duration by 80 seconds, and a to-
bacco assessment added an additional 30 seconds. For all five instruments, the mean interview du-
ration was less than twelve minutes (▶ Table 5).

5. Discussion
We implemented an audio computer-assisted self interview system (ACASI) in a general medicine 
clinic that is part of a safety net health system for the medically underserved. Using real-time trans-
actional data, the system was integrated with clinical data from the Electronic Health Record (EHR). 
Integration of data sources allowed instruments to be compiled into modules based on patient char-
acteristics, clinical site, and duration since prior interview. For the system to be minimally disruptive 
to clinic workflow, we focused on minimizing time burden through use of short form instruments 
and design choices. The average administration time of all five instruments (self-reported health, 
symptom burden, tobacco assessment, depression screen, and satisfaction survey) was under twelve 
minutes. The response times were longer for older age--a stepwise increase in response time for each 
decade over 50 years; assessments in Spanish; individuals who do not have a home computer; and, 
reporting a low mental self-reported health score.

During ACASI software development, we made several decisions to improve respondents’ effi-
ciency. To allow for rapid responses by highly literate patients, each question and its response op-
tions were displayed before the audio file was activated; thus, patients who read faster than the audio 
recording could select their response without waiting. Also, we allowed patients to skip individual 
questions by pressing a next button. On average, the response times for our patient population ex-
ceeded those previously reported for a self-administered non-audio electronic survey system [15]; 
however, direct comparisons are complicated by differences in instruments, patient populations, and 
possibly network speed.

Advantages to building a self-administered system rather than completing a face-to-face intake 
assessment include increased disclosure of certain behaviors [16, 17], consistency in how interviews 
are conducted, the opportunity to automate rule-based referrals based on automated calculation of 
summary scores (e.g., depression and smoking cessation counseling), and freeing up clinic person-
nel time to focus on other work activities. For quality of life assessments, in a prior study we found 
good concordance between ACASI and computer-assisted telephone interviews conducted one 
week later [18]. Despite the challenges of incorporating audio files, we chose to include audio so that 
the system could be completed with relative independence by patients who had low-literacy levels, 
which has been reported as common among patients at public institutions and Spanish-speaking pa-
tients [19].
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As expected, we found that age was strongly associated with delayed response times [15]. Com-
pared to patients <50, those over 80 years took 5.4 seconds longer per item, which extrapolates to 2.4 
additional minutes to complete the self-reported health (10 item) and symptom burden (17 item) as-
sessments. We identified an inflection point of longer response times at approximately 50 years of 
age, consistent with the previously reported age of decline in human-computer interactions [20, 21]. 
Increased age decreases facility with novel computer interfaces, and prolongs survey responses for 
web-based systems or telephone interviews [20-22]. Delayed response times for older respondents 
has been attributed to physical declines (vision, hearing, hand strength, and coordination) and cog-
nitive changes [20, 23, 24]. Some age-related factors will be difficult to overcome with design modi-
fications, but options to improve usability include minimizing the number of buttons per screen, 
using a large font size, spatial layouts that allow for less precise movements, high contrast color 
choices, avoidance of scroll bars, and interfaces that minimize distractions [20, 25].

Longer response times for Spanish-speaking patients has not been well documented. During pilot 
testing of the ACASI system by bilingual research assistants, we observed that Spanish translations 
of some items required more words than English versions; however, when we tested the duration of 
interviews after standardizing the responses and instruments, the English versions were completed 
in a similar amount of time. Possible unmeasured factors contributing to longer interview times for 
Spanish-speaking patients include increased attention to hearing all possible responses, a lack of 
clarity for culturally vague translations [26], there may have been lower education and literacy levels, 
and less prior exposure to similar technologies.

Although, on average, patients who had a relatively high symptom burden and low mental self-
reported health score took longer to respond to questions, these were relatively modest effects. Ad-
ministration of surveys to populations who report more active symptoms may not impose a mean-
ingfully increased respondent burden. Assessing patients’ self reported measures may be more use-
ful for patients who have multiple chronic conditions; thus, it is important that response times were 
minimally impacted by symptom burden.

Our findings are limited in that we evaluated patients in a single clinic that cares for the most 
complicated patients in our health system, we enrolled a convenience sample of patients in that 
those next in the queue to be seen by their provider were excluded, and we captured aggregate rather 
than single-item response times. Finally, although there are many seemingly self-evident potential 
benefits to incorporating such a system into routine clinical practice and possibly enhanced patient-
provider communication, meaningful improvements in health outcomes have not yet been demon-
strated.

6. Conclusions
Capture of patient-reported outcomes can be integrated into the clinical workflow and can be com-
pleted without excessive burden on patients. Given variability in response times across patients, a 
major challenge is to design systems that accommodate certain populations, such as older individu-
als, those with less exposure to technology, and possibly Spanish-speaking patients. Critical to up-
take of these systems, is to demonstrate that such assessments meaningfully improve patient care or 
the patient experience.

Clinical Relevance
Audio computer assisted self interviews collect important self-reported behaviors and outcomes. 
Such assessments can be conducted while patients wait for their provider with relatively little time 
burden, and their responses can help guide the patient encounter and more fully complete the elec-
tronic health record. Interfaces for patient assessment need to be designed to minimize the burden 
on older patients or those who speak Spanish.
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For Clinician: Interview Responses  

 

Symptoms & severity     
Symptom 03/11/11 04/15/10 

Decreased sexual interest ++ ++++
Lack of energy ++ + 

Pain ++ ++ 
Bloated + + 
Cough + + 

Drowsy + ++ 
Dry mouth + ? 

Itching + - 
Shortness of breath + + 

Change in taste - + 
Constipation - - 

Diarrhea - - 
Dizziness - - 

Loss of appetite - - 
Nausea - + 

Vomiting - - 
Weight loss - - 

None, -             A little, +             Somewhat, ++             Quite a bit, +++             Very much, +++

  

 

Two-item depression screen: Patient response for past two weeks (03/11/11)  
  Q1: Little interest or pleasure in doing things?          Response: More than half the days 
  Q2: Feeling down, depressed, or hopeless?             Response: Several days  
     
  Interpretation: Possible major depression  

  

 

Tobacco use (03/11/11)  
  The patient has skipped the questions about tobacco use  

  

 

Quality of Life Scores (Scores > 50 above U.S. mean; < 50 below mean)  
  Component 03/11/11 04/15/10

  Mental  38.8 33.8
  Physical  42.3 34.9

  

Fig. 2 Example of the display for printed responses for a patient interview.
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Table 1 Instrument options for patient assessments. Selections could be based on clinic location and patient char-
acteristics. Instruments were administered using an audio computer assisted self-interview (ACASI) system in waiting 
room kiosks.

Instruments 

Behavioral Health

Tobacco use
Substance use (ASSIST)

Clinical assessments

Symptom burden (MSAS) 
Depression screen (PHQ-2)

Patient-reported outcomes

Self-reported health
(NIH-PROMIS)

Intervention Opportunities

• Smoking cessation counseling. List of smokers willing to quit sent to health edu-
cators

• Brief interventions at-risk, speciality referral for dependent use

• Provision of symptom-specific coping strategies
• Join pharmacy data, alerts for common side effects (e.g., cough and ACE in-

hibitor)
• Offer psychiatrist or psychologist evaluation

• Augmented care for patients who have decrements in self reported health
• Longitudinal assessments available to evaluate intervention strategies.
• Outcome routinely collected for comparative effectiveness research
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Table 2 Characteristics of patients who completed an audio computer-assisted self interview (ACASI) in a general 
medicine clinic during April 8, 2011 through July 27, 2012.

Patient-level characteristics, categorical

Female

Spanish language

Race/ethnicity

Non-Hispanic black

Hispanic

Non-Hispanic white

Non-Hispanic Asian

Other/unknown

Computer in home (practice question)

No

Yes, used at least once

Yes, used in prior 9 days

Chose not to complete any practice questions

Characteristic, continuous

Age

Response-level characteristics, continuous (N=1,670)

Physical symptom burdena

Self-reported health, mentalb

Self-reported health, physicalb

Time per question, seconds

Number of interviews per patient

a Measured with the 12-item physical symptom subscale of the 17-item memorial symptom assessment scale 
(MSAS).
b Measured using the 10-item NIH PROMIS instrument.

N=1,527

892

302

706

379

141

94

92

352

185

138

852

Mean

57.0

Mean

1.1

44.4

40.5

18.4

1.1

%

58

20

54

25

9

6

6

23

12

9

56

(SD)

12.4

(SD)

0.7

8.3

8.5

6.1

0.4
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Table 3 Response latency for audio computer-assisted self interview (ACASI) questions.

Characteristic

Language

English

Spanish

Race-Ethnicity

Non-hispanic black

Non-hispanic white

Non-hispanic Asian

Hispanic

Sex

Male

Female

Computer in Homea

No

Yes, not used

Yes, used

No response

Requested Practice

No

Yes

Physical Symptom Burdenb

Less than 0.5

≥ 0.5

Self-Reported Health

Better than clinic mean

Less than mean, physical

Less than mean, mental

Age, years

19 to 29

30 to 39

40 to 49

50 to 59

60 to 69

70 to 79

80 to 89

P-values and 95% CIs calculated using Student’s t-test.
a Quantified over prior 9 days. Non-respondents included declination of practice questions.
b 12-item physical symptom subscale of the memorial symptom assessment scale (MSAS).
c Measured using the 10-item NIH PROMIS instrument.

Difference, seconds

Referent

3.4

Referent

-3.4

1.7

1.5

Referent

0.7

Referent

-0.4

-4.2

-4.9

Referent

3.7

Referent

1.3

Referent

0.8

1.0

Referent

2.0

1.0

3.5

5.7

7.5

8.2

95% CI

--

2.7 to 4.1

--

-4.4 to –2.3

0.5 to 2.9

0.8 to 2.2

--

0.2 to 1.3

--

-1.5 to 0.6

-5.2 to -3.2

-5.6 to -4.3

--

3.2 to 4.3

--

0.6 to 2.0

--

0.2 to 1.4

0.3 to 1.5

--

-0.2 to 4.2

-0.1 to 3.9

1.5 to 5.4

3.7 to 7.7

5.4 to 9.6

5.8 to 11

P-value

--

<0.001

--

<0.001

0.007

<0.001

--

0.013

--

0.39

<0.001

<0.001

--

0.39

--

<0.001

--

0.01

0.002

--

0.08

0.06

<0.001

<0.001

<0.001

<0.001
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Table 4 Difference in response latency for completion of audio computer-assisted self interview (ACASI) questions, 
by multivariable analysis.

Characteristic

Language

English

Spanish

Race-ethnicity

Non-hispanic black

Non-hispanic white

Hispanic

Non-hispanic Asian

Other or unknown

Computer in Home b

Yes or unknown

No, or not used

Physical symptom burden c

Less than 0.5

≥ 0.5

Self-Reported Health, Mental d

Above mean score

Less than or equal to mean

Age, years

19 to 49

50 to 59

60 to 69

70 to 79

80 to 89

a Adjusted for repeat observations.
b Quantified over prior 9 days. Non-response included those who declined practice questions.
c 12-item physical symptom subscale of the memorial symptom assessment scale (MSAS).
d Measured using the 10-item NIH PROMIS instrument.

Difference (seconds)a

Referent

3.9

Referent

-2.6

-1.0

1.0

-0.9

Referent

3.2

Referent

0.6

Referent

0.6

Referent

1.4

3.4

5.3

5.4

95% CI

--

2.9 to 4.9

--

-3.5 to -1.6

-2.0 to 0.0

-0.1 to 2.2

-2.0 to 0.3

--

2.7 to 3.8

--

0.0 to 1.3

--

0.0 to 1.1

--

0.7 to 2.1

2.6 to 4.1

4.2 to 6.3

4.0 to 6.9

P-value

--

<0.001

--

<0.001

0.04

0.08

0.13

--

<0.001

--

0.06

--

0.05

--

<0.001

<0.001

<0.001

<0.001

Research Article
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cine Clinic
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Table 5 Duration of interviews based on fixed sequence modules.

Module

Self-reported health,symptoms

Self-reported health, symptoms, satisfaction

Self-reported health, symptoms, PHQ-2

Self-reported health, symptoms, PHQ-2, tobacco

Self-reported health, symptoms, PHQ-2, tobacco, satisfaction

Instruments: Self-reported health, NIH PROMIS 10-item short form; symptoms, memorial symptom assessment 
scale (17-item MSAS); satisfaction, HRSA patient satisfaction survey; PHQ, two-item public health questionnaire 
depression screen; tobacco, 1 to 3 item conditional logic screen based on the Fagerström assessment.

N

167

7

37

1169

290

Mean du-
ration, (min-
utes)

8.2

8.9

9.5

10.0

11.5

95% CI

7.8 to 8.5

5.8 to 11.9

8.5 to 10.5

9.8 to 10.2

11.1 to 11.9
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